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The Northeast Waste /l.fanagemenl Official", As<;ocmlion ('fF'\\1vlOA) in association with 
l~ U,S. EPA designed a manual to provide ~nvirolmlental assistance staff with a basic 
reference on metal finishing (Nl:!WMOA, 19\17). The manual wa, spccilically designed to he 
uSdtll to assistance professionals with Gxperience with metal Iinishing and fi,r those who 
ha\'G neva cncolUllcrcd mctalllnish ing before. To compile the manual, NEW1I.10A re\' illwed 
over 700 books, articles, fact sh~ets, r~p()rts and gUHles on pollution pr~vcntion for metal 
finishing. The U.S. EPA funded the manual as a model of a comprehensive packet or 
information on a singic industry. It is therefore one of the bust r~fcr~ncc" for a dcscnption or 
metal fimshing pmce""es, as well as associated wastes, and waste mmnUisatioJl options, liar a 
South African source, the repmt 'An im-eSli"alion into .,-mer mana"ement and ejfluent 
Irealmelll m tlie SOIlIIi Ajrir;all meta! jilli.I'hilig imiuSlrv' (PRG, 1987) gives sImple 
descriptions of metal filllsilmg processes a, background to the study. The reader may ref~r to 
any orthe above sources for detailed d~scriptioJls ofthc metal flllishing proccsscs, 

Table 2.1: Overview of Metal Finhhing P~oces~c~ 

, 
U, illg I 11-

" 

.quem" m:,'dium 

Alkalilte Cleaniltg 

1i1. 

Sodlum poo,phalo, . odium 
,ilic.tc,. "-'<lium h)'droxide_ 
or ,odium c>foouo(e 
blll ld<r>. wlth . Mit,ye, . nd 
' ''ff<lotant' (dcp<'ud , ou 
n>t ("I,ubw.te) 

1cld Ciea"i"g.-Pidimg 
- IIO:>O._ I lCL, lll'O, 

Ai>rasiw fgril.,-·:mnd; MU'-'l'Ig 
,,, ud, pl.'ILC be.d',.nd 
,yntileno . bros ive powd er, 

Applied by wipinf;, ambirnt_ 
tem!"'l.tufe mUlle, SH)ll ",.bug. 
or vapour <k~'fe<l'iug. 

LmploYLng Ihe natu,.l 
,olubLli.ing pro!",rti" of 
'-.rioo ' non-.q""ou, wlveua/ 
blends ofsolvent", ___ _ 

Done In healed ""'\:. ('''''', . nd 
in >orne .pplicollioru ."isted b)' 
",",cb. rne,,1 .ctiou, ul".",uie" 
or hy d ec1ncal polonli.L Spray 
methnd .lso used. Add"'"e, 
p,omote bettor d-.ninr, or affeot 
th. met.1 ,urf"ce ill ,orne way 
(. g, w. ttiug age"", ooupliug 
a ents, chelotin". em» 

Aoid p",kle, m.y be appliod hy 
'pr.yor lmmcmon. Speed of 
tilt pickle ".ctioc! depend; on 
the eOne t ulr" ILOrl .ud 
remp<', .rure oft11e piokle, ,he 
degfee of .git"lIo n of 11,. metal 
pOl" Of piokle , olution, tbe .!loy 
being pickled, .nd ,h. aoid used, 

A teohniqlle of .brasive 
cl eaninf; or _,urface propor,tlOn 
mmg .h,'P particl e. le.g. '''nd_ 

To removo unwanted oil, gT0'''. 
a,ld wax-ba,"d soils on mNal 
,ubstMe, 

1'0 romove oil. and otber 
mg.me wm.miuaut, by 
",po niJic. lwrl ernu l, iou, Ol 

di'persw<l 

To chrn:llc.l1y remove oxide. 
. rld ,e.lt Irom lretdl surfaoe 
Pk~ling is usually used to 
fem.we ""al e from 'oml_ 
fini,hed lmll products.- where", 
ooid deamng i, u,od lor r]t'M­
final preparation of metal 
surrac,," bofo<o clec"troplaling, 
r.mting, .nd other ilni, hmg 

roc"",,"_ 

A method to romove hriLile 
ma len,ls ,ueh ,,' mill "".le 
oxide, rem";,,, of p.int, ot11 .. 
,urface iilm" eto_ ""r, ir,on ,bot, .lumill ium I 

oxld'e"I,, ____________________ -' __________________________ ~ 
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Ferrou, and m>fl_Ii:TTo", 
m<t.l O".Ieo!' ore plated 
with" ,'.ricty ofmcL;ol., 
inchlJing: ,in" m;;kd. 
copper, hord-chmmc, 

decoraH", chrome, """. 
hmnu, k.d, platLllL1m. 1m. 
,;1\'0', gGld, ind;\lln, 

,"c",'""~ lium 
FiecrroicSJ f'lali"~ 

CGppcr .nd nick.i 
ck,,,ok" pJ..!ing 

1",,,, .,,,,on pialilll< 
- commonl;- zino or ,ilver 

Coating of one met"l upon 
another hy ol.cITodcp",inon. 
ochic\'d hy I',,,, ill g on 
,kerr,,, I currOIl! lhIO\l~h • 
cy.nictL, ,,]oj, .lbli"" OT "O\lfTal 
'oiLl!ion containing di"o],'on 
metal iam .nd tl>< l11etal object 
to he platM, 

Tho ;;hom;,,] dcpOSll\on of, 
n'>'tal cG,rillY outo. pl,,!i, 
ohj'c!' by imm""ion of the 
objecT in" pJ..nng ,olu!ion. dud 
\Llili,ing chemic.] reoction 
rolher lh.IL electrici!,,_ 

Simii.r 10 .kCl":lIe,, pJ.tillg ill 
thO! J1 ""'s, oh.mioo] 10'01ion 
ta ,pply the cO.lmg, how,,,,", 
th. ".ction i, c.u"d hy I),., 
mN.I ,ub,lI'.,e r.lhel'rho.n by 
mixino two chemic. 1> inlo lhe 

j pl"in~ both. 

To ]lro"icto wrro,;"n ,.,isr.m'e. 
h"dne", \Wdf-,"sist.nce .• "n­
friniorull'h.r.ctwstics, 
el.micoloJ u,.rm,1 
onlldLlcti\'ity, Or <kco""tion, 

Widely used faT mdustri, I 
PUlPO""', commonlv u,ed tilT 
print.d oirouit hoord, 

Produce,. thin n"t.1 depo,it hy 
ell""io. 1 displ.cem,n! 

Chemical CoU\'cr.ioll Treatmcnt, 
Pho,'plwlmg 

Lron pho,ph.l1ns Or .cwc 
pilosph. ling 

ChrmlJaUng 
cilwmiLlm pi",,'ph,(. (yreen 
cilwm,tosl m:i ohromlum 
chmm,tc (gold ehHmlOtc' J 

Pmsir'aliOll 
nitTic a;;id or nilTic . cid 
with sadnlm dlchrom,te 

Metal Colourinl< 
p.lin. 

Formed by tl,. Lmmet~ion of AN'iL,..i a>: preparalion for 
"""I, iron, or l inc-pi.t,d '1,,1 Ul p.UllJn£_ ll"lllporary corrosion 
• dlill," whltion af p!w'pilat, prot, cMn, l\Lhncam co"i" in 
solt" phos[hJrJc ,dd. ,nd ot),., r cold farmLng, frionon improver 
"'gem" to candmon the for stamping and dr,wing, m,1 
~,,~-'oe' t"c.iilrt!,,,""",,,~,,,,,,,,,,","~,,.,,,,",,,",,,,,,,,","C"'""..'"'".""""",',,,,,,,,,,,._ 

Soiutian, u.,u,lly conrommg 
chmmium.nd oth,,,, 
COllLI'OUI1,h , "'." ".-ith the met.1 
,u,fa,'" 10 forrll a J.y.,­
connilrung' cOl11pl,x mixnu, of 
oompounds conmnng oj 
chmntium, oln,,,, wn,lituenb . 
• nd lhe b."" mec.l. 

The Ix-oee» offom,mg . 
protective 111m On met.b by 
lmmer>ioll ml0 lUl .cLdLc 
, oluuon 
Cl,.mioo]ly conwrtillY the metal 
""face ima an oxide or .,imilar 
met.llic "mlpaund 

To lmp"we lhe Wrr"'LOn 
,"'''lonce . nd perIormance of 
,ub>'qLLenlly .ppli,d arg.nic 
finis)"'" (',g powd" p.m!; I, 
C"" 11;- 'N'lied to . iumini"m 
sub",,!". 

Stamle" 'leel pmducts .. ~ often 
passiv.ted 10 Pl'.wnt COIT(l.sion 
and ,xtend tl'" life ofthe 

. prod~t.. 
To produco a decorah,'" fumh 
>ueh"" green 0< blue p.lW. On 
copper Or >!cd, ,"specli",1 v 
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I 

chromic "cid, ,ulphuric 
acid, and boric-sulphuric 
acid . I.:xIismg 

Ollte,l'ro ...... 
Wei f'ailJliflg 
- .olvenl_dilutcd 

t",mulati<lm, and "'1ue"", 
lom1UlatiOl" 

Powder Coaling 
epoxy, meth",," polye,le", 
o"yli", poly<thykn< . 

Hat (hjl Coating 
_ Galyonizin~ (hot dip 7inc) 

Ciadd1ng 
_ e. ~. jor com, 

Cas" iJanicning (d(ffusion 
c(wing.\) 

carhu",mg (dif1il>lOn of 
c.loon uno. sted ,,,,foe,, 
.t . I<".ttd rem[,<rom r,,) . 
Ilitridillg (diffu,. 
mtrogenou, g"' mto <ted), 
cOTooIlltriillng, mlCrOC.,mg 

- e,", ror ",mur.l ""clfd 
Elchmg 
. lhric chlond", nitric .cid, 

arnrrlOniwlll""ulph"", 
chromic acid, cupric 
chlon<k, and hydrochloric 

_, .cid . __ - . - ._-

Eltctrolytic ,00,,"";011 or" 
metal (usually .luminillm) 
,urf,," (0 on ins.ol\lLl, oxide 
co.ting. Tht p.I! to be .nod",," 
'spill-eo' ,"anl.. he" , , m w , 
conaoJ!.d direc' current charsc 
"apphed. At the anude (tile 
parl). the .lu:nnnllLm i, (lxiJl>ed 
10 Aj,O _ 

Mo,j common applic.tlon 
method, arc 'pmy pain tiny ,nd 
deetrOOep","ion 

Dr)' powdl7 paint i, usually 
ekctrostati"lly .pmyed ""(0 

p,rt. Some fonn ofh.,nng or 
b;okin~ i, neee"aI)' to mdt tl>< 
po1>der and en,ure thO[ tl .. 

wdOf odhore, to the met,1. 

Tho coating of a metallic 
wockpieee wilh ano ther me,,1 to 
prm'ide" protedi;-e film by 
immersion into " m<llten hath. 

A mechamcal pro(",.' whore lhe 
motai c,,"lmg 1> meLati"rglcaUy 
bonded by comhi!l.LIlg heat a!l.d 
pr",,,",". 'n" m"t.1 i!l.>ld" 
(Wpp<l) is heated olld pr",,,,,d 

i bW"",1l lwo ,b""", of molt. " 
""tal .noy (mckd) , bondmg dle 
''''teri.l" -
A limuly ormct. llUIg",.1 
pn"'.» r,sulnug ill a hard 
smi.o< , or <"s<, 0\'''' mo"i 
oore ri"" fem.in, rdoti,..ly ",n 
A me'al i, heated . nd mokkd 
and then the temperature i. 

q~:~IY JWPl"d to qu"nch the 
"'-01' "". 

Comwll,d dis",lutlQtl ,,'itb 
chemioail'eog"m, 01' ' loh.",s 
(USU"lly '!Tong ",ids or albli,), 

, 

I , 

Pro,jut'. WrrO'Kln pmlection. 
dtwtati ,-" mat! fim,h, enhlillCed 
al>l.,io1) It,i".n"", • 0.,. ['" 
pamling and other cu.tmg 
p nd 11'!r f()CC""<, • 'pee ,. e eo Ie. 
and mcch'nl"l prop<nio" n.e 
l'yer i . <olour"', but pigm<nt 
can Ix: acldcd (0 p"rman<mly 
colour 'he mrt", •. 

For p'(>lectivc .nd/Of neoOTOti,'. 

purl''''"' 

For prot<c(i,.. alld/or decora,i,.. 
pu'po,e" 

For cmm,ion proteClion. Doc. 
not alw.y' proyide " high 
qu,il ty tllll,h 

U""d to "-po,,t a thlcl:.cr 
C""tllig than d::clropiatmg 

The """ i, wear [<,i>1,nl and 
dur.ble; lho core rom.in, 'Irony 
.nd ducrik. 

Prnduo .. '[,<cifie ~c<i~n' or 
,urf"e 'ppearance .. on p"". 

I 

, 

I 

I 

, 

. 
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Mot,i , urI.cc j , anodicolly 
_,mo01h<d in a oOTl<:cntrotod 
aci<l'alkalmc o;olution. Part' arc 
made .nodio, c.u,mg a film 
fOmlalLOn arow.:i !he maCro 

him" thmncT O\Tr the mi<m­
projcc1lOm and thicker OWT tho 
micro_ dOPfO", ion, 

,;;;~CC">C.;;;----- "C",111""" of[""-"'."~ ____ -t ____________ _ 
Poi«iJ,"g aod bufling 

Al.-oding operation; BHffiog i, 
• ,,,,,cif.: tvpe ofm",hmlic.1 . 

I pobshing u'mg . IHgh·,pccd 
di>t mad: [,,,,n l.y"r< of do d,-
leather Or plo'lic imprcgna[cd 
with on abc..,;;,'". 

Jumbling ""'ork j, plac.d in a "",.1 and 
rotat.d witll or wjroout , 
ah",,,;,-o,, d 'or wet. 

I 
A ""quoin!; (Biacko>Ji>Jgi Coaling" workpic,'c "illl" 

blad: sub".ncc and 
lnedl<lnj.;:ally rclie,-ing it '0 thaI 
oI,ly blade ,cmom' in IT"C",C' 
rhe bl.de may be "wlied a' a 
pamt .• 11 ox,de cooting. oc" all 
elcctr I.tod de ,,' 

Mew! 'pm>'ing ; J'erIll ,wbed to ,he .praying of 
one of",,,",,1 m<,.I, onto a 
n"'tal ,ubm,n., The most 
COmmOn mcl1;od" "flanK 
illlpmgem<nt", wl.-,e powder,d 
mN.I is continuoosly fed mto a 
high veio<:ity fi.me. n", n.me 
.tomi?"" tho metal powder into 

, • molLen ,t>1e and the p.nlcl", 

I ",0 projocted by fiame e""r~y 

I onto surbce 
POST TR[ATM£NT 
Rin>'ing 

; Dipping lini,hod pan In w.t" 
; ur demineraj,'ed WaLer. 

Colouring 
Pan dipped in a dye aner 
lITaLment, .. ~ -~~ ~ 

Anri-wrroJion "'ea!~"'", 
,odIUm dlchromate Part;. dipped in a diluLe 
solutIOn, or chromic acid chromate ,01U Lioo a, a on.1 

.~. 

treatmen L ,tep, 

, 

, 

! 

To smooth oo! or remove 
surr.ce defl..:t, ("""tche, pM 
Or (",,1 marh) that advcrloly 
. ITeu the awcaranco or 
functIOn of a p,rt. 

To d.burr, ",,",,1 •. poli'h, 
burnish or to dry part. 

]'0 crcale a n llilll~UC fmi,b 
(common p ... ,b;:e m jc\\·cllcry 
c!cuwplaliIlg ,hup,) 

Z"K or alLl!lurHurn 'pr.ying on 
struma,1 't .... 1 or .ewspac, 
hi~h teMM wor~piece; for 
COrrOSIOn proteclioIL J'urlgS!cII 
b'aring lllJ!erJal" cobalt, lllckel 
with smoll amount' ofCr for 
'hard lacIng". For ", Ivage 

pU'T"',e, OIl piece' nlllhllmg 
woar whik In ,nuCe 

To clean of (Irogged_out 
,hemical, thaL ding to p_.m, -

J'a .dd colour LO metal timsll 
(e,g, a,!"di",d art , 

! 

, 

; To lInpru,'o UlfTO>lUn 
IT,i""!>;:e. .~ .~ -

Plating and Sl.lrface Ireatmenl process~s arC lypical1y batch opemtions in which 111 ~tal 

iiubstrates are dipped Into and then removed Ii-om bathii containing various l'eagents to 
achieve the desired surface conditions, 'TIle processes involve moving the objcct being coated 
through a seri~s of baths designed to produce the desired cnd pl'Oducl. These processes can be 
manual or highly automakd operalions, dcpcnding on the level of iiophistication and 
modemisation of the faClhly, throl.lghpul and th~ application (L.S, EPA. 19%). 
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Owing to the high cost of most new equipment and the relatively long lead time necessary to 
bring new equipment into operation, change,> in pruduction method> and products are made 
only gradually; and even new process lechnologies that fundamentally change the mdu>try 
are only adopted over long periods of time (U.S. EPA, 1998)_ Tn addition, many 
establisimlents in the metal finishing im:\u;:try are SMF> wIth linl1ted abilitv to raise the 
capital necessary to purchase new cquipmC11L 

With lhe exception of leadmg edge technology, relatively /CW technological differences eXI>t 
hetween lhe metal fimshmg processes used in difJcrent COunlne;:_ The V_S . .EPA (1996) 
suggest> that this 1> due to the following factors: 
• Simplicity of conventional metal fimshing technologIes and the limited requirement for 

;:kliled labollr. 
• Expansion of major chemical supplier'> to a world-wide market, 
• W odd-wl(le trade organisations aJl(1 other fonns of international co-operation, am] 
• Open access to major llnivcr;:iti es and colleges where research is conducted_ 

However, differences do exist in metal plating operations, depending on: 
• The level of economic developmenl acros, nalion;:, 
• Vanations 1n demand for ,"phlSticated plating applications, 
• The availability of capltal, and 
• EnvirorlllCntallaw and regulatory constraint;: 

It 1> fllrlher arguffi. that over the past two decades, metal platers in developed COllntries have 
undergone a major technological shift from decorative finishe, (;:uch as nickel·chrome 
watillgs on Sled and zinc di~-cast parIsI. to specially [jJllsh~s and mor~ proc~ssillg of 
aero;:pace and electronic parts. Metal plmcr;: III less developed nalions have not been forced 
to respond 10 the, e changes and hav e, as a reSlll!. e ~peri encffi far few er and less rapid 
technolog1cal advancemenl>. Sllllllarly, developed countries have slable or decrea>lllg needs 
for unskilled lahour due to automation, these trends have not occurred 1n less developed 
nations (U,S, .EPA, 1996). 

Thus the core metal finishing processes tend to be the same from country to COllntry, with the 
only real exceptions in some developed countries being the application of new specialty 
lechnologl e;:, which are generally Cleancr Tcchnologie~ (some arc described below) ami 
therefore not (or havc already becn) a focus for waste minlmi,ation initiatives in any case, 

2.3 HI\'VIRONMEl\'TAL IMPACTS OF METAL FIl\iISHIl\iG 

As with any complex indusnial activity, metal finishing pro\:esses reSlll1 in a variety of 
wastes and envirorlliental re leases which have potential for human and envlronmcnlal hann, 
However, the L.S, Enl-irorlllCntal Protection Agency (U,S, EPA) has Lden tifLed the metal 
fini;:hlllg lndllstr), a, one of the mOSl significant contributors to enVlromnentall",lllllion and 
suggesls lhalthis i, prohably thc cas.c throughout mOSl of the world (Hinton. 19<)1)_ 

Thc metal-plating sedor is one of the major indu>trial sources of heavy metals in waSlewater 
(WRC, 1994). Both the industrial activities. as well a> related disposal services, illlmdllCC 
heavy metal wastes into the environment. V,'hiJe all heavy metals occur naturally 1ll the 
envirorllient. most of them become highly toxic as soon as IheLr concentration' reach certain 
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iiJHilS, Son..: n)(;lais l1scd as met~llic ~oatings ar~ wnsjd~r~d non-toxic such as: aluminium, 
magll('sium, iwn, tin. tilanium, gokl and plalinum. []owe\'e[, rnetais like merclll'Y, cadmium 
and leoo ~an Ix' I:>io-conc~ntr.ll~d 10 hanntiJi lewis. cspecially in predators at thc top of the 
I()od chain. O!l,,'r ndals sl1~h as sil\',:r, copper, nichl. 7ir-.c ~nd ~hromium (the lat1cr in th~ 
hexavalent oxiJal~ll1 stale) arc highly loxi<; 10 Hqmti~ life (Kirk & 01hmer, 1<)'>5). MetHI 
iinishin!! a.;livilM.'8 "'K larg~ and highly ~oll(:enl1'ated qu~ntilics of thcse melals, alld in 
genewl only a "n~1I ponion oflhe input material a[c iocoq:.,rated in the cnd-product I\VRC 
1 f)q7) 

The metal tinishing induslr)' is somewhm unuslJ<J1 among n1,1nUt:1Cturing indusll'ic-s at present 
l:>e~auSt: lhe vast majority orthe materi~ls used l'Ild up as wask (U,S, LPA. 1996), 'J\)(; 

current ineJlicien~y of male rial usc in tho: mdustr} is due to the inhcrcnt characteristics of tile 
prn~esses employed when: parts are immersed into concentrated tanks "I' dl('micals and are 
suhsequ~11lly rinsed in rJ.1SC tanh Jlowing with Iresh walCr. 'I hc rnet~l fmishing industry 
relies he"vily on tlie p[cscnce offrcsh water fol' rins~g and hath make-up. and a high volume 
"I' waste wakr 8tems Irom inetlicicnt uSt: offrcsh watcr and chemicals (van dcr \teer, ]998). 
The resultant wastewatc[ makes up the greatest ,nlume of waste material Ji"nm finishing 
operations (V,S. EPA. 19%). In ord~r 10 ~oJl1ply with envirolllllelllHllaws (particularly in the 
fi,rm of regulations on cffiuenl disci11rge), the nl('tal tinishing induslrics initi,,1 response was 
the devclopment of 'end-of-pipe' technologies, which in turn 11we given risc to Ihe 
gcnermion of toxic sludgc. which requires cal'ctul di~posal (;an der MeeT, I <)<)~), 

\Vastc8 from melal finishing oper~tions al'e generated by normal production activities as well 
'IS by a~~id~nt. Acdden\al di<;eharges ~an have highly acU1C impacls duc 10 the concentrated 
llatUre of lhe hJ7ardous materi~1s in use, whil<,; 11"l'tnJl pl'ocessing w~stcs presclll InOl'e of a 
~hroni~ problem due to the ~ontroned ami/or continuoU8 natur~ of Iheir di8Cl .. rge. 

The follo"'ing se<;\ions give an overview of met~l finishing wastes and the potent",1 fate of 
these waste products. In addition, conventional Ireatment and contl'Ol methods that al'e 
~ommonly applied hy Ihe industry 10 theSt: wastes are Je8Crihed. A sumrnury lable of l11<Jjor 
w~stes typically asoodated wilh the processes described ill Sc~tion 2.1 ~hove is included tor 
reference in Appendix Fl L 

2.3.1 Air Emissions 
Tho: air emissions of greatest environmental ron~ern are ~hmme plating and anodising 
pro~esscs that use hexavalent chwmil1nl, and solvents Ii-om ,apollr dcgreasing. These 
emissions are Ire'-l"~J1lly comrolled by th~ use or wd scmhbers. Solvent emissions are 
presemly controlled by managemcm practiccs and carlxm adsorption trcatment syslems (U.S, 
EI'A, 19<.l61. Emission or fumc~ (c.g. irom galvanizing operations) and powders (e,g. (j-om 
powdcr coating opel'ation) al'e not as l .. zanlou5. but are still a ~oncern. 

Chromium is one oftl", nXlst frequently e1edroplated metal8, and due to 1",~llh con~erns Ii" 
operators ofchwmiunl electroplating processes. IOr~cd air ventilation must be used. The mist 
i~ pull~d 111to an ~xhallsl system and wet air ""rubhers and mesh poo mist eliminalOr~ ~an Ix: 
used to remove tho: bulk or lhe ~hromium from (he air stre~m. The industry lI<Is re~enlly 
hegun adding I,Llll(' ~l1ppressams, wetting agent~ and/or i(lam hlaJ\ke(~ to the electroplating 
h~lhs to reduce ~ir ~missjons of chromium (lJ S. EPA. 19981. These suppressan(s lower the 
sl1rJa~e tens"lll or til(' balh, preventing hydrogen hubhk~ Ji"om hursling and producing a 
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~hr<mlium lad~n misl. Fume ~uppr~ssanh ,lTe highl:. ,ucce,sIiJI in d~c(lr<ltive plating, bUI nOI 
a, ~Ilccli\'e in hard-chrome pl'lIing. 

2.3.2 WIIMewafer (lnd EJjluellI 
WaSI~wilter i, l1l<lmly g~nerilled during rinsing oper<llions. The rinsing is necessmy 10 remove 
the drag-out from racks/parts after removal from the proc~ss baths. Other sourc~s of 
wa~t~,,"akL "hich include serublx:r blowoo""11. coolin~ wakr. floorwash wakr, and srcnt 
haths. typi~ally makc up <ml} about 10 to 2(l"1c\ oftiw now Ii-orn a metallinishing ~hop (LS. 
EPA. 1990). The nHnposition of the wastewater will depend on the lyp" of processe, 
perl<'lTmed and lhe rinsing mel hods used. Rin'ie lank de,ign and the riming configuration piny 
an imporl,mt role in determining the now rate Of""11SteW,lIer from a ,hop. 

Other more hawroous liquid waste, Ihat cannot be discharged to the s~wer are also gerlCrat~d 
from the industry. Process halh~ need to be di&:harged pt'riodically ""hen lhey 10'" lheir 
dfeetiwness due to cllCmical depktion or eontaminalion (oc~ome spt'nt). Solutions are 
suhjed 10 a varitet)· of ladors thal ~au"" lh"m 10 iwcoT1lte un'lilble. The key contribuling 
ladors are (C u~lmie_ 1994): 

• Depldion of bath chemicals 
• Chemicill hre,lk·down of pro~e~, chemicals or chemicill side r~acl ions 
• Contaminalion from impurities in n'l<\ke-up water. chemicals or anodes 
• Anodic/cathodic etching of parts and inerl electrodes 
• Corro,ion of parh. racks, lanks, heating coils, etc. 
• Drag-in of non-eompatihk chemicals 
• 13u iId-up of by-products (e.g. earbonuks) 
• Flreakdown 0 I' maskalll, fume supres.~ant and welting ilgents 
• Error; in \"ilh adilition, 
• AirbonlC panicles ~ntering the tunk 

rhe mo~t mrllllKln ~pcnt pro~~s~ solutions are alkaline deilner:s and a~id ekhinglpickling 
~olutjon.~. which are di,~arded on a r~guJar ha~is by r1"1ll)" shops. The a'l""ous 
ck:aning/d~grcasing Solulions ar~ u~ually slrongl)' a~idic/caustic and Iherefore require 
neutraliS<ltion before discharge to scwer. rhe ~pent process bath~ arc r~gardcd as hazardou.s 
hecause t1-ey ilre eilher toxic, accumulate in the environment becausc they do not r~adily 

biod"grade. and/or l1''luir" spe~ial treillment prior lo disjXlsal (UNLP WG. 1998). Of 
particular coocern al1' tho~e llml are highly loxi<: or conlain car~inogellk ingredienlS thiit ,ire 
dilflCult to d~S\roy or ~tabilise. ~uch a~ cadmium. q·anide, ~hromium, and bill. 

Waste rinse-v.rdters are discharged directly 10 municipal sewer sy~tems or ar~ tirst tr~at~d on­
site using chemic,J.!/physic;11 rnetlKlds to remove metals to acceptable lewis rrior to 
dis<;barge. [)isd\ilrg~ of lreilted WaSI~Wilter to the sewer is much more common than r~eycle 
or reuS(:. A high volume of rin,.;: waler dilul~, the ~ontilmin,lllts dragg~d from the pwce's 
bath.~ and r~~ulls in a low ~on~"nlralion of nmtaminanh. "[)iluIKm ,lS a solution l<'lr 
polhllion" has bt,~n the ea.~y answ~r I<lr this problem_ ~nmuraged by ~orlC~nlralion-bas~d 
waS\~water tlischarg~ limils. \;·nl',rlunatdy. dilulion does nOlhing to minimi,.;: lhe impad or 
discharged wastewater eontmninant~ that accwllulak in sediment Or ~nter th~ fil<\d ~hain 

(D'-'RP. date unknown). 
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The mll<;enlrated "astes are eitocr treated on-site or arc hauled to an off-site tre8tment or 
recovery locility. Treatment often involves neutralisation and./or fixation to render them inert, 
Plating solutions arc l)'picall)' rejuvenated and kept in permooelll operation, Convcrsion 
~O<lling and <lrK)dising <olulions rna)' hL-come contaminated with toc basc roctal being 
pro,:e~scd. \\~'en lhe coneentr~lion 01' dissolv~d roclal neaeocs an illlolcrabk concentration, 
the S(,lutK,n r~qllire~ processing to reducc toc dissolvcd melal concentration to a tolerable 
level. 

'VIost metal finishing shops segregate their W<lsteW<lters tlllO three ~lr~<lms: cY<lnid~ ocarillg. 
chromium ocaring, and miscellaneous ocid and <llk~line. CY<lnid~ w<lstes c~nnot Ilc mixcd 
with acid wa,1es owing to the potential fornmtion of hydrogen ~y<lnide. Cy<lnide amI 
chromium wastes need to he treated by preliminary pro~eS5eS prior to met<ll pr~,,-,ipil<ltion. 

Conventk,n<ll tre~tnlt'nt sys1erns there/i)re ~onsist or prehmin<lry tre<ltrr",nt of cY<lnide <lnd 
chromium ocaring wastev,'lHers, followed by chemical precipitation (~onvenlion<llly 

hydroxide pl'edpilation). d<lrifJ<;<ltion <lnd sonlt'times tilll'<ltion/S(llids dewaterin<,; (U.S. EPA, 
1'1%). The trcatment generates a hazardous sluJ.e-e that must oc disposed of in an approved 
landfill or, if possible, sent to a recovery site for metals reclamation. Residual metals in 
waste"ater~ discharged to rDlmicipal Ste"er ~ystem~ will Ilc p<lrtially removed b)' too 
hiologieal treatment process of the municipality (al~o generaling a silidge) and the remainder 
will be diS\Oh<lrged to <I "<ller hody. 

The heavy metals conlaillt'd in industri<ll w<lsl~water ~<lUSC problems dO\\'TIslream at st'w<lge 
tre<ltnlt'lll pl<lnt~ lor a mLmber or reaSonS. Firstly, th~y are not eu~ily removed Ii-om the 
wastewater slre~ms and will he present in t"" ettluent thaI is disdlUrged 10 waterw;lYS, 
[Xlssibly causing ooverse impocts on aquatic life. Secondly. heavy metals can inhibit the 
hiological treatment pro~esses at S<'wage treatment plants, reducing the treatment efficiency 
of the plant (L"KEP WG, 1998). Finally. the high concentration of metals. such as cadmium. 
'>\,hich accumulate in sewage sludges can limit municipalities' disposal options and reuse 
options (such as composting), Sludges then become a liabilily for 11:~nicipalities rather than 
an asset. 'j ocrcfore. some local governments impose strict limits on the effluent discharges 
from metal finishing shops in order to meet diS\Oharge and disposal restriClKms (U.S. EPA, 
1996), 

Conl;imin<lted liqllid solvents <Ire either recovered b~' distillal~ll1 (on-site or ()/l:site) or senl 
for disposal (incineration). \Vocn 1]1<; cleaning ahilily of the solvelll is diminiskd or it 
becomes contaminated. it needs to be discarded/replaced or purified on-site. Spent soh'em 
can be recovered at a solvent recycling facility (U.S, EPA. 1996). J30th off-site l'ecycl~lg 

operations and on-site purifi~atkll1 usc solvent distillation equipment to scparate the 
~otltalllinal11s fi-om the solvent. During distillation, the ~onl<1minanls are ~OTJ<;en\r;ll~d into 
still bottoms and the solvent is relurlltd for reuse. 

On-sile lreatmenl i< no[ alway< po~sible. F.lectrok~s plaling sollitions ~an he Jiilicull to tre<lt 
as settling and <imple cocmical precipitalion arc not "nileli,e at ronkl\ing the coclated metals 
used in the platin<,,' baths (U.S, EPA. 1998), Accidental spills may be too concentrated for on-­
site waste treatment, Also, some spent cleaning soll1liotls contain chelating cOIll(:k)unds that 
prevenl the cOlllplete predpilation of heavy metals during trealment (U.S. EPA. 1996). 
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2.3.3 Solid Hi(l.,·t" 
W"'l~\\mt"r trcaun:nt sluuge is usually l~ major solid w,.~k typ~ from mewl fUlishing. It i, 
furn"'d Ily lhe ~())"t"nli"nal l'yun>xilk pr~cipitati"n treatment process_ This is aecomplish<.-..:i 
by adjusting the pH of the waSlewal~r with an alkaline reagent (e.g_ lime) to r~-..:iuc~ t~ 

so lullilit}, of thte di'511Ived melals. anu ,,-,tiling and ,,-'movillg th~ resultanl melal hydroxi<k 
precipitall1S. Fl<"eulatillg agcnl, may be lIS~d 10 ,:alI~C the preclpilated metal hyllroxides to 
agglom~rate ;1lI.:! st"Ule mo[~ [apidl}' The w1lSlewal~r is Ihen darit",.:! Il) all"",ing lhe 
pr~cipitated solids to settle, Tb~ solids are [emowd Ii-om th~ cbrilicr and may h<; lhidcIl<;d 
am d,-'waler~ll b, n~chanical/th~rnl<ll m~aTlS (U.S. EPA. 19(6). Due to th~ high cost of 
hauling and recovery/disposal. it is ofkn economically advantageous for shops to r~nlOVt" as 
much water from the sludge as pos,ihk. 

"Ihe volume and composition of\\astcwat~r treatmen/ sludge dep~nds on lho:-
• Volwne allll composition ofth~ v.'astewater tre~ted. 
• N~ture ~nd elli~ienc) orthc tr~atment process, 
• treatment re~gents ~mpk}yed. and 
• IJcwataing proccss 

Wa~kwakr treatment slullge is generally disposed of in (hazardous) ialllifills or. if jXlssihle, 
may he sent to a mewls-re<:yc1ing lil~ilily (only ~vaihhle in ,0nlC cOlintrics filr wry f~w 
waste types), Owing to land disp<,"~1 reguhltion~_ the ,Iullge Tl1lI~l he stable (i_~. will [lOt leach 
toxic metals) hefim: land disposaL Therefore. some sludges tllil)' need 10 be pl\"e,~d bd<'lfe 
lanllfilling. Soliditication (adding cement or ~~ment-lih Jrulterials to hind the ha~~rdou8 

rnetals an<l pr~vent leaching) is the roost common m:thod of stabilising sludges. 

If it is possible to 1"t"(")TIe the sludges oll~~it~. tl", r~m'~r~u mdal~ may ~ tlSCU as lC~d 

material for manufacturing pro~~s'~~, e.g. 
• Copper, coomium. anll ZillC fl."ed mat~rials for primaf) rllt"tals manufucturing: 
• Chromium f(ll" st~inle,s 'lcd manlifadming: an<l 
• Wood trt"atrllt"nt ch~mica.l r~agents 
(L.S. EPA. 1996). 

Allotne" ",lur~e or soliu wasle incluues slill blllloms Ii-om ,otvent rcco'~ry_ Spent po",der 
painl may also he solidifi<--..:i by OVt'Tl curing to prewnt it from be<:oming airborne when 
dispos..-..:i_ :vIdal finishing operations also genemte other miscellaneous sources OfW;lst~s such 
as chemical packaging wastes, absorhent', lilt~rs, )XIint r~~idue alld abr,.,i,-e bla~ling resilllIe_ 

2.3.4 (-,umlllary (If fIIetlll Filli.\'hillg llUlmlry Environmentlll ImplldI 
Figure 2.1 overleaf presents a pictorial overview of th~ metal fmishing pwcess~s and SOOv.s 
lhe Iypical ~missiolls aoo wastes that arc generat~d during. pwduction (s(}UI"C~: NI:\\'MOA. 
1997). 

Man}' of the chemical substances and met~ls u~d and h~nllieu in lhe inull,try arc hat.:udOlIS, 
both for \\orkers and f(,r th~ en,-iwllmellt. l11c1"t" is ~ w~~llh ofin~)rmation :l\'ailabk on tl", 
cfli:<;ts or these sub~an,;e, on hllmallS. Fllvironm~lItal dkcts Hnd human toxicity information 
for ~~ch of the heavy metals and d"'mi~al, useu ~all Ix: r~all lip in the 'ErlCyclopaedia of 
(,heml~al Technology' (Kirk & Othmcr. 1<)95). A good sunMnary is pro,-ided in the '(,kanel" 
Prodliclion 'vIanllall()r lh~ nlClal finishing: industry' (U~EP WG. 1<)98), lhis information for 
toose cocmicals in usc: at the casc study companies is provided in Appendkes EJ and F2. 
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Figu rf 2.1 : O,'cn ie ... of thf Mellli Fio i"hing Pn.>u')', aod ,\ ,"UcililCd W~,tcs 
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2.4 WASTE MI/VIM/SAT/O]\' II\' THE MI:.TAL FlNISHI/VG INDUSTRY 

' r hl~ -:eeti" n discu!!:'l~'S lilemlule 011 the "'age mlllll\l liallOIl cunc~pl lind Inelh«b. and Ihe 
railS" of techniques :Iud options a\'ai lahk In the mC1~1 limwiog ind uslty. The rea">OlI fin 
lrocluding Ihis re view :llt/l is place is 1""1 u diSCUSS Ion un Ihe putcnlia l for waste mi nimisali,m 
In Ihe South AfTie:!" mel:ll finis/l ing indllstl)' hus to he in formed by :I knowledge of the 
possibi li ll es idellii li ed c1s~whcrc, 
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Chop'.' 2 - .'Ictot Finishing \Vast .. all~ Wu! •. \lin;nmalioll Opho~, 

2.4.1 The Waste Minimisation Concept 

\Vaste Minimisation can he seen to lit into a progression of wasle (hsposal philosophy which 
originaled a8 8traighl-fOT\vard dlo;carding of waste, 10 end·of·pipe treatment of waste helilre it 
was disc',u'ded, lhrough Waslc Minimisalion, and moving on to the emerging phil080phy, 
which is Clean Technology, where no wastes are prodllced I! is an approach to dccrease the 
environmental impact of industry by preventing or uecreasing the originalion of waste in the 
process line. The term, IVasle .. \-finimisalioll IS an umhrella teml that includes the first two 
categories 01' the US. EPA's preferreu hazardous waSle management strategy (COTSC, 
I 'Y)3 ): 

1. Source Reductioll Any aClivily lhat reduces or elimmates the generation of hazardolls 
waste at the source, usualJy within the process. 

2. Recycling; Reuse and recycling of wastes lilT the onginal or 80me other purpose, sllch a8 
materiah recovery or energy prodllction. 

Wastc avoidanc'e and rcduction should bc considered as the first options, Once all avoiuance 
and reduction options have been eliminated, then options for on-site reU8e and rec'yc'ling can 
he con8iuereu. Only as a last resort should Gfld-of-pipe treatment and disposal options bc 
considercd, and these are not really regarded as waste minimisalion oplions. This waste 
managemGflt hierarchy was first outlined by US, .EPA and is set out in Ibll in thc 'Waste 
Minlllllsalion Opporlunlly Assessment Manllal' (C,S, FPA, 1989) 

The Idea underlying the promotion of waste minimisation is that it makes far more sense for a 
generator not to prodllces waste rather than devclop extGflsive treatment schemes to ensure 
lhallhe wasle Slream poses no threat to the qllality of the envlronmenL There are a numher of 
compelling lllccntive8 for minimIsing waste. While the main goal of wa8te mmimi8ation ,s to 
reduce or eliminate waste, It may al80 bnng about an IInprovemclH III a company'8 
pnxluction efficiency. In the case that waste minimisation stratcgy has not complelely solved 
the waste problem and end-of-pipe technology IS still requIred. it is always observed that the 
end-oj~pipe equipment is smaller, cheaper to operate and necds less lllvcstment than wIth(lllt 
wastc mmlllllsation (van der Meer, 1998). 

A tremendous amolillt of work has heen published in the envirolllllental and chcmical 
engmeering literature on waste mmimisation in general and specific to the metal finishing 
industT}'. This ranges from lairly complex techniques (oftcn mathematically hased) to 
examine the core processes which are crcating waste; to 'how-IO' articles on Waste 
\linimisation methodology; to reports on some of the SUCC'C8SCS of the apphl'ation of \Vaste 
'vfinimisation studies to existing processes, 

Aftcr reviewing the hterature it Can be concluded that there is a c'onceptual ba8i8 lilT 
designing minimum waslC proce8se8 \\'aste minimisation is cssentially lhe applic'ation 01' 
familiar analytical, problem solving, and project managemGflt techniques to the reduC'lion of 
waste in process operations (Coni, 199R) 

2.4.2 Waste lWnimisation methodology and tec"lIique.~ 

In seUing up a waste minimisation progranllllc it is impOTlam to di8tinglllsh hetween the 
wastc minimi8alion methodology anu thc waste milllmisation techniques. The waste 
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mmmlisalion melhodology is the procedure follow ed to manage the project i.G. to c.ollect and 
process infomlation and take decisions. The wask minimisation tedml'llL~5 ar~ the creative 
methods used to generate wask minimisation ideas, possihiliiies, and options. 

The USA Envlronrnental Prol~clion Agency (U.S. EPA) has producGd the dcJinitive waste 
minimisatiml a5seS5ment mell.odology, whlch is described in ihG Wasie Mmimisaiion 
Opportunity Assessment Manual (L.S, EPA, 1989). Many other organisation' have prodlLced 
waste minimisation 'how-io' gwdes, hut they are usually based on the U,S, EPA manual e,g. 
PRIS,\lA melhodology (PKEPARL, l~~l), It consists oi [our stc:ps, (I) planning & 
organisation, (2) assessmGnt, (3) I'casihility study, and (4) lmplementation. lt essentially 
imphes a c()mprehensiy~ analysis of matenal flows that leads to thG genGrali(lTl and 
nnplem enlalion of a number ofpreYelltion options (De Hoo and Dielman, 1992). In selectmg 
a methodology for ihe ca>e studies in this srudy, some oi-ihe developments from this original 
methodology wGrG reviewed 

The applicabilily and relevance of these established waste mimnusation as>essmelll (W:\-lA) 
mGthodologin have beCTl assessed in ihG local contexl, hy Coleman (I L)94). A c-omprehGnsivc 
review of altern'ltive methodologle5 was conducted a5 part of this assessm ent, Coleman 
suggests that the U.S, EPA method of using worksheets as templates ior data may he too 
int1exiblc io accommodak process & plant specinc c-haraClenstics and that th~ mGlhodology 
suggeskd hy thG Uni ted l\'ations Environmenl Prol:,cram (J..,'1\"'EP) is more descriplive of Ihe 
procedural re'lUlremcnts_ Coleman (I L)94) also argues lhat an underslandmg of fUlldamental 
process cbemistry & ledlJ1ology may be needed lO clarity causes ofwasle, and obtal11l11g such 
knowledge may require extensi\' e information gathering andior consultation with technology 
experts, In addition_ the aSSGssment miLy also be organised to focus 011 s~ l eC-led prOC~S"e5 

rHlhGr ihan the elltirc operating facililY and prionlisalion of waste slreams or produc-tion 
sources may be done on the ha51s of a set of constraints, As a result of all these 
considerations, Coleman suggests a hybrid methooology combining the worksheets of the 
U,S. EPA meihodology and the dcscriptive approach ofthG UNEP melhodology, 

\f,~ly of the suggestions fTOm Coleman's hyhrid mGthodology wcre ine-orporakd [or the 
\'v'},lA in tIllS study, 111 panicular, the procedlLral reqUl[em~nls and the need for compiling 
background infOlmatio{], Howcver, a different specific \VMA methodology (though In hne 
with the ideas behind the hybrid methodology) was ch05en for (he ca5~ studies m this lhesis_ 

ThG mGthodology chosen is that set out by the Dutch Institute for Applied Envlronmenlal 
Economics and IV.J\M Environmental Research ill their 'lIandbock mor Fre.-enrie '·all Aiml 
"" Emis.<ies in do; kfelaa/produklo;l1il1,juslrio;' (MEZ, MVROM, 19LJ2), The reason for 
choosing this methodology abovc ,my other wa~ the recommendallOll of lhis melhod hy the 
Industrial Symbiosis Pf(lject leader who Wa5 Involved ill developillg the Handhook. Although 
therc are manuals written specifically for melal finishing mdustry and might have becn used 
instead, the work for the Industrial S>"nhiosis projGCl cover.; mOre ihan one mdusiry and it 
WaS nGCGssary to use a single m ethooology for cOllsist ency lhrougholLi the Pro) GCI. 

The methodology scJeckd is dividcd into 4 phases. The activities of the5e phases are 
dcscnbed m the Tahle 2.2 below. 
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Table 2. 2: The selected \Vaste l\Jinimisation Assessment Methodology 

Pha .. 1: Plannin~ and OT~'ni.,tion 
• Getting mall'gement commitment "od collvinoing p<'><lm in the compo,,}, of til' lI<cossj,y to minimi" 

w.<to ODd crni,,;o'l< "od the h<n<fit, thot c,n he .ohievcd hy doillg >0 

• Defining tile ""I'" md OOuIl(brie, of the projeot 
• St-lLlllg UP" projecT team ond ,kfwmg ,"ponSlbljit",. 
• St-lLmg guo], (qu>nllMiyc m ljuoiol>live:, anu planning" tin", ,cilcduie 
• Identifying ,uure,", uf d.t. and cont.o! ",!>un'_ 

PIla .. 2: Pre-A!. .. "mell! 
Th. prc"''''''rn,:nl is 011 in;n,l overview of the c(]rnp.IlY', <>pCmti(]n> and w."" ,iTeam, "od emissions to 
c". bli,h the W\1A foc"" 11" moil1 activity i , us; I~d work,htc(. 10 collecting information" ilioh j, u,"d tn: 
o Ill.ntify. chor;"""i,., and !nOc\; the I-"cility', ",.m ,m'm, 
o Unw up proc,ss flow chorn. 
o Detmlun,: m"" ond en"gy flow., 
• Stan making rough moss and "l"'I:Y bololl,"', 
o I dennfy 1l!. mam 'nvironmelltol cosls, ond 
• ScJ.ct the moin li)Cu, O)n,_ 
On-site inspection> C(]vor ,11 .oliviti", cmi,d (]ut (]I1' regul.rhos,. in tho rel''''"1 pan of tl,. comp.ny, All 
inili.l tour of tll' focility i, roqui"d 10 lorm • good picture (]r how tho company ol"'''t .. , I>lore 
~,,'w.*h/dct.ilcd u,",pections a" carried out durin~ tl!. osse"m.nt itse lr 

"-----------------''"'"a'. 3: Assessmon! 
Th, objoclive (]r the ."",ment i, 10 obl'In' deor under:;tmding of tl,. SOUIC., ond c"us", of "'",I .. alld 
emi"i,wl< m tho r(lCU' .re", r,>ultmg ill lb<, iJcntifi"""on of m'pwwmont option> It in\'oh'", a detail'd 
,,,,dy of tho li)Cu, >TOO, (n e.labh,h " many ptJ"iblc mil.ble ',""e m,mnu,,,,,on opnon> ,\cti"iries 
illclude ' 
• Comp;ling boc\;gwund mf"rrn.tlun OIl proce» """rotion" w»t. lyp< & ,uurce', process recluwlog i<s, 

",a,t, min;nllS,(;(]n prxlice, ,nd em';romn'.:nt.lm,p""", ("hich fUrI)], p>rt of tht, li,er.turt' review 
p">CIMd in Ihi, lbe,i,)_ 

• (;,thcrillg .dditi(]n,1 d,Lo 

• 

• 
• 

Cio'ing rna" .00 ,"orgy h.I,noo; which m.), requirt' moniloring p<o£romme; 10 review proc.,smg I 
conditions .nd 10 qu,nti I)' I"" ,,, nr orni";(]",, previou,ly llJl.ccounlcJ fur 
Gemrote option" 
&;"'n ond .dect opti"'", lor lurther ,rudy_ 

Gencroting waste minimlS.tion optic"" "quire< tho joll",,--ing activilio;: 
• F ormuia" , li ,t orW\J ,,,,li(]n> I,nm the "".,I.ble lite,.,"," (l,,"taw," r"'i,w), 
• C,rry out teohnical rev,ew, 10 cumpde mformorion on was<" m;llimi,otioll . Item.live, and Cleon 

Technol<¥ie, (lilc,",,,,e r<:,'It'W and cCHespoi1Mllce) 
• Org.nist bmin<lOrm .. "ion< w;,h .. the particip'ling com!",ny III gcn".tc iUc",_ 
• Di",u>s ,',ri(]u. ""tion. wllh ,upplior> 
• Con,ul, loc,1 .,>:1 inlem,lLo",,1 ex""", m the relev.nt bron"h, 
• Fnm;rIL ,11 ,,,,Ii(]n< ",;~,. ,,"'" 10 lb< ,pt'cinc ,iluation 

A prc_"leciion of opuon; IS then moO. to b< ,rudi .d in mOTe dcta;1 a< tn thoir f.a,ib,lit)' . Sdection will 
dopend on cnlu.tion crite". which induM i.m::>I1g other>:1 
• Wb<'lb<'r U" up<LOn nts in with how the compally;' run_ 

• 

• 
• 
• 

The en"ironrr-..'n",1 eff.c!; redoc t;OIl or ,m(Xlllt 'Ild ch,ng, ill cumpo;iliUn uf Ule w"'t. <tro.m .nd ,ny 
p<lssibl. ,ill. dfec" On tho . nvironment J 
Whe,),.r ir con be ju<tiflLd cc(]n<lm;c . lly fur th< comp.n)', 
A v,ibhilit)' (]C [Ul.TlC O' 
E<tirn,led lLchnic,l rc.,ibiliry, _ 
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I 
--- -,~",',C,C","',C,',,"''''''',C,.,C"'",',',;'.----

T" establish ,,'heth'T ,rkotcd option, are f=ihle. . . 
• The (echme.1 Ov,[u,11On coveT< l",rall.lioll .nd proce<Sillg aspeel> plu, any p"'J! ibk <ffocts ull qual;!}' 

and pruduot"' L),. All affocted group" In the f",ilil), should cuntIlbulc to and rniow til. r.,ults of do< 
technical ",'oiuatHln. , 

• The eCOllOmlC ".,[uatlOn c,,,,bli,he, the <c""anue consequ ence, jt)T the oOl1~"ny from 11 .. I 
impiemeulalKln 0' an option. It i , camed out using fhe SI,uJard m~'>Llln of profi t.obilil)', ' \loh ~, 
p'yb.d:. pe110ci ()f dl>c()unt~d c.,h flow_ Tho comp:m}' us es us own ccuunmlC ",'aill ation procedure 
.00 "'Teri •. 

• TIle <",jroIUll<j,l.l . ,-,lu'llOn 4uantlfic < the rnvlHmmont. 1 b<OdLl anJ enSUre UIaI th., . is 110 ,hllt 0' 
effect, (. ,~. from ",.ter tu solid ,"'a ste) by p"'liu.mnng • "~lgh cham analy.,;" (LeA-like) 

The alm ofthe,o activine, j, (0 obt,in a !lSI of fe'Slble " '"'te mmlmlo;a1lOn opllon, fOf pf<senTatwn [U the 
I cnmpany'., l1l~nag"l1lent 
i . 
L ________________ -'---'';:;plemcnt.(ion I 

I Tll~ lIllpicmen!lltion pha,~" primmly not. p.rt of 'hiS proJect, 1I0"e,er. dwmg tll~ p",j<c~ mnre >Imple I 
_ me"urc, m.v I:>c ll1lpl£mcntcd ""thin th£ comp'o, es__ _ . 

Lord ct al (1996) suggest that the W."IA methodology is merely process analysis for 
optimisation anu pollution preventIOn, They argllC that. reducing costs and impwvmg 
products have always becn inccnti ves for process optimisation. Howcvcr, cmployce safely 
and environmental protection ha,e aducxl new terms to the equation. making process analysis 
more comphcated. The lir,t step in pollution prevention anu for process analysis is to 
completely 111lderstand the proces" and this is the aim of the first phases ofthc W."IA, They 
conclooe by saying that optimIsIng J proce>s, ,~hether for pollution pre\'ention or any other 
reason, 'is evolutionary, not rc,'olmionary', and through proeess analysi, can be 
acwlllplished m an analytically sound manner, 

The main aim of the WMA, whatC\'er the me thodology, is to identify and select waste 
mmllnisation options. The L.S, EPA 'Waste Minimlsation Opportunity Assessment .\lanual' 
(1989) introduceu the Waste Minimisation luerarchy discussed ahove. Although it is a useful 
way of classifying waste minimisation posslbilitie" Ihe EP A Manual says very little on waste 
minimisation techniques. The waste mininllsation literature however contains numerous 
exumples of techniques. These techniques can be grouped into (wo type,: Mathematical and 
Checklisl. 

The Mathematical techniques are sometimes soplusticatcxl and require a good understanding 
of the chemistry and engineering of the process, Coni (19'18) lists the following po,sible 
tedmiques: There me proces, modelling packages geared for waste assessment which will 
optimise a poliulion muex using a mulli·pollutant material balance and a process simulator; 
there is an approach called mass exchange nehvork analysis; and abo Ihe application of pinch 
tr:e hmques 10 contaminant concentration and maS> flow relationships, Intemational 
experience has shown that mathematicaltechni'lues may need to be combined with checklist 
optlOn, 

The mathematIcal techniques mo,t often used to generate options fOT metal fllllshing 
processes include material halances (Smith anu Schurig, 19(4), emissions modelling (Lord 
anu Gallerani, 1(98), altemative nnSe f10w calculations, drag-out calculations and efficlency 
calculations (Cushnie, 1994). The,e are mostly undertaken in conjunction wllh delailed 
measurements or a monitonng program in order to obtain the data needed for the 
calculations. Papers descrihmg applicable tcchniques are often puhlished in Journak e.g. 
'Application of Malenal Balance Concept in Waste .\Iinimisation Assessment of a Metal 
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Finishing Process', publIshed in tht" Environmental Prvgrc.<s Journal (Smith and Schuncr, 
1994), and 'Aitemalivc, in Air Emission Modelling for Characterisallon of Proce>&cs &: 
Procc,s Ch'!nge', in Plating & Sur/ilt·" FinisllillJ? (Lord and G~lkrauL 1998). 

Tiw ch"cklisr technique, are simply idea generators and can h~ usft! in coni unction wilh a 
bralll-storming 'C"iOll with people \"ho know the procc<,s ,pying rise 10 (he '"asle and who 
can gen"r;lle good ide;!.." Or build on an idea (Colli, 1<)<)8). The chcckhst ITlelhod is most 
suit,lblc to SMFs "ho do no( haw the limc or the personnel to carry oul. delailed as,c"mc[](.,_ 

The waste minlln]SatlOn manwls produced 'pccific<llly for the metal fini'hing mdllstry are 
obviou,ly the b~~t s.ourc~~ for Hlcntifymg waste minimisation optiOn>. Classic exampk~ an: 
"The Hazardous Wasre ,MiJlimisatioJl Check/isl & Ane.I'smelll Manual fO,. the Metal h'mshing 
Industry' (CDTSC. 1993), thc U.K. Mctal Findling AssocIation's "Checklist & Assessm"nl 
MaJlual/or rhe Melal hnishing illdustl}" (:\iF A, 1992), and the Cleaner Production Australia 
'Cleane,. P,.oduction Check!i.,t.,'· Atetal Finishing Jllduslries' (CPA. 1998) These are 
produced essentially as self-assessment guides for metal finishers to help them through the 
stepsofaWMA, 

There are abo dcs.criptive manuals (aimed more specifically at technical assistance 
providers), that allempt to d~,cribe in detail, the numerous waste minimisation optlons 
available for metal filllshmg shops. Th~~e Can be used in addition to the self-assessmeUi 
checklists to identify all waste mlTIlmi~ation option, for a facility. The U,S, EPA "Guide to 
Pollution Prevcnlion: Ihe ,"fetal FiJlishilig Tndllsrry' (1992) i, prohahly the original guide on 
\\hich many ofth~ other manuals are based (both in US arKlother countries). Oli~n, indllstry 
organisations publlsh their own \'Cr~ion' of these manuals, such as the Canadian As,oclation 
of \1ctal Finishers' 'Mewl Fillishing Pollutllm Prevention (iuide' (CAMF, 1995). Often, the 
checklists are llKllided as part of these manuals, For example, the CPA Checklists (CPA, 
1998) form part 0 f the larger "CleaJler /'roduCli{)n Manllal fiJI' the Metal Findll nx induslry' 
(UNF.P WG, 1 'i98) \\ hich ilKludes desClipli ons of general and SpeCl fic proc~~s option" 

The .'JEWMOA (1997) manual include, detailed descriptions of general improvement 
options to the more advanced cl~an tcciUlology options, and even discusses specific option' 
for each of the metal finishing process. Thc chaptcr, On PolllIlion Prevention Options In the 
U.S, EPA (19%) 'iJiternati{)lIal Was/e MinimislJlivlI Approaches & l'oilcies t{) .tHelal 
Pilililig', provides a blief summaT)' of wastc minimisation/ poilution prevention techmquc~ 
applicahle to plati:Jg for a quick referelKe, follo\\ed by mOrC d~tailed discllSsions on each 
option ifrcqllir~d, 

\lo,t of thcse manuals also provide diagrams to lllustrate proce~s layollts for certain options 
(c, g. alternative rlnse configurations), and s~t cUi tables to ckarly ililistrate altemative 
options for chemicaVproces, ,ub,tltutes (e.g. ali~mativc, for cyanide-based electroplating). 
Case study example, of where some of these options have heen applied successfully with 
resulting waste reduction ami savings arC incilldcd within the discussion of Option,. or as 
appendices to the manllals, In ,orne cases, relative capital and operatmg co,t, for the 
maintenance, recovery and advanced tcchnologic, arc provided, Lists of references wh~r~ 
each of the options and teclmologie, can be inve,tigated in mOre d~tail a.re inclllded in each 
ca'e The KFWMOA .\1anual includes over 100 ofsuch references. 

In addition to lh~ long~r manual-type sources, numerous sholt "factsheets' are availahle 
speclfic to idcntirying certain \vaste minimisation techmques (e.g. drag-out reduction), 
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processes (e. g, rin,mg, painting, e t~.) or technologies (c.g. rccovcry technologics). rhesc may 
be used by both industry members and tedlllical aSSlslance providers 

In >Ome cases, the larger manuals have heell directly adapted into shorter factshects with a 
brief overview of numerou, waste nmlllnisatlon lechni'-jues e.g. 'F aG/.,heel: ,<,'ource Reductio" 
and ,Hewl Recvvery Techniques for Mewl Fillishers' (OhioFPA 19-94), and the l\ew Jersey 
Department of EnvlrOllmenfs 'Wasle Reduclivn fvr Melal Finishers' I)\JTl£, dale unknown) 
fi-om the U.S. Fadsheets I(lr differcnt arcas of finishing: are usually presented as selie; or 
factsh eets wbicb, together COV eT all pw~esses (e.g. OEA Pollution Prevention Handbook 
Serics of Factsheets: 'Degrem'ins; Operaiions). These factsh eets pwnde reference, and al,o 
mdicate wbere limher information is available. There are many manuals ,md factshee1s from 
most dcveloped countri es avadahle in a number of languages (some 01' the Tlutdl manuals 
and fadSheels availablc arc understandab le for someone witb a good grasp of Afnkaans m 
South Africa) 

Additional sourccs for identifylllg waSle mmil)ll,ation option, may be obtained from trade 
journals, many of which contain atticles on case sturli es, cUlTent research. vendor 
inlontlation, and sllggestions from mdustrial cxpcrts. f'lming & Surface Finishillg has 
published general overVlews, sllch as 'Pmetical Pollution Abatement Methods for Mctal 
Finishing' (Bishop and Loar, 1993). h ba, abo pubhshed process-spe<:ific aelides such as 
'Reco,ery and Treatment of Plating and A.nooising Vi astes' (Kostura, 1990), a, well as senes 
of pape rs reVle\\'mg altemative process options, such as 'Comparing Substitutes fOT Cr and 
Cu to Prevent Pollution - Pan, , and lJ' (Altmeyer. 1 993a,b). 'vlany ncw anc therefore onen 
'dcaner' tcchnologics are reviewed in lhese lrade joumals elther on their own or as part of 
case-,tudl es. e. g. 'Application of Ion Exchange T edlllology III Pollution Prevention' in }vlellli 
Finishing (Wilk and Capac~io, 1990). 

Obviously thc rcsults obtainabl e from using these checkllsts and manuals arc only as good a, 
the mgenuity of the pcople using thcm. _\letal finisb ers need to know not merely what options 
arc availab le, blLl aho under what circumstanccs a given tcchnique or pIece of eq lLlpment will 
be right for thc ir particular shop, and what they must do to maximise the likelihood or 
Sll~cess. A I'erv useful rcfcrcncc for thi, is '{'ollution {'re\'emion uild Cumrul Technologies 
for ['luring Opemtions' compiled by Cushni e (1 (94). The puhkation is a result of a sUITey 
~ondu~led with hundreds of user> and vendors m lhe US electroplating industry, to a%e» es 
the actual track rccord of cUlTently available polhLlion pre"cntion and pollution control 
equipment as a function of tbe pwces, and the lype of facililics in which each method IS 
employed. Proj~ct rcsults also co,'er tTends in chemical substitution. The report descnbes the 
availahle options and summarises the survey results. (These results are reviewed and 
discu,sed a, parl of thc intcrnational approaches to waste mimmisation in Chapter 3 of lhis 
tbesis). fh e reporl and associated database enables users to match their requirements and 
capabilities with the expericncc of survey respondents. Also included are the co,ts for 
purcbasing and operaling technologies. 

A similar >u,--vey ol'wastc minimisation optwns and a,sessmcnt of their use and succe% In the 
UK. metal finishmg mdustr)', was undertaken by the UK. Surface Engineering A,soclation 
(SEA, 1999) (this is discusscd in more detall m Chapter 3). These option assessm ents are 
very useful indicators to those using tbe ch e~klist approach as to which option is likely to 
worK best for whlcb appli~ation. Thcy therefore sen'e a simllar role as case studics, with tbe 
added bcncfit of being app llcab Ie, n morc than one situation, 
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Many of the US. manuals and factsheets are either availahle directly (may he downloaded) or 
indirectly (may he ordered electronically) on the Tnternet. For example 'A Poilu/ian 
Prevention Resource Manualfor AIeral Finishers' may he downloaded from the website for 
the U,S, Institute of Advanced Manufacturing Sciences (lAMS, 1995) (,"ww.jams.org) , Thl~ 
lS also true for ae~essing or ordering manuals or factshects from other countries (mainly from 
speciiic wetal fimshing orgalll~ations or projects that have their own wcbsitel. 

rhe various industry journals also ha\'e on· line versions, such <l:;.Afetal-Fin;"h;ng.coJtl where 
articles may be accessed or ordered. The site also c.ontains seaIThahl e dat~hases for 
alternative product data as well as announcements lor developments in technology (induding 
Cleaner Technologies), The U,S. National Metal Fimshmg Resource Center 
(www.ncms.orginmfrc)offersp<Jlluhonpreventionand compliance assistance information, a 
vendor datahase for alternative/substitute chemicals and equlpment, and mcludes a forum for 
information exc·hange. Also easily available on the Interne] are numerous case studies from a 
variety of sources mcJudmg the LNLP International Cleaner Produdion infomlation 
Cleannghouse (lCPIC) Database of Case Studies for the Met~l i'llllshing Industry (UNEP 
ICPIC, 1995). 

Included in the References is a resource hst of Internet sites related to waste mimmisation m 
the metal finishing industry as well as the aho\' e and many other literature whleh Ser;.e as 
guides to carrying out WMA's, and sources for identifying waste minimisation options. 

2.4.3 OJ'erview of Waste Minimisation Options for Metal Finishers 

A discussion on the potential for waste minimisation in the South African meta! finishing 
industry h~s to be lllformed by knowledge of the possihilities Identified elsewhere. In thlS 
section, th erefore, an overvi ew of the range of waste mimmisation options is presented, In 
addition, a summary list of waste minimisation options for metal !Jnishing processes has been 
compiled from an extensive review of the ahove·mentioned literature. It is included III 
Appendix 82. 

2.4.3.a Improved Housekeeping and Operatillg Practices 
General waste mmimisation methods are lIon-~apital intcnsive lhat can also reduce operating 
costs and lmprove the working environment of the shop (U.S, EPA. 1996). Good operating 
practices are often small changes that allogethcr ~an lead to a signitieant improvement in the 
operations and he;p avoid a major. one-step ovcrhaul of the process (Gallerani and Brake, 
1993). The Implementation of these pradi~es IS eonsidcrcd the tirst slep in an effective waste 
mlmmisalion progranl (Cuslmie, 1994). Some of the mOre obvious good housekeeping and 
prouuctwn plnrming pradices, which arc applicable to metal !lnishing processes, are includ~d 
in the summary :ablc in Appendix B2, rhe simplest options require oper~lOr lrammg. 
changes in organisational and pro~edural activities, or simple process changes. In the met~1 

finishmg mdustl)', such changes ~an be implemented in the areas of drag,olll reduc·tion, 
counter-current nasing, recovery rinsing, nnsew~ter control, and tant ·side process 
management (Gallerani and Brake, 1993). Some of the most powerful waste reduction 
techniques, are the drag,olll reduction and improved rinsmg te<;hm q ues (Cusl1l1 ie, 1994), 

2.4.3.b Ilrag-out Rcclllctiolll\1easure., 
Drag·out of various processing baths mto subsequent nnSes is the most obvious sour~e of 
polJulion in a metal fimshing facility (Gallerani and Brake, 1993). The volume of drag-out 
discharged from a process is ddenmned by many factors. Dr~g-out varies considerably 
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am~ng :he Van QUI' P~riS plated at shops. For example, the volume of drag-Dcl! in barrel 
plallug IS uwaily 10 Jnnes greater than typical rack plating (Cuslinie. 1S1'14). In addiliolllO 
obva'll> effects of rack and barrel design amI shape 0 r parts, there arc more slihUe factors that 
affect the voilUlle of drag-oul. Some cannot be altered easily, (c_g. part shapes and process 
Ililid concentrations), hOv.'eveL the effects of many other conlributing factors are readil .. 
reduced by COll1nwn techniques_ The>e are usually employed to alter bath conditions or part 
withdrawal techniques. DraG-out reduction no! Quiy reduces the maSS (lfp()lluta~t s reaching 
the wastewater stream but also rcdu<:es the amount or chcmic,,1 lo>s suffered by the process. 
There are also simple methods of drag-out rcn)very that require much less capital and are 
Sll]1pJer to operate than reco'CT)' technologIes such as ion exchaTlge and reverse osmosis. The 
list iTl Appendix Bl indlldc> a summary of the wide range or pOlcntial drag-out reduction 
options. Drag-out recovery can reduce drag-out losses by 50% or more (Cllshnic. 1994) 
After using the simpler methods and establishmg new drag-out condit]()TJS, the applicability 
of additional recovery through COI]1llwrClally availabl e unit> can be cOTlsidered. 

Actu,,1 mCasurel]1CTl\> of drag-Ollt "re needcd lor accurate evaluations of pollution prevention 
options. The drag-out data are the most difficult and expensive to obtain (owiTlg to the need 
for expemlve all"lytical "'ork). A wcll-proven method of generating drag-out data that uscs 
conductivity measurements (provided a conductivIty meter is easily aVaJlable) is discllssed by 
Cuslulle (1994). Thc method is most suited to automatic operations. However, with manual 
operations and with Job shops wheTe lhere are a wide variety of products processed, a> wcll 
as vanable production rates. accuralC drag-olll meaSlirements are dimcul!. J::stimates of drag­
Ollt (based on type of part and surface area) have been preselllcd in literature (Cuslulle. 1994) 
but thc values should be used only for gross estimates. Estimates based on related operating 
data (such as water and chemical replacemelll and evaporation rates) Or the knowledge and 
experience ofproces> operators. may be all that is possible for some facihtics. Simple drag­
Ollt reduction methods can >Iill be .. pphcd ,,·ithout accurate knowledge of actual drag-out 
rates. 

Evaporation rates may "Iso need to be detemlincd for drag-out recovery oplioTls. Whcrc 
evaporation is minuTIaI there is httie bencfit from drag-out recovery tanks (a> they are used to 
rCl'lace evaporation losses). Various formlilae and t,'l'aphs are published for estimating 
evaporaliOTl (Cllshnic, I Sl(4). Due to the relative easc of measuring evaporation r.ttes. <.tellial 
measurements should be u>ed whenever p<:lssibk. 

2.4.3.e Rimewater Redu~tioD Techniques 
\{eduClTlg rinse watcr usage offers several bt:TlefilS indllding reduced water co>t>, hIgher 
w"ste treatment efficiency. size reduction of future " .. asIC treatment and recycle technologlcs, 
mId reduction in the llSC of treatment chemIC"]> (U.S EPA. 1996). Rlllse system desigTl 
cnnflguration has a major impact on water use . Equally lmportant IS the method of rinsewater 
control (Gallcrani et aL 1993). Somc of the possible rinsing improvemeTlt optioTls aTe 
included iTl the SlUllIuary table of Appendix 82. However, w"ter u>e c"mlot be n:duced 
indiscriminately without liskiTlg process problems. The required qu"hty of riTlse water is 
central to the reductioTl of rinse water usc. Reduced rinse flow ratc may lower the waler 
quality. resulting in loss of platiTlg quality or appearance, or call>iTlg contammation of the 
next tank (Cushnie. 1994). Whcn mOTe counter-flow rinse tanh are u>cU, the process 
chemlcal and wastewater treatment opc'TatiTlg costs arc lowered, but watcr use COSlS arC 
increased. The optimal configuration can be detcrmined through mathematical means which 
must be supp<:lrted by data collection. 
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Therefore. to evaluate rinsing alternatives elfectively, drag-out and water usc data as well as 
rin>': quality criteria are Tequired_ In addition, e'luali()n~ thai ldiiJ8e lhe5e are needed. For 
example. Cusmlle (1994) arK! GalJerani a~d Brake. (1993) (amongst other5) discuss the usc of 
an exponential equation that can he used to evaluate the clTect "j" adding aoldil;(mai 
counterflow rinse tanks. As an alternative to using rinsiYlg e'lualions to perfonl1 l\...,se 
calcuiali(lns, a modelling program can be written. 

2.4.3.d Product Changes 
FlOducl changes (changes In the cOnllX'sitioll or use oflhe intemlediate 01' end products) can 
he implemented to reduce the usc of hazardous materials during finishing Pos5ibl e 
consid~rations for changes are Illcluded III the 5ummary table in Appendix 31. Product 
replacement and simllar approacbes me laf[~dy driven hy ~llli us ~rs and consum~r 

preference,. Caplive shops have a gr~ater ('Pporlumty for produci change, lhan joh shop5 
because they control the de>lgn of the product>. Job 5hops may however he able to provide 
customer education for pmt modification and design. and may choose not to bid on work thaT 
generates excessivepollutiorl (U.S, EPA. 19%), 

2.4.3.e Input Material Chan~c~ 
Input material changes. such as using a less hazardous coating, can be implemented by eltocr 
lhe manufacturer or metal !inisbeL 'v\OStlrlput mat~nal changes made within the industry are 
focu5cd on chlonnatcd 5Oh ents. cyamde, cadmium. and cluomlum, Environmental. health, 
and surety constraints have placed enO/TllOUS pressures on their use. in most countries, and 
spark"J a wealtb oj' ac.rivity to devdop al1emativ~s I(lr alnHlst all applications, Some input 
mat~nal chang~, are re5lricted by 51"'Cllicat]()ns or ae5thetic preferences (U.S EPA, 19%), or 
may hav'e adverse production lInpac!5 (Cu,hme. 1994). 

Cleaners in general have undergone extensiv'e tmnsfomlations, with emphasis on 
I(mnulati(lns baving smaller amounts or cbclating agents to improve eaSe 01' waste treatment. 
Olher cleaner, are de,igned with wrlilctanl, which di5place oil for renwval by Illters or 
overilow. rather than surfac!ants for emulslfica!ion of oil. Longer cleaner life and" higher 
oil-Cllntent waste I(lr ~n~rgy rec(wery has r~sulted (Kirk & ()thm~r. 1995), A list of the more 
common alternative proce5s and cleaning material oplion, is lllcluded in the Tahle in 
Appendix il2, 

2.4.3.f Procc~s Solution Maintenance 
Solution mallll~nanc~ replaces th~ practices 01' using a Iresb chcmieal solution until i! is 
degraued and replacing it with fr~sh solUlion, 01' decanting a portion of degraded solution and 
replacll\g it "'llh fr~,h Wluli(ln. Tn eilher cas~, the spent solution is usually either U'cated on­
,ite or transported !o a trealmemidisl"»al site. On-sit~ tr~atment is not always possible 
because concentrated wa,!es may up5et tr eatm~nt faciliti~5 design~u primarily 101' treating 
dilut~ rinse waters. 

CU5hl\l~ (1994) identifi~s two major categories of solution maintenance : 
1. Preventive: prac.tices that avoid batb eontamination or involve moniloring and atlju5tlng 

oj' sol ulion chemistry (i, e. X(!{)u opera/in,; pmclices) 
2. Correc/i"e: pmetiee ofrcmoving eontaminants fl'om the bath. whe!h~r they ar~ uissolved 

or partieulate. organic or inorganic, 

A summary or both preventive and corrcetive option5 for extending balh life are incluued in 
th~ lable III Appendix B2. 'vIOSl shops usc convrnliolwl corrective process 5()luli(ln 
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mainten:mce method, (e,g. filtration) that extend the !J\'es and reduce the di,posal rate of 
cleaning and proce,s baths. Adl'lJllced proccss solution correcti\'e maintenance teclmologics, 
such as microfiltration and ion exchange, Can mdefinitely extend the hfe span of process 
solutions. These technologies do howev~ r hav~ limited use and are generally only 
economically lea,ibl e in slluation, wkr~ either ,tringent environmental regulations or tk 
cost ot" treatmel1t/disposal of spent baths. are restrictive. 

for most wastewaters, USe of conventional ti'eatment me/hods (neutrah,atiol1, 
reduction'oxidation of hazardous componC11ts, and metal-hydroxHle precipitation) will 
provJde sufficient pollutant removal to meet discharge standard, When conventional 
treatment is in,ufficient the re arc waste reduction choices for attall1ll1g compliancc: 
1, Lse alternative treannent reagents and/or processcs (wask mll1iml>ation) 
2. Make internal changes (improve rinsing, drag-out reductiol1, segregate wastestreams), 

and./or 
3. Use rl,cycling/recover)' lechnologie, 
(Cu,hm e, 1994) 

2.4.3.g -'1aterial Recovery Technologies 
ChemicaVmetal recovery technologies either recover drag-out and rl1um m to the process 
(e,g. vacuum e\'aporation, dcctrodialysi" and rever,e osmosis). or reCOvl'r a constituent of 
th~ drag-out solution. usually a di,solved metal, and re ·usc/recycle it in another process (c,g. 
electrowinning, ion exchange) (U.S, EPA, 19%), \Vhereas many oftoc,e teclmologies are 
110t really new, they have not bGiore had the regulator)' & economic justification for their use 
in metal finishing (Kirk & Othmer, 1995), Recovcry reduces raW material costs by rerurning 
otherwise lost components 10 the proCl'SS, and rl,duces contamll1al1\> 111 wa,te ,trl'am which 
lower, treatmel1t cos!> and aids in compliance with di,charge hmits. The recover)' 
t~chnologi ~s do, however. reqUlre at Iea,t some, and ill many cases extensive engineering al1d 
planning. 111 additiol1, the feed stream usually requires complete characterisation. The level of 
cu,tomisatiol1 and englileenng r~qlllred for celtain installatiol1s can represent a significal1t 
portion of capital CO,ts and can make, ,mall fe ed stream \'olumes expen,ive to treaL 
Substantial proc es~ modifications Or technology changes wlll require capltal ill>'eSlllll'1lt, 
however numerOlLS caSl' studil's demonstratl' that pay-back periods can be as little as months 
to 2 yean; (Gallerani and Brake, 19<)3). 

2.4.3.h Closed-loop System~ 
Recovery of metalsichemlcals from rin>e waters al1d spel1t proce,s bath, u,lI18 technologies 
such as evaporation, ion exchange, al1d rever,e o,mosi, can potentially be used so as to keep 
rinsl' water.; in a closed-loop. Howcver, 11)(1 'YO recovery/rellSe of all materials (jlrocess and 
other chemicals. water, ,Iudge, etc.) is uSlially not practicaL economIcally t"easible nOr 
efficient from an energy stal1dpoint (CUShlll e, 1994). With ",veory technology Or conJigurariol1 
there is some residual gel1erated. For example, rinse wakr discharge can be eliminated, but 
the contaminant build-up in the bath will require plLnfication ot" the sp",nt solution which will 
reslLlt in some residual which will l1eed to be properly discardl,d. Zero discharge is mo,t 
hkcly to be achieved in thl' following stage,: 

I. Prepare a poll ution prevl,ntion plan 
2. hnplemel1t good operating practicl's 
3. MlIliml>e drag-OlLt WhlCh caUSl'S waste water gel1eration 
4. J\ f odi fy rinsmg practices to reduce/eliminate flows to treatment 
5. lmplcml,lll bath maintenance and chemical recover)' 
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6 Continuously reassess flowra1e~, process chemical/contaminant concentrations m 
recovered streams, costs, and l-.ell efits. 

A negative aspect of /ero d'xohargc is toc loss or flexibllity that is provided by a wastewater 
treatment sys1cm/<lischarg~ 

Cushnic (1994) dix:u,ses problems associated with implementing certam tcclmologics. He 
1lotes that international experience has shown lhat mall}' lllstallations of chemical recover)' 
lcch])()logi e ~ and advanced bath mailltcnallcc have not been sllcccssl-u.l , with failure mOSl 
frequently caused by: 

• .'vIaintcnancc problems (illduding inahility to purchase replacement parts) 
• Misapplication of the technology (duc \0 ignorance on part of suppliero or ohop 

personnel) 
• Poor techll]cal ~upport by manufacturers 
• Improper operation ofteclmology by oilop persOlme] (may be technically too complex) 
• Chemical rccovery causing a build-up 01' contaminants in process bath 
• Recycled water of insufficient q ua]ity or chenllcal ill wfficienUy concentrated for return to 

process bath 
• High residuals generation 

Examples 01' potential wastewater treatment and chemical rccovery options are included ill 
thc summary table in Appendix B1. hI some ca~eo. a beller optiOll, 11' it IS possible, is for 
metal finishers to make use 01" off-site recovery (in ce11lralioed wa~te treatment lacility) or 
CVell rG~yclillg (where cotl<'entrated metal solution~ and ,Iudges may be proce,,,,d into usc!,,1 
raw matcrials) . 

2.4.J.i Off-site RecydingiRecO\ ~rr 
In the USA tbere are a 11I1mber of off-~ite melal~ rccyclillg serv,ces (l.;.S. EPA, I ~96). Tbese 
were previously limited to spent SOlyellts, preclOu~ metal wa,tes, and high purity common 
mctal wastes, but now include scrvice~ for a wider range of waolewalcr trealment sludges, 
and some facilities also accept spent chemicil] solutiollo. Comp'l1li e ~ thilt recyclc metal acccpt 
limited types of waste. depellding on their permit (iowed by the U.S . .EPA1. CClltralised waSIC 
treatment (C\VT) facilitie~ which ilccept metal Liniohmg waotes arc becoming mOre common 
in other coulm-ies (C.S. EPA, 19961. (hen in South Africa a CWT raeihl)" lor regcncrating 
,pellt hydrochloric ilcid for steel pickle, hilo been in operalion for some years now, and is an 
excel!ellt waste minimisation option for gillv,lllizen; who generilte large volumes of spent HCl 
solution), 

2.4.J.j Procc~~ Subititutiou 
Alternative metal deposition method~ are Cblller TecJmologle~ that call replacc some 01" the 
wet cbemical processes thilt have inherent pollution control problems, In many caoes, though, 
pre·cleaning alld post-treatment proce,ocs are unaffected and, therefore, some conventional 
tank processing is slill required. Many of the alternative procesoeo hilve very h,gh unit plating 
cost" ~nd rlwrdore, arc ~ un"Clllly used only for "r~cial arr I i~aT,on' where the cost of coaling 
io not il major con~l(leration (U.S. EPA, 1996). III general, the use of the adv,mced surface 
treatment~ (e,g. JOn beam implalltiltioll. lllernlal ,pray) io more appropnate for treating small 
compoocllts because tbe treatment co,t for theoe proce,oeo IS propOlti onal to the surface areao 
beillg covered. Some of these te chnologie~ are listed 111 tbe summar)' wble in Appendix B2, 
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The U.s. EPA (19%) Guide to . fn/crnm;onal Waste Minimi.I'alion Approa('ilcs & Polir;;C.I' 10 
Melal ['loring', as welJ as (he }''E\\1Y10A (l997) manual mclude discussions of the basic 
elements and process steps of these technologlcs, as well as their uses, rciati\c co~L "astc 
generation and safdy considerations, "hic.h all need \0 he carefully COllsldeTcd whell 
llwesti!;ating these replacement tecilnologles. 

2.4.4 Summar), 

In summary then, the clas:;illcation of waste minimi"llion oplions presents il "ide range of 
_\.(Jlulions 10 the prohlems ~s<ocia!cd Wilh a metal fimshing shop's \Va'le. and emissions, and 
because the categories are broad there will be rome overlap. Some shops will be ahl e to 
explore oplions in all categones; other shops may he limited to explonng only a few. In 
actual application, waste reduction techlllques generally are used in combination so as to 
achieve maximllm elfect at thc lowest cost (Freeman, 19901. 

The ,e l~tlon of spec1fic reduclion t~hnique s by an ",dividual hu,iness must be based on 
ilccural e ilnd current infomlation on w,L<;t e-stream generiltion and waste management costs. 
However, even reliable data would nol reveal what actions, out of the broad range of 
possibilities, a specific industrial operation mighl reasonably undertake to reduce waste. 
hecallse .\.0 much of what is techlllcally and economically feasihle is site-specitic (Freeman, 
1990). Therefore, ,lithough all identified options are posslble, the potential for 
implementation of any option will depend on a number of site-speci tic lactors which need to 
he mve,ligaled. This investigation fOffil' par! of the evalUiltlOn phase of the WMA 
mel hodology (Coleman, 1994). 

2.S CO/'t/CLUS/o/\' 

The technology used m the COre metal tinishmg processes tends to he the same from country 
to country. Metal finishing processcs result m a variely of wastes and cln;ronmental releases 
which have potential for human and environmental haffil. A wide range of potential waste 
minimisation options for mewl filllsiung wasl es havc been rcIXlfted III intenlall(m,li hteratllre. 

While the above discussion of these oplions lS not exh,lllstive, It does provide core 
infoffilation on pollution prevention opportunities for the metal finishlllg industry and gives 
an indication of the potenti,lI for w,L,te minimisation withm the indu.try. In thc following 
chapter, the trend m awareness and adoption of these options (and waste minimisation in 
general) with", the metal fimshing industry in various countries is discussed. This discussion 
is sct ilg,linst Ihe hack ground of various mnuencing factors, including the characteristics of 
the industry, general ,md specific hame," and incentives, and the key role playcrs in each 
case. These SilmC influenclllg factors are then disc.ussed in Chapter 4 for the Somh African 
,ituation and will help to assess the potenli,lI for adoption of thIS vast range of waste 
minimisation options in the South Afrie<m metal fimshing mdllstry In addition, the same list 
fOffiled a vital starting point for the options generatlon ph,15e of the case studies di.\.Cussed in 
Chapters 5 and G. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I 
• • 

Chapter 3: Waste Minimisation Experiences in the 
Metal Finishing Industry in Other Countn'es 

'Suuth Africa has an opportunity to leam from the "",takes ()f de7.-'e/oped ,wmt;", 

regarding po/!utivn and ",-usee. IFe are il7 an ideal positwn to mcorp()ratc f()reign 
mitiatives, tugether 'With ()ur awn ideas' 

- fMC, 1993 

3.1 /lVTRODUCTTW'{ 

The counlncs included in Hils TC\,lew were chosen mainly due to the significant waste 
lTIlllllTI1>alion activltie, tha t have been l.mdcrtakcn in the metal linishing industry in 
each case. They arc the USA, The UK. The "c!licrlands, Denmark, Gennany and 
Austraha. The metal fimshing industry in each co ... ntry IS examined according to size, 
stl1lChlrc. and key charactenstics that may mfluence environmental pcrJormancc. This 
is \0 set the background for the discussIOn on trends in waste minimisation within the 
induslrv. Barriers and dnvcrs to w<J.s!c minimisation encoun!cred In each country are 
also outlined, as are the roles of key stakeholders in spreactlllg the was!c minimIsation 
concept within the iooustry. 

3.1.1 Information SOlln'es 

In the USA, the metal finishing iooustry has been a focus for pollution prevention 
initiatives for almost 20 years There IS a considerable amount of documented 
iniormation on the activilies in the sector (US. EPA 1994, \VRlTAR 1995, 
I\T\\-'MOA 1997, etc.). The L"S bmronrnental Protection Agency (1;.5. EPA) and a 
number of other SOl.lrces, have produced a significant numbcr of dtlCuments and 
iactsheets on waste minimisation lllitiati\'es and programs in the US metal finishing 
iooustry. 

Vcry little information on the Auslralian metal fini shing ioouslry wa~ found in 
literature searches. The secrelary of the Australian Institutc of Mctal Finishers was 
contacted, but was unable to provide cvcn cstimates of thc size and stnlcture of their 
metal finishing industry. A recent Clcana Productioll klaIHwl for fhe Mewl Fil/ishing 
indusrry in Queenslaoo (l.l\FP WG. 1997), suggests thm the Australian metal 
finishi ng lndl.lstry profile is very simllar lO that of the US. The manual also indIcates 
that initiatives within the metal finishing industry in Australia are only just begulning 
to be implemented. The manual was written in 1995, but Lf any funher progress has 
been made. information has not been made publicly avaJiable. Al.lstralian initratives 
are interesting m that bec.ause they are more recent, they have also pald aUcntion to 
thc lessons learned ii'om expericnc.es in other countries and I.ltihscd lh,S knowledge in 
local initiatives (ANZECC, 1998) This is evident by the approach oIthe U~"PE WG 
Manual. The Manual also presents some Cleaner Production caSe studies from 
Australian metal finishing shops which form part of a national Cleaner Technology 
transfer initiative (.EnviroNET Austraha). Some aspects of thcsc case studies have 
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proven particularly useful in ass.cssing options lor the CaSe stmIles presented laler in 
this thesis. 

General infonnation on wasle minimisation initiatives in other countries is obtainable 
from a wide variety of sources (e.g. demonstration project documentation such as thc 
Dutch PRISMA cxperience (PREPARE, 1991 b), but thcre tS very little mi"omlation on 
activitics spcclfic to the metal fimshing mdustry apart from a few reporled ca,e 
studies, The U,S, EPA undertook an analysis of '/racrnIJriontll Wasrc Alinililismioll 
Ap{!ru{;('hes <1.' Policies /0 Mela! Pla/mg' (U.S. EPA, 1996), which providcs us.clill 
background lIlformation on the \~'estem Emopean countries. h\lt not much on actual 
activities The tlend in adoption of waste rmnimis:HlOn within th~ imIuMry is not 
docummted amI m mOSI cases has to be dss~ssed by comparing older literature with 
lllore reecntliterature, wher~ it lS available, Thele IS also '~!)' little literature available 
regarding the demographics and charactcnsties of the metal filllshing industries in 
other CQU'llnes. 

To add to the minimallilerature mfonllation, therefore, an attempt was mooc to obtain 
quantitative and 'Jualitative datu from other sources. 11 number of lIlternational 
Industry 'exl'ellS' "er~ contacted via e-m"ll and I,tx mamly to ohlain mlormati(1n on 
Ihe mdal finislnng industry and "aste mininnsatJOn trends ill other countries. 
Amongst this group were researchers and practitioners assocIated with the U"EP 
Cleaner Production ProgranUlle, :md specifically with the working group On the metal 
llni shing industry. as well as mdustry as>octmion representatives Ap:nt from some 
quahtmlve mtormatl(1Tl. the attempt "as nK't Wtth httl~ success 

3.1.2 EUropean Study Tour 

An opponunity to travd to the UK lead to the idea of extendmg th~ \-'l5lt 10 include a 
brief study tour of the UK metal filUshing indust!), to add to the infonTIation gatl-.eT~d 
through litcrature and correspondence. The possibility of vlsitmg oth~r EU[(l[l"an 
countries at the same tlmc was explored and the Netherlands and Denmark were 
chosen due to th~ lnduSlrial Symbiosis Project leader's contacts there. In addition to 
the investigation objectiv~s listed abo\'~, a turther objective 01' the ElLropean study 
tour was to wi mess wast~ minimIsation in practice through plalll visits, 

A questionnai re was prepared to ensure all asp~cts wCre covcrcd in the various 
mcetings and plalll visits, Due to th~ visit falling in thc European holiday session 
(Junc/July). thcre was some limit to time and to who waS availabk lor mcetings. and 
it was not possible to meet with as many people as would haw been liked. It was also 
not possible to meet with any govemmen: organisations. Howcver. the meetings that 
w~rc arrangcd were all highly suec~ssjul and much valuable information was 
obtained, 

In th~ UK, meetings were arranged with representativ~s or the Galvanizers 
Association (GA), the Surface Engineering Association (SEA), a general 
environmental consultancy (EnvirosMarch) and an intemational consultancy (TSuch 
intenwtional) C(l11l1ecled 10 Ihe tNEP Ckaner Production Metal Fimshing Working 
Group, hom these m~etings as well as literatlLre obtained from th~ meetings, a 
general idea of the pre s~nt situation m thc LK was obtained, as w~ll as of the tremIs 
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over the past few years, Time limits meant iI Wa.> not possible to arrange any plallt 
visits despite the enthusiasm of the Association representativcs. 

'VIeetings in the Ketherlands were arranged Via e-maJ! through previous contacts of 
the Industrial Symhiosis Projec t k ader. A joint meeting was arranged w1th two 
separate industry associations associated with the metal finishing industry, The two 
associations were the Associmion F'VIE-CWl\f (represellting the metal and electrical 
engineering and alhcd sectors) and the national surface linishing association 
(Vcreemging voor Oppervladechniekell vall Materialcn or VO'VI). A separate meeting 
was held with the Dutch hot-dip galvanizing industry association (the Stichting 
Doehnatig Verzinken, or SDV). The SOY a:so arranged a plant visit to a ll<Jt-dip­
galvanizing and powder coating company. In addition, a meeting was held in 
Rotterdam with an environmental consultancy (BECO) and an associated fOl1lldation 
for the promotion of waste minimJ:Mion wahin industry (Stimular), 

Meetings in Derunark were arranged through the Danish Technical UnivcrsilY (OTU). 
]ohan Gregersen of the DTl]'s lnsiitute of Pmdud Development (IPe) arranged a 
plant visit to a hOI dip galvanlZing plant Mr. Gregersen al5.() organised a tour of the 
[PU's research laboratories for improved eiectroplatillg teclnuques. A meeting was 
also held with Henrik Wenzel of thc Institlltc and with Kristian Loekkegaards of J::mst 
& YOl1llg (previously involved wlth L:>J::P projects m the metal finishing indusiry in 
Denmark and MalaYsia) 

In addition to thc information gathered III lllterviews, a large amOUllt of additional 
hteratllre was obrained Ji'om the variou, organisations at the meetings, A report was 
wrincn documenting the illfonnation gathered from meetillgs, interviews and plant 
visits. It scts out the discussion, and findillgs from these and concludes the kcy 
findings and lessons learned (Janisch, l~~~), Literature collected dUrillg the study tour 
includes infol1llation on waste minimisation initiativcs in the Gcrman aqueous metal 
finishing indust!}" Since elwirornnental leglslation affccting mctal fmishcrs in 
Germany is generally considered to he some of the most stnngent III Western Europe, 
the developments are mtere!;iing, and have thercl()re also been included to some 
extent. 

This chapter combilles thc findin gs fTOm the hiera!ure rcview, the I;uropeall study tour 
rep on, and other rcscarch to give an ovcrview of mtematlOnal experience so as to 
satisfy the obJectivcs set out abovc, 

3.2 THE METAL FlNTSHUIt'G TNDUSTRY TN OTHER COl/NTlUES 

3,2,1 StruclIIre o/rhe metal jini~'hing illdu!>trie!> 

Accurate in fonnation rcgwding thc sil,e and structllrc of the metal fmishing industries 
in each of the cOllntrics wus not eusy to come by. Only Job-shop metal finishers are 
incllldcd in the statistical information that is generally available for the metal finishing 
sec!()T in cach case. Captive metal fmishers arc integrated into a larger manufacturing 
operation. These establishmenis, which both manufacture and finish products, are 
ciasslfied according to their end producis and, thcrcfore, are not listed, Therefore, 
iigures for totalllum ber of metal finishmg site, gcnerally do noi include thc nUmerou, 
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e~pli ~ e operalions Whcn: possihle. C:SI;lll"ILi; " f [he mlln/:>o:r of c:.p"' c shups have 
been "h'amed based (In 11\0: lulo\\'lcd~~ Olf L:ey smL:ehOlldo:~ in Ihe indus\!"" bm the 
estimates "fj"h-~ hop numbers are generally nwre reliable. . ' 

A summary of bOlh qualilal ,YO: and qualltitall'~' ,nl"nnation for each Counlry 's 
IIlCludcd 10 {he labk hel,,\\,. An cxplanatl(lIl ,,{ Ihe Sll\lfCes of stati stical '1l10mlal[Oll i. 
mduded in Al'pend lX Ct. J n fonn ~tion i~ not includcd in some caS<."\<.lS it has not been 
obtainable. 

Tahle .1. 1: Sl rllCtu re of the !\I clal Fin Ish ina: 1 nd U) lrin in Olhr r C ollnl rin 

(ek""'l'la' .. ,' ~----J 'H," ____ -"';;"..:,;,0, H .,. 3ft JOt.. 
""ors.t 6~% 
or. C"!'<"_J 

Sl1\ce information for nll C(luntrie, in c~ch category is in<:oll1piele.,1 i~ not possible to 
make eonc l u~iYe c<)ll\p~ri~ons. However, some ~ ' mil:lr Irends appear 10 e ~ lSI. 

A 1993 repon on envi ronmenl ~nd compelitiveness in th" 1:.8, Illct'}l finishing 
mdustry noted that only 10-15'0 ofthc mclal fi nishillg oompam"s ,n the L:SA Me job 
shops. and Ih:'1 nJOSl mClal fi mshing :!CUI'llics occur in Cap[IVe shops \\ ill1m b rg"" 
manufacturing opo:r:lllons (\\-'RITAR. 19')5). Tilt: 199J SuSiainabJc induSlri"s Tt'f'OTl 
(U.S. cPA. 1 ')94) S llgg~'1ltS that the figure i~ closer to 35~ .. job shop~ (~h~n: are 3.500 
indepemkntly owned melal fmishins job sh<"p ~. and estimates ioo;cal~ Ihallocrc arc 
approximate ly 10.000 captive limshing opt:ratlOns). The latter fi gur<'S ~cm to be in­
lillC with tho: trcoo lIJ Germany and Holland where the ratio ofJob·sJwps 10 captive is 
)()'35%,70-65% M;!>jX:ctively (th<l\lgh lhe figul\.'1l for Hol lan'\ ar" for ck'elrQplaters 
only). 

For Ihc L K . Ihere "PI'e".I['S 10 Ix: a hight'!' proponion of Job-shops 10 eaptl\·c at 60"'{':40% 
n'spccI;,cly. TII;s may h" duo: 10 incomplete or in;'ll;c UT:I\c dala galhering by 'hc $urr~ 
Englllccring Association (SEA. 1998). HoWeH'T. lilt: sollrce report for These figuro:s 
slatc~ that the Gelnlan job-~hops represent ~ much ~malkT part of the secwr th~n m tr,., 
CK the in-house shof'~ heing more than l\\·it:e a. common. Whilst the overall nClmber 
or ,hop, in Germany i~ Ihr~"e limes that ;n the t,."K. Ih ~ numocr of job .1l(1ps IS \h~ same . 
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All in all it must he noted thilt ~~ptive metal fini,hing operation, are diili,,,,1t to assess. 
oWlOg to tfle wide r~nge ofmdustry sectors lO which such shop, belong 

A dellnite trend found m e~~h of the counlries is thnl S\IEs mnke up (he vast majorit". 
of melal Ilnishing sbops Gener~lIy, less th~n 5%, of shops Me IHrge mdu,LJ1es, (he 
majority (>91~';' in some ~ilse,) h~ve Ie,s thiln 50 employee,. nnd more (han half have 
"'20 employees, r'his is not surpnsing ~onSldering Ihe n~ture of the induslr"., and Ihat 
StvlLs usually make up the highest proporlion of industr". in general S:\Il!s compnse 
over 'Xl'}" oftflc ~ompanies In [)ut~h indust ,-y (Gombault et ai, 1999), Sr>.Il!s are a 
vital and inneaslngly 'mport~nt parl of the UK e~,onomy, n,'eOl,nling for C)<J.S%, ofLK 
bU'.iness (Groundwork. 1995) In the US ~ typic~llllcl~llinishingjob shop i, n ,mnll 
single es(ablishment th~t employs 15 to 20 people (L S EPA, 1994) In (fie 
]\'etherlHnds, tfle average job-shop in the metal tinlshing industry h~s 15 employee, 
(Uillenbrock_ 190/)) ]Jot dip g~lv~nizmg ~omp~nies in the Netherland, Me generall". 
on the larger ,ide, though still mostly SMEs with employee numbers r~ngmg het"'een 
50 to 100 per company (KIV\t. 1'.I'-J2) 

Between 1982 and 19l!7. the numhcr of smillier shops in the US declined, while the 
number of IHrger me(al rillishers in~ reased. This development ~ppe,m; to sign~1 ~ lrend 
(oward smaller shops dosing down ,l1ld medium and lilrger shops incrementall". 
increasing in number (NLW\-\OA. 1'.I'-J7) Overall, tfle,-c hils been il sh~rp dedine in the 
number of job shops. Similarly. there hilS heen ~ denew;e in the number of metal 
l1nis.hing shop, in (he Netherlands. In 1970 (here were around 12()() dedroplilting 
,hops in Iioliand, now the numocr is doser to J50. It ilppe~rs the numOcrs Me falling 
ilW~'" bec~u,e ,mnll lirm, in par(iwiHr cannot exist with the increasmg ~osts of 
opemtion. Inelea;;cd environmental costs have Ocen the most signifi~,mt contributing 
fiwtor (Liltenbroek, 1999). 

In lenliS of the breakdown of process types, inforrn~tion for the US could not be 
ob(aiocd, however common trends ~re observ~ble frolll the data for the We,wrn 
European countries ~nd Ausmlh~ Rctcrring to Tilble 3 I nbclVe, p~inting and powder 
coaling combined. ~ppcar to Ill~ke up the I~rgest sedor in tenlls of total nLHnbcr, in 
ea"h of countries. J-.leetropliiling makes up the ne~t IHrgest group, nnd "probably the 
largest group if p,lInting ~ml powder coating ilre separmed Other significant sedors 
are anodisers ~nd galVlmizen;, though they are much ,mnller in numocr «10'%) 

In the US, the number of metal plating and rcl~ted f,lCilities dene~<>cd by 43 0
/;, over a 

ten ".ear period from 1 'll!2 to 1992, while co~ling and relmed f~cilities werea,ed 19.5% 
over the same period (WRlt.AR 1005). III Australia, powder ~oating ha, alread". made 
m~jor inro~ds into liqllld ~.o~ting market, and has penetrated tradition~l decorative 
pl~(ing m~rhts ilS well The de,irabilit.,. of powder coating is based on the ne~r 
dimil1~tiOI1 of wa,lewater ,trenm, and VOl' releases as well ~s super ior m~ten~1 use 
effkien~y (lNFP \V(T, 1998) 

lor the CS ~nd the UK, J'urthel inlormation regarding the most common 
electropl~ting proce><;e, wns also obtained Ihis bre~~dow-n lS included ln Table 3 ~ 
below Overall it appears that the most eommon p,-occss types ~ppeilr to be equally 
popular a( bel\,een 30-40% uSilge ea~h The next most commonly used pnK-css in (he 
lJS" tin add plating at 2~/ •. The aecu '-~ey of these figures ~nnnot he determined For 
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lhe US figures it is bdievcd lhat the oon-eYlmidc and e}lInidc trertlnlCll\'; have been 
llllder-rep<.>rted in the ~u",e} (Vr'R IT Aft. 1 <)<,15), 

Table J.2: r,.'lost com moo t~l'es of cleelroplaling processes in Ihe LS lind Ih.· UK 

3.2.2 Clwrflcteristics of tile metal fini.~hin!: indu.~trie.~ 

Comprehell>ive information llbout the chllfuclerislH.:s of the US. mdal linishing 
indll,tr} is available in the literllture , In II report ~ntitled: SU"'lainah/e Induslry; 
promo/ing Slr{1/~gic n'''''irOtllllerllu/ l'ro/cclion in Ihe Industria/ Seclor Mew/ 
Finishing Induslry (U.S, EPA. j()94) the key industry aru lirm ~haraderi~!ie~ and 
trends that ma} int1u~oce a company's decision-making pr()ce,>~ with regard to 
environll-",nlal adi"ilie, Were identified. lnlormlltion for the r~port was gathered Ii-om 
meetings and di~~ll~"ons with nlCtai linishing illdustr} members. trade aSS<Jciation 
represcntlltives. and industry expert'>. a~ well as dala lakell [rom the SIC records for the 
mdal finishing industry, 

Such comprehensi\'~ informalion was n<.>l ji)\Jl\d li)r all} other countries. Hov.evcr, the 
US chllfllcteristics were di,~U',sed in m~t'tings dlLring lhe Eluopean study tour and it 
"'as mostl) agreed that the ~harocteri,ti~s oj' the US melal lilli,hing illduMry may 
!,'enerall) he c()nsider~d reprt'St'lllative of the ~haraderisti~s of Ur sector in most 
countries. Where tt;.,r~;' di"'gre~menL thi,; i, nokd below, 

The l ;S melal lilli,hing inulLstry is vel) liiverse in term, of processes and ~ize of 
opermlOns v.ilhin the industry and cllters for many applications. Although 
geographical!) diver>e, the indu,;t1)' is heavily concentrated ill what are uSlLally 
considered the most heavil)' indu~triali7~d reg ions in the 1 ; niled Stale,. This geogmphic 
~orn:entralion lk"1.\ o~~llrred in part occause small plating Jacililies locllte near their 
~lLslomer roSe 10 be cost ellective (NEWMOA. 19\.17). A rcilltivc1) small number of 
process chemicals, plant and equipment suppliers service a highly fragmented '>l1r1ac~ 
JiIlishing shop sector mllde up of in-house contract and independent jol:>-shop,; (U,S. 
EPA,1994), 

Joh ,hops lend to he ~mall and generally ha\'e fewer re,our~es availatJl~ 10 address 
enviroillllental ~oncerl1s. In addition, the)' ar~ u,;uall)' Ie" spe~ialised than )nall)' 
caplive operation\. Caplive metallinishers tent! to have gr~at~r access 10 finaocial and 
organi~ational re,;ourc~,; and. ~on~e'lu~T1lI}, tend to he mor~ proadive with their 
envJr<ll1mental programs, Enough ,imilarilies exist bctweCTl the independent and 
captive facilili~s lhat they can essentially Ix: ~onsidered part 01 onc illdu~try. I hcy usc 
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the same types of processes and rail within the samc regulatory framework. In auuition, 
the two segments have parallel ti es with 5IIppliers ami customer-; (U.S _ EPA, 1994). 

DiiTerence5 that do exist bctween the two segmcnts can he used to undcrstand more 
fully lhe drivers 01- the decl510lHnaking processes and the barriers to impmveu 
environmental perfonnance in each segment. Captive opcrations ma, he more 
specialised, or focused, in their operation5 hecause they often work only ,;n a limited 
number of products and/or employ a limited numbcr of processes. Independent metal 
finishers, on the other hanu, tend to be le>s focused in their operations hecau5e they 
may have many customer5, oftcn with dilTerent reqUlrements_ Indepcnuent and 
captive metal fimsh er-; do not ordinarily compete against each other since captive 
finishers seldom look for outside contmct work However, capti\'e facilities may 
outsource tasks to mdepenuent laclillies_ TillS trend m outsourcing IS becoming more 
common III th e Netherlands (du Monier, l<),)~). 

Th ere lS general lack or technical knowledge amongst metal limshers which leads to 
reliance on extcrnal pani es for technical auvICe anu know-how (COS. EPA, 1,)<)4). 
There is a great reliance on chemical and equipment suppliers for technical 
know I edge regarding even the day-to-day operations of processes. In addition, several 
trade assoCiations play key roles In the metal finishing industry. Some of the hettcr" 
known national organi5ation5 and associations relevant to the metal finishing industry 
in each country are listed in Appendix C2 along with a bl1ef description ol-their main 
functions. Most of these associations have extcndcd their activitie5 to lncluue 
environment-related services, e5peclally In term5 o[th e new environmental legislation 
reqUlrements and how to meet thcm (i.e. pollutIOn preveillion options). For example, 
in the LK, ten year5 ago there was a suddcn focus on envirollll1ental i5sue5 and 
membership to th e SEA increased hecause of these environmental lSSUe5 (James, 
j 9<)')). Specific enviF}]1ll1ental committees have been established within many of these 
organisations in order to carr)' out these new roles_ For example, the LK GA has 
appointed an Environmental Health & Sarety manager and committee. 

The U_S EPA has stated that 'excellent plating quality and responsive service' are the 
two dcfining competillve variahles within the metal finishmg industry (U_S EPA. 
1~94). However, the Du(ch VO\1 and the UK SEA, belicve that these variah les are 
secondary a5 metal fimshers compete on price first and forcmost (du /dor11 er. 199<) 
anu Jame5 1999)_ In an Australiall document it is noted that metal finishers view 
them5elve5 as a sen-'lce mdustry, responding to customer specificalions and demands 
f,}r quality product5 which, in some installces, limit their envIronmental options. In the 
US, where perhaps the most significant Clcancr Production elforls have been made, it 
ha5 heen reported that environmcntal pcrformance now has a sigmficant erfect on the 
competitive dynamics ol-the industry. Firms that are able to keep lip with compliance 
demanus anu accommodate increased costs of operation can be expected lo reap some 
bcnefit5 from increased olll50urcing activity aIld transferred busmess Ii-om derunct 
shops (U\EP WG, 199R). 

\--lany other t:lctor5, both economic and envlronmental, afrect the performance of each 
individual metal fillishin g operation_ For the metal finishing industry, the nalllre and 
capitalmtensity of prouuctlOn and envmmmental technologies, the size of firms .. the 
availability of sub5titutes for manulacturing inputs arc some of the factors that are 
likely to affect both envmmmental and economic performance (L.S. EPA, 1994). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I 

• 

The >cope and stringency of environmental r~gulJtjons appl Lcah Ie 10 the metJI plaling 
i~dustry are increasing, Such changes hm'c forced nearly all metal plJters to mcrease 
investments in pollution contrc:>1 eqllipment. employee traln1l1g, and waSle trcatment 
and disposal serV 1C'CS. Ho"ever. the level of these increasmg stJooards and the abili ty 
c:>fplaters to respond to them is nol unifornl , Fven within developed countries. platers 
Jre faced with non-uniform Tequirements and enrmcement (1;.S, EPA. 1096), 

.\1ore slringent legislation has lead to increasing environmental costs iilr compames to 
achi ev~ compliance. This has had an imllal eiTecl i~ creating In unlevd plJying field 
in which c(.>rtain "rog uc" companies are unable tc:> tJke on the costs and have thererore 
had tc:> operate illegally, However, the strict enforcement of the legislation, k ading to 
increased environmental costs, has dfectively driven these "rogue" companies out c:>f 
busine"" causing them to shut down, therehy ceeming a more le,e] playing li eld (du 
Morti er, 1999), Fm example, m Gemlany, many or the smaller surrace Jimshlng shop, 
there hJd to close down, being unable to fund the capital investment nece"sary for 
ne w or additional equipmlll1 required to meet ,lnngent envmmmental regulJllons 
(SEA,19Y8). 

While environmental concerns in the UK surrace lini'hing indust!) are importam, 
associated costs Me low for most surface filllshing sites (SFA, 1999), Enviwnmenlal 
(lrealment and waste disposal) costs in 1998 range behveen I and 5% c:>f revenue, wilh 
the majonly helng he!\veen I and 2'/(" Electroplating and ancxiismg sites have slightly 
higher cost" Specialist engineering pJim and powder coating site" have the lowe"l 
costs with 27% spending <1%. According to a VOM document on the econc:>mic 
aspects of surface coating, the environmental cc:>"\s at Job shops in lhe "<dherlands JS 
J percentage oi' IUl110ver are as follows (VOM, 1098): Ekctwplating: 15-30'%, 
Industrial pawting: 10-40%, Anodising: 5-10%, 

A typical US joh-"hop operating cost breakdown puts envirorlllental costs at around 
5% in 1993 (V'>"RITAR. 1995). Capnal expenditure, for pollution abJtement by 1991 
Jmounted to greater than 20% or the total capllal expenditures fo r the industry. 
Accordmg to US Commerce Department estimates, 1 Y92 pollution abatement cc:>sts 
and expenditures fm the metal finlshing mdustry totalled over J fifth 01 their budget 
(W\\'\\'. nn,frc.org) . 

3.3 TRENDS IN WASTE MANAGEMENT TN 'IHE .lfETAL 
FTNISHING 1l\'DUSTRY 

This secric:>n gives an overVlew of general trends in the adoptic:>n of waSle 
minimisation in the countries l11vesligaled, to provide a bJckgrouml fm under"landing 
the current state of adc:>ptic:>n or waste mInimisation in the industry. Expenences in 
individuJI cOllntries which are outilned helow arc considered indicJtive of general 
trends in the US Jnd Western Euwpe, 

Environmental concerns in industry began with cc:>ncem i'OT water pollution and the 
initwl response to envmlllnlentJI pressure by mdustry wa" 10 Implement end-of-pipe 
teclmc:>ic:>gi e" fc:>r eflluent treatment (du Mm1ier, 1999). Initial aspects of WJste 
minimisation were introduced in the eMly 1980's, but the iiJeus was mainly on the 
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~du('t iotl of hazardous wastes. At l poilul JOIl was the ncxt important foeus after \\ atIT. 
and this then slullcd 10 soi1Jland pollulion. '111e majomy o r en\!ronmtn tal law. 
alTlX:liul; indllSlry. initially focuii<:d nn cnJ,,,r'pipr regulat ions. allli un .insle-Illt'clla 
plllllltl<l!I (IJ, S. EPA. 19%). 

F<lt e~amp l ~, \1\ Denmark, in lh ~ pt'l1oll 1973- 1990s, a company" S process was n eared 
as a black box. and Ihe focus was on Ihe emissions to air and water, Tile wastes and 
~missio!ls were dealt wilh at end-ol:pipe. PrIOr to the first Danisl\ C leaner PTild\~Cli"n 
pro!7amme' of 19&7, envlTomllenla) Cllde..L"our~ had primanlv heen based 011 dilution 
and abalClllem meTJ\ods. EnvilOJUllelll al regulaTions WCIT based "n a C;l..e-tu-Ca.~ 

~pplnach and Ihc c~nlraJ ;luTllollll<'5' I. 'lowkds", o r envmmmentaJ and prooJucTion 
condillOn, in Ihe t:T1lerpn""~ ma,"ly ' 1e111nl",d 1T0m Ihe JlIUcc:~mg of complaints l\I ~1 

appeals (llanish EPA. 1997) 

[n Ihe laic I<JSQ's atl cmioll began to 111m 10 encourag ing Ihc roiuetion of waslC 
' lJ ean1~ "'4Ih"r than j usl dealing \\'it h them and Ih~ f>Opulan l r 0 r pollution prcH'Inion 
as It .wJtcgy of prcfen:llce 0 (" £.01\'mg envlrmJlJ1cnlal prohkm~, srew (F reem.u" 1995 ) 

Unlillhc 1990's , pollution prcvcmion in pl ~CtiCC hw! bcen slow 10 cilleh I)II, des pile 
all its adva ntages, Bresnan (1 994) HO led thai perhaps Ihe bil;gest illlpe(1lmenl In 
indllSlrl ai Implementation ofpolhmol1 prevent,,,n on Ih" US '''~, the C\lrr ~m regu latory 
system . .... hich fC<!ulre<.i p<J llutioll abat"mC'1II through ;n'lallation <>,. "p.:cllic control 
1~x:h IlOlo£y Once a cmnpJny hau iUI'CSlCd in cxp~n~l\"" cOfllTol leehnlllug)', Ihe 
cumpauy kiT compe1kd 1<> u'" i1 rJthcT than scarch 0111 '>l ay, 10 a,oul 11, lise. 
Furlhcnnllre. VCf)' linJc mfonll..LIIOn was available on mr 01 low-pnll llli"n 
I"clmolngies or On way.'. TO change prTlCes"'~ th",,,glJ pollUTion pre"ention lcehni(juo:s, 

Al lhe end oflhe L980'~, Ihe metal fi nishins mdllSiry in the UK was, In generol sul! 
\'cry dirty and rew shops hlld e"en Itllplel"l\cnted ~nd-o f- pip e tcchnGlogie~ (LK nT!, 
199 1). lbcsc vu,me'5Cs exilibitc<.l vcry low profitavi!il)' and their capacllY ror 
Im'c,lnwnt in ncw plant was minimal Regulalory prcssure and celUtn It'gislation IlJd 
already driVffi rome of the UK s "rl"ac~ lr~atment companies 10 ~oll" der P()lI11hon 
prcvenll<;>n. Gcnerally howevel , intcresl ill ""a<le minimIsation was low bccau<e, at Ihe 
lIme. Ih~ cosi o f waste lrcalmcnl ,IT\<i (h'p<J<a\ ( ..... here it did occur) wa~ no t s l£n~ficanl. 
End-ol:pipc tcdlllOlog)" wa~ cnn~[(ler.:d a satisfactory rcspon~e til le,llis\alion .• A.n 
additional tlClor l11al wut.1 nOI he ignl) '~ d was Ihal because the induSTr), compri5(:s 
many \~ry small jobbinS-I)'pc ope 'a!!OI". enforcemenT of legi'lahlln ... a, 1l1efl«:live. 
t.'lan) companies lound il very e'~ ,y Iu Ihmw restricted cffluent, ,10"'" t h~ drflms 
WLlhnUT being caughT (Ibid.) 

I'ubhc p,,:o;,;ure combined \\, Ih tile aCli\'uic~ or !>nIh national and locally hast:<! 
enlilronmcntal sroups helped mO\1: polluuon prc,,,nuun legISlation throuSh Stal( 
lcgl,i:t.lures (Bresnan, I<J IH) , I'Gl1 udGn rre"cntlflll gained . uppon relal\\'ely qUIckly­
b~au'<! II enabled govemmcnls to p ~~r -ue b()lh economic dC"c\nplllcnl and 
cn\)"'lIlnctllal quality objective~ - ()b tcclives ..... 1\Jc·h arc usuall y seen a' lTTcc()ncoi ab\e 
(U.S. EPA, 1996), 

In Kllv~mber 19<){). t ile u S Congrc'~ passed the PollmiGn Prc' clllion ACI (I'PA), 
"hlCh <Ialcd the naiion' s commitment 10 Utc c"nc~)\: r:ongress "decl~rcs it to be the 
nalional policy of tbe United Slates IhaT I11 ,Jlul ion ~h"uld he rreveJllt'd or reduced al 
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IVut< Mininli.otion E:'p<ri.n,<> in tho .\1<",.1 Fini,hin~ fn~.'tr)' in Ot~,,· {:"".',ie, ,- I () _._-_. -_. 

th<; source "h~T"'v~r f;;asihk··. Snaal po1l11tion prcvclllion initiatives wrl grant 
programs w~re i"1'km~nled. Th~ (J.S. EPA signed a Pollution Prn~lllion Policy 
Slatemer" m June 19<)3 OUllining the U,S, FPA"s ,1r;lkgy li,r implenx~lling the 
Pollulion Prevention Act. U.s. congre,>~ reauthorized the Cle~n W~ler Act and 
revicw~d thc dlluenl guidelincs and standards for ~lectroplaters and Metall'inishers in 
thc carly 19'Xr s, 

It was the UK's Environnx1ll Protection Acl 01' 1'191 that hatllh~ mosl signiticant 
cftcct on thc uptakc ofwastc minimisation by industry. hrlustry Associalions such ;IS 
tl-o: SJiA and GA in lhe UK. had to takc up environmental issues to help their member 
compani~s comply with n~w r~gllialions (Jamcs. 1':19'1). In Dcnmark atlhc cnd oftl-o: 
I 9811's. consiJcration was givcn as to how cnviromncntal rcgulation could be 
org~nisct110 promol~ prn~ntion in a more appropriat~ m'mu~r, and the Dndo procm 
I'm!!ramme for Ckancr )echnoK,gy was iniliat~d in 1987 (Dani,h EPA. l497), 
During the cours~ 01" relali~ely I;;w years Ii-om th~ inlrodud~lTl 01' the Ckan~r 
Te~hnol()gy support schL"T\l<: lTl 1987 to the am~ndnx"t or th~ Environmmtal 
Protcction Act in 19'12, the Cblllcr Tcdmolo!,.'Y conccpt became a wcll-estahli~hed 
and institutionalised part of the D~nish environmentill regulal~ll1 str~tegy. The 
Auslralian Lnviwnnl<:nlal Protection (\!"'ast~ Managcnl<:m) P()licy (1994) includcd the 
r~'luir~rn'-~ll for nominated industries to impbncnt a Cicwl<:r Production plan. 

Environmental pohci~, initia1l, lilCuscd on singk-medi" "pproache, it,r 
environmental protection. The nexl phase of policy directions were b;lsed Oll;1 multi­
me\li~ ;Ipproach, recogllising llult POllUWllt rele~ses to e;l~h ellvironmental medium 
(air, land, and .... atcr) aftcct each other Enyironmcmal strategies needed to identii)' 
and address these inter-relationships by designing policics for the '''''hole facilily". 
f)~sign or mviwnmmtal ,Iralegies li,r similar j,rlll,trial la~jliti~s. ~nabkd 

~n\'ironnl<:nlal C(),-.c~ms that are common t() Ih~ manufacturing of similar products. to 
be addre,>sed in a comprehellsive m;ll1ner (OFA, 19')&), 

Pollution prevention has mivallced from a concept to a provell , practi~al mcthod 
(Oldenllurg and Geiser, 1')97), A wide variety of policy ~pproaches 10 wasle 
minimisation Iwve now been adopted rdlectulg the differellces in uldustrial profiles, 
~nvironm{'11lal rd~ascs. ll11sin~" ~y~ks, and th~ polili~al climak in ~ach country. 
l'll<:SC arC outliocd in S~ction 3.8. "s parl () f [h~ di'Cussion of Ih~ mllllcncing factors in 
the adoption ofwastc minirnismion ill the induslry. 

JA ADOPTlOlV OF WASTE MINIMISATIO/"" Ii',' TIlE INDUSTRY 

in Ih~ c()untri~s inl'Cstigated ..... astc minimisation in the metal finishing induslry has 
,ini;~ h~~n ,,~Il promoled and "llldi~s have hem publisll<:d showing [h~ hcll<:fi[, lhal 
havc been gained, It was foun;1 that many mctal finishing shops have implemcmed 
one or a combination ofwastc minimisation lechniques in order to n-.cet regulations or 
reduce Ireatmenl and disposal costs. in the lililowing "e<-1.ion. an attempt is made to 
combine the resuhs from studies wxiertaken ill Dellmark (19<)2). the USA 049.:1). 1he 
liK (I9')R), alld German, (1<)')&) l() ()Illaill Wl indicalion of allY sp~~ilic lrmds I,,, lh~ 
mel~1 linishillg industry. "'fore detail on Ihese studies is 11l<:luded ill Appendix (3 . It 
mll,1 hc no[ed Ih"tlh~ ,llldie, in til<: (J.S. and Dmmark are I;-()m >5}'~ars ag(), and it is 
likdy lhal tlx~~ has be~n IlLrlher adoplion in each ~asc. Findings trOTll gelx~al wast~ 
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minim,sat,on projects (su~h ;IS the I'RI<;\·I" proJoxt) arc also mduded to show 
t:OI"""W trend, and p ru " ,d~ a conte\t for the resulls more s,pccilk 10 the IHt1al 
fj ""I"ng ;ndu'll) A snmmary \able o f bo th qnali tariv~ and qu amibl,'" n ... u \I, fom1 
tlo ~ stud'e<. IS Included III Table 35 :Itler th~ discu, sion. 

3.4. / ImprOl'ed Operating Prl/clj('e,\' (II/(I Process COlltrol 

Itn'''''alill".:o.1 t ' l'crienct'" wilh ('lc"nci Prudud,on il"loc~te that II, e mOST sij!:u ificalll 
gaillS have been made through mI('!TO\'''' operaling practice' 800 proccss cl)JItroi 
ruther Ih..n through TIel' leehnology (WJUI AR, 1995). In general nlO~ 1 allcnll(m has 
b~n gi"en to impronng thc eXlsl lng b.,sic production tcd mol"lW tllrou~ 
impro,,; mcnt of OPCTaTing and maillt":II~:lce I'mc llccs and the al'p!'CIUl On o f more 
cflicklll Cll uil'mcllI and motlltonllg :Il k.! coru",1 dnicL"S ("an Bcrld , ]9')(;) Sludi..:s 
urnk n akell Oil the di fflL~ion of ('leaner Tcch,Wl ]Ogy m Denmark show ! h~1 withIn J 
fc,,' )'c~"" (hc u,«: o f Cle~n tr Tcchnolog)' had bc:oome widcspread, bUt III gO!l=I, 
h(lu< d.: c~ing 111eaSUr~ s Jm! substi tution of matcrial, ha,'~ di ffused morC rapidl> than 
chnnge, 11Ild neW ;nvc,tmenls in :":lual production equipment (Danish 1:.PA, 19Y7/. In 
Au<trali a, as part of a lJ'IEP .\1etal fi111 SJllIlg Working Group pf()j~cl. a numher (If 
b\ls in~s,es w~rc \'isit~d to di,cu,s the p<ltc!!t iai !<lr Cleaner Production in the mdustry . 
It wn~ fountl that for the fcw c()m]1 a11l c~ thut have ,ucc~sdully implemented wa,le 
Illl nlmi<ation. 1\ lo:nds to he m lhe ureu oflmpro\' ed hou'ekeeping (lr si llip le procC$S 
l)'IOlilfkatlon (l1NI::P WG. 1991». 

Cusrulie ( 19W ) Slates Ih3t wideo;pr.!ao.I SUCCL"SS iu tb~ I .I S ekctroplalillg, sLoctor h3.\ bcOlI 
~cb,c~cd u~m3 simple .uId high!)' co~l-dret:ti\-e methoo.l~ a1"l tcchll1ql.le~ that reduce 
dl'ag-out losscs and rinse-wa ter usc RlIlscwatCT and d rag-out redUCTio n opt ions ar~ar 

10 ha,'e hLOCH most " ,dely adopK..J :Iud \ uccC'<Sfu] mea,me>< wIdert~kcn hy rlIcb ] 
fi lllshers Inlhe cou ntri ~s investi gat ~t ·the gre:ltest luterest and 8tl(CCSS for rt'<.iuclio n 
of waTel' lI , age !!l th~ t:s. UK and Dellm ltrk i, r iled as the u,c of morc COUlltC!' il (lw 
nnw lanks. The use of 11<)w rCS lr;Ct<lr, ha, a1,,) heen h,ghly popul~, in th~ I! S f or 
Ih",e ,n the L"S ,urvey that wcrC ~hk HI quant,fy. av~rage w~tn 11,,\\ rc,JU~ I"'ll ,,~, 

3(""/. und some shops have c v~n 1 .... lll~ed flow, tlra]ll~ti c~ll) hy 90% '" n1<1rc 
(('ll shtll t , 1994). 111 th~ UK. tecll mq ut. of llSlllg dr~g-<)ut I~nks ami otha <!nIp i c oJ ras:­
n,JI redu,tion melhotls. h~\'C h~~n the m''''1 I" ,pul~r antl >Idlln~tlth e hlgh('!;l ~u cct"'~ 

l~ve l ( S ~ A . 1999). 

When:: Ih..:rc is reliance on supphers f,'r rroces~ opllm1 So1lion_ as in the mCl;!1 fim~h"'g 
Illdustry, nJCKillicJTi ons 10 processes lIrc Jess hkel y 10 be (onsldered (Oalll,h Er..\ , 
1'1')7 1 Carefu] oontrol of ptOCCSS paT:lnJelers (temperature_ now ratC"'<, C'1l1t~nunant 

conccntrat,on. p]1. dens,t)'.. cl("_ J ~Ild 1' I'O(eso; modIfications (extcndonl! dr3Ul limes to 
1..:dIlCO drag-oul. extending Ih~ li fe nf cle~n ers_ n nsing techn' 'l uco<, CIC.) h:l"c bccn the 
key tQ wa<le reduction in the rucml I;mshmg industry. Th~ "tct h"olog)" :tSSOCIJted 
wllb tbe <e activi(;e' i, ll,ually qult c SUlll'!c and "jrhill thc grasp o f all bUS1 11 C><<C:<, 
mc!llding S'vIE, (WRIT AR, 1995) 

Th~r~ is no data regarding the eXTent of ~doption of option' in S'vlE ~ v, larg~r 
compani~ ~ . Howcycr, since 0" ""- 9ll"" of .loh-shop metal fi n"hmg C<1n1palll e" ,n cach 
country w~r~ fonnd TO b.:: SM1:.s. il is Illay be assumed IhaT The widespread ~ucc''$S 
applu::s 10 SME..s in Ihe mclal 1;I\IShil\g llldust ry. It ;, l i ~ cl) , however th"t al:l ual 
method lnJl'lcmcntcd for 3cllio\ Illg a \\,H~le minllni.-.;J li on oh.1':c lO ~e. m~y dl fl ;'''T 
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depending on In.:: SII(: anll fin~nclUl abihty of II company. The prnnnion of waslCS 
anlll'lnis~lons is \'ery much a company·s.pecifie aC1i\-ity. In many cases !lie areil~ of 
pnorit}' are charaetcriihe of the hr~neh of mllustry 11!".df bm the concrete solmions 
differ Irom company 10 ~'()II1J>l1n)' WRf'Pl\RF.. ]99]). For example. In the OUleh 
PRIS.\1t\ Pmjcci. Ille s.:me pruh]l'In of watl'l pollution ilnd Ue.lIment ~I ndge "as 
"lellllliCiI m ho'lll 01 Ille 2 electroplatmg compalUCl;. The rt'snlt " as IWO CllIJrcly 
dirr~n l "",,5 of pre' enllon oplioll.s. An example of one I'roblcm Ihal resu lted m t .... ,o 

different SOhll ions was Inc rcdncliuu ul dr.:Ig-ou\ b~ impn.,,·ing Ihe drainage of "Of~ ­

p'CCes hem!! Uall'f'< lned from one process bath to another. for the one company 
whert' "ork is done manually, the I'rcvcntion option ",as one 01 good oou'Sekeeplng 
me;l~ureli For tile other - ~ rn«lialll«ed firm, the '<3me option was rcalisc..1 through 
lechnical mGdificati.:ms \ t'Rt t' ARt:!, I ~J') I ). 

3.4.2 Tec/lIl%gyIHardH'are Op/iolls 

Where more comrie:'\: teehll010gles h;l\e !>cen adopled in the metal finishing mdu'lry 
to reduce emissions, it is mostly due to specific rcgulmions reqUiring sIgmficil111 
impr", ement! in pn,~e~s e J1ieicn~y und hencc the use of CI CunCr Tcchnologic~. In rhe 
L'S. pennl1s req\le~1 the fUCllity to adopt "Best Management Practice~" under the 
Clcall Air Act or the Clean Water Act The pcnnils set numericul ~(,,"danjs 1<1r 
dl~char!!e~ und eml~'IOn'. u"d ,n some mstance5 may illso specify the kind! of 
eq\llpm~nt and opcrallng procedures that will be used (L'.S EPA, 1~'}6). Althollgh 
som~ shops in the US hal'e h~d gre~t ~ucccss with chemical recovery ledlIlo)ogics. 
§llch as ion exchange, Ihey ha,'C genera lly been milch less Ircqucnlly ~pplicd thai! 
§jmplc drag-out Jlld ri llse'l'alcr rcd!lCUOn ellof(s. In the LS, 30-·HI'~/. of c],,::mical 
recovc ry and a,I"aneed bath m~m'C1Iance tcchJ~,logie5 ha,e lIot heen ,u<eessful. 
maintenallce probl~ms t>e!ng Ille mU5' I'mnmun C;tU5e of s)'ste!n f"ilure (Cuslm'e, 
I~?-l). US experie'llee has ~Iso shown 'hat Ihe most suceesslill of the chemic~1 

rcco,ery technologies UTC IltIl lC'..tSt lCl:hnieull) suphistlcuted tcdlIlnl08";S (e,g 
almosphenc e' upor~lIoll). n..lh maintenance lechllologJe> ilre '''''is frequt'Jltly 
purchuscd Ihen arc chemical rccOI'cry !ectUlologies. but ha'-e gC'llCTlllly bem ntore 
'lICCC"'Srul. 

The CtCl1ll~n rncml [i11lshlug U\dustry IS subject to some of the mo51. stringent 
etl> tronmcn t~1 TCSulJlions III Europe. In particular, l\alLonal UlW requtr"", tha i lr",,,," 
enluCllt can ollly he dlst,harged If the life of process haths IS Iii<: longesl rO$Sihle. 
proc<.'ss drag-out is nllnlmised, and "here, er p05sihk retumro up5tre;lm, and wafer 
for rin~lIl g III rc..Juccd through counter·currelll rinsillg ,!lid recirculation. Yel, 011 a 
!r~" • .' tnl$~",n to ;n,c~tjg~tc ClCJncr Tcdmologies used ill tlte aqu~\1S tinishnlg 
induSI!)' In Gennun)'. the 11K SE .... found that thc tcclmiqucs used relied 011 re;](I1!y 
ilvili!"hl", rn~lure I"w C,,~ ! t~chn"logic~. Thc mission had cxpected to s<::e "ad'anced" 
'yStelll$ ~\leh a~ re' ",r«e osmo~is. electrodialysis. etc. Instead. thc U!iC of conventIOn;" 
technology u',ng 'lu.l1lluIII chcml\:al enginccring principles for pollution control and 
monilonng. ~ "uplell wah proJCs~ional management was found to be the norm, De~plle 
th", fuet the 1nan~scment hus a good knowledge of effluent treatment ilnd recycling 
tedmique~ (inclull111g ud"aneed methods in some cases). there is a ~tron!! prei'eren<e 
t(] implemenl C l ~~lIlcal upproaches due to their fkxihility ilnd 'u~ces' (SEA &. lTK 
IHI,1998). 
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No smgle technology has since emerged as a significant replaeem€Tll Jilr ~onventional 

treatment, The most significant tedmology change wilh resped lo end-of-plpe 
treatment for waste redllction in the US, is the llS~ 01" silidge dehydration equipment 
(i.~. sllKige dry~rs) 10 r~duC€ lhe vol lime of sludge shIpped offsite (Cllshnie, 1994). 

The SEA Trade Mission to Germany Ji)und thill, llTllike lhc UK where effluent 
treatm€Tlt faeililies were trealed as ~ml-of-pip e e'llllpment, new German finishing 
plJnls bave an integraled design witb watcr reduction and makrials cJ'fieienc) as lh~ 
core. Most tmportantly, the method showed il!traClive cilpilill lllvestment paybacks. 
rhe key clement. in the integrakd shop ,ksigTl inc luded counter-current rinsing 
(mmimum 3 stages), evaporation to main!a]n the water balance. ion exchang~ lor re­
circulation of nnsc dis~harges, crlnvenliO)1a1 metal hydroxide precipitation /i'om the 
ion exchange regeneranls, conventional batch filter-pre,s separation, sd~ctivc 

ehelilting ion exchange treatment Jor th~ dIluent, and miscdlaneolls lechnologics 
sll~h as OIl separation for spent dCt-'fcasers. Bolh pro~ess and engllleering were found 
to have ex trcmely nlgged features and a high safety factor (SEA & LK OTI, I99S). 
"fhe integrakd design concept developed in Gennilny would he entire ly viable for the 
UK. ilnd lherdon:, prohilhly for moSt countri es. if lhe regulalory ellVlfonnlent wcre 
comparable (Ibid.). Most of lbe tedulOlogy, lllclll!lmg evaporation. is establlshed on 
an ad-hoc basis III a few sluface finishing shop, alr~ady, rhe technology hasc 
eSlilblished in th~ (i~rman finishing industry, "hllst m~Cling lh~ cnvirorlllental and 
waSle minimisation r~qUlremCllls, hilS h~cn mJtllre for several years 

Closed-loop op~ration of metal finishing rinsllIg syslems has nol genemll) b~en 

Slle~~ssfllL In Genllilny. closed-I(Xlp rinse waler re-~ir~u\Jtion IS regarded as 
impradic ill (SEA & UK OTl, 1998) For Austraha, tbe lMP Metfin WG bas found 
tbat the denlopmen! of near zero dlscharge lS llneconomic for most operators at this 
time, even if tbe teclmical know-how were available. However, it is considered tbat 
the cone~pt will become lllcreasingly attractive as Jilll cost recovery for water and 
waste disposal ilre inlroduced, and as t~cllllologies lilr rellSe and r~cycling become 
more wldely avallablc and economICally aUmctl\'e (l:KEP V>iG, 1998). or th~ L'S 
shops surveyed that have attailled zero dl>charge (7%), lhese ilre primanly hilnl 
chrome platers wh~re thcre is a high ratio of evaporation to drag-out (Cuslmle. 19')4), 

The most common and sllccesoflll Cleaner Teclmologies which have been adopted, 
ar~ those which have heen forced upon tbe industry by regulations specific to 
procesoe,. Although many of these are ·pollution control' technologies, some hilve 
"aste minimisation applications, for example, tbe requirement of the F:nvlronmenlal 
Protection Act in the UK I'or galvanizing baths to capmre 95% of their parti~lllilte 
~missions has lead to the use of bath encloSllres in most galvamslng COmpilnl~S 
Enclosure of galvanl/.ing baths has resulted in zinc savings and improved process 
effiCIency (Cook and Smilh, 1999). The environnlcntallegisiation III the Netherlands 
is derived fTom F:uropeiln legislilt ion. a.s for the LK. The trends in adoption 01' 
tecllllologies as a result of lcpslalion requlremc'flts ar~ therefor~ similar as in the UK 
(e,g. boods and fum e extradion are in use in illmost all companies owing to 
legislation requirements). 

Once again there is no diltil regilnling the adoption ofteclmology options by S\-fF:s vs. 
larger companies. It IS mOSl likely that the adoption of technologies depends on the 
const.raints of the company. S1l1~~ technology options require not only capital 



Univ
ers

ity
 of

 C
ap

e T
ow

n

investment but also tilll<' and finaro::ial input Ii" monitoring of process condihons and 
feasibility studies, tlus limits the potential lor adoption in many St>.IEs, Illesc 
COJ1~tminl> mx:l how th<:y have heen over~ome are di",ussed in morc detail in thc next 
section. I!ow"v<--r. it j, roted that tcchnology options Im~e been implemented in the 
metal finishing industry. ,md where they IkI\'" """'n succ""lul is th~ Hpplicahon of 
si"l'ie low-co,t tcchTXllogics mainly 10 achicve pw~.css efficiency improvemcnts . 

... 43 Clwmicul and Pl"llcess Slfh,~/itllliol1 

The biggest impact or legislation on adoption oj" wastc minimisation techniqucs has 
bc"n hy tl-<: banning 01' substanc.cs such as chklrinated wh'"nts and cadmium, and the 
J\)quircmcnts t''Jr rcduction in use of muterials ,uch as chr",nillm and cyanide (c.g, 
U.S. MAC! swndill'ds fi,r hexavalent chromium). This has kad to thc use 01' 
sllbstitutc matcrials ani procc,se,. 

In Dcnmark. onc of thc lOcus arcas of the f),lllish FpA's Ckaner I'mdoc(ion 
programmes has becn on the substitution or reduction of organic ,olv"nts. Although 
m3terial usc reduction or matcrial!pnxc,s ,ubstitution n>ethods ha.e mainly becn 
driven by rcgu.latory pressure, oth<:r reasons for dmnge, ofkred by US sun'Cj' 
respond"n(s haw induded requircmcnts to reducc the impacts of their process"s on 
the en\'iwmncTll and workcr health. aI.:!lo reducc operating COSI, (Cushnie. 1994) 
n", European alltmnohilc irullstries, which ar~ rcputed to k thc rlkljor market 
trendseller>, arC abo ill~reasingly using watcr-based paints, aoo thi, i, expe~ted to 
have a <k<;isivc illllucnce on the market in futurc (Danish liPA, lW7). In Australia, 
the U"" 01' sohents as cleaning agents in thc industry j, 'cry linuted. This h~~ 
principally been a result of workplacc h,,~lth and ,aiety and environmental 
rcqllircments fi,r limiting or climinating the use of ,olwnt b;J.o;ed product<. (lJ}"·EP 
WG. 1 'i9R). 

TIle Integratcd Pollution Control (IPC) rcgulmions in th" llK haw lead to 
suhstitl1liolliciirnina(;oll hcing takcn up in a number of elcctroplating proces.o;es in 
particular. There h"" beCll an Ct1"rt to lind and implemcnt cyanidc-fi'ee plating 
processes in most coumrics. However, altcrnativc~ have not heen vcry ,ucC"SSfjll and 
there has thereforc lxcn little response. Ther" is a Ileed Ii" beller cadmium 
alternatives or control technologies. Cadmium plating is (he only proccss that ha, 
becn replac<Xl hy a greater proportion or sites than n.,sc still m,ing it. Sitcs thm h~v" 
Ilot repla..:ed the process h..1\e ju,( ~toppcd its usc (SLA. 1999), 

Elforts in (he US to r<'(luc" ~hromium usag" kiw li'CllS~d On non-chromium 
allUTlinium fini,hing and hard chrome plating substitution. Trivaknt chromium is 
gencrally the preferred substitute lilT h"xa,aknt chromiwn plating. -"hoch rcscarch ha, 
lleCll undcrtaken into chrOIl1<'-frcc suh,titutes li)r chromium ~omersion coatings and 
the resulting alternati"es ha\'e gencrally ken ,"Uc~cssf111 (dcpending on the spccifIc 
application). Although lnoSt or material input changcs allemptcd in the 1 ~:S havc teen 
sll(:cessfiJI, there hmc becn <;omc b.ilmcs and in many cases, cvcn with su~ces.,rul 

changes there haw becn ooversc produclion impacts (CU,llllie, 1994). 

Tk regulmory framcwork has ~ho hccn II", primar) lorce in the gradual dcclinc of 
classc, of nx:t3J fllushing like cyallide-based systems and cadmium plating (U.S. 
lirA, 1'i96). Tlx: r"sult is often a renewed interest lTI nCw applications of older 
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process technologies whidl, for example. has been a positive development for the 
nickel plating industry. Likewise. tcdmical advances in powder coati~g; tccluKJlogies 
have not only ~Hptured pHinting segments hut ab;o resulted in inmads into a numocr of 
Uccorali,e plaling markets as well. 

In Denmark. eiimirl<llion or voc Ims bId to paint Suhslitution as well as 
inve>ligatio~s into ftlternative ftppli~ation me lhods. These include ele~trodipplllg, 

e\edrosl<1tic spraying or automuti~ obje<::t identiiXillion, There is ~ol much 
information lrom otocr countries regarding the adoption of aitcrnfttivc finishing 
l<.:~hnologies soch as vapour deposition. 

jA,4 Summary 

In the cOIKltrics reviewed above, most shops have implemented one or a combinfttion 
oi'waste minimisalion te~hni'lue, in ord~r lo meet regulalion, or redut-e lrealment and 
disposal ~osts. ~--1any shops have adMlly impJcmenkd tormal waste minimisation 
prognllllS. but '''''se tend 10 be I"" larger smps or those which Ion" p<lrl or u I<lrger 
group 01' cmnp<lnies (e,g, Ihmrnensgroep in the Netherlands), II is lhese typi~ally 

lllrger shops that we now ,,~de<lvouri~g to implement environmenlul !lun<lgemenl 
systems such ftS IS014001. /l-Ianj' companies that ftdopted ISOc;oOO are [1()\\( 

ton,idering ISOl4000 mainly due to international pressure, lndu>lry associations, like 
the UK GA, <lfe cnmuruging lheir memocrs 10 impkment HI b"t simple 
Fnvironrn<:ntal Mamgement Syslems, and it is eXp"~led Ihal Ir..:se will be adopted On 
a ""ider seale even by sma II jo b shops in Ihe iiltur~. 

lablc 3,] bdo,y ghes ft summary ofbolh qualil<ltive and qU<lnlitativ~ results Ii'om the 
>ludies. Figur~s for the U,S. represe~t the percentage of shops sun'ej'ed Ih<ll hme 
adopted toc option (Cushnie, 1'i94), Quftlitath'e eOlllllx: nts are quoted directly from 
llx: rerorl, nx:ntion~d atxwe . 

....... Table 3.3; Adoption ofwa~t~ minimisatio~ ~~~~ibY metal finishing 

, Techniques rOl' RedlJClion 
of "'- (1I~r us"ge 

" ro. ,I ; I 
Fliminaliooi 

• j I· 

r ailll> 

)S';' Ll !le more I "'Inler"" gr,,";,~.:.c~ ('S~·" 

(·' highc .. t ,uc"c~, b' '''''In!ern,,...- r;1I>e la:r,b ' <x>unL'-T-,'urr<'nt 
lluw rO. lrKlur. 7(fY, u"", 
rale 4i~ 'nd c, .. mler/low 

rat< 

Suh<lituting chromium " I 
(Vl) with chrum;um(1I1) 
fur ckw raljw plating 
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. 

Repl""", h~rd eh",,,,., }6% 

• (mainly wilh 
~I""lrol"" 'Jj) . ----

Subs,i,ule alternatives 10 'i'! if , , 17% 
('hr(llnlum CO>lW",,;;on ("",nly w,IO Iflya le.", 

('("u;"!! 

~ 
""XI w,IO , ., 

, , 
/ .i,," p loling) 

I CY'[lidebalh r~l'l""em~llt Th",.~ exists a te<hnoiogy ,~. 

lran'~:r ;m,um,,",nc,), 
"itll " non-

~ " , " .. I, , , 
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3.4.5 Future Treml.\' 

I'UlUre Irends in lIdoplion "I' ",,,,Ie lTIillimi>alion lechni'l"es hav~ b<een predi~l"d. The 
U\'LP Working Group have identified probable shol1. medium. and long-term trends. 

In Ihe short-term. powder mating is likely to r., an increasingly poplliar finishing 
technology for ycars to corne, A(hur)Cc~ in powder technology and d.,livery systems 
comimle 10 opcn up new applications (UNEP wa, 1998). 

TIle expansion or Physi~al and Chemi~al Vapour ])ep,,~itioll L~ expc~tcd in die 
medium terlll. Vapour deposition technologies are "dry" tinishing processes for metal 
plating. Several technologies are currentl} available to transport metals in a vapour 
stale to a part to llchi~ve II solid ,""tlll coating. It is currently limiwd to 'ICCOmm()<i4le 
larger parts and higher productioll rates hold Ihe promise for II ,ubst'ln!illl reduction in 
Wll,tewllter slrell"', in rnetallinishing operalion,. 

"Iext Generation Tethnoklgies ar~ only expected in the \ongAenn. Advan~es in 
mmerial ",j"n~e will one <fuy allow Iflr lhe fini,hmg "I' p'Ins by radically dilkrenl 
meth"ds. or redu~e the need t'lr finishing through allernativc substrales. I'our classes 
"j" ~merging l~thn" logies are: 

~on·aqueous liquid buths which uSe solutions other than water (e.g. alcohol) 
Physical bonding where nletal~ are deposited through physk:al ruther tlun 
elect rochemical rnt'lns 
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"ano-teclmologies whi<:h is Ihe use of las"r wdmolon 10 placc mctal, OillO 
~urfuce, 

AltemHtivc ,tlh~lrales snch JS ceramics and plusties which redll~e Ihe need ]i>r 
"'etal fini,hing 

3.5 EFFECTS OF WASTE MINI",HSA TlON 1/\'ITlATlVES 0/\' 
METAL Fli\'/SHll'v'C WASTES 

It is dilli<;ull to mcawre wa~tc rcduction and as a rC'llll limitcd data has f:,,;,cn 
gener .. ted do,;ulll"nling result, of wa,te minimi"'-tion activities, 'ille CleanCf 
Production rrojecb hu\'e not hcen re_,<ricled 10 indiviJu ... 1 Cleaner TcchI1l>log'e, and 
h~ve t~rnled to he used in combin~li"n wilh "u<:h other, depending on ... ,'ailable 'pacc_ 
bath composition ~nd prCK!nct quulity. Toerefi>re, it ha, 001 been possihle to 
diffaemiJle the reductions in em-iwnrnenwl lo~dilJg ~unsed by the nse of l)ldiv~llIal 
method, (Dani"h LI'A, 19'J7). 

Qualilall\-e inli,mJalien iTXlicalc, that rcdudion, ha,'c becn made, but ... , they havc not 

hee quunlilied. ar~ !~'I "'->J) indi<;atiw 01- rcSlIU, Ihat can be achievcd. I'or c"anlple, 
Ihe UK Galvanizers AssoChl1ion hus ,Wled that through w~,te lllinim)sat~)J) and olher 
tcchniques. tll.: UK hot dip galvuolzillg industry hus 'greatly impro\'ed ib nliliSlllion 
or proccss chemical" in r~--CCill yeJr,. rcducing the volulnes of acid used rer ton of 
,teel procl'ssed in partic1I11r' ((iA, 149'J), rhe [)~ni,h EPA ha~ notcd thai in the hot 
dip galvani~.inl' i,-"ju,try. 'Ihe 1I'>C of hydrochloric acid and Ilux ha\ becn rcdll~cd 
signiticantlj and thc amount of zinc ash gcn~mtcJ ha, also bc~n rcdltc~d ,ub,tanlially 
Ihrough rnoslly simplc wa>!c minimi,mion kcimique, wld lechnologic>' (D,mish 
EPA 1997). 

Some qUlmlil"Ij,'e data is availahk lor Ihe US. rrom thc natienal ToxiC!'; Relcasc 
Invenlory (TRI). According 10 TRI d~la fi>r ele~lropklling wasles in the PS Ii-om 
1988 to 1992. releases orTRI chemie~ls decre~sed 55% Irom 22 million 10 1 0 mill~>n 
pounds releas~d annually (NE \0\-,',\101\, 1497), 

Progress reports fi,r the U. S_ EPA' s 3V50 progrdm indi.:;'lte th~t rdeases mxl lransrers 
or ",,-called 33/50 chcmicaJ~ from all US j"bricated n~taJ.\ conl[lwlies dccreased hy 
31% betw~~n 1988 anu 1491, l'ine of the chemicals monitored by the 33/50 program 
ar~ tj'pieally g~l1<!r~ted by rnet~1 ftoisiling operatiollS. for those fabricated metal 
companie, (hrge proportion being metal finishing shops) lhat haw commilled 10 

parlicipale in lhe 33/50 progmm. Ihis redlIcl~>n \va, an even rnore signiJicaIll 41 ~/._ 
rl-lC additional itICrcmental rcduction, achievcd by tho~c metal fabricmor~ 

parli<;ip ... tin~ in Ihe 33/50 program ,"~esl Ih"t a "ell ~oncei\'ed voluntary waste 
minimk"llion pw~ram ~an be effeclivc in rcducing toxic rcka~s (lJ.S, EPA, 1990). 

According to tf:,,;, ch~imlnll of the Dutch VOM. as a res.lIlt of Cleaner Produ~1jon in the 
loctaJ finishing industry. it is estimated tom as.socimed cnviw!lIllCntal effects haw 
decre~sed hy lip to 90°;" in tbe l\eljl<'rI~nus (du Mortier, 1<)<}9).llowever. there is no 
data to veri!)' this, 
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3.6 COST-EFFECTlVEI\'ESS OF WASTE ,"llNllfllSATIO[\' 

The fairly snnpJe technologie, that add to or modify existing proouctillll tcChnOIOglCS 
so as to improve environmental performance arC what are g~nerally refened to a, 
"low hanging fruiL" Thcse waste mmlmlsation options gen~rally result in ,avings for 
mminlllm capital oulput (van Herkel, 1<)%). The results from expcricnces of other 
c0U11\ries mdicate lhat the greatest potential for WH,tC minimisatlO11 ill thc mClal 
finishing industry lies in "picking the low hanging fruit". 

111 the Nelherlands, studies mto lhe adopliol.1 of waste mimmi,ation option; in national 
awl provincial pollution prcventioo projccts havc lound thai ol1 ly a small number of 
generated wHste minimi,ation option, arc actually implementcd loy lhe compal1le, 
(pREPARE, 1991b; Bm'Jn et aL 19'96). The mo,t importanl factor mtluencing thi, 
declSlon I, co,ts (Hruljn and HofmaJl, 2000). OpllOns are genemlly only inlpkmented 
whm they have a rdatively short payback period, 

Therc ~re Ilutnerous published casc ,tudies of very successful wasle mlllillllsation 
Prolccts III mctal fitushing operatiolls. Sllmc wllh payback tnnes of well unde' a yem 
(PREPARE, 1991, If';'FP lePlc 1995: UNEP WG, 1<;'18). finHncial alill economic 
bl'lldits from prevention ditTer enormously from one cllmpany to the ncxt. Of lhc 2 
metal finishing compamcs in the i'RISi\fA prolect. one implemenled 4 optIOns all of 
wInch had a payback period < Iycar, while the other Implemented 4 options, ~ll of 
which with costs neutml (PRl!PA RE, 1991 a.b). Thc results aoove have shown lhal the 
widespread succcss has Ixx:n achlcvcd usmg SImple and highly co,t-eff~cll1fe method, 
and IcchI1l<lues lhat n:duce (hag-out losses and rin><:-water u,e. Hoth drag-oul and 
nns~water reduclion measures have resulted 111 significant savings for minimum 
capitallllPut (Cuslmic, 1';94). hnprovelnents in process eJIiciency and control hav~ 
been achieved through the application of technologies which allow for increlnental 
change 10 thc production process, which arc easily incorporated imo existing 
produclion proces,e" and which have low op<;TJ.ting costs and set up time" \\'here 
Clcaner Tcchnology has bcen implr:.mclllcd. rcadily av~ilabJc m~lUrc low cost 
teclmologlcs are used, and the rc~ulting Improvemcnts in proces, efficlcncy ha,·c 
helped to off-set the capitallnvestmenl (SEA & UK lnl, j <;9R). 

Howcvcr. pollulion prcvemion projccts do not nccd to generate a positive economic 
rcturn to be successful. Because mOSI pollution prevelllion solution, are cheaper than 
trcating or di,posing w~ste" a greater emphasis on prevention can rWuce 
C/lvironmental compliance costs, rega.l'dJes, of whether pollulion prevenlion is 
prolltable even in absencc of regulatory reqUlrement, (OTA, 1 <)<;4) Req U1Temenl, for 
reduClion in usc of material, such ~s chromium and cyanide have lead to the usc of 
Sub,tllule malenals and proccsses, New morc stringent emission lilnits have 
a,sociatoo increa8ed lreatmenl and disposal costs, By incorporating waste 
minimi~ation options first treatment and disposal costs are significantly reduced. In 
addition, thc u,e of Cleaner Technologies enahling lreatmenl wlth rCuSe also hecomes 
increasingly economically feasibl e. The new more wingenl legislation has meant lhat 
the options became cost-dfective in companson LO allernati,es (Cushnie, 1994). It 
can therefore be said thal potential l'or cosl-clTccti\'c wastc minimisation in the metal 
finishing industry in other countnes has Ioeen idcmi licd 
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Howcver it is important to note that, environmental success does not come 'at a 
hargam'. The good results have reqUired conmlitment, time and nloney (Bruijn & 
Hofman, 20(0). The cost of undertaking the waste minimisation assessment itself 111 

order to identify cost -effective options, there1"orc needs to be includcd III lhis analy>is 
Although the cost saving~ are an mcen(i,-c fur adoption of wasle nlllumi.<ation, 5MFs 
may lack thc time. personnel and finances to carry out the waste minimisation 
assessment 111 the first place. 1t is important to recognise that there are many barners 
that need to be o,ercome belorc potential waste nnnimlsation may he first idenlified, 
and secondly lmpknlcn ted. cost-effeclively_ Tn other countnes, many of the barriers 
have heen overcome With the help of a number ofinlluencing factol":': and iIlceIlti,cs. 
These are discnssed in the lolio\ving sections. 

3.i BAIUUERS & DRIVERS TO WASJE 1I-1lNIMISAIWN IN nlE 
METAL FlI\'ISHI/\-'G 1l\,'DUSTRY 

A llumber of haniers to adoption of w'aste mminllsation for SMEs in metal finishing 
industry have been identified in the intemationalliterarure and from meetmgs during 
the El.lwpcan Study tom (UK DTI, 1991, Us. EPA, 1996; S'EA. 1<)<)8; ANZECC 
1 <)98). A comprehensive lisl has heen compded and IS mcllld~d in Appendix C4. Of 
these the more commonly identified for 5Mb; are: 
• Lack 01" capital and linancial resourCCS of company 
• Lack of management time 
• Lack oftechmcal skills 
• Lack of awarenes~, lllfomlahon and kno"-how of was Ie Illlnimisation options 
• Lack of clear environlllentallegislation 
• ReS15tance to change due to associated ri~ks 
(Smaller companie5 are usually mOTe constrained lhan larger compamcs in each ca~e) 
Of the drivers identified in the literature for olher countne5, the 1110st common 
identilied for SMEs are: 
• Cost savlllgs associated with waste minimisation 
• Stringent environmental legislation and 
• 'External as,istance 
• Proactive management attilude 

These barriers and dnvers are l1sed as the basis lor the ensuing discl1ssion on factors 
influencing the adoption of cost-effect ivc waste minimisation in the indu5try in other 
countnes. 

3.8 FACTORS 1l\,'FLUEl\'CI/\-'G ADOPT/Ol\' OF WASTE 
MIl\'I/I-IlSATlON fl\" THE METAL FlNT.'iHTl"iG II\'DUSTRJ' 

The roJe of key players and olhc.- influencing factors in promoting \vaste minimisation 
in the 111etal finishing induslry are dlscl.losed belo". particlllarly thc part they play in 
overcoming barriers and provlding incentives 
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3.8.1 The Combined Role ofGMernment Policies, and Legislation 

\Vhilc it is thc industry ;tselfthat ultimately must Hnplcment Cleaner Production. the 
role of government is to lead by pr01.'1ding a conducivc environment and institutional 
framcworks (drivers) tbat wlll acce lerate the process and encourage indllstry to initiate 
its own Cleaner T'rodudion progranmlCs (Al\"ZECC, 1998)_ Tbe major ro le of 
government affecting adoption of waste minimisation ln industry, has bccn the 
de1,-dopmcnt, implcmcntation and regulation of national waste rlllmmlsat10n 
legislation and polines. ~umerous waste minimisation pohcy initiallves are currently 
being pmsued at all le\'els oj' go\,ernment in most major industrialised countnes_ The 
range oj'mstrumenls used by govel1unents trying to catalyse mdustr), to adopt Cleancr 
.Production is large but found to be in three mam categones, namely: applying and 
enforcing rcgulations, using economlC instnlments, and providing support meaSureS 
(l:.s. EPA, 1996). 

J.B.l.a Regulat"ry A'pcct~ 
The single b:ggest influcncc in adoption 0(- Cleaner Product]()n in the metal finishing 
industries in each oj'the countries mvestlgated appears to be legislation and strong 
enforcement of the legislation. The metal finishing sector heing a l(lCUS po]lllting 
industr), in mosl COllntries, IS subjecl 10 envlronmental regulatiol1S speclfic to its 
processcs, and strict enforcemcnt. Specific envirolll1cntal regulations in cach countr), 
that affect the metal finishing industry either directly or indircctl" arc included in 
Appendix C5 

In Denmark Cleaner Technology was imrodllced in legislation in 1996, and 
companies could be forced to use Cleaner Teclmology. It is a COmmon belief among 
those involved that the metal finishing industry is the second most regulatcd sector in 
lhe 'C'S, I(lilowing the nuclear industry (DNRP, date unknown)_ The Gcnnan metal 
finishing industry has been subject 10 well-defined national, st.lte and local regulations 
pertaining to environmental and waste minimisation for scveral years. This regulato!); 
cnvironment ha.~ ensured that Germany maintains the most stringent standards within 
Europe (SF/I, & UK DTJ, 19(8). "<ational Law hmits trade elTIuent dls.charge to lower 
levels than most ofWestelll Furope (and sllbJect to any more slnngent lo" allimits). 
Slmiiarly, every ef1(lrl must be made to aVOLd the production of solid waste and whcre 
this is not possihle, to seek out uses lor thc wastc (Ihid.). In the UK, the Integrated 
Pollution Control OPC) statute regulations havc dircctly affected the metal finishing 
indust!)'. They apply to the release oj' pollutants to air, water, and land Irom certain 
processes including Illdustrial cleamng and fimshing ('C'_S_ EPA (996)- As discussed 
in Section 3.4.2, the eITed of lhese regulations on the adoption 0(- waste minimisation 
has been significant. 

The enforcement of the regulations is made easier with the role of the cmironmental 
protection agenci es that have the resources to serve as hoth enlorccrs and helpers for 
indust!) in adopting waste 11llmmlSation (Jamsch, 1999). Thc use or voluntary 
agrcements, covenants or codes 0(- conduct is now quitc well established in othcr 
countries (Al\ZECC, 1(98). Fxamples include the covenant approach used in thc hot 
dip galvanizing industry in lhe l\'etherlands (Janisch, (999), and the lIS. Common 
Sense Initiativc (CS!) in the !l.letal J-illlshing Industry ('C''s' EPA, 1996) These put the 
administrative burden on indust!) and allow considerable flexihility in achleving 
negotiated targets. However, cven though there IS now a move towards sell~regulation 
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by industT)' In other ~oumn~s, it appears lhut stncl enforcemenl al first IS a n~ces>ar)' 
step in the learning CUlTe for the industry, The strict enforcement builds awareness in 
lhal the company is forced to impkmL~lt chang~s, \llten ,~es the ben.=fits of (he 
changes and IS thell more likdy to b~ wlliing to Implem~nt changes the next tim~ 
(Uittenbroek. 19"')), Once this awareness is there. co-opermion betw~l.'n industry and 
regulators (co-r~gulation) becomes possibk. 

3.8.1.b Economic Instruments 
Govemmen!S also use economlC instrument> as part of their pohCles in order to neat~ 
incentives and dlSitlCentjv~s jor industry to adopt wast~ minimisation (US. EPA. 
1996). FlLnding. taxl.'s. and slLhsidiCll for wask minimisati(m projects and 
implementation of technology within industry have facllitated the adoption of waste 
mnllmisation, particularly in S ME&. The main p\1l'pos~ of thl.'se l.'conomic instruments 
IS til create a behavlOlLral ~hange by neating a financial punishment or reward. Dutch 
(lcxal) govemment has acknowledged the lmportan~e of stimulating SMFs towards 
Cleaner ProdUClion. These schemes are not always made use of o,ving to the 
bureaucratic m~thod for applymg for th~se schemes which discourages industrk& to 
make u&e of them (V~rsteege. 19'19), In D~mnurk. financial instnlln~nts concerning 
waste minimisation are taxes, dutil.'s, and kes, a& wdl as grant& and subsidil.'s, There 
is a duty on raw malenals and seveTal duties On wasks (not lllcluding mmenals for 
recyding or recovery) whether incinermed or landfill dispos~d (Danish EPA, 1997). 
iJmovati"e lechno!ogy generally is more l.'xpl.'nsivl.' than older technolog.y as 
developers n~ed to recoup research and d~yelopmem costs, and new tedmology 
manufa~tl1rl.' ofll.'n doesn't have Ihe hl.'nefit of economil.'s of scak In the UK and 
Australia. grants and tax dedl1clions arc available to support the dl.'" dnpnwni 0 f c.kan 
kchnology. 

3.K I.e Support Measures 
Internationally, numerous demonstration projeCls have also be~n initimed and fllnded 
as part of gov~rmnem policy to promote waste mlmmisalion. These arl.' mainly sci up 
after new L'nvironmental legislation comes into pmctJce 3nd t~nd to focus on the 
problem indllstri~s/ materials (e.g heavy metals). In hlllh Dl.'nmark 3nd the 
J\dhcrlands, the m~tal finishing industry has be~n one of the foms mdl1stries lor thl.'sl.' 
government programs, By using pilot p!"OjeclS to de"elop tcchnologil.'& and 
d~monstrate their environmental and economi~ T~sults, it i& hoped to be able to 
stimulat~ other enterprises to lmplemem theSe technologies in their production 
(A~J.ECC, 199R). Most dmlOnslTation projects have be~n multi-industry projeCls. 
though a few have bem directed spec.ific311y towards th~ metal finishing industry. Thl.' 
Danish go\'emment sp"~ially developl.'d progranml~s for diffusion of technology 
within specifi~ mdustry branches, rncllLding the m~wl finishing mduSlry These 
programmes have be~n hlghly successfl1l (e'.£. >70% of galvanizing industry 
implementing Cleaner Technologies), and are ongomg (Damsh EPA, 1'197) 

The per~eiv ed risk associ3ted with the ne",' tedmologles also can he minimised 
through dl.'mOnslration, Managers of 5Mb:s In panicl1lar who are unwilling/unable to 
take risks with nGW tcdmologies n~ed to be sho,>,n that they do work in practice 
(Lod,ckegaard, 1999). 

Q,ocrall the techniqu~ of d~monstration pmJGClS has hem proven to be hlghly 
fi1l3n~ially vi3hk to panic.ipal1ls as well as heing GXlremL'iy envirol11l1~mally 
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bl1ldiclal for the companics mvolvcd. The funding has oiwiollS effects on improving 
!he cos\-cffectiveness of "aste nllllllnisation potential, panicularly in SMh. Th~ 

Waste Mm111l1sation Club concept as demonsuation project, have also hccn funded hy 
govemment and fOWld to work well l'or SlvlE, in particular, as (hey cannot generally 
alford the cos! of an oUL,ide conwitanl (M..-rccr. (9'J'}) . 

J,8, I ,ct Providin)! Acces. to Pollution Prewtltiotl I nformlltiotl and Case Stlldies 
(iovcmmCnls also fllnd the "markelin{' of succcss stories (both economic and 
environmental) from these demonstration proj ects. A major outcomc 0 f these projects 
and OthlT ini!ialives, arc the puhhshcd gUldehonks and manuals for waste 
miniwisation in general and for speciiic mdu,tries, including thc metal finishing 
industry. These include case studies from the projects. It has since bcen discovered 
that the,e large and dctailed guide, were not generally u,ed by indllstry. As a r~wH 
these have hcen dnd"pcd into soorter, to-thc-point factshee!s (more likely to he read 
and used) which wcr~ made oh!amahle frow mdustry associalions, environweT1taJ 
protection agencie,. or ,pecially developed information clearing-houses. Some 
factshcl1s are specific to ceriam industric." while others cover general topic, like 
water saving ledllliq ues. 

Some governmcnts have flmded, or sci up sel f-sustmning, information cleanng houses 
(I>oth physical and electronic). The \nlemet IS playing a more and more signiiicant 
role in providing access to inl'ormation on pollution prevcntion. The most well-known 
electronic infolmation!technologY tran,ICr program is lNEP's International Cleaner 
Produclion Infornlation Cleannghouse. It includes an ele<:tromc mformation e~change 
system which houses a vast number of intemational case uudies, including a number 
l'or thc metal iinishing industry (U'<EP ICPIC, 1995). Thc US. EPA Poilution 
Prevention Information Cleannghou.'e (PPIC) and EnvlToSense w~bsit~." provtde a 
vast anlOU11! of pollulion preVClltioli mfonnatioJI which are applicable \0 the metal 
finishing indu,try. Australian government has established rnviroNET Australia, 
"hich is a nct'lork or d~t~bas~" providing free infonnation on research & 
development. Cflvironml>J1taJ technologics, integrated Cleaner Production solutions. 
and industry cxpenisc. 

Such inl'ormation provides companies, particularly SMEs wilh cheap and immediate 
aCCCS., to a technological databa,e that would otherwise be in~ccessible. Database 
information rang~s from being an initial tool to discover Cleaner Production, to 
providing technic~1 Infolmation on ,pccitlc teclmiques (Nt,,\VMOA. 1997). As a 
rc,ult, companics are able to assess their processes using \hc "checklist" waste 
minimi,ation assessment applOach (discussed in Chapter 2) to identify ohvious arcas 
ror wa,te minimisation. In this way, the lime reqUlred for waste minimisation 
a>s~s,ments may be significantly reduced, and most importantly, the cost of thc 
"cxp~t1lse" for identi lYing cost-cffecl lvc options i., effccti vdy 'Irec'. 

3.8.2 Tile Ro/(> or Consultants 

As the majority of mdal Jini,hcrs are SMEs, they tend to have lnn;ted resources in 
terms oftimc and personnel to carry out wastc minimi,ation assessments and research 
waste minimisation opportunities. Onl1lth~y also do not have the technical expeltise 
to implemelll wastc minimi,ation. 
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The experiences of the PKlS.\1A project show that intensive guidance and comp,my­
oriented consulwncy can eliminate a subf;lamial number of ohstacles to pnvel1tion 
(PREPARE, l~~%). Consultams have huilt up their knowledge and expc:nise in 
giving waste minimisation assistance to indust')" through their pmticlpation in 
demonstration proj ects and tlu'ough working with individual firms (Jamsch. 1999). 
The majority of the proj ects arc funded and linted .... ·ith govcmmenti ~nvmmmental 
aBency initi.,tives. Getting the help of a consultant is not gen~rally leasible 
economically for SMEs unless a nmnher of them can get together and shar~ the 
services of a consultant. For example, th~re ar~ options ji)r SMEs to lonll waste 
mllllmisation cluhs and h~lp each other JPproach waste minimisation together with 
the help of a consultant. The companies pay an initial amount to join up and their 
reSOUTces are "pooled" for outside help. The success of waste minimisation clubs has 
been proven m the L""K and there is now a trend towards compaIlles seUing up their 
own clubs mode ll ed on the fonnat of the demonsiration cl uhs ('vi ercer, 1999) 

Much allemion has ~en paid by consultams to adapting old and dev~loping new 
methodologies to suit different types of companies in different sectoTs of llldustry 
('vlercer. 199~ and Versteege, 1999). The key lesson learnt from consulting 
e'penence, which relates paTticularly to the involvement of SMEs in project., is to 
minimise the mput time required by the management in waste minimisation 
initiatives. The conventional or 'PRIS'vIA' waste minimisation assessment 
methodology usually reqUlres a h,gh level ol'mvolvement b:-i compames, is a costl,' 
method and uses a thorough and comprehensive analysis ,I' the environmental 
situation (Bruijn & Hofman, 2()()()), Consultants are adapting their methodologies to 
shorten the lime taken li)r waste audlls in order to cut costs and qUlCkly identify 
op(ions to g~( mmmg~ment interest qlllckly_ and hence promote the adoption ofwllste 
mllllml sallon. 

The resulting 'Prevention Quick Scans' (PQS) have been found to he relatively cheap 
to implemellt. require lillIe mvolvement 01' the company itscli~ and arc focused on 
mJPpillg the potential li)r pollution prev~ntioll (Bruijn & Hofman, 2(00). The me(hod 
is there lore PJrticularly suited to S'vIEs. In addition to savmg management lHlle. the 
reduced time of outsale i nvolvernent from consultants, keeps costs low li)r S'\IEs. n,e 
appmJch IS to start wi(h a fe\v ,ompaIlle" in a sector to find the relevant questions 
'WillCh need to he asked and then use tillS data to develop very branch-spcrilic 
questions (Vcrstecg~, 1999). 

Training has hecom~ all increasmgly impoTtant to"l m ovcrcomillg the barriers 
resulting from lack ofwJs(e minimIsation aWJreness and know-how ('vIercer. 1~99). 
The emphasis is 011 lemuing to remove the ohstacles perceived hy th~ target groups 
(vall Engel ~ll, 1999). I'here lS lIllOW lIm'\ior cmpi","i~ on trainmg oj'cmpioyees to 
encourage waste mlIllmlsmion in-house. They Ihen help in setting up an 
environmental management syslem in the company 10 encourage continuous waste 
minimIsation program onCe the consullant has left. Consulting experience has found 
that li)r most companies, the PQS ln conjunction with a (simplified) Environmental 
Management System (EMS) in a company worX very welllOgether in achieving cost­
effective waste minimisation programs in SMEs. 

l"he experience and kllow-how of consultants is valuable to pass on to authorities 
involved in enJiJrcmg waste mlTllmi5;ltion, jilr e.~ample through permitling. Therefore, 
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in aduil.lon to training at ~()mpani~s, consultants have ht.gun to ofter tra ining I"r 
poli~y rnak~rs and local auth"rit;"s. C:i<.HllbaUlt an,j V~rst~eg~ (l99'l) discus, th~ 

important role that local authorities and intcrn..:J iaT), organisations in the l'<ethcrlanJs 
can play. rhe authorities have dose links with pri,'at~ ~ nt~rpriscs, citizens anJ other 
target groups. making them the most appmpnat~ pm1ies to stimuhte ~~"Iogi~ally 
SOU])J behaviour. 

3.8.3 The Rolrs of Indu.\'fry Associatiol/s lind Ort;llni.mtiom· 

Metal fini.Jl~rs alw rely significantly "n the help of industry organisation>; and 
,~",()cialion for infonnation ()n how to achieve cOlllplianc~ with II", nt:w regulatiollS. 
\lany of the metal finishing a'S()~ial;ons in ea~h country' had 'pecil;"; ~nvimnment,,1 
marlUgcrs arlJ Clllllmittees with permaocnt starr whidl wulJ oll"r individual 
con,ulling t() rr.emkr companies regarding Cleaner Production iss,.es. ~""n ocY"!ld 
~ompliance only (OA, lSl9'l: VO\1. 1999). The Commillecs may promot~ "!Jesl 
practice", raise awareness of environmenlal issue, and worker health arKI ,afety, and 
provid~ extensive guium..:e amI training fi,r mcmocr companit" (GA, 19(9), 

In son..: ~a""s a,sociations are actively involved in research and devcl"pn..,nl of 
Cleaner Te~hnol()g;';'s and especially' in dis>cmination of information regarding the 
!lest pnlLtices availahk. The Dulch galvanizers association (SDV) Ibr ~~ampk, SCnT, 
a, an information sour~e for lacl "'~ds r~ll.arding demonstration proj~cts t,n C],;,aner 
T~chnologies (Reimerink, 1999; NOVE"t I99Hl. lhe /,;'alional Associalionjor ,""dlll 
Fini,,·her.I' (Nt.MF) in the US has setup a Nalional Metal hni,hing Resource Centre 
on lhe Internet with comprehensive wasl.~ minimisati"n information for all metal 
linishers (w" w.1'< Mr RC.or~). 

Tlr UK {it. have puhlished a guidd)<lnk with technical inlormation regarding 
environmentally-sound da)-1o-day operation or plant ((jA, 1999), rhe Dut~h YOM 
pulliished an updat~d handh()"k li,r wa~lewata handling and tj'~atment in 1997 (van 
der Klis and "lorl;';'r. 1997). i'I..: handhook specifically promotes the use or waste 
minimisation I~d",i'lues lir,t, beton: IrCalrocnl and iocllldes a number or cakulalions 
and guideiilll's li,r ~stimaling savin!!, tbrough waste minimisation and tr~a!.~nt 

kchni'lues. 

Thc Dani>!l EPA (1'1')7) fbunJ thm ent~ lprises appear to d~rivc most or ill<2ir 
knowledge of Cleaner Te~hro.:)k)gies irom "Iher ent~'1'riscs, hrm..:h organisations and 
trade magari"",s. ,~ld only to a lcss~,,- ~~tenl Irmn t"'" authoj'iti~s sucll as the Danish 
EPA. 

To buik! up know-how alKI capaLity within the industry. lhe Dutch VOM organises 
~"mmitlccs of a number ofp<-vple within member companies to lilllll task groups lor 
researching new (dew,""r) le~hllologies and pn)C~Ss k~hnilju",. 'I1IC lask teams 
produce reports fUI use hy Association memht.rs. This saves on ,miversily 
resear~h/~onsultaro.:;y ~osls and also ~nsur~s Ihat the know-ho,," nemairn in-house. This 
has served as a cost-~Iledi\'e means Ii)r C()mpani~s to "htain kcimi<;al oc lp in 
impkm""ling wasle minimi,al;on lecllllo:'lJogic, (Ou \1ort;"'-,,-. 1999). The German 
DOO asslICiation organises ~onIeren~~s, seminar" lraining ~()ur,~s atld symposia lor 
lhe ~xchangc ()ft~chnical cxpericnce in Cleaner i'eclmologies. 
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Aswciations have also worked closely '''ith government III en.<unng thai 
envi ronrnental lcgi,lalion matches the capacity of the indllstry. and through arranglllg 
~ovenanlS and vollintary agreement, for ,clf"regulation (Reimcrink, 19':1'), 

3.8.4 Tlte Role of Chemical alld Equipment Sllpplier.~ to the Metal 
Fillishillg 11ldU~'fry 

Intcmationally. ,upply houses are developing CleaneT Tedmologles and ch emi~al 

'lLbsl.JllLl~ allematives (Such, 1999). ~cw. more environmemally safe proouct 
developmenl by sllpphers j, driven halh by the metal fmi'hing indll>lry (in .<earch of 
10weT operatmg ~ostsJ and the .<uppliet.< (ill ,earch or produc.1 nic.hes and av enu~ s 10 
>ell know-how). Th~", continlL~ ' to h.. , hO\,,~ vu. a lac.k of understanding of the luelal 
fini>hing process on the pari of many metal Iimsher.< and a r~ liance on their suppliers 
to provide the right Tecl]:>e . Supplier,<, for IheiT pan, may be reluctant to ,uggcst 
envlronmentally proac.live process or product changes becau,e it may mean lo,,' ~r 

prodllcl sal~ s, at leasl in tl>!. short tentl (1;l\EP W(i. 1998). 

Some ,uppliers appear to be moving away from th ~ lr historical sales conmlission 
incenti\'e systems and toward a system that reward< sales of new, proprietary, and 
enironmcntally safer products. These same supp liers a", also investigating pTofit­
sharing rclation>hips with more progressive metal finishers that want new products 
andioT arc willing to try new product, (L.S. EPA, 1':194), Sllppliers aTe s~ llmg a 
"'r\'lC~ and 11 " h..coming more and more Iheir responsibility to control pmce.<5 amI 
produci quality, It 15 ll>!.TefOTe m Iheir mteTesl to redllc.e consumption creating a win­
will waSle minimi,ation situation through shared savings, \\l,en theiT only aim i, to 
sell chemicals, Ihere is no incentive for them 10 enc.ourage waste mllllmlsalion wh,ch 
will indi rectly lead to consumplion ofless cheml cals (van Engelcn. 19'19). 

Experience in the UK has shown that suppliers are often nol aware Ihat Ih~y supply 
Cleaner Technologies, or the reverse, is that mdlls lT).' i.< not awaTe of which ,upplier, 
offu Cleaner Tedmologies. Inventories of wpplier.< of Cleaner Technologic, 
(through industry associations for example) have proven 10 h.. US~ fllL These have 
b. en made acces,ible on the internet (e.g, the CS National Melal Fimshing Re,ourc.e 
C~nter '''ww .nrnti-c.com ha, ,earchable sllpplier lisls), 

3,8,$ The Role of llllernatiollai Co-operative Initiatives 

Two International co-operalive milialive.< have ,pec.iJically influenced the adoptioll of 
waste minimIsation hy lh~ melal Jim,hing indlbtry. 

The Mrml!'",,1 Pmlocol wa, adopt~d by more than 60 COWltri ~ s in 19S9 and amended 
in 1992, ,.,d aims to protu t the ozollc,layer from man-made o,one depleting 
ch emi~als. Some of Ihese have been traditionally llscd in the metal Iimshing mdustry, 
such as certam i;olvenl de gr~ asers. A, a r~,"lt of th;" the metal finishlllg ,ndll.<IT)'" 
,,',dely used cleaning soh'enl melhyl chloroform (1,I,I-trichloroethane) has be. n 
phased out and replaced w,th less-hwardoll.< allemalives 

The United 1\ation, Environmental Program, ha.< a sp e~iJic M~ lal Fini,hing Working 
Group in Cleaner Production (U.".FP Mellin W(iJ which i.< a panel of international 
experts that provide technical expertise, advi~e and mtomlalion regarding Cleane r 
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Production in the mctal finishing industry internationally. Currently the working 
group comprises of appToximately 120 members in aoont 30 countries. Memher, 
contnbute case stmli es on practical waste reduction technologies that have pTOven 
economical viability and environmental advantages, and anSWer dirticult tndustry 
pollution problem, and assist in education and awareness ralSing in the industry 
through seminars, \H>rkshops etc. (Reeve, 199R) 

3.9 COl\'CLUSTOIV 

There arc some common a,pect, III the ,truc.lure and characteristics of the metal 
Iinishing industries III each country lllvestigated: 
• Over 90'),,, of the metal finishing shops are S.\1Es, 
• The joh-shop component is mostly ,maller than the captive component. 
• Painting & powder coating combined make up the largest segment in ternlS of 

number offinlls, followed by electroplating, hot dip galvanising and anodising. 
• There is general lack of technical knowledge amongst metal finishers, which leads 

to reliance on suppliers and industry associations for technical advice and know­
how, 

The metal finishing industry IS a focus area for waste minimisation in each of these 
commies, 'l-Videspread success has been achieved using simple and highly cost­
effective melhods and waste minimisation techniques such as drag-out and rinse­
water use reduction, Improved opemting practices and process control measures have 
most commonly and successfully relied on readily available mature low cost 
technologies, Resulting improvements in process efficiency helped to offset the 
capital investment, thereby making the investment in waste minimisation equipment 
cost-effective. The greatest influence on the adoption of substitute or new 
technologies has been new more sllingent environmental legislation that has meant 
that the option becomes cost-effective in comparison to the alternative. 

There are a numher of harriers to waste minimisation in the metal Jinishmg industry, 
particularly for SMEs. Govemmelll policy and key stakeholders within the mdustry 
have had important roles to play in overcoming the barriers and providing dliYers to 
\~aste minimisation in the metal tinishing industry. lntemational experience suggests 
that once the harriers have been removed, significant improvement, are possible with 
relatively low cost lmplications for the llldividual companies. 

The findlllgs indIcate that there has been potential for \~aste minimisation III the metal 
finishlll S llldustry III (hese countries and that it has been exploited cost-effectivc!y, 
The next chapter addresses the investigation into the South African metal fini.,hing 
llldllstry and the potential for cost -effective waste minimisation in the local contex L 
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Chapter 4: The South African Situation 

'Cleaner Pmducriorr is 'widely recogms,;>d al an mternational/n,eI ," a too! jor 
promorirrg and enhancing ecological('I51Istainabie development, '/7)i, internarlQna/ 

mwlw:menl in and "'pport for C!etmer ProductLOn pro,)iM, both drh'€ and d,rpC/LOn 
jor corrtmued aem';t)' al dome.'ite le~'I'I' - A,VZECC 1998 

4.1 INTRODUCTION 

In order to be better placed to offer conclusions regarding the potential for waste 
minimisation in the South Afric;m metal finishing indu,try, the obiectives of the 
renew presented in this chapter are to: 
• Examine the Suuth African metal finishing industry in terms of stmclure and key 

characteristic, that affect it, environmental perfonnance. for comp~n'>On with the 
industry in other countnes Invest,g~ted; 

• Investigate the ClLrrent state of awarene,s and adoption of wa,te minimisation m 
the metal fim,hing industry m SOlLth Alrica; 

• Identify drivers and batTiers towards and against envl[onmental 'mprovement 
within the sector; 

• Examine the roles uf key players and other influencing factors In affecting the 
adoption ofwaste minimisation III the South Afric;m industry: 

The chapter's stJucture is the same as in Chapter 3 since it covers the same topics as 
the investigation into intemational experiences. 

4.1.1 Lach of data on tlte industry 

There i, lutle known about the actual structure and characteristics of the metal 
firnsh,ng sector in South Africa. A reliable estimate of the number of metal firnshing 
installatiuns is extremdy difficult to establish 't he task IS made the more difficult as 
the majority of met~l fimsbin g work lS perfomled in-holLse as part of an overall 
manufacturing ~ctivity, ~nd of the rem~inder ofthe metal Iinishing shops opcratinB on 
a contract b~sis. mallY oper~te sm~l l. backyard shops (]\;A TSlJRV2. J 987). 

In a report prepared fur the \Vater Research Commission titled 'rllvcsliga/iolls ill{o 
IYa/n Managem"ni and EOI"elll Tr"almCn{ in In,> Solilli African Me/al Fin;shillg 
Industry' (PRG, 1987), the resu lts of a 19S2 survey of mun,~ipalities in South AfricH 
receiving metal finishing effluent is des~ribed. The Sllrvey was sent to J 18 
nlllnicipalities. and 317 metal finishing enterprises "ere identified Hoviever, it is 
unclear \vhat proportion of the total number these represCllts, and what processes are 
undenaken ~t these sites. In ~ddition, the data is almost 20 years uut of date , The 
results cannot be considered to ac~"rately represent the current state of the mewl 
finishing industry, and can only be considered as rough benchmark ligures. 

A second investigation into water;md w;lSte-water management In the metal fimshlng 
industry. also lor the v..'RC, was a national survey undertaken by ~onsulting engmeers. 
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in 191\7 (>JATSURV2, 1987) The investigation studied only those metal finishing 
aetivllies that were found to usc substantial quantities 0 f watn or generate slibstallli al 
quantities of diluent. Thc dect[()plating, anodising, and chemical sUl'face treatment 
(phosphating) processes were found to be the most water,illlem,ive, and the r~port 
deals exclolSlvely with these. It is unclear how this survey was undertaken. 

NalUllann (2000) as part of the larger Industlial Symhiosls Project, has attempted an 
economic analysis of the metal fini slung industry to idelllify economic potential tOl 
environmental improvement (e.g. for investment in Deancr Technology). In his mitial 
repon he notes that inherent diITkulties exist m dcten111ning the total size of the 
industr), from existing data, due to the unavailability of data, as well as the lid that 
metal finishing is only classified to a limited extent as a sector on Its own. The metal 
rinishing industry IS ess~ntially a process/service rather than a product/output 
mdustry, meaning that it stretches across a very wide range of industries. Data on the 
siye of the South African metal finishing industry, using the official industry 
classification SIC 35521 , is not an aCCUl'ate rd1ccuon of the entire industry, since it 
refers only to job-shop metal finishers. Captive metal finishing operations which Jorrl1 
part of larger man ufactunng companies are claSSified according to their output, and 
lhough ~onsidered part of the metal finislung industry, are not included ltl existing 
statistical data. 

A datahase of metal finishing compani~s ltl the Durban metropolitan area has been 
established as part of a research proj ect by the Pollution Research Group (PRG) of the 
University of Natal Durban (""0). Ihis includes Over 50 companies (mainly 
elcdroplaters) associated with th~ project. There IS no quantitative dala of this typ~ 
for any other regions. 

4.1.2 SUrJ.'ey 

Owing to the lack of quantitative data it was decided to undertake a survey of the 
South i\fri~an melal rinishing mdustry. A survey questionnairc was compiled and a 
database was set up to capture all data for analYSIS. The database was complied from 
company names obtained from researchers, associations, industr), supply houses, and 
municipalities dealing with the industry, as well as through the eiectrOIllc yellow 
pages (w" .. w.102] .com). i\ des~riplion ofth~ method m which the survey was ~arricd 
out IS mduded in AppendIx 1)1. and a copy ol'the survey questionnaire is included in 
Appendix 02. 

The main ohJcctive 01' the survey was to obtain information on the characteristics of 
the ~ompwlies (size, processes employed. and main product market). The survey also 
aimed to determme the type and amounts of wastes wld emissions generated by the 
metal finishers as well as how wastes ar~ managed hy companies. However. due to 
lack of response from companIes and hence dirflculty m ohtaimng large amounts of 
data, it was considered sufficienl lO ohtain data on company charadenstics (location, 
size, products, processes, and ~aptive vs. ~ontract) only. An addilional ohjectivc was 
to compile th~ datahase of metal flmshing companies in Soulh i\fri~a in such a way 
that it could be used to detemline the distribution of metal linishing companies 
aecordmg to provin~e and a~cording to process type. 
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have been liked to yicld signiilcantly repre~enlali,e re,ult, Further effort to obtain a 
larger response and hcnce more rcpre~enlative re,ult, doe~ not warrant the time 
requircd to ootain pos,iblv onlv Night improvement~ 

The ""rvey re~ult, are di>(ussed In the following section>, along with other 
informution oblained on the indu,uy 

4.1.3 Furrher b,(ormmioll SOIfrees 

\leCling~ and di,cu~"on, ",rved as an Inlportant vchicle to add to this "llld} bOlh 
qu"litativdyand quantitatively. In\clVicw, were conducted In person, over lhe phone 
or by corre,pondence with key stakeholdcr, in the Io..;al mctal lini,hing ind'Mry 
(association mcmber" induslt) memher>, "'ppl;en, municipal council menlbcrs) to 
gain specific infornJalion regarding the Soulh Alri"an mdal ~11I,hing indu~try. and to 
assi,l with the ,urvev 

Since the >cope of the survey w~s limited. waste generation and management 
ml'ormation l'or the Imlustr) had to be obtained through literatllre alonc. The majorit'i 
oflhe existing literature on waste nlanagcmelll in the mctallinishing mdll,try in South 
Africa. is connected to studies prcpared [<lr the Waler Re,ear"h C"'llllll,~ion (WRC) 
and focu,es On treatment of cffiuent arkl related ,Iudge wa,te only The earliest 
repm1S [<mnd on the", ~ludies are from the late l')RO', (PltG, 1987), Ihe latest 
puhlishcd >0 tar is Ii-om 1998 (PRG, 1908) 

In addilloll to the~e, the En,ironmental \fonitoring Group (UvIG);n South Africa, 
undertook an assessment of the need tar the introdllction of Cleaner Technology in 
wme industrial ,ectors in South Africa W:vtG, 199J) Thc Metal Processing Industry 
was one of the ;,lciustrie, covered in the assc,sment and the rcsllits from lbe stud} 
includc an analysis of waste genermion in thi, indllslry. It was, in [ad, the lind;n!!, 
from this lileratllre that lead to thc metal lini,hing II1dll~try being "ho",n a' one of The 
focus indll,trie, I"r the Indllstrial S} mhio,is ProjeLl (Kot.hui, and Petrie, I 997) 

In addition, Industrial S)lllbio,i, proJed membe" have heen do""l} linked 10 the 
preparation of the Dani,h C()uncil fi,r Environment and Developmenl (Di\\lCED) 
Project on Cleaner Production in tbe nleta] tinishing induwy, and have belpcd in 
compiling infOfmation for firSI-phase reports Sonle qualitative information was 
compiled Ii-om meet.ing, with ;ndll,t", member~, a,wcimion rep'-e~entatives, ~elV1ce 

providers., and reglliators, which limned pall of the preparation ph" '" or thi, project 
Acces> to Iindin!!-s fronl these inve,tigmions runnin!'. in parallel to Ihi, the,i, work ha, 
heen po,siblc evCn th'll1!!h thc repm,!> are n()t a,ailable to the public. Th()ugh 
qualitative information may he ""cll inloll1led, toc flllding, [rOnl lhcse m"~lings arc 
based on opinions and experienccs and oller no dear anSwCrS to 'l"e,tions regarding 
the true nalure of lhe industry. In any cascs II'here information Irom this source IS 
ktlQVil1. it is included and dm, reference is given to the sourcc of this information. 
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,/.2 CIIARIICTERISATION OF TilE SOUTH AFRICAN METAL 
FIN/Sf/INC INf) (JSTRr 

I h~ ch:tnto:h:ri5lt1101l o r the local m.:lllJ finishing induslry dr .. " ~ on inrcrn~l ionn l 

c"po:ricnl;l; in ClasSl lklll ioil nrloods (c.l!. job-shop ''5. capl i\"O:).lls sci 0 111 ill (11aI'I..-r ' 

(S . " • ,-CliO" .1._1. 

4.1. 1 Strm:",r,' IIf ,II.' Sowll ~'fricllII lIIewl Jillis"i"~ illllllstry 

llitlCrcnl ""ure,.,. I'ol d; nl.·H.~lI ,;11,,<-.,; "n rhe number <l r 11.,la l lini ... h i"g enh'rpri ...... -s in 
South /\fri!.'a. Th¢ QIl;';cd iJlduSlI)' da'<Sificalin" is I!iwn fiN , 101l,,,,C'I! b~ u 
C""1f" U';s()ll of findin~ "um ;I IlIer;lIIlII: t"e' i"" a r>d the SUI'I!} re'u lt.~_ 

Inc \i:.d U'i(,' ~'ode IISSi);llt'd 10 the metal fini'hing indusl')' in $<'"Ih Aftica j, SIC 
35521. kD.)\,n n~ " (rcatn1o:n1 and ('Ollting of Metals' . It falls IIIl(kr l'a bri~a'ed Mcr al 
Prodll~1S in 11:.: IllIlnUI;t<:turin~ sector. II!.:: ~lC defInition (Kcordin!,' to ~t ali5li~s ~outh 

Afri<:a ISSA. 2(11111) is n~ (0)11"",<: "I his SMUP ioclu .. ks plating. 1~)li",hing. 8J~ldi<in~. 

co)~llirin g. prilltins. oordcnil~. buffing. sand bl8stins. ck:aning. or otn"r sp.;d~ jis.:d 

""t ' ''llles m n:<~cl "r 11I':: lal anJ tro:: lal artide' on a I,,~ or c"ntnld bas;." I h" uni, .. 
c~I,,,',,,J her" ~en~r~ I1~' d.) nol t t,lke O)\"",rsh;p ,,(the gn"Js nO! 0.1" llwy sell them to! 

third parti~s' SW/isli(",!' S .. ,wh A/Tim (2000) have captured appl"'ximalely 255 job· 
.,'h"1' ""'lui Ihll ,her, 111 ~"tLlh A ln..:~ which 1,111 under thi, SIC d~lil1il")n . Th" 
correspoJ\ds to I % of nU lIlal\uf;t<:turil1!,' ellkrpris.:s. 

lit.: n:SlIItS of tho: 19S~ survey of lIlul1i::ipaliti.:s receiving metal filli shing dllu~ l1t 

outlin,,0..1 ;)\ ~ rcpo " klr ti re Wate. rer.carch Commission (PRG. l i)~7). indi<;ated a 10\011 
of 111 nt.:la! fl1lisluug finns TD.:n: is 1),) iootcmion as I" typ.: of tirrn~ l i.~ . 
..aplr. o:l)Ob-t.hop). 1'1).' m~nb.:r rrr.:n:I) fCpI\.-s.:ms tI .... number of firms n.-.;oj!llis.:d ~ 
nmnll.ira! aUlwrit;l.":'; lIS metll! finis l~rs in IQR2. 

:'II aumann (200() SllItL'S Ihot ~ariotr; inJI .... ry 5OUn"CS ha,,, mDlt<Sloo , IlL..,., figun.-:<;. and 
txts.. .... (Ill l."St imlllo.:~ from kL1' 1Il.:mbcTli in Ihl.· ;lldu>l1) in Uurllan an'" Johal1nL-sbt,rg. lIS 
""u as di>.cu~s~)ns ";Ih ootio[l81 SCI""~crs lu lhe inJusl~ . Ct.>ndud~s d lllt lhe tOlal 
rlllmt:.:r of job-shop ......,101 tilllSl-i"4! C1lh:r('TiSl.-s is cloSC' r to 5(10.-600. As ".-rul 
finishUlij prol.'<' ..... ' ure undcnJl.:n ~ a mlmbc:r o f n"n-sin' li.or in"'lL,-I.""". il "' 
in1f1' """bl~ til gau!,'c th.: IIIlal numher or ....... pI;,.: cumJl'.mio:s ;'1"0,,",,0.1 on ndal 
lini,t" flI:t .\11 c"lr .. po~,.j('Ill Im m Ill<: job--sh"p c..<J im3l" (ba",,'" on the n:sult ~ or t llo; 
loUl'\ey lIn ... .'M intertl:l!io~11 woportiollS) call pro, ide an ..::slimak o f Ihe num"" r of 
capt i, ... · t.hops alld 11o..·[lt"L· II .... 10lal number Hf nlo..1a1 rUlisluog firms In South Africa. 

As of f','IMI;h 21100. tho..'l"e \\ ~r" J 16 m.:tal finishmg flTlllS ill tl..e addro;:r.s dJI ;Ih;!". ,,( the 
! ndm.lda I Symhiosis pro,~t. The m~joril} (JJ-'{') of I he CO"Vallie-; in the (\al.;@-.e ;Ire 
loc;lted in Tho: Western n.pe illea. o\\,in£ I" lhe ease "(ohtaining pho.lI1e numbc('o and 
~Onla~\ n,ITT"IC' m Ih" :\ro.:~ (liLT r.:ing k'C;\lCJ n.::r~)_ Tlw numhcr"r companie~ III Ih~ 
K" ;j;fuju-N;[t:li rcg~l" (25~) a.c hll"'I~o..I by In.:: 11Ili,~rsily ,,('<utal PRG', Jalaha.~ 
"r met:,1 lirn!<hcrs \Il the Durban r~gi<ln. the number of ~omranies fmm the (;a ulo.:n g 
;Irc~ (.12%) i< lirnil .:d tn Ihe 1<:", names ,)N:aim:d from municipality and surrly- I))u~~ 

SO) u n: ,,~, 
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Ch.rl.r.~ .. 2·!!~ !-,.,ulb Altir." Situ.tion ~-' 

Olthe 316 ~"Qmpanh ..... Ihe total numbc[whicb have b~n ,un'c)'e;j" :17. There ~re 
appru.\imately 100 OOln l)aJlIt'S '" II,,; o.Idlabasc fo\' ",hich in lolTIlation IS yo:! I" ht; 

obl~lIm:d (lnl.'Ulg c"ntacl ","'liI ils. 00 =pOIl5':). Add;I;"nal c<>mpan~ namcs may suI! 
IJ.c obtaulN from funh.;r suurecs (such as the eieCIT"'l1C plume (.hr~'CI(lr~) for Ihe 
(iaulcns al!J 111 pam"ular, S,nCe ddt~ hilS oot been obtained rur Ihe remalnlns 
cumpaml"tii in the d.1t~ba.se. il may he th~t they do oot carry out mela l fini,hUl I!- (I.~· 

Iht")' may uulSOllr<:C their filll,lung "url). tor they molY ha _e shul down. For Ih,s 
rea>!)ll, onl) the e"mpanles tha1 ha,'e bl""" ,u .. ·qui can he mcluded in any anal)'loi. 
The m~in surwy n;sul ts arc set-aull l! 'j;,ble J 1 b("lo,," 

Tabk .... 1; 1t(",IlI IIS or Ihe ~ u" f~ uf Ihe Suulh African melal lin i.s bin l: iodu$I~' u 
fl r l\hrch ~OOll 

!I.1any conl!,am~s we're found 10 undenake more Ihan unc I ypc of finishing t i.e. hot dip 
gah'lniZIJIg aI'll powder ~oaling). For tltis rea'>!)n, the 101al, du nut add up to lQO'% or 
217 «Inlpanies. Willie Infnmlallon "n proce&s<:s employed. MYC and location caulu 
only be obtliln~-d for a small proportion (t",I;llIaled 15~'. maximum) of all enlt'l'flriscs 
rmoked in mela] filll'hlll~, the sun"l:y is assumed In g"'e a /air indicat ion o r lite 
nature <lr this SOlllh .... frican inolu.~t{y ..a:lor 

It ~!,pi:urs Ihat there IS a grealer numblT o f Joh-shop metal fin; .<llI.n than capll\'e metal 
filU&hers al a .... IlI" I ~f ~()O;;, to 40% rcs~li'-.: Iy (10% claimed to fi tush the' r ""'ll 
marmf.'Klul'("(l parts u, well as aulside I'onl",el wmi.). Ho,,"'C,'er. ,I is unl'kur how 
rcpr~nlal"'C the sllne}ed cOlllpaJue' are of Ihc totul. There may be mnrc in. house 
compan'("~ in thc dUluhasc as these Ie ... ! to ~ larger dnd arc more ea_d) r~x:ognis.,bre 
and'or il may bo.; ~'3~I~T 10 abtam Ul formali.m from the larger companic,_ Rcsults from 
other coulIlrics 11I'·C~\Jgat...:l in Chaptcr 3 vary fmrn I 0-6O"'{' job-shop" H"wC"CT lhe 
",nS" of 3()'35~ o job·slmp J~ most common. 1\0 oJala waS found for less oJevc!"p"d 
countn"s 

Acconitng 10 a Sll\d)' undcrt~kc'n by the Environmental MOllll<lring Group in Smllh 
Africa In 1993, Ih(" m(jJon~I' ofmctul1inishing work m South Alhcu is po:rfom1cII by 
rapll\'f mdal finisherb (t-:MG, 1993). II is unclear what the hasis lor this C""c\ I"j"n 
l< Nuumlllll (2000) Jrguc.< thut the wide"s..:ale luck of emphasis and instilUtjonul (us 
wdl as gO \ ernment ) support fur SMEs in South Afncu may have lead to a ~l \\L~t'On 

wh~r~ the lob-shop eomp'1l1em of the industry l ~ rc btivcly small, and t h ~ b'~s 
5ub'eqllcmly lowards CDPli,c-,lmps. BUI tim! there IS ai,,, the view that ~()]\l~ or th~ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

C;lpl ',e ~t..)r <."ntcrpr1<cs me 5O('li~ 10 rdtn,,,, . he;r ;n~olwm<'nl on Rlclal li lll$hil~. 

~!lJ ~n: teflJing .0wanJ, dK~. iV<' ly OUI:;(lUrcl,,& such opcl"I~'ns ~ e<l"trac llng ;',h­
,hop 111<: lallin i'il,,-,rs to Ir~al 11,.,,;t pwdoc!,. 

$ im,e tll<'r<." are argulll<'llts cill,." wa) and 'Il) r~al ~o lldus iOI ' ~a" be nude wllh the 
dma ~t presem. for the ""ke "f ~Sllm:lI int! a lotal nmnher 01 mctalli" i~ll<.·r<;. Ihc ' plit 
t-..:lwcc ll)oh-,JIOp" :I.nJ C:l.ptivc s.hop< is IlSSllIllCC to oc approxilnatdy el"en TI,., rd',r~. 
if NaUlU.1II1l·~ 1200()) ,,,limaIC ,)f ~()()-6 j)() jo b- ~hops is a>sumcJ 10 he C"IT~t·t. II!.: 
~~r>li'~ comp.."l<:n' "ill h..c "'I'f'1"~IIIU\~ly e4ual in ,,,...,. aflll (hc lnlaloomlx:r of mel II] 
fllushirl{! \.lIn irl Smllh Afri(.I would be " .... ",.-..1 J()IJl1---J!liI'. Th", Clin MI) k 
wn:.iJcrctla mugh CSIimlltc. 

n.: ,h,,;Jrihution o f fiml~ l~' ' <1!ion :IC~"(>rJirlg 10 Mlf"\ .... -y resuI15 is g.iven irl rable: 4.:!. 
1''''.10000 ,"th IhC>.C ICMlIL, lire C(>'''r;U;l' I~C ligures from OI her souro:es: l\aUlmlUl 
(2000) offers a d islrihuIK'" " fj"h . ,"'op rtnilollcr< 1us.:J Or' ~uggc~lion<; frotTI a [.::kI.illg. 
Illela! fmi.lx-r in the Duroon l~gl(m ~"it k ...:ting supplier~ of chcmic31~ ~IIJ mel.1l 
IUl1Odc<) to the mct ~! rlIlishill£. il1dllStr)·. The rcsulL~ of Ill<: 1982 survey nr 
mllnicipalitie. receiving metal fmish ing eff!u.:m according to a r~p<>n fo' the Watt'r 
'~:l<ar~h Commission (PR(i . 19H7):\IC a!<;.O included as l>endlln~rk fJf>ure •. Although 
ij,Q1ll<: uncert"inl"' , prevai) r~!!~rd;n!! the re!i:J.bi)i (y of (he nilkial <lulU as gC llCrutcd by 
Sla tistics South Africa. the location "I' lirn\l$ in Ill.: manl1facluri"l> ""C\()r.1n.: irli.:lt,,-tcJ 
i,\ II", ta lk liS it is likely Illat til<: percentJge of ffi<'tal lillisher~ ill each pl"lwilw;;c i.\ 
]"lropo,rliu~1 to 1"" n1.100f.M:lur ins f'l!ut\:s. f iles.: liguJ"C5 raIl t herefo,,, bc llso:d as a 
c .... cl agam\\ ~"" ;ma\<'< and M'I>'C) rCMJ"~. 

Ta hk' 4.2: Tile dislrib"!i,,.. lOr flIr:"I:t1 rollOsllinK romo., ;n ~, .. Ih A fro .... I~ "'1000 

, ........ s .... tr) --I (N __ ,lWIl 

.-­..... In ... 
"" .. oIftrbl 
"~Ir.tk-o 

1'zo" 

Re;.ulb 01111:1" than thi~ SUf\Cr 51lld~ apr<'~r t (l Ind ica1t: tha\ ... ~;!!niticalll "l.\I"rtI} of 
compal1ie~ arc !ocmcx! in (j~lIt cng. and Ihi . appears to confirm th ~ S,,"pkNlII thaI Ill", 
Ga llleO!! proport ion ill the sum:y i~ Sllh,;.l",lI ;;' 11) unJerva]lIed (i.". cI" <;CI to 45% lhan 
35%). Ilowrvcr. OIl<' can oilly c,,"clu d~ Ih" l Ih~ majmit)· of comp~nic~ w~r~ I0 l111d 10 
~ Io~al"d in ""lIleng. fulklV,Cu h)' ""'v.l1 l l1. ~al.11 and Ihe Weq~", Cup..: (il is not 
clear which o f th~<;c has a highe r IHltl1bt: r. Ml1l Ihe regK>ns arc do;,c ill tlumhcr) , .... ith 
VCI)" f~w Ioc"ted in the Fasl~..-n C.lp.: (-~%). and n" dal.1 obi.airll:u for atlY ,)f thc Olher 
PT'" inc,,\.. Th.: mal)l.lfa Li.Uflll); .lal!SliCS tl\o.!ical,: a remainder ()[ I :z./~ dist(ihuI~J 
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( · ~'I>lt·, ~ _ r~ s...nh Af.i<all Sit .. ,io. ----,., 
belwecll S pm\ incr:s. fhe 1 <)87 :<tln· ... y ui" IllUlli..:ipo1lil ics idenl ifled no "'''1"1:: ,hom 5 or 6 
1111;'1,,1 I,,,,shill)!, shops in rcgiol\li 01 ~r Ihan I hi: main 1I .. '1mpolilaJJ :m:", (l'R(i , I 'I1t7). 

1lII! number o f empk»)l.'C' ;n l':li: ll ~OI~lOy ""01' .)1", ) surwYl"'tl and il wos f\lunJ Ihm 
"tnM).,j 20% have <10 emrlo)c~'. c~ ,~ IU 40% have <21l ;11""(1 aprTU~irn:lldy 6()~~ 
havc ..... 'iO cmp lo}c~,. The ov~rall rc,Y I( ~ ;1 .. 1ieo1l~ thai airnosl 90"';' "I' , h~ ~Onlp:lll io.·, 

sur,-eycd .Ire S\1E,. 

T "hi" 4.:<: ProllOrtion of $1\1 K. in the So ulh African metal fi ni ~ h ing i,ul u ~ 1 ry 

The .·"IlI.·lllSio" from the Sllr\~y n.· .... lhs '" far i~ Iml dectrop~tfinlt i, II..: mO~1 

tomm"n pnocc'S5, folJowro by 1'O".ler Cll011i")01 and wei paimin~ (collllll"cd pain,ill!! 
would oc b'"r~alc" III 50%). 110' dip ~""t in)!, is third. follo .... -ed by I'o li, hitll!. "uti 
aoodi~ing. Th~ r~sultillg diSlrihluiOIl of the rcm;c ininl? pWl'X:SS lH)(" i~ sht,wn in T,lblc 
' .4 

. " 
50'% " .. mhi""d 

TII,'o<: r~"l ll~ app~o1r 10 he coa"i -.l cllt "1111 mila ~Sl iJlk1tes. Key >l:I\; eI'''ld~l s 111 II~ 
illtl u.'lr~ bah: estima ted 111;11 the ~de.:' wp!a!ing ><.'(;(or is expecled 10 ll1.<l l .· 01' .:a 
signifICant nO lnhcr or ~~te~ (l)i\~CI'O. 19W). There is nUl much \;""wu ~ Iloll f lhe 
'.!Ugil ... ..::nng rainting >e>:for. htll iudKiu£ rrom lhe sw, or (he llulmmbil: 
nanliIDe-lUring sectnr in S. t\. , i, i~ e~ pec1ed 10 he quile a bfJ!.c ~l"r. ,\ t1:l>On tJom 
( h~ Idle IQgO's ~1<l1 es Iil;:l punn Ing is lhe most wide~ osed finishi n)? I'f'><'\''''.~ in "\()uth 
Afrie,) .• ,,1lI lil;u pia,,;" pcm\k:r c()'1tmgs !l:n'c tJt,cn tintl;ng incl\COM:d tlS:J~(' ,lnJ in 
nuny 3pplicmiom arc r"Placing paiut o r meta llie coalinp (PRG. 1987). 

Tilt: 'amlher or ga.l\"aniz~rs is ea,ier 10 i.le(crlllin" Jue to high indl1 ~\r> 1 I S~">C k\(Kl1l 

mc mhe"hip. Thiny of the thil1y-~CVCll 1~I1h.:r mmpanies of tile IIDGSA h;hc lX'~n 
~ur'·cyed. lind it i, estimakJ th:lI Ih ~re "re nnly about 6 otll<'r , in lhe c·"Yntry. TIl<' 
pl'Olll"1nioll of [!.al\"1lniu rs I, IOCre r.)fc likely to Ix muciJ k,wcr (han i"J'culed hy the 
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~Lln·I'}·. An est lmale for the 101a\ numh~r uf dn:lroplatcrs is in excess of 500 
(D.'!" .. .''1CED. 1999). whie" Naurnann (2000) slales IS consistent wilh CS!lm .. lo:li ~I\en 
by local supp liers und comp;,nll'~ Only 90 ckclmplalers (20%?) were identified In Ihe 
SUlV<ry 

For do:ctroplalll1!! fimls. ziJ}(;. uickel. and copper electroplating appear \0 be Ihe moS! 
conUIlOIl process Iypes:u uses of 15%, 21%. and 16~,. rcspccli .. cI~' by the linns 
sUI'\."Cycd. Hard....:hrolllC. brass. and decor .. 'i,,; chrome plaling arc also "idely used al 
around l l ~. each. Kuurnann (2000) quute,; internal research by an Hldu~tI) source­
collductcd dunng 1999. lI<]lIch Dnemp led 10 qu:mllf'y the volume of baloC meta ls 
consumpUon in lhe' South Arn<.~an ekclruplatmg induSlr)' This rcscarch found the 
mOSI common nt<:tal used ultmus of pure quantilY 10 be Zinc (Zn ~" quality), follo .... ."d 
by cupper. nldel, an.! "pure ~, ne" (Zn quahly) on Ihe ratio 2.3: I 9: I 3: I Thi~ appears 
to be consistent with the ~ulVey findlllgs r~gardlllg mo>< commonly employed 
ekctropbting types . 

4. 1.2 Cllflrac'eri.~ljcs of'"l' South Africa/l metal jilli.~·"i/lg illdll .~·'ry 

The results of the survey have indicated that the vast m~iority of job-shOp metal 
jjOi~has opcr~te in the main metropolitan region~ 01 Joh~nne~burg:. Cape Town. 
Ourban. POIt Ehzaheth, :l.nd EaSI London. 

Capti\C SIl(lPS ~rc usually moch largcr Ihan job-shops, and are especially preyalent 
.... ,thm the alltUl1lQlI\'e ami autlJmotlve components mdustf) (l"'aulllann. 200()). Job 
shops tend to be SmJIl and generally have Icwer reSl.lurCes available. Onen in sm all 
j\lb-~h<.'ps, til<: u,,"ner-m:lnag~ IS resp,onsib le for admlnistration. aCC\luntlilg. 
markellng and produC!lon. rhere IS little time for training the workforce and often the 
managers themselves are no t sufficiently knowledgeable to pro\"ide ~kil1cd 

~upcr\'ision In addition, thcre is a grc.1t variety of individuals wi th \cry dlffcrent, 
..,ften nvn-h,chnvlo~ le .. 1. backgrounds, oper ... hng m the mdustry, .. nd hence ~ gencra l 
lack oftrchnieal knowledge amollg!>l meta l fimshers (DANCED. 1999). 

Supphe-rs In\ohed \<Ith the Jndustry 51IJ"\"e:!- h~\"C ;ndlc .. tcd Ih ... then:: IS a great 
rehanee on ~upplJ ers for tcchn,ca l kno\< ledge and expertise. Mall}' o f the factor)' 
1n.1lUgcrs arc IlOt kno\< lC'Clge:tble abolll prolX'SSCS that they operate aoo rdy on the 
chcmic.,1 supp lters to pro\"i<1c e\"en day 10 day operattonal ad.icc. There arc a numbc-r 
of linns supplving ct.emkals 10 Ihe melal finishing Hidu,;try. ahhough the bulk of the 
m:lrk~t (approx. g5%, is controlled [ly .1 large comp .. nies (0 A:-ICEO. 1999). 

\ 'uri<lUS mdu!I\r)' org.1nis.1tions have been estabhshed tl) >cp,-e parts ,, ( the metal 
fimslnng Industry, They sclVe tlle intcrc.!> of fiml' op~ratmg ill their spe<:dic fields, 
ar~ ess~Jlh ally fumie.1 by the,r (industry) members and contribute mainly marKe tmg 
~xpeltise to the Imlustry Then:: IS lntle attention pa id to cnviroluncntal issues by these 
aSSl.lclutions at rresent, but It " expected that thes.c issues will be taken up more 
sl~'T1Jfi cam l y III the ncar f\\1\\re (Barnett, 1999a), Ihe only industry as>ociation in 
~outh Alnca with a stromg r(,1e at I'r~>em In \emls or offenng tedmical advice as In 

other countries, is Ihe HLJt nip Gah'aunizcrs Assocmtion (HDGSA). Ko Other 
a~sociati(1Jls llave been Identified ",ith equivalent abdity although a loc~ l 

e1cctfIJplatll1g assoelatlLJn IS likely tlJ bull(J.<lp capacity in the nCar future. Thc maIn 
national orgallis,1tl\ms and ~sSQ<:lati(lns speCific to the metal fimshm£ industry In 
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SOlLth Africa arC listed in Appendix DJ along with a bncf dewnplion of lheir mail] 
fun<;lions. 

The process oi'technology dilfusion ami dissemination 15 slow within the indnstry.ln 
50me cases, particularly for the Johhing fllctOlies, protection of market sensitive 
information is the cause but in most cases it is lack of communication. DiJTlLslOn of 
technology in the gulvullising industry is mOre widcsprcau than in lhe electroplating 
Industry (')f example. This," sin<:e the galVanl/,lllg llldustry i5 a smaller and more 
coherent sector and lS served with a wel l-e5tahlished ,md cohesive iOOllSlry 
aS5oci"tion (DAACl::D, I"'JS)). 

StakellOhkrs agree that the pnrnary competitive (aclor for most finishers," price 
(DAI\'CED. 199')). Quality may be llnportant in some c~ses though this dcpends on 
the prodLJ<:t market (e.g. uutonlObilc vs. rencing). III gener~1 metal fimshcrs ha\'e to 
meet mltllmtlm quality stalKjards for a tnarket sector in any case, and therefore pnce 
becomcs the competitive factor. 

\Vhlle the <:osl 0 I' chenncals (espc<:lUll y proprietary clean ers) alld In etals (metal rnputs 
are eIther lraded in or directly afie<;led by rntemational pricc and currency 
fluctuations) is usually the greatest input <:ost, lalxlur shll uceounts lor approximately 
30% 0 I' the proouelion cost for u typlcul metal finishing operation. Hot (hp galvanl zers 
with their large quantilies of costly zinc Inpuls, generally have a lower percentage 
labour <:ost component (l\aumann, 2[)OO). The cost of electricity and water is low III 
Sonth Africa, Fllergy and water are relatively m1ll0r costs lor the typical metal 
fillishcr at around 5% and I % of operatIOn costs rcspectively (Ibid.). 

Standunls ofbusillC'S performance vary greatly from One company to another. 'lne 
approa<:h to waste munagcment by large versus smaUer firms. differs. Environmelltal 
llllProvement initiati\'es that do exist are generally us>ociated Wilh the larger 
industries as these have the e<:omlmies 01' scale and the technologicul and financiul 
resources needed. This is not nonnally feaslble for smaller compames where waste 
m~nugement ental I s a proportionally higher CDSt and so discharge of liquid effitl ent IS 
to the local sewer system, amI solid waste IS dispo>ed In landfill sites (Petne, 1994). 

4.3 CURRENT STATE OF WASTE MAN,1GEMENT IN THE 
SOUTHAFRlCAIV METAL FlI\-'ISllING INDUSTll)' 

As mentioned Jrl Chapter 1, the metal firnshing industry has been identified as one of 
the most polluting inJusmes or the manufacturing sector in South Africa. The most 
<:ommon areas of wastage are excessi\'e water consumption amI loss of chemicals due 
to drag-out and spillage. These problems are mainly a result 01' poor housekeeping 
practices (PRG, 1999). It has been found that much nf the prnblem wlth poor 
hou,ekeeprng is often assDciated with low worker education anJ skilL Tn addition, 
outdated equipment and poor maintenance lead to Increased water and energy 
consumption and the generation of unnecessary waste 

ln general, imlustry is reluctant to "west in capital e'lulpment nOt directly required by 
production and market needs. Thus capital will not be emplDyed to replace old. less 
energy-efficient equIpment wilh more eJficient eqUlpmenL Slmil~rly, capital required 



Univ
ers

ity
 of

 C
ap

e T
ow

n

__________________ -'c,'"',",'"'.'.,,-,''"'.'o,.""'"''.,,~'"'.''"'.,o,",,",.,",",""-__________________ ,4-10 

to rcdllCC consumption of water Or the generation of waste will not he invested as long 
as Ihe cost, and therefore polentialsavings are low (Kaumann, 2(00) . 

. '!' national industry water and waste-water survey (~ATSURV. 1987) J"owld thai 
electroplating, anodising ami chemical surface treatment processes are the most waleT­
intensive amongsl the metal finlshing op''l'ations in South Africa, and water is not 
used effici ently in roost opemtions. The same study found that approximately 80%, of 
the annual water intake of the metal linishing industry j, u.scd for rinsing. The cost 01-
water is low, provJ(iing no financial irx:entive to redoce water li se ill the lndClslry 
(EYfG,1993). 

Dllmping of cleaning solutions and acids occurs regularly (ranging from every week 
for somc to once a year lor others) and this provides thc blilk of tbe sall load leavl11g ~ 
plating sbop_ Dumping of process soilltiom provides the major source 01" pollution 
from the metal finisbl11g indllstry and lS parhcularly barmfuJ to local sewage treatment 
works where such lOxic influent can bnng normal sewagc pllrilication to a standstill 
(SRK,1991), 

While the larger metal limshing companies in SOllth Afriea generally follow 
acce pt~bl e disposal procedures, it has been found lhat many of the sm~ller operations 
do not, WIth eflluent cont~ining heavy metal c'oncenlrations in excess of the sewer 
reg"lations commonly being disch~rged to dr~in _ The preferred sol"tion is to prevent 
the discharge of the hem,)' metals to sewer as much ~s possible, ~Ithough the usc 01-
penalties has not been successf,,1 111 the past due to Ia:;k of enforceme nt personnel 
(Barclay et ai, 1999). 

A stlldy lIndertaken on a number 01- metal iinishing enterprises in the Johannesburg 
are ~ (SRK. \998) has indi~ated that "rc" metal finishers actively practice effective 
on-site e nillent management, and thal the rudimental)' pre-treatment (where it exists) 
is usu~lly not well organised, operated or maintained in relation to compliilllce with 
existing by-law 'l"ality standards_ or disposal 01" waste silidges generated in the 
process, The systems are largely lel1 to run themselves, with ad-llO~ desl11dging to 
sewer, or via w~ste contractors on an irregular bas,s_ AltOOllgh scveral plant operators 
cited waste h~"Jers as the remover of their waste sl"dges it is apparent that the amou.nt 
taken by w~ste h~"lers represents a fra:;tion of the metal wastes generated by the 
grollP, with the majority ofmet~lload bemg disc'harged to sewer". 

The diverse and intermittent discharges of heavy metals from SMEs metal finishing 
operations have a potenti~lly detrimental eflcd on the operation or sewage treatment 
wOrXs and imp~ct negatively on down stream water users (WRC, 1994)_ ),Iaumann 
(2()()())' has reported that disellssions with Johannesburg Metro representatives 
revealed that the problem with metal linishing effluent for most sewage worb is 
associated most!>' w,th the elTect or heavy metal wastes on the composition 01" 
treatment sludges. The sludge fTOm sewage treatment plants is tradition~lly sold off as 
'Class D' silidge and used as ~ soil remediant (lcrtilizer) on farmlands, but tillS" 
often not possible due to this high heavy metal content, with the result that the sludge 
has to be disposed of to landfill 

.\1illlY or the government or privately owned disposal sites are overloaded and local 
authorities ar~ concerned abolll a sllOrtfall :n capacity leading to costs for tre~lment 
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upgmdc5, site remediation, Or the d~velllpment Qr new sites. There is particular 
COnCern Over wastes containing heavy metal. in disposal sites. Leaching and mohility 
rates of heavy metals ill these dumps arc potentially accelerated hy strongly aCIdIc 
raillfall - a common occurrence in much of SOlllh Afnea's induSlnal heartland (Petrie, 
1<)94). 

A patticular problem is evident ill the province of KWaLlllll-'blai , where at pTesent, 
no disposal site for hazardous wastes exists in the provlfice (only two low-hw.ardous 
waste sites), which is effectively encouraging illegal storage and/or dumping of 
hw.ardollS w<Isles (Daily \iews, 1998). Metal fimsher<; are forc ed to engage in 
transpoltation of ha~ardous wastes to dispos.al sites in Ciauteng, which is techmcally 
illegal, very expensive, and fraught ,,'ith nsks (the final legal responsihLiity 1S on the 
metal fini8hmg linn, as oppos~d to the transport company), 

Il 1~ suspected (based on conversalions with 8eyeral industry members through the 
telephone survey) that the use OL solvents, cyalllde, and chromium is still widespread 
within the industry, and that lillie attempt i8 being made to reduce their use mainly 
since metal finishers are unaware of the alternatives. At least three compames 
contacted for the survey however. indicated that they had stopped the1r cadmium 
plating line rather than deal with the complicated wask disposal reqUlrements 

4.4 ADOPT/O.,II,,' OF W4STE MINIMISATION Ii\' THE INDUSTRY 

Waste minlllllsation mitiatives that have already b(,en undertaken m the South AI'ncan 
metal finishing mdllstr~ haw yidded both successful and llnsuecessful Tesults . Som~ 
of these have been ind1vldual initiati,es, while other8 have heen rewlt8 of co­
opemtive initiatives, The>e are reviewed m the following paragraph8. 

4.4.1 Waste lWllimistition Club 

The fonnation of a Was.te Mininl1sation Club m the melal limshmg mdustl)' in the 
DUThan aITa in 19n has so far proven successful. with a numher or wask 
mlillmisation oplions having been identilled in the variou~ compames, and reJXlrl~d 
combined savings being in the region ofR340,()00 (Barclay el ai, 1999), Savings haye 
only been quantified by I) (20%) of the cOlllpam~~ parlicipating in the cllLb, therefore 
the actual total club saving8 will he m e,ce8~ oLthis amount. Tn most cases, payback 
period was ilTUllediate and in othen; a matter of months. Of the waste minimisation 
options implemented, over 9()",,. lnvolved simple housekeeping options such as fixing 
water leaks. shutting off water 8upphes thaI were not essmtial, hazardous waste 
segr~gation, enslLring that the correct amount OL chemicals were hcing used, and 
relLsing rinsing or chemical barhs. Other options l(lenlified included improved 
operating practices through proc e8~ mcxilfication (e.g. replacement of overllow rinses 
with counterflow rinses and installation of drag-out tanks) and using altemalive inpUl 
materials (PRG, 1~,)9), Some companies 1mplem~nled waste minimisation options 
without quantit'ying the resulls and many other options were identified ror 
impkmentalion in the fliluTe (Barela)' ct aI, I ,)9~), Envirolilllental 'X!VH1gs have not 
been puhh~hed Orthe compames involved in the Club, 'Xl% are Sl\IFs and 50';'(, have 
<50 employee~, 
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!t apP'."If' that potenlia! li)r msl-eftedive Wliste- minimisntion hus ken identif..:d in .1 
lew 01' till: ~ompwlit:s (6 n:ported) so br, The W~st~ Minimis"tio~ Clull is ongoing 
and il is likely that ",-,vings ill olher eompHnies m~y bt: ~tt~ined over time-, Ilow~vcr. 
Flare),,) d al (1999) have not~d thflt it is only wh~r~ w,lste minimisation is made- a 
priority ill the ~omp:my. thHt sllb'''mti~1 savings have Il<:e-~ achined. "11 has Ix:en 
lound thllt SOl*, ~omp:mies IHck the ~onunitrnent to oontinu~ with wast~ mi~imisation 
progmms, lHrgely .1 result of lack of time Evailable for ~nvironmental management 
Hdi,ities' (Ibid.). It Iherdore lIppe~rs tl"'t ther~ Ere oorrie-rs to identifyi~g whatever 
potenti(l! mil' ~xis1 in s[Jch COlnp<lni~s. 

4.4.2 ().tJ~sit(' rn'OI'('f}' sc'hcmc 

A sue~essful Centralised V"-aste Treatmmt (('WT) initiat,,·~ in SOllth Afri~lI hBs he~n 
th~ implc~mation or a locility I(Jr the oft~site rem"cT)' 01' hydro~hlorn: HCi<! IIscd in 
th~ hot dip g~l\'u msing iJld\ls11)', OJle~ lhe iron kvd in the 'I~id solution reaches 'Ihov~ 
10'% it h~s to be discard",] regBrdle", of udd con~~ntrHtion. Since- 1975. the acid 
(which pr~viously '"IS dis~~rde-d i~ the se-wers) is colkcted IlY'1 cOllllnerciai company 
whidl reg~neTilt~s il "nd sells it bH~k to the g.iI\'Hnising comp~nies. Thi, project WJS 
initiated hy the ~haim",n "I' thc HDGASA, The Gauteng bascd orgmliS<ltion. collects 
the sP<'nt fI~id fium "II provine~s. tHl1ke-rs it .m«y. r~gener~tes it and rC'<e"iIs it to the 
u>'<Crs at the c'l\livalcnt pric~ as new H~id, This h(ls pro'~n to bt: high ly cost-dfediw 
and hBs been succ~sslul not only lor galvanizers but also for other users of 
hydro~hloric ~cid, ~.g. cO!Dp:mie' which pickle ste-el to ren-.:)v~ scale for a .ariety of 
r~asons otll<'r than galvanising (llal'llett. 19'i")a). 

4,4.3 Published waste minimbfllion ca.~e Jtudic~ 

The rcsults lrom completcd waste minimi.>ation ",,>scssmem, carried out m 
ekctroplating companies as part of academic research connccted to the Univer,ity 01' 
Natal Pollution Research Group and the University or Cape Town Industrial 
Symbiosis Proj~ct. are presented hricfly he-re as published case-studies. 

the- wll,1e minimiSlltio~ results Irom II job-shop electroplating firm in the Durl"ill area 
have bee~ published as a particular sllccess story fium the Waste Minimisat ion Cluh 
l"o.i~d (PRG. 1999), The compBny !DBy he consid~red B typic~1 smlllk;c~k 

clectroplating job-shop olkring a widc range or dedropbtiJlg ty!",s, including the 
most ~omrnon pmeess invol.ing zinc. nickd, copper and chromc. The main fo~us 
arca for impro.eme-nts has "'-'en the largc vohllllcs ofwastcwatcr arising li'om rinsinl<' 
W'Bste minimisation optio~s 11l\\'e incilided reducing inefficiencies. improvlllg 
hOllsekceping (particularly in th~ ar~~s or drBg-out redllction) Bnd impkmenting ~n 
on-site wllt~r r~9'dil1g plBn!. As a result. wBter ~onsllmption h~s k~n reduc~d by 
7'i%, with ""'ings 0 I' ,"er R6,\()()() p.a" and a payback period within months or being 
~ommissioned (PRG, 1999), This is particlilarly signiflCBnL sjn~e the ~omp:lIly is ~ 
small company. Other improvc~llls ha\'e indud~d the dewatering 0 I' "",,st~ sludg~s. 

In anoth~r ckctroplating company in the Durban area. a \V\1A w"'~ carried out Ily It 

postgraduatc studcnt in the Lni\'crsit)· of >..,[atal Pollution R~",ar~h Group (PRG), 
Though the results have not been published. through interact~lll between the PRG and 
the J~dustrial Symbiosis Proiect. it has ocen established that drag-out redudion 
throllgh extended dripping time and fl'(i~g of leaks has resulted in savings dose to 
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R30,OO() p.a. lor a lnlnllnal Investlnent (Remer. 1999). The company is however. not 
Strictly an SME a., the lnelal fini'hing operation' are in-house of a largcr (non-SME) 
manufa~tunng company Le, captive lnetal flni'hing operation. 

The hard-chrome plating operations captive of a larg~r (SME) automotive ~Olnponelll 
manufacturing plant ha\'~ been inv~stigateu twi~e hy Umver<llY 01' Cape Town 
atliliated resear~hers dunng the \a,t five year,. The compally can be con'idered 
represelltative oflarger-,ized S\1Es and captl\"C metal finishing facilities, as there are 
few~r rcstrictions for th~ company in wrms of managcment time amI finallClal ahility. 
Thc company also ~mploys an diluent Ireatment plant, identified as wa'te 
managcment practicc for larger companies in the South Afri~an lnetal fmishillg 
muustry. As a result 01' thc Jirst assessment. most of th~ potential for p<Jllution 
preventIOn was r~alised in the rinsc scction through a simple drag-out recovery 'y'tem 
where the Jirst rinse wnk was useu to replace losses in the plating tank (Coleman, 
1994). Since the ~hrolne content m the eXlting rinse water "a, ,till high, the main alnl 
of the secolld asse",ment wa, to lIlve,ligate lhe possible installation of a closed-loop 
chemical rcCOl'cry system for dlC dragg~d-out plating chemicals in the rinse "ater, in 
order to redu~e lhe need for ei'nuent treahnent (\1euser, 1999), 1011 exchange or 
evaporalion 'y'tems were ldenlified as lhe be,t technology options for the site, 
Payback calculation" for the technologic, (-5Y~MS) show~d thaI it "ould nol he 
economically fensible to illstall either sYSWln at present, Though, it was noted that 
with cxpect~d watcr pric~ increases in thc future togctlwr with the improvcd plating 
quality and ~ll\'ironmcntal improv~ments (no chromc-containillg sludge wa'te), the 
zero-discharge system \vould be pOlcntially cost-efic-:ctive, In thc meantim~, the 
further illl'e,tigation re'ealed that hy rede,igmng ,ome of the jigs in the plating area 
to rcduce tlli:ir surfac~ area, tlw drag-out could be signiflcalnly reduced and related 
wst savmgs for water treatment and lost raw material cOlLld amount to R6,OOO p.a, 
(lhid.) 

The co,t of undertaking the wa'\e lnininll,alion a"e"men\ in all of the ~ases 

di'cu,"ed here ,\as 'igmficantly reduced (almo't 'free') by lhe use of (doli or funded) 
,mdenls lor can-ymg out the waste mmmllsation asse,"ment,. The co,t of employing a 
con,ullall\ to do the Job m'tead (and lhere are l'ery few with waste mimmisation 
expenence in South Africa at presenl) is moSt hkely to hal'e heen prohihitive, 
particularly for the Job-,hop, jn addllion, wllhout lhe external 'push ' the companies 
would most likely not have conSldered waste minim"alion options, Therelore, 
although cost- effcCliv~ \vaste millimisatioll ha, been idenlifled for repre'~nlatll'e joh­
shop and captivc companies in the d~ctropating >ector. the m~thod of idelltifying the 
oPPOrtlUlitics is not poWntially achievable for th~ typical metal finisher. l~ad of 
awar~ne ss of waste minilnisatioll options, and finallci al con'tramt, of S\lEs for 
employing ~xpertise are but two of the banier< to wa,le minllnismion in the m~tal 
finishillg illdustl)' In South Africa. Other haniers and m~entives to waste 
millimis~tioll in the indll'lry are di'cll"ed III the following ,~ction. 

4.5 HAI{RlERS & DRIVERS TO WASTE Mli'l,'lMISATlOIV 1;"1,' THE 
SOUTH AFRlCAN METAL F1NISll/lI,'G //V/)UST/lY 

From the review In Scctions 4.2 through 4.4 ahovc, thc following harri~rs to 
enviwrlllCntal improv~mcll1 for SMEs in the metal Jinishing industry wer~ idcntified: 
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• Lack of in-house technical knowledge and reliance on slippliers ror lechJllcal 
know-how and process-optimismion cxp~nisc_ 

• FiJliJ.nclal and lime constraints. P<lrticlilariy for Job-shop SME metal finishers 
• LIck of;l\\'arcncss of waste minimi>..1tion principles and options 
• I.ow \\orkcr ski ll and edllCmioll 
• Low cost ofwmcr. electricity and waste lr~mmCn! (5~"cr charges) 
• Lack () r ~n[orc~meJll of leg,sl alion 

Petrie (1994) reports that the SOli!h Afi:ican industrial has<; is suhj ec( to COnSlnlmts 
wlllch make it Ulll'lUC. lis stalliS as both a devd opcd and still developing economy is 
likely to impact on the CilSC and pace with which it can imroducc Ckan T echnoiogles, 
and the rmc with which it Can move to morc responsible ~nviroflm emal mana~em~nL 

Of the barri~rs id~ntified abov~. the last thr~e may be consid~r<XI mor~ applicallie to 
SOllth Africa's statlls as a developmg country. 

The lack of enforcement of ~nvironrncntallcgislation in SOllth Afi:ica is a panicular 
concern that LS oHen cited. In fact, Petne (1994) ,l[gu~ s further that wlulc South Africa 
is not short of envirmlllental law, it is short oC crlcc!iv~ ~nvimnmcnlJl law. In 
addition to c~rtain gaps in th~ law itselr, this ineffe ctiv en~ ss hilS two fundamental 
caus~s : I he firsl is madeq lIat~ enforc~ment of ~nv)rollmentill law and the >ccond a lack 
of effectiv~ admmislriltioll and milnilgemeilt of environmell1al qu ality. W ith r~gards to 
enforcement, enVlrolllnentill law is ineffective, not only becallse the penalti~s lor 
envirolllnental damage arc seldom s.cV(;f~ enollgh 10 diseourag~ polluters hut also 
bccallse the existing body of environm~ntal kgislation IS w~akly WIelded. Effediv~ 
admmlstration, mcludmg development of the law and improvement 11l the quality of 
its enforcement, has been hampered by a lack of clcar policy direction by government 
(Ihid.). 

This, conpkd with tlw low cost of water and ekctricity have resliited in a sitnation 
wh~re there LS lillie incentiv~ for metal linishers to lntproV~ on th~ enrrent 
unacceptable waSI~ management practices. Ho"ev~r, South Arrican environm~ntal 
legislation has recently (199R) ken updal~ d. The new Integrated Pollution alld Waste 
Management (lP&\\-,\-I) Policy lor South Africa represents a paradigm shill m waste 
managemmt that locllses on pollution prevention rather than primarily on impact 
management and r~mediation (E\IG, 1998). In addition, the National Wilste 
Milnagement Strategy (,\W:>'1S), a d(;!ivatiw of the IP&WM Poliey, tollows the waste 
managem~nt hierarchy lhat promot~s waste minimis.atKln as the Iirst step lollowed by 
recyc hng, treiltment ,md finally disposal (EMG, 199R). The pohcy includ~s lcgislativ~ 
tools which are expected to act as drivers lOwards w ast~ minimisation ". ithin indllstry. 
The role of gov~rnment pohcy and legislation in ance-ting wask minimisation 
I)olentialmthe mdUSlry lS discllssed {lllther in the lollowing s~ction. 

The review of cases where wast~ minimisation has been adopted in the industry m 
South Africa s.o far (slOClion 4.4 above), indicates that extemal assist,mce has been the 
milin dnv~r. supporlcd Ill' th~ associakd cost savings for the companies. The extemal 
ilssistanc~ s~rved a numb~r of pllrpOS~S induding raising awareness of waste 
minimisation options, provllling techJ1lcal exp~rtisc, and reducing flnanc.ial and time 
constraints. These influencing factors. ,md the role that key stakeholder> may play in 
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o;Trcoming barriers and providing drivers 10 waste minimisation in the md"slry, are 
discllSsed further in the following section. 

A summary of the most significant harriers and drivers to waste mmimlsalion for 
S\.fEs in South Africa has he~n compiled by KothulS el al. (1999) <md is indudcd ill 
Appendix D4. 

4.6 FACTORS iIVFLUi:.:NCING ADOPTION OF WASTE 
MIIVIMISATlOJ"'1'IlI,' THE METAL FlNlSHlIVG UmUSTRY 

This sectlOn foHows the S<lllle outline <IS the equivalem discussion m Chapter 3. "Jbc 
roles ofke) players in the metal finishing industry arc examined, particularly the parI 
they play in oolh providing and overcoming [he idenlifk d barn ers 10 adoption of 
waste minimisation methods and teclmologics. 

4.6~1 The combined role ofGo~'ernment, policies and legislation 

It is the government's role to both regulate and support in!lu~lry, and ~nsure 

compliance with a wide range orlcgi~latiol\, Thi~ is a dirlieult ro le , ~ speeially m th~ 
light of th~ often-clled situ~tion of ma(k quale m~np<Jw~r, Pollution comrol is 
administered hy a number of national, provincial and local government departments, 
This org~msational struc.ture is outlmed m Appendix D5. 

4,6,1 a Rcgulatot')' Aspects 

To date, the South Africall environmelltal legislative framework has beell very 
fragmented, with no consolidated national statute on waste management. Instead it 
rclie~ on several ~talUtes that ean influence waste management and several provincial 
ordinances and local hy-laws conlrol waste management. However, the NW!vlS of 
Illtegr~t~d Pollution Control ~ddress~s the fr~gment~d administralion of pollution 
management (Lazarus et ai, 1997), "Ibe table below summarises in bro~d terms the 
key ~lements of the cxlslmg waste management approach as currently practised in 
South Africa, comp~r~d to the proposed future si tuation after implementation of the 
NW/vlS, 

Tahle 4.5: The key element~ of the existing and proposed waste managcmcnt 
approaches for South Atrica 

lit, 

" , 
, "Jl 
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In <>rde,,- 10 dCH']Of' a practically lmpk'lllcnlahic slralcgy the priority il1itiativcs WL're 
categorised mto short- (hy the year 2004), lllediUITl- (by the yea, 200.'\), and IOl1g-telTll 
(by the year 2012) prioriti~s. A. rhas~d approach OYCT lb~ twdve y~ars is proposed for 
the full impiement.1llon with mitiatives set out for instiH1110nal, legislation, capacity 
building, Jnd financial requirements (Resource, 1999). 

The two mam legislative tools thal will infll1cnce environmental management arC the 
new :.Iational Water Act (J99S) and the National EnvlTonmenlal /I.{allagement Ad 
'lE\lA (1999). The latter secks to rG301ve the prcs.cnt confusion of cnvirOllllcntal 
role, al1d responSlblillies helween varin", inler-gmemmental departm"11ts and within 
ditTering levels of govclmnent (E'\IG, 1998). 

The New Water hill has rl1'laccd the Water Act 54, of 1956, Cndcr the new Watcr 
B,l1, management must accept total responsibility for waste and pollution arising from 
the1T industf)_ The Bill places rcsponsibility on the user to purify efflllent to an 
a~~eptabk stal1dard so 1t ~an he rctumed to its original sourcc (Lazarus, el. at 1997) 
The Bill also makes way Jilr a more ,",talllahle den'jand-management water pricmg 
approach_ \Vater pricing will now bc set to value the resource ac~ording to its scarcity, 
and wlll also he gearcd towards full-cost recovery to a much greater extent than was 
done prevlOu,sly_ Thi, meanS that all the costs in the provision of water will be 
incorporated into the water pnce (and related elTIlient chargc), including capital, 
operating, social and enVlwnmental costs F>lallmann, 20(0)-

The price of water ",-ill therefore me significantly oyer the next ycars, not only to help 
finance ex"ting (and I-lltllre) water infrastmcmre where necessary, but also to act a, a 
detenent for ineffi~ient and wasteful water usc, The incrcases should be an 111~e11tlye 
to usc water more spanngly, en~ourag111g SOllr~e reduction. particularly in those 
indllstrial processes which use sigmficant amounts of water such as elecu-oplating, 
anodising and conversion coating in the metal finishmg imlll'tf)'_ 

With the shortage of engineered approved landfill sites (di.wu.ssed above), disposal 
methods ll,ed Jilr mdll,tria1 waste will k increasingly closely monitor~d_ and the 
costs mvolved wlil take ac~ount ol-the en,.-ironmental burde11 to a nlllch greater cxtent, 
It is gCllerally a~cepled that the cost of waste d"posal is going to increase 
significalltly over the 11ext few ycars. The cost of waste disposal m the Westem Cape 
has risen 10m'" ,il1ce 1991 and the trend is expected to ~ontinlle in thc futurc (Dirtke. 
20(0), Uthe metal Jim,hing industry is \maware of waste minimisation, they will face 
rising costs OfpoJilition control which might put them Ollt ofhllsincss or might torce 
them to operate illegally_ 

Cenu-al to the adoption of Cleaner Production is a need to ensure that whichever 
mechallisms are employ cd, they are properly monitored and enlorced. This is likely to 
bc a primary C011cem m SOllth Africa. Already llnderstalTed departments responsible 
lor enforcement of these new laws arc unlikely to be ahle (0 enJilrcc morc stringent 
requirements without more stan and bigger budgets. The reslilt of this is that unless 
signJiica111ly greater linancial resources arc allocated to the departmems con~erncd, 
there is likely to be a greater level of self·regulatory ieg"lation, a11d a ~ontinued 
abscnce of consistent en 1{}[Cemcnt (Peart and Patel. 1998), 
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4.6.2 The Role:. of TndilMIJ' Association:. and Organisations 

Associations have the ability to negotiat~ with government on regulatory ,"su~s On 
hehalf of the industry. Allhough there is pOkmial ror thi, to h~ used to ~ id waSTe 
mmimisation miliativ~s m the mdu.,try. in the past it has been used 111 opposition to 
adlleving waste mmlmlsation. Dllring The lasT drought in the PWV region. local 
govemmem introduced water resrricllons. The SMA made representations to local 
governmem to be exempted from th",,~ re,tricliolls_ ,.., il would have had senous 
consc'luenLes for electroplatcrs (Z~lk. 20(0), TIllS does however indicate the strong 
influencing role that associations may play in afja,ting erwironmental change ill the 
mdustry, The need for raising awareness of waste minimisatioll in the mdustl)' as a 
whole is howe\'er eVIdent 

The ehairmiJ.ll of the lIDGASA has indicated interest in selling up an environmental 
eommittee/miJ.llager (Barnett. 19Y%), They have also been included m Ihe DAI\TED 
project preparation committee for the CleiJ.ller Production Project in the metal 
fimshing mdusuy, and It is likely thal the Project administration may be based at the 
lIDGASA. In addition they have offered slgnificam hell' to this project both direetl) 
(through sharing of information and offering advice for the ca,e study company) as 
well as indirectly (through lending their support to the mdustry survey). No other 
a.socialion, have been identified with equivalent ability. although the AESF is likely 
to hulid-up capacity illlhe near future. 

4.6.3 The Role of Chemical and Equipment Suppliers to the Metal 
Finishing IndustlJl 

Supplier, a, service pro"iders have an impOltiJ.llt role to playas the long term meiJ.llS 
for transferring Cleaner Production know-how and technology. ~.Jany of Ihe local 
slLppliers are either directly or indirectly lIlked to intemational supply houses 
Therefore. withill the lield there i, a great deal of knowledge of CleiJ.ller Production 
advances that ha,'e taken place in other parts or the world. The lack of apphcation of 
these in South Africa mean tha t the practical experience necessal)' to adopt them" 
lacking and poteTllial service providers are nO! able to fully serVlce the industT}'. At 
present, probably due to low awar~ness m th~ mdu,try, there is ,'ery httle demiJ.lld lor 
Clealler Technologies, and therefore no incemi,'e for l!ltemational suppliers to access 
the market here (Bihber, 1(98). 

Approximate] y hal r the chemicals sold by supplier, to Ihe nwtal tinishing industry are 
sourced from o\'erseas (especlally fTOm Europe and the Far East) (};aumarm, 20DO). 
As nev.' che1nlCals arc developed mtemati<mally, these then become a,'ailablc to South 
Africa (e.g, new impnl\'ed degreasing chemlcals wInch operate at lower t~mperalUres 
- saving energy), alld owing simply to their cost and 'luality bertefit" may be adopted 
in industry bere, even without envlronmental consideratiolls. The same trend may be 
obser,ed with the phasing-out of the use of some chemlcals (e.g. soh'ents), 

One Somh Afncall supph er of chemical, is presently mvestigating po"ibilities of 
changmg from supplying 'products' to supplymg a 'servlce package'. Olle of the main 
drivers for this IS likely to he the fact that the industry as a whole is ,aid to be 
shrinking which has necessitated all increase in the emphaSIS on service. What 
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their export,. The schcrnc provides fi nallCl11g for th~ mod~misation of "Xisting plant 
and ~ qlLipl11cnl. the cxpan"Oll of eXl,tin),; industn~s and the establishment of new 
V"11tur~S almed at Cleaner Production technologies (1)MG, 19981. 

Awarell~SS of envlHl11mentai lSSU~S amongst the conilllulllly in general is vcry low 1ll 
South Africa. Consumer pressure is lLnlikely while locus is still on pncc, It is only 
when quality and origin occome a morG U0l11111ant factor in affecting purchasmg 
uCClslons [hal the proullCli{)11 0 r 'cleaner' products wil l mcreas~ (Petne. 1\194 j. 

4.7 CONCLUSIONS 

II has heen difficult 10 dCl~mlll1~ the "ze and 'Iructur~ of the South African mGtal 
finishing indusn-y accurately. Results from a survey. combined with estimates I;-OIn 
mduslry source, and hteratur~ Indjcat~ that: 

• There are approximately 500-600 Job-shop metal fimshers 
• It is unckar wh~ther the capti\'~ or job-shop segment IS more pr~vaknt as 

th~re is argument either way, Owing to this and the surv~y r~sults, th ~ split 
betw:en job-shops and captive shops is assumcd to be approximately even, 
and the total number of Iinns is roughly eSlimated to be between 1 ()()()-1200, 

• The va,t majonty of the mctai finishmgjob shops ar~ SMEs (-90~/;') 
• Electroplating makes up the largest number of[irms (-40'%). though if powder 

c.oating and pailllil1g arc c.ombin~d lhey make lLP (he larg~sl , ector. Ano(hsil1g 
and hot dip galvanising are also significant sectors in terms of number of 
firm,_ 

• Few finns actively practic.e dYec.tivc on-site eftluent management, and where 
it exis!s, II is usually not wcll organiscd. opcratcd Or maintaincd in rdalion to 

comphance w\(h existil1g by-law qlLality standards, or di'posal of wastc 
sludgcs generated In the proc~ ss_ 

The main baniers 10 improved environm ental perfOlTIlance by lh~ indu,try 
(particularly SMEs) are identiiied as: 

• lack of a""aren~ss al1d under, landing of Cl ~ Ul1 ~ Pmduc.lion pnnciples 

• lack of finance 
• lLnelear lcgislatlOn and inctYec.tivc eniorcement 
• low input mal~nal and wa'le tTealment costs 

The main drivcrs to adoption of waste minimisation are expected to be: 
• Cosl savmgs a""OCial~ d wilh wa'l~ mll1imlSation 
• Regulalory pr~""lLre 
• EXlemai pr~s'ure (,uch as elwironmelllal speclfications) 
• lmpro\-ed envirollllenial perfonnance 

Key role players have in some cases been responsibk for creating bamers, blLt have 
the ability to provide incentives and other means to o" ercome them. Th~ ne" Xational 
Waste .'vIanagement Strategy intends to address the r~gula(oTy problems and meludes 
waste minimisation as a focus ar~a, In addition, increases in water and ~fIluen( 

charges as well as waste disposal costs ar~ expected in the near fu(ur~. 
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In some ilHlividual ekcTropialing COInP;lnles. C051-cfTC'dive waste mlllllniS3110n 
polernial has been idrnIificd ",ilh Ihe hell'l of CXh!maJ assistance through parliciplu,on 
,n IaJl:CI" rcscan:h proJccts. 

In ChaplCT" 7, all ules<: asp«lS .... 111 b.,. compared wilh !lIe imem;tliQnal expenencc>< 
that were de~cribed m Chapler 3. In th ... next ,\\'" chapten<, the wasle mmi'l'l1~li()1\ 
JsS!,'Ssments in two local cas~ SltI(ly companies arc describoo in detail. The companies 
nr~ J',h-.,h 0l's In the powder C<J"llOg a'll! h"1 d,p galvanismg sect{)11:\ of the tmlL/Slry, 
and both arc true SMEs. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5: Cmle Study 1 - A Powder Co;uing Fac ility 

'Mi,,;,,,;-,, """/, ,,,,d mliJJ~Jn" ,,/ th'ir.wurn ,,,/}!t'r thelll hrmd/,,;,' IrMt !hu" 4""" tltw hrll'( Ita" 
pnmd,d' - nIH Il rrf;e/, 1996 

5.1 INTRODUCTIOiV 

In order to g"ther eviden~c in ~Llpporl of1hc hypolhc~i~ Ihal thcre i~ potential lor cosi.­
cfkctivc waste minimismion amongst S~1L s in the South African n-.ctal finishing 
industry. case studies v,'crc carried out in two local companies, This chapter describes 
the wa~le minirni~ation a,~~S~ll1ent carried out in the first of 11k: t\H' ca,~ sludy 
eompani~s. The company is a ~mall powder coaling factor> specialising on aluminillm 
produds, The pro~es~ uses simple p"inting technology that is not highl> eJlicient and 
resLIIts in a signiticant wa~k " r p<mder paint. Po,,,kr lhat is emill~d as a fine dLlst, 
settles \vithin and around the fador),. and the conllany has received complaints from 
neighbours reg~rding this dusl settling on \valls and curs in the area. 

Another environmental concern to the ~ompan> m"nagement is the use ofhex"'"lI \ent 
chromium in the pre-treatment scdion of the proccss. The hexavalent chromc process 
bath is hazardous and when spent requires expensivc treatment and disposal. In 
atklition, hexavalent chrornt: is earri~d ("~r into tlk: rin,",wak r. This wa~ identified as 
a pol~ntial prohlem wa~te in toc initial p re-a,~~s~n-.cnt which had previollsly been 
performed by Dhliwayo (1998) , The \vork completed by Dhliwayo induded the 
location of sources ofw,-,-,te in the plant "nd the identification of the current disposal 
and treatment methods. as well as the selcction of three fi>ClIs areas for pr~vcntion of 
""'llSWS and emissions. However. the pre-assessnrnt had not heen adequately 
compkkd. and atklitional worl-.. wa~ ""e<kd, spec ilic"lly in ,-\\l"nti l}·ing th<e amounls 
and costs of wastes and emissions. I'h~ work u,r this cOlnpany therd,,,,, in\'o l,ed 
mmpkling the pre- a,s-es~ll1<:nt and "' -~vaILJal i ng the sdedion of fo~us ;Ire...,. [,dore 
mo--ing on to the assesSJllCnt and selection o f opli(1flS. A brid as.""SrTJent invoh-ing 
monitoring of ~ertain ~lreams and mor~ delailed mass babncing was "-.Iso perlornl<'d 
by Dhliwayo, I'hi.> information \',"lIS test~d and lI5Cd ",here necessary. 

Th<e wa~l e minimi.\.alion as"<'SSrnt:nt rnt:thodolog> used h..., Il<'en outlined in Chapter 2, 
Sedion :!.4. The comp"ny's laoordlory technici"-ll was involved in t\);;, asses.>mcnt. and 
till? Manager """lIS inchtded in this asse~sment t~mll hy adding nee~~sary inpul ,,~ tinl<: 
allowed. All phases ofthc waste minimisation a,~es~n..,nt w~re carried OLll ,-,-, p"rl 01' 
this proj~ct over a P<'riod of 18 nxmtbs, rile results of the aSSCSSJllCnt arc presented in 
tllis chapter..., a li~t of teasible V'"llste minimisation options which Jna} bc/ha\'e 
alr~ady ""en impkment~d by lhe ~ompany . 

.1.2 COMPANY PROFILE 

The company is a small-scale powder coating factory li,r arehiLCelural aluminium 
(window/door framcs). The factory "a, eommi~sior",d in 1989 '-'-~ an ofhho()t of ~ 
related cOlnp"-lly. 11 is privately ovm~d and managcd and currently cmploys 25 people. 
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The m"-in activuy at the plant is applymg a prot~ ctivc coating onto a variety of 
ahuninium parts from its customers, The plant o!"'rates for appnJ\imat~ ly 

25OdaYii./year, with 2 shilis per day_ V<J.nahility "fwork l~nds III he seasollai with the 
budding markel. 

TIlcir compctition includes nvo other companies in the Western Cape <lrea which 
anodise and powder coat aluminium TheIr market share is "-ppwximatel,- ],-'3 despite 
their small size. F'nanc\aj consl(iCratlOllS are the primary constraints acting upon the 
company. The second constraint is the limited technical expertise re<J.dily a'dibble 
within the company, reslliling in a dependence un sllpphers. Its coating has an SABS 
approved quality system which has henefits, but is also a constraint in thm it cannot 
casily allow for product or process changes which may afrect the quality OT not meet 
with SABS sp~cifications. 

The company is a member of the Alumimum Federation South Africa (AFSA) and the 
Association of Architectural Aluminium Manufacturers South Afnca, for which they 
r~cei\'e general marketing information and newsletters.joumals. 

5.3 PROCESS DESCRIPTIOlli 

The company operates a typical aluminium powdeT coaling ,y,tem with the prillCiple 
pnxes, opeTation, at the company' as I,,,llows: 
• Pre-treatment 
• Powder Coaling 
• Curillg 

A proce~s 110w diagram lOT the company has been drawn up and i~ induded III Figure 
5.1. nle pTe-treatment tanks are 8m 11l length and O.75m WIde. All tanks are above the 
floor surface at a height (depth) of O,62m. A significant amount of floor space is used 
for drying pre-treated pans prior to painting. 

5.3.1 PretreaTment 

The pre-treatment is the proce s~ oj' cleaning and preparing the slLrface to enable a 
good coatmg oj'paint The larger aluminium pro flIes are lowered and raised into and 
uut orthe haths hy a manually-operated CTane. Small part~ to be pre-treated are placed 
in the stainless steel immersion baskets where they are separated by aluminium strips 
and tied down with nylon rope. TIlCse baskets are suspended on the manually­
upeTated craneS. 

The pre-treatment sy~tem and control speciflcations have be~n set out for the 
company by its chemical slLpplier. All chemical baths arc monitored N·ice daily using 
chemical titrations. The high quality control is due to the SASS approval 
requirements rOT the coating. The capacity of each tank is J700L and there are 9 
proces~ steps m this stage: 
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Degreasillg 
The first step is degreasing in !"lOn-callsti c alkalinc so lulion (ml x turc of ~arhonalCs and 
phosphates) at 3% by volumc to rcmove grease/oil on parts. The operating pI I is 10. 
The solution also comains a non-lOnic biodegrmlah1c wctting agent at 1.8% by 
volumc. Chcmical addilions to replace drag-out and product loss are made dally or 
cvery second day, as rcquired. dcpcnding on titration readings. To sp~ed up the 
process. Ih~ t~mperalUr~ is lnall1talTled at 60"( by c1cdri~al immcrsion heaters. The 
lank is dlcnnostatically COlllroll~d and lllsulated on "'les, bottom ami top. Top 
lTlsuiatioll wnsish of liJam which lorms in the degreaser and floatiug rubbc'T mats on 
the surface ofthe bath. TIICSC mhber mats arc pushed down by the parts on immersiOll 
and 110a! back to the surface aftcr withdrawal ofthc part,. Waler is added to top up lor 
evaporation and drag-out as required. The Oil content in the balh '" measurcd twi~e a 
year by the chemical supplicr. WhCJlthe oil content is >10"10 v.v. the bath lS no longer 
elfcctivc. 

Etchillg 
Thc second stage lS etching in a highly ~austic sodium hydroxIde solution at O.03kgIL 
to remOVe the thin aluminium oxide layer on the surfa~e and to create a rough sur£lCe 
for casy coating of chromate at a later stage. A black smut (an oxide compound) is 
fomlcd on the pan>. The bath is dectrically heated \0 50"C to specd up thc ctching 
process. Heating and lllsulation is in the same way as for the degreasmg tank. Water 
and chemical additions arc madc as requircd according to titration readings Lakcn 
daily. The etching solution eats away at the parts and ~aU'C' somc aluminium to go 
into soilltion. TIIC aluminiwll content in the bath is monitored on a weekly basis. 
\\11en the aluminium comenl reachcs 10g/L, the etching solution is no longer 
effective. 

Rillsing 
To rCmoVC the remaining etchHlg ",llllion before dipping in acid. the metal parts are 
nnscU lTl a two step counter-current (thc watcr Ilow is counter-current to the work 
flow) nnse 'y,tcm. The first rinse is a "dirty rinsc" nceded lor the foam which 15 
carried over from the etch bath. The feed water to the second rinse i~ the exit water 
rrom a later rinse tank (all 4 rinse baths operate as a COllnter-current systcm). Both 
thcsc tanks have overflow wcirs for dirty wmer to exit to sewer. 

Desmulill1g 
The perfonnance of Lhe chmmatc conversion coating is strongly afkcted by the 
presence of oxide3 and alkali-insoluble alloying e l emenL~ (smut) on work-pi ece 
surfacc3. i\n aCldi~ d~oxidising operation i3 therefore r~quireu before the conversion 
coating stage. The 5'h tank contains nitric acid (HKOJI li)r rcmoval of the carbon smut 
lonned on the aluminium surface during etching. TIle acid is hought at 60% inulWnal 
strength, and diluted with water to -4% by volume HKO-, (pH of -2). The tank is 
protecL~d with acid resistant gbss-libre. The contaminant build-up lTl the acid bath is 
slow It depends mainly on the quality of the previous rinse, whidl will wntain drag­
OuL dwmicals Irom the etch/degreaser bmh,. Other contaminanL~ will mclude airbome 
dirt/pain t Thc acid bath therefore only requires dllmping onc~/yc:lT and ~an 

sometimes b~ operated for 2 years without dumping. The bath lS operatcd m amhient 
temperature atld bath chcmistry is dwcked lwice a day. Top-up a~1(1 '" added on a 
regular baslS (approximately twice/month). 
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Rm .• mg 
Th~ plIrts alf: nllS.,.j o f nmH"n' ll~ :.c,d m /I singll'-step collm<:r-currrnl waler rinse 
bath. Tile f«d w:;llcr is the c.~il water from /I laTer tank. the C~)I water leads 10 IhlO 
rinse lank prior \0 Ihe dcsnlutlmg step. 

ChromIUm SurflllX Cnn''e"irm 
T ho: chromUlc con'cr!>IOll coaling IS a chemical trcatm<:nl of the aluminIum sutf~ce 10 
Impl'O'''' liS cumIS'''1l reSiStant.: n hc mi~aI chrulllll:m.suhM .... te :nl:lal oXide coalmg 
provides beneT conusion reSIstance Ihall lhe: substmlC' metal "xidc alone} WId pa,nt 
:t<llll:s.on (the cellular S!n.ldurc or lhe mixed oxide film prondes a ha.'ic " ,m mo,.., 
al taclunenl POints) (HHlwn, 1991). The soluli"n IS a mtMUTe of two propri.:!:\/) 
chemicals.. Chemical I is II ml~!Ure of chromic acid and plwsphorlc lkid which 
prouuC<:s an ~morphous complex ehrom~te fi lm on th~ aluminmm ~Uf r:K.1::. 1\ IS 
mamlamerl al 44% b} ,olumo In !tOlulion Ch~ml~al 2 is a m;.~turc of ~hrom i~ a~"l 

and fluorides ~n(\ IS maln \alnoo al 1% by \olume in solution, The t1uorid ~s fac il itate 
the cllTome coating by CJ lnlysing tne conversion ~oaling rcadion, Although Inc 
lolution conwins chromium in the h~xavalent form, ~heml~al n:uu~tion takes pla~o on 
the nt e t~l allhe IXllnt ohpph~ation, !to lhut the chromium in lhe couling is essenllally 
all tri"alell! chromlllm (Drummer, 19~), The detailed chemistry of the ~onwrsion 
~(lallns rea~tion IS dcs~rib cd in Appendix fl. 

An mlp Ii cnl"m of f'moms ' "almgs by chemical reaction IS Ihut the solutio!! chem' ltr)' 
is continually changillg, The chemistry h~s to be carefully balancerl S(l thai un,fonn 
coaltng properties can be maintain.;d o\'er the entire working life of the bath. The 
chronllum anJ aluminium con~enlr:llions in the bath. adive fluoride level. and 
lemp<:Talu re I)f Ihe bill netrl III he nJ(lllll(lreJ. The h~lh chemlslr)' is c.h",deJ !"i~c a 
day and chemica l additions are made daily f(lf pwduci and dr~g-oll\ replae~menl as 
ro:qlllfeu Thc hlth is no longer crfccti\'e " hen soluble ~on!aminanls bui ld lip so Ihal 
they bec"lll¢ detnmenlal ill 1;(>;11;))1:' perfonn:ooce (usually afltT a 12 mo,")lh po:nod) 
The conlaminants preeipitale on the chromated film and cause pamt blisl~n!l or 
~'OJTOSJon problems" hen nKiiSlurc pl'21el ra1es the pamt ID Ih~ field, 

Filla! nllse 
The fina ls nfISC '" a slngle-Slage COllmcr-currrnl rinse:, The mCllming ,,'al~r is Fresh 
lap "alcr (mun,clp~I), the exil ", ,,Ier leads to the rinse I3nk pnor ' " Ihe chrom~le halh 

f>a."/l~,'i(1II Rm.~f' 
The fin ~ l Slep is ~ pass,,,allon 'rinse' in ~ 0.03% v.", chromic acid solution to fillish 
With a proU:cl"t seal f(IT aUdlllOn~1 rusl pre,·cntion. S;nc~ the <:hromale coating itself 
cllmains no hexavalent <:hromlum (Brumm C!', 1990), a passivating hexavnlem 
Ch'\lmlum nnse: IS used as the final st.:p of dl~ treatment. Salt-spray resistancc of the 
final pn,uuCI IS stn:mg1y affeded hy thiS Slcp, b""aus.:: it is the hex~ya\ ent chromate 
iOns in Ihe lilm Slru(;lul'\:: "Inch, in corrosive environments, trigger the r~alr 
mechamsm 1010 action (Ferro, 1994), _'-'lore detail on the chemistry of chnlm'~ a(;lcI is 
induuecl In Appo:nulx F.2, Th~ bath 15 electrically heated to 6Q "C (with immersi(lll 
heaten) to spetu up tho urymg or the part aller p~ssivation, This passivuti(l]l step 
neeus 10 bI:: c~r~full>' ~ontro llo.l as any contamination ~an easily arfl:cl the qualilY (If 
lhe final p1'(ldu~1 Slll~e lh~ quahty oflhe rust-prevention IS very important ror :SASS 
uppm\'~l, Ihe paflS lv~t\On h ~lh neeus to he mainlain~ at a high quality. and i~ 

therefore repl~~eu ",eekly on re~ommendalion b) tht ~hemi~al supplter. 
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Drr mr; 
AlIa' the tina! ~tep, th ~ part, an: rcmoved from ba~ket, and suppnrtcd on nch fOl" 
p:"'~51\'C drying in ambiem air pnor t,l pilillting, Heat that come8 off the cunng oven!;' 
on either side of the dry ing :\I'C~. also aid~ the drying process 10 sOlne ex tenl 
Clirum~tc tilms should no! be dricd at olcl'ated temperature. 8ince the)' mptul'o (mud 
crack ing) and 1{)i;C protective value. Alunnniuni can tolerate lenlpeulun:;S tn about 
SO"C wililllO adverse eficcg (Brununcr. 199()). 

5.3.1 Pnwder Coatillg 

An Ck'ClroSl!lltC spr .. y-p;aintmg method is used to ~pply po,,'llcr ii lms olll<llhc dry pre­
tre:oteU surtao:c_ There ~re 4 seplrlllC Sflr:lY hocilis for pamllng \0 ~1l<l'" f(ll' casy pallll 
colour change;_ Two of them arc used regli larly, mainly for while po,,·de.- painting 
The "thcr two are used Ie;~ n::gullrly, lor colour powder painting .... di~gr~nl "r the 
~pra> - l)Qolh and cyclonc system IS pro~l(leU III Figure 5.2, 

FI\:u re 5.2: S i mplilied diat::,r:I nl I)f spray booth und cyclone S}'ilt' tII 

{,,\ 0- ~-• " ....... ' "ouod<d f r ............ . . ...~ , 
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C,<1"o- I 

~p<>I<.::~n 0 .. -
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Vi'~Ln ( -":1 .\ ' 
J'o",,,,, ~, " • , 

--
--. ----;. , .-, -~ , 

V : ;;:~''-''i! , . .-, 
-"~l' •• I .' ~,j,. , 

I , -> T -- , 
~ , ,-, 

, , .-- L"- "- A -, 
-

.-
_ v"""" , ~ .~!')'<Ic 
-0 -- - -- .. -
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The parts arc ,uspcndcd on wire and fed through the spray booths manually. Spray 
pamting is also manual. perfomled by skilled operators using electrostatic spray guns_ 
A mixture of air and powder is delivered from the spray hopper to an electrostatic. 
spray gUll. which places a charge on each powder particle_ The charged jXlwder IS 
attracted to the article to he coaled. Some of (he over-sprayed powder settles Oil the 
walls of the spray booth or becomes airbomc, but the majority is exhausted through a 
hole in the hase of the booth which leads to a cyclone. The cyclones separa[~ the 
heavier powder particles from the C<Jnlainmen! air stream and these are forced to the 
boUorn reclaim canister. The reclalrned powder may be recovered or <1isposed 
depending on the quality. The air stream exits the top of the cyclone and contams any 
line powder particles that were not separated from the stream. 

The powdrrs use<.! are mainly epoxy-polyester hyhrid powders with thermosetting 
resins. Each pal\lted batch of products IS tested for quality using test ships. In this way 
any problems are recognised and traced hack to source for cOTTcction . 

.'i.3.3 Paim CllrinK 

To polymerise the powder applied to the substrate, the powder-painted parts are then 
cured by baking in an oven at 20(l"C for a few mmutes. There are two ovens heated 
by burning LP (liguified-petroleum) gas. When the temperature of the metal reaches 
the melting point of the powder this results in melt-flowing of the powder over the 
parI. A continuous film ofhqUl<1 pamt tll<'n Cm'ers the metal part. Curing agents in the 
powder inelude hardeners an<1 erosslinkers. Wocn the curing temperature is reached 
(aroun<1200°C). the heat latent hardener, hecome active and the curing action begins 
(Ferro. 1994). The pan is maintained at the cure temperature for about 10 minutes to 
allow the Jilm to bccome IIXl"!., cured. 

5.4 EiVV1ROiVMENTAL PROFILE 

General usage data and infornlation on wastes was obtained mainly from Dhhwayo', 
(199S) pre-assessment report. All infonnation was checked an<1 adapte<1 where 
neces,ary. and missing infonnation was either obtained directly from company 
record, or calculated using mass balance techniques. 

5.4.1 Input l'ffateriaf~' 

Chemi~'uls (ind p,,;m 
A knowlcdge of the raw materials used in the process helps in under.,;tanding the 
source of wastes emitted and the components of the: wastes. The llliage ligures per 
arulUm and associated costs for each of the pre-treatment chemicals and the total paint 
are ineluded in Table 5.1 below. Costs are included as % of tOlal c,,,t,, as actual 
figure, are conJi<1ential. The components of each chemical are lIlciuded and any 
Component that," hazardous it i, noted (ill bruckf'{s) in the tabk. 
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Table 5.1; loput material annual u~age and costs 
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The company uses a smgl~ 'lLpplJa I"r all pre-treatment chemicals, and t".'O powua­
paint suppliers. For the prc-lreatrm;nllllputs, the: chromate and etching chemicals, and 
water arc used in the highest amounts ami accmUll ("r til;; highest costs, rhe 
degreasing chemical is also us~d ill substantial amounts. The higlK,t oVerall cost 
(>90% of total input costs) is associated wilh the paint. A larg~ range of different 
coloured powders are used (115 different colollrs in 1999) and ~ach colour is 
rcpr~s~nted by a code, used for selection by llK clim!. 0(' the total usage for 1999, 
51'\-;' was whjt~ powd~r paint. The remaining colours WLfe each used in small 
amounts, with the next most used colollr al around 5%. 

The components of each of lhe proprietary chemicals w~r~ investigated to d;;tLT111ine 
th~ rating and composilion or any hazardous suhstances. The material-safelY dala 
sh~ets for the process chemlCals only indicaw the main chemical mgrediL"Tlls. 11 was 
not possibk to obtain exacl chemical composition as the supplier regards lhis as 
conjjd~ntial infonllation, but an idea oi"lh;; components was offered. For the chromal;; 
chemical I, and the passlvalion chemlCal, the supplier did r~v eal the hexavaknl 
chromium cont~nt (the chrome content m each was found to be >90"10 Cr(VI) -
Dhliwayo (I~)<)S». 
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Table S.2: Hazardous components of input matrrials 

._---------
M~trri~j 'hnrdo", J .. IIllardou<n~t"r. Con<entr.tion of 

<om ncut i ',f: blZordou< mltori.1 
Etchin" chemi"l ~.orr - \1 ....... '.10 (HR -.ii .'0 il ill solUMn 

D,"""uning d " nll" '] H"IO, StronglY'l'ld,c 0, 045 ~/L In ",luLLon 

~hr~illOl. ,h<n,,~;l- I Crj"I) Exlrcmo(ltR , , 63.3g/L of 'o",enlr"'~ 
Cnei",,"rn;,.oo «,," 2 .~ "iL "[,,,[uti(xI 

Chron", . ch<mical 2 " V, HR- J l;nhl"wn 
Passivation , h<:micai (,,(Vl) ," , 123.SgiL In cUIJC~"lm\O 

_. Q,04(L in ,uJUlJun 
PnwlkrpamL TG1C 1\",,, li".d in Sooth Africa , % unkown 

horden. ", hut "'od lmie in Fu",!,,,-
Du<t P()ICIlli"llir~ h.o"",d Wmo,m' 

, 

The Ha/:.J.rd Rating (HR) is explained and further ini()ml<J.tion regarding the hazardous 
nature and classi Ii c<J.lions iilr each of Ihese is included in Appendix E3. 

Willer use: 
A signilicant amounl of waler lS used for thc rinsing slagcs during pre-treatment. 
Rmse w<J.tcr usage is kept low through counter cunen\ rin~mg, bUI \bere is room 10 
reduce the consumption lilrther. The manager would like to incorpor<J.le <J.git<J.lion in 
the balh~ 10 further mlprovc Ihe eniciency of the rinse. Water flows cominuously <J.t a 
ratc of -2.4kLihr through Ihe rin~ syslcm and the four rilbe baths are dumped and 
refi ll ed <J.t Ihe end of each week. Pre-Ireatmenl may ~ome\imes run into overtime, and 
rinsewaler usage for IlllS amounts to S(}OkLiyr. Total water usage for rinsmg alone is 
Ihcreiilre o3S0kUyr. The flowra\e mcasuremcnt mcthod and rinsewaler us~ge 

calculations me se l out in Appendix E4. 

Water meter readings taken over a period of 1 wcel.. indicalc an average \o\al w<J.ltr 
usage of 31 kL!d~y, "hich means that the rillsew<J.ler usagc amounls to S5'YO, of 10lal 
usage. This is m line with literature - Cuslmie, (1994) estimates a rinsewater usagc 
fi gure of 8(}% of lolal usage lilr plating shops, which usually use mure process waler. 
The use of the remalllil1g 15,\,; is divlded beN:een use as a solvenl m process baths, for 
lank cleaning. and domestic rC'l"iremenls. All water usage ca1clllatimlS are set out in 
Appendix E4. The table below gl\'es Ihe breakdown of water llsage (Clr the factory 

Table 5.3: Breakdown ofwatrr usage 

Tbe calculalcd water consumption lherefore appears to add up to the consumption 
accordil1g 10 waler bills. 
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5.4.2 Utilities 

EIICfgl' use: 
Electricity is 118ed in heating the process tanks, operating the spray gun,_ alld 
operating the tank and cyclon~ pUlllpS_ The O\Ul heat circulatio11 fan" alf 
compr~ssors, ail' condition~r>, and spray gun8 al~o C011sume a ''isnificant amount of 
electricity_ The cyclon~ extraction fan, C011sume over 75% of the total elec tncitv 
usag~. The hath hea!e,-,; con,llme JUs! under 20%, arK! the spray guns and air 
eompres-;ors ju,t under 2% each. 

Gas is u,ed in heatl1lg the curing oven, There are 3 gas burner, supplying heat!o the 
oven. The gas bumers are outside the oven and direct the h~at into name chamber8 
inside the oven. An electncally operated fa11lnside the oven. and ducts In the roof of 
the oven ensure the air IS effectively circulated for convection heating. The gas IS 
supplied in 48kg cylind~rs. 5 cylind~rs are used u.p in ahout 60 hrs ol-bullling. 

Tahlc 5.4: Summary of ~Dcrg~ u~agc 

" 

Compressed "'r_ 
An on-8ite compressor produces compressed aIr which i, used as contairlllent air for 
the powder paint in the spray guns, and to clean paint booths and cyclones by 
"hlowing-ofl" th~ trapped powder. Alier compre,8io11, the air lS pas8ed through a 
chemical air dryer to keep it free of oil and moisture. 

5.4.3 Current Waste Manageme/lt Practices 

S.4.3.a General WaSle 
J))(ilt8triai (packagl1lg1 and dom~s!ic waSl~ is cnlkCled in hins and removed by th~ 
mu.llicipal waste collec!or weekly 1,)[ disposaL The cost 01- rcrlloval 01- the general 
waste 18 110t clear as 11 10m1S part or a general SNVlee Ice 111 the rate fCes f"r the 
fac!OTY_ 

5.4.3.11 'Va~te\,ater 

The rinse system operates contilluously widl fresh water entering the 4" rinse tank 
and dirty water ~xiting from the first two rinse tanks via overflow WeIrS. ,Vater 
nowrak is not c()ntrolled, the only restrictIOn is dle tap c01llroiling the flow of li"e,h 
water into 4'0 tank_ This tap is usually opened for the entire Yhr day-shift. but is shut 
olf for Illghtshift as only painting is (lon~ at night. The dirty water is not treated but 
nows directly to Sew~r at an avwage pH bel\"een 8 and 9 (in lhe research for Chapter 
4 it was found thallt lS commo" practice lor metal finishers to discharge wastewater 
wl!hou.t treatment)_ The chemistry or the rinse baths is no longer tesled regularly. 
Since mallllained qu.alilY is always a concern, the rins~ baths are emptied llO sewer) at 
lhe end of each week, and are rdilled ov~r the weekend. The acid and alkali rinses 
(Iwo ar~ mallltailled at pH 8-9 and the other 1\','0 at pH 4-5) mix together in the rinse 
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now, and ShOlild in ciTed resliit in some degree ofnClitrahsation of the water before 
e~itillg to sewer. 

Water is polilited iTl the rinse baths where eontammants arc dragged in from the 
previoliS proce~s baths. Exiting nn'cv.'atcn; to sewer contain drag-out from each of the 
baths, since the entire rinse-system is cOllilected counter-currently. The contaminants 
huild up in the rinse baths over the week to a maximum amount at the end of each 
week which dcpeTlds on a Tlumber of factors alleeting drag-ollt, where produdion rate, 
strength of process baths and operator control led dripping tlnle are major factors. 

Drag-out management is not well conll'olled in the factory at prcsent. In theory, the 
haskets are held above the haths alier dipping to allow lilr the majority of the drag-out 
to drip back mto the solution, hut short enough <;(l as not to let the parts dr)' out beforc 
the next dip. To speed up the dripplllg rate a bar on the basket is shaken manually by 
the operator. In practice, the dripping time varies depending On the operator and the 
production rdte The tanks are spaced dosc togdher '0 drag-out dnpPlllg between 
tanks IS mimmal. The majority of dnp' L' therefore dragged-in to the lollowing bath 
(i. e. the rinse bath in each case cxccpt for the degrcasing solution which is dragged 
mto the etching solution) For the final passivation hath, any dnps that do go to floor 
aftcr the bath and on the dr)'lllg racks are left to evaporate (mainly water with very 
low chromic acid conccntration). 

The contaminants in the dirty rinsewater include suspended sohds (mcluding pamt 
dust), aluminium, chromium. alkalis and acids. The contaminant of particular conccrn 
in the wastewatcr is Cr(VI} (the hazardous nature is described in Appendix E3). The 
hmit for total Cr io -,ewer lS 10ppm (there" nO hmit for aluminiUln). AltllOngh the 
limit for Cr(VI) is not specified 111 the new (1997) by-law, it is known that Cr(VI) 
(anion) cannot be rcmoved in thc scwage works (precipitation of cations) and passes 
through to the rcceivmg water emmlnmenL Regulation therefore requires the liSe of 
convcntlOnal trcatment (BATKEEC) to reduce the Cr (VI) to Cr (TIl) (cation). before 
it is discharge to scwer. Although Cr(VI) is not testcd fol', the treatmellt reqUlTement 
lmphes the content should be 0.051'pm maximum. Thc limits and charge fonnula. 
emllmt sampling method us~d hy the local municipality as well as IilrthcI 
mlomlation regardmg CrjVl) regulation is outlincd in Appcndix E5. 

A brief assessment undertaken by Dhhwayo (1998). attemptcd to detcnninc the Cr 
contcnt in the nnSe tanks. These findings Were checked by taking further samples and 
the comhineli results are induded in Appendix E6. Results indicated the concentratioll 
of chromlllm in rinse tanks 1,2 and 3 increases as mOre chromium is added from rinse 
lank 4 counler-CUrTcntly. The total Cr content is in the range of 4-7 ppm according to 
4 seL' of mea,uremmts taken Over a month, which is within the limit lor total Cr 
Further analysis indicted a Cr(VJl content of close to 90%, or 1I1 the range of 3-6ppm 
in these bath.l. Therelore Cr(VI) content of the continuous now rin,ewaler (leaving 
tanks I and 2) is at an average of 4ppm and should in fact be treated hefore dischargc. 
The Cr concentration in rinse tank 4 was found to be in the range 8-13ppm, which is 
discharged to scwer without treatment when the bath is drained weekly. The 
comhmed volume of water from all baths is expected \0 dilute the total Cr 
concentration to within the limit in the sewer system, however, at an average Cr(Vl) 
content of>80%, the hexavalent ehromillm should be treated before discharge. 
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The drag-in of process chcmicals not only ailecl:l Ihe qlmhly and hayardous nature of 
th e rin>cwatcr bllt al:lo resul ts in 10» ofca,,· malerials lolhe sewer. The real cost of 
wastewater takes into account the cost of the loss of th ese ch emicals. Material balance 
calculation:l based on a number of assumptions have been carried outlO estimate the 
volume of chromale chemical, etching and desmuttlllg chem,cals lost to sewer 
through drag-out. The calclllations are included III Appendix EG. and the results are 
presented in the table below. 

Tahlc 5,5: Calculatcd drag-out lo~, of chrumate chemical to rinse" atcr 

I , 'H' 

Anlllnd 10% IS assumed to be lost through rinsc dumps, while 9tl% is lost through 
contilllwlls rinse now exiting to sewer {hased on volume mtioJ. Taking mto account 
raw materiallo:l:les and ~ost ofwaler, lhe actual cosl ofwa.,te"ialer losses to sewer 1S 
abollt R5ikL 

Sewer ~harges are ba:led only on ",coming water consumption and do not take any 
other el1h,elll (e.g. spent process halhs) inlO account. Samples are taken on a reglliar 
hasls by the municipality to delenmne content of controlled sllbstance:l (especially 
heavy metals) in ~l e effluent. The chargc formula take;; the ,'o lume amI concen("uion 
of cmain contaminants and dctermines the resulling charge (AppelJ(i,x E5J. The 
company ha:l not been charged any penallies 'n the past, This may be dlw to the Iact 
Ihal only the lOlal Cr content 1S measured in samples. In addition. the manager docs 
not helieve that samples of th e factory eil111 ent are taken reglilarly. 

5.-1,3.~ Spcnt rro~c>s Baths 

i-'assivaI;OIl bmh: 
Since the passivation step is the final rinse before painting. the passivation bath needs 
to be mallltained at a high quality, and is therefore dllmpcd and rdilled regularly. 
Measurements of fre e-acid concentration are taken daily, The supplier data sheet 
recommends that if below the limit, additions can be maue, bllt il above the limit the 
halh needs to be dumpeu anu rclilled, The free-aciu " llSually above limit \,ithin 4 
days of operation, anu the chemical sllppher thereli)re re~olrunends weekly dumping 
and recharging of the bath, In addition to the contamination from drag-in ii-om the 
previous rinse, airborne powd er paint also settles in the bath over the week and alIects 
the qllality oi'this final rinse, 

Thel'e is no treatment of th e spent pa.'<SiYation solulion before (iJsposal each week. 
Dven though the concentration of the chromic acid in the bath is low the chromllim IS 
In thc hexavalent form and is there lore a concern, Direct measul'ements taken before 
the hath 's dumped inuicme the total Cr content is around 40ppm at thc end of each 
week (dcpenuing on production) whidl is :ligniJicant ly above the IOppm limit iilr total 
Cr to SeWer (measurement re~ll!ll:l included in Appendix D7). The supplier rC>'ealcu the 
CriST) con~elllration i:l O,037g/L (37ppm) 11' working solution, which is -9{)% !!fthe 
total ('I' content. Which means the wastewater should be treated to reduce Cr(VT) 
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cont~nt before discharge. The b3th is drained during the same period as all the l;JJSe 

balh, ill the ai(cmoon 0(- the last <lay of e:;ch week. Though lw l cx;\Ctly togcth~r, th~ 
combined "olum~ in th~ sewer line will dilute th~ Cr concentration to some extent. As 
a rough indIcation of the resulting Cr LOnlClJl, the jota] mass or Cr from cilch bath 
divide,\ hy (he (olal (lumped volume (JOOOL x:)) Ylcl(is ~ r~sldting Crconten! Oljllst 
owr 1 Oppm - j,e. there is potential for the limit to be exceeded. At an average of 87°/, 
CI'(VI), there is a definite req uIrement 10 reduce the Cr{VI) prior to dis~harge 

Degrew;;ng "lid Desmullmg Rarh., ' 
The spent alkallIJe dcgreasing 'OilllioJl D1J(i a~l(li~ desmutting soilltion are not treatcu, 
bllt ar~ di:ichargcd to sew~r sump together, so that the two will neutralise e;,ch olher in 
the sump be'"re Ilowmg out 10 scwer, (1n lhe research ("r Chapler 4 il " 'as found to 
be consi'kred common pracli~" filr efil u"lll to h" dis~harg~,ito seW<;lf untr~ated), Any 
sait pr~cipiwtioll (nitrates. carhonat~s. phosphates) ",!II occur in the sump/sew~r-line, 
The oil/greasc emulsified in dlC degreasing bath (3pproximatcly 10~,;, v,v , or 300L of 
bath) i:i nOl removcd and eXlts to sewer, as d()es the smut ill lh" lJllri~ aCHi. This ()ll is 
a particular c()ncern since as il has potential to interfere with the s~wage treaml~nl 

works, 

A relatively small amount of sludge also builds up in thcsc haths and will probably 
COlIS1S1 0(' somc settled airbornc powder paint and any din/muck Ol] the w()rk-plCces, 
Before dlllnpillg. Ihe baths ar~ agitate,i t() "l1sur" th" sludg" is mixed with th" conlents 
before going to sewer. Dllmplllg of the batl\'; lS perf0l111ed every six months OJ] 

averag". but will depend On the bath analyses, If the desmlltting bath docs not need to 
be ('ully dumped at the same lime as the def,'T"aser. lhen only pan 0(' the aCHi will be 
dumped a5 som~ new aC1,i ad'kd will impr()ve the quality o[lhe acid soluti()n (partial 
dlmlping). 

Erciting lImh: 
The etching solution i:i d lunpcd whe]] the aluminium cont~nt reaches about I Og/l", ami 
lhis ()CCUrs 3 times per ycar on average, Bc(ore dispo:ial of the solution, th~ 

alumllllum (ami ()tll<:r muck/din) 111 solulion "allowed 10 setlk in lhc bath overnight 
(the AI is white and coloms the S()lutlO]], when 11 5eUies 10 lhe bollom. til<: soluti()n i, 
clear again). The clear solution (abOllt 30g/L NaOH, pH 12) 1S PlWlp<:,i oul o('the bath 
to sewer. The AI-nch wei sll«ige 1S manlilllly transferr~ ,i inl() ,imms (about 2 x 200L 
,iroms are ij l l ~ d), Thes~ drorns are sealed and store,i ("r colleclion by a wa:itehauler 
(Iogether with sludge waste from the spent chromate bath). The cost of labour (sludge 
collectio]] into ,burns) is estimat~ ,i at -R 1 00 each lime 

Chromare Barli: 
Th~ sp~nt chromate bath lS dumped Ollce a year dunng the ~nd o('lhe year :ihut-down 
period. Th~ :;olution i:i conSidered hazardou5 (iue 10 the Cr(VI) c()ntent. ami by law 
requires treatme]]t before disposal. Th~ solulion is treat~ ,i conve]]ti()nally by adding 
:iodium bisulphite (reducing agent) to reduce Ihe hazanious h~xavalcnl chrome to less 
hazardous trivalent chrome, Lim~ is then added to precipltat~ th~ trivalent chrome as 
hvdroxide sludg~, rh~ sludg~ is allowed 10 s~ tll e ami lhe treated solution is 
di5charg~d to sewer. Th~ chemistry of Ihis trealment 1S d~scnbed 111 Appendix E8, 
After settling the precipitat~ th~ soiullon is pumped out to sewer until only the 
precipitate is left in the tank. This wast~ is left to sta]]d so as to ~vapo rale any waler. 
The resulting semi-dry pr~cipitate is then manually transferre d into drums, These 
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drums arC oIe~ltd ond "';lrcd r"r (I)lleel"'" by Ihe v.-aswhaukr fOT further ITeatmcnt 
,\pprU1olllare ly IQ't2()OL dmms are fi llc.l per treatment the cost of [remmelll 
chcnucals and l:lhonT for chromaTe h:llh !rCalmerll .!mounB III - R SOOll r""l m~'J11. 

TI..:: cost for remo':l1 of Ihl' SllL~C '~.I!l~ by Ih" "as[ehauler is high and is Ihe n>aJor 
cOst in,"oh'cd In [rcalnu:nl Tb., dmms cUHI:unmg _" I-precipitate (etch) waste and Cr 
pre<;.Ipilatc WaSte art' stored In the scaled d rums and collected "hen tile total ,'Olunlc;s 
Jppl'OAlInalcly 6400L ~ .. /kr .! v,-.us). Tht: ""t>.tdruuk r til,," ch;uge5 apprulumaldv 
-R 11.000 f'IT Ih<.' 1,,;oJ In boo" [ .. mu'· .... Th .... luad w,1I comam tooth Al prc<.::lpU<IIC amI Cr 
preCIpItate U' lhe: cost is :U;SlLmoo 10 he r roponionoo 3C<.'Qrd ing to ,'olumc onh, Ih<'11 
the NS! [or dlspoSo;J1 o ~ a~ follo\\s 

TIK labk t""jow SU)lllI'.!nses lile \'o lume~ amI contents of Ih ~ spen l process b"ths 
which arc disellal'!jcu t(1 ~"cr each year 

THble~. 7: AQuual 'Qlume aud cost 01 spent proP('!l~ bilth~ to ~e"'r r 

5 .... 3.\1 I'li in t WM~lc, 
O'cfSp rarcd powd~r pain! which ,s nOI contained In tho: spray booth IS emillcd to the 
ai r inSide tit", b .... dln!'- On ~me dars thc ,., rbome d ust can be an Im lant 10 eyes all,1 
che.\ol Some .:.f lhe alr1:>ome pllli ll ,;clttes in [he process balhs. ~I ost of tltis dUSI so:n l~s 

10 tit", nOQr and os S1H'fIl up dai lr. The collected paim is solidi flcd br cllting 111 the 
O\'~11 and IheR Ihspo..osed In tile mllnidp~1 bl ns_ 

Ovcrspray~d powder IhM i~ ' ''Rlaine<! In the booths !~ ""co'· ... r ... d Ul tne cyclone. Olle 
of the cyclones wa~ wpplicd by a Ji ff.,.r.,.nI suppher from the other th...,... and ,s much 
I"f¥er TIle cyd(m~s arc not well maintaincxl and efficiency thcr", for'" suffers Ih rou)!.h 
aLr-leaks ete, DlrCCt measurements of c~'c, lIne ",fficio:ncy by m","Sun nl< reco,'erc:<! paim 
mass for a kL10WTl mass Ilf paint indicat .,. an effic,ency of around 87% for the largcr 
cyclone using while paint . The "(Irking and re~ull s "re pr~s~ll\ ed in Appendix E9, II is 
cxpccled Ihallhe maXIll\um ",f!iClency for bmh cyclone SLzeS and difkn;nt paint-typo.: s 
is 90'/~ , . In :111}' cnso, S'lnlC ull~paruteu $m,,\l pumt particles (paint uust) ex il will, thc 
a lr-stn;am through the exhaust pilX' at the top (lfth~ cyclone, ,md are em'lt~d mlO th ~ 
aIr outSide Ihe bu ilding, This dust is see'll I" ~llle on th ~ floor, walls anu carS of 
neig" oourlllg bu iid Lngsl~rca, 
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The reco,creel powder collected in the reclmm bin at the base of the cyclone. is usw 
again to a certall) extent. by mixing wit.h virgin powder. 'lhe ralio of virgin to 

reclaImed powder is usually 2:1. though sometimes I: I is possible. Thc powder will 
continuc 10 be used in this way until contamination or a problem WIth the coating is 
detected. \Vhlte powder IS not recycled too many limes. especially for specid 
customers requiring high quality. Sometimes when there is too much uscd powdcr 10 

reuse, il lS possible to sell It to another uSer who docs not Te'l"iTe slich good 'ludlil..,·. 
Paint in the recJanll bin is usually only Tecovered for reuse whentbe amount of paint 
warrants the downtime for collection (>3kg). '1 here fore, it is only recovered fot longer 
colour mns such as for white painting or when a number of jobs for one coiolir Can be 
combined (not alwa..,·s possihle since same colourjohs come in at dirferent limes). 

While painting IS done dUlUlg the day, and colour painting TS mamly done during the 
nightshill. This is since colour nms are usually small and the production downtime 
due to frequent colour changes is beller (for economic reasons) dunng nightshift. 
This has other henefits in that airborne paint in the w",king environment can settle on 
pans walting to be pamted. and coloured pamt would conlaminate pans thaI are 10 be 
painted white (colour spotS show through Ihe white coatmgj. 

Another significant SOUll;e of paint loss is the powder that Slicks to, and bUllds lip on, 
the walls of the cyclone and paint booth. This paint is cleaned from the equipment 
bcl()re a colour change. Colour .lohs arC usually ,cry small and there ma..,· he 2-20 
colour changes in one night. ColollT ch.mge lime and colour COnlammmion are 
sLgnificant concems. I' or this reason, the cleaning process is done as qUlckly and a 
thoroughly as possible, with(mt much concem j()r p<lwdCT wasted or hlown into the 
alT. When there are many very small amounts of work for many different colours 
«3kg pamt peT time), onl..,· the spray glin and exposed booth aTe cleaned and this 
takes apprOXlinately 10 mmutes. All the colours collected in the cyclone willtherej()re 
be mixed together in the reclaim bm and wlll have to be discarded. The manager has 
weighed-up the cost of wasted powder and potential paint recovery versus downtime 
due to c""clone cleaning, and has found that the downtime is more of a ConCern 
(especlally dlInng night-shilt). Cleaning of the entire cyclone chamber and bll1, takes 
approximately 30 mll1utesidean. and is only warranted j(lr longer colour runs where 
>3kg powder IS used 

For this cleaning method Ihe cyclone lS run Wlthout paiming. Opcmtors place a 
wooden board on the base of the lower diseharge instead 01' the rcclaun hin. ln this 
way the dust is hlown Olit to the atTTlosphere. In addition, compressed air is used to 
blow any powder stickmg to the walls or the hooth. while the cyclone is fllllling 
Some or the powder is blown lIlto the working environment. The powder In the 
C)'clone is blown out 01' the top air-exhaust and worsens the dust enllSSlOn problems 
(i.e. the dLlst that settles in the neighbouring area). 

When the powder ill the reclaim bm Can no longericanllOt he reused. it is collected in a 
box as 'dirty paint'. This is a mixture of coloured paims, and when it is full, it is placed 
in the oven to solidify the spent p<lwder. Tn addition all dliSt that settles on Ihe floor is 
swept up daily and collected for solidificatlOn In th,s way. The solid powdCT is 
dIsposed in the municipal bm for collection The solid pamt is not classified as 
hazardous in South Afhca. Onl..,· the dust lS "potential fhe hazard. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

_______ -""',""'P~""'.;"'-Ca,~ Stndy~_-=_ A P"w_'~r .C~"",",,"",. "",",",,",,,y _______ c'- I ~ 

The mass balance calculations lISed for ddennining the average annual paint loss are 
inch.lded in Appendix .E9. The results for estimated painl losses are included in the 
table below_ 

TahIr 5.8: Estimated paint luss hliloed On simple m310S balance calculations 

5.5 COST OF WASTES AND EMlSSJOllr'S 

A summary of the cost oflhe "aSles and emissions is included here. The 'lme' cost of 
waste forms an important part of the waste minimisation concepl, and Lllcludcs raw 
materials los1 in Ihe waste, the utilities consumed III generating the waste, and the 
treatment and disposal COSI of Ihe waste, amongst others. Determining the true Cosl is 
mainly a 1001 for raising awareness in the company, especially wIth regard to the 
economic value of minimising wa,tes. Part of the reason lor carrying out the waste 
minimi,ation assessment was to ddenninc the tme co,t of the wastes. 

The important aspect, behind d ~termlJling the true cost of each of th~ wasl~ s have 
been oCltlmeJ in Section 5.4 abov~. Workmg spreadsheets were used for all 
calculations and then linked to a summary spr~adshee[ to combine all costs. Th~ 

sunmlal)' spr~adsh e~t IS included in Appendix ]:;10. The r~ sCllts are prcscnt~d in a 
graph in Figure 5,3 below, 

liigurc 5.3 ,\nnual cost brrakdown for the wlI,tes/emissioDS from Company I 

' ;O m ,., . """ ,,, Co ot of W .. t .... m' .. "" 

. " ~",, 

~~".:.-~'. - ,-
-,"'''' '''' 
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Tnc paint was!Cs represent toc higocst expense and is for Joss of ruw m,lI<'rial only, 
The I'<'sulting l[UC cost or the dirty rinsc ... atcr is high sincc it includes the los.~ of ra\\' 
rnal~tia1s as "cll as the ,;c ... cr chargcs, These ",astcs are 1x,11i gcnerated continuously 
throughout tnc year, Thc spent chromate bath is. how<,ver. only gen~rated oncc pcr 
year yet is the third higl-..:st cost owing to ~xpensi"" disposaL Ink-mal tr<,mment eosts 
arc only notc"'orlhy fi,r the spent chrommc convcrsion bath, Toc total costs ,II'<' tak<'n 
into account in tnc evalumion and selection "ft"cus areas. 

Obviously the frequency of waste disposa[/(liseharge has an important effect on the 
annual cost. The high cost for the chromate alKl etch wastes. despite disposal only 
once per ycar. aris.<s mostly from tnc cost of disposal of thc 1l<1/.ardous sludgc, 

5. 6 /JRE-ASStSSMtJ\ 'T Rl:SVL 1;') 

The pre-as'es,rr-.cnt was th<, initiul investigation into the company's operations. w,lste 
strcc!lll.'I arnl emissions, ,lI1d involv~d tll<' collection of the ,Ibov<' d,lta, Literature was 
r<,vk:wed in ord~r to compile backgrournl information on process opermions. process 
technologies. and ~nvimnnl<'ntal impacts, On-site Itl,!-..:cti",], covered nll activities 
earried out on a rcgl.llar basis in the rcicvam part ortbe company, An initial tom o!'the 
facility "a.~ required to [onn a good picturc of how the company op<."Tatcs, More 
tlxHoughlc\clailed inspections Were carried Ol.lt during thc asscs.~ment its.<l[ 

5.6.1 Eva/uatioll OrWa,\'tes (/lid Emi.~s io/l.\' 

Tnc main activity of toc pre-ussesstn:Jll "as to cvalWltc tnc ,~a."cs and cmissions in 
ordcr to iocntif)' and select tnc focus arcas [Olr the a.~s.<sSlTlcnl phase, 

A pre-nssesSlTl<'llt of till: plant hud been carried out prior 10 the SUirt of this study ,md 
the focus ar~,IS filr till: a.~""SSlll<'nt had been seJccted ,IS the hexlwalcnt chrome in tnc 
w,lste\\'al~r and 11-..: lost po\\'d<'r paint (Ohliwayo, 1998), Ilo ... ever. a more 
compr<,hellsiv<, ~"aluati()T1 wa.~ carried out in lh~~ study as a check ,IS well as f(,r 
consist<'ncy of methodology in Ixlth oomp,mk:s, 
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The quantity 01- tlie \,aS1C stream, hanrdol.l5 nulUTe, costs mvolved, and waste 
mmimisution potentiul are the criteria taken into account in the evaluation This 
infomlation \OS compiled onto an evaluation table (the f(lrmul of the table is 
according to the chosen Tllclhouoiogjl. The Lahle is included in Appendix Ell. Each 
of the wus( ~s aTe aSSIgned pom!s fOT each of the criteriJ. The point system lor tlie 
evaluution criteria IS described in Appendix E12. 

5.6.2 SelecTed Focus Areas 

The ,amc roms areas were sc1c~t ed, hut the spent ~hrornatc bath and passivation hall, 
wastes were also included. The graph below represents the results of the evaluation 
for the selected waste streams. 

Figure 5.-1: Selected foeu, areas 

j .~ . ,."", , co.. , 
. ~" 

l . ",",., . ., 

1 ~. p .......... 

v ........ .... "'" 

Th~ graph indicates which arc the contrihuting factors (criteria) that lead to each of 
the waSles b ~ ing s ~l ~de d. The sollrces of these wastes and emissions were examined 
in mor~ deta,1 in the assessment. The evaluation res liltS for all of the waste/emissions 
ar~ mc llided in App~ndix E 13 

.'1.7 ASSESSMENT OF FOCUS ARHAS 

The objectiv ~ of the assessment was to obtain a clear understanding of the sources and 
causes of wastes and emissions in the focus areas, resulting in the identification of 
improvement options. It involvcd a detailed study of the focus areas to establish as 
many possib I e sui labl ~ wastc minimisation options. 
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Activities induded: 
• Gathenng addttional data, 
• Closing mass balances where possible, which riXjuired monitonng programmes to 

review pmcessing conuitio1l8, anu to 4Clantify lo,ses or emissions previously 
unaccoHnted for, 

• Generating waste mlmmisalion options, 
• Screening and selecting opt[()ns for further study_ 

The generation of waste m1mmlsation OptiOn8 fOnll ed the major pan of thc waste 
mimmisatlOn asse5sment and in some cases required calculations and measurement, 
to test alternatives, The activities required for generating waste minimisation option5 
are discussed in Appendix £ 14, 

While theoretical waste mlDlmisation opportunities have been identified £i-om the 
literature review, an attempt to assess applicability and cost-effectiveness of selected 
option5 for 8pecific 8ite conditions has heen made Clsing the results of the assessment. 
The details of the assessment procedure and fmdings, as wcll as the identilied WaSte 
minimisation options for each of the focus areas, are uescribeu below_ 

In additIOn, each of the iuentified options 15 evalClated hndly a5 to their teclmical, 
economic and envilUlUllental feaslbihty. 
• Whether the option fits in with how the company is mn. 
• Estimated techlllcal fea5ibility, availability and previous SHCCess of technology_ 
• The environmental cJfOCl: reduction of amount anU change in composl1ioJ1 of the 

waste stream and any possihl e side-efkcts on the en\·;ronment. 
• 'Whether 11 can be justified economically lor the company_ 
• AvaIlability offinance, 

Th08e oplion8 which required Slgmlicant lDvestment were analy8ed 111 more uetail 
than simple procedural change options. The feaslbility eVahlalion cnteria and 
checkli8ts Me outlined in Appendix E I 6. 111e evaluation for each option 15 di8cussed 
for each focus area bclow. 

5,7.1 Dirty rillsewater 

5.7.1.a "rnhlem Statement 
The nnSe water is dischMged to sewer witholl! prior treatment. The main concern for 
the uirty nnsewater is the hexavalent chromium exiting to se\ver without treatment. 
The source of this Cr(Vl) is the chromating solution which is draggeu into the 
rinsewater during processing, Cr(Vl) in the 8ewage worb is a problem in that 
biological waste water treatment systems are not suitahle for the hexavalent lon, and it 
wJ!1 pa85 through withoCl! !reatment. Cr metal may poison the bacteria, though 
activated 5ludge reporteuly can tolerate up to 50ppm of chromium withollt undue 
inhibition of the bacterial activIty (Kirk -Othmer, 1995). ChromIc acid has been found 
to retard the digestion proce55 at sewage plant5 at relatively low concentrations 
(5ppm). Further detail regarding the envmmmental effects of hexavalen! chromium 
Me included in Appendix E3. 
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"1 he quality 0( Ihe nn~e"'n l ~r ~)(t..cd.s pi [ specification.> for the proces5 wllhm a 'w<:l , 
and kads 10 Iht re..lull"(ment for "·«kly drolining each oflhe balhli . "I hili md,catCii 111.11 
the dr~g-(lu l uf Ihe al ~ ail .'tdl ~nd acid desmu tting: wlu(ions .s also a pmblem. 
AnOlhol' small cont riblltion 10 n n"",wale, contamination ,5 that small amounts of P.llnl 
dust ~'1lkj; in the b.lths over the week r or quahly "'a"<;(1:IS there shuuld he nu powder 
.11 all .n Ihe halh_ a$ a <.Jl1.1 1l amollnl can spoi l lhe con~ers"'n coalmg cha'Jctensues 
(Uiuenbmel_ 1t)9Q) . 

5.7. I.b i\5Sf~,mrnt(;o"l 

The pnnl:lry a.m was 10 1./~nL1fy oplions In minim.se Iho ('1(\'1) conlCTlt of the nns~ 
baths at :;Oll l1:e, An 3dJ ihnll3/ a,m "-a~ \0 Identi fy opuons 10 In'mln'S<:' Ihc drag-Ifl 
Ii-OIn all pTlKCliS balhs. \\'1111 ~ihihl1t'" In enncurrcml y reduce walcor consumption. 
"1 hc-reafler to Ill' eSlIg:Uc I r~;lI m~nl opt ions_ and n COn a closed-loop rin",,~akr ~} ~Iem 
III addition I" uW Clitill .. 1le opnons f"T p""Cllhng pmnl dust from seltling III the pr~­
In;"tmcnt arcol 

J Ol"il.",jor drGg-01II r.-d,~("fl(j". 
Dr~S- "I\I is 1101 easily r.onlmllcd al pre_'""--]]t as the pme-css i" manually oper~ted ~)lIi 

J"~g_ "ul Ihorol"fC Jcpe ndJ significant i} on th ~ operator nw current mGthod 10 
imp'"Q\,e lht" SJ'~~d of dr~s-o ul run-piT is 10 shake the bar atlached 10 the h~,~d 
rn~nu~l1y. ·lbc degree ofrt"1 unled n ll1 -o If "f pmcc~s solution dCPGnds on the ability of 
Ih~ op~r~I'" Il' mnnOCnVfC th~ bnsKeI. 

A b~in>lCllll ~S5'cn ,Jcnldi.-d .. mdhod thaI would allow for ;1l1proy~d C'lIltml of 
dr::lS -o\1t re..illc;wn. "h,!e ~t thc "..,I1C ti",e IIlnealiin!, IhG spe<:d of the n on--uff 

A dlag.ram ofi.h'~ Opllon IS mdud.."d In Figure 5.5 below. 

Fil:u re 5.5: Di~ il.r~m of opt j"D fOl' o.I ,· a::,-ou I n .... uelion Ih rouil.h di.·rct d r31!...('u I 
n-turn 

. I K., ...... '":"'.'0't ..... , -
... ltl 

" .. ,~:;';,-~-

] '";";.~: .. " ... ::-.--. ...... .. ,' ., . ~ ...... 
".~ .", 

., ..... .. . . l L-
=.::;==:::;c-;~ __ -D ''' ..•. ,,, .•.•. , ,., ". 
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The meth()tlls as foJJow8: 
I. After the load has been withdrawn Irom th~ pmcess hath, attach lhe har exlendillg 

from One end of the ba8kel to a chain whIch is Jomed 10 thc end of the process 
hath. 

2. Raise lhe load above the bath. so that the basket is tilted and the drag-olLt ~an nLn­
off more effectively. 

3. Once the dripping is 110 fm,ger visible. lLnhook the ~ham and mOve the load 10 the 
nexl halh. 

There is a neellto raise the a"areneSS ol'lhe crane operators regarding Ihe effect of 
drag-out and the need for drag-out reductioll The manager bas mdicated that the most 
efkctive means of domg tIlls is to mcIudc specific drag-out reduClion illstrudions In 
the operalors job-description. This new method will be incorporatcd as new 
pmcedme, and will require millimal lraining. 

Tills oplion IS simple and readily technically feasible. A llisallvantage is thaI the 
illcreased dwelling time could result in increased prodlLdion timc. Howcver, this is 
C(llmtenlctcd bj' llsing adll,tional baskds. Pmnting IS the rale-detennillillg step for 
production an<l pre-tr~alme111 can h~ a(bpted easily to sui1. At present, paLilting 
production is sufficiel11ly low to allow for only 3 baskets to bc pre-lreatcll al a time, It 
is posslble, however, to havc lLp to 9 baskets (I lilr ea~h balh) in ll~e at a time. The 
factor), pre>;ently has 4 haskets, and It is likely Ibat o11ly lbe 4 w1l1 h~ needed. If 
productioll mcreases signlllcanlly, the company can purchase an additional basket 
wilh availabl~ finances, 

The oplion involvcs a simple ~hangc m pmcedme, wilh lhe mitial in\'eslment C081S 
hemg Ihe Hlsla]lalion of chains lor allachmg each halh to Ihe cralle, and operator 
traillillg. The cost of the chains is millimal (-R250j and can be incurred immedimely, 
The training ~an he ~amed oul hy the manager during working hom8, anll the time 
taken should, III dlecl, he minimal General waste minimisation awarene8S tnlinHlg is 
a recommended waste mminllsation optiOll for all focus areas. ['he saving8 Ln terms of 
raw materials, depelld on the achievable reductioll in drag·om. If it is assumed thaI 
70";', reduction is possible, then the savillgs in loss of chemicals to rinsewater amount 
to R5,800iyr, .A.dditional savings include the possibility of reduced sludge build-up 
throllgh reduced drag-in of one process chemical into another proceS8 bath. Sa"mg8 Ln 
waler usc may be achieved through reduced need for bath drainillg as w~ll a8 rellll~ed 
rinse Jlowrme. 

Thc environmemal erfect also depends 011 the achievable drag-om reduction. If drag­
om is reduced by 70~"" thell the initial drag-in of chromate into the 4" nnse bath will 
be reduced by 70"/", The pre-assessment determmed the average concenlralion of 
Cr(Vl) in each rinse bath, The exiting concentration would lherefore be reduced lo 
between I and 1.5ppm Cr(VIj, alld the highest concentration in rinse bath 4 wOlLld he 
arolllld 4ppm. This would have a significant improvemelll on the treatment 
reqlliremeills of the rinsewater. III addition, Ihe concentratiOll of ac[(iic and alkali 
contaminants Sh(lllld be reduced by 70'\\" thereby possible reducing the fre'-juency of 
dllmping, Or alternatively the rinse llowrate can be reduced, Of course, this reductioll 
Hl rinse !lownlte will dcpelld on the aemal resulting decrease in drag-out. Once the 
drag-ollt redlLdioll OptiOll is ill place, tests may be perfonned with regard to possible 
decreasc Hl rillse water Jlowrate, while still leaving room for improved rinse 
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cfficlcncy, As a conscrvativc estimate, and for the feasibility ev al umion, the potenllal 
for decrease in rinsewater Ilowrate associated wllh lhe e~pected drag-out reduction, 
may be aS~lImed 10 be 25% (R6.000i"T), The feasibility evaluation of this option i~ 

summariscd in Appcndi~ E22 (Option B 1.1 I). 

TIle ]n.>lallati on 0 (. flowm et ers to monitor r:nsewatcl' usage is recommended. The~e un 
110t reduce water usc by themselves but make the operator aware 01" lISe rates and hell' 
idcntify specific locatlOns of exces~i\'e wat~ r lI~C. The ]I]vcstmen! cost is w] lhm the 
company's flllancial abihty. "hile the pay'lack period depends 011 whethcr problems 
arc identified and savlIIgs]n waleT-use arc achieved. 

Wl1ether water ~a\ing~ arc achlC\ed Or nm. th~ low co~t of lhe option and the 
combinalion of OCllefilS wake the drag-out reducti on option immediately feasible and 
it is recommended to be implemented as soon as possible. ThereaJier, test~ may be 
pcrf"mlCd to delemline the aclllal decrease m drag-(m! achw, cd. 

n>e probkm of the ("r(VI) content, though significantly reduced. IS however sli ll not 
solved. In order to red uce Cr(VI) content of the continuous now rinse water to an 
acceptable limit, the drag-out of Cr(VI) would have to be rcdlIced by 99% Th]s i~ not 
fl'a~ible. lInle~s the U.>e ofhexavalcnt chromlllm lS complelely climinaled. Th]s ',,]uld 
Te'luire the ~lIbsti 11Ilion 0 f the chromate chenllcal wJlh a chromc-frec al1ematlvc, This 
option is discussed in Section 5,7.2 bdow, lhe drag-out reduction option is however 
the first st~p. a~ It wdl minimise the drag-(mt o('whmever altemativc chenllcal i.<, lI~ed 
and Ihereby mll111n1Se TaW walcnal losses. 

Op/lOm jiJY mm""i.l'II1R paint cOJl/mmJla/lOn (~( rin.,ewm£r: 
The du~t that ~ellles ]I] the baths is not high. blIt can have a potcntial e(Tect on the 
'luality of pre-treatment The manager docs not believe that preventing the paint from 
en tering th~ baths will r~ sult in lower frequency in bath drains, as the chemical quality 
o('lhe baths lS the primar)' ractor. Any oplion to mimmi.>e paint dust ~etlling in the 
pre-trea!menl baths would llnmlve physlcal separalion 01" lhe painl area Ii-om the pre­
treatment area. An option would be to provide lids for tbc baths when not In use. 
Howcver these arc not an Innpcnsive investment a! -R 15,000 (workings in Appendix 
E22 Option 135-4) and "'ould not prevent the dust that settl ~ s dlInng the day~hili. To 
redesign tbc working arca and construct panilions belwe~ n pre-treatment and paiming 
would be a much higocr expensc at -R40,OOO (estimated by the mallager) (worhng~ 
in Appendix E22 Option 135-5), as it would involve movIng th~ pre-treatment ar~a as 
well as installing panitions. Savings ][] e] th~T cas~ ar~ n egligibl ~ and therefore these 
options are not feasible fOT the factory at pr",~ nl. 

How~ \'~r, mOSI 0(' the airborne paint r~ slIlts from inefficiencies in paint application. 
Options to improve tbc apphcalion efficiency and mlrlimise mcrspray would reduce 
the amount of paint that scUles 111 the balhs. The.>e options are di~ClIs~ed further in 
5,7.4. 

S.7.l.d Tnatment Option> 

Conventionalklosed-Ioop [rralment: 
l'be conventional lreatrn"nt option w(mld rC'luire the mstallmion of a series of tanks to 
Tcducc (CTo. to Cr"), bbld, rais~ the pH and precipimtc (Cr)· as hydroxide), settle 
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and separate the resulting sludge. This treatment sludge would then require disposal as 
a hazanloll.." was(c. In addilion (0 the exIra workmg space re'l"in::d ror [he treatnleJlt 
section, this option would reqUIre a SlgJlifican\ mvestmenl for the company as well as 
incrcasC{i operalillg costs. Owing to the fillancial constraints of the company, as well 
as the lack of additiollal working space, this option is not economically feasible tor 
the company at prc>cnt, especially since the current method of discharge to sewer is 
effectively 'frcc' treatment ofthc Cr. The option would only become feasible jfthc 
regulations and Cl]forccmcnl of the regulations for Cr(VI) lrealment were (0 become 
far more stnngent. Howeyer, the company wishes to counteract this posslbJlity by 
changing 10 a chrome-frce conversion chemical hdorc the neW regulations are in 
place. 

InSlallalion of a complete closed-loop water treatmelll system is a possLble long-term 
oplion, ami will depend On the compos]tion of the selected altemmive conversion 
chemical The feasibility of this oplion w1l1 also depeJld on the future incre~se ill 
water costs 

5.7.2 Chromate COnl'ersioll Bath 

5.7.2 ... Prohlem Statement 
The chrom~te conversiOll coatillgs cOlltaills hexavalent chromium which offers many 
advantageous propenies. but is considered h~zardous due to the compound's toxicity 
and suspected carcinogenicity (mOle detail regarding the hazardous nature i. included 
in Appendix E3). The chromate conversion bath is the source of the hexavalent 
chrome In the diny rinse waler. In addition, lhe spent chmmale bath requires special 
treatment resulting in a h~z~n!ous sludge that is expensive to dispose. A literature 
search revealed that this is a well-known problem tor powder-coaters around the 
world and that mw:h alternative chrome-free conversion cOaling chemicals have been 
developed. 

5.7.2.h Assessmen! Goal 
The assessment goal was to identify an environmelllally acceptahle and cost-effective, 
chrome-free alternative conversion treatment with the perfOlmance of chrome that 
could be used in Company 1, In addition, the alteIlliltive needed to be commercmlly 
available in South Africa, 

5.7.2.c As,essment Results and Discussion 
[t waS found that many altemative materials have been <.leveloped thm can be u.sed 
with an existing (or modified) conversion coat ing process, and are less tOXIC than 
chromates containing hexavalelll chromium, In general, the processes u.sing lhe 
alternative materials substitute the ion of the altcrnati\'e 5IJbstance for the chromate 
ion. Allernalives arC based On components that are eitheT similar to chromates in lheir 
hehaviour or arC known to offer high corrosion resist~nce. 'fhese mclude lrivalent 
chromium. metal oxyanion analogues of chromates (e,g. pelmanganale), rare earlh 
metal salls, complex transition metals. or organic systems, 

A snmmary lable of allernativc:l was compiled from the liter~ture and prcxlilCt se~rch 
[t mcludes a brief description of each alternative, advantages and disadv~ntages 
relative to chromates, as well as intormation on availability of prcx!ucts. Although 
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there are mOre prooucb a,'ailahle internationally. lhCls~ included 1ll lh~ (able ilr~ SQme 
of the more commonly used products for wInch lllfonn,l(;on was ilvailablc from 
suppliers. The hexav,lknt chromale chemical is included for comparison. The 
summary table is included in Appendix E14. 

Analysis ()f A 11cmmiw Ol'li()!!s 
Tile product examples (included ill Appendix E14) lhat arc commercially available. 
have been rated to determine how each compares to the existing chromate cbcmical. 
regarding techmcal (proeess requirements and perJonnance), economic (relat;"1l cosi), 
and envimllllenwJ (waSl~ generation, lre,llmenl ,md (iisposal) f<letors. Th~ filling for 
each factor is very broad as it is iniOrClation available for each prodlLct ,aries 
conSHlerably. Il [s as follows: -2 (much worse), -I(wors,,), O(sameJ, libeller), 10 +2 
(milch bett~r). The summ,lIY t<lble IS pres~n(ed m Table 5.1 0 below: 

Table 5.1 0 - Comparison of altern alive chrome-free products 

Produ<! Technic.! Ralin~ [",no",ic R.:t!in~ , 
;::;; I 

", I " , , 
~5. m i· .~ '\' i1ulUn<nrally : ("la,",,) sup<rwr (0 m I , wah lower 

woste disp<J"l COC(,) . I, ,--
Ch.mi(:.l C ~ , llewer .;"'ge" ~, (,he.pOT 0"0<>11 , 5 
(organi(:) S1mpl<r to ope,..,e with process ,nd .. cry low , ," t n( ;[S)-._-_. 
Cll<micai G " 

, 
;~ I 

.. , 
(urg'llLc) .. . --_ . 
Cll<mlcoi , (Ti " (Simpk' th.n -u (,ho.per ~ II". ",,"e) " ,nd fiuor;no,) chromate with ; pm;:e» ,nth lewe, 

cOjJlp. mb i< ,,,,~e> .nu &T·o leo, 

rf~ru"'",,!L. i ;ludge dis"",";) 
~-

Chemic.1 D ", -0 5 (,.m< proc<" ! -t.5 (,ho'per ["ouu,-, -t (k,.;to,,;,-) , 
.nn fiLlOl'i<l<,) , , , ne.rly ,~ 10" ,lunge (i,,-

, 
-- _. 
Chemical , 

"' I,am' pm""" ; +1 ~ (' TU I tox",) , 
(p<rmong.not<) 'O~nl"'men", TlCIITi< ,h,mnolt but wlthuut ,,, 

, ~ ;,,";::'" ': ,:; J Chem;c.l I (no· 
rin. e ,-h,m"."') ~~-~m"'nce, ~<w.;: ~~·~n'l'~ L ,hom,",I, 

,[age,. but mllCh more i ,,,mo n"po<al but .. '" 'hll .'pent both) 

. connol) III 

The result appeilr., to indicate that the silane-based product wOlIld be Ih~ preferred 
option for Company I. The main advantage of lh~ sil,me-option 1, lhill [I is the one 
alternative whieh offers superior p<'rfornla"ce 10 chn)l11iues. In addition, [I docs nol 
appear io contam any heavy-mcials or other components of concern, How",er. at the 
lime of lhe researeh the product was not a\'mlabk in SOllth AlTiea, and Ihe 
manufacturers C()LLld not conJiml whcihcr it would be in the near f .. ture. The 
remaining products w~r~ IhereJQre lllv"stigated fwther, 

Orgamc·based ,illemali,es appear to he thc next preferred option in t~rms or o,'erall 
pcrfomlance, It was IQund th[()LLgh contact with lh~ sllppli~rs dir~ctly, lhat Chemlcal 
C is not a\ailable in South Atfica, or likely 10 be in lhe Ilear future. Ch~1Jlical G l' 
il\'allable from an international supply-hoLLS" WhlCh ha.' a representative in South 
Arnca. However, at the time of the research, the local supplier was not able to supply 
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th" product as it hau nol yd been approveu for Ihe South African r"presentative. 
InfolTIlation on the produci from thc mtcmutlOnal supply·llOusc was not obtained. 
Chcmical F (bascd on fiuotilanak) has toc Same South African r~presentativc as 
Chemical G (supplin 5). The consideratl(ln.1 are thnd<lrc as filr Chemical G. but with 
the adul-d fador that 11 has a lower overall raling UlUn Chemical G. 
Ch"micul D is available from th" current supplier to Company I and could be 
supplied lmmediale ly_ lnfimnation on Ihe product was readily available ~nd 11">:;: 
supplicr was ahle to dctellllinc thc product's fcasibility for usc in Company L Thc 
findings from thc dctailed fcasibility study for this option aT~ jnelud~d in Appendix 
E18. 

rhe option was I,llmd (0 have comparable pcri,mnanc" 10 chromates. 11 appears to hc 
(echmcally simple and ha.' polential for use in Company I at similar to lower cost. 
The main bcnefit IS thc climination ofCr{VI) in the \vastewatcr. and (hat the rcsulting 
I'astel'atcl' \vill not rcqUlre trcatmcnt by regulation (Zr is not controlled). The spent 
bath will still requir~ tr~atm cnt and disposal or sludge, but at sigmlicantly r~duceu 
hazard. The managerofComp:lIly I was I'liling 10 change to this oplion cvcn ifonly 
as a shon-term option until sliane-ba.<;ed altemative~ became available locally. The 
product rcqUlrcd appro\'al from thc paint suppJwr beforc it could k used, as the pamt 
supplier backs Ihe quality guarant~~ I,,, CumpwlY I. It was l'lUnd at a lute stage of 
the rcscarch (hat thc paint suppher only upproves of chrome-fj-~e products \vith 
'Qualicoaf approval. 

Qualicoul is a quality label for wet and powder coating> de~igned I,,, alummlUm useu 
m buildlllg applications. rbc regulullrJnS define specifications for the coating and 
coated end product that havc to be mel in ordcr to obtain the quality labcl. The proccss 
of oblaining Qualicoat approval invo lws approximately 2 years of testing. Tht: testing 
for Chemical D by Qualieoat has bcgun, b~t still requircs another year. Owing to the 
strict quailly requir~m~nts f,,, Company I, lh~ option 01' changmg 10 Chemical D 
cannot bc consldcr~d until tbe Qualicoat approval IS obtained. 

Qualicoat approved pro(/lIrls uvai{"h/e in Sowh Aji-ica: 
Thc most-r~c~nt list of cb emical~ tbat have Qualicoat approval was oblain~d. Th~re 
are a tolal of 14, and include Chemicals F, Hand 1 from above. 

Chemical I is not chrome-1i'e~. bUl is a rinse-trec option. A data ShCd lor Chcmical I 
,\as obtain~d from thc local supplier and initial investigations indicatc that the process 
control rcquircments arc very stringcnt. Although there arc watcr savings and 
improvem~nts associat~d with elimination of both thc Cr(VI) wastewater and the 
pas~lvation bath, therc arc altemativ~ disadvamagcs in that tbc proecss baths and rinsc 
baths Will r~quires deminnaliscu I'aler [or mak~-up. In addition the paint dust whicb 
sdlles inlhe balhs cannol b~ tokrat~d and will have (0 k eompldely eliminatcd. This 
would. in effect. require separalion of UK pamt and pre-tr~a(ment areaS. Thc product 
lS almost 5~ more expensive than the e"sting chromal~ ch~mical and operates at a 
higher concentration. Th~ bath still conlairu Cr(VI) and whcn spcn( will still rcquirc 
special (r~aUnen( anu disposal as a h;v.:lrdous waste. This option does not suit 
Company 1 and the manager is only prepared to consider (his option as a last rcsort. 

How~vn, rec~nlly lhe supplier Oflh~ silan"-bas~u product (Chemical H) has mergcd 
wl(h the current supphn (1) 10 Company 1, and il app~ars (hat lhe produc1 I'ill 
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therefore be availahle lor Company j from its exi,ting ,ul'pliLT. SllppiJer 1 lS m Ihe 
process of investigating this product and it is cxpcdcd that Ihis pmLillct wJii he 
available within n year. In addition 10 the infomla llon on sliane-sys!ems m App"ndix 
E17, l""rlhLT invesligation regarding !,,~hmcal aspe~l5 of the product have been 
undertaken hnelly_ Tl was found thal the prOOLlCt is being used sLlccessfully on 
archlleclural Al in one plant in Spain at present. Treatment requires simple 
substitution of the silane product in place of the chromate, however. the silane bath 
rcqUlIT' heating to .. SoC FllTthcr, It n"lum;s vigorous blow-ofr of silanes (lL>lng 
cornprc>scd air) arler cxtradlon, ami the Ideal final (paOSI\'aticm) nnse is with 
demineraiJsed wat~r It app~ars therefore that the rinse after the conversion coating is 
dlmmated, whi~h j, a 'ignificHnt L"vironmmtal improvenlent over the n isting 
Cr(Vl) ~ontaining wastewater. 

The cost of the chemical IS unknown at present, hut IS nOI expected to he too h1gh 
oWlng to the low concentration requirements. \Vaste generated is small amOllJlts of 
mainly condensed silanes and unused fluotitanic acid. The silanes adsoth onto the 
sludge in conventional treatment and do not interkTe with biological processes (Child, 
1998) 

This Chemical H will be available for local testing by Company I m the near fllture. It 
is likely 10 be atica,t 6 months before the fea,ibll11y for llse m Company 1 is known 
ac~umtcly. The product docs however have 'Quali~oat' approval and lS lhere fore 
acceptable to the pamt supplier, and the qllalily rating system The requiremenl for a 
demmeralised-water final rinse would be the same for any of the dlronle-free 
altematives and would need to be installed in any case. Changing to the new system 1S 
therefore expected to be relatively cost-effective, owing to the fewer number of 
process steps and the reduction in waste·d,sposal costs. However. this calmot be 
stated conclusively. 

5.7.2.d Rerommf lldation 
The pTOblem wnh changll\g to an alternative when it is the primary '1uality­
dctcnmmng pre-paint suop in the proce"" is that the risks involved have 10 be 
th<:lroughly Imestigatro and teslmg takes a long time. Since the company relics 
slgnificantly on lts SABS approval and guarantee, il cannot afford to make changes 
with lower perf01111ance. The options "hich have been available for a few years in 
international markets are he~01nlJlg avallable lo~all y now as lhe supply houSl:S form 
alhances With other South Afllcan sllpply houses. It may be possible that many other 
alternatives wlll be~ome available mlhe near fllture. It lS re<;ommended thaI Company 
I conlinue with the investigation into the 'Qualicoat' approved altemalives. 

The company manag~r is determined to change to a chrOn)e-fr~e option as soon as 
possible, and if Chemical D achieves 'Quahcoat' approval w11hm the year, it is a 
feasihle and cost-effective intenllediate option for the ~On)pany. However, al pre,enl, 
11 appears very likely that Company I may change to the silane-based option, thollgh 
thIS depends on the re,uits of the product testing and the feasibility evaluation for 
sUllahility at Company I. V.'hether it will be cost-elfective and hence feasible in the 
case of Company I depends to an imponant pan on whether the company wlll be 
forc ed to treat Cr(\il) containing effluent in future. The benetlt of being ahead of the 
competition in anticipating the need to change 10 an environmentally-ti;endly 
altemative whilc still maintaining quality cannot be ignored. Jt would be ideal, if the 
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eon~uny could change to chrome-free in the new ye~r, as this would meall the 
existing chromate bath, would be the last r.:q uiring dis!,os.aL 

In the ~an(ime lhe impk;menta(ion of lhe drag-out r~duClion option will significantly 
reduce the Cr(VI) in the wastew;lter. [t is UlOst likely that the eompmly will hav~ 
changed to d1l"0me-fr~e option hd0r~ lh~ regulations r~garding Cr aoo ('r(VI) o.,come 
more stringent. 

5.7.3 Spelll Pa.u-il'Ution Bath 

S.7.J.a l'roblcm Statcmcni 
Since the qlIality of the msl-prevention is vcry important for SABS approvaL the 
pas~ivation bmh needs to be maintained at a high quality, and is Iherelore drained and 
rdill~d w~ddy. The hath is di~harg~d to ",wer without tr~a(ment or the ~penl 

solLllion. The 100al Cr content of the pa"ivalion halh is well alx)v~ lhe ,"",wer limil. 
m-.:l the eoment is~90% Cn:Vl). In addition the bath is heated m-.:l therefure m a 
len1K'rature of around 50"e on di!'.Charg~. 

5.7.J.b A,sessm"nr Goal 
Since th~ company i, aiming to diminak \l..., u'"'" 01" chrome in the conversion 
Ireat~nt. they wOLlid lik~ to ~liminale tl..., chro~ in lhe pa-;sivation haths as wdl. 
Most of the chrome-free options recollllJle"lKl a Eml ~eal rinse of demineralised wmer, 
followed by heakd drying. There arc chrome-free chemical based final rinses 
available. but not with the pcrformm"k:e of chrome. The company suppl~r has stakd 
that the best ;Ilternati,e to ehrol1le fi..>r fInal rinse is demineraliS<.'<.l wmer, as it is in fact 
an improvement on the perfimllanec' of chronIC. ]"]lC u'" oj" a d~mi""raliscd water 
rmsc III combination with some other changes in the paim-pwees,- ~a[l in-fact 
l1lcremc the ,!Lwlity i!-uaranlee of (he l'ni,l...,d product by a li,rtl...,r 10 year, (15-25 
years). 

Dernincralised waler a;; linal pa"i"31ion rin", is commonly used in Europe. both with 
dm)mak and non-dlromatc conversion coating systems. During the indLl5tr} surw") 
in Chapter 4 it was revealed that a ver)' new large powder coaling ~ompany in South 
Alrica uses a demincralistd wat~r lina1 rinse su~cessfiJlly. Th~ rin"! requires 
contumolls addition of demiileralised water to maimai.ll the quality which is Ocing 
continllollsly lowered by drJg-in from tile prior bath. It is therefore cOIL~idered 

impractical to heat Ihe rinse water, and lhe 'y't~m needs 10 0., us~d in ~onjunct~>n 
with heated dryin!,. 

n", aim or 1m, a',"","~nl was tm,r~ror~ to dettmnne the rC<luirernents lor and 
feasibility of installing a d~mineraliscd wm~r linal rin",. 'llld lhe accompanying 
heakd-dryin~ area at Company 1. 

5.7.J.e Assessment ,""sulls 
rhe mains water UI Company 1 was analysed to determine hardne,s, and COIJduclivily. 
The results are inelud~d in Appendix El 9. Total hardncs..~ is at 60 ppm which is ~)w. 
as generally water «300ppm is considered 'sotL Cor-.:luctivity is at 120)lS. TIlC 
hader;a content ,,·as te;ted by the equipment supplier and IOLllld to oc ,uJlieiently ~)W 
not to r~quire a trV cell prior to t)..., d~miileralisation unit. 
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:5.7.3.d Tcchnical fca,ibility of Waste :\Iinimisation Option 

Dcminrraliswwn unil: 
A qlLote lor a pot ential dcmincrallscd w"tcr uml h"s hcen ohtained Ii'om a local 
supplicr. The dcmincrali>.ed b"th cannot he st"tic and re~uires implementation as a 
COl\tmuous re-circulating treatment. 111e ~ystem olTered comes as a complete unit 
containing thc cation and anion resins. The unit recommcnded for Company lean 
treat lip to 1500Uhr. For a 3,700L hath, thIs will mean at least:2 tU!1lovcrs of bath 
vollLme per day (:2,5hrs to fill tank). 

The water to be treated requires reduction in conductil'ity from -120>t5 to <5f'S. The 
drag·in from the previous rinse "ill contaminate the bath ovCr timc. therchy 
increasing conductivity. A conductivity mctcr is lllc1udcd as part of the ~qUlpm""'l, 
and the watcr drip-off from p"rts will be tested for condll<;tivlty as they are ",ithdr"wn 
from the demineralisation step, When the condllctivity of the drip-off reaches lOf'S, 
thc resins will rcquire regCllcratl{}]] It is cstimated that up to 80,oooL ofwakr can be 
treated before each regeneration, 3hrs is required for automatic rcgcncration of the 
resins using 25L of 30'%I\'aOH solutioll (PH 10-II) (R280), and 25L of 35% Hel 
(R250) (pH L'i), The regellcration effluents will combine before discharge to sewer 
alld effectively neutralise each otht'f , Therefore, no treatment of thiS efl1ucnt is 
re~Ulred, and it is not considered haz~rdous, Frequcncy of regcncratlon is lLnknown m 
present and will depend on prodlLction. Rcsins will require replacemcnt after certalll 
operating time dependent on load over time, It is cstimated that this will be only alter 
10 years. 

Drying oVen. 
The alr-1Cn1pt'fature drylllg r"cks will he rcpbced with a special drymg oven. The 
proposed design is to install an additional tank which is heated using fans and 
electrical elements mounted at openings on the one side. The tank will be enclosed by 
" folding "lid." Thc required temperature is around 70CC (though this mIght dcpend 
011 the COnVt'fSlon coating), and electrical c"hling alld control mSlrument cOllncctions 
will be required. Drying hme may be reduced from 2hrs 10 5 mms per load alld the 
sp"ce for the drying arCa will he reduccd substantially. This will [rec up floor space 
and speed up thc production ratc making the proccss morc efficient. Decreased drying 
timc will also mean less tmle for contaminants to build up on the coating, The 
working area will he clcaller, and sp"ce will be ,",'"ibhle for installing other 
equipmenl such as the demincralisatlOn unit or a dust JiltratlOn unit. 

The operat"lll of both thcse units is technically simple, "nd hoth can be relatively 
easily inst"lled m the f"ctmy. The potential risks are with thc control and operation of 
the demlller"hsalion unit. A signiJicant amount of prc-testing may bc rcquired to 
dcrermine optimum c.onditions. This may be donc quite simply once it is kllo"n what 
thc allemat've conversion eo"ting chemical will be, 

5,7,3.~ Economi~ F~asibility Fea~ibi1ity of Wa,te :\Iinimi!;ation Option 
The investment costs for the dcmineralisation Imit and drying tank have been 
eSlimaled at R38,()()() and R20,0()() respcdively or R58,000 in total. Thc "orlings for 
the fe"slbility evaluation are included in Appendix El2 - Options 86-1 and C3-l, 
Estimated operating costs for thc demmeralisation unit amount to -R5.500/jT above 
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th.e co,t of the wat~r (water volume is cxpected to be the s.ame as for passivation rinse 
at present). Operating co~ts for the drying tank are primarily il.)r electricity and 
amount to -R5.800i)'T_ Saving' in passivation chemical and heating orthe pa~sivation 
\xltb amount to -R1.200/yr (thougb if th.e ,ii3lle chrOlT1<e-IT~~ option is ",iect~d. 1I", 
bath h.eating will Ill' transi"rr~d to t"" mnversion bath). 

At pre"'nL costs outweigh !;'1yingS, ho",ever, the changc to chrome-free conversion 
coaling which i, required in combination ",itb this has potential future savings 
associated with it. HIe chromc-tree option chosen will have to have reduced overall 
costs in ord~r to make the in,tallation of thc demincralisation unit aJxI drying tank 
~eol1Omicall)' feasible, Potential S.1vingS connected to the chosen chr<Jme-free option, 
including reduced !J;lZardou, ,iudge disp<J,a] ~harges ar~ -R3,400/jr. as well as 
p<ltential 1,[tlLfc savings through elimination of wa,tcwater tremmcnt n.;quiremcnts, 
though these ar~ dillicullto delermine, Other sayings related 10 improved production 
time from shorter dl)ing time. depend on the production fJte, As concluded for the 
chrom.;-Ij-~e option itself. whcther this investment will be economically fcasible fur 
the company and hence enst-effective, depends signiflc3lltly on whether tfle enmpany 
",ill be forced to treat its Cr(Vl) containing effiuent in future. The manager belkves it 
is prmknt to change ixfiJre envirOl1lnenlal regulations hecon", a problem. 'Ilre 
investment cost is high. but is within t"" long-term fm:mcial ability of the company, 
and has bendits in setting the company ahead of its competitors in the future. 

5.7.3.f En,-ironmental Evaluation of Waste Minimisation Option 
rhe regeneration of resins will result in additional effiuent, but the NaOI-l and Hel 

Vlfill neutrali", ~a~h oth.er and rna)' simpl)' ~xit to >ew~r. Tl"'r~ will I>e an increa", in 
electricity requirement>_ Howe\'er, t"" Cr(Vl) to >ewer from the pa"ivalion rin>e (and 
the mnvcT:'<ion coating wastc\\aier) will be eliminated. Th: overall result would he a 
,ignill~ant deL'rease in h..1/11nlous nat ure_ 

5,7.4 Paint wllste 

5.7.4 ... Problem Statement 
] he airborne powder paint nO! only s.:ttles on neighbouring buildings and cars, but 
Clm also he an irritant in lhe ""rking environlllt'nt b)' s.:ttiil1g in lilt' pre-treatnlt'nt 
haths and products wailing to he painted. thereby all"C[ing qualit}_ The paint \\aste 
also represcnts the highest waste cost for the company as paint is the most expensive 
input material for the process, ,md an estimated 10% of tOlal US<lge is lost through 
pr(X:~" inellicieocics_ Figures obtained Ii-om the powder mamdacturer ;'ldi.:;ate that 
the loss shoukll101 he more than 5% (depending on tm, type ol'operation). 

The loss of paim dcpends on a variety Off..1ctOI':'< ioclutling: 

• 
• 
• 
• 
• 
• 

the en'K:;"nc)' oflhe spray glln u""d 
the en'K:i~ncy and skill orll", opemlor 
the t)'pe ol'paint and part to r,., painted 
the part ,i"" relative to the 'pmy [.)oth 
the eI!ici~ncy 0 r the C}clone us~d 
[I", m- coal~d per ~olour mn 
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In summary, the paint loss IS therefore: 

5--' I 
--~ 

• Painl ]0,1 dumlg spray applIcation du~ to (1v~rspray wluch lS not collected for 
cyclon~ Tecovery (~stimated 5.5% of total loss), 

• Paint lost thmugh Ihe LXit at the top of the cyclone tlu~ to mefficlencles III the 
separation process (estim ated 12~··o of to~al loss), 

• Paint lost to air (and Settle,; to 110m) "h.m cleaning booths (estimakd 5_5% of 
totallo>s) and cydones (e,;timated 7'.-;' ortotallos,) 

• Recovered paint tha t is disposed ""hen it cannot be rcw.ed, dther dlle to 10" 
quality or colour contammation (estimated 70'-'4 of total loss). 

Tk,e ~stimates 01- paint loss are u,~d ir. detennming Ihe poknlial savmgs from 
effiCIency improv~mL'11ts for idL'11h Ii ed waste mmmlisati(ln oplions_ 

5.7.4.d Assessment of Paint Application Equipment 
The primary sourc~ of all paint waste is the mitial inefficl ency of the paml appl ication 
process (this leads to over-spray which is eith~r lost to air, or is recovered and 
di,;poscd), The paint wast~ therefore d~pcnds signilicantly on tlw 1" transfer 
dlicieney" hich depcnds on the application mdhod and ~quipmenl Since the method 
of applieation i, manual and no! aU!omallc, the lact"rs affecting effic iency include 
spray glln sellings, o""rator skIll, and spray b(xlth d~"gIl_ 

GUll s~ttillgs are not controlled at present o\ving to lack of confidence 111 lhe 
eqUlpmenl and llnc~namty r~garding ho" !o Sd it optimally lilr dilTcrenl paint,; and 
part types, Some paint colours adhere to the parts bett~r thal1 others and this r~qlllres 
adaptions 111 'pray method to suit Ihe type ol-paint. Some po"ders do llot stick to p~rt,; 
VLTy well at 10" spray s~tting, and it is genaal practic~ III u,e a raSI spray ,elling and 
qlllek mOVement, of the glln to enSUre paml slick> to parts. SeUing of guns at a I (m~r 

rate so lhal Ihe spray i, slowL']" will generally reslill in less "\Tr-spray_ Th~re " 
reSistance from o""raton; to ,et th~ 'pray at ,;lowe[ speed, as it IS faskr and ~a, ier l" 
spray the pan at a high selting. The equipment itself IS inefficient and lhLTe l~ a ne~d 
for continuous maintenance of ~quipll1er.t, as "'ell as the upgrading of ag~ing 
equipment 

The design of!he painting booth is sllch that the whole Ii-on! of the booth IS open The 
cyclone extraction creates an under-pressure lha! enSlireS til<' maJ(mly of tlw pamt is 
contained in the spraybooth_ However when the spray-gun '" poinl~d al parts which 
extend outside of the booth, Ihe oversp[ay~d powdL']" is not contained, Tn addition, the 
melhod of f~eding tlw parts mto the booth, by hand CaUSeS the problem of overlap 
laiso 1ink~d to operator skill} as "ell as th~ ov~r,;pray which is not contained "'ithm 
the booth. 

5,7.4.c Wll~tc I\Tinimj~ation Optiun~ for Paint Applicatiun Equipment 

1. Cominuous Training 
The brainstonn identified the need for contmuous trallling of paint applIeator, [() 
improve knowledge regarding gun-settings and spray methods and to avoid 'b"-li 
habits' causing painl wastage. The pain! eqUlpmenl '"ppher "ffer~ Ii-e~ advlce 
regarding use of pam! apphcation eqllipment, and lhis opportum!y was llsed for a 
rLl'resenta!ive to tram the o""ralors_ This UKlk Ihe filnn or an 'intL']"adiv~ training' 
"""-WlrI wh~re paint apphcators d,s<;U';S~'CI difficulties and the ,llppher alTered 
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sugge,tions for improvement. The representative also nb<;ervcu the painting opcr~liol1 
in order to identilY obvious mclliclcnclcs Hl the ~pplic<ltion mdilod and equipment. as 
wdl as \Q id~lllify p<Jsslble improvement options. 

A numocr of specific problems aJl(l improvement options were identified and these 
arc described in Appenuix E2l These have h~ndil5 for both production quality <llld 
the environment. As a result of this mlerac\iv~ (r<lining S~SSiOIl, tbe oper;l\Qrs <11K! 
managL,- nQ" huve a hetter ide<l of the <optimum' gun setlings and spray m~thod for 
(ilfferelll p<lint and pan lypes and they Can nOW be controllCll with conJidence. Further 
similar training sessions are (0 be arr<lngeu e\'L'T)' few month~ to lll<limain increased 
a"'arenCSS ofthc opcr~tors. The paml supplier wi!! also contribute at th~ next training 
seSStOII. 

2. Conrro! Sl'slelli 
In order to ~nsure llwt the gun, are ~et-llp correctly at all times, ~ fonn~1 control 
system is to be set in place. This will require the operator to check the e'-juipment pnor 
to each new workload and to sign-olT a fonnal pmcedure check-form. This proactiv~ 
contml system will be a .IigniJicant improvement OIl the ClHTent .Iy.ltem of reactive 
control, where '-juality of products ~re eheck~d, and ol1ly when ~ f~ull III paiming is 
obs~rved is illr~c~d hack to detenllln~ the fault, in gun-settings, 

The savings assocIated with the improved awareness alld skill of the ~pphcalors nom 
Iraliling, comhined wah lhe continuous control of ~qujpment setlings IS eSllmaled ~l 

up to 30% of the paint loss (3% of total usage). in addition. the manager believes an 
aJ.ditional saving of R2,O<XIiyr Can he achieved throLlgh a redLlction in defective 
pnxiuet.l. Total saving.l less eost.l could therel(,re amoullt to R 18 ,OOO/yr. The payhack 
peri(xi for these 10" -cost options is therefore almost immedi ate «1 mOllth ). (Workings 
for the f~usibi I ily evalll~!ion are included ill App"ndix En, Opti Ons A 1-3&5). 

J, Upgrading Ageing EqUipment 
The spray gllnS are old and c0111d h~ replaced for higher effic1cncy glll1S de.ligned with 
the latest technology, However, a single new gun amOllms to RI5,O(lO alone ul1d 
would also reqUIre modilicahmls to the hopper, There ale 5 guns, and to replace all of 
them wOLlld require aroLlnd R75,OOO capital investmenl. Savings in powder u,e by 
improving spray efficiency inlhis "'~y can ~mOllnt to abmlt 3(l% oflhe pn",der IDolS. 
or RI7,OOOiyl'. Tbis option has ~ p~yback p~noo of5 year~ for a high investment. The 
company m~y he able to ~fford m\'~Stillg ill I new gun p"r year. ho"evL'1", there arc 
other proj~cts competing for lh~ fin~ncmg. 

The e'-juipmcnt supplier has sliggested inst~ad. ~n llpgrad~ of the spray guns to 
improv~ the efficj~JlCy, Tim I1wol\'~s lnslallmg an aJditinnal air-lIne into the e>.isting 
gllns to allow for ea,i~r ~djuslln~nt of powder transport air, and therefore improved 
control of the paint cloud, I gun h~~ already heen modified in this ,,'ay, at a CO.lt of 
aboul Rl,(lO(l, To motiify the remaining gl1llS would cost an additioJlal R8.000. 
btimat~ paim saving is 2()% of paint lOiS, or Rll.OOO"'-yeal'. The tOlal investmelll 
would lherefore have a payhack p"ri(xi of under a year, The manager intend, to 
upgraJe 1 gun every few months OVer the next 2 years. (The feasibility evalLlation 
workings for options I and 2 are lJlCllided in Appendix D22 Option B6-J,) 
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4. COlilinuol<s A1aill/enallGr of Eqwpmen/ 
The present manner of mamtaining the pamting equlpmen l is re:J.cti ve and e'lUlpment 
is only repaired alter a fault occurs. The spraying equipment was fOlmd 10 have leaks 
in some pl:J.ces. The pipmg On one of the hoppcrs was not fitted correctly and paint 
dust was escapmg at the :J.ttachment point. The proposed new mcrhO!l 1> to Implement 
a continuous maintenance program :J.' pan of the control program in order to prevcnt 
potential faults/leaks before they occur. TIllS will minimise losses due to le:J.b, etc. 
This mal(llenance program will be applied across all eqll1pment and should result in 
cstimated saving of 5'}·o of paint 10,", or R2.ROO/yr (Appendix En Option AI-4). 
lnve,tmc nt costs could include the cost of nlt"asllring Instruments such :J.' nowme(L>"rs, 
but can be ~ero. 

The combined savmgs in pamt waste thrOllgh impruved oper:llor skLIL improved 
control 0 I' gun settings and upgrading of sp:ay equipment is estimated at 55'};' 0 I' paint 
10," or 5.5%, of total paint waste. This could amount to over R30,OOO/yr, for Slillpte 
procedural changes and low mve,tmL'11t process etTLcicncy improvcments. This w:ll 
havc the greatest benefit for coloured pamt' as the m:J.jonty of colour, :J.re not 
recovered for reuse and once lost through over-spray. they are wasted. 

5. Improved Spray IJoo/h J)esign 
JdentiJied options include extending the side-panel ' of the booth to increase the 
containmem are:J. of larger parts, or placing markers in,ide the hooths wLthm which 
parts must be set-up, to en,ure parts do not cxtend olllside the contailUllent area. Thl' 
feasibility evaluation of these options (Appendix En Options B5-2&3), has Soo"'11 
that the 10", in extended production time in each ca'e w1l1 however Ollt',""lgh the 
small saving (RI,500iyr for overspray} in pam!. Awareness Talsing through operator 
training should help to redllce thl sloss 

The possibility of installing a mechatllc:J.1 device to en,ure the part is fed through the 
spray h()oth at a continuous pace. to maintain production rate while preventing 
spraying olltside of the booth and mir:imising overl:J.p, was invcstigated. The 
feasibility eV:J.Illation (Appendix E22 Option Bj}..3) indicates that this option IS cost­
elTective with a payback penod of -2years lor medium investment (based on the 
assumption Ihat 1% of paint usage IS in overlaps). It is recommended that such a 
device be installed I booth at a time over time, as finances allow. 

5.7.4.f Assessment of Paiut Rccovery Equipment 
Minimising the paint loss at 'i-Ource through Impmved transfer efficiency IS the first 
option. However, there will ,tiil he oveHjlray and further paint lo",e' may OCClir 
through inefficiencie, m the recovery system. In the cyclone. the paint particles arc 
separated from the air stre:J.m by means of a combination of centn iiLgal and 
gravitational force'. The lighter p:J.int particles are Jess easily ' eparated and hence the 
paint not collected arnl 10'1 through lllelliciency oftlle cyclone will be the very small 
(finer) particles. This pamt 10," is :J. concern as unrecovered powder from the cyclone 
system (>I'Y., of total pamt u,age) I' exh:J.llsted to the air outs ide the factory area 
where il settles on walls and cars. The pre-assessment determined the cyclone 
efficiency 10 be 87%, and according to techmc:J.I literature, normal efficiencies range 
from 70%. to 90% (pel. j'J'.I6). 
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A Iw,,,lcr coaling GUl(lc from the paint supplier slales: "For a standard powder the 
recovery efficieJlC)' can be ~s high as 95%, For Illles that have a high % pMticlcs 
<10microns in the recovered powder the recoyer:. efficiency will be reduced ('b low 
,~, ~5%)_ Jn~Yilahl e lilnci"OTe, a cartridge fiUer 1, U5ed m conjUJ'Ction with a cyclone 
solely to pre'-ent discharge of the fine powder to the atmosphere" (Akzo Nobcl.19'1'lj. 
CJrtunnc fines is more waste control than waste minimisation, and shoJld only be 
looked into after waste minimisation options have been pursued first. However, the 
option was investigated to aSSeSS the cost if more stringenllegislation Were to rcqUlrc 
containment ol-this 'llrhome dusl 

The he,t optIOn "ppear, to he to combme th~ exhau,t Slreams from each of the 
cyclon~s and lead thes.c into a s inGle after-filter system. A quote from ~ supl'her 
e~limales lhe m~l~llal1on c'os!> 10 be clos~ to R4S,OOO fOT such a ,y,tem. Operating 
cost, include energy, filter cle,mmg and repi:lCcment. as well as dispo,al of solid 
wnstcs, and are estitnated at R7,OOOiyr. There arc no tangible savings, as paint that is 
captnred in the lilt~rs is ILX) lin~ for reuSe and IS dlSpo8ed in an) case. There may be 
potentlal IUlure Sdvmg~ thH1ugh pre,entwn 01' hahilily (nelghhours m:l)' Sue or air 
~m1S8ion regui:ltions m"y become more stringent), liowever, this is speculatl\'e, and 
,ll pr(,8cnt. the option i~ not economically feasihlc for thc company The deciSIOn 
behind iwplcwcnting such an option in the 10nG-t~nn d~p~nds somewhat on 
availabdity of finances, but most importan!i: on future r~gulalor)' re4ulTements. 
Therefore 11(l~'lhle ""'a~te mlllJllI1,ation optio1l8 to kecp losses to a mimmum were 
invcstigntcd 

Cyclone dfi~l~ncy d~p~nd~ on a "...ale vandy of lilCto,> mcludmg phy81cal 
~haraeteri~liL·8 of the cyclone, iliT 4 uality & 00"'" ch,lIacteri8tic" and chilract(,llstics of 
the powder The cyclone8 were 8pecitically designed for their application and are 
therefore con,ideTed optimally designed in terms of dimen8ions ,u1d airflow 
characteristics, Options that remained to be investigated were loss in efficiency due to 
leaks, etc. that COme alx>m with age and lack of maintenance. Those identified in the 
literature (PCI, 1996) which aTe likely in this ~as~ aTe, 
- infiltration of air at the powder discharge section or leaks. 
- fallity d~si gn/alla~hment 0 r the inner reclaim ~annister 

5.7.4.g Wa51e .'linimi5alion Options I'o~ Paint Recoyery Equipment 

j, Prevrnlalive Mainlenance 
Powder that ,lCcumuhte, in the rec laim cannister lS prone to re-entrammenL To aVOld 
this situation, the recel\'er 8hould always be :liTlight (PCI, 1996). An old reclaim 
c,l)1nister on one of the cydone8 has he~n Teplaced to prevent mr From em~ring the 
cyclone through leaks at the iltlilchment pomls, Thl, has improved the eCli~lency 01' 
one of the cyclnnes by preventing dust that I, blown out due to air leaks, The 
continuou, pTev~nLaLi\'e maint~nan~~ program to be applied to the spray equipment is 
to he extended Lo the ~yclone equipment as w~IL This should prevent f\lnher losses in 
this way, However, it was noted by the manager that it is diflicllit to assess the 
perfonl1ilnce of the cydone and the e'llllpment suppher lS lo he contacted in order to 
delermm~ th~ possibillly or :l mechanism for measuring cyclone performance (e.g. 
Pressure-drop measuremelllS). 
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In any casc, improvements in the inilial transfer efficiency ickntil,ed above will 
reduce I h~ losses Ii-oro the cyclolk: exhaust significantly - IXllentiaily by 55%, 

}, improved Cyclone Cleaning method 
Allother source of paml 10," is the powder (hal sticks to and builds up on thc walls of 
the cyclone and sprdy booth. The paill1 is dean~d from the walls of the spray booth 
bel(lrc a colour change. rhe cieanlllg method of lhe honlbs involves physically 
removing the painl hy scouring/beating and blowlllg II from Ih~ wall,. The hrains(oml 
identified the POS'lbllity of L"mg \'aCliUm sllction to remove this paill! in order to 
conlainlhe paint that is cleaned, Tlus oplion I' nol a, eff~cli\'e as hlowing the pnwder. 
and is expected lo increas~ lhe cleaning time required, The powder collecled will still 
requIre disposal, and Ih~ cosls lherefore olilweigh lhe savmgs at present. 

When citanLng lbe cyclone, it is far better for the r~claim calln"kr to b~ kept in place 
alld nol 10 usc a hoard in its place, Ilov.'-cver, cleaning would lake l(l11ger a!ld may not 
be as effici~l1l resliiting in cross-contamination of recovered palllt. This oplioll 
therefore needs lo be weighed lLP for each indi \'idual case. 

5.8 EVALUA110l\' OF WASTE MT.NIMISATJ()N OPTJ()NS 

Each identified option ha, be~n e\'aluated according 10 its lechnicaL economic and 
environmental j"asibility, in Scctioll 5,7 above. The checklislS us~d lor these 
f.:asiblilly evaluations are includcd in Appendix E1G. A summary tahle of all 
identified oplions has been compiled. The table (Tablc 5.11) has the ,arne slructlLre as 
the summary lisl ofpol~ntial0plions lor metal linishing from the literature ami case 
study review of Chapter 2 (Appendix B2). Addi tional oplion, lor oth~r "astc streams 
w~r~ incilldt:d in (he list but were not analysed III any delarJ 

Tabk 5.11: Summary li'l of impr<l\ement option~ f,IT Company 1 

W •• le Minimi .. (ion Option ~'~a'iI)ilitY=ri,~;;;;:wt ,-\nwuo( Si"ini> r rayi>acl; '>I.e~mn-,;oild"'d 
cosl' _-l..".,iod ()T') implmwlltation 
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For the next phase of the ass ~ssment, each of thes~ options was rated hased on the 
findings from the feasibility evaluation. The option rating system '" outlined in 
Appendix En. The aIm of this activlly was to compar~ all options in order to ohtain a 
list of reconlllended waste milllmisation options for presentation to the company's 
management. The nnplementation phas~ lS pnmanly not a par! oj" this projcct. 
However, during the project, more simple meaSl1f~S were implem~nted within the 
company. Those options that have already been impk menteU were mcluded in the 
evaluation rating process in order to show where the options wOl1ld have h e~n in 
comparison with the recommended options. The [able of options with assocmted 
ratings is included in App~ndix E24. The graph of the r~ sults lS mcll1d~d in Flgure 5.7 
helow, 
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"'i ~ Llrt' 5.7: SummaI') of r:lltd options for C()mpilIlY I 

J 
l 

. -.. ,­.'-

5.9 HI:T OM.fl.1ENDED iVASTE MINIMTSATION MEASURf.\' 

5.9. J GOlJ4/ hOllseli.l!'ep;"~ 
• rhc drng-oUl reduction m.:lhod is r«OrlUl"lo,.'1"Jded for i!l!ll~dia\l' impkm('TllnllOn. 

. 1 

• Tt.." ~xml.in""".1.~ main\<:Il;,ro:c iOml ""l1lml pm~ram., Ill" pmcl:S' ~"lUlf'mcnt t< 

r~orrulrnd~d t <) be implcmcm",1 ~~ )0'''" as a sy'>tem CJI1 hi: ''C'l on p~k.'t:_ n.e 
qLlllhly "y'l~m in Company I ,\I pn:r«:nt appear-, 10 he a fUlldanll:nl,\1 and 
cnlrcnched as!,<,cl " ft"" ""mpan)", op"r.ll ion" 11 remains li,r Ihis ~~1TlC' Ilrrr,,,wh 
\(1 lx arpli~J wilhi" ar"a, of Cn"ln"llltlClltal ~rJ;)[(lJaTlCC. 

• Generol 3'vurene,s regard inl! "'II,'r-u,e IInJ i"stalbliol) or n"wmcl~l' ' " 1l"O:;,t<ure 
the rinscwakr consumption i~ rccllmlncnd<..'<.L Once drag-nUl rcducti'll\ t<; in place, 
f'''IO:nliai ti,! watcr ntlaCl;on C;ln I'll: considered. Willer flow ~h<ll1kl Ix: redueed 
during no)f1- or low-produ,tioll pt:tioUs. 

0 '<1";.111 , ... " ing-,s lin t"""'-, "plu.ns I' <!>.t ln-.;,tcJ at RJ5,OOOI)T. ror an ~'~i1.1\31cd 1.)1 /11 

;nW"I!h.'IlI L~"" "rappn>~n":lld} RS. Oi'lO 

$,9,2 ],,-lwu..l /! uclmicill mfliJifi('("itlll.~ 

• ]'I..: substiwtc (lr lhe chronJ~lC hath Ii.r lin appI'I,ved ch"'"\e·fk"" c~m;C<ll i;; 

m;um"",n<kJ. Tn., s;bno,,·hII~.J pmJlIct ,},ould be ;",,-,M;galcd ill ,klJil ao; it 
IIpp.:ars t(l be the be" np,iul1 for C()mp.1ny I . siocc it gives supcrior pcrformat'ICc 
tn ehmmc and is CTlvimnllK:lltru ly e"mplionL The option will fl::q\lir~ insta llation 
"r <l demincraliscd water rm.,1 rin s.: ond n dl1'ing o\'en, Ix'i these will hn ve oth.:r 
h.;ndits Klf the comJXlny. 
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S. 9.3 Possible hardware options 
• The instaliation of the demmerah;erl water nn,c and drymg oven combined i, 

required wIth the chrom~·free option. The option is recommended a" although the 
lnJtial investment co,t is sub,tantial, it i~ believed that in the long·ternl, th,s optlOn 
wlll be co,t·effective for the company. 

• In the future it may be possible to extend the demineralJ>~d water treatment 
mSlaliation to treal ("" dirty nnse ,,·akr for reu,e in a closed·loop system, Sy;tem 
needs to be robust and flexlbl e and requirements will change with chrome·fi·ee 
chemical. The cost·eflcctiveness of this option will depcnd on (he future mcrca;cs 
in water pncesi;ew~r charges. 

• The improved paint application efficiency should reduce the paint that is wasted 
through cyclone inefllciency. The Installation of an aller·filter system for 
caplunng dUsl·['ne; 1> not cosl·effective at pre;en(. bUl may be required in the 
long·l~nn a; alr·pollution control laws become more stringent 

S.lO COlVCLUSIOlVS 

rhe a,sessment carried out at case study company I has l(.ientified 51gnifican( 
potential lor cost·cJTeelive "aste mmllnisation. There are a lotal of D oplions 
idemified of which 18 were found to be feasible. Of the unfeasible option" some of 
(he;e "ere not technically feasible for site· specific reason" others were likely to 
mterfere with production, and the remainder were lound not economically I'easiblc 
due 10 fmancial constraints ol'the company. 

Two feasible option, have already been unplementedi hegun implementation and 
these include 
I. Pam( operator training for improved efficlency (to be repealed regularly), 
2. Lpgrading paint ,pray·guns to improve control of settings aoo hence efficiency, 
These have the potential to save an estimated R20,OOO/yr for a total investment of 
only RI0,000 01' the remaining lCasiblc options it is recommcnded that thosc with 
lugher overall raling; be implemented first. 

Simple and cost·effective procedural and good· housekeeping measures which may h~ 
implemented inmlediately are expected to rl: ;ul t in ;ignlficant savlllg> m lerm, of 
reduced raw material losse, through drag·out, as well as up to reduclion in pmnt 
usage, The larget for drag·out reduction is 7()%, while that for painl u,age reduction i; 
5'/', ol'lOtal usage. These co,t·effectiv e options minimise the focu, wa,tes a( sourc~ 
and therefore reduce the need for additional options. 

Options requiring sigmficantlnve;tmenl (chrome-free with deminerallsed water nnsc 
and drying tank) are not co;t·eficclive if lhe operal ing COSIS are simply weighed 
against lhe langible savmgs al present. Howcvcr, if the company were made to treat 
ils effluent; and carry lhe co;t; (especially (he regularly dumped pass ivation bath at 
35 ppm Cr\VJ)), (hen these mvc;tments would look a 10l more altraclive. Another 
consideration is thal increased demand for alternative chrom e· free products m Soulh 
Africa may result in more alternative, heing made available locally, which may m 
tum bring down the price and improve the economic feasihili ty for Company l. It is 
mainly the anticipated future more·stringent environmental regulations (coupled wilh 
concern from the factor), manager) that may result in lhese additional potential wast~ 

minimisation options being a cosl-effeclive choice for Company I. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Cimpter 6: Case Study 2 - A Hot Dip G:tivalJizil1g 
Facility 

------ ----

6.1 n"iTRODUCTION 

The second ca,.,,; ~1uJy conlpa~y tor which 3 detailcd w~,tc minimisation ~,sc,.~mcnt 
was c;'!rried ouL is;'! Llledium·sil~d g,'ocral hot dip galvani-line factory. The proc~ss i~ 

t}pical of general hol dip g<lhanizillg facihtld, and gcner"tes J signilicant ~mou~t of 
\vu,tc. The wU~le ofnlilin COrl<.'~rn to Ihe cOLllpany managen""l1l is It.., larg~ <olume of 
atnilloniulll-r:hloridc fillll~S geuer;ll~d during l.ot-dipping and which are emilled 
within J~d Hround the 1a..'lory an:a, The~ fmll<-'~ h;I\'~ raised. con<;em Ii-om 
ncighoouring fucilitics. In Htkiilion. ~ir,nificillJt procc&>-chmlicul alld zillc Tllelal 
spi lb/'PJlt~r fulls to the work-Hrc~ floor mId gc~mlcs wastewater cOlltuminatcd with 
l>edvy metals dUring clean-up. In ;'!dJitiotl. the proccss uses a lare" \olumc of",at~r 
l'or rilLsing ,)perations. 

Uurine the plunning and organixl1ion pha~ of ill(: a~"'-'S'l\lt'nt. Ihe l1<lin gO;11 
idoonlifJeJ hy th~ cOLllpWly. and which w~s the reason for their j01111ng the projc('l , w~s 
to identify ",ays 10 minimise ti>: rkgr~c of tiunirtg from the ealva~i/Jng operation, 
The Company's OpeT~lions Mmlager f,)m.ed lilt' m.1in pUTl "r lhe asses,n""nl le'-lm. 
and tI.e \hnager added nece,,<;.ary illpul as time allowed. 

Thc waste Lllinimisalion assesSJl1e1ll Jl1ethodoJogy u~d in Ihis case ~ludy i~ the same 
,IS Il)r Company 1 and is oUlliJ..ed ill Chapter 2. So:<;lion 2.4, All pha"o;:s or tho: wusle 
minimiSClliOri ""se,~Jnenl were carried oul as p~rl or Ihi, project o\~r a pt:riod of 18 
Ill<mth" This chapler describes tl.e activitie~ of the waste minimBmion a><scssn~nT. 
arid prO:~IlI, tt.., re~ults as a lbt or Ibl,ib1e wuste minimi'Xltioll option~ whidl may 
be/haw already beell implemO:llted hy til<: compally. 

6.2 COllfPANY PROFILE 

The C"'llp:lJly is a Jnedium scale laclory wilh a tolal of42 employee" It is a relatively 
young cOI~y cornm.is~ioned ill 1':194, lIS core-business is the hOl-dip g~lyalli/ing of 
pre·tilbricmed Sled products for the 10e~lmarket. The company coalS a wid~ variel} 
of produCb. The majority of the pmduds arise frOLll the security industry (e.g. 
Icncing. gates) and from the construclion iL1<lu~try (e.g. structural steel). The parlS are 
prO:-TreJted, g,IIYanized and qU~llChed. 

The company is in a very compelilive market. with a few estahlisho:d brge companies. 
a, "ell as nUll.erouS smaller opemtions.1t is u memocr oftllC South African Hot Dip 
Ualvanil.Crs Ass.oci~lioll (HDGA"A) and has a close working relutionship with 
indiyiduals in Ihat associalion who provide le~hnical advicc when required. Its 
pmducts h~ve SAllS (South Afrie~n 13ur~~u of Standards) 'I ualil} approval. 
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6.3 PROCESS DESCHWnOl\' 

r he f .. ...r".v "pent", ~ 1~1'1t:a1 ~"", .. I gak,,"izmg syst"m ,",·ith poou,,,sin!\ '" III" 
(oll ()\~ing (N'do 

J 

r.e-l rCll"'~'I( 
( .31v;lUII.,ug 
p.,<!-Irealmem 

,\ pI"I"':CSS IJiaj!l3m ha .. b~'cn dra"n up and Is induded III ~ Igun: {, I The prC-IINlment 
t8nl, lrt 7,,, III leOS'l"llnd I 5", ""Ie Th" h'" acid lar.h arc bigger wtlh rhoc 01)1,: 

miLe as IonS :Ind fhe other I" l~C a~ ""d" as tile utltcr baths TIri~ gi"e~ .J I.poce' for 
lig~ in the a..-id ,,11I..,h i~ "ceded ~i"",e the r,cl. li~ ~ep lale;<; tho, \nnge<.t ~n" is lilt: ' all' 
Ikrennining step filf the pro.:css 'I here j~ al!oO a ~lrippjng a ~id lank.\U tanks are 
abmc the 11001 surf~c at a height (depth) 0"" 2.7m The ~mc balh I~ 7m by I ~m an.I 
i\ largt elloush ti)1' tile llI"jMilY Ill' product!!, though dm oblc..dipping is I)CL~!-S-'l)' rQr 
w"'~ I'arl~ 

Figll"~ Ii, I I'n.i'f'~ fluw d'agr>. m ror C"ml'" ny 2 

--"'. _.-. 
I -----
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6.J.1 Pre.fr efl/llU!1II 

.hgg'ng 
Ikfon: p"",·U"':lllll(1l1. Ihe P;1I1S :If': insp;:c:l<.'u and tht:Jt Ioudt:\t omo the jig:s. Wire is 
u.,."J 10 conllel,.~ the "~>r~ p'oxC'; 10 ,Iloe ;il,\. There :ore J diiT.,,-mt dian-"tlTli (Illiel.. 
mcdiulTL thin) o f "'If¢ 1,I:.o:d. dql<:oding on Itt.: Sil'l:nglh require.1 All f'I-OOUCt ~ ure 
suspended \'Cr1i.;;,lIy Il~ far as polssibic or:1I 3fi angle of CloliC 10 45" 10 ensure ~~'>()d 
rim " IT <If hath m:Hcrbl~ from the work pk.'(."C The jigs are IiIkd I"" Hoe o\crocad 
Cr&II~. 

fk)l,rt<lSinl: 
A hot "",,,.'>{i<; 00lulioll i~ th<' d"'~r<:asi!1,!! dl<"lnical us<:d to remo;ne tho: JlIut~li'e 101\'~SC: 

nn Ih.: surface of tnc ~I,:d. Th..: proprict:uy chemical from the supplier c"nl~ins a 
mi'(ture of ~nOII , ~dium Il'II:tasilicatl!. sodium lripolypj~)sphat~. an.1 a J~)n·ionic 

wClling 3gC1I1. The b;l1h i~ 1'1101;nt:l.ined at 6O"'C using ckctricil) in a SCram!>! hC~lin8 
t~nk through "hich the h.:nh content s ar~ circulated continuously, O"'ing 1" 

cvapor31ion, ovcrflow, (lnd drag-o ut , lhl.' liquid 10.:\\::\ has to be checkcd daily amI 
topped lIl' with ""alo:r O)n a r~gl.llnr oo.sis. Bath ckmistr)' i, checked ~\ery ~,d da)' (111 

u.y.,r:lg~ aruI "IICm'~(llll<ld;ti<ln~ :Ire malk when oc~essary. 

Rin.",'lg 
Til<: !ins,.) 1"'111 remo'c, lh~ :lIk"li Irom the work pieces by rinsing in w"l~r bclor~ 
pickling, 1(' dl~ '~ork is nCI rinsed, ,\)0; :llhli will neulraliSt' and "'-1st" acid. rile rinse 
0p"'r:llc ~ a~ a ,h'glo:: ,tug~ C\J minl1<'us 110'" ~}'stc:m wilh incominj!: w"ler Irom 
nwllicip;,hl~, Illkl ~xiling "uler run:, to drain, The pll is checkell feb'ui;uly b)' the 
(~raliol\'l m,f\;IlI~r (ew.) third <by nn a\,"':lj!:~ wilb tt." " th"r baths). \\'h~n llJ: pll 
r;""s do~ 10 10 II i~ .lr.li,\o:lI (fn:'l ueoc) lJ,.,1!'-'11lls on "'ork load. '''ryil1); from 1 ",~eks 
In Ii , ... ,.,k~ helll.:.:n ,irull\;,gc:. bUI i~ ''''''1)' 4 w<-..-:ks on :"'.-:o--.Ig" or ahoul II lill"'~ in " 
,-",ar) . Flo" is m:lI\uall) 1 \.'l! ulal~J ~ ,a1Ws. whicb :or" opn1«d flilly dHfin¥ oP"'f'.tioJl 
.Imi ~UI ofr at Ihe "nd o r lho: shill. 

P"'/J;,'I? 
11 ... PUI"JlO~ <If tho: pio:~ 1in8 i~ In .,,,"')\'" "II .IillJo,ring mill lIl~.k anneal ing oxitJo: .Ind 
nisi from Ih" SIC'" ~n-f,IC\."S .I f lit<: Y,-'lti; by inmt.:rsion III an acid sohll~~Jl 

I I )Jro~h~ .... k u~id is lI:i<'d ~I J (;.5% ~ wllumc 1.'<l!lC<.'111rati.--.n al amh ienl Icnlp.!r310fC 
"" ",hiblm IS ndd.:.lln lho: acid In JIf""elli ,,""r-plckling an<I rl!<l" .. :~ fum"'". I'iel ling 
o:Oio,'M:""'·Y ill dt:lt:mllnc:t.1 b} Iho.' L~",,:o:nlral ~on "r Lbc: acid aud Ih~ F" ~"Om<:II.l , Tho: b:U11 
ChcRliSlry is 'h~'Ck",d I"C1l1lbrJ} b>- Ih~ O po:r:'l ions m111:lf!~T and fresh :.cit! is ~d.led 

whe" nl:<:L"''''UY ( Ufl LT _6 u)'IlIlhs) 10 inLTt:a."" Ill<: e""""nlmli"". SJI<'nl aL'io,l (1 2-1" by 
\"I\1m~) is u. .... 'd in the ~tripp-ing t:lll\.:, 

Siripl'mg 
Siripping is I'II:C~:;S;I')' 10 rClno\~ gal\'unizing from putts thai h.avc 10) be re-g,,jvanizcd, 
l1x: k'Wcr cOIl.:~nl mtio ll sp.: nl pick ling acid is suffICient to strip th~ Zllx; ~rxl so fres./\ 
acid i~ I~)l nc.::.1cd. II lhe , tripping :",i,1 cmlcentralion is loa high. it will cuuse 
(imming "I' Iho: acut. 'Ih ieb 111ay o"~rl1o" (ro111 II., tank as lhe gah':lIlizing is h.:ill g 
stripp.:d. When the ac id is 10(\ w~ak for slripring, lh~ ac id "iii bc di""ardcd in Ih ~ 

(\Ulsidc storat,:e tallk 10 await rCllywai. 
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Chaptel- t; _ C". StUll> 2 .-\ IIot Dip G.IYOllizinw: F.dlit~- 6-4 

Rinsing 
The pUllhlse of this rinse is to remove acid, iron (Fe) particles, and Fe saUs fwm the 
work ocfore nllxing, b! rinsing in water. The acid salts (FeCb) cause excess dross 
f()rmation in the zinc galvalllzing balh, and acid carryover reduce., the pH of the fleD;:, 
which needs to be maintained in a .,et range_ The rinse previol.lsl! was a double nnse 
consisting of a sialic rinse tank followed hy "- fl()w i ng rinse lank, wilh wmer cascading 
eon.,tantly (roIll the 200 tank inlO the first. In theory, the double rinse uses no more 
wmer Ihan"- smgJe nllse, and is far more effective. However, the static rinse tank has 
been broken since June 1997 and is no longer used. There is therefore only the .,ingle 
flowing rinse that operates in the same way as the degrea.,er rinse. The rinse opermes 
as a eontinl.lOu., now .,y.,tern with incoming (i-esh w"-ter ii-om the mUlllclpality and 
el(iling water 10 sewer. The pnxiuct IS completely immersed in the cold water rinse 
and when thoroughly rinsed is proceeded to the /lux tank. 

Fluxing 
The primary purpose of fllLxing is 10 promole the alloying of the moll en Zn wllh the 
bJse metal, ensuring a good continuous coating. The nux wash deposits a film on the 
surface, preventing oxidation thai would otherwise OCCUr by exposure in tJle air during 
the interval octween pickling and galvanizing_ In the melted .,tale the nux has a 
cleansing action which remOVe., an! rcmainlIlg oxides ()r Fe salts_ The flux wash 
pre\'Cl1ts il1trodl1(:lion of exce.,slve am()l.lnts ()f 1r(1Il chloride 10 the mollen zinc, 
resulting in smoother c()atings ami greJlly improved Jdherence (inlormation obtained 
from the suppliers Techll ical data .,heet). 

fhe ()perallng temperalUre of the flux is maintained at 6O"C using electricily tn 
separate heating tank through which the bath contents are circulated continuously. 
The heating allows lor more eiTective /luxing action and dissolution of .,ufljcient /lux 
crystals to the desired concenlration. It also heats the work pieces 50 thai less time is 
reql.lired for thorough drying. The /llLxing chemical is a triple salt mixture of zinc 
chloride and ammonium chloride in a set ratio, and includes a non-ionic wetting 
agent. '-'H,Cl 011 ils own is not"-s effective and can lead to excessive fuming. The bath 
chemIstry IS checked regularly and the fll1X solution is controlled hy additions of /llLX 
chemicals on a regular basis, since wJler is added t() l11Jke up f()r drag-o l.lt and 
evaporation_ 

Drying 
The layer of flux is dri ed 011 the work piece pri()r to dipping int() molten Zn. The 
drymg deck provide., space for drying lhe work after lluxing. The work must be 
th()roughly dry he fore 1l is placed in the Zn bath, as moisture on the work will CJU5e 
excessive spatter. 

6.3.2 Galvalli;.illg 

The pretreated pwts are dipped intomollen 7)11C, pwducing a e()aling of Fe/Zll alloys 
with pure Zn on the surface. The coaling IS fonl1ed by reactlOll hetween the rn()ilen 
/-inc wld the iron ami is therefore complete and alloyed wlth the b"-se metaL (GA, 
1981). The galvanizing bath is designed to mailltain Ihe m()lten zinc at 450 "C­
Heating is <lC hieved using eleclricity F lemenl.' are moullted on a series of supporlillg 
panels around the lank. insulated by fihre-ii-a.x material alld connected to Ihynstor 
drives in the control n)(1m. 
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TIll: gnld~ ,,[zinc used has a minimum "f9~,5% pure Zn with I.J5!1, by mass 1'1> and 
lotHl contnm;nants should not exceed \.5%. For hath protection, the molten Zn 1c~c1 is 
maintained as c\osdy ~s possil~~ at 50 mrn hd}w th~ hath top tlange. rhis will 
prevent ...,11 ("inc (lxic.le) Ii-om packing unto balh walls_ 1'0. lhi~ ",asnn. tho:, bath is 
[opp"J up on a dajl) ba,;s. rh" maximum quantity of Zn fed into the bath at any 
given 1m l< not greal~r lh~n 3 tOilS. and is llSllall)' I OT 2 IOfL\, Small quantities 
«()_()07%) of Aluminium alOe added to reduce the rate of ()x~~1i{)n oflhe rnolten Zn 
anJ so cut 7n \OS;C'. Rcglllar make-lip mJdilions of AI arc ncccs....ary to comrcn.satc 
for Joss by ()xidatK'n m"od in the coming. Tl£ Al is added as n 20/80 zin,-aillmulillm 
alioy to facilitate quick dissolution in tlloe Ln. 

During imm~r.;ion of the part ,. a certain amount of ··coiling off" occurs depending on 
the product. In gcneral, sufficiea coming is ol:taincd if the work is left in the hath 
until '·boiling off' stops, and then withdrawn without delay. The rate of withdrawal 
determines the thickness of the unaUoyed zinc layer left on the work. 

/Jusring 
As the parts are withdra"'TI from the moltcn zinc. operators throw ammonium chloride 
dliSiing salis hy hand over cerlain areas 0 f th~ paris io aiel nm·olf of ,inc, ~sp"cially 
on complex sections. 

6.3.3 po~·t-trel'tmf!nt 

Comhined Quench & Pas,·il'l1lirm 
The hot galvanized pmts are diprted in ooc of two quench & passivation baths 
~ontaining very dilute (0.1% hy volume) solu[~)Jl 01· chromi~ acid ,md sodium 
dichromate respe~tively. TI-.;: lirst i.> a wrrosion protection for parts thnt are to be 
painted (dllplcx systems), the s.ccond is a JinaJ product ",al ti,r ruM pre~~ntion (parts 
not to be paint~d). Both ru,lp pr~vem whii~ ruM Jrmnation and abo act a.~ a qu~nch to 
quickly solidify the zinc. Tbe qucnching operation not only solidifies the zinc coating, 
bm also wnshes off residues thm may have deposited on the coming surface during 
withdrawal fi"om the gah,anizing bat h. Rapid qLJen<:hing avoids the format ~lfl of b:-ili le 
<:omings an,] unattra..:tive <lun grey appearan<:e:5. The passi"ating chemical prmides 
temporary protedion during the p~rioJ. that the natmal prot~cti~~ lilm is heing 
J.~""loped, Thi.~ pa.~si~ation for white·mst pr~ven[ion is ~sp"cially Tk'tesS(lry in the 
humid climate in the Western Cape "here the f:1ctory is ktemed. lhe tlt'eJ. fi,r 
quenching with and without the pasoivatioll ciloemical is de,crihcd in more detail in 
Appendix Fl. 

Owing to the very klW concentratioll 01· c~micab in t~ hath. the chemistry 01· the 
bath., is not checked r~gubrly. Solution concentration is approximately mn[rolleJ. hy 
additions of cb.::micals. when necessary (only approximatcl)' 3 times a year), ~ince 
water is aJded to make up for drag-out and evaporation. 

Drying. inspection and Clwning 
After quendling, the ex~e~s solution is allowed to drain off the work pie~es and the 
jigs a~ placed. on t~ oll~loading platfimn. The pieces are then allowed to dry and 
cool heJilre they are Cllt k,.ose Irom the hanging wir~s anel removed Ii-om the jig~, All 
items are inspected and then taken to the cleaning area, where ,inc J.rop\ets are li\ed 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(,h~ptor 6 _ C.,. St~d~' 2 _ A Hot Dip (;.lv."i7i"g b<ilit~· ._-_. --- -

olT and touch ups arc done using 7inc-rich prinleL Completed items arc stored in Ironl 
of the faclory budding, In an outslde area ~uch thai enough dramage and venting is 
maintamed lO prevent any chemical corrosion. 

6.4 E::NVIRO/VitfEN1AL PROFILE 

General usage data and inlonnation on wastes was not readily available lor the 
company. and once the infomlation had been tracked down it had to be adapted for 
waste minimisation usc. 1>10st 01' the inlonnation was on how the waste lcave~ the 
faclory. rather than how II l~ generated. Therefore. m most cases the quantity and 
content of wastes and emissions for the facto!); arc hased on estimates or dClenllined 
throllgh matenal balances where possible. 

6.4.1 Input Marerials 

Chemical., alld 7.ille 
As dIscussed in the assessment for Company I. knowledge of the raw malenals used 
in the process helps in understanding the source ol'wastes enllned and lhe components 
of the wasles. The lI~age ligures per annum and associated costs for each orthe pre­
treatment chemicaJ~ and the zinc metal were ohtamed from company records. but 111 
some cases mass balances were necessa!); to fill in missing inlormation, 

The company uses 3 dilTcrent chemical suppliers for the pre- and post-treatment 
chemicals. and a single specliic zinc metal suppher. The annnal usage figures are 
'nduded in Tahle 6.1 belo" Costs are Included a~ % of lOlal cost~, as actual ligures 
are confidential. The component of each chemical is induded. in the tab le and any 
component that is hazardous is noted (in hracket.,) in the table, 

Table 6.1: Input matcrial annual usagc and cost~ 

A .. r~~ •• "Dual ~. of Total 

,i I mi 

"i. 11 

., , t 
for proce .. 

, , 
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lllc high~sl inplll cosl h)' tar (>90"10) is ji)r the "inc. l\'OIcworlhy is that (oc ens! is 
hao.cu (>n the \ISS pric(' «k'{lilc the bCI lhallhe ! .Il is sourc~J locally) , anJ henee is 
subject to exchange rate ellccls. An the pre-lrcalrn.:nt chemi<;als together account !'\f 
Oll]Y 70/. of lilt" mput nlilieriui costs. The ~cid is tbe chemical used in greate~t volun1<:. 
followed hy dcgrcascr and flux chcmicHl. j hcsc therefore account for the highest 
cosls for pn>lrcatmcnl cocmic3ls. roc W3!Cr costs amount to only 0.3% of the 1013] 
input makrial C(\sls. 

The c()ITIp'\rt<:ms of each of lho: proprielary d",mica Is "'ere iJ1V~St igated to determine 
the ratulg ,me! compositKm of <my halaruous sllbslanccs. llllfor1unaldy. dllC 10 
confidentiality r.::asons, the eocmicHI supplier ""TIS not able to revc31 exact 
composition of the proprict3ry ehemicak bu! an idea of tllC componcnts was nllered, 
fi-(\m d\ieh the lilliowing: inf,)fm~ti(\n was compiled. 

Table 6.2: lIuardous componenls or inpnt materials 

, 

1>0""''"' diduomote 

the Hazard Rating (HR) is explained and further inli.\rmation reg:arding lho: ha:rdrdous 
na\l1f~ ~nd ciassilkations for each ofthesc is induded Ul Appendi.x ):2. 

Water ll.W: 

A significant ~n~llLn\ (\1' w~ter is us<:d for the rinsuJg stHges Ul the prc-treatment 
pmcess. T\k' Ik\wrak is no! con\["(\lled, l!Jl(1 the taps arc opened to maximum. run 
CO!llinuo llSly throughout the operating day, anJ ~re 0111)' switched off at the end of the 
shill. The singk stage eominoolJ.,-llow rin,ing system u.""d is g~nerany c(\n~Kkred (in 
the literature reviewed in Chapter 2) as one of the least ellkient or lhe VarK\llS 
possible rinsing options. Water 11m,s con!inllOlJ.-;]y at ~ rate of -1.6kl jhr l.hrollgh each 
of the 2 rinse baths. In additiorL the acid rinse bath is drained (uslJally by h~lI) onc~ a 
week since the qUlllity diminishes within H lew days (toc pH drops rapidly, and lhe 
iron carry-(\v~r fillm Ihe acid is high). rhe deg:reaser rinse is only drained 
approximalel)' onc~ a month On average. Water is aJ~\ used as a solvcnl in process 
baths. It is therefore !lCelkd for usag~, drag-olll and evaporation replacement on H 
eominUOliS hasis, and for huh recharges as re'-juireJ. The addilional wakr is lls<:d for 
eVHpomtion replacement, floorwash, tank cleaning. Jomestic and general lJ.'OJ.ge. 

The !l(l'wrate measurement me lhod and rinsewHter usuge ea!cumtiollS arc sel out m 
Appendi.x n. The table below gives the brcHkdown of water usage lilr toc !actor),. 
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Table 6.3: Breakdown of "ater u'age 

The factory water meter has not worhd 8inc~ start-up and at pre8ent, the company lS 

only chargcd for 35';;, 01" actual usagc, If actualusagc calculations are assumed to b~ 
r~pre8entatlVe, then lh~ company lS bemg und~rchafl,~d by abol1! R23,OOOiyr. The 
company hm, rcported the breakage, but there has been no action from th~ 

municipality, 

Flertri,ily' 
Electricity IS the only ~nergy \.Clurc~ used, Th~ majority (90%») is u<;~d for maIntaining 
thc moltcn zinc at 450°C 24hr~/day. 365 day~/year, Ileating of the galvanizing bath is 
achi~v~d using elements that arC mounted on a series 01" sl1pporting pancls on thc Zn 
kettle , The elem~nl<; are Insulated and cOlmected to thyn<;tor d[jv~<; in the control 
room which automatically ""reed" the clement, as the demand varies, Several 
thcnnocouples monitor and mamlam htlle operation Alam] sy81~ms mdicate when a 
problem exist8 (temperature too 10"" or too high, or maximum kVA demand r~ached)_ 

Electricity is also used in heating the flux and degreaser tanb (5%), operating the 
ovcrhead cranes (3%), and the rcmaining 2% fo r lighting, drilling and office 
computer" For the degreasing and Ilux baths. separate heating tanks are u8ed !o 
themlOstatically control the solution tcmperature, while a circulation pump maintaIns 
constant flow of the solution to cm,ure evcn temperature distrihution, 

The company 18 charg~d for k\\'h Wlits as well as total dcmand in kVA, The company 
implemented a device to pre\'enl demand from rising ahove peaJ... yalue (peak shaving) 
mid 1~~8 Thc cost at -R2.500 was 8aved within the first monlh, Total cost for 
electricity has therefore decreased o\'er the pa<;t 3 years d~8pit~ the inCfeas.<; in 
electricity prices: 

Table 6.4: Electricity usr 

Il lil 

~~_ J 
GalvaniZlng fl1rnaces have a rclauvcly high energy rcquirement becau8e of the metal 
tcmperaturcs involved, The encrgy cost in gah'ani;>:ing is typically around llfY;' oflhe 
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t(lt~l cost of Ihe coating apphcatiOll, and is around 11 % for this company. The high 
energy consumption indirectly cau""s air pollution via th~ pOW~1' stations. Th~ 

company has paid sigm Jicanl a(t~n(ion (0 ~ncrgy savings and lS beheved to ~ 
operating at high efficiency in l~mlo of e)eclnclly usage. 

6.4.2 Currellf Waste ,\funut;ement Practices 

6.4.2.a General waste 
Wife is used lor attaching work to jigs Pi~ccs not covered in zinc are r~-lLs~d as much 
as possible, Any wire that cannot be r~l1sed 15 sold as s.crap (steel wIre coated with 
zinc), although there is not much demand fOT it at present. TIle total amount ofwast~d 
wire is approximal~ly 2IOns/y~ar and lh~ cost 01- the wast~ r~llr~s~nts loss 01" raw 
mat~ri~l m111l1S sale \'alue, 

Drums are provid~d by the mUlllclpality for collection of paper, packaging and other 
industrial refuse. There are ten 200L dmms, or which 6 are iilleu per week on 
av~rage, Th~s~ are collect~u by the municipality on a weekI;! basis at a cost of 
R275imonth. 

Tablr 6.5: Gru~ral wastr 

6.4.2,b Wast~wal~r 

WaSlelWler fa sewer: 
Th~ majorit . .,. oi' wast~watcr to the s~wer is tlw dirty rins~watcr, contaminated when 
drag-out from the degreasillg allU plcklmg baths 1S cam~u into lh~ rinse haths. To 
keep drag-out low. \vhen the work IS withdrawn from Ih~ b~th, the slowest crane lin 
speed i.> used. the work is then held briefly above the tank to allow nm off of th~ 
majority oi'lh~ solution. lImvever the time allowed for dripping is not long as It 1S 
controlled mainly by the crane requirements and the need for speedy production, 
There i.> no set time allocated for allowing dragout to nlll back into the t~nk. The 
amount of drag-out also depends on the type of work, the crane operator and the 
solution t~mp~rarur~ and concentration. 

The r~sulting drag-in Irom th~ acid and degreaser to the rinse baths results in ,,-bOH 
and lICl in th~ wast~wat~r. which goe.> to the sewer. The wastewater is not treated, 
but it is assum~d that some degree of neutralisation takes place where the streams 
combin~ going to .>ewer (pipes join up before the exit). from the research in Chapt~r 
4. such wastewater management appears to be commOll pr~ctice for th~ majority of 
metal finishing operations in South Africa. When the tanks are uumpw, how~ver, 
they are not usually emptied together. When the pll of the acid ril15e r~ aches ll ear 5.5, 
tlw bath is drain~d (once per week on average). Sometimes the plJ may re ~ch 5 before 
it is ch~ck~d ; in \vhich case the low plJ water is drained to sewer in large volume 
(15kL/tim~ On awrag~, and may sometimes be the entir~ 30kL bath). In fact. analysis 
orth~ pH nwasur~nwnts r~cor<kd in the company log-iiks has shown that th~ av~rag~ 
pH for 1999 is 4.4 which is wdl bdo\v the local gov~rnmcnt's discharg~ limit of 5.5. 
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llr~iJ1;!1g frO!{lu~ncy in 1<)9<) wa, actually OflC<: per wec~ on average rhe company 
have >llmct.inlt", ~xperi"oc~d warnings lium the local ({Juneil regarding the low pH of 
their rinse water 

Another reason for dllmpmg Ih~ acid rins.: bath Ji'cqucntly is to maintain the iron 
carry-over from th~ a~id I'ick'~ 10 the flux as low as possible «lgfLl. This IS for 
coming qunlity rO;ilsons. hilt r~quir", exc.e,s;ve u,c of waler There is a certain amount 
of iron in th~ wast",wak~' , as well as some ,tine (carried over from the stripptng dcid) , 
Th~ pr""t;'nc~ of hea vy 1"ll<:tals is taken into accrRllll in the sewer charges (1Th: chargo; 
l<.m11ula is descrihed in Appendix 1.:5) The charges dcpcfld on ,,·he/Ill'r th", henv)' 
mdal COntellt is lound 10 he above the limit in samples laken A, yd ther~ hav~ be",n 
no additional costs for this experienced by the compnllY. Rough m~a>llrt;m~nt, 

indicat'" the Fe and Zn content to be around 12 ppm and J 0 ppm r~srt'ctiv~ly. which" 
,ullicient]y below the specified limils of 50 ppm and ~o ppm r""po;clivdy. Too 
m~a,ur~ment method and reslllls arc described in Appendix 1'4 

The drag-out nOt only allccls the qualilY of the rinsewnter bin n]oo r~su]ts m loss of 
raw malerials to the sewer r .... iaterial balance ~alcu]mion, involving a num"er of 
assumptions have been curried out 10 determ",e tilt; volume of "",id and (kgrea<;er 
ehemica]s los! to sewer through drag-out Th", cakulations "'r~ mcluded in Appendi" 
F4, and lhe resul! s are prescl1tcd in the table "",]ow. 

Table 6.6: Calculated drag-out los~ of drgrclls('r and pi<:kling a<:id to .. inse walef 

TltJ..ing into account [3'" materinl losses and cost of water, th.= actLUlI Gost of 
waskwater losses to sewer is aboul R4/kL (wou]d be R6/kL ifcalculat~d <lC1LJ:.lI water 
uoc "·ere charged for). 

'J he only other wastew",kr thai goes 10 the sewer is the domestic water. 1\11 other 
wnstewdtCI'. "I' which Ihe majority is the Iloorwash wa!cr runs through tlX' tr~nch 
system to a >o -G",]kd French drain on the factory site. which is discu,sed be~lW_ 

WaSiewaler 10 {h~ Frmch drain: 
TlK: fllTlC.tion of the so-called 1'rench-dr~in is t.o deslruct organic. waSles such as 
oiLigrcns.: by bacterial action. It waS initmll} instailed t"r the nil skinilllings from the 
S\ll't:1CC of the degr~a,ing bath, whieh overtlow through pipes from a lip dround t.h~ 
tank. into a !rench system thal fceds into the Fl'ench dr~in. l1owev~r. oth.=r spills and 
drips Ii-om al] process tanks also lead 10 this lI'ench systcm. and nre nloo washed to the 
French drain during weckly !1n<l[washil1g. 

Toc oily gl'ca><: that huilds-up over lin", on lhe degrcasing bath surfuce is I'egularly 
sJ..immed off. This is usunlly perlon-,-,.,d ~very second da)_ prior to the slart of lhe 
shift_ Over the week. this oih sludge and the rrocess chemicals build up on the 110M 
around the bdths and in the treoch syslem alld lie mm!!) ,!agnant until thc f100mnsh 
'.vater was].." these [0 drain_ 
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An)' drips that do not nm to the lren<;h ~ystc!ll and to th" d,din on their own are 
washed there during th~ noor "''''h procedure, The JC~LlInulated volLln.,., or oily 
dcgrcasing s.olution skinUllCd O'W the year was roughly cJkulated at ~pproximatcly 
14,()()()Uyr. Ihe grease occomos sludge-like in the trench system as it cools down 
li-()!n I he dcgreasing It:!T\pcr,,lur~_ 

Any drag-out that is Dot translbned to a following tank drips to the fl<lor and the&: 
ch.;,mical ""luI ions flow [0 the trench sys.tem anJ into (fit, French drain. The dcgroascr 
hath and degreaser rin'" tanks are sitLmleu d,SC together.~' drag-olLl drip lO the I]om 
;jr~ minimal Jnd tho: majority is ~ilnied over 10 the rin'e waler. However, between the 
acid wlhs and the: add rinse lanks there is a large space left when tJ1C broken sewnd 
rinse tank was remc)\'LXi, and as a result. acid solution drips onto tIns lloorspace, "here 
arc no rinse baths after the tlllx and p1l:';,ivation baths and the drag-out linin these 
batli, falls n)1Slly to th~ floor, rho flux~d parts arc hung in tn.;, drying area for a 
period of lin-.: (hIring "hich driP"< 1;'11 1" tlot, 110m of the drying area f<or the 
pJ,slvalion baths, lk parts are moved to the dejigging area alter linJI dipping and a 
certain amount of initial drag-out, as "ell as drips while parts are drying, fall to the 
floor. Observation has shown that the volull1e of dl'ag-out from the passivation mths 
is higlL and somctimes e\'en excessive in that large pools of solution will 1iI.!1 to too 
nom. In ract it appears that the drag-olLt that falls to floor is usually subslantial unless 
the pints then-.;el,es do flOt pi~k lLP nHleh dnlg-ouL 

Tho chemical ~lTlounts that drip 10 tll<: loor have ken cakulaled based on 
assumptions and Il1lSS halan~es, 'I !lese arc set out in Appendix P4. and Ihe results are 
pre~llted inlh<- Table 6.7 below. 

lable 6.7: Cakulatro volum(' of drag-out from process b~th~ that drips to floor 
and is washed to tli(' tr('nch system 

. " 

The floor is washed oJ1<;e/week "sing fresh voiakr from a hose at a Ilowmk "I" 
approximatel)' I SOO1'/hr (combined nO"'Tak of rinse tanks - since san"", tap "omce). 
and usually lahs al:x,,,t two hours. The ace"mulated yollLlno;, wa~ calculated at 
]OOkl.!}r in Appendix n. 

Wash water flowing to the Freoch drain combines all the ~hemi<;al spills, and may 
include some Zn (Il£tal). and any ~hemi~als from baths. The 7i,,~ metal spatter that is 
~allght in the lr~nch ~y~tem and cannot b.;, r~eo"ercd amolLnts to approximate!)' 
IOkg/weck (estimale Ii-om Op"rations l\!anager). The total loss Iherclill'e is 
approxirnrttely 400kg of 7.n metaL!yr or RJ,OOOlyr. Tllls zinc may go into solution as a 
re,ult 0 I" the acid conlent or tho wastewakr (chromic acid and Hel conlent). Although 
amount, arc smalL tho accumulation over the 5 years of operation so fur amounts to 

1.Sl0Il:'< or 7.n me/alto the French drain. Analysis ofthc water and >oil in lho l'rcnch 
drain would be required to determine the a<:tLlal extent of the ~ontami"ation" II' there 'IS 
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significant pollution. 'l lllll} be necessary In x)()" into an al[emmi,c and rcll~diation 
lllay be- neccssar\'. 

rile IOlal co~t of waste to the l'rench drain. not taking into account any pot~ntial 
liability. amollnts to R21i .. 'iOOlannum (n~linly elm: 10 loss "fra", materials). 

6A.2.c SIII,n l Process Baths 
l'he degre-asing. flux and passivation solutions arc not discarded and ar~ majnlain~d at 
the corn.."Cl cooccntration hy regulv addit~)J'l.s of the chcmkals and &0 Ivcnt \'Iatcr. The 
dcgr~asing and flux solutions are agitated once daily (due to time consideralions) 
llsing compressed air. in (\rdcr 10 mai"lam good mixing orthc solution and reduce the 
~Iudgc huilJ lip. Sludge removal is performed v.1-.en contaminant buUd-lip is too high. 
This ~, normally ~arricd dUTIng the annual shutdown period once at the end of eoch 
year, In addition to the muck/dirt th~1 seUks in the h~th~, the sludgcs wnt~in solution 
chemicals, '1he degreasing sludge that accumulates also contains oil & gr~as~. Flu~ 
~Iudge contain>, precipitated iron salts carried over from the acid via the acid rinse. 
Th~ p~ssiv~lion haths sludge contains ocxa,alent ~hromium and wme zinc metal 
"hi~h spatl~rs inlo Ihe hath. An attcmpt is made to reW,Cr the wlid /,inc that settles 
in tll<'S<' baths, and lhis 1S relurn.;,d 10 lho: galvani/.ing halh lilT rc-melling. The acidic 
nature of tl", final baths does hov';~\'er mean that a ~erlam amount or lhc zinc mC1.al is 
dis;,olved into solution and both solid and dissol.-ed zinc ",ill end up in th~ sludge. 

During sludg~ removal. thc liquid contents of lh~ tanks arc pumpi.'d to an emptied 
rins~ lank The sludge whi<;h remains in lh~ lank (appro~imatdy I/lO'h of lh..' tank 
VOIUlll<') is rem",~d manuall y (using drurns) to tllt' olltsid~ slorage tank. wh~r~ it is 
disposed in the spent aci<J. The ~'JlJpty tanks are flw;h~d and ck:ane<J using hoses and 
clean water. During this period, an} maintenaoce required in the tank is performed, 
The process so lution is then plll~d oo,k to the tank and additions are made to top up 
thi.' tank. 

Once the Fe level in the acid s(\lul~Hl ri.'adICS ahout 10";", Or lh~ a~id oc~omcs too 
w~ak fi,r slripping, il 113>. to rc discarded. The slICnl a<;id and a~id sludge is usually 
discarde<J al the end of ~m;h ye<lr during the shllt do"m period. A Gallteng base<J 
organisation wlle~ls Ihe spenl acid, mnkers it a,,~y. rcgclli.'ratcs il (using a wa,ling 
pro~,:ss) to a c<>ocentration or about 10% and ri.'sell:; it 10 the user.'. The ~pcnt a<;id is 
r~nxlVed for free provided the regenerated acid is bought hack hy th~ compuny at the 
~qui\'alcnt cost of new acid. In this way, the cost oftreatill~ waste is 110t incurred hy 
the company. 

(,.4.2.d Air Emi"iuns 
Thi.' pid-cling a<;id is a ga;, (hydrog~n chlorine) which i~ diswlwd in water. 1t is 
volatile, and therefore funtinl~ can occur in the vicinity of the t~l1k particublrly if the 
coocentration is high and the temperature i:; raised. The hydrochlMic ac~1 (I lei) is not 
artifJCia Uy heated bu1 will l1onn~ ll y be at a temp.:rature of ahout 25 oC, due to the 
chemical reaction that takes place hctween iron and acid during pickling (Barndt, 
] 99l(). In l<>nnation on the hazardous nalure or these 1i.'lllt's and method., required to 
control/reduce th~m is includ~d in App"ndi'\ F2. InhibitoTs are added to minimise 
fill1lin~ li-mn the pickling a~id and tl-..' company rollow~ all other requircd practi<:es. 
htl\ve'~r, some hydm;!en chlorine rU!1l<: is alway~ ;!eT1<."raled from the Hel hath~, 
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~spcc~llly wllt'll the hUIl",iil) in lllt' a\mos[lhere is high. ,'\' certain amnunt ofcmrosjon 
of slttl slrudUri;s "how tile hath has laken place '1S a result or Ih" lilmes 

Th<-' n~~ority oflhe corrosion orsl~'C1 stmclures ill Ihe ",,,[king "rea is howe\'<:r due to 
tfle fillnes uh()vc tl,,· g/Jvanizing roth which ari~ from volatilisation of \h~ flux 
clk;micals daring immersiOIl in hot 7il1c. The smoke contains hydroge" chJoride, 
~trunollj\lm chloride m"KI srrnll amounts of zinc. There is abo u possibility that the 
~'misSions fmm Ihe nne k"trie will iocl",it; lead added tor pr(xlucl;"'11 purposes 
(t)l,ically 1%) or d.:riwd ITrHIl the- lead content of the zine oors (up to 1.5%)_ These 
I'-tll~s calise corrosion "rlOC building 'lrlLclurc anJ o\'erhead LTaTlL", in parlicuiaL The 
fumes arC caused hy the ammonillm chloride sailS in lhe nux Solulion. "hi~h are by 
no means IOxk in the strictest sense of lhe term (Uarnel1, l'i9S). These salts are 
hygroscopic and lherefore attract an, moistur" presenl in II\., al!l"Xlspher". Thus lhe 
intensity of th~ fumillg with regard to Wlllnoillum chloride conwnt can Ix: misleading 
particularly whcn Ihe relativc humidity k\·cl is high. The lkgrcc of fuming ab"'·e the 
galv:mizing bath arising from the fluxing chemicals on lheir own.. is mostly confined 
to the precincts of the galvanizing bath and unlikely to be observed outside Ihc plant 
are'~ 

However, more signifkam ~nllsslOns of fumes into the atmosphere arC associated 
·with the proc"ss referred to as "dusting·· This ~ntails th~ throwing of ammonium 
chloride salts onto the components as th~y emerge fi:om the rooltell In. to aid the rUIl­
off of Ln. The problem is thm wocn dusting takes place, the quantity o[salts used is 
probably fhr in c.wess of what is r~quired. l,ut to control this ~~ extremdy dilIieuil. 
AtlllllOniUlll chloride fillllCS arc not haZ<lnlous to health unkss inhaled in large 
qUilntitiL'S (Ihe U.S. EPA l\lAC for JnlJOOlllUm chloride smoke is IOppm). These 
tiulles arc. howcver. corrosive 10 sted. Zinc ammollium chklride (as used in the flux 
hath) c~u'~~ ks~ !illlling than ammnnium chloride. hut in its cnmm~n:i,~ limn it 
reacts more ~Iowly and is Ihus less suitable ror iIl<.·idenlal uses in whidl rapid l1uxing 
is esselllial i.e. dusting (Bamell. 1995). 

There i, 00 ful"llt' cOlltrol or extraction in the working area lit rres-.'nt. Tile "olutn~ of 
filloc, canllot Ix accllrately ~'tilllalcd, am thc tru~ cost of the tillUC wast-'s should 
also lake lhe repllcenlt'nl ,-"osl 01" corr(){kd ~<.juipmellt into accoullt. As a rough 
estill1<lte. the cost was only Jssulllt'd to be til<: cost of dusting Sillts. wlUch Jl"oounts to 
R 18.00() pn alliluill The cosl~ as.~'lCiat~d ",ilh I h<; corrosion 01" surrounding sl~cl 

slrudures "vcr lillle could Ix; ,ignilkant and should I..., added 10 lilis. 

{iA.2.c S"lid "asle 
The a,1t Jll<i dross that form ill the g~lvaniziJJg roth 'lr~ rO:looved on .1 r~gul~r I"xlsis. 
Ash is '"mled on the ,urbce of tIle halh "hen the mollen 7n reacts "ith OX)gen to 
torm LnO (ash). Regular skinllning is n~'Ccssary during galvanizing to a,oid ash 
collection on galvanized surfilccs. Tll<: -kimming is carried OUI by ~aJl5 of a flowing 
action. using so::rapers (exc~ssive agitation ami creation of ripples accelerates the 
fOrmation of IIXIre ash and increases Zn lneta] elllrainment). SkillUlllng takes place 
irlllnediatdy before immersioll and immedialely aller "ilhdrawa). nl~ skimmed ash is 
r~moved Irom lhe sides 01" lhe lank and placed in a melal drum. This collecled '1,h is 
melkd down 10 r~mv.". lh~ ""Imined rno.;lal zinc. The melling is peri(mned in lhe 
moll"" 7.n halh. The rcm, .. ining ash r""id'I<: is sold 10 lhe /inc suppli~r al ah"ul Ii", 01" 
the rric" or ne,,· zinc and thus the metal cont""t is givcn away· at 1.'3 or it, adual 
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\1l1t~ '0 the £iih-aniI"CL .\~h g"r.~r,'I k>n aJl1"UII!~ to ~boul IOu h,n"'yr, and '·'.hl ~ 
rlround H-I2U,1I00lyr. 

~It' .,rOf] that i, cani"J over in II.:: 1In.\ ,~",lts 111 .1 I luch~r /inc .:"", inl:! tlurin~ hoi ­
dlPI~n/o: (u!I', all'cd "'dsted zinc) 1101<1 nl~ 1\'.,Ulls in 11m"" jimn,lI ion ill th.:: I,'nc nOlh. 
Tt'o:: m'J_~)r ('nilS>' 0" dro:s~ fMnkllioH IS tile ~"tvallrl.il\g jlrlK"'S~ ilsl'lf. ['he cO"l1l18 r.s 
lorUlcd by the rnclallurgi,;al ,,, nctlo.) U ~I" C"' II ium and molten zinc "hcr.::hy a St:ric~ 
of" Im,,1 iro l~'zi.llc aIloy~ ar~ Jc\~k'p.:d (\II till' SWInK" of the ~k'Cl I,Vhilc the 
1l1l.'."lIurllicni,,'Cn,-lion is 1.1kini! ploct:. ,,'me of tk FeiL.n alloy ~'<Car""~ \i'om IIx- ,'h,d 
'ull~<!I;: !lIld j, mitial ly 'LlSpcr\lkJ ,n th .. • <\I'l'('Iur1<ling molten zinc. I'h;< "ll"y ''',mcu;~ 
d"ll!«."f than In. "Il(i it prC\:ipit"tc~ 10 ,he hath 110m "her" it is "\,"l\tuaU~' removed n~ 
d!Oss. AllQthcr SQuro.: of dros~ is IOC b;llh i[-;elf. The siK'<'1 us.:d f\l' c' ''Nru~liOig 
I\JI' lIIli,Jng m lhs i, Qnl~ nI<J<kra tel~' rea~l i\'c \\il h moltCJI zinc flu. J"CSIlItS ill 0 du~k 
mllJ rdol i_d ) un,,,,,,,ious .,lby )IIycr {l("illg forUled on dlt' balh Willis. Despne rh i~, 
some rea.:tion ht:t,,~o II.., imn ;md .-irk: .]",-,>< .:orumuc, Depending on the Lil1~ 

tenl(1er;,tlJrc <I"d OII""r fa.:1<"", tJi.<s" ]uli",, " r ille gal":lIlizing hath pLlle l'an \":11}' rnom 
!'lie It,) two miJJinlt"lr"" Jll"r }""Jr where a well dc-sij)ncd hcarinl,! sp,,,m is ell ~\loyJ:d . 

lb.: n~nllnu)alcu dross h.as tn ~ rem.,vcd reg"larly (3pprm:in~td! onceimonth). 
S;'I\'C heM lrml'olcr through Ihe drt,) :<t' is )'I<IOT ,m.l lherefore kKnl ", ...... I)(:JIII\I< of The 
h,lIh wnll niH rt:,ul! ir 1<10 nllM,:h dro~. is pil<:d Jgainst it. Some drll~s panlClc. ~re 
cl1l1'ail'lCd in Ih" coaling surfilce and ~nl1 n: ~ ul l in " rough fmi,h. Dro>s um."nll, h) 
"rpro~imntdy '.5-21011"inkmth ocpend;l1<i 011 prouudion and condit ion "r ~I""J. T)", 
.1I1101int \.If Jrus, in 1999 \,,,S 10\\('1' .il1~c pr"'] "~li<ln \~a, dmvn by 20% [ruIn. 199X 
I he ).dlc~ prio.:e o f Jr<>~s ;~ approx;n~.tdy only 75°{, of II..: e",1 of zinc, ~nd the line 

Hlllr<:1II .If II..: droS5 is > 90%. For "onlf\1t1)' 2. The .:Old of dro~~ W J>'IC due to koss or 
ZUIl.- k:ss sales \-,,10(' is KI,200i'lon of Uf\tM t"m"""-. nro-.s generalion CiU' 31' _,UI1l to 
10rntW'yC3J' "r n .. ... ·_ "Iuch I"C'l'rC'l'il,.'nts , ~ koss " I" :.I'n", R,!5.000!yr_ 

rhe \.I\'CraJJ Ios~ rer kg In'S!; is llO,l, :I' high rI~ Ii •• a,h hut Ilr a;;oochred l'Ostll ~ 1I1"11 "" 

"Juluonal ... nclgy l'I.,,-!uircIDenh 11.' It rc~I~T of the ,1ft1s~ h"ilJ up, and klhour co=" . 10 
fClllO 'C the um" aTe nlOl ... • , ogm[lf ilOl Allot I"" nnpm!;",1 "~rx:CI i~ lhe lower '111~lil y 

fOt co~tillg also a>s,,~i"I"" wilh iron ill the ~,,JvnJliLing both \',hieh cat] Ic:<d to pnt'l~ 
hn\"ing I" lJo, reg~lvmtizcd . 'lhe numlJo,r "f 'n:Jo,' al prc<,Cnt is nrprOlli",aldy J% of 
tot n I ,t.,~ I galvani/ c d (cslimnted 1.11'" "I' 1% 1<>la] rcdos arc due to Pe ill ",,, h ~ n l.incj. 
wlll\:ll nuplic , t1lil l tkr" is 1% ,,,,11'\.' w,,>!,' for lho: >'11-rx: l"'oJud;on. Dro ,,-~ COntaul, up 
tn Q(I,960/0 zin~ mO>l or \\ hid, i< ill Fer/,n ;,lk) ), rolln. Thi: Innsl ""hie Jl"lCe,~ is W 

t"C\."(]\\!r tho: zinc a.< line oxide or ~;,Io.: dusi. Sin,,,, ahoUl 75% 111',1,... ziuc !'ri,~ is paid 
for Jross b) rec)diflg ,-""mpJ.uics. it i.~ 110t ,·i.:lblc r. .. "'''>I !,;"t.an;/£fii to acqu~ their 
("~" 7n ....... :('l\'-"t)' ,-"qUij.'1IIl'n1. 

i"l le &5h .\l1d dro:.s 'lim :m.' r~m",·,--d 1'"1,,, Ihe Ln bmh. Jo l'ontJiu ".dllal>lo: I II •• uld 
Ilw;. be c()nl-i;lcrcJ resi<llial p",JOCI,,- rO)/cthcr Th.:y may 3~ .... ounl r." <l11~'lhinj.l. !r.llll 
20 - SO% "f ill" Inl"! Zn COINJnlCJ $et,)rdll'l~ !\.l Iht: 1I"lur~ " f lhe \,or\:. ,md 1'-: mrc 
will> whkb Ih<' balh, "rc opcmk'd. Dl'tlS<' COHrnins up to %e,.;. 7n Ii" "nt;. 4~/o I'e. Ash 
is n l11i~IUr" or ZnO anJ varyi,,!! '1\U(l l ilio:~ or "nlmiocu Zll The tn.'C mct~lIk 7n 
eon~ll IUl"S al k"sl 8()'% of the tOh]! \\~'Ight "rtlle a>h. (GA, 1981). A cOJ\~ideroblc 
unlOlUlt 01' lJI can als.o oc entrain.;:d duril1l,oi lhe r~moval ol'the a<JJ from Ihe balh irlhi, 
is lUll Jnne ~arcfully. 
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Some zinc is ;tls<) w<Uikd through s!,:mc:r on Ih ... walls artd floon; wInch (lCCU1'" dllnl1g 
"ooilmg" of the Zn Of] lmmer.>IOI1 of prodUCfS illio Ihe Zn rolh. As pans are lowered 
" 110 tile galvan izing balh. :I certain mnounl of ~pJosi"n occurs as a rcsull of Ihe "Cl 
fl u\ ", mmstuf" I'..ppcd mSld" h"lIvw sect","!!, Th" npl"slOn r($uh~ 'n Sp .. ll('J' "r 
mull.,.n t inc MOUnJ llw ar.,.a of lh" bUill . Sum ... lartds on walls artd n()(>, around I h~ 
l.:e111e. This spatter is. however. conlairted "ilhin Ille walls of the ractnry :l.lld is no! 
k'st Alk'nlplS art nla',k I" Ck.Hl up Ih<' spu!kr nlore cffecli~dy al Ih ...... nd of each 
week and particularly during the sh U! dOWll period at the end or the year It IS 
eshnlalcd lIml upprnxinlately 7% "ftolal Zn u~agc is IOSI through unrcc"vCf<'d .pa llo.·, 
"'hieb am(lunl' ro R1S5,OOO/yr, Thi~ i~ a g"n~'Ta1 Industry t'Stim.ue. "hieh the 
OJ)Cralions Manager ronSI dc:rs rt'f'r~<'lt aI IVC , 

6.S rOSTOF WASTES AND EMISSIONS 

A summ~ry of til ... e,,,,, or th(' '\\'lISi('S and en l1s.sions is mc1uded here. Th(' '!rue' COSlS 
of Ihe wa't~'S.'t·lTljso;.inns h:n'c beat c3lcul:ued for the s~mc rc"sons and In Ih~ t;.,lm ~ 

way a_ f". company J '§ ".ute nimimis.ati"n aSSCSSmtnl. The e"JcuJ:uions to 
.ku:rmine the tme ",nSI " r the waSles from Cllmp:ITlY 2 were rcJntivdy ~imple li'T all 
wa_tc ~ttc;uns except rn, thc dHty rinse "':lIef. artd French drain wastes "lIeTe It was 
diffi cult I" determine dl1l g-olll fnlm the ptoccss·hJlhs wilh uny accuracy, 

Working spreadshccts were usoo f('lr ~ll caleulati"m; aad then llllkffi I" ~ summary 
spl'e~dshecl 10 C(lmh",c all rosa Tile §OmmaT), 'pTc~dsh<:Ct is inrluJffi in Appendix 
fS. The results are prc":,,, Ie<l '" ~ gr,jph in Joi gu re v.2 below. 

HIlUN' 6.2: ,\nnual ("OSI bn'al.:do\\" ror th ~ "3sl esfcmi~ioru; rrom Coml)~lly 2 

'Ig". U . Coo, 1_._ ........... "'-.. .... 

.... .... 
---~ .. I .. -
... " ... ~O .. 

• IOM ~ •• 

------------j<--

--

Tbc u~h w~S!CS represent rht highe>l c\penSe and is due to tile high Zn ~ont~nL. and 
the loct tha t the sales price of ~~b \9 ()Il ly 1 13'~ of the price of zinc. The .cmalml]!': 
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wastes arc rclutive1v low in cosl ami il is obvious l!mtloss ol-raw materials is the most 
significant cost in all the wastcs apart from the industnul refuse (puckaging, elc)_ The 
cosl of the spenl aciu is OIlly for mw Tllat~ri;lliosses, since the acid is regenerated lor 
frec and bOllght buck at the cql11valcnt new udd price_ Intcm;lllr~ulmcnt costs ure for 
labour only and ~re pr~cticaJJy negligIble. The greate,t labour neql11rement for wastes 
is li)r the dross rem"v~L The tot~1 costs were takcn into account In the cvaluHtion and 
seleClion off'lCl1s ureas during the waSle minimis~llon assessment. 

Table 6.11: Percentage of total waste ~o~t per ton of production r or each 
wa\te!emis~ion from Comp~uy 2 

6.6 PRE-ASSESSMElVT 

The pre-assessment was ~n mitial overVle,,,.. ()f the company's operations and waste 
streams and emIssions and mvol\' ed lne collection of d~t~ from which the above 
overview was compilcd. Liter,,-ture was revIewed in orocr 10 compile background 
lllfommlion on process operations, process tedlllologles, and environmenlul imp~cts, 
On-site inspections covered all activities carried out on a regular basis III the re l ev~nl 

part of thc company, AJI iniliul lOl1r 0 1- the laci lity w~s required to form a good picture 
01- how the company operates .. \1ore tllOrOl1ghiuetalied inspeclions were carried Ollt 
dl1rinK lhe dct~ilcd asscssment. 

6.6.1 Evaluatio1l of Wastes and Emissions 

As discussed for Company 1, the main acti\'ily of 11K pre-assessment was to evall1ute 
lne wastes and emissions in order to idenlify and selcct the fOCllS arcas for tne 
assessment pnase, The comprehensive evaluation of each of the wastes to SclCLi focl1s 
areas was c~rncd out using the same metnodology ~s for Company I, The quantity of 
the waste stream, hazardous nature, costs Involved. and "aSle minimisation potential 
are the criteria l~ken into account in the ev~ililltion_ This inlormatlOn wus compded 
onto an en,lualion table (the format of the tahic is according to the chosen 
metholiology). The Evaluation Table is lllcluded In Appendix F6. Each of the wastes 
is aSSlgned pmnts lor each of the critena I'he 11()lnt system lor the cvaluation criteria 
is descriheu In Appendix El2. 
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6.6.2 Selected Focus Areas 

The graph helow Tepresents the resl.ll\s of the evaluation for the selected waste 
streams. 

Figure 6.3: Selected focus areas for Company 2 

j a ","", •.. ,~ ,~ 
j ""~ 

.' '''~ ... ,.; .... , .::!c~.," 

The graph clearly indicates which aTe the contrihlLtmg factors (criterial that lead to 
e a~h of the wasle·s being selecle.d. The SourCeS of the.se. wasteS and e.missions were 
examilled in more detail ill the asses>menL The. resull., for all of th~ waste/emissions 
are included in Appendix 1'7. 

6~ 7 IV ASTE MINI,lf/SA TIOIV ASSESSlfJElVT 

Tbe objective oftbe asse<sment was to obtain a clear l.lndeTstanding orthe sources and 
causes of waste< aJld emissions In the focl.ls aTeas, re'l.lltmg in the identification of 
improvemenl optiOl1S. It invoh-ed a detailed sl\ldy of lhe focus areas to establisb tbe 
large·st possi b Ie. lll.lmber 0 f s lLitable waste minimisation options. 

Actil"ities incll.lded: 
• Gathering additiomll data. 
• Closing mass balances where possible. \vhicb requJred monitonng programmes to 

rel"jew processing conditions and to qual1tify los<e'; or eltllssions previously 
unaccol.lnted 101'. 

• GeJlerating waste· ml]1l1D1S<ltion options. 
• Sneenillg and se lecting option., for flLrlher stlLdy. 

The generation of waste minimisation options fomled dle major pan of the. waste 
minimisation assessment ami in some cases required ~akulations and measurements 

,. 
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(0 1e,( varinllS rossiblc waste miniruis:lli"n "plinns. The activilic, r~ql1ir~d li,r 
generating waSle minimisation "ptinns arc di~CL"'cxl in Appelldi~ FH_ The uelai], "I' 
the assessment rwccdurc and findings, as well as It,,, idcnlilicd wasil' minimisation 
"plions fi-,r each of li-.c fOCllS arCaS. art" d ... scrihcd hdow_ 

III addition. c;]ch of the identified "plions is e,-aluawd bridly as (0 their technical. 
cconnmic and "mironnlCntal fcasibi];l}. 
• Whet]",r the option IiI, in with how the company is rull. 
• ES limlltcd tc~hni<;~l f<"lsih;l;!}"_ 

• TIl<' cn\'im!1lncnl~ 1 cfle~t: redll~l ion OfilITlOWll JnJ chang" in comrosit ion of tile 
wask ,lr""ln and any pos,ible ,jd,,-dled:. 011 the "llvirot1J1l<'1l1. 

• \\'helber it <:JI1 he jOlstilicd economkally for the compally. 

• A vailahility ()f fman{:es. 

lho"" option' "bich r~quired significant inveslll1cnt were mmlyscd in more det8il 
th~l1 simple pro~<xlural ch<lI1g~ options. The reasihility evaluation criter~l and 
cbe<:klists ~r~ outlined in AppenJix L16. The eva)mtion for CJdJ option is Jisnlsscd 
for ~iI~h fo~us Jrea bdo"·. 

6.7. J Frellch Draill 

6.7.1.a Problem Statement 
The wastes )""ding to the rrem,h Drain were ;lkl1tiiied as the prim~ry focus 8rea for 
wasle minimi>iltion at Company 2. Not onlj' do the wa,le cOlllems r~prest'nt a 
siglli licant los, 0 I" mw materiJIs, blll lh" majoril y 0 I" lhe Wi~~te is haorwdous waste. The 
problem is tl~ chernicJI spills/drips to nom arc cxcessivc and !l~refi,re reqllire 
1100rwashing lhat leads to adJit ional cOlltaminm"J wastewater. This is not tremed or 
properly Jisroscd. as it is wa>hed to ll~ rrendl drain on the factory site. where it 
accumulatcs in the area. rhe assessment of tillS fonls Mca lherefore imohed the 
ddemlinatioll of" ll~ ~xt""1 of" lh~ ~nviron"",ntul elT~cl of" ll", dmin. Ibllowed by all 
unalysi, oftl~ sources 01" all wasl~ 10 it with the aim ol"identil)'ing way, to eliminate 
or redlIC" the"," wast", The options iJelllilied needed to k ~ost·dTe~tive ,inee 
CllrTelllly, rnJnaging this waSl" is ~l1ttti\dy ' Iree' il)r the company (if th~ po[ential 
future liability is not taken into 8CCOUlll). 

6.7.1.h Envirollmental Impact of th e Frt'llch Draiu 

Size, dcplh and fUllure of drain' 
rhc siLe anJ depth o[the French drain were mcasureJ by (he Opcrmions mallJg~r and 
were determined to be 6m x I;m x 4m (length x hrc8dlh x depth). J"he ""et 8rca around 
the drain WJS in fact found to extend e\en further so that the der>th and width o[""et 
area arc 7m anJ 9m respectively. The Frer><:h drain operuks simply as a pipe running 
into the ground whi<;h allo"s all liquids to sink into the gro\mJ and solids to sett le in 
[he soil. Il is ~XpeCl"J that tI~ drain d",tnus ll~ organic wask - grea,~io il - in [h" 
W8s1ewuter. hut th~ ext"nl [0 whi<;h this actually 'KC'lfS i, u"kown. In any case, over 
th" 4 y~ars thm Company 2 hJS been in operation. proces, chemical~ and l.ine have 
hee" acc,mllL\ating in tho, soil. h is also lihly lhm lh~ liquids (containing heav)' 
metals 8nd (:hemkals in solution) rn.tlY con~ into <:omact ""jth grounJwmer in the 
area, causing cOlllamilliltion. 
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The gelllc>gical and hydrogeological CClrKlitiol1 , In the vicinity of the site arc of 
impClrtanl'~ ,inee they ;nflllelKe the 'liltlerability of the groutxlwater to contamtllation 
and pOlential comamillanl migration A number of cxp~rl~ WeT" conta.Cled Il,r 
illforrnmion rcgarQing the depth of \later tahl~ in the tactory area. Kniel (1999) 
'"rplIL~1 ini'ormallOn On geol()gic,,] 'Illd hydrogeological CClIKliliolls thf It.;, site wer~ 
pllblish~d map, and oth~r g,-~)logical and g<.-'Otccil1lical IIltilrlnatioll lla,.,ct on pi evioLl, 
work ill the ~r~a. The findings are discus~cd ill Appclldix 1'10 The conclusion is that 
the surface soils on site are ,andy am! relatively pcrnlcablc and potential clllltamirlants 
can thus enter the shallow aquifer belo\>. the factory ,ite ,cry e"sil~ The kgal 
Implications arc discussed in Appendix F 11 

6.7.l.c Assessment Goal 
The priority filr the a~,~~,mellt >,a,; 10 identilY all ~()Urc.~, ofw,,,te to th~ French drain 
;md to dt;1~lTT1i,.,., te.., ~"act n;l1ure of the wa~te by "n~ly,ing wastewater and ,Iudge 
ilOWHlg to the dram. 
a to sec if the waste it<;elfcould be minimised or elimillllted. and 
h. to s.,.; if lhCle arc all~l"alive opliolls i'or managlllg Ihis wa,tc. cog ;;c.glcgatioll, 
treatment. and/or ai(enl<itive dispo_,,,i. 

6.7.l.d Asst'ssrnepj Hrsu lt' and l) is ClI Isio" 

Oren'iew of French dram "'astes: 
A diagram of the trCllch system around the process haths leading to the French draill 
j, pre<;e[]tcd Hl Figure 6.4 

Fig ll re (,A: I)iagr:lln "f 1 h ~ I rt"u-h S) ' t~m ,In'" ltd t!,.. pro~tss baths leading to 
t he Freud, drai " 
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All s"ur~C' ,,(- ",a.-Ics In the trench system and hence kading In lr.;, Frell<:h dwin arc 
iL1ciwK'J ill Figur~ 6.4, aJKi :lllalyscd in ilK"" delail hel"",. 

The eXlent of drag-nut in each case is not ca,iiy measurable as it varie-, ""nsiderahly 
wilh Iypt: ol"pr()(\ud. produdion ral~. as we" as with crane operator. There lS a wide 
range ofdiffcrcnl prnJuc!s coaled aLhl pmdudiolllS hardly eva mnsislcnL Small and 
simp" produd' resull in '~ry 'itl'~ liquid clinginL~ to the surta.:c and th~ref0re drug­
out is low. However compkx Or large prouud, allrad brg" amounts "r dmg-oul and 
Lause a signili:anl amounl or drippillg to Ihe 110or. Near the tnl "r balh-lil", the 
content of Ih" drag-out may lx' signilicantly JiflcrclIl Ii-om Ihal of a 1i1:.JJ bmh {su"h 
as lIigh<.T hea,,} metal conkut Or 1<)\\~r so luliOTl l"O"L~ulrat~)l] 0 r acid), 

All a!tcmpts to measure Ill(' drag-oul volwJl(' Were met with obs13eks which eithcr 
hindered measur~rnent directly by thc dangcrous nature'_ of Ihc proccss chemicals and 
size of the jigs, or indirectly, by nOI be ing rcprescntati'H' "r the whole and tocrcl,)rc 
affeding the ~xtrapolution of n.,-sults, This seell~d unr~cessari1y cnmplicakd to 
oblain data that would be suffICient as a rough cstimate. It was decided that the pre­
assessmcnt caJc.ulations based on assumptions and matcrial habtlCCS Were suffICient to 
gJ,'C un indication of the c;..ient of the probkm. l\ summary of the pre·assessment 
fmdillgs r,'garding all s(J1Ir~es of wastc lD tIlC French dlUill is included in Tubk 6,<) 
cdow, 

Tahl~ 6.<1: Yolllllle contrih"tion or all "aste sOllrce_ t" the Trt'llch s)stelll 

Cbemic .. t Ra.moo. 
com"on~nt ~·"",t~nt 

,L !-K"L 

tUi 

From the pr~-as>es,nlenL analysis, it \va' mncluded thal the component, or """"em 
running 10 the French drain \vere the heavy IIlctals ln, Fe and Cr. as well as the 
oil/grease Ii-om tile d~greaseL The pH ortlle "a.qew~ter is abo or "OllCCm as it affects 
the amount 01' ~.iL1C and iron that are in solution (acidit\, causes :in and Fe ll~talto 
dissolve). 7n sources illClude hoth ulCtallic ZlllC and 'Zu'+ as zinc chlorkk in the 
Iluxillg chemical. Th~ heavy lIletal ~onknt of eoch of th~ ~ontTibllting bmhs wa' 
lIleasured to d~Iennine tIlC rcl~ti"e ~ontribul>c.n of each S(lur~e, a' \",,11 (I., the sum 
wtal, The l:rl<'aSUr~lTIel1lS and ca1cuJmioll5 are included in Appendix F12, The result, 
are presented in T~hle 11.1 0 
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' llIbll" 6. to Contribution of rllcb W/lSH· sourcl" 10 heavy metal content of Fr~nch 
drain 

I 
_ .. _-- , 

Source ~. ~1J""ibuliun 10 .,. cont,ib"tion to , " rontribu!; .. " 10 
Z .. content F. como"t Cr co. ....... , Acid , "'. 2M-, ~_3~-' , --- ---

_X!~2 5~-' 
, n~-; II)'}. 

, 

H,,:t 51~ ; , 1 ',," (l.5~,-, , 
Chl,",,;c acid "' i N.gligiblc 2~'" , , 

~ium dic~"",alc 2'\', I Negligible_ ~1~-; 
-i .. sp.~_ 38% I 

, , 

The Ilux halh Lontains 8 high conn'ntralillll 01" zioc {27o/.moVmol) in solution as zinc 
~hl()riu~ fi,ml~ a signilic81Jt part ofthc bath make-up_ The halh also contains a CCli<lll 
aTll()Ulli of iron c8rricd owr from llr acid halh via Ihe acid rin,e. The zinc content or 
Ihe pas,j\'alion baths is wry high (bllilds up over lime Ii-om /lnc spmlcr ",bieh lands 
in tlo\:Sl' baths). This solid zioc i~ ~olkc tcd 8S much as JXlssiblc and rcturned to tlK' 
galvani7ing hath However, It., ac idic nalurc of [he baths causes a certain amount of 
zinc lo go into solution, The drag-Old fmm the passivation baths will lhercfim:: t., a 
source ofhoth zirKo and ~hrmne. 

The melal /ine ti'om ulleolkcled sp~[[er lhat is w8shed wilh lhe noorw~~h h~s a 
significant effcct on the Ln conlent of lhe wastewalcr in lhc trench system. The 
amount of spatter which is l\Ctu~l!)' 10,1 Wilh [he liquid in the Ircnch systcms 8round 
th~ lanks is difficult to dClcrmin~ with accuracy. For lh~ purposc of the ~oovc 
workings. ~n cslim~le from the Oper;llioIlS Mtlrulger was IISed , 

Direct measurement of heavy metal cOIl/ent ol1'rench drain wastes 
T"" \'olume and conlCnt 01' wastewaler flowing to the Freoch drain varies 
considlTahl} OVl'r tnne. In ordcr to obtain all mdication or 1m: heav)- metal ~ontl'lIt of 
the wa~lewaler. direc t samplc~ were taken as an initial invesl igation. 

The French dr8in w1!.~ blo~ked illld Ihere was a con~xler~ble mnounl of wastew8ter 
o\'erl1(m am,ve the drain. nire~t samples were I""reline laken Ii-om this source 
(labelled FD on Figure 6.'1), Samples werc also tw...l'n at til<: linal nit point of tk 
trench system .. b,'fore the undergroUlxl pi~ cntr~nce which leads into the Frcneh 
drain (lahellcd point A in Figure 6.4), 11", t~blc below summarises the results which 
m'e based on all 8verage of sampJe~ taken. The Silmpling method and complete rcsulls 
are inc luded in Appendix I'l l. 

Tabk 6.11 /t('sulrs ofmraSlIrrn1{'nt of heavy mrlal contrnt of waslewat('r 10 
Trcn(h Syst('Dl lind F ... ·n\·h drain 

P"irll 
I'll (I',end, dmin) 
,\ (Trenoh 't,tc-m) 

z. ( Ill) .'~ () ,no) 
136 O,} 4U 

5~O . __ . __________ ~~'OO~ ______ ~",'c'c' ______ ~ 
It is likcl) thaI tlr wastcwater alxlvl' the Frl'nch drain rna} he tlilutcd "ith rainwalCr. 
In any c~se. these samples were taken to serve a~ ~n initial indication of the 
lnagnituck of the l",~vy metal content. '111e results indicate that bolh the /.n and Fe 
content arc three- to lenfokl higher than the limits of 3l1ppm alxl 50ppm respc'C!ivdy 
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j,x discharg~ \0 scwa. Tic Cr C()nl~nt i~ l~lw",~r km and well bd:w, til<: IOppm 
limit. 

Tho: oil conlml ori;'imllin!,: Ii-om ckgrt;ast:r "v~rll"w wa, nol TT1Cilsurctl. owing [0 [ho: 
ditlicullY ill colkcting ;1 chm (without dirt/muck) rcpr"S('r1tativc s3mpk. llo\\cwr, 
Ihrollgh vi>u~1 ill>pcdion ther~ ilppear~d to be a rdathcly high ~IOOlint of oiligre:.s<: 
as it is always pr,,'><:nt arK! a lhin oil ,lick !:tyer OO:tlcd on thL' 'llrl:tc.~ 01' [he 
waSI~wal<:r in the owrtlow ofll}.; bloc.ked dr.1in. 

As a ""ull "i"lh<;"" initialli",l,,,,, it W1i.~ r<:col11n",mkJ to lilt' <"<HlIp,my Il~I1\;lg~TlI,:nt 

Ihat a mor~ lktailcd inwsligal~>l1 would )'idt! irIOn! ""CLlf~t'" r~slLlls. and ~"Llld he 
llIl<krlak~n iflin1r.: allowed. However, lh~ rnanag=nl cOllsi<krcJ ll", inilial resLlits "­
signifknnt ~nough rC~>Clll to consider minillli>ing the wa>lC, and did not require uny 
tu rlb~r dd~iled inveslig;ltion IJt,lilf~ 1;lking n~tion , The m<lll'.lgemellt w~r~ p;lnicul<lrly 
cOIKUJl(;d ns to til(; envirolUoclllal nnd lc~al implicatioJl" of the French drain, and 
were detcrmined to stop its u>c a, S<Xln as an alternativc 'Was identiticd. In addition. 
the Fr~nch drain had OC~n hl"ck~d for "per~)d "I' a I<:\\' we~ks and was no[ "per~[iTl''; 
~orr~clly in any ClIse. 

The m,m~g~H""nl bt:li<;v~tl IJ"lt b)' ~ombining: the trell(;h 'yst~rn w'L,le\.V<ller with lhe 
dirty rinsc water. the heavy metals would be sufficiently dilltted to within the sc'Wer 
limits. Thi> was not reconllTl<'ndcd. but in the rn;mng~lllcnt', vi~\\(poi.llt, the first 
priority Wa, to diminak the I'rench drain, lh~r~after ndhods of reducing the zinc and 
iron eonknl eoukl he illYCbtigatcd. 

6.7.l.e N~w S)'-~tem Implement ....... 
The plpc to Ihe Fr~nch dr;lul \.V<L~ r~diJ-ecl~d to lkn\( to th~ sc\.\~r vi"" tr"pm~n l ~nd 

il1sp~ctjon point. In Ihis ilre" til<; Ir~')1ch w~'ks wcr~ colkclcd so Ih1l.l Ih~ wlid,/sluugc 
is captured and only the liquid fk>ws off the surfacc (via J surface pipe) 10 thc >c\\(ocr. 
A dial'ralll of this trapmcnt point i> included in Figur~ 6,5. 

Figure 6.S: f)ingnun fir [h" I nll,welil and inspedion pflill I fflr wasl"watcr 
frum the In.·n~h s~s[em 

L q u ;d .. .. ' "' 

hx tbe new "y"telll. tll<; sourccs ofal] W;I,t~ 10 If Ie :;ewn w~rc I.h~rd"r~, ;IS Jilr I.OC 
French clrain but \\(ith toc dirty rillsc water included. In 'l(ldition. the owrllow rrom 
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the degreascr bath was eliminated, SlilCe the prexess of skimming 01' oil (i-om the 
degreaser was stopped c.ompletely (the degl'easer concentralion was increased to 
ensure that the quality of degreasing was maintained). The degreaser bath is no longer 
alhJwed to overflow dunng water fill-ups lor evaporation (m this way the Giligrease 
which falls to the floor was completely eliminated). The overflow to Iloor from the 
flux bath ("'hich sometimes occurs dunng water top-ups for evaporation replacement) 
has also been eliminated. If any overi10w docs oceUi it is collected in dlums which are 
placed under the pipes whi~h !low ii-Gm the catchment lip alOund the ranle The 
contenl of these drums 15 returned to the bath On a regular basis. 

The sil,dge that builds IIp each week in the trapment pGint is collected and disposed on 
Monday morning,; pnor \() Ihe starl of the day shift. The silldge i,; disposed in the 
outside storage tank (with the spent acid and other sludges which are removed at no 
cost with the spent acid for rcgeneration). The pipe carrying the liquid from the 
[rapment p<.llnt to the sewer, joins with the dirty rinsewater and the domestic vv"ater 
from the bathrooms at the final Sewer point. A diagram ofhGW the pipes run into this 
point is included 1Il Figure G.G. 

Figure 6.6: Diagram of pipes exiting to ~{'\wr at Iinal analy~i~ point 

domestic wastcv;'ater 

c.ombined W"",w,"~i'\, 

lIlt to sewer 

6.7.1.f A l\ew l"ocus Area _ New I'rohlem Statement 
The envirolllllental benefit of no IGnger having ~hemi~als and heavy metals run into 
the French drain is considerable. The wastewater wlil in elTect now be treated in the 
municipal W\VT plant, atld the sludge will be treated wllh the spent a~id (even though 
this is not good practice to do so "'ithoU! the knowledge of the acid regeneration 
company). However, this new system was not considered an Ideal sGlutiGn and was 
considered only a temporary solution until an alternative could be found. It IS an 
improved optiGn, in that the waste manilgement hilS moved up In the waste 
minimIsation hierarchy frGm simple disposal to treatment (ofsorls), but the sow:ce 01' 
the waste has not been minimised, the final disposal point has merely been changed. 

6.7.1.g Further A~sc,sment Resull, anll Discussion 
This is rather a unique case fnr a waste minimisation assC5sment, as usually 
(according to the methodology) the en\'lr(ll1memal cfkel,; Gf implementing an option 
for a focus area arc investigated thoroughly prior to Implementing the option, Another 
lllteresting aspect, is that the diny rinsewater IS already a 1'l<:us area On l1S own, The 
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(;leI lh~t th~ ,.;her ";Ncwal~' ,< no" 11I1\ed ",It. lhl' ,ilrl \ """",,,Il'r m~'an' 1k.1' Ih~-s<' 
I"" '''bl,'' ~r~ erk"Ii,'~lv CI~11tb;Ile<IIIII" nne f(...:u, ~rCa. 

Ill<: n"xl !m"nly, IIICr,'f,'re "-a' tn ,klc'mlln,' ,f til" e,'nl.l!"' lIitnt ct",l"m ,,[ Ih" 
".nSTe"~I~r mlln",!:' 10 Ilw s~wer (flopr"",h ""In n0W ,il lut~d "tlh rins.:"Jter 'IllJ 
d"mcS1i~ \\Jler) ""I' wi1hin Ih,' lunlh 'J"'~"i,-.,j by Ih~ 1,..;;.1 wune'! (retet ,(> 
i\p[ll'llil,~ L ~ for IIIn,l< " ... 1 eh,lI~c f(lttltul~)_ 

,l uni)'.,j.< 01.'><' \\ ,',. SI'.'/o'''' . . 
A ,I ,agralll ,,( 1he nc" 'y-t<'m Id<.'nl,f} m~ the U'lnhlnl-.i "~.,lc·"alt:T 10 II", W"~"- "a~ 
dt:,,, n up aod IS pr.:"-'nlcd m figure (. 7, 

~. 

,. T .. ' ...... . .... " .... 

r;Wijfil 
r"'N'" ! ! 
.o< . c~ 

-- I 

P"itll A I' "oc,~ the Ir~n~h ')~I~t)\SJ"iIlS UI' h) draini,,:ln "'hlcrgw\,nd PIP': which 
lI"w" I" Ih" Iraplll"m poul1 U C is ;1 point lit ,It" "J,'~\\"I"r flo\\ ~~slem ru"nll'~ 
irmn th..: (lcg!\::\scr Illlse h<:f"r~ 01 J"in, up \\ llh the ;lcHI rlll:;c'w~l,r_ The f""ew"l~r 
,llld "as-tc\\'J\,r flOWHl)< orf lh~ ,Uri;IC" (of !h~ \r:\pm~n! I'")im (,~c Fi!lure I'U) j(lln "I' 
uuder l,:JOollti arid ,')(It In ~e"( ' tng".h('f a, p'"m [). "b,ch ,s abo \~l>efe Ill" d(lmc,>he 
\VilSlewalcr ex,,, Ihwu!,h " "'pariue P'P<' ( l'i!-,uI\: fiJ,) P,,"'I E i\ __ here the 
!l\uniCl p.11ily tal.,s '(Lmpl ~' ,.1 Ihe \\ ;1,lewaler ("r their >1 ,,1, ~Ila l )- ~(., 
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The volume of dirty rins.cwa(cr WaS uctcmlLllcu in the prc-a,scssmcrll. If this IS 
comhmcu wllh the volume of wastewater to (h~ French drain, IllS found Ihat thc 
re,ulting wa,\ewaler volume wlit be <:IS%. dirty rin,ewater and 5% trench-system 
\\'aSlewal~r. l'hc Zn and Fe content of the dirty rinscwatcr were detcrmined in 
Appendix F4. The table helow swnmari,cs the results of combining the \0 was(~wat~r 
streams. 

Table 6.12: Summary of combined wastewater to sewer 

" 
, , 

TIllS rough lmtJal analysIs IS ba<;ed only on y~arly av~ragcs, and docs not llldicatc lhe 
<.lay (0 day effects when rinscwatcr volume doc, not include bath dumps, anti trench 
,yst~rn wa>t~ llo<:, not mdud~ Il()o"vashwat~. The T"5ults do howev~r mdicat~8 that 
whde \he Fe contenl may b~ wllhin lhe s~w"" hmns. lhe Zn conlent is unlikely to be. 
Samples w~re therdor~ taken dir~lly from th~ scwer point (point E in l'igure 6.7) to 
mcasurc the actual cont~n\. The sampling method and rcsulls are presentcd in 
Appendix Fl4. A summary of the results is presented below. 

Table 6.13: Re~ulls of sample analysis for hea,,), metal (on tent and pH of 
combined wastewaters to sewer 

m 

It appears from lhe wHie range in resnlt,; that the heavy metal content In thc 
wa<;lewaler 10 n~ver constant and Can b~ well over the limit as well a,; below it Therc 
is a large amount of variation and rl!screpancy in \h~ result> fTOm the,e sample points. 
l'he reason for t1uctuations can only be sp,,"ulated. but may he due to the method of 
sampling. which was not controlkd. as ,,~11 as the posSlbilny of chemical ,;pill,; and 
widc varialions in production for example. These results are an average hased on a 
serics ofsampk8 tak~n o\'er only a few week> a,; the new ,y,tem WaS only in place for 
a short penod of time. 

"lore sample, laken over a longer period of time will gi\'c a better irKhcalion of th~ 
actual e fr~cts and fluctuations, hm the rcsults are at least assumcd \0 be a 
repres entativ~ indication of the magnitude of the content of the substanccs of concem 
in the wastcwater. The above r~sults are an mdication that the Zn content i, aoove the 
scwer limit, and although \he F~ cont~nt generally fall,; helow the hmit, \here " a 
possibility that il can exc~cd the hmll at any point, a,; th~ source", nO( controlled. 

Bascd on thcsc lllinal findin gs (wllh dis.crqmnclG'; and large fluctuation,;) it \l,a, 
suggested to th~ company manag~ment lhat a detailed slUdy should he perlonned to 
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obtalllml're accurate results and bte sure oflhe extent of (he problem. (ro:ing \0 lime 
coJl.,lram\< for Ihe team memhers in thc rcmaining period for the waste minimisalion 
a<SCSSmCll\, such a <Iudy would ba\'e to be carried Ollt separately, J !owcver. the 
company monagement noted 1hat they were aware that tbe trench systcm causcd 
problems and would consider implementing options to reduce all Sourccs ofwastc to 
the system. even without quantifying the over~Jl effect through dctailed analysis, 
V.'hat IS ObVlOUS is that the contribution of Zn from the tr~nch systcm is thc major 
problem ~r~a, sincc the Zn and content ofthc dirty rins~watcr is not ncarly as high as 
th~ conknt in thc Jjnal ~xit po int, 

It was therefore decided 10 l1)ves\igale JXI"iblc options \0 reduce all sources of waste 
to trench system, wilh a particular focus on those options that would havc ~dditional 
bClJciicial effects for thc process, e.g, quality improvements for product, nl~ 
rinsewater was examined as a separale, specific focus are~ in Section 6,7.1 

6.7.1.h 'Vaste Minimisation Options 

1 Oil sKlln reduction' 
Thc 'l1rfacc ofthe degrcaser i. no longer .klmmed of 011, and as a result, the degreas~r 
concenlration wa< mcreased, to ensure lhat the effielellCy of the degreasmg operation 
lS maintained. The increa.~ In degrea<er concentralion ha< some associated negative 
cnvironmental effeCI. with the mcreased raw matenal consumption. a< well as lhe 
int.r~a.e in drag-Hi of degreas.er cbenncal inlo th~ l;n<e'Waler. The effect on 
rinsewatcr LS invc.ligatcd filrthcr in Senion ~. 7 .2. 

The company w","e. however, not happy with the reduced qualily of the degreasing, 
owmg to the thick black oily sludge layer (4cm) which was building up 0:1 thc surface 
of the bath since skimming was stopped. In order to correct this, the compony 
investigated changing to an altcrnativc d~grca.ing chcmic~L An emulsifying 
dl'grea.cr wa. suggcsted a. thc hc.t option hy thc Hot Dip Galvani.Lcrs Associ~tion 
South Afnca. and a supplier w~s rccommcnd~d Th~ ncw ch~mical is an cmul.ifying 
d~gr~a.cr wiih a high~r proportion of sol\'cms WhlCh providcs good qu~lity at lower 
conc~ntralion. ~nd doc. not rcquirc rcgular skimming of oil. In f~ct 1i COll\erts the 
saponili~h1c oil into soap. and thc rcmaining oil is emulsificd in suspension, It is 
spcciJj~d to opcrate at lower concentration. ~nd is less expensive (R2.60 less per kg). 
Th~ company has now changed to this ~ltemativc degreasing ch~mical by :,dding as 
rcquir~d tu the existing procc.s 'olurion, until the content is effectively the ne\". 
chemical Dnly. Oncc thc hath is compktely r~chargcd with the ncw chemICal, the 
concenlration Can effec1ivdy hc dct.r~a.cd hy 2% to thc specilied concentration of 
5'Yo. Thi, wlil help reduce ri nscwalcr contaminatlon through drag-o lit. 

To dale there has rn.en a signilicant dccrease in the oily-I~yer on the surf~ce of th~ 
balh, which has now ~ fkcti vely b~cn climin~tcd. 1\-1orc d etailcd information r~gardi ng 
th~ nev,. degrea" ng ch~mital is inc! OOed in Appendix Ii 15. 

Pre,iou.ly, thc oil ~nd grc~se from skimming, coagulated mto <judge when il cooled 
ll\ the trenches, and had 10 be washed to the French drain. wh~re 1t IS expected lhatthe 
oil was destrucled lhrough bactcrial action on the org~nic waste. llowev~r. it IS 
unclear to what exlent 1111S ha< OCCliTTed. and .inc~ the oil is cont~minatcd with Iw~vy 
metals ~nd oth~r proce<s ch"lTI1cals, the ehminatlOn of this wa.k is con.idcrcd an 
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ellVJ[omnelllai improvement The sludge thaI builds-up in the new hath is only 
expected to consist of dirt, muck and ;nerts \vhich \'.[;11 r€qulfC removal only after]: 
years_ The degreasillg soilIlion docs not require disposal after sludge removal. The 
application of lTIlcrofiltralion to remove the emulsified oil lS a treatment option to 
extend hath lire identified in the literature, but is not necessary or ecollOlmca!ly 
feasible ",ilh this new dcgreasing chemical. 

}\.!lother option for alternative chemicals for degrea5illg \Va& seen in pradi~e in (he 
plant ,;sit in Delllllark on the European Study Tour. This inmlvcs the use of a 
haclenologicai degrcasillg system, which has many benefits apart from elimination of 
oil-skim, Some of the benefits inc lude redu~ed operating temperature, extended hath 
hfe through ~ontil1llOUS oil removal, and most importantly, elimination of the need for 
dC),'Ieaser nnse. The option is discussed in more detail in Appendix F24. It has been 
evaluated as to its feasibility (Appendix 1'22 - OptlOn C2- 3) and It was found that 
the technology IS in its infancy and may not be commercially available in So~th 
Africa for a few years 

2.0plion"jiJrdrag-()u/I'educ/ion 
The insuffi~ient dnpping times above the baths resulting in drag-out to floor and nnse 
baths can not &l1nply be ascnbcd to the operator. A signilicant reaSon for insurJicient 
dripping time is the need for the crane to mO\ e to its next pIckup as 'lui~kly as 
possible after it has lowered the jig in place, There are only 2 cranes operating and 
tming requirements result in operators needing to lise the cranes as optimally as 
possible in order to keep up a sufficient ly high production rale. Crane-timing analysis 
has bcen periomled in detail by the Operations manager to ensw'e smooth flo\\' and 
oplimum production rate. It is a complex process, and difficult to find the optimum 
sequence. Drag-out reduction is taken mto account in that the withdrawal speed is at a 
minimum, but drainage time IS limited at present Drag-out reduction options sho\;Jd 
not complicate the crane timlllg analysis funh er, but rather aUmpt to find a simple 
solution. 

Possible drag-out rednction options were 'denlified dunng the brainstorm session for 
the company. The details of the Bralllstorm session are descnbcd in Appendix Pl, The 
following potential options were identi fi ed in the session. 

Since the products vary, crane openllors ha\'e io bc aware oftoc effecls of drag-out so 
they can adapt dripping times depending on the type of product being treated. In less 
busy limes, adjustments in the length of dnp lime should be made (operator skill). 
Training is recommended to raise awareneSS amongst the crane operalors as to the 
benefLts of reducing drag-out wherever possible through slow \vithdrawal speeds and 
llulxlmum allowable dripping time oVCr the baths. This can be done through traming 
or hnefing by (he Operations manager. The problem of drag-out was discussed dunng 
the brainstorm session at which all the employees were present. The manager believes 
that simply participating in the brallls lonn session has lead to increased a\vareness, 
and operators appear to be making an effori to keep drag-out to a minimum where 
p<lsslhle 

It ispossihle to place a rack-'bar above the baths so that the jig can be hung there while 
ihe emne is needed elsewhere, The liming of thc crane needed to remove the paris 



Univ
ers

ity
 of

 C
ap

e T
ow

n

____________ -''~"".,"~,,""."'-~,,."".,'.'"""",'"',-,A"",'""',U.,ip,'"',."," •• ",i,"""" •••• ",,,,,,,, ____________ ,6- 28 

from this rack wdl have to b~ dc'.[cmllllcd. Unfortunately, UllS will nOl oc possihk for 
part" lila! :Ic~d (0 bl' dOlihlc-dipp~d , 

A method of reducing drag-out \vith minimal effect on production time would be to 
increase t:1C run-off of the drag-olll as the par! j, b~ing \,ithdrawn 11llS cOllld Ix: 
achlev~d h) causing the lifting crane to \-jhrate as (he load IS being withdra\\'l. OWillg 
to the weight of tile load, a mechanical and possibk automatic ,ihrating mechanism 
WQuid h~ h~st. The cran~ manllf"ctun:r has ill\'~stigal~d this option and has fOlmd that 
the mechanism is not ;wollable locally. but can be sourced from GemlilllY. The 
mechanism is an of-centre motion device that automatically vibratGs and shakGs off 
tllG excess drag-ou.t as CranC raiscs the load from tlIG pnlCGSS bath_ Th~ Ii:asibility 01' 
importing thlS mcchamsm is being lnvestigatGd. 

An altemative option identified hy the assessment leam would be to create Ihe same 
efl;"ct lnoTlually_ Oncc IhG load is \,ithdra\,n fu.lly, thc d\\elling timG for drag-out 
return can be reduced hy ogit~ting or jolling th~ 100d ul}(lV~ the hath. The Op~rutions 
r>.lanagGr su.gg~stGd stop-start ing tllG crane InGchanism to C!Gatc this effect. It is likely 
th'l( with (b~ rJls~d ;Iwm~n~,;s at drag-wt n;du.clion combin~d with ~ith~r thG Crane­
mecha11lsm or Joltillg m~th<Jd_ drag-Ollt may h~ r~duc~d hy oS much "" 7()% of the 
tolal drag-out Ii-om each bath. The total po'sihk So\;ngs for this reduct ion ill drag-oul 
losses overall (both drips to floor and corry-oyer to other baths) would he arollnd 
R27,{)()()!yr in ra\V materials alonc, TIlc reduction in drips to the floor will reduce Ihe 
nc~d for floor clean-up slgnificalllly_ OlhGr ocne(",ts of reducing drJg-out m this way 
Illciurk; 
• Rcduc~d conlaullnation of process baths from drug- in, "ith thc possibility of 

rcdu.ccd slu.dge huild-up_ 
• Reduced contamiillltion of rinseviateL with possible associated d~Cf~ase in wakr 

usag~. 

• R~duced carr)'-ov~r 01' lron from Jcid bath (via nnse) to flux bath, \,hieh will 
re,u.I( 111 improv~d flux quality_ dGcrease in dross formation, JS well JS reduced 
l'nc pick-up 

The cost of the cranc mechanism IS not known al preselll, bUl wilh thc combined 
savings, it is likely to have J reasonahle payhack p~l;od lor th~ invcstment in which 
cas~ thc option is rceommended in Ihe long krm. However, th~ manual jolting option 
has h~~n ,mplGmcntGd in tlIG meanwhile and the Operations Manag~r dnes nOl bdieve 
it ha, a "gnificant effect on production tim~, Th~ lat(~r optlon involvc:; zero 
inv~slm~nt; savings ar~ significJ1ll and mostlihly 10 far olilw~igh los, in production 
tim~. Th~ dClail:; ofthc feasibility ana lysis for the'~ options aT~ Hlcluded in Appendix 
F22, 0plions Bl.l. and 1\1.2 -1. 

An option identiBed in the likrature (r~vicwGd in Chaplcr 2) to prevent spdls to Iloor 
and hencG rGduce/diminate the ne~d for Iloorwashing is to inslall trays to eollec( (he 
drip, thal fall to flnor in the drying areas and which allow Ihc ,olulion to bG returne<:l 
(0 th~ ha(hs, This would abo mean chemical recov~ry leading to a lowGr chemicJI 
usag~_ The l'ca,ibllily of thcse options has also b~~n ll1\'e~ligated and working, arC 
incllided In AppGndlX F22 - Optinns B1.2"3 & 4_ Th~ payhack 1)CI;od lor in,tallation 
of a drip tray in the flux drying area \vill (kpend on the drag-Olit rcduction Ii-om the 
option abovc, bUl evcn with 7(fYO less drag-out. (h~ tray w1l1 havc a payhack period of 
around ],5vears, which is reasonabJ~ for th~ r~lativG1v low invcstment ofR17,O{)(), A 

~ ~ 
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drip IXilY in II", fin~1 drying "I"" ~fler the [,<l'sivation baths was not found to he 
(edmi~~]]y I;'~,;ible. owing lo lhoe bel that the '>O'ulio~ frOIn the 2 Jiff~rent cherruc~l 
P",~,i\-"Ii()n halh, 1':Ilb 10 lhoo ""me "rea. 

Dripping be'\\een ,1", ~cid roth "nd the rinsc can be collected in the spare rinse tank 
which i, 110t being used at prt"ent. The 'lCid can be retl1fncd to the acid bath or 
'tripping roth (if quality is insufficient) as rL'<]uircd. 1h15 investment cost in~ol\'e5 

Jnt)ving tl", b;lth into pi;lCe and mSlallatKlU of piping anJ a pump. The savings depend 
011 II", degree of drag-out redoctioo from the mmual jolting option, however. the low 
lll\'esimeni COS1S nuke Ihi, orlio~ eCOllo\ll.:;~lIy fe'lsibk ill ,my _,!'e. -J he fe;lsibilily 
analy~is is induded in J\ppcn<lix F22 (Option H 1.3 - 1), This "plion i~ not pmsihle if 
the '>pare tank i~ repaired and the uOllblc rinse is re-in'>tallt'd (Option H2.5 - Il. but 
thi'> will have the same elTect in preventing the a~iu drips to nom in any <:a.'iC_ 

3_ Oplions(orf/oonvash reduction 
Ikfore floorwashing. the Iloor is swept to collect ur) ,>weeping,> anJ recover zinc for 
ret",n to the zinc bath. The IK-'Cd lor the water wa,>h is to clean the drag"out drips, 
ovcrllow and other chemical ,pilk 

The actual amount charged tor water usage is low (on!y 35% of actual usage) 00 there 
is lillie CO,'-, inafUive li,r the company at present to reUllce water flowrate, 
Fbnrwashing represents even Jess of a cost saving: in terms of water use since it uses 
only a '>mall proportion of the total "'ater usage in any case. If the company were 
interested in redocing thi~ water USilge, purely lor environmenlal rea~ons, then the 
methou ",'ould have to hal.-e negligible cost, In any C;lse. the current floon'i"sh metl~ld 
is oot very efficient. ~ilJce a brge ho>c with 10\'1 wat~r pre';~llre at mnlinuous Ilow is 
used. An alternati\'e option w-ollid be to use less amount ofwaler at higilcr pressure_ 
An option lOr thj~, identified in tilt: bnlinstorm "",>,>ion IS to uSC Ie", water for floor 
wash hy using a trigger mecbmusm on the wash hose_ This w'ouki allow, water to run 
out the hose 0))1), w,hen the trigger is prcs'>Cu_ Wasto:d water when moving the fKI>C 
from one area to the ne);t wrll,ki also be a\'[)id~d_ TIle disad\antage is that this \\ill 
mnea,>e the w,,~entrati()n of comaminallls in the wa,h water lin less the"! (drips and 
spill,) are also deneascd hy i!Tlpicmcntin)! toc ura)!-out r~ulldion options. The 
ka,>ibility evaluation of this option is induded in Appendix F22 - Option 135 I, The 
imestn...,nt costs are 10" and the p~yr",ck period is within a )'ear, and this ~an be 
implemeuted immedi:l1ely unle~s the Iloorwa,>hing is eliminated altogelher. 

lhe optimUln option Kkntilied by the assessment i.'am is to compktel)' eliminate the 
wet f1oorw'ilsh it" the ~hemi~al drips that reqllire cleaning are elimina1ed. -Jhe 
redudion of urag-out and implementation of drir-lnl),~/tilnb would dkdivcly 
eliminate the spills 10 floor. In this ""J)', dry <w'eeping alone woukl Sldl"x a"d the 
colle~ted dry-sweeping~ couki be melted tOr recove!) of zinc n)!t"L The pipe leading 
Ii-om the trend, syst.em to the ~",\'Cr Can be closed up and this would elimin;i1e the 
dean-lIp waste-water problem "Itogether. It require~ " ~rllnbinllion of drag-ollt 
redUdion rr~1hou,> in oruer for il to be possible, "]ne feasibility analysis pre""nted in 
Ap)X'ndix j'22 - Option H5-2 ha~ shown a potential saving of R25JJOO/yr. and 
payback periou of about 8rn.,"ths lor an il}\'estmenl of <R20,OOO_ l11C em immllental 
improvement i~ ~ignifi~ant with a wmplctc redllction in chemica! spills :md 
elimination of the problem clean-up wa~tewateL In addition th~ working area is 
improved, 11", need 1(1f the Fren~h drain is effectively comple1e1y eliminated, This 
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option j, in tho proco';s nl-ocing impkmentcd. The r~ rrnjning tn:nc!1 system will be of 
ocnefit In cOHlain anidmlal ~pills if \llt'y occur. 

4. Of'1 ion.\' for ."paller Reduction 
To ledllc~ the Zn metal spatter that is caught up in the lren,:h sySlcnl and whi<:h h~ a 
~jgnjr.caI11 dlixt on the Zn content of Hie wastcwmcr. J cow]' mukl be placed OWr 
the trcochL--s in the area of the galvanizing hath 10 prevent '>T'<1l1er from ~nleriJlg Ihe 
trend, system, and allow il \0 be more easily ~<Jlloctcd by koeping it dry_ ll"wevcl, 
~inc~ Ihe drip, alld lloorv.'ash ar~ in til<' process of being dimimMd, Hte z inc spatter 
which 1;111s to lIendlt', ilnd noor can t." easily swept-llp and colkctcrt mill the spatter 
can stiJj fall tn the floor. 

Another option is tn contain the spaller hd(m~ it fall s to the Ik)or h~' in_'>lalling an anti­
splash hood over Ihe galvani/ing hath_ This option wa~ l<.lLll1<lto he common practice 
in Euro)X and was obsened in opelation in both plant \;sits on tm, Europt'an study 
tOll!' di~u~s~d In Chapl~r 3. An additional bendit ~ C<.llltaiJunt,nt of fumes ,,,hkh is 
required by regulation in Europe. According to the Hot Dip Galvanizers Association 
South Africa. hoods have been installed in tv.'O of the larger gal~-anizing companies in 
South Alrica_ The investment for such a hood is considerable (R I OO,OO()}, and the 
&:jLliprnent is not e~ily available locally_ Those ~ompanies in South An-ica who have 
in~talled hood~ haw sourced design ti-om Furope_ It is tochnically diilicult to install 
~uch a huod >y>t~m where tl"" wOlldlow ~ perpindicular to the baths, as in ('onlpan} 
2. Brodmres collected irum suppli~rs in Europe haw be~n imestigated by lhe 
company manager. and the manag~r does not beli~w that tm, oplion suit~ the 
company's operation at pl'~Sellt. Thi5 oplion can save up to Rl GO.OOOl}T !Tom 
containing ,inc spatter, and can be reconsidered in t"" k)ng-tcrm (work ings arc 
prcsc11led in Appt'ndix F22 - Oplion R5 -3). The fllme~ that are contained require 
scrubbing which ~ an additonai cost. and is more ponLIlion contml than wasle 
minimisation. 1 he savings fi'Om implementing othel Opti<.)!15 in the company may 
make the fmancirLg of this option feasible in the filtll!'e if it Ixc<'l]n~s a [equirelll~nt by 
Jaw a~ in Fumpe. 

A bener Opl~)n than controUiTlg the spatter would be to minimise thc spatter at sOll!'ce 
by reducing the total amount of spall~r generm~d_ Spatt~r gen~[ation is worsened hy 
insufficj,;,nt drying of the flux_ l1o"e\'~r_ overdrying the Ilux an~ds lI", quali ty ofllte 
coating. The u_~ or a nux-drying oven 10 ensure thai Ihe flux is suffIciently dried on 
parl~ as wdl a~ pre-lteating lIte parts tor imrncrsion in molten Zn reduces spatter and 
is g~nerall~ considered good practice in ltot dip galvanizing operations (Ok 19l11). 1 f 
heated drying is installed it would have a number of Ixnefits. including ",dL",ed 
spatter, An add~d ben~lit would Ix concurrent rcdudi<.m in th~ ,~nount of fuming 
(fuming is v,'Ofse when the pam ilre still wet with flLlx). ImpIOved qualily 01' ~oating 
and subo;.eqll~nt reduced zinc usage are ~xtra hcnelil~_ Final ly, the resulting reduction 
in boiling-off which CaLlseS spaller, will docre~ the anlOunl of ash formed. llte 
option or i"~lalling a lleated flux-drying area would thereforc have benefits fOi Ill<.ne 
lhan one 1"O~us area. Hie Company has previously cOllSidcred sllch an option .. bul had 
not investigated it in any detail. However, with the awaren~ss of SlI\'ings associaled 
with waste reduction (oot just quality improvement), this opti<.", has nOw been 
invcstigated in more detail. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

'Ibe Ji-.:c con.'illliing section of the electricity ~"pp[y .. :ompany (Industrelek or Eskom) 
ha. .. come up wilh a simple and iruwvalivc de.'lign ror a heated drying area_ The 
diagram in FigllfC 6.8 illustrates the proposed <b;ign. 

Vogore 6.8 Tbe design urIbe Jlropo~ed heated nOl: drying area for Company 2 

_ -c> .,; •• ~ ........ 

--·11 . ... """-,«-' 
.o,~r 

The design lhcrcfure includes a tilted drip-tray (Option BU -3 above) at the base 10 
contain any spill~ and allow for collection and relurn 10 thc fillX bath. The parts arc 
easily available and oollfCCd locally, and the equipment can be installcd by the 
company ~talI.: 1bc feasibility evaluation of this option has been carried 00\ and is 
included in Appendix F22 - Option 86 - 2. The total investment cost Is estimated at 
R60,OOO. Combining aU poS!.~b1e savIngs, ha'led. on rough estimates in possible 
reduction (supplied by Operations manager), the company can save around 
R150,OOOIyr, which means the:: payback period is within a couple of months. The 
company will be implementing this option in the short-tenn. 

5. French Drain remediation: 
Remediation requirements for the French drain still remain to be inves6galed_ lbis 
docs not lorm part of this projecl but il is rccolll11lCndcd that the company receive help 
with this by allowing other university students to do the mvestigatiOfi as part of a 
separate project. 

6. 7.2 Dirty Rinsewater 

6.7.Z.a I'roblcm StatcmCJI' 
lbe dirty r1nsewalCr was identified as an important focus area I"r waste minimisation 
at Company 2, due to botb the high COflSumptioO of water for this purpose 
(8600klJyr), as well as the contaminant cootent. The JucrAfdous contaminants include 
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\laOH, Hel, zinc and iron ,hm are dragged-in from the prccccding process baths. The 
pre- as~e~slllent found the heavy metal COlllCllIlO be within spec, "owever, ,he pH or 
the rinsewatcr is of conCCl1l. Although aci d and albh neutralisatlOll lake> place when 
the two rinses eXLl [ogelher, ,he dumping oftbe batbs wb en tbey fall below qual;IY is 
not usua II)' at the same tIme. 'I'be rinsing system after the pickling baths is parti cularly 
ineffici ent since there is only a single rinse bath for !\VO dOl1blc-si~,c picklm£ tanh. 
This inciflcicncy is observed in the rapid decrease in nnse-qualilY >0 lbal tbe bath 
requires complete dump and refill weekly, adding 10 the high water consumption. The 
wastewater is not properly treated before being dis.dmrg~d to sewer and the pH of the 
acid rinse is regularly helow specLfied llmil~. The drag-out not only affects the quality 
or lhe nn~e\val er bUl also r~sults in loss of raw materials to the scw~r of around 
R 1 G,OOOiyr (according to prc-assessment calculations). 

Prior to tillS proJ~CI the manag~m~n1 wcr~ lmaware of aClilal linsewaler usage and 
waler use i~ nol a major conc ~rn as II repre~cnts <1'% of total input costs for th e 
company. The water meter has Ix;cn broken since the slart-up of the company. Thc 
COSt of wal~ r is Ln ~ xpensi\'e in general, but based on pre-ass es~menl e~timat~ s, lhis 
company are charged for up to (1)'YO less than tbe actual usagc. 

6.7.2.b A~ses~ment Goal 
The assessmenl of this fOCllS area therefore in\"()hed an analy~is of the effects of 
pmc~s solution drag-in and the rinsing efficlcncy with tbe aim ofidcmifying ways to 
both reduce drag-out and water consumption. The required quality of rinse water is 
central 10 dle redllction of nns<: water use. Reduced now rate may lower Ihe watcr 
qualny, resuhing in loss or qualily or appearance. or causing contamination of the 
next tank. Any methods of reducing tlw water consumption Wilhout d~ereasing drag­
in will lead to increased contaminant concentration of tlw dirty rinsewaler. Since lhe 
charging syslem for water 10 sewer depends on concentration and nol on total load, 
the aim is to first reduce th~ ha;.ardous nature orth~ nnsewater and lhen Implement a 
corresponding decrease in water consumption. If the water consumption is decreased 
on llS 0\.11. witb the cun-ent charge system, tbis may have negatiyc cost implications. 
An important aspect here is tbat if heavy metal content of wastewater to sewer is 
ahove limit. effluent charges using the ae/aa/ wakr usagc volume would give a much 
higher efflllent charge than the current ,olume which is charged for (sec Appendix]:;5 
for charge formula). This is lI11portant 10 remember if the water meter is fixed and 
nothing is done 10 redllce the water consumption or heavy metal contcnt. 

The options idemified need to be cost-effective since currently, managing this wa~te is 
inexpensive for lhe company. At present there is little. economic incemive for the 
company to reduce water usage. However, the water price is expected to increase m 
Ihe near future and it is possible that at some stage tbe water meter will be repmred In 
this case it would Ix; important for the company to be aware of aClual water usage and 
how It can he reduced. 

1i.7.2.r A"es.mt'nt Resnlh and DiSCllSSioll 

Allal)'.<i.< o( Rill.,inK .'>·ys/<'nI 
An initial investigation oflhe tin~e ~y~l em revealed that the nn~e batb~ mcommg ho~e 
was on the same side as the outgoing pip<: . .I'his meant lhat a closed circuit effeci was 
being ~el up with fre~h nns~ water nmning oul hefore it could mix wilh tb ~ diny nn~e 



Univ
ers

ity
 of

 C
ap

e T
ow

n

______ -""""',p~""' ",-",'"'"'" ,'"m.""" ",-e,"' ""'",'_D.',p,G"'""""""",,,",, .. '",",",,",,,, ______ ,6-33 

w~ter. The fTesh waler wa.'< bemg wasted and rinsing was ineffective resulting in over· 
consllrnption and frequent dumping of nnscwatcr, The company implemented thlS 
waste minimisation option immediately by changiTlg the wakr Inkl to (he dlugQnally 
opposite side of lh~ haths_ TIlis dfcc(]vcly Increases nllxing and inlproves the 
dllcicnc.y ofriTlsing ""th the same water flowru\e. 

From the pre-assessment workings it was cSlimakd that the drag-in of ac.id to the 
rins~ bath from hoth pickling tanks is 15Liday on ;l\'eruge (workings In Appe ndix 
6.4). As discussed in Section 6.7 .J, it lS difficult to dir~ct1y measure rcpr~s~ntaliv~ 
drag-oCtl valu~s, mainly d"c to (Ii~ \'arying production at the factory, Instead, these 
were calculated I:>ased on assumptIOns ami mass balances, As a ch~ck on th~ eslirnak 
for drag-out volume, the following equation was used: 

."E'llllltion 6,1 (Cw;hme, 1994) 

v,'here 
Q = rinse flowrate (e.g, Uday) 
D - Drag-out (~,g, L/day) 
11..1 -tim~ during "hleh drag-out is measured (e,g. days) 
C~ = concentration of cont-ammant in drag-out 
Cn = concentration of contaminant in the counter-currcnt rinse tank 
n= ~uml:>er of counter-current rinse tanks 

Th~ smaller the time p~nod (M) m'~r wbleb tbe drag-out is measured tbe heller the 
accuracy of the equation. However. for the purposes of thi s calculation, the period of a 
week was used, as th~ r~sull served only as a rough check on tbe maglllwde orth~ 
estimated drag-out value. 

For the acid haths. thae is only 1 nnse tank. so toc equation Can he re-arranged as 
follows: 

(' _ f),C" 
-. - Q.M '" .. Equation 6.2 

TIle concentration of the acid in the rinse I:>ath can be converted from pH to moliL 
using the iollowing cOll\'ersion: 

C _ 'O -pi! L ,. 6' A - ..... " 'qua IOn ,.' 

Where C~ - concentration of HCI (moL,'L) ~ [in = concentration of lr (mol/I.) 

The calculations using the aoove equations are presented m Appendix F16.The r~sull 
showed that wilh an estimated average drag-in of 15L/day into tbe rinse I:>atb, the pH 
after 1 week should cfl'ectivcly be plJ 5, The pH does in fact reach near 5 by the end 
of each week, and so the assumption is assumed to he representative, 
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Gnlphs of pH \','. 11ln~ for tllC dcgr~ Jscr JIld acid nn.'c WeTe compi l<xl from Ill<' 
company log data for 19<)<). The data is included in Appendix F 17 and the graphs arc 
presemed helo\\ 

hgllH' 6,<); Graph of pit n. tim!' for the dcgn'iI~cr rinw bath 
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The pH of the alkali nnsc >cldom n>Ci< above, but often rcachco {oc maximum quality 
limit of 9.5 (chemical supplicr's specifications). 11 falls well below the maximum 
allowable pH limit to sewer of pH J 2, but is sufficiently high to effectively neutrali"c 
die 10" pH acid rinse "alec whcn lhey combine (avcrage pH of mix is 6.2 equal mix). 
The <lITO\\ muicales whcn Ihe ucgrca>er concenlration wa" IncrCJ"cd (after 
eliminming oil skinmling). The effect on tllC rinse is observable in tlle Increased 
numbt"r of limes the quality limit is now reached. The sharp drops in the graph 
mdicate "here the balb has been slLbstantially draiocd, The lncreased degrcasc!' 
concentration has cffectivc ly rcs uile<:j m HlCTeaiicd conlJmmation of the rinsewa\er. 
wjlh reslilting decrease in rinse dliciency and inc!'easoo water consumption. Thc 
uCCTea>e c~pectcd 111 (he futlLre. once the balb is completely replaced with the 
alternativc. is cxpccteu to help rdie\'e tlllS pToblem 

Figur~ Ii.l 0: Graph or pH n. timp for tbe acid rinse batb 
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The minimuill ailo\\ ~ble pH for waslt"w~ter 10 sewer (stipulated hy the CMC) is pH 
5.5, whi"h is higher than the minimwtl specified pH for (he riming 10 be effective 
(Operating /I.~anll.al specifications). This is not a problem as long as the degreaser 
rinse IS comhined wlth the acid rinse be/ore exiling to sewer, in which case the 
resulting pH to nnse"'~ter IS close to neutral (6.2 on average). The limit I"r sc\\cr 
dio;chargc may however be a problem when the bath is drained. The sharp rises in the 
pH values mdicate the linws when the balh ha~ been drained ami refilled. Tbe averag,," 
I'll of the acid rinse water falls well bel"" the minimum specification for rinse 
quality. This data illustrates the inefficlellCY oflhe ami nnsc system at present. 

A rough 'ndlcation of the e ffect on pH for the combined rinses is presented in the 
graph below, Hit is assumed that for the majority orthe time the flowrate of degrcaser 
alld acid rinsewalcr arc approximately eq~1 (measuremellt~ illdicmc this), then it may 
be assu,Jl1ed that when the rinsewmers combine, that the pH of the mIXed waier lS the 
average of the aCId ~nd degrt"<lser nnse pH, Thc graph of aeid and degreaser rillSC 
together with the c\llCcted (averaged) pH of the lmxed nl\se is prcsented in Figure 
6,12, The effect of drainillg the bath is taken mto aecount by including the pH of the 
draincd bath tv"ice in the calculat iOll of the avcrage, This method of detcnmnmg the 
combined average pH is explained m Appel1llix F17, The results arC not assumed to 
b,' com;ct, but scr\;e only as a representJtion of the t"~ p ecled effects of drainmg the 
hath, on the- o\'crall pH, 

liigun' 6.]1: Gra]'h. "r crfcdivl' pH ~S. time for the rinses combined 
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The grapb above sho" s that before the degreaser conccntration was increased. the 
rinsewater to sewer was Ii"cquently below linll!. The arrow indicates where the 
degreaser COllcentralion was increased, Although the overall loss of chemical, is 
higher due to the ll1crCaSe in drag-in of degreaser chcmical, it does have the 'benefit' 
of effectively neutralising the low pH aCld nnSe water. Ilowever. tbe result i, an 
overall increase in water consumption, dne to rinsmg incfficiency and more frequent 
baths .lrail'" Druining of the degreaser rhlse is nOW effectively J\ more fre'lnelltlhan 
before, therehy dTcctively irxoreasing tbe nnsewatcr consumption by I'j'}';, or 500kL':.r, 
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1'1,"" overall linding is th~l both the dGgrcJsmg and pickling rins.cs arC inellkiem. file 
drag-in of process chcmkals is suhsl,mli~l ror "0111 oatlls ~nd resulting contamination 
rcquirr:s increased wutcr usc to maima;" rinsing quality_ Based on lliese aJdilionai 
lindi"g", the ll~ll1~gemenl were r~rtiC!jlarly lntereskd in ~knliJ}"ing options 10 
improve the r;",illg dliclcocics or buth rin;,c baths_ From th,;, lit~r"lu re r~vie" in 
Chapta 2. options for drug-ouI reduction. improved rinsing dlicicllC), as well as 
alh:rniltive rins~ c(l]1ligurmions "ier,' i.:kntificd. Additional options WCl'e identified in 
the coml':lll)' hra;llsto ml session (descrihe<l in APf"'"dix 1'9). Th" pol",,/ial waste 
minimisation ortiens for tl"" <lirty rinse",a!"r are Jc>eril\t,d hdow. 

6.7.2." ',"'aste )Iinimisatitm Options 

I. Op/i""" for drag-nlil alld "~"er-"s,, reduCliotl: 
lhe option for reducing drag-out ovcr~n through n);:chanicaliolting (or crune 
vibr:ttion at a btcr st~ge) idcntifled in toc brairl~torm session and anal)scd in Section 
6.7.1 ~ht,,'(' is in thc proc~ss orheing imrk:lllcnted at thc mn~any. lllC eSlimakd 
possiblc reductio" in drag-out was <l~sun\eJ to be 7()'% overall rcdudion for each hath. 
The ene~t this "ill hilve on til<' rinS<:"iat~r 'lualily is ~xpecled to be highly lJ.;,nelicl~L 
lhe resulting decrease in ~ont"rnin"nt build-Ill' wi ll have ~ posilivc cl1C~1 on the 
rillsing dlicieoc)' and the water coIl.'\UJu;>tion. Equation 6,2 Jixwe slx>ws th"1 the 
cotICentrJtion of wntamina"l m the rins<: (C,) is directly proportional to til<' d'~g-oul 
volume anJ coneenlralion. Therefore. if the drag-out volume is decreased by 70"10. the 
resulting concentration of eonwminalli in the rinSG both "ill t-.e reduced by 70%. The 
adual dcnc'~<;c in Jrag-out will have 10 he Jderrnincd after impicmentJtion. 
N~verthcless. the rinse quality' is expected to increase. resulling in reduc~d 

requu'elnenls li)r h~lh dr~ininl\ as well as a de<:rease ill th~ num!x:r of tunes that the 
limits are rea';\l<'ll. 

As a corollary to this observation. il should abo be possihle to r~du~e Ihe rinse 
no,,·rat~ h)' 70% for the smn:: rinse performance. Ilow~veJ'. improved rinsing 
elliciellCY is required. in "hi<:h ~ase the /lo"rate should not he reduceJ hy as mocli, 
hut mlber hy only 50'% for example. Of course, Ihis r~duction in rinS<' ll(""T,ll~ wil] 
deIX'nd on the ~d,-,-"l resulling d~nease in drag-ouL Once the dra~-oUl reduction 
option is in pl<l~e. l~sts may he perti,m-.ed wilh r~gard to possihlc decrease in rirlSe 
water JkmTate. while still leaving room for improved rins~ dlkierx:y. As a 
m!\"'rv~tiv~ estimate, and ft,c the feasibility' evaluation. toc pot~n!ial Ii.>r decr~ase in 
rinse\vater !lowrate associaled with tbe expe~ted dr~g-oul reJudion, is assun",d to he 
40%. The combir);:d drag-out r~d\ICtion 0]"70"10 and water !lowr~le r~duclion or 4()%, 
would liav~ an overall elr"d of~()·;" decrease in rill"" eontarninalll concentration. The 
40'% reduction in rin.<;ewal~r usage sho uld result in savings of R I 1 ,SilO/yr. Ho wever. 
lbe company' is undercharged for water at pres.cnt. and lhe savings in water use lTL1)' 
not he oh",rved. The savings will he necessary if the water nder is repaired, 

To reduce flow by a set amount is however difficult with tl"l<' variation in pro<Juclion 
at tlie company. During low production periods the Operations Manager can reduL~ 
toc i1owrate, lUlll h~s in faci implemenled this Opl;OIl on I.h~ d~greaser rinse in the 
past. 1I0w~ver. it is ditlicillt 10 ddermil1e the oplimum deLre,~",. :mil trial and error 
has associated risks. A solution to this mHy he 10 impl~rnent automatic rinsewater 
flo"_ hy in,t.alling ~ mnductivity mnlrol deViL~ Or cquivaknL For toc degreaser rinse 
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balh. [iJ;c oil ~arry-(1v~r ~an intcrlh~ v,ith th<e S~flS\){S, ,md Ihere m~ otf,.,r aSSOC;~l~d 
rnajIllcllall~c p[(lhlcm~ rc,uiliIlg in rdalively high 0p~r;ltil)g ~()SlS_ TIl<: f"<lSibilily of 
this "ption is Ilriell)' ~x<lmin~xJ in ApJ'tndix F2~. Oplion R2.4 -3. HI<: inv~stm"nt 
costs outweigh the sa\'ing~ at present. ~nd the rcasihi lit" of the "pI ion depends On lhe 
lull1r~ water pri~c or sewe, <: h:Jrge il)';r~as~s_ 

Anotht:r dmg-oul r~duc\i(ln option i..:knliiied in th~ jitcr~lur" r~vi<:\\' ofCh<lpkr 2. is to 
~hang~ pf()t;~SS solution do:mi;1ry to minimis;, drag-OUL n", irH;r";I~ed <:()n~enlr.1ti()11 
"fth" d~gr~as~r ,,\ pr~~enl r"suh~ in high"T dwg-ouil'oocentr<ltion. 'whidl has r"du~~d 
Ih~ rinsing eIliLi~oc)' subsl;mt;"ll" The 11"'" (kgr~asing Lh~miL,,1 is hieing add~d over 
tin1<: as requir~d, ,md onL~ the Lompkk balh is subslilut~d wilh Ie.., n;,'w, it will [", 
po~,ihk 10 reduce the conccnlralion In around So;, wilhoul alTeding qualily. 

According 10 the Hot Dip Galvanizcrs Association SOUlh Africa, somc compamcs 
havc ~"itched 10 the u~e of acid dcgrea.<;er, l1ml avoid tIl<: need for a rjn~e aner 
degrcasing and prior 10 pickling. Hydrochlorfc acid is nsed al around g%. Phosphoric 
;!Cid ha.~cd degrcasers are lKlw also availahk. Waslc di~posed with pho~phoric acid 
material i~ less 01' a prohkrn lhan He! dcgreasers (Barnell, 1'1'19). TIllS oplion has not 
he~n !1ll(IIJs~d in ddait a~ il docs not suit tIl<: company at prcscnt, but the compan)' 
managemcnt arc willing to coa~ider this option in the long·wrnl. 

Thc volumc of drag-out from the dcgreascr and acid baths ar~ aot known ex~ctly and 
"ere onl)' e~tirrmtcd in prc-as~essment calculmioLIS. The savings in chemicals and 
water consumption, whi<;h could be mad~ through drag-out r~duclion Cml thcrelor~ 
only he roughly quantified based on assumptions in r~ductions. lIo\\,.~v~r. tl'" 
~ompan)' management aIT prepared to impkm~nt possible drag·out r~duUion 

mdhods. ~v~n without e~act knowkdse of savings. As discussed in scclioa (,,7,1 
lhcr~ ~re a numlx'r of additional hendits to rruueing drag,oul 'which combin;,d would 
bt: 0 I' particular henelll t(, the q wlily of the coating. 

2. Opt;(}nsji,,' reduced water consumplion: 
Reganlkss of th~ drag-out ~nd Iype of rins<: t~nk arrangcmcnl, water use reduction 
CUll he ochi~wd by co-ordinating aCl\l~1 w~t~r US<' and wakr us~ re~uiremenls. When 
p~rli:c1ly m~lched, lk rinse wakr usc for a givca work load is optimised, 

Tbi;: inswllation of flowmcters to monitor rillS<:\'v"al.~r usug~ is recommcndc<L These do 
not reduce water nse by themselves but lnake the oper"tor ~"".1r~ ofus~ raks and help 
idemi£)' spc'cifK loc~tiollS of ~xc~ssive water usc. Til<: investment cost is within Ihe 
company's financial ability, whik tj-., p~yback period dcpends on wll<:thcr problems 
arc id~lltificd (rdi:r lo App~ndix F22, Oplion B2.4-4). 

An option ohserved in a plant site visit in Denmark is th~ possibi lity of using the ~ame 
rinS<' baLh lor rinsing aller the degreaser and after the acid. 'lhis would dT~clivdy Ix 
maintained at neutral pll through th~ n~ulr.1lising aLlion of tk acid and alkali 
rcact~ln, However, the Hot Dip Gil.lvaniz~rs Associlltion South Alj-ica. indicatcd that 
tins R; not possibk li,r the type 01' degrca~ing ckmical and Hel as it would result in 
excessive foaming and salt pick-up on th~ parts "hich would alYcct coming quality 
signifiL~ntl), For the same rca~on, the option or using eOtmter'C\lrr~nt rinsing lOr til<: 
combined rins~s j, not a possihility. 
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Another water use reduction option identified in the literature would be to use the 
degreasing rin~ water as evaporation replacemelll in the degreaser hath as "pposeu 10 
fresh waler. This would however, save only a very ~T1l311 amount of water 
(60klJannum or <1% of total usage), amI approximately 5kglyr or R50lyr U1 
degrem;CT chemicals (cakillali{)n~ aTe sel oul in Appendix F12, Option B 1.3 -2) 

3. Options for improved rinsing efjicie'"y 
An option to llK-rea"", rinsing efficiency woukllJo;, 10 allow the incoming rinse ", .. ter to 
enter down II.: entire length of the bath as opposed to OIl one side only. This would 
improve the rinsing efficiency by causing increased agitation. 'nus may be 
implemented in cnmbinalion wilh hoth drag-out and rin,;ewaler reduction options. 

Another "ption identified in the braim.tonn :>cssion is the re~installatio!l of the double­
rin~e sy>;tem for the pi~kling rinse. A diagram of this sy»1em is included in Figure 
6.12 below. 

Figure 6.12 - Diagram of double counter-flow rinse systePl after ridding 

--------

The cost of fixing the broken tank and reinstalling the double system is weighed 
against the improved rinsing efficiellCY and reduced "" .. ter consumption, This optinn 
will be particularly clTectivc in conjunction with decrease in drag-out {DJ. E4uation 
6. J above can he lL<£d \n determillC the optimum rinse flowrate. The literature review 
of Chapter 2 has shown that water use can be deueascd by 50"10 ",ith the inst3llatio" 
of each additional countcrilow rinse tank. 'llie feasibilily of \his option has 0Cen 
evaluated, based on the ",'<sllmption of 50% redllction in rinse now, and 70% 
reduction in drag-out. Workings an, induded in Appendix 1'22, Option fl2.5-1. The 
neg<llive elTect inchldcs increased production linr;: for double rinsing each load. With 
estimated inveslnr;:nt CO~1S at around R20,OOO. payback period is over 5 years with 
"'UIT~nt low ""dter cos\s. 0""", ag<Ii". the feasibility of this option will imprnve wilh 
UxTcascd water costs, whether 3C\ual water lL'" is charged J{lr (payhack period 
reduced by hal!). or whetrn:r charges increase. 
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Another option to improve rinsing dTicieney would be to combine spray and dip 
nnsing (}fthe parb. Thc Icasibihty (}ftlns optlon would depcnd on the design ofa 
spray nnS1ng system, as it wOlild have t(} allow lilr dOllble-dip pans, and It w(}uld have 
to be hlghly flexlble to allow for diflcring si~t)s and complexities of parts, Spray 
rinsl1lg is r.lOst effective filr flat-surfaced parts and IS less effect Ive with recesoed and 
hidden surfaces, Owing to the wide variation in type and compkxities of produ(,ts. 
tins option is rcgardcd as tedmically not feasl hie 

6.73 Ash 

6.7.3.a Problem Stakmcllt 
The cost of [his waste to the company IS [he hl g~st (}f all "astes at R4 13.OOO/)'r. and 
1" the prinury rcasot\ why this waste wa.s sdected as a focus area, It repre>ents a was[c 
(}f 33% ol't(}tal zme con"llmption/annllm. The <juantity of ash gcnerated m arollnd I ()() 
tons,/yr IS also a Siglll flcant factor, In terms of envlronment;!1 effects. thc Zn loss m thc 
ash rcsnlts in a high~r zinc consumption as welt as the need 1(1] increased ekctricity 
conSUmp[lOn t(} remelt mOre zmc. Both of these options affect the cnvirollluent 
indirectly, It\ arldition the recover: 01' ~inc from the ash olT-s1te has an associatcd 
energy lise 

6.7.J.b ""e"men! Coal 
The aim of the assessment was to lllvest1ga!c the 'lsh I(,mlation proces" and analyse 
the ash collection mctlKld. III order to 1dentlfy (}pll(}ns to mmlmise the ,,,'crall ,\lnOlwl 

of ash (zinc·oxide) generated a.s well as the amount of metal ZlllC entramed m thc 'lsh. 

6.7.3.c A\\es~mcnt Results and Di.,russion 

A.,h analysis: 
Samples of the a.sh werc taken and mcasured for zinc content. The sampling and 
analysis methods are dl5Cussed 1n Appendix F18. The ash \\as j"und to contain 95% 
Ln. where 7()% is zinc metal and 30% IS m ZnO limn 

In order to check this finding a zinc balance was carried Out, The workings are 
included in Appen di;>; F19. The results indieatc that the total zinc input, less the usage 
is approximately equivalent [0 the Slll11 of losses through ash, dross and spatter. The 
calculations depend on the eS[lmatcd Zn plck-llp on product. which in this Ca5e was 
asslIl11ed to hc E.5 'Y" of the mass of slee l galvamzcd, as well as the 10:;;; of spatter 
which was assumed to be 7% of lotal nne lIsagC, These val lies wcre ofiered by the 
Operations Manager as the best estimate, Thc ZlnC in the ash was dctemlined to be 
26% or!l1e tOlal7,itlc usagc. Since ash is only sold al 1/3" of the :Litlc plice lllld il 
COlllalllS 95% ~mc, this is a particular concem for the compan: 

Alia!".,;., nJ ash ('o/lect;on merhod: 
Th.., ash collection method was analysed in more dctail dllring the assessment, The ash 
collccted during thc day is kept on the side of [he bath At the end ofa day'~ shih. the 
ash C(]lkctcd during thc day is thrown onto the ~lllC bath and lell ovcrnlght. In the 
mOffiJng the ash is worked through to re·melt the ~inc metal lIntil reddish zinc ash 
remalllS. ThlS is then sklTnrned from the snrt:1ce and kept in drums lilr collection This 
a.sh skimming is not vcry cfiicicnt and thcre is still a considerable amollnt of ~inc 
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n..,t~l .:mral1lcd III Ih~ a,h Th~ Jo,,~ In monetll,), Icrm~ IS high, especiall) COn~idcrinll 
lhill ~mC IS the h,gJ h;,,' !IIP!)I CO.l for Ih~ proc~ III a,ldili{m. valuahle production time 
IS k),,\ at the C11d of the da" .,ltd .n rh.: morning ,,,h,,,, 11M: ~oIle<..1~,1 ast. is thrown on 
aoo "01\..cd IhHlt,~h 

An intcmct sc~f(:h fo. mfonnall()U fronl tntcrnmionaJ hOI dip gai.-anlZlh£ a!o..;(\claIJO"~ 
lead \(\ the .... eb:-ilc f'll Ih£' EUlopeall (le ...... a) (iJh'llnu{'Js A,.'lOc;,aI,on 
h'ill1.\£CiGA Ql g) Included ,n the ~llCral ga)"anitJ",,:; ad"lcc ... a.~ ",r.lIm.ah<m on 
(")011110,, rauh~ .... uh a.<h colloX.IOIl and a si rnplt' ml'thod of hoI ... 10 [educe , ...... amount 
of a>ll ~Cf,el al ... "d TIIC inefficiency of the CI<n 1'fl1 method 1<1 COIll'Cl bit at { '(1II1~n' 2 
is I h~1 I~ 3$h ii IcnlO,«I from Ihe Imlh aile. each skim and oul) .. orked Ih.ollgh I,) 
.ceo,"Ct Ihe Line from the 10lal l03d at the rna of the dil) The improved method I;; to 
work through cach load of ash as it is sk!Umood and only fl'mo~e the ash from the b~lh 
OIlce. afirT it has bl~n .... '(ll ked th ,ough This r('{!ucc> thc a,n-ol.mt of ash gCflN~tC<.t 

(more is gcnr.l~ted In the skmllnlng process). but mostly reduces the amount of Zn 
mct ~l e"train~II:" the:1Sh IS ft~no\Cd only oncc fronl the ooth 

6.7.3. £1 Whir minilllba liO '1 O plions 

/. N,· .... A.liI ,·(,'"",·/11.,,.\·klh(,d: 
rhe improved collecti!ln m':Th(lI\ has b.:<:n impkm.:"I~d It r~quir~d IfIo: In ~ta l lati"n of 

.1 "-~lr Oil one "d~ of Th~ Jinc J,;~1 110: 1 .sO",m wid.: allll 1 50",,,, d<:~p. at wry I<)W COst 
All the a)h ~()II~ct cd durm£ th~ day. lll)k.ld ofbcing r~mo\,ed to the edge o!'the hmt.. 
i~ ",()v~d to thiS welf \n Ii1lS wa" the ash l~ cnntmlLolLsly "nrked throl.Lgh throlLgh"11t 
th~ da) and" removed" hen 1lM! reddl,h LinC ()xide is len The operators h.av~ time 10 
do Llu~ while .Ii~~ ale ,,-aillllg 10 h ~ dOlle. so thcle IS no loss ;n production lime or 
addil ional labour costs TI:t~ r~~ult IS <:~pect.:d 10 b<: a con,id<:1""able reductill ll In the 
a[Jl()ul!t of tine metal ~mrHinet! In the a,h 

A",,/p" " (9 ,,"'h "jll!r In'IJrmw ~~)/II!I'I"'/J mdh"ti: 
$il1«: itnplClllCl1taliOI> of Ihi~ OI'liol> tl:tc amount of a.h coltected ha.< red uced 
~ubsl.lmlalty fmm ... 1 oonel per day In 'h OOtid per day 
REFORF ,\sh "tight J>CI drum· -120~g 

I 5 dnml~ «.o llcclcd pcl day = 630kg 
AFTER ,\sh weighl pc! drum =)<J.\ ~g 

o S drum~coliectM pc. dlio~ - 197 19 
DIPPF.RF'lCF -1l1kg 

r~ leduced m~s..;/dn<m of the IIC\\ a>lt ind ical~ a stgllific.'lm reduction in mt'ut 
conten! of the Line In addition obscnation al so indicatc. that the n~w a>h I, ftt()«: red 
and nklre ea>t ly bleakable (cn.llllblc.~). "hich imlicat(:S tltc. ~ i, far I<'S~ ?IIIC n".:t;~ 
h,\'ding t he ash togctl!c, RlXluction in grey mo:tal conl.:n! i ~ not~abk 

Sample, of th.: lit!" .t.r nc " ,h "e~ laken for analy';s to determine zinc «.ontent as 
b.:torc, The n:~ult> of 11:to: «ampk al1alysis are included in Appendix F20 The 00" hh 
haS a l11<:niii.l1ed total Line co nlC11t [If 87%. of which 34% is zinc metal and c>6% 1S 
?i",, ·o~i(k Although the IICCHfIlC)' [If the meas.uremenl method is not high. the dcgrC'C 
,,!'redl.LCli,'n is significant enough for this not to be an important col1si[kralion, 
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The results or the sample anai)'sis indicate lhal the enlraiJlt,d lil1~ metal co~lelll has 
reduced by 36%. Total ~in<: co~lent ill the ash has th~r~fore d~crcas<Xl by 8%. Zirl<; 
oxide sold after recovcl')' of mdai :tine yickls an ~quivalcnt price po;:r ton to (hal for 
untreated ash. This is becausc th~ ash is essentia lly [lOt sold for zinc r~covcry. but as a 
residual product. Il...-:rc is a hig Jcmand for zinc oxide as a trace c1emenl in fertilizer 
j()r the agricu ltural industry. Tbcrd,lrc the company ",ill receive the same price for 
(oc ash despitt; tho; rcJuction in 7~ metal ~ntrnined_ Analysis or savings as a result of 
the change has been curried oul and the caJclllaliol).~ are included in Ap[>Cndix F21. 
J h~ cakulalions indi~ale that the ~hang", represents all I:'slimukd S<j\'ing 01" 

-- R250,()(){l/yr for th~ company. This value dl;p..-:nds on th~ estimat~s ami assumplio~~. 
l\S it alsu depends on production, the saving )X'r ton of steel galvanized is: R 75/ton or 
17kg ofZn [>Cr ton of steel galvanized. 

Thc SiI\ing in "inc eOTlsumption is nM the oLllv saving, HloCre is also thc additional 
saving in \'v'orking lin...-: WJlh II"" ~~mmation oflhl; "",cd 10 thmw Ihe u.~h back into the 
:cin<: at Ihl; I;~d oflfll; da)' and \\ork through Ih~ ash i~ the morning. 

Analy:si~ of:tinc COl1sump(ion jilT Ihc mO~lh hiOJ<.lT~ th~ change Ver';lL~ tl"" mOTlth after 
HloC change indicates that the line consumption "'as approximalely tJk, saTllt' lilr 
significant ly increased production, I he nJallagl;r is salisji~d thai Ih~r~ i ~ a :signilicalll 
o\l;rall dl;crease ill ~.inc co~sumpli()n as a result of the clJange. Nthough the ",ust~ is 
~ot a particuhr eLl\ iromncLltai concern, the increased zinc and ~ncrgy usage as a r~sult 
ofth~ "ast~ ar~ a <:OllCI;m. An additional benetil of this opli<.l~ is Ihat it W<I:S on~ ol"the 
first 10 be imp1cnll;nkd in Ihl; <:ompa~y and "",rvI;d u.' an inkresl-grabhcr filr the 
company by showing the significant savings that can result by rl;dueing wasil; wilh 
little or no cost to the company. ' j he Inanagl;Tllt'nl \'v'I;rl; (fll;relilrl; I;~"ouraged by this 
and inlcrl;skd in pursuing other possible improveITloCLlIs options for thdr PC<ICI;SS. In 
additioLl, tfloC savings haw the pot~nlial to lead to in~r~as~d Jin;mcial abilily 01' thl; 
eompa~y 10 invI;st in otlrr OptiOLlS. 

1. Additiona! Opti"",· 
Th~ pn,postXi in:Slalbti<.m of the hl;akd flux drying area is cxpcced to r~sult in a 
further reduclion or ash limnation. Th~ prt;'-hl;atiLlg and dry IRtx wi ll rcsult in thc 
rcductio~ 01' "h(\iling'· when parts are immersed in th~ zinc bath. ther~by r~dueing 
oxidation of the surfac~ zinc (ash formation). Wl\i;n till; :tinc splash~:s 0111. oxidalio~ 

oceurs in two ways: turbu lencl; on Ihl; iil-'; suriaces in Ihc bath muses oxidation. and 
fllolwn:cin<: particb propdkd Ihrough Ihe alm,,~pbcre also tend to hcconloC partially 
oxidist'd. The melal ~.iIlC is :swcptup and retum.-:d to the bath. but again. tt-.;, remclting 
o I' :small parlicles results 1!l lh~ formation of mor~ ash (Darnell. I (99). '1'1"" Operalions 
:vlallager estimatcs a furth~r redllCtion of ash of approxilIlaldy 7%. ""hidl "an saw a 
funfloCr RI2.0{]O/yr or Jtons of linciyr, fhl; working~ arl; il-.;lllCd in the I<;-<lsibilil)' 
analysis for the flux drying own in APl"'ndix F22 - Option R6.2. 

6. 7.4 Fume~' 

6.7A.a "roblcm Stai<'mcnt 
TIll; degrel; or j'Llni~g above liloC galvanizing bath as a result of flux volatalisation and 
anlftlOHium chlo rid~ dusting. was the initial r~ason for the ~ompa~y j<.,ining thi:s 
project. l\cighoouring facilitics have qu~ri~d the exc~ssiw tilmi~g which i~ :SC~~ to 
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emit from the factory. Fume emiSSions from tf><: gaiv,miying operation CUll from lime 

to lime dangerously obscure vision On the adjacent roadways. In addition. the fumes 
ar~ hygroscopic ill nature and attract moisture which causes corrosion of stGel 
strudmes above 1m, bath" most Importantly the overhead cranGs. The workers also 
cOll1pl::tin that the l'um~' ,omelrn,cs im[a[c theIr ch~sts and they have r~ylle"l~d milk 
to drink during or before shills "s il lS belin'cd to help relieve th~ irritatioll. 
AJnrnOlllUm chl(}rid~ fUilll'S arc not cOllsidGr~d hazardous to heal(h unless mhabl m 
large 'll1:l.ntitlcs 

6.7.4.h Assessme-nt Goal 
To identify w"ys lo red lice (he lolal :lllHll1nl () I-filming abov~ the gal vallizi Ilg bath. 

6.7.4.e Assr~smellt RC~lIJt~ and Discuss;,," 
As th~ pre-Iluxed parts are dipped ln the mollen 7n, the flu~ volatahses resulting in a 
cc11ain (kgree of fuming, This fuming IS made worse if the flu~ lS not Sl1iTLciently 
dned on the p:lrls, Observation of the proccs> revealed thm the parts :Ire often carri~d 
over to the Zn bath whlle still dripplllg with nux. ThlS was somewhat caused by the 
excessive drag-out Ii-om thc Jlux bath due to lIlSUffic.lent draining aJxlVe the pwc~ss 
b:lth, Further, msurticl enl drymg oflhe parts arises Ii-orn the C.OIlCern by operators not 
to overdry the parts :IS it badly ,lff<:<::ts the q ualit y 0 f the gal v,mizmg. For the (1){;r:llOr" 
there is a preJ"rence for illcreascd fuming over tile Tcsponsibllity :lssoci:lted with bad 
'l"alily product 

Dusting with ammonlUm chloride salts resulls m more sigmticant I'uming than lluA 
bum-off alone, Zinc ammonium chlonde (:IS used mthe flux bath) causes less luming 
than ammonium chloride, but in its commercial form it reacts more slowly and lS thus 
less suitable li)r inclliental llst> in which rapid IluAing is cssential i.e, dusting (W. 
Barnett, 1~~8), A.J.mnonium chloride salts (dust) are thcrdorc thrown onto tll{; 
componcllts as they emerge from thc molten "inc to :lid the run-off of th" ZlllC. The 
Hot flip Galvani,crs AssociatIOn South AI]'ica (IlDGASA), were contacled Ii" 
information Tegardmg th" need for thc dusting proccss, III their view, the "dusting' 
practice, using whatever melhod, 1> nol a pr" -rc'lUlsile lilr a good galvalllzed CO:lting 
alld is c.onsidcrcd \lll11eCessar:y, pw\ided componellls are adc'lual~ly ele:lrlcd, surface 
treatment has b~eJl ~ffectively camed ollt pnor 10 lillc dipping. and the zinc surface 
011 the bmh is iHicqu:ltely skimmed prior 10 wilhdrawal (Bamet!, l~~~), IllS for thes" 
reaSOnS that the usc of:lmmonium chlomie salts as a dustmg medium, on \,i/f1(lTawal 
of components from the zinc is forhidden m ,ome Gounlries (this was confirmed on 
Ihe Ellrop~an Study Tour revIewed ltl Chapler 3). 

According to the company ll1anag~r, dusting was origillally employed mainly for 
com pleA parts to :lid th~ run off 01' nnC. Ho",cv~r, ov~r the years, dustin[\ of most 
parts has become commonplace as il makes Ihc work of skimming ash caSler and 
cllsures good nill-offofthe yin, which results in good quality coating, j he prohlem 1S 
that when dllsting takes place, th~ quantity of salts used is probably far lI1 excCss of 
what is required, blllio con\rolthis is extremely difficult. 'I he ,l1l1oum of dusl used is 
uncontrolled, and lher~ is Slgnificant potential to reduce fum es, merely by conlrollmg 
the method of applicalion. 
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6.7.4.d \Vaste Minimisation Options 

I. Alternative methods of applying dus/: 
Allernative methods of applying dust " .. ere investigaled, The Hot Dip Galvanizers 
As"xialiou indIcated that one South Alrican company uSeS a spray method of 
dU'ling_ For this, the dust is made into willtion and placed in a spray gun (similar to 
agricl1ltural spray guns for spraying pesticides). Tl", dusting can thterefore be directed 
more carefully onto the parts, controlling the usage_ The operations manager therefore 
in,-estigated possIble purchase of such equIpment and perfornled some tests to 
detenmne the effects of spraying dust in soll1tiou_ They were aot completely satisfied 
with the result and there was not much improvement 1Il the degree of Inming;_ 

HoweveT. at thte time of these investigations, the Cranes above lhe baths had reached 
the ,lage where they were badly corroded and needed 10 I", r~plac ed_ The company 
had to pllrchase new craues to replace the corroded on~S_ The ~xlsting crane, had only 
been 111 operation for four years (since th~ proces, wa, i",lall~d)_ Th~ coSt of thte~e 
neW crane' wa, subSlantial (>R500,OOO) and lead to the manag~ment rethinkmg the 
need to redl1c~ the amount offumillg_ 

2_ ,\,'ew du.sting procedure 
It was therefore decided to chang~ lh~ du,tiug procedure to allow dl1sting; only or very 
complex pans_ Th~ operators w~re lllstructed to use dust only wher~ absolutely 
necessary, and to conlrollhe amount used to a minimum, In conjllnclion with thIS, the 
concentration of lhe flux bath was increased from 8% to 12%, to ensure maintained 
quality ol-th~ galvanizing 

The resulting decrease m dllst ""\g~ is from 12x5llkg bags per momh to only lx5llkg 
hag per month, This repre,ents a savmg of 6()()()kg/}T of ammonium chloride salts, or 
RHd)Olliyr. The resulting savmg lS off,et by (he lT1creased tlux concentration or 4%­
au additional 325kgiyr. or R3()()() ' i}T. Overall savings are there lore RI3,OOlliyr lor a 
no cost chang;~ in pTocedure. lu addition. there is an intangible ,aving as,ocuneti with 
reduced corrOSIon of overhead steel structures, which may I", considerabl~ iflhe hlgh 
cost of new crane equipment is tahn into aCC'll1n!. The working; for lhlS IS meluded m 
Appendix F22 - Option Bo-1. rills docs not incillde the fmther savings lhml1gh 
redl1c~d COrrOSlOn of overhead craues and other steel stmctures. Overall dmt 
redllction is 92%., \'hich has r~sulted 111 a noticeab le improvement in the degree of 
fuming. 

The Operations .\Ianager ha, further changed ihe method of applying the dust when it 
is requir~d on bad dOllble-dip marks in particular, 1'\ow it is no longer thrown over 
these arMS In all uncontrolled manner. bul apphed by dabbing the salt over the area 
using rags. The effecl of this IS likely to further reduce the dust conslllnption. As yet 
thi, eff~c! has uot beeu meawrable. 

3_ Addirional Oprion which will/wn<jit Dina Focus Areas: 
An oplion ldenlifi~d lhat will have kndit\ for a uumher offocus wastes and others is 
the in,tallation or ~'llllpmem to mainlain clean nux solution. /I.-1aintaiuing quality 01-
the Il1iX is th~ critical st~p in lh~ pre-lrealment process_ lu addition to the circct I-rom 
optimal drying; ol-lhe nllX, maiutaimug a 'clean' nux solution further helps reduce the 
degree ol-fllmmg_ The main contammallllIl the flux bath is the Fe that is carried ov~r 
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I,om l"'-' pi~lll1lg a~id vi~ [he rin;.e If t!J,;, F" content in th<:- flux hath is kept 10 ~ 
minimum, the cOllo,nlralion of the !lux ":11h can ,.,., r"dllc .. d withollt aff<:eting tt.;, 
<.j1l~lily of tTuxing. This l,,~d, to k" fll,,",,' during galvanizing. Drag-nut r<'{indion 
(tplinlls liT<; the liT'! 'kp by n;uucing tl"" initial Fe carry-owr from tIl<' pickling acid to 
the flux bath yiu the rinse. 

A "'generation tmit can be installed that keeps the iron conccnlratinrl oftlle flux bath 
at II minimum. This begins a chain-reaction of cost savings ~nd this option ""as 
the...,fur" im"stig~kd furt her owing to a numocr of other ""ask minuniS:lliPll 
adv~lltag<" iI'<.'>{IcmteJ with it. Dlundy: 

• Reduced gross zinc consumption 
• lkdoctd U",,, prmloctin" 

• Reduced ~.inc ash pToduction 
• ~o waste disposal costs 
• Far higocr quality galvanizing 

rhese hellCtit , and requir~l1:l<'nts of illlX purific<ltion equipment are dis.:ussed in more 
detail in ./\pr<'ndix F25. The option of continuous f1ux fUtwtion was des.:rihed in 2 
different case studies found in the literature. and was also seen in practice in one of 
the plant> visited 011 th~ Europt'an sTudy tour. 

All illter~et search r~'eal<xi that Au,>traliil il<1~ prodllc<xi a SySkln fror continuill 
puritication of the tlux bath that invol'·es electrolytic oxidation of iron <lrKi reduction 
of zinc, The supplo.;,r was cont~d~d for mor~ information and it was found that tl", 
unil is too bulky for use in Company 2. Amomatic purifICation equipnlCllt is prohahly 
onl)' viable in a largc planl (Barocll, 1999). Therc ane 'OJTl<C pliTilication llnils 
developt'd in llolland that are also being t~sted. but are not COlTImer~i:.llly aqilable ill 
pr~""nL particulaTly not k,cally. EXllinpks of ~uch unils are descrill<'d in ArllCndix 
F25. The ~hairman or lOC Hol Dip Galv~ni/er' A,~o~iation South Ali-i"a gave IOC 
llalOC of a local company that is capable of designing a simple robust alt~rnative, and 
ha~ dooc '0 pneviollsly for two other k,c.,,1 companies. lJnti,rtunately the company 
was no longer list~d and could not be contacted. 

A brochure supplied by (t.;, Dutch hot dip galval1iz~r, a,so~iiltion (SnV) rcv~akd lhat 
commercially available pUTilication installiltions can ke~p the iron concentnltion at il 
k,w level or around 1-1giL. Howcvcr. the Fc ""ment in lhe 1l11~ bath ",Imion at 
Compan)' 2 i, m~asured uai!)' b)' the Operalions manager and uoe~ not e~cecd IgiL 
(refer to Appendix 10'26). The J-'e contelll is kept kn-v at present through the us~ of 
sllbstamial quantities of rin.,ewater after pickling. Closer ana!)'sis of the f1ux bath 
reveals that tl-",re is a ,i','11ili~~nt amOllnt or prc~ipitalcd irnn-chklTide salts which 
settle in the tank and the majority of the F~ is therefore in this solid 'ludg~ thal "",nics 
in the halh. 

The a,>SC>sIllent team decided to investigate possibilities fOr removing this sllklge. A 
hrain,loTTIl scs.,ion b\u lo an alternative option f(,r continuously removing the high 
iron-contem sludge, Since tlk' illlX is heated by continuou,ly circulating through a 
heating tank, it .... a, decided to install a tapered ba,e to the heating tank which would 
capture the sl\ldg~ as it cil1:ulal~d and ~ouJ..1 he continuously remov<Xl. llJC ocming 
tank requires repairir~plac~ment in any case, as the rubber lining is dissolving ~nd 
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Cluslng an l)jly build.up in Ih~ mllllj"n rigur~ (},13 b<;low dq)lc( s the proJYls~d 

lksign 

Figure 6. U: PrOIl(,,~d fiu," Ii l'a on!! ta nk dt',i:::n /iJr sludge renlOv,,1 
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not: ["asibillll' ()[!llLS nplioll has ken r"u~h!) GValUale'd ami wo,kin~s arc induded in 
Ap[X'mlix F~2 Option B8 1-2. TIle' lI1Ve~llllC"nllOSl io, Ih" "plwn i,1 < R2().U()() and 
w~s Ic.unel 10 h~\c' a p'l\hac~ pennel ol'hd"~~n () m"nths ~IllI" yG~r l,kpenchng on Ih,' 
acluJI adlle,ablc rcdudions m a,lh. dro,ls ami Zn pl~k-up, The' !X'I~nlial d"creas.: in 
r,uning c~nnol hG delerrIllm:el. Thc' wmpan ... i,1 intcudLng In impkmem the oplion in 
lhe SnOrl-I,,,m. h 1,1 expected lllal Ihc .'Ill{lg~ will require rc·llw,.al from lhc' t~nk on a 
wcdly basi ,1 mlir.11. loUI OOCe the Im'.!orit} h~s b"C'1l remo\'eJ. the collcdivn Ire'!uellc)" 
m~y r~Ju~c' to Ix/molllh. elcp<."lxJint~ vn prc>dUClion. The tl)ta! "Iudge volume shl)u!d 
nol c"X~c'eJ 3fl()()I./yr ~~ lInl i~ the vohlme of sludge r~ll1o\'ed at Ih ~ end or yeJf ", 
pre,lent. There is a pos~lhili ly Ihal Ibe ~nlkct~d sindl'c ~'Hdd be sold rur Iron re,ove[,y 
In Ihc' m~amime il will be di'JX,seJ Lll Ih~ ~pent allJ. Ih ~ ,,~iel reg~ner"linn pro~~ss 
involves the' removal ()f iron ,hlurLd" in nny ("aS~ I() produce an iron h) -produ("I. 

J. Furlha Options 
Allhongb the fUll1ing has been SUbSiJn!iull} reduced thJnb 10 minimi,ling dU,I! usa~G. 

tiwrG i,1 slill comi<.krahk Ii.mnng ~~ " r~~1.l11 or Ih~ nux SOllLll011 volatiilsing. The 
Jll~rallatloll vi' Ihe heal ~d !lux dryillg JreJ will hJv~ J positive effect on this. [he 
m"na~.~mc·lll had he~ll o)ll~ielering this for The improH"d galv<llli7in['. 'ltdily 
"~socl,,t~d >nlh oplimum Jrymg as well a~ the ""ving~ III /inc thl"()uSh r~duc'~el 

~paU~r. Th~ i'LLrlhGr improvem~1l1 or rC'du~"J rummg adlkJ lO Ih~ rC'~~lbi li ty or IlllS 
option. Th" J"cas ibilily Gvalualion i~ mcludeel m ApPendix F22 -. Oplion 86 ·2. As 
disl'uss.:eI iu S,'ctiot) 6.7, L the oplionls l() be impklJlen1Gd in (j'G ,Ihml term amI il IS 
ht:lie\'ClI thai it wi!1 reel uc" the Jegre" o[ iUllli 109 from Ilu ~ ,olat: I i,I~lion ~uh,llanli"lly 
In ;xlditi()ll th~ nux cluSllng ~an he ~Iim im\l ed C\lmpletel)' 

Furllwr rGduui()ll In fumin g is nol ~onsiel~red nG("GssJr) at prG,IGnl. bm mal' k 
nece,lsmy in the ILLlure 11' air poIILLti,)Jl b,,~ he~om<.· ~~ ,llnngC'nt a,1 lhGY arc' in Europe 
"ml tlK USA (r~view~d In Chapln 3), III F.wope it IS no" comrulsl'ry tu contrullhe 
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,oncemr;dioll and amount of fll min;; abo~e the galvanizing leulo: Fnr Ih l~ fume 
c.~ltaction IS IDstalkd with ~ huod O'l.'T thl' halh which C:1Il be extended upwards to 
fi.m. :l fume COIiCCh OIl dC'vice abo.'e the tank and hlll st crane uni\. The hoo.J s)<~lem 
has Ilt h~r advanl;If'-'" In Ihal .1 also prevents exploslw splashmg:> (sp;dlCT) frum 
lea"in!] lh~ b;dh ilself· Ih .s nUl only )3VCS /,jnc mClal 1ll its pure :>tate for jnlll~i~lc 
reuse but il also mcreases Ihe safely "fl il e wmk·placc. Once fumes arc colkcled, !ll\:Y 
lI\:'Iy he fIllcred or scrubbed wilh waler (it may b( possible 10 rc\llm the washing, 10 
lhe !1m, balh at IC:'Isl in part), Some companics llKorporale the ao,;ul rl.lmc) n'om the 
pickle lank ml" Ihis ,,;cruhblng ~yst cm ,11 >0. The feasibility of the Imoo "p\lon h,. , hC~"Il 
e"alll.'led In section 6.7,1 fm ii , "'a.~t~ mllHnll SatJOn hcnciil :i in , pall ('f reduclioll , rhe 
c' aILl~tj"n is mcluded in Appendix )0'22 - Oplilln B5-J, 

Other n,cthods of fu me eXlr:ot:lIelll afe ~on~;dcrcd more pollut ion conll'ol than 
Jlrevenllon, and '''cu." thcrcfort' not t'\-:lluatcd as opllons.. Hmu",cr, to(onnahon on the 
\':Irious opti .. ns IS mdm .... ""d m AI)l'end l.~ J'2J.1t is USl"ful for th" ~um~n)' 10 he :lware 
of these, 3.> fume extnu;tion mll)< become compul:iOry (or Soulh African t:olllp8llics :IS 
it IS no" m :iOme OVC1>C3S countn ,,), In any t:a~e, rcduction of funtes al sourc~ w,1I 
leal 10 ~ a, mgs in energy reqUlTenl"n\!> o( .h~ fLlml' e~ lrncllon vcnulallon unillhat IIlay 
~ r~,!uir ... l m Ihc ,'nu. 

6.8 EVAI.UATIO;'\{ OF JO EN'I'lFlEJ) OPlJONS 

L.:ac h icl emifieu "pilon ha , hCl"" c"a!tl8Ied ,'>CWlding to its technical, .:<:onC1ml~ anu. 
envi lonment,l l feasi bility. on S«11I1n n.7 aho\'c. Thc ched::list. usecJ fur th~ 
fea.ib,l ity e\'a1uallnns are induele<l III Append ix Eio. A sunmw)' lable elf all 
identi fied options has been conlp,leJ. The 13blc h:ts the .amc ~ll1ICt ure ~s the Sll l1lOlilI)' 
list of I>otcnilai opuons for metal fi nIShing from tJ.t, lilCf:llurc and case study re\;e" 
(Ap]lendl ~ [12) Additional opt ions (or olhd' woc,le streams were ,,[eluded 111 the list 
bUI were nOI an~l}'sed in any d\'\ail 

TlIh Ie 6.14: Summary li st I)f imp"'" emen t "ptions for Compal1~' I 
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Chaptor (, _ Ca .. Stud}' 2 _ A Hot Dip (;aIYaniI.in~ Fadli!)' 
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a,,j ,eWe, dHUg<> 
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r:ach of th~<;~ oplion:l ha:l becn ratcd based on the fi11(lm!l' Ii-om the f~a:lihilily 

evailmtion Th~ option rating system is as for Compally 1 olltlm~(I ill Appendix En_ 
The am1 of thi, aClivity was to compare all option~ in ord~r to ohlam a IJ<;t of 
recol11l11~11(I~d wast~ minimisation options for pr~s~ntalion to Ih~ company's 
mana!l~m~nl. Tho:<c options that have already b ee lllmpl~l11~nt~d w~re incllLdc(I in lhc 
evailmtion raling pmccss in order 10 ,bow wbere the oplion:l would ha,'c becn in 

I 
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Rated improvement Options for Company 2 
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6.9 RECOMMEN DED OPTJOiVS 

or Ill<; l~ cle\'en options with [he highest rating, 7 haw aln:aJy ht:l'n implemented. 
The implemcntmioll of drag-olll rcduclion reduces the need for s<,mc of the additional 
options, whi le improving the feasibility of otl'Crs. Additional recommended options 
arc: 

6.9.1 Good hou.~ekl'epitlg 

Th" or-Jon of ' impro\'"J rcconl-kttping ' Tilles in th" lOp I [) and is recommended. 
During Ihe as';CS';mcnt i\ wa~ difficult to obtain and analy'iC available d~til_ This dJla 
ha~ no,\' hccn tr<ln~JeIT<Xl frOID ~pafilte file,; inlo dedTollic ltlml on ~pTi;<ldsheeh. 
This all()w~ ti.'r simple analysis of the data and can be continued as new data is filed. 
[Ising the spreadsheet already SCI up the log data can be entered into the computer 
directly from the log ~Il<'et e<l<:h \\ttk. The ()p"rJli()n~ man<lger Cim then u'e this in his 
own liIll<' 10 analyse hath d'emistr:., etc. For eXlimpk, orn;e a month an<llysis ~"-n be 
performed to ohserve changes. If f10wmeters are in,talbl on the w~tef lines. this 
method can be used to monitor wateT use. 

6.9.2 (II-house technical modifications 

Although the inst<llbtion of the spare rin~e bnk to capture acid drips has <I higher 
rating th~n the Te-installation of tile double Ti,w:,. tIle inl'leIll<'nted drag-out fedu<;lion 
means thai the drip-tank is almost unocccssary and the reduced rinse llowrate 
ass"':iated ",ilh \h.: douhlc-rinsc becomes nKlrc technic'ally feasible. The lICCd to 
impro\'e Tinsing dli<;iern;y, illld Ihe likdihootl or possible fulmc water-price incrcase 
are addition<ll reasons fOT i'~'lalling Ihis option. It is thcTct'lre rccommendcd ror the 
comp~lly to rein't~1I the dOl,hle Time "I redl1<;ed Il()wmte orn;e kSls havc been 
peri()rnl<X1 on the ilCtU<l1 ell"ecl () r Ille redl1<:t'li dT<lg-ouL 

Jllst~jlJjion of now dist,ihtition imd re,tri<;lion devi<;es ror the incoming rm<;cwatcr arc 
al'" recomrocnded. l'lowmeters for I"<lising JW<lrcnc~s reg<lrding ,,·akr usage will <II"" 
help in dekrmining Ille optin..,m rillse llowratc altcr drag-out rcdll<;tioll. 

6.9.1 Hartlware opfioliS 

'1 wo opti<ms arc to be implcmcmed in the short term: 
• Jhc heated flux-drying option is to be combined with tbe drip tray and illstalkd 

"il hin tbe ye<lT. 
• The llew flux heating tank 10 maintain 'ckan' !lux tbrough sludge rem()v~1 is 10 be 

instJlled whenlbe lank i, repk!~ed within the ye<lf. 

These will resliit in improvements in <I number of waste streams. 1'01' the>c. the total 
investment is R76,1){)[) lli1d c,timutcd savings may be as higb as RSOO.OOO/yr. 

It is recommcnded tlmt the company oominuously review the optiollS nver time as 
cOnUitions change. The savings from the options that arc implemented might allow for 
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incr~ased availability or lina1lcr~ ami hence the rossihilily [0 impkmCflI n"'rc 
arcn""e oplions llMl arC n,)1 eCOOOlllk;:llly li:a.,ihk al prc;..:,nL 

In "ddition 10 these ,-,plioTls. [he con'p'my h,IS recently rccel"cd 3 copy of the 1999 
edition of "General Galvanizing Practice' from the UK Galvanizers Association which 
has a significant mnount of information on environmental improvements and waste 
minimisation oplions lilT galv~ni/ers_ The O[>i'Tilli<>rlS TT~m;Jger h'ls ~lr~~dy ,how·n 
interesl in rurther oplioTls idcnlifJ.::d in the h<lndhook. 

6. If) COJ'iCLUSIOIV 

All rhascs oUIle WJ';tc minimisation asscs~ncnt have ocen carri::d out at Company 2. 
1\ lOlal or 42 wasle minimisation oplion~ were identified for the company of which 24 
\\"er~ fuUIlU to he k,~~ihle_ Oflhc lmli:;1~ihle opl~HlS, 5 Oflhcsc \\'ere nOllechnically 
1"t",l sihk 1<." site-specillc rcasons, 2 \\~re (,kay",r Technology opliofl.\ (biological 
dcgreasing and ,ldiv3ted pidling) identified ~s potential in other countries. hut the 
technology \Vas .found to be not ~\ai\;Jbl~ locally. One Wll S likely to inlcriere wilh 
product]oll. 'md lhe rcn"1inocr were f<>und not eeooomi<;,llIy fi;asihle due 10 eosl' 
outweighing savings. The JXltentiallOr Ihese opTions d~pel1d 0111he future il\ '~ibbility 

of finaoces or technok,),.'Y, and fin urc chang~s io en\!rolllllCntal regllimions. in 
particlliar future increases in water and ,"""wer charges. 

Ofth~ \Cllsihlc options, g (In '") h~VC" already ht:en imp1crncntcd wilh no or negligible 
in\'esinJenl costs. lllcse options inwlw improved housc-kecping lllld simrle 
procedural ch,mges ~nd have resulted in signifie~nt reduction in wast~s from lhe 
c<.~npany. Esrilnllted economic S<1\'ings "hich could he c~kll!~ted for SOil"" of these 
options are as follows: 

Tahle b.15: E.~ lirun ted Economic Savings fromlmplemeuled 0lltions 

" 

The major saving is as a result of reduction in zinc losses. These options are alJ highly 
cost· effective. Not only do they serve as ·interest·grabbers' for fiutilcr waste 
Illin~nismion in the compllny, but the ilSsocillted Sil\'ings improve the ~bility of the 
company 10 invesl in more expensi,'e w~,te minimiSiltion 0Plions, All of the 
impicn",nted optiOllS resull in an overall irnpwvernelll ill the ~nvirnnmelltal enect of 
the reslliting wasle. A COTlSi<Jerllbie enviwmncnl~1 improvement is the elimination of 
the illegal and hazardolJS Frcach drain wastcs, The drag· out reduction option has 
benefits for all or the l<)ellS areas. 

It is thcl'elorc dcar thal polcntia l lor eost·effcctivc waste minimisation has been 
identified. The intcrest shown by Ihe Operations Manager through his cominwil 
search for opt io]1S and ,villingness to implement changes, served as a majo r driver \<.) 
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id"nlil~'in)o; wa;k rl1lnimi <:llion [IOlcotial. !:,xtcrn.l1 assiSI,mcc from th.: electricity 
suprli<:r, 1110: IIiXiASA, :l:; well a~ i"ICm:aI~)t.a' a5M>Culioln., llli:ilit:lI.::d the asso:~nlenl 
and ~1cntif"':!Tion "f 1",lcnli:!l opiiorK M:my oj tlk: [IOklllial opt;Cl1IS \\\'rc iocutified 
from international c\periencr (<,.g, drug-n"t redudi ... "-. l1u~ puriliCllLion). htlwc,cr. IlK: 
corer,,'" ",lluliOllS ~r.: mostf)' irmO\'3tiW :'Pf'lical i~'ns anJ ,dHflt itnl:l "I ,110.:"'" idca~ by 
Ihe ",'mpan}' to ~uillhdr technical nlld fln,1Ueilll c:.pncily. 
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Ch:lptcr 7: COIldudil1g Discussio11 

'1p. {}"finui fip.f1iV'ii, Jl'k1t;f mil>;! in Ii'" 1/"'/' to ad,,,~," p"i/uito" pm~"IJa~ tl fi ~i!li'!l',~"l to 
{uh ,funcrs. to qWltion ufub/iskd PlUdtl'<.i, dnd <-,¥rrmcNt n';lh p','" ;J",,!, f1nJ uk"", liil/o ", .. op",.,', 

lIith '''''h (Jlk,. ."" "'r 'f)' 10 bdrmonm "'''''''Jm"nMi PrrJi,ctiliN auh e<o~omi, p~" Ih" 
U.S. 1,/'/ 1. 19M. 

7.1 I.'VTROIJCCl'IO/V 

The aim of this di,;seJ tation has been to a~se~s the potential for S"'tLs in the SOllth 
Alrican metal linishing indLlstry to r~dLlce in a cost .. elTective manner. the waste that is 
generated or subseqllently treated .. slmed or disposed of, in eith~r total amouTll., 
hazardous nature. or both. In this final chapter .. the findings Il'om the literalure revlew, 
research and ~J."" stL1(ly results are diSClls~ed ,vith the alm of te'>ting the hypothesis 
again't the SLlcceS'> critena The conclu,ions drawn from the work are set out and the 
objectives and key questions Me addressed. at least implicitly 

7.2 METAL F!iWSHJ]VG 'J'::-4STE MA.'VAGEMEI'lT 

7.2. J InterllatiOllal al/d local approaches to waste lIIaJllIgement 

In Chapter 1, the trend, in approach to "as!e management hy the melal finishing 
indllst'}' in other cOllntries ",as examll1ed and it "as lound that over the pa'>t thirty 
year~, the cOlmtric~ have responded to pl!!lution and environmental degradation 111 
li)!Lr ~hara~teristi~ ways. Fir~t, by ignming the problem. secondly. by dilllting or 
dispersing the pollution so tliat its efil'Cts are less apparent .. thirdly. by tl)ing to 
control the pollution and the ,vas\es through what is knov.n as " end-ol~pipe ' or 
pollution connol approach, and fOUllhiy, and rnost recently. by cleaner prodLlction 
t hroLlgh prevention of pollution and waste gene, ation al t he sour~e of production. 

In Chapter 4 .. the current ~ituation of waste managerncnt in S.omh Africa was 
examil1<-'<J It was found that outdated eqLlipment. poor maintenance, poor worker skill 
and fl<..Xl! housckcepmg practices lead to lTl("reased water and energy comHmption and 
Inc generation of Lmneces-;ary ,,,,ste The mo,;1 cOlllmon meas ofwastil~e v.ere found 
to be exce.<,;ive water ~onsumprion ami 10"' or ~hel!licals due to d, ag-oul and spillage 
Th<> cost of wmer is low, providing no tln~ncial in('entive 10 reduce water usc in the 
industrv In addition, few metal finishing tirms 111 South Africa actively pra('tice 
effective on-site effillelll managemenl .. and where it exists, it is uSLlally not well 
organised .. operated or maintalncd in relation to compliance wrth existing hy .. law 
quality .<tandards, or dispo,al of ,vaste sludges generated In the plOce's. In addition, 
because enlorcement of legislation i,; ineffective, many companies lind it very ea,y to 
throw re,rric1ed ell]uenls dov.n the drain, wllhollt heing callght (jeneral awareness of 
waSTe minimisation i~ practically non .. cxi';tent within the indust')' Outside of 
a~ademic researl'h proJech, any spec'ilk allempts at waste minimisation wil11in the 
mdu'1,}' have no! heen reponed 
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The industr), is therefore consldereu to be in the dilUliM and control slage of waste 
management Identified in the review of international trends. Howe\-er. Jack 0(­
cnl"rccmcnt or-legislation has meant that effectIve pollution control is1imiled and is 
generally only implemented in the larger finishing shop5_ 

7.2.2 Approach to waste management in the case-study companies 

rhe wastes and emissions from Company 1 and Company 2 may be considered 
typical 0(- wastes assoclaled with po\\der coating and hot dip galvanising operations 
respecti\·ely. with some additional environmental elTeclS related to the lack of 
required conventional treatment practices. Tn both Company 1 and Company 2 a 
significant amount of water is used for the rinsing stages dlLrillg pre-treatment. ,Vater 
costs are panicularly lmv lilr Company 2 due lO ineffective measurement by the 
reglLlator) aldhority_ Loss of chemicals due to drag-out and spillage resull ill l11gh 
\'oilimes of din}' wastewater. 

This wa;1ewater is not treated blLt n()WS directly to sewer. and there IS a reliance on 
dtlution of contaminants and nelLlralisa!ioll of acid/alkali wastewaters in the sewer 
system to achieve compliance al b()lh compa11les. Company 1 employs conventi()nal 
pre-treatment Mly lor the Spellt clu'omate bath and relics ()n a waste-hauler for 
rem()val of the hazardous sludge. Some wastes disposal is not in comphance with 
regulations. but this is undetected dlLe to ineffective enforcement by the reguJatmy 
authorities. Therelilre. lor both case-5ludy companies. the waste mallagement styl e 
can be c()nsidered representative of the typical waste mallagenwnl style Identified for 
lhe Soulh African metal finishing industry. 

7.3 METAL FTlV1Sfll .. VG LVDUSTRY STRUCTURE ANlJ KEF 
CHARAC11:,;'RlSTlCS 

7.3.1 A comparison of the il/duMry In South Africa with other 
countries 

In Chapter 3, lhe melal fimshing industries in countrie5 where \vaste minimisati()n has 
been applied, were exammed with regard to stnlcture and key characteristics. In 
Chapter 4, the Slmcture and characteristics of the South Alrican metal tlnishing 
industry were im-csllgated and presented acconlillg to the same format as lor other 
countries. 

Only job-shop metal linishers are mcll1<!ed ]11 the statistical information that is 
generally available lor the metal fillishmg 5eclor ill each cas~. Captive metal finishing 
opcrati()ns are diniclLlI t() assess, owmg to the w·ide range of products and hence 
industry sectors to which soch shops belollg. It IS difficult to determine the tme size of 
the industry and therefore vallLes for total llumber of shops in each cOlUltry are 
eSllmates based 011 the kn()\dedge of key stakeholder5 1Il the industry. Additional 
statistical dala li)[ each C()lll1lr) (Table 3.1 and Tables 4. I to 4.4) was incomplete, and 
It was not possible to make COocllisive comparisoll5. However, a number or similar 
l!-ellM were identified. 
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7.3. 1.3 Similar P .... ,·,,_,,~, 

The results mdiealc thai the most common processes are similar in each country 
where waste minimisation has been applied. and Soulh Africa i, no exception. 
r"inling and powder coaling combin~d, apf>t'ar to ffioh up tht largest 'tclor in h:rms 
of lOla 1 number of firms In each ~d5~ Fkctmplating makts up th~ next largtst group, 
and is probably tnt largest group if painting arid powder coating arc separated Other 
signifkant sectors dft amJ'disers arid galvanizers_ though they arc mu~h smaller In 

number «I Cf/o). The Joost common clectroplMing type, in So..,th Aflica (Linc. nickel. 
~(lPPCf and ~hromc) were also found to be [he most common in those countries "here 
waste minimisation has been implemented 

In Chapter 2, a discus,ion of the nature of met"l fini,hing processes lead to the 
conclu~ion lhat the technology used in the COre metal linishing proce,,;e, tend, to be 
the same from W\II1try to ~ountry It therefore app~al; that there aft no major 
difft'rences on " t<xhn,.;"l I~vtl that wOllld indi<:ale a limit to tht pot~ntial thr wast~ 
minimisation in the South AiI-jcan metal linishing industry_ The technology in usc at 
the case-study companies is in line with the general descriptions found in tlllemalional 
lit eratm~ 

7.3.l.b Key Chararteristics 

Key industry ,md lim} characteristics "nd trends that may inlluenee a company 's 
de~islon-making process with rej<ard to environm~ntal adivili~s ,,~r~ id~lltilied i" 
Chapttr 1 Tflest are factol; that art likdy to antct both environmental 'Illd economic 
p~rtomJance. and therclore the potential lor adoption of waste minimisation These 
aspects were therctofe examined for South Africa in Chapter 4 for companson with 
tht ~ountrits wflert w"ste minimisation has been applied 

What ~an be ~ondlldtd '" Ihat thtrt are signi!ic"nt ,imilarities between [he metal 
tinishing industry III South Africa and Iht,~ coulllries in telms of structure & key 
characteli,ties In each case 

• Ovtr 90"10 or Ihe melal finishing shops are S\1Es. and the vast majority has Ie,s 
than 50 employees_ 

• Job shops lend to be small and generally have ft,w·er resour~es ",'aibblt to a<\dr~ss 
enviTI)nment,,1 coneerns_ 

• Captive metal ilnishing operations are diftlcult to assts8, owing to tfle wide rangt 
of industry sectors to which such shops belong. 

• Tht:re is a general lack of technical knowltdgc amongst metal fini,htrs whi~h 
leads to r~lian~t on txtemal partits lor technical advice and know-how. 
p"'ti~lllarly on chemical am] equipment suppliers, but also on industry 
asso-ciations (although such associalion suppon is on'clTIl to a much lesser c,1~nt 
in Soulh Africa) 

• The prima", ~ompt:litivt lacto!''' price, though qllality is a consideration for some 
product markets, especially in the U S,A 

7.3.2 .\'lrucfllre fllld ("haf{/c(erisfk·.~ vfrlle ct/se-sf/u(1' companies 

Both Company I and Company:: arc S:>.U':s with <50 employe~s, and bo-th "r~ 

indcpcnd;:nt job·,hops located in heavy industrialistd rtgtons The financial "nd 
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constraints arc typical of job-shop metal fimsh ers. but Company :2 being large!' th,1Jl 
Company L is not as conSlralllcd by financial ability and management lime. There is 
limited technical expertise readily ;wailahlc within both companies_ Compan: L is 
hlghly dcpcmlcnl on l(~ chemical, painl ,mu eqllipment supphers. Company 2 is 
depel1de~t on its chemic~l supplier for operating specificallons. but fOJ lUlUSllol 
problems or circumstances arc highly d<w'JlCndcnt on outside expertise, either from 
pubh,hcd in fomlallOll, or the Hot Dip Gal "am /en; AssocmlioIl (HOG ASA). 

The processes employed at both case-study companies do not utlllSC statc-of-the-Jrt 
tcchno]oglCs, hllt rat)wT simple technologics that arc considered lypical of the 
processes employed (acconling to genCTal practicc manlillls). The pTe-treatment sleps 
ill both companies use processes such as degreasing. plckhng. elchillg. ~Ild nnsillg. 
which arc common to m~lly mctal fillishmg processes. The post·treatmellt passiv~tion 
and the prohlems ~ss.()ciarcd with the usc ai' chromium arc also common to other 
melal fillishmg proces>e,. Compan)' I Js. a powder coating factory. and powder 
co~ting forms a significant scction ofthc South Africall metal finishmg indu.stry in 
tenns 01' nllmber 01' iacilities. Company 2 is. a gcneral hot dip g~lvanizmg factoTY 
whIch also fOlms one of the moT'C Slgmficantsection, in the mc1al finishmg industry_ 

TI1C case-study companies can thcrefore be considered representmiYe of a ,ignificant 
section 01' the South Afriea met~1 finish ing indllstry in tcmlS of stmcture. key 
characleristics. and processes used. 

7.4 BARRiERS AI\'lJ lNCE/\'TTVES AFFECTF\'G WASTE 
MJl\'LlfISA TIm\' POTFJ\'TTAL 

7.4.1 Comparison hetween South Ajrica and other countries 

The lol!o\~ing main b~rriers to ~dop(ion of waste minimlsation lilr SidEs in metal 
finishing industry wcre identificd in thc llltemat;on~lliteTalUTe 
• Lack of lechl1 ical ,kill> 
• Lack of capital and financial resource; 0 f company 
• Lack oj' man~gemcnt timc 
• Lack oj' awareness. ill fonllarioll ~nd know-how of waste mmllnisation options 
• L~ck 0 f clear envlTIJIlmenlai legi slarion 
(Small compaIll es are llsllal! y more constrained than l~rg er companies in each case) 
It was fOllnd that these h~ITIcrs also exist for S.'vIEs in the South AFrican mctal 
fil11shmg mdll,lry with thc ~ddirional barriers of: 
• Ineffective enforcement oj' environmcntallegislation 
• Low cost ofwatL"r, electricity, and w~ste treatment (effluent chaTges) 

Of the drivers iden t; fied m the I iterature for othcr countries. and for the So u.th African 
mctal finishing industr),. the most common identified for S.'vIEs aIT 
• Stnngenl envirollmcntallcgislation andior enli)rcement orlegislatioll 
• External assistance (both wclmical ~Ild financIal) 
• Cost savings assoclatcd with w~ste milllmisation 
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II ~"n lit' concluded Ih,,1 lhl'"f~ arc significanl similarities between the metal finishing 
indu~try ill SOllth Africa and other ~ount[ies in lem" or initial hamel' agaimt 
envirOllmcntal impf()\eme"t m SME, 

7.4.2 Bllrrier.\' mul f/ril'en for rhe case .~ ffldy compal/ies 

l'inallCiill considerations are the primary constrai"ts ading upo" Company 
Company 2 is more able to imcst time and money in 'I'pport or its busine" 
"bje~tivcs, but is rc,i,tant t(l d,"nge with ,,,,,,,,iated ri,h The ,,:cond "'''''traint i~ the 
limited internal tc["hmcal ~,perli<;e The (lwnerimanagl;'r or Company I i, also unable 
to lind the time to consider bu""e,, m'peds other th;in those direLily related to 
prodllction \Vbile thl;' nelleral ~bllager's 11mI;' i, limited at Company 2, thl;' 
Operations /l,lanager is able 10 concern himselr with other is,ues around produnion 
rhe la~k of elfecti\e enfor~ement of emironmental legi,lation allows tlJt: wmpany (0 
discharge restri~ted eilluents down the drains. I" "dditio!l, hero,-e j(lining the proja:t 
environmental issue, were given little recogniti(ln, alld the ~ompany WiJ5 TKlt ,mare or 
the C01K-ept of waste mmimisation 

The,e barriers to impnl\'l:d em;ronmemal perf(lrmance in C(lmrany [ and Company 2 
are a, identified lor the t.ypical South African small-,ized a"d medium_sized metal 
lim,hers, 'especti, ely The COllcern li)r flltllre more stringe"t enviro"Il-.o;ntal 
legi,lation, as well as potential cost ,avings, were the main drivers for waste 
minimisation in both ["ompanies These were main driver, identified Ii", the typical 
metal fini'hing Sl\fE, 

7.5 ROLES OF KEY PIA YEnS 

It (all be concluded, hased 0" int~mational experie"ce, thiJt there i, po(ential [or Ihcse 
barriers to be over["ome ,vith the help of key players in the indu,try. The experience, 
f,om other l"Ountrie, Indicate what role, key stakeholder> lJl SOHth AtTIca can play ln 
order to exploit the potential for wa,te minimisation cost-effectively. 

7.S.1 I_e.uon _~' for Soutll Africafrom illfernlltiolllllexpl'fil'lIcl' 

7.5.I.a Le~jslation 

In South Afilca. waste miniml>at,on i, ben-.g introduced by r-.no',. ",search 
institlltions, IIniversitie" and conwhing en!,ine~ring 0" a voluntary basis, while in the 
USA and ['u.-ope, the governme"ts, local allthorit,e, and environmcntal agencies 
make waSle minimisation mandatory and there is leg,islalion to >lIPPOrt the,.., 
approache, The single biggest influence in adoption of cle.lner production in the 
metal linishing industries in ca,-h of (he countries investigated appNrs to be 
legi,lation and strong enlix["ement of the legislation ['he scope and 'tringellCy of 
e"vi,-onrnental regulations applicable to the metal plating i"dIl811}' hav~ increas~d 

sub,tanlially over the years, and the industry I, now o"e of the most highly regulated 
industries in ea["h country_ Even though there is now a move toward, seli:regulation 
by industry in other count lies, it appears thaT SlriCt enforcement at fir>t i, a nece-;sarv 
,tep ill the learning CUlve lor th~ indu,t.-y 
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The "J\\fMS for South Africa intends to addr~,s the ~xistmg regLllutory pr(x,iems and 
mcludes waste minimisation as <l foclLs arc~ In ~ddition lncre~scs in " 'ater al1d 
dIluen! charges "S w~ll as waste disposal costs arc expected in lhe near Ii,lllfe. 11 I> 

!h~r~fore likely t.hm re!'ulatol)' drivers that have irlf1lLenced waste mimmisation 
polenti~1 in the metal frnishing industry in other cOLmt.n~s, will exi'l in SO(ltl1 A1ii~~ 
in th~ near linLlrc (lh"lIgh to a iesser e)(ICnl) Thc NWMS should help 10 ,acilitate 
e~forccme~t of legislation. There IS h0w~\er hkdy to he a ~('ntimred absence of 
~onsistem enforcement and a gr~alcr level 01' sdt~regula!o.) lcgisl~! ion 

7.5.l.h EIlernlllllssis lll ll (r ~ nd ra ising aw~rl'n es.~ 

As the maj011ty of metal finish"", are S!<.fFs. they tend to have limited resources to 
research wast~ minimisation opportu!l1ties, and 10 other ~oLmtrie~ have needed 
ext~rnal a"i,tullce There. governments have pro,ided fimding in the f0110 of 
sub,iuie' tor \\'wJe minirnlSation proJeds and implementation of technology within 
mdustry, which have facilitalN the adoption of waste mininusallon particularly in 
SMFs. In South Africa, such funding is not provided hy (i0vernmem, hut !h~re are 
plans Ir.r ,ubsidies from In!Cmati0nal donor 0rgani,ations to prom01~ wa'l~ 

minimisation in the metal finishing industl)' initially and this is expecled to help to 

contribute 'lrongly lO the de\'~10pmenl of waste minimlsalion program' and 
technology transt.,.. in the indLls!I)' 

Tndu,tl) ~ssociations. suppliers and consultants in other countries have played an 
active role in improving the potential for adoption by prmiding t~chnical advice and 
infonnation, assessing new technoiogi.,-; and worJ..Lng wilh !,ovemm~J\l in ~INlrin!, 

that kgi,lation matches the capa~ity of1'he IOdlLS11)' [)ue to low aW~relle" ofwa,1'e 
minimi,ution in the mdlL'try in South Afric~, there is very little demand for Clcancr 
Technologies at prcsent, and therefore no incentive for imCfna!;onal suppliers to 
ac~e" the m~r~et here, This is 1i~c1}' to change in the filtur" as demand incre~ses with 
raised awareness and changing environmental legislalion, improving the availahility 
of Clcancr Technology, and hence the cost-effectil'eness of ','aslC minimisation 
potential 

Inlernalioruil expcnence ha, ,00WI1 thm !,oud e~"mrle, 0f waste mmimisaTlon 
working in the industry, thanks to demonstration projects and the marketing of the 
succ~ss stori~s., havc a signil;cant inJluence for metal lini,hers to adopt cleaner 
produClJun This is nece'SiII)' for the SOUlh African industl)' to build up loc~l 

examples of its own. [)onor organiS'ltions. along with loc~l research institutions and 
univer,ities arc al,o initiating demon'tration proj~cl' "ithin the m~lal fini,hin!, 
inUlL,ll)' Vlarhting of good example, "ill he highly imp", !ant for raising a"areneSS 
within the industl)' 

R~ising ~\\'arene" and spreadin!, knowledge on waste mrnimisation technIques ha' 
been ~chicved in oiher countries through demonstration projects, guide books, fact 
sheets. indust,,· association" consultHnts., ~nd The Internet HasN on mternational 
experience, it is sho\'" th~t SMR, III th~ indlLstry are c~p~blc of conceivin!, and 
Implementing wa,!~ minimi..ation projeCls if the methodology i, deliv~rN 1'0 th~lll 

properly. The hy I~"on for a"i'1ance proviu~r' is to re<;ognis" the barrier' ~nd 10 
impl~men! waste rnimmisation accordingly in the appr0priate manner 
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Reglilatory presswe and certain legislation have already driven ,om,: 1ll(.1al finishing 
companies In Dlirhan to COIlsider waste minimisation The tough legislation in toc 
Durhon art:a c'~Jplcd ,vith external assIstance from academk re<ear~h with Ilmding 
from local and intemal;onal donor organisations has lead 10 cost-clTcctivc \Iash 
minimisation potential id"ntiticd through the Waste mininl1>11tion Cil1h att~lllpt in the 
art:d 

7.5.1 Clue ,\'fudy compullies 

7.S.2.11 inl1"encing fact",-, 

Wullo"! the e"ternal as>istancc II-om this project, the compan". managers have 
admitted thm waste minimisation would not have been considered '\pall from la~k of 
aW3renes" the lime and costS tor l1ndt:l1akin'l: the wiI,te miniml>atiOn i!,seSSlllent 
would have been prohihitive for the wmpanie, on theIr own Tbe ~o,t of undertaking 
the wa,te minimisation a>.~essmt:nt at these companies was 'fret:' tor thc company hy 
tile u,e of a (donor funded) student car",',"!,; om the waste minimisation asst:"menls 
Tht: COSl of employing a consultant to do the joh instead (and tllert: are Vt:ry few with 
waste minimisation experrenct: in South Africa at prcsent) IS most likely to have hct:n 
prohihitive 

I'or most of the potential options, [he broader category was identificd from 
international guideh()(,ks. The companies were not aware of even simple to implement 
houSt:ket:ping improvement options, in parti~ular Spl]] and drag-out fedu~tion. This 
highlights tht: fact That awart:ness of avallilhle options is I>t:neficial in identifying 
potential I' Of wa,tc minimisation In Company I tilt: identification or spt:cifi". 
kc.hnical waste minimi"~tion option, "ithin tht: broader category of impmvlng 
contlOl and cf1kien~y, were oll'ered bv the equipment supplier This highlights the 
rchance oftht: companv on its suppliers lor te~hlllcal know-how, ilnd the ahilll~ of tile 
Stlpplit:r (e,,-remal a"istancej 10 impfovt: the potemiallor wa,;te minimisation. 

I hc suh,titutiOll of tht: dcgrt:asing c.hemical at Company 2 ",,-mt: ahout through 
consultation With the HD(iASA as w·ell a, a chemlcal supplier (exlernal il"ist~n~e), 
and implementation wa, based on know'lcdgt: of succt:ssful usc in anmber comp~nv in 
South Africa (dcmonstration) ~. Iiminating flux dusting, and lhe imprmt:d a~h 

eoll~'C-lion method have been u>ed in other countries, and "ere locntified with tile aid 
of locill and International indu';lI)' associstions (extef1lal assislilnce). Frce tedmieal 
con>ul!ing ad"ice II-om the cleetlicity >Llpplicr (cxtt:rnal assiSlan~e), Improvt:d the 
technical and economic fcasihihty of a tcchnology opti o~ for Company 2 

I hc interest shown hv the Operations \1anagel at Comp~n~ 2 lhrough hi, continual 
s~arch for option, and willingne" to lmplemcnt changes. Setved as a major driycr to 
identif~iing "ast" minimisation potemi~l. The (mneriInanager at Company I was 
1110le con,tf~ined by production concerns and could not afford as mllch lime and 
effort to help "''ith the ,;ear~h for option, 

7.5.2.h Ildiv,·rillg the methotlolog,,. 

The pre-assessment served to raise awarene" oe!he "!rue cost' orllle waste generated 
Simple experiments that did not r~quire much technical ability and could thcreforc he 
c~rried out by comp~ny staff ""ere earricd out during this Slage In Company 2 for 
t:xampk r"dllction in nux dllsting was implemented when thc company manager 
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realised that the 'true cost" of the "a,te Illcluded c.ono,ion or expenSlve overhead 
cranes The imerest and active particIpatIon bv the operations manager lnd to 
illcreastXl potenti"l I(lr walk minimisation rhe involvement of the entire workfore(: 
in the company br~instorTTl session helped raise awar~ness with regard to wask 
111lmmisat,01l and served as Impetus for Implementing improved hou..ekceping option 

7.6 AnOPTlO,\ : or WAST/<.' ,.HI/\UMISA TID!\" 

7.6.1 Success ill otiler coullfries 

In ~h"pteT 1, It "'"' cOr)CllJekd that there ha; been sigmf,e:ant JlIlIelltial tor wll,ie 
minimIsatIOn in the metal lini'hmg mdu;tTY In other ~ountn~s and ,t has illrcadv be"11 
exploited cost-effectively 11 'va; found th~t many meTal finishing shops have 
implementcd one or a combination of waste minimi"ltion techniques in order to meet 
regulations or reduce treatment and di'JXl,a l cost, E!l,i rOllm ~ntal leei,lalion has 
forced mdal nni,h"rs to increase in,eSltnents il1 waste mana!:',ement, and tIns has ",ad 
to mcrea,ed potentIal lor cost-s~"ngs wIth Wd't~ ml1l1m,sation ThIS coupled WIth 
non_regulatory aspects of envmmmentai rx1llc.eS that have hl'en developed to ""i,t 
industry ill identllYing and ImplemenTlllg wa;te minirlll;ation option; (fimded 
participation ill demon'trallOIl proJects, or tIM:- pJO,lSlOn of ,uh;,d'e; for technology 
option..., de.) has impro,ed the JXllential for S'\1b to implement waste minimiS1'tion 
cost-efrect ,,·el .. 

Slnc,' >90% of the metal fimshing -.hop; ilre S\1Es, and the potential for waste 
minimisation i; ",';de'pread in Olhl'r ~ountri",. it Can he condud~d t~at there ,s 
potelltial for wa,t" mlnnlllsatl(lll m SMF., 'n the metal tim'hmg llldu,trv 

7.6.1 '"ocal.m ccess 

A, di,cussed in chapter 4, the tough legislation (hy-Iaws) in the Durban area coupled 
with external assistance have lead to eo;t-effective wa,ie minimisatiOIl pot"ntial 
identitied through the Waste minimisation Club attempt Co,t-etlcclivc wa,IC 
minimisation potential has also been identiiied ill 2 local repre,ent~tiye ekctroplatmg 
companies with the help of exte, nal assistance through participation I n larger rese~rch 
projects 

7. 6. J .\'IIct'e:.:\' ill tile ClIse-:"{lIdy cumpanies 

TIle assessments carried out at both ca;e-study COlllpanleS have identified potential I(lf 
co,t-elIective wa;te Illl[limiSJtion The identiiied options are expect"d to reduce the 
waste that is gencrated or subsequcntly treated, stored or di<poseJ o( in .. it her total 
amount or total en'.-ironmenlai harmfillne;s, or both. 'vIo;t of th" po)<"ntial wa;te 
minimisation options "cre idelltitied based on their potential in the metal iinishing 
imlu;tr}, in olher countries, hut Th" ~oncr"te ,dea, ,,'ere ~""nti"lIy the cOll1panies' 
o",n with external te~hnical assistance provided by suppliers or mdu,t,y a,sociatio", 
A; fOllnd in other countnes, simple housekeeping, dr~g-out reduction, aT>J process 
effi~ieney improvement option, wer~ found to have tm, highe't pOlential, and to be 
co;t eft"'ctive In both companies, the Implementation of drag-out ,eduction ,temlll€d 
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nom international txptritnce, but the proposed methods were innovative company 
ideas in each cast 

Drag-out reduction i, expected to improve rmsing efficiency with possible associated 
Jeduction in water consumption The low cost of wateL h(mever. leads to limited 
potential lor other cost-effective options for rins.cwater-use reduction If Company 2 
W€1e charged I'll' actual water usage, especially with expected future increases III 
watcr costs., this "ould improve the cost-efftctiveness of ~ddilional invcstment in 
Tanks to incorporate more eflicient counter-Ilow rinse systems_ For Company J, 
potential options requiring signilicant lllve,tment (chrome-fret: with dcmincralised 
\vatel and drying tank) are not cost-effective if the oper~ting costs arc simpl} v,cighed 
against the tangible savings at present. HO\vever, if the company wtrt made to treat 
its emuen\', and carry the cost, (inttrnalise tht waste treatment costs), then the 
technology investments would look a lot more ~ttnlctivt Since veT}' ftw companies in 
the South AIl'ican metal lini,hing indu,try ~rt htlieved to pr~ctice dfluent treatment 
and other control practices, this is likely to he a charactenstic fdctor for the South 
An-ican metal t1nishing industry in generaL 

At Company 2, investJll€111 in cOllunercially availahle technologits (tg, flux dr:ving 
oven and nux purif,calion technology) was found to bc not ccoflOmically feasible 
However, through active interest by the Opcrations manag€1' and e,-temal a>;si,tance 
from the electricity supplier, the company came lip with innovative alternative designs 
applying readil} available low-cost equipment that the company cOllld iMtal1 itseW 
thereby making the options cost-effective !t appears therelore that in cases where 
technology may not he economically feasihle_ innovative ideas f01 the applic~tion of 
options can resllit in the option being cost·etTective in the specilic company 

7.7 rO,\'CLUSIO/V 

The exploitation of the significant pokntial Ii" waste minimisation in COllntries such 
as tht U,S A. Denm~rk the l\dherlands and the L K, h~s [x;,cn intluenced b} a 
lllnn[x;,l of factors, hll! tht incrta,ingly stringtnt environmtntal reglliations 
accompanying national waste minimisation policies appe~r to have h~d the greatest 
inflllence The SOllth African metal finishing industry was lound to he similal to the 
metal linishing industry in these other countries in t€1ms of size, structllle, and 
processes employed Hllt , the wa_te managtment >;lyle typical of the indllstry in South 
Africa is significantly behind that of other countries, mainly due to the lack of 
effective enforcement of environmtntalleglslation 

Despite thi", some of lhe waste minimisation options applied in other countlies to 
address "ell-knO\.n problems in this indusuial sector, have been applied in the case 
study companies, .'vIost of these arc in the areas of Improved operaIionsiprocess 
modilications which lead to process efficiency improvements_ ThiS potell!ial results in 
reduction of waste volumes, hwardous nature, or both_ as well as ~l!ractive savings 
for the 0\'11erS The m~in factor comnblltmg \0 the exploilation of the existing 
potemial in these compames ,vas the "xjern~l ~ssistancc in carrying out and financing 
the" aste rninimi>;alion asses~ment 
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The economic fca,ihl]il\, of OPllOn.- rc'luinn8 >llb>tantial capit~.l ;nvestmtll\ i, 
company-spccilic and dl1'ICnds _'lgnificantly on which cow. are cUTTtntly no] 
inttm~lis.c~ at tnc conlJX'ny '>Iorc slri112cnt regulations_ a~d higher waler prices in the 
ncar future arc cxptctcd to ulCrease the internalised costs and Improve the COSl­
etfectiveness of ,uch opilOns Wilhou] lhi.~ key component, lht potenlial for COSl­
effective options could be limited to 10w-CO,1 Or lIon-lcchnoiogy oplions_ However, 
c~pC1icnccs in the ca .• e-sludy companies indicate that there is much room Ii), 
innovaliw >oluliow. thaI allow for co_'t-efl'tctivt exploitiltlon of toxhnology Op110"-' 
within S!lfE" especially wht[t there L' im",res! within the company _'Ilpponed by 
external a.,,j,tmx;e Irmn key player' in the lndu,try 

In conclu,ion therefore. It hii-, been .,hown that thcre is potential for cost·effective 
"aste minimi.'lIIlion, not only in the IWO ca>e .~tudie, in tile powder coating and hOI-dip 
g~lvani .~ing ,uh-\.Cclor,_ bUI also in the elcclroplaling .~uh-seelor These companre.~ 
w<.>re also fO\loo to be repre.'enlative of the South Amcan metal fim,hing indll.'tn, in 
terms of si7e, proce."e, employed_ key characteri,tic." wa>te managemellt ,tyle. ami 
barriers and incc~tivcs to cnvirollInentai improvclIlent 

From the abeve di'Cll.~sion il is clear lhal slrong evidence in support oflile hypolhesi.~ 
na, ocen gathered a~d it i.~ therdore coocluded that there i.~ potcntiallor cost-effeetivc 
waste mmlTni.,ation in SMF., m the South Ali-ican mC'lal tini.,hing industry. Ho"ever, 
II mll,t b~ nolrd lhal the cosl-eftc.;live e~ploilation of lhi.~ >ignilkanl pOlCTllial 
requires a clear llnder,tanding of the barrier., and incentive., for waste rninirnl,ation. 
and ortbc influenciIlg roles that each of a number of key player, in the lndll.'tn, have 
to makc i~ tbis regard 

'Tk pot,~'i«l h therr in "-'9' wYnt,y di iang as :hnr if a "ha~g" i~ aUitudt, (>netil,," ~'a,-t; n"n"'''.<alion 
"qlJ!m a "'mJ'kte allilNd'nat omi:>aul an If;" pari if IN tnIJuII;;', Ih, gO'"mtm",' ",id If;" rift,,"" " 

- u,m, it I"",b'mufluv, Clean!,- Prvdllrlion G'lflY If 7./mba),~", ., J99 
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tln .... :rls~'s I,,: .. tuute for I'mduclIl"locess o.,~etop'lIe,~. Ly"by DenrNtrl. . IS July. 
J ml mooIlflg documen(t!irl 11\ JnuLSC/I, ! <m) 

UroulIilWlIfl (1995) 
,)''''11/1 n,m, <1nd the l. m',,"'mm ~"'·,4 <,YQ""do" i?rk Slarm I?eporl, (.rround"orl; Action 
j'n, th~ En~;JOJlment 111 a"ocllttmn ""th Imre",,1 C olleg", Brrmingharl1 UK No, "lnkr 
1995. 

H~ndbcrs,", P Ch.-»ICIlScn&!' Goo'S !I ')'))) 
'The DanM Experience oC C\e;l""1 Teo:hllo lOf.v. Co-oplimrSirlS envlfOIUl1l"nla l 
prnlt't"rru, ~Jld wml",'K L"floort •• rrs', P"nJ,W(-" ,~> .. "" ,h,' En,'II"'''''''''', IlIlo;rdlS(,plu~.ry 
K"..:;or~h r-,,,,wurk U~ EnVlTonmelll and S ....... ,ety. "v"bury. US,\ , 1993 

H3nson, 1\.1 (1Wj) 
'~k~1 F,mshrng and The En'lfoml>Cnt Is ,t., Surf:",,, F,,,,,,lullg IOOu'>'ry Re.:llly 
"R:Kf ' or Just \1",undcr'Stood &. t. 13IOC"cd?·, ('/om'g a»<1 Smfacc I'Im"hmg, Ausu" 
,m 

H'lIInn, BK ( 1991) 
'Culm,jon Prevention and Ctu"mat..." lire End of an Era', Mewl Fm",'IIf"~' October 
\ ')~ I 

HWRP(I ')8<,» 
G""/..!,,, ... /tJr WmN R"Jr"'''IHI (JI~ I H~CJ ... '!J"I{ __ U<'Ial hn;.,h"'l(. f. 1;:/'lroplom'I(, 
rrmh!.1 (',reuil Hnanl iHaRujDcll'ri"f!.. I la(lUdo"s WaSI .. Reducuon PrOl!la ,n,. a 
I'SUg'Hln .,r Ih .. D.:par1fT101'nI "r E1l\'lIol\fl"'nI~1 (),,,.III) , Or~n. J"I). I Q8Q 

lAMS (I')<)~) 

If /'"l/ltIWI1 P""'<'''lI<m R,·.""n.~ .-If",wnl for M"fa/ Fimv.,·,., A COWl't:lIIn ... 
Ad,'omax" Mom",/' hl!>111ule of /'.-I.r "uf~Clu"ng ScotltlCeS, Inc . Oil,,, EnQrontt"",lal 
l'wt<'CIH'" A"erlCy, Cu'~u"'l1', 01"." 199.5, (i)",,,,loaded from lAMS Indu.tr), Soc.w. 
wd,) .'te hnp //WWWtams QI:S) 
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Jackson, T (1993) 
CIeU fI p,..."/,,,./,,»> Slr(""1:'~S fk ''o!lvpj'l~ P'~\Y:"IJ I'e &,.."·,,,,"'''''10/ II/nn fl$:"menl III 
,he ""/II'mal &"' .... ".)'. Slocl..hnlm Ern l!oIlJOOI'lallnsl11ule, I ewos Pllbhs/lets. 1')')1 

James, [) (1999) 
Pusoflill Con"'''"11CiJ/lI>n. meetmg with l>a~od Janr.., chauman ,,1 the Sw-face 
Eugilleenng A~l.\llon. Blfffiu'l!.Ilanl LK 6 J uly 1m \lnecillJg documeuteu 111 
Ja nisch. !<)I)')) 

Jjnl'>Ch,CH (1999) 
U'a_,/e "(",,,,,,-roIlO" ". ,II(' .\{e/all,/w.<hms: /nJII$/rv: !':!<r&/H!(w SmJ)' 1 .... ",. . .f"n" Jul." , 
1999 FII~If01"lClll3l J',OCC£"l F("I<.llIICCI'mg G,O"". O q'>a l1rncm of Chemoc;,1 

Engu...enng. Ur" ,el'.ill ~ of eape Town, [}e(,ember 199'l 

)ell.'len,E II . r Lukey " nJ P S S"'oC:n.en (l'!9S) 
/h .. IM ,VCH) J'ilM /'mJ"' " '" ,·i",.lhun -'l/t'.!"/!. pavc' preseBlcd III lhe Souther ., 
Afn",," Rt'IIlO"'" Conference o n C~a...,... l'rod,,,:lIo,,- JOhanllC5l>tug, \ la} 199X 

J"pper~en, S. (1999) 
FIJvironm.'nlai Afmlllg.:meni for Small und '\/,'d""" Almwjacnmny. ,..-",,'rl'ri:><" III 

Su"''' Arm Pm",,,,wl_f mid HOff/a'!_ Proje('1 Oulbtle, J"slnule of 1X"c\oplIoe.n 

['lamll"!! and RC>Ca.ch, lin" Cf S"> (If [.>"" EI.13hcth, to. /a .clt 1?')9 

lon\n", P (1998) 
Address by 100 Depul) MlIlJSlcl' "f [twnoonl1eJllal A/fdIT' And TOUTI5ITl, Mr I'dcl 

\1a~0b<l at tlIC Olflcla! Opellll,!! or The SoUlho:fn ,\friC3n R<1:lOml ('onf."."" ,,", 0" 
Cleaner Prod uctIOn, Sp.!C< It NPU an 1H.:{wif "I I"~ [XI''''' 1If1",_,'&r Hy "r Wrll"", Scml 
uflh~ D,',,,,rm, .. nl u) Pn ,',ronmcmul Aftuin '" 7imn."", May J 998. 

K,,~ & Othme. \ 1995) 
FnqC'lop(uum u!t' heHl,ml , ..c·/mnlngy, 4'" ['1" '011, \V,~ Internal,,,,..,1 Scoence, 11)<)'; 

"",e) ( I <)o)() ) 
i'.:r:wn,,1 Cumm""""'l(m, Ed "'mel, (;,hb A ruca, Feb.uary 1 ')9') 

KoSlura, I ( I 'J,)(}) 
'Ra:ovcl)' and T.e;,tmc'K of PbuTljj and ,\ nod",,,!>; ""'utcs', P!anng "nu Sll~fa .:<· 
f'im.!I"n.~. pp_~2.54. Au g usl l'J'Xl 

Kuthul5_ U : ... d P",m" J (1 997) 
A" inu,"'l'wl .'i.l'",h,fJ.'" V,,,,, '!f SAlI~<_ r(tf)l.~"n)!. 0",(11,- , &'o-F;rji'Nn,:~ ""'''')l.1r 
/n,,()lXWW HII.,me. -f !'raeric". I'WteCl deo;<:rtplMl n, Unt"~f S ITy ofCapc Town. Febf"~ ry 
1997 
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KQ!n ... ,,>, H (1 'J"JlI), 
( '/"(1'1<'1' I-'roducllOI1 11111/",,, .... '" S"" uh AI;"e",,- I'aper Pf,,-,>entc<! at t he ~out hcr~ Afn<.:an 
~ ('t·JO! .. l C (mference on (1...,,><'1 PlOd"c(",n, Jo hanncsburl!. May 1 (19~ 

1o. <)lh,, 1S. B ,C Jam",h, D van Bet's (I (1<}(l ) 
Il.m"wr., and I ),.,wr.< /() CI~om'" I -'-"",iJ,, '''' '' (I",{ '''''''-'lnol Sl'm~ ,n.,,, ,/Il' Sm,,/I ."ui 
·\oI,'d,"", S,;:;<,J '·;merl'rlw, III St.utl! Afr":". Indusln3J SymblO.'>IS I'ro)JO'('I l)t,>pI\flmenlof 
rI"'mll~,1 E ... .;J""'-1",.,£. IhuvelSJ\1 ('Of Calli: "I own, ",eluded on rho;: ~IXO .... t lI."tl1sln,,1 
~~mboOS1~ WOIk!.hov Rcpon '1o"!II'II-er [9'X> 

.... ,lI lft , .. { I 'N%) 
f'en,ml<J C", .. mm"CO(I<>tI Industria l S)"t1I~ !'rnJOCl MrelLog ('~I"I" T"wn 2 
l\(I'em~ 199') 

LM;I\\C • . P , 1 ( 'u"IC, K Short(I'I'J11 
r'h~ LcIll.'>lal1'c frar!W"or~ ' 111,bhsM<i 1n Tilt' /Jo(/o", I.m" /,_"""",,,,,,,'"1111 ,,,,, . 
1"\"I: 'mj~'" und PractIce ed,[W by lIel hiclJelll and GoldbtlU, "OU1 h Afrk:<. , 1<:/97 

Licis, J J (1995) 
'PolillHon I',e,ennon 1'{lM l bll lll C.~ for Small n~d ,\lcdllln r-Sl/cd Irxh"lrrc.;. AIIIIIVSI$ of 

11'0,: Wltl I F f'To".,..~'. I "'·'M/lm, ,, .. ~II'mg"'.~,. ""Iume 14. '10 4 . '>10' r:tnb.:! I,)')';. 

L.Il\Is-w. J H (I <)<}~) 
·:<: ..... 'CI31 Co ... crcoc(' (" o.n.~ 10 G, I.,. wllh IIcxa vak .... ("h,m mum', P'''''''I: ,,,,J "'"rluc-: 
Fim,hmg. ppl9-23. Februalv 199~ 

Lori;lega:ud, K- (1999) 
Pa"onal CO"''''UnlCUr""" J"OOCII1l!l "'"h K".Baan Lod:kegaarrl o( tmst &. Y[mng 
C")X'Ilh:!g~n Denmark, 14 .1"Jv J q.Q() (met:tlng d()~"""'ntoo In Jam...,h, J 999) 

L"rd, J . I' Poueeh, I' (ial l ~ranr (1'1%) 
' Pr[>ce~. i\.-.alySlS 1',,[ OI'1Im'z.1I '(\ 11 Ii.: 1'(111,,1.10" Pre, Ct1tJOn', 1'/mUlI! ,\I -"'''face 
' ·'III.,h;ng. pp 28-37, Jannary 19% 

I.o 'd. J. I' (,,,,11=1,,, (19'111 ). 
Allcrnali>cs on All" Fmrss;o" ,\ lodcllmH fo r ("iIarllClellSShOn of P~tsses .t Proces", 
l'h:l~gft . P',,"ng & S"rj.,rt' ''illn/"lI).:. Ja,no, .,. 1998. 

fo.·lcrcc" r> (1')')9) 
p,''''''''''/ ("om/mlnlCll/",n , ~Ifl!l wrth Da"rl fo.lerrer ()f E"".m~\ l:m:h COI"IbUIHng. 
Manchcslcf, U K , 2l< June 1<)<.1') (meet.ng docunlerl\cd III JanISCh. I<)'}<») 

, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

_______________ ~KK."". ,"".""!.'__ _______________ R-') 

MFZ. I\IVRU\1 (l??Z) 
H,,,,Jb,,,,k , ....... , /'''''",'11/''- ..,,, A{ .. ul "" l:.ml~~'"'' '" de ,\f':hKlII",()cJ"~·Ic'''i".I,,''ri ... 
M 'IlI>1<!1IO: '-~n E~"()nom" .. ,h" Z:."'"'~ " I "'~I" ><: '-dll Vol~hu~\e;!IItg. RlI,"ucl'J"c 
0"1('".,, en :\·bloeubo:~ . 3'od 1\,111\1 [uvlmr.",,1lI.a1 Re'l";'u.n. n... Ndheol"l<ls. 
1<)<)1 

Mev,,,,,. " . (1999) 
lI'a'll.' AlmmJl'wtion ,'"I/I<lfr»l J'rr:'WleIW/I Opllons al the d"f/me l'/mmlll'/mu "I all 
~"u)"...,Ii,'(' C'''''l""ne>l/ MmmjiJn"",'f In $.-,../11 . !(ncu. Dlploro/l'bo,:. U",~e< S'ly (Of 
(all(: I own and J.(heonl«h.:-\\ C"Iotfa l,schCl' I"<xhu"''''''''' Hnc~hll ie I\ache" , 1\ Ia. ell 

"m 
\11'1\ ~1')<)2 ) 

~ Clicdli)l & A>s,·~.m,·m },[amiGl/nr III.' ",.'lId Fim,hm/!. ["d":;'/~)" rh" LK M~'1,, 1 
F""s/lIn& Assocoallon. Issue 'Jo 1, B'nn",~hall'. NO'o:moo- 1<)9'1 

Mo"lbrl\'um.o, L. 099')) 
,\I"MI/i"'5hmJl, ",d"."'" ttl 7,"'bal,. .. ..,. ('\cal"", 1',oo,rt>OII ('enr.,c III Z"ubab"" .,-ma,l 
n",e,p.",d~'K" III C Janis<.'h. D<'Parlm~n' "fCh.:mlCai EngH...-rlllfl:. Utm=,ty (>rC:'11~ 
l own.ll) I·cbrua ..... 1999 

Mu,~h,\(l' ~ C (I 9??) 
NU<!IIcn ",,,J lit,. bn1rrmmem In lIN! 11K. GL~!\o\V CakdorllilU UIII~ Cf""~. e·m.~" 
w ,r""'ioon<kllL"e (" olm 1\'lun:f.,.oll 10 D "~n 0..-.", L=m""":SI I ~ o f C~re T 0'0'11. ChctnlClll 
FngOllOOf,ng llep:JrtmCfll, h:tn~'ry 1999 

NATSURV2 (1987) 
Wal.., (111'/ W(l~I~ -"al,'r .'\,f(tIl(l~'·""'111 In Iht: .H.,tal FiflMhm:<, lll<h'/i/I'y. Prepared for thol 
Wat~ .t'M::I,~h Conun ..... lllU b} B"'IlI~ & Par1ll~< ( 'omuiung E~IO«'T!I.. WRC P,OJtI:1 
nO ,45, 1"dofla. OCiOilef 1<J87 

I\auolllnn. F. (Zoo)) 
(h.·,..,~ ... alld Ec{>n()mi, .. 11,->'1"" ()f fh,' ::i()"!" _1Iri<:a1l 111<>1(11 Fi /lJ,\'hm/'. ("dutll)'. 
D~l'"rtmo:rll of EW!lonll~';. UrllV~Nlt" of CII~ Town. report 'HJtt~'!l for (h" irJduslroal 
S'ml~< I'rrlJr>CI, ~ Cb"l!U')'.:!OOO 

l\1X'EE (1m). 
Ch".",wtc C(){/\'C'l,rm (""",m!: .1/1 .. rnal/l~s. l«hllology Ab>lf1l\·I. "'3llonal (),;[~'k.":­
C('fIler fOf c.mronl'l1o:f1llll /o)<cdlellc<; ('onell"""t toch,,,,ln!l"" ('mf'Or:I\,nn, 

wwwrode«ctc,com, D..:embt:r 1994 

NEW\10A (1998) 
1'()lIu(JQIJ f'rewnnon jilr ,he Atelal h" .... lImK Jnd"..,'Y A Manllal {or }'nlIIIIIUlI 
I'r"' .... '"1<''' T".:h"'~'Q1 A»'_'lIIn't: Pro."A' rs. ~onh Ea~1 W"~le \ lan:o!'l'mclIl OITt .. ·",ls· 
A<v!C~ I 'n" : .. xI ( I. S 1:." \. f d"u:Jry I <n7 
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fI.)!}I' (.blt' ""lot'''"'') 
lI'a",- n .. d",',,,,, tvr ,\1<-,,,/ "m" 'h,,,,-, 'I""" J .... s~- H"fIann>e11l "r [ '''·'' 0''''....,11<11 
1'"",,-,11011. D'''1>>011 of Ila/Mdous Wall'" Art"'''emem PTogr:m~ N"" Je1>l-Y. <lal'" 
unknuwJl. 

NO\ \'. M (I ')9l\) 
Warm"-m!:" mfllllg by (hcrmiSt:lie \·(I':III~ .. :nJ"" ",,,,,kl b"dwr .. armi,,1:. ,I. l' " -'I,,,"kl;,,c/l 
",'.'rf,odlg. l"dllSlf1ele ~,n<'f:;l'e-HJic~n.:v Pml"'ICfl. K~oob[]d><: Or'llkrnrm"IQ Voor 
hlt'1"!!le en I\hhCtl hv (1\0'"',:"'1. fh(llbaarll('ld,>furlle ell dem""'lrah~I""Jt.'CI> 
pr"J<:>-1"",mnef 382120 .... 1061- II1Z I UJ,II (~,-.'<):!Il 7/11 16, ,,",'ucr d,,,,, h" MIII"1 rI<." 

'-till [<"OrlO.mschc LaL"". 19'1K 

orA 1"'1.1" uolroo"o) 
,'n'fI'/I011 }'rt".Wllmn Hllndl>o,,1< /)c}:r ... ~",t.: Ol",r"/I"",~, '1o 19 III a Sen~.< <If raO 
"I>(d,_ O'-1"'<1m"l11 " f tho: hll<'1l()r Oflk .. of rnvllollmenT31 A ifa" .. IJSA 

Or.oEI'A (1994) 
E.oH "T SII FFT: S""rc~ Rc"}""lil'" ,m,1 ,1""m/II" cowl}' Tccl""<JIN~ k.,. A/,·",I/c",,'·/,a.' 
Smc of O~'(l ~,""'lronmelltal j>mtc~l~m "!!:e,,,,y. K llmOO 24. S('p!crnl)er 1 ()<H 

Olucu!><:fg K-U & K Ue"cr (1997) 
1'0 1\1I1Ion r'r~VL'fltM'" <lad " .. IlIdu>ln:o! l\'-.)Io['.""·, In .IOllrn,,/ of'! 'klmer {'MII(1101I. 

,(>Iuffi{" 5. 1\0 1 ('C, 19"17, PI' I OJ- I 08 '\:, (1[«1 m Bru 'In ~nd llot;nall (2O()O) 

OT A (I <)<J-I ) 
{",IN,"'}'. 1'-y:h",,/ugJ' and ,Iu: en ,"n>nm.:"'_' c""'I",,,m>' chalWnx.'r anJ blll,m:U­
"IJI""I"""'':~, Off .. " of T",hJlolo~ As;essuIt'fIT. 0 r l\ -ITI-'-5!16. Wa.<hIlI,!!IOII, US .. \ . 
cut\! Ill' ,an He.l:d 19'1() 

O\\t.lCt l 9'Hj 
/ildusm,,[ Wa."'" A utili tlnd R~dllcllCJtI A fam",! II I'mc'II.',,! GUide 'Q I H: lv:l",plnl{ and 
C",,,duclin,{'. " Mww{ac/un'IJlI'",,,,:c,',,' Sffr>'CJ' jor Wasle .. \h",n".,..,/;fjll O/"/(/,llImt,,,.,_ 
OW\lC, )nl EciitlOll, 199J 

P21RIS (1'197) 
WI"" ". Me!,,1 hnnhmg". 1!l;t'lU1C "f ,\d\1UlCed ManufuctUl!n~ SCIE'I~ .. (jRC 
l!lt~fna1",naL Inc .• 1997 (Do"'llloaMd r'(),n lAMS I ndl~,lrv Se<.:t"r wd.l .,t" 
hi 'V Ii" wv. ",n1'>-or£ 'p2 u-,,,de-T'ZI Rl Shim) 

I'ar~> f' (I<)')-t) 
-PollutIon Pr""'t'nllOl' In \1&,~·Fml.J,;u~ Op.:r1llro,IS- , 1'P 14- ~J > Motu'! h",</"ng. 
N,,,·,,,,,be. 1994. 

PCI (1QQ6) 
I-n~mann" lh~ ('ycian., S.'p',r"ICtr, POwder Coatmg [~st1\UI~ ·Po"d .... ('I>alllll! 19%' 
Conr~reoc" Ploceedmr,>, Serte01hcr 17- )9, 19%, Indiall" USA 
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f'~"rs.m C (1<J?9) 
I'.-r~"nal ("mll""''',",'{''''', !'H~ CUTf""r"~ 'i¥anhng Chl!IIl1:llIiI"< Chrome-free 
C""V~"'~'0I1 Co.,IIJIf', SCrlcm~r 1m 

1'~J rI R , Z P~lcl ( 1098) 
1/"". l). ":'.,Jlms on Th,' Ad"/II"''' "I ('I<:,,,,a r,,~hll()!ogin A r,' Alad,' h r Hrm,' In S,,,,I/, 
Ajm:a: A Ca, .. Smd .. ,,( Ihe (,1"""'I'ul. 1",,,,4 ",,,1 reX/II.: {nd!IIm.!.r, C"II( Wale<, 
hi'"","",,,! and F"'esl r~ T&:ll"..,lo~ ~. I'l',)t..- p.-CSC111c<i at tho: '\('ul\icm AJr>C.ln 
1(~'f'."-'1\11 (" onfcrcn..'<: {Ill Clea roe. l' rmlucUNI, J"hanne>OtJfg. M"v 1<)<)8 

Pt!f>"",g. P ~"o.l (j H "">lcn~ ( I'}'n) 
( " ~I SaHli}:.' I/"''''Xh cno" tV"NI"",,,1 Im"m'~'n"",u . A £>'I.'" MIIlI)' (II .He, u ,H , I<II 
,",m,J,mg I:ngilh:t'Y5 (.\1, S.ln Hhtl. Slides and bacl grc>unJ mfun1l:luon . M Fl'O ~1I+. ~ 

the 1);1111"h "'K1 , 1999 

r",r." J G (1994) 
, h,' Nc.·" and 1 '()ten/wl for Ih.: /III/"W"UWfI 01 Cle""" r 7i.,,;h,,{)log>~< Ac m I< 111" SOlllh 
.. 117<"<'" '"dullna! Sec/ur, l) epartlllcnl d C'lClwc..1 Fngmccrmg, I ;n"'et'~y ,,1' (ape 
I "wn, !'aper presented at \V.\~T1:,( Or-. COnfcu;nro, 1994 

l' ml"'CW<C7, W (1')<)<1) 

C"II'Gm=",!: amf &n'I~(~""''''', """'","m,:<>lmg iJ"n"jin: ~1"'Tc'.I:'''.I: n/~'r<lI"m.\', 
a d ~.~ 10 """nbe ... by W1UII" 0 r.;I1~"'WIC", \lanag.:, - llcallh &. huv,mnmcfu, at the 
,\OM o f the G~ I\:.l"IZef ~ "<"We>au"to, R" '<l1 Aeron:n.tuol S OCiety, London. 2-l June 

'''''' 
Pr>](j (1998) 

A'(.l/"wal Wmw ,Hm",}!.".",,,, SUUlCX) ,~"" ,klton Pluns.iiJr :SoUlh Arr,~-a. """"fII"''' 
D( ... .:Ime Anal)'-.... I'h"-,,,: WmlC ,\/",,,,,,.<an<Hl, l{cport \ .,.-"nn ... Job 970296. R~f 
1\0 4 I 4 Sit Bas Rep Annexure r !' fep \ \'astc \4m leam , Ed, \'CIS,O" n ('onl. P"IG 
Q" Ramboll, '\.br~h 1'1)8 

I'KI'I' ARt: (1991 >II 
" ,Iamml/or/he I'rel'<'lI/1O" ".1 UlJ,<1I' I/ml""""";o,,,<, Irall'~l\ecl from DUleb b~ Lu\<) Oul 
]'\<1WOrlrrucf<>iext , oomp, J.."d b;.' n, HODIl\ Consu ltants & l::ng mee r> and sp!ln-;or..J b) 
the J)lllrn MinlstT) o[ EconomiC A tral!l;, June 199 I 

PREP."RE (l99lb) 
M."",a/ EJ.'pi:n'·"~"f!s I'art A · ('",,,, .. ns f '" P'e'>!I11"''' 1< 1I111"111~ uarosblcd rfO'" 
Outeh bl Lone Ou, NCI",()I ~ mlCr.uext, c:>mf' ,1ed Il} TEBODIN ('Oliloult,,,U & 
!:nglflC<'rS ~nd .Ifk-~!SOI<,d b, I"" Outdo M mlSlr. ~,fF.(;01l0rnlC AfT3ilS, lime 1991 
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l'l«j ( l'lK7 1 
/ .. ,,,,.II}!,If{<mS mw ,,,,I<"r alOm~" '''''nf u"d df/,,,,m /I"eu/nr.!'" m fir. ' .'¥>If,1r A/r,um 
\f".al i'i7ll<hilf,~ huJ"'II)', prep:l1 ed fUT the Wale, R"",a.eh Cmllnu~~IO" bv Ih" 
P"llu(![m I{""""rrn "'''Uil. [}ep.:.nlllCnt of Chl~mcal Jollgmeerm!!. U",~CISll} of \lalal 
\\'RC R('pOft TOO 106/2/81, D"IOOI ~ 1987 

PRG /19':)9) 
Wa.'/<' A IJJJlJlIJ."71m" and F{Jlllcnf '/"i'atm,'nI rluh.< - I'f/me 1 __ lmti(l/ A ...... '.I· ' W'·JI/ 'lnd 
film .'"..!y. Waler R,=r~h Corrm,r-s1Q11 ProjC.:1 No 97J, Pollutlol\ Kcsc:\I~h Group. 
( hmll""] EngmcCl mg. ( 1m' ",.lIy ['O f l'I.~t~ I r>u, ..... '" May I t)<)<) 

1"01-""'0 ( I '>'»I) 
SJ~~ {'<I,mcn In rift"'}!':' ( '''''''Min)! II ... l'r<>c.·~<, Pro 10''' ''0 :moJ rhe "'u,-f: .... ·(' 
b agDlccnng M.>oc •• hQl,. D,rrlllllglJ:lnl, U1\... IQ(iS 

R~,,,,' V {19'»I1 
l:n\'lnH'ntc'lIIai RcIlC/,,,,,,,-kmS ,n Akw! ,·",,_.Im'g. L:N~. P Melal hms l"" !1 \leI"".k, 
'\!r"'cn,,,",, 1998 

1{~JJ1l~nIll.G (]9Q9) 
('aw",,1 Cumm",,,callOI!. rncctn~J "" h C"n;rar c! R~lm~ \fl" ('hanma" uf tl", Sud]1 me 
DOdroH8 VCr7.11lkcn. i\""s\cr,bm, tho Ncthocrkmd" 9 J\lly 1'l99 (1nl· .. ·llfiS dOCllmClltcd 

'" lalll<Ch, 1 'l99) 

RcmCt, ~" t I 'l9Q) 

1I 'tl.$~ Aflllln,Lruli(}lf 1"'0 lR.~m ('a~.· SlnJ" .. " , Pen.ona l .:oll"mmatlOll UI tho: form 
of a prese"L3LIO" o r resuhs at h lo.lU>lrol Svll\blo-.", PfO]ec! mooetulg. 14 Ma\' 1m 

ReSolliCc r 1999) 
' I)e .. d,opmcnf of a "'IltK,nal Wa.<tc \I;m:lg<!<llffil Slralcgy for S<:H_h " !ilea, Wa<k 
\bnlgemem. pp22-26. Ri!S",,('(~', AU!!" '1 1999. 

It l V II.1 (1 'l92) 
n'''~III'\'L'h V~rzint.~H. 
Nederland. RlVM. Januar, 

Robll'l..on, B ( 1998) 

!,an'~n~wc' l. ensprojcll.."1 

I"" 
lnd llSlrle 

Pal}"",),'- rtf (''''uHa ('ro<iu/:l!I.m 1hO' 1''''/OTi"" rJp<.,.,.,m;£ , b\' Bn"n I(ob!n ... "l 

[hlu,nan of the Pr01""t",,, Aulho. "l'. V":Iorlll, AUI.lfa lia. 1'l')X 

Rov.e, J I/.: n Ilo lllllgswonh 11 '>%) 
· lmp .... ..-IfI~ lhe Em.· ... u"""'nI~l l'l'flim)l:l""'" of ,;"1111- :alii] M."h"".-Slz..u E"'.,.. p.~ A 
.. u..!" m A ,,<'" -, f .ca--n",,,uj{o,,,'m mid AuJim'j{ , \ohtmc J. 1'1'')7- ](17, I '}9(, 
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<.,dj"'lInr, S and K. "kH"di'( l · ~n) 

P"lh,lton P rcvmllUll III II~ M .. 131 l'Lung and FIf,,<J1I1lg '!ldullIY l'H,O\:'e.. and 
Ob:,l.1ck's', 1'."'"lrm""<'i>lQf hlJ:"'n!nlli! S'·I~/kY. Vol! 4. ]'(oA, 19Q7 

~b\ & UK [)TI (1 <nH) 
1/'''''1<' ,Hmm"s..T/w/I in th e (~.·nll,1I! SurF'," /. mishm)! '"Juslry, B".-t I '~.:J'II'C M,,"slVn. 

Surrace Engincc1'mg A.s'UCI:l1l011 & IlTl Tocilnolugy Sen ICC, UK . 1')1)8 

HA(I'i'i'1) 
S"rl.I{"C FI1'c!",,·;:rm~ ("'/''''''')' '\/"''''/1(;''/ Report 1999. JJK Suo/Jet Fn!:,,,,-..,,,m.; 
A:.sociallOl '. Bcoch'lla,J,. R~Tt'I\ l3,rnlullQum 

Smuh, C- and i\ SChUTl!]. {1Q(J.l\ 
'/'I'I'IIWllOn uf .\I<l I~Tldl a,b l\.:~' ('OI!""PI '" W&>IC ~t.ulllilsall"'n As.s.c»n\tnl "f a 

1\ 1~'1al f ''''shlltS I·r~s·. hn}f'''''"e'''''/ rruJ:,rc.n, \olume 11 "10 '" A,,!:lt5' 1'19-1 

~RK (1991) 
Naif"''''' I",jus,n,,/ W,,/,'" {IIkl 11'1'\1, ." ala .... ·Uyl'''Y. FInal report to the \V~"'r R()t;""rch 
CIlmmiss;oTl by Sldf",", R()b<.'f'tnlllt~d Kir~TI'11 Con,u!tmg Engwecr. , WRC" R~P'Jrt no 
!451!i9 J ]oM",,,,, hurg, 1991 

')TI1TIST",-,< Sou t!, Al"1e11 {~(X~)) 
,Vmw"u/ ('en"" vf Mm",)' , 111''''1{ /99/\ ~1"Il'hc~ So,,!h Af,..:a, 1'(~1('''J u:\c,,-..:tl 
J~tll.a') :!OOO 

')lcc~,dd> G S IbrcbyandC Ducl..lIO)'(I99X) 
Was/(' ,II",intlWIIQI' CI"hs IlIIfI)(lu,ing "re COfl<1!pt 10 S,,,,,j, Afneau /Ud'HIf), 
r"uu'IOn Re.t:3rch G,oup. ~p:,"lnmt ur Chemx:al E,,!!tl1eC{mg, 1 ' ''l\ cr~l1~ of !\'al :l1 
DUJwl~ PlpCf prc.cm...J 11 \\' ISA, Cl1pC T 0"11. :\I.J. ~ 1'l98 

Such.. T (1999) 
P"rwma/ Ca",,,,,,,,imilUlI, tne(1 ' flII w"h ['''"Y Such of T ~Udl I n,~mal\Dnal 

COIl~ultant., Redd,tcl~ CK., () July 1m (mc~I1'2 documented 111 Jam!oCh, 199<1) 

S"llivall,G M (1993) 
N,,,,-cliromahn;;: ('vn .. <!rmm ("1I1h'lfI", V p ' I ",,11"0 logy I tlform:Lllon, r><Q"a",,"x 
T",,:ruwk>gles CQ(ponulUl~ 1993 

Tyl~r. T (199')) 
""r.)un<l/ CummllI>ICUII<m, Meeuns wllh T r~\ Of T yle,- of tm, Cold It.:e[ Blanch of I}", 
" ".SI', l'd.m'llIe. JohannO:!>IJt'rg, III \ ,Iay 1<J')9 

" '"CUbe"""', Dr "(l9Q9) 
,'<,(,,-,,'al Com",,,,,,,xl/"''' , ll~on6 wilh Dr U'tt~~'hf~l, hc.~ d nrth~ S!\Ch!"~ VOM 
Ce-rttfjcaat Wc.-t/flCa t",n Board of tl1c \ Ol\,f) . /octer"""". t"" !\~therbnd •. H Ju ly 1'.199 
\lIlcctmg do<:u nlt;n(cd In Ja nt"cll. 1999). 
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UK 0 11 (1 991) 
I K lmi,,_<rry' and ("I.'ollt-r lul,"",/";;,,, /)c''''/''f''''''''''', l.h. UqlIIn:mem or T.nd" ~nd 
Induslly ' el'<lrt, 1991 

L~EP CP (date llnl([l,)\\11) 
,,,Jus/rial Sec",,. (;ujdc _ EI,'<,Ir{'l' iming InJ"sl~y> U~I' 0",\1,,",' 1"1odLlClOO", ronal 
VerSIon. rrerar..d by hnSt &. You~ . Denmark 

U1\'"E P [epIC (19<J5) 
CO\(, Smdl<'_< j;r"" tho: fl!c,al h/U~'lm'g IOO""lry . l. nlted '1atlO ll~ F'W"o"mcntal 
P'OVam. h~emallo .... IClCfmerProollwnnn .... lII..J 11 m)'\(\ Datahao.e. 1995 

U1\1'1' WG ( 1 <NIl) 
. ~ C/""ner PruJ"d,,,,, .\I<IIlIwl Itl' llu.- .H .. lUl Rni~"'.}! lIuJ'HI.y. Pleva,oed by T~ 
l !NEP Workm!l (;.oup fur ( 'It3lleT Prod,"':II"fI. Lht: l:RC for Wasle: ~'lIn" IIIs.'lllu" and 
Pollunon COIm', Ltd , D<1)lllnlt'll of EnvIronment- fi'll\oonc (',1\ QIIOCIL~la "d. 

,\ u>!laha, May 1998 

US EI'A( J989) 
WaJI~ MmimIsatIOn O"I""'/"HlI) A"'~" "JI"I!I AlalII"Il. U.S EnvtfOllinCII1JI Prl>l rC llOn 
Agtncy, Gov=m Insl ilul...,;, h..,; , JUl ie J Q8Q 

US 1:: I'A(1992) 
GllIdCJ II:> I'u//linon /'rc'-CnltOl1: rh" ""'elol h", .. h;ns lmi"..,ry. US I:;n vun,,,"cmal 
I'rnl«l)()f1 A!Wr ... ")'. O/f",e of ~~~Id' & rkvelopmenl_ RI:p<>fl \J" F I'A62_V~ -
910 11 , WlI<llllllllon J) (' , 1<)9:' 

II S 1'1',\ (19').1) 

.'''''<lur""hl.! ''''''''ill)'' Pr';lfflmll): SJra,,').:N.' Li ... ironm,·mul Pro/I:.""'" In Ih" Ind"~/naf 
.<'"r/{W I'IU/w 1 Jiprar' .\f.:~,/ ,·"".Jtmf, Im/ .. ,'II}. L.S ["vlfnnmo:fllal Prot .... !!O" 

Agency, Wa>lllngtoo D ( ' OOice ,,(PullCy PLlOmng lind E,"aluatllln. 1994 

IJS I"PA(I996) 
lmanononal WOSI~ .Hinmlr.i(jl/on ApprDuc·hes & Po/'Cl<'< /0 }'1"1(I1 PillllllS . u.s 
I', nvllonmcntal Protect ion A8~l1cy, Ib,mdous \VaSle M1nllJnsdlKl" 3nd "1uI1~g~m~111 
Dlv~IoJ". R~paf1 \Ju EPA53(1·R.·%·OOS 1'11-1% 753, August 1 '1% 

l.'S FPA (l<J9R) 
"ohrl<Hlnl Hel,ll}'r",'},,," NII", I>.",4. U S En""omJ:~n1311',"leo.11ml ll!lcocy. Offi~~ 
of ~.nrur~emcl:l and f:nnll' lllOCC A"', Il'lIn<:O), MlIY 1 <)(J8. 

''lInlle.-l~1" CW M ( 11)<)t,j 
ClrlUk:r /'rud"I:li'III In I'rarll~"l! m .. rhndnlogr il .. ,· .. ,,,,,,,, .. ,,, of .:"nm"",.'nr" f 
Iml'ww"..,nr of mJuSlr/(" I'...wrJC("m ,,"" "~,,I""lIon of I'",cllu,{ <' f/l'<."1<'''':'';. Ph D 
Th.,,;IS. I .ltlverstly Qf Am.tCfd:1m, t l/C16. 
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\an I k<~cl, K , E WIllems and M I lIll.;: ... , ( 1997) 
n,~ R&Ia''''fI <hip Nt,"'et'll ( '/<!()IIU PmJucf"''' alld 'nd,,-,lnal /-;co/"8.)' . JourRill of 
Indll~lrll1l r =Io:w"y. \'01""M: I, ' h""lxr I, 11)97 

van dcr ."'Iccr, J (199111 
l~a"I~ m",,,,,,,,a/;on III Ihl! M~!.11 V/t.;. I,i.W Induw)'. lnd,"t,,~1 i'ymh"",. Workshop 
Report, Cape Tov,"" \tarch 19<)8 

va ll dcr KTis, T. &; J W du MortIer (I'N7) 
Hlllu/buofk A/m"'lerlx:hulkNlmll. VefCII'!;tn£ YOOr Oppe<vbkl~1""hnod.en vall 
I'>botrJl.l1m, 3e iniga"" 1997 

\-,.n !'"nsclcn,.4. (1')9<)) 
P,'n<H,,,1 C(""m.mit.nlltm , o>CeI"'Il w"h "d,,,,,," \.an r .n!!C1erI orsl ~ntlbr, Rouclllam., the 

Neche, lands, 1 ~ Ju~ I <y:J<) (nle<:l.'1l docunlCnlfii. In janisch, 19Q<l) 

van t)o lio W J. and T ChIld (1 ')9111 
f'rUlec'lIIg Aft'wh ,,1111 .'1 ... <1""., ('0""1,,,1.: A~<'ffI'. D .. vdopmg TeChnology Cherlllc.:, 
American Chern;':..! Society. r~br"ary 1 99~ 

v<!I'steege, S (1999) 
Per~'(J"al C"'"milm~'alJ()n, medl11!i "nh Stephan Verste..ge of BE CO Roner<.iarn the 
\/Cfh.:,:,fand ... I ~ J Illy I ')')Io) (meel mg docun)(;nlcd '" Jaru""h, I 999) 

\,011.1( 1<)<)1;) 
hw,,, .. ,,.d ... ,15/,,-"<N" mn O''f1o:n1ala.,ch",dllm, lOP Oppcrd .. ktect. .. , loyli:, SIHI" 
P'<:Srm .. non, V"rCtO'I!'TJg \'0< Ol'penlac«:<.ilnlC:k"".-.,n \l:aIC .... 1en.. 1m 

Walpole, K (l'J')QJ 
Puwllal CommunJ<Ylllon , (J,«:;lKlII5 regal dIng Cr(VI) hmll~ to lIcw\:r, Tcicl'ho"c 
(.QfI\er .... lion, Kdh 'Walpole., SclOlllufl(: ')""'ICC:S , Cape \lel ropohMn CouncIl, AugU81 
19')'), 

Wllk, L Y and R S. ('ara~~ lo \ 1 'NO) 
'ApphcatlOn of I on F"ch.l~ Tec\vlolor.~ In Poilution Prewnt lOn', "',' wl ri'm..hmg, 
pp2~ ·28, April 1990. 

\\' KC{I'-i'J4) 
.\{,cr<>blOlug,rul Tmll5}t)'mltn{JI1 f1 M,'wl ('"n!amilla/"d lJIl"'!tII~, WII:C lI: "]Xnl 
357 1 ?4 as cut<! on WK(' 1 '~7 

WKC{I<I97) 
I.(I/)(.mrmy u" J PII,,'·I'llm' Hu".eactu, 1J .. ,.>!I"I''''''''' ft., 1ft> ~,.,"wmJII of \'fela/' 
(·"" ,amltUl,.!d Wiurell'a'", li.",!' Avlltll<:d Slutix.: Qj B,umls",b,:n, Water Re$*"Icdl 
('ommlsIO", Gautet1g. /{erKlrl [\0 ()8~ / l i97. 1'1'17 
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WI(ITAR(J995) 
I"'"j;/" of rh" .\1;:1a/ Frm.Jml/:, "l(lu.<II)". Wa'itl' RffltlCllo n In<IIh ll e f(l( ' I mmll1~ and 
Apphcauuro; R.,.""",ch, ",,,pared f,.,. the Ckvdand ,\d"'ln<:ed Maoof""!\ll'!1!l I"t '~ram 

un<k< wlll.act to Ire I.nclllY l'n~ " O "nlent all."! \ianufacturmg J'fO~ ,' f 1he 
"k ..:hooiogy Reln,c<;lmcnt Program ,\ pnl 1995. (cucd lit UNEP WG 1<;/')8) 

\'"u,Tand KW H,rci(1'J95 ) 
''vlanag'' C<Jrro"~m w,lh Zm:muun ,", ('he,," .. al F.n?,lIIcC'nnl( 1',..,1/.""".1, p42. JaIlU~I} 
l?'l~ 

Zall , 1\ (20tlU) 
Pa~"'Hd (·'flIlnmmclI/"HI. Tclcphut>(j .;o"':~, Ion reg;ud",s tile Soulh ,' f'..:an 
Ck.'CI rupLh::r>. i\SSO<:lduon. ~i J~nU1l ' ~ 2000 

IJ'iTl; IU'ET SOURCES 

.... 'Vi'" A ... ~t .Qr,. 
W ... .m.,c of the American l::Jectrnplatlllg and Surbee Fimshmg SO""')" 

11!tp /iwww. l3amrncnsgroep oj 
Inf<)lmalmO un hoi dIp Galvani sm£: Clea'lc:f r echnologl"'_ 

hup '/cs!!,e III OT-i: 
R"""",ch Tn''''g," In .. tll~.'' CAGE \COlluny AlternalLves (,tilde) acccs~ In 3n 
lmCl ..... "v" poDutron pre-:eT>Iron .... fooNll1on ha~ de:;.gneo 10 rOC()OTMnend 10w.~Jllll.t1J1£ 
.11/crm ..... ' malong t~hr>Olor~ AI$O a ItSI uf 3hl'TI:\;l.1~~ ,,();o.~. "unma'''''' of 
varrnll~ COo1t"'!; tcdmrqucs 3",1 1'llks /0 "",nvooat Ptg :lSSOCI3Uons and 3geflClh. 

hili>' ')!ffiw cluw,QfIl '[!oopi ht{f1! 
.'oll"lIon I'rcvcnuon S.rat"!lICS fOI Ihe Ml;lal f1f IlSh lng lnd""ll)'. Celller fIJI Haardous 
,'\.1;II~nal~ R=rdt, I SI"6 

Ww,," (G.GA.llli. 
Wellhl." for .he Europrun Gt:nc:.a) (iH)v3m1;Cf' AssO<.:Lallnn. wrth Seneral 'nfolm.l1lOn 
on galvam'mg and hnks to ,," ehollle, fiH lIl.1lVirlualaS5O<;lations af01Jlld El~'Orc 

bt tu /iwWW "m irQQ!I!!:I1tJ>'ll'.K U' ponfoho't:pg'""",·ironctinq><i-a 1,!9I~S~~ 
AIIlotrdl .. n (",I,,:trle, l'roduCllnn ('a<,C S tudy O """tory 

fn.D. \;) ,,1)01 !!o .. co!!!pkso:ct ... I;.b/tithl lllcs.lolll 
OECA fallfi,,:mlll ~k:I~1 l'roduGiS Nntd><><>k . US Fr'A. Off"" of {'nlo.-cen-.:m .... >11 
COinpli3ncc A,surance (Or:CA I. I)e«'. ttlx-r 14 109'<> 

http r es cp:l sovlcs-glltdcltt~~Is/JIltI.l!!j him 
[n",os.,,,j,e \.Ietal FlIU>i"flg ('OOlf:llt Gmdc 

", 
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~tlr. , 'es coo ,'o,ltechmfol~cl slcal d O! ny,mc:tJI.f> !.ml 
r aCl Sheet Hau,"',,!]; Waste GC!><.'l1ucd by ~Clal Kcfjfllshmg boc.l,t lC'S, Ca),f .... n,a 
lX""flfllent <If H"" lln )\""'1'.:<5 To~.c ~lIl-<;tacnCS ('onto! f'ru~am AhefnallVe 
T~hno\"gy [)'VISM1" 

htlD ily.ww 'ams. Qlltip2 iri.<k/mclJ '(N' 111m 
Tn.: i",tnUl': of Aav3noo<\ M,,(l!,f;lClU!I'lg <;c;"rx;"s (IAr-·lS) .• \ ['OlIul101\ prevcntl<l" 
K,,\o(.urce Manllal fN r-1ct,,1 r""',h."rs , A ('ompet ,t" e Advantat.'" Man ..... 1 

"l1p '''_'''' 11I.nfr~_Q£J;. 
"~WR(' r I he "al1o",,1 Metal ~ m'shm!t I{csr" orc~ C~ntcr) ,,,c1urlcs the (',IInnll)n SCJ'\S<' 
IO"'''l1v~ (("51) R&D p:;igt". ,afld) of I~hn" . ."l .esourc"" ("'IlI:I ... frum ~aflVuS "ad~ 
Joumals) a,lIl Illlnk:lOUS conlphaflCt' ,...s,,..a,,(;<' 1m"", Abo the )' Ic.- n l'af1oeTsh,p 
l'v'lunoo r."'~nll()Il I'rOj«"I for FmlShcr~ page 

ht Ip 1:t";: .... "'.ltf<,lnl!,~J6!.m..lm' uOIulkrualllmhs hUD! 
I'",duc's hmoJlmg Onlire • E:.nvlfonmcntaI 7.QfIC Lmk> 

hll R I/w"",,,' l'l",.det'CQII(lng oru 

The Powd...- Coalmg Institute 

hwtibY" '" ®i90 or,,: ~!'t' ~/et\~ 1I"1Ino I<!!lt i <:n, ncp li t~'!Ip"'ij!4l:~i c;~ $I ud Y 
~IDO Case Slud!e5 

WJpj, )'v.;Y>\I.''''-'P OJ!>'Tcpll'ft:>- met:t llltm 
Ck::Ul TochnolOf!.' lJ1 L5 .,duSl t1()5 focus 011 t..lct ... r .. bl'lc:Ulon. US ." I~ i>, I?% 

htlP " .. ww )"aI'liInct SWlU rdu "I! ' ya fl) 'C ,'bu ooges/cp:!.uSI "dcomr "m 
WctK'le for tlte U"lI'I' Worlw'S Gro up fOf C leaner I>roo,,<;1,on \11 the Metal r"""h,ns 

mdu""Y 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Word 

:lIlOdisiUI: 

barrel platio!: 

barrier 

bn)Dzio!: 

case hard t ning 

cathode 

chelation 

chromate eoatiul( 
(chr<)m8ting) 

_,I GLOSSAllr 

De!;criptiOIl 

The pOlii li\"~ ekctmok of ao ekcII"olytic cell, u~ually composell ~,r 
the metal to be d~tIO-dt"J"l~';tro 

A proces~ g~rally applied to alumimum aoo.l,~ alloys to I)rnduee 
lin ooherent ox,de film 10 impan COIJOSH'n resi.s.taoce or ''\llface 
h~rdn~ss, 

Plallng;n whl~h lhe ,",ork ,. pmccsS(;d;n bulk in a rot31mg 
continner. 

An excuse (nm<lraml) lor a company nolln undenake Cleaner 
f'«xluC!lon in the first place or a laclor thaI might limil 'If CVCH 
block the pm!;r<'s. ol' lhe assessmen t pmcess in a Cllmpany ;nlhe 
industry s~gmenl 

i\ mCla I lllat rx:adily llx td)sc> or dl ssol\'~ s tl) fnno inos 

" ch~m\cal pmcess !K'o~ral1~ appli~d to slcd 10 impan Ihe 
itppearancc nfhroIVc (antimony chloriok In hydrocl!INic acid 
followed bv amtooni\110 chl'lOde 10 diltuc acctic acid), The 
resulting ~rollZC" film does not ha"e [he eOlTOsion r~ ... i .. tlnce o f 
true hll)Ol.C. 

III-house o~lauon performmg metal finishing activit ies on the 
paris thai thc) manufacture and!rn- Ihe~ ~uh>eqllenlly use in 
do",nst~am tlIJnufaclurmg. 

i\ famt Iy of surfal'l" hardrning proceo;!iI!~ grncr .. lly ~pp1ied onl)llo 
5tc.:!. 

The tlCgati\"e ~kcm)lle of an eic.:trolYlic ccll wInch, in 
clcctrop111tms. T~C~":S the mctallk deposit . 

A positively charged JOO. 

Pro.:.::ss of ring fonoaljon with mclusion of metal ion within the 
rillg resulting in 5-lable comple> lomlmion. 

i\ corros ion protection lechni'luG which has many variations and 
cnn be ~pp l i~d to steel. a1Um lOlUl11, magncsium. and zinc. It r~SLllts 
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i 1'1 [h~ f(\lll1;uioll of mdal OXHk on thc" surface" of lilt· ",<>rk-I'll:l\; 
Ih.,( rc.leiS to fonn Illcb lhc chromal<:S. 

l' lI romium pla. lust The CJcet rodCJlOl'ltlOIl of c/uUfTlium IS gellera ll y applkd to sled in 
all ns fNlTls. It is u~u." l \- dNl<; for d~-rordu ,'" purpose,; (dceor..ll\ e 
cllromium) 0110 P' OVld;: ;l hard ~"lIrfac<- for .:ngme<..T1n~ purposes 
(hard chmm,um) ('hromlllm plale IS nearly alw3)'s dcposllro on 
lop of a noch'1 depO!<Ji which SUl'p1ic~ corm sinn "-"Sl~tann" 

t'ttl/orr nll: conlmunus "Pl'hc;l1H>n of iIJ1 , 1I1<--g, .. lcd pn."'-LTll at"",; 
I'ro!inclion ~nVi I OIU1H:1JlaJ ~l,;I1q.::~ In )IT,,tA'>.'ll-"S. l,ro<lu(1 ~ ,md "':'1\ ICCS ~, dS 10 

il,cr.'as;;: l'co-efficlenC)' and n~luce Ihe n~h In humans and Ihe 
CI\Vi lOllmCJJI (3ccordmg to ihe ;\IWMS rnT SOlllh A Inc.,). 

(; lf3 n ~r A plOduclwn 1"'Kns m L"Cj ulpmcnl w ith a low f •• le (' r w a~ l c 

T~c hll o lo::,~' p(N\lIctiol1, Treatment and recjdmg plam~ an:"'" d,,,s~d GS 
cle;J.n ~r \echnol0trl~"'_ 

rom ple~ill l! 31!fll' A cuffipl'luml that wi II combll\~ "ilh mdalllC "'I,,, 10 form s('I lubk 
iOn S. 

CO lldUCI;\"i l,. Rdi.:r' to tl", "billlY to tr.lllsfer electricity - mea~ lIr,'d]!l S , ~me1u, 

(, 11I~~1 "" <'Ihm~), 

c"n \'~r~ l on eoallnS! A oo.\ling proouc .:d by chemical or electro-ch~mic,,1 (,",J"'mem of a 
mda!i ic ~urfac<: Ihat prO\id~-s a sUlX'rficl:lllaycr containing a 
compound Oflh<: mdat 

\'yclvnc dfil'itnt~' A rdl io of lite" .m\ount of powdcr n:co\'etal ~Ln;11S rh" "moullt of 
pOW,I<.T "1U ~T1ng Ih,' unit. 

d 11I:!-in Th" .... ~'I,'T or solullon lrul adhl.'rcs to work -piccc~ inlmduc~'(j i nlo :, 
iI;,lh. 

dnl~_"'u' Tn" ""jUlion Ih~t ~dhcrx:s 10 .1 wOIk-plc(;C r<:JTlo\icd from 3. h,uh Ih:ll 
",II bt.: camL-d through 10 the- n.::xt bath (drag- in), and Ihal m"y dnp 
betwc~'fI h"lh<;.. 

drh'fr A spccilic ac1ivity undcnakrn to al leVIate a-~d of_ ham~T(S) or 10 
~mpo" er a -se1 of - iOCelll i\ic(s) 10 Cle;m~ , ProdllC\Jon, 

Eco-emrl~Dc~' ;'1 U~ I n11SaLi<," of mduslri.,j Ol.llplll from a given !eve I of rel;Ol.lrc~ 
InpUt, thus cnsunng Cleaner Production and approprial~ USc or 
l'<:1l~"ahk, "'lll-n;n~wabk and human rc'<Ource~ 

effiUftLl All)' !!a~ or liquid ~mergint /i'om a pipe or ~imi l ar outle1; usuu lly 
"efer~ to "uSl~ pmduc.ls Jrom clwmical or l!ldu~triaJ pJallt~ a~ 
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dttlrOplalinlt 

t' ",ulsill" r ltllnlujt 

~nd-uf- pipt 

En,-ironmenta' 
J\bn~ge lll e n. 

S~'s lem (EMS) 

fir"llnnsf~' r 

dfidcnl') 

hard ~bromium 

liquid mixllIrcs Of Slack gases. 

The prncC1ioS of dep""itmg meta l frum an 3'lU(''OU;;; sol utum IISlIlg an 
t xtcmal poIC'Illla l (c-h:Clncal current) for 'he: mct~ 1 C~IH)11 .eduction 
proccS$ 

A clC<lnir\j!. lcchniquc which aclS by emulsifYIn); ""ntJnmnlllts 
Emul~IOn.~ arc Inl xlures of ,,\{, liqu.<4. , .. ,ilh nne liq UId hnldi liS the 
olher In SllSf)eIlSion siuu13f to collOIdal 5uiipcnsion. n lC liquids 
"II I In"eall), ha .. c <Ii ffcocnl polari ties and wi II <.lis~()1 vC' dlff~renl 
typ-Cl; "( malenal~ One "rthe hquid.> IS u~\Ially" alef and fhe olilel 
will have nOll-polar propcrtie!; , TIley can therefore ~ 1I.>«110 
dissoJ\c non_polar contammauts like oil and greao;<: from melal 
~urfaccs. 

Treating p,,\lUlanls at the cm! of a proecss, for cxample, by filters, 
c~tllly51 s ~nd .,crubber;, instead of prevcnting thci r .xc lITTCnc c. 

A manaSCT1\eTlI ~y~tem aiming at facihlating impf()~ed 
envirolUnC\lta l perfonnance that involvcs a compl ctc rcview of the 
en\'ironmental cffects prodllCed by a company, thc prodllCtion of 
an Cll\';ronmcntal policy dcsigned to amelioratc the identi fied 
effects "nd procedures 10 achievc thc aims and ohjcclin;:$ ofillc 
pohq' 

h rcc~ling whe re lhe malerials MC re-used or repnxcs.scd outside 
lhe: \;"mJ'l~ny ..... hue ;1 was originally ,ceriC\·cd. The recyc led 
matena ls mayor may nOI relum 10 the cnm pany nf ongin 

Thc relauon bctwcrn the amo ulll o r powder coanng m:l1ena! 
depo.med on J wb~tr.l1e I" he coated and the lotal amoum Ihal was 
directed lO .... atds the suhslra1e by the ~praytnS sun(s). 

WnslC tlt.11 docs nOI pose an inunediate llire;lt to man "f t" Ihe 
Cn\'iroIUllent, 1.e. IlOusdwld " 'aste. buildcr'~ rubb le, garden "asIC. 
industrial and commercial "astc. It may. I'()"'~·("f . wllh 
dcwmpos irton, infiltra tion ~nd pcrwlation. producc leacllate ... \th 
an IInJc\;cptahk poll utton potential (O\V AF. 1')98). 

C'hmnl"l", plate for cngmcer1llg rather than d«orat\\'e 
appl\l;ali" n.,; n,,1 nccc.;<arily harder than the latter. bUl i;¢11eral1y 
lh\\;ker and heav\er. 

Wn~te th~t may, by circumstanccs of usc, quantl1y, COll centrall<m 
or mherem physical. chemical, or infcctious characterisll cs. cau~e 
ill -hcalth or increase mortality in humans, fauna ano f1 ora, m 
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ineen. in-

indcptudenl mr la l 
finisher 

l ulcgra lcd 
Pollu,jotl Coutrol 
(U'O 

lllkrnal rceyeliu:: 

job-shDP 

Uk (,~'fle 
MSHs m i'nt (L C,I. ) 

111"111 filiish ing 

pkklin!! 

ad,-ctscly ~rfCCI lhe cllvironmellt when impro~11y treated, soned, 
transported or d,spo",d (OWAF, 1998). 

,\ mOfivafloll for a company to tlooenake Cleana -Producnoll or a 
facwr th;" migh! ~pur the progress of lhl.'" aS5CSS U1{"nl rroces~ ill a 
coml'a n~ In the mdusIIJ ""gIllen!. 

Job· sllop metal finisher. 

A llali<>lIa l praclicc or s)'~tem \\1);ch lake," into .1occount the cffetts 
of an" 'Il~ an;j s"bSI~OC ('5 1m th~ t",,,1 em'JronmenT .1~ we)! a~ Ill( 
\\ hook COlll1llCn;I ~ 1 a nd eJn.lTon menlal He eye Irs o f s lIb'>laJ'h;CS 
whe n asses.ing the nsk~ they pose and "'htTl u""c)o),>lI1g and 
Inlpl rmClllill& cOnlrol~ to !iUll! their release_ 

/(C"CyC l!IIt\ lTi ~eT' ''I"llS defined as follows' Thc ret ric\'a l of 
Ulat~Tinl, or products for r~-us~ m then ongmal form m f(>t 
rcp rOCC.ls i 11 g into orilGr product" c.g. recycling of a!Ufil101 11m C~II ". 

1' ~I"'r etC Inlcmal rccycli nr; rcprcs.cnt:i those case, wher~ the 
rcc)!dl!1S l;u;:~s place wl lhm an m,hv;dll~l company 

A rc\'cr~i bl c procC:is by which ions of oppo,ite cbarg~' c~n he 
~~c h~llged h}' ad:iorpllon 01lto charged res in matenaL 

Job-shop (imJ"P"n(itnl) m~l~l lini:ihing operations do not 
m.1nllfac~ur~ pans Or u'" lheir product:> 111 OIhcr manuf3iCluril1 g 
app!ic:trion ~. 'l ite}· a.re stpiU1l1e e[1tiL'~ orr"n ng the ;cr\<icc of 
metal li n;ihing 10 other manufactu rers and the pubhc. 

,\ i)'~letD~nc ill"clltory al>oJ c"lIIpre~'''e as;;"SSlIletu of tht 
tlWlrolUl1tlltal dTcets of I'~O or 111""' act ivillc.> IIIvol\" ll1g a deJj,,~J 
sp~ct and t' III" ,nclwllllg all SI"pS~!Id ~"{)-products ill its lift c~cle 
from ~he ~T.hfle 10 lite gr~\e_ 

The J'focess o f coaling 3 metallic (or plaslic iJllhe ca.e of 
d...: trolciS plmmg) object "itb OIle or more layer~ o r anot her 
melal. pa,m, plastic. or cemmic 10 enhance. al ler. or fi nish 'IS 
811r lat;~ . 

A chcm;callrcatmcnl which remov~s oxide ," ~catc fl1)lll the 
~"rlac c df a metal, II most often r~ fns 1<) I he "se "r ,t' lp ln,ric or 
hydrodiloric acid to remove scale form ed ml mild and low-a lloy 
S\c-o::1. 
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Pollution 
prevention 

Prevention Quick 
Scan (PQS) 

SMF. 

sub5tratr 

u ItrafiltratiOD 

wa~tc 

waste audit 

wast~ 

minimisation 

waste 
minimisation 
assessment 
waste segregation 

wetting agent 

work-piece 

See Cleaner Production ami waste minimisation 

A short investigation (wastc minimisat ion assessment) of a 
company (approximately y, uay) based on rough guidelines used 10 
obtam insight mt" the waste and emission prevention possibilities 
of the company, includmg posstbilities for cost reduction. 

Small and TllooitLTll enterprises are companies with I"wer than 250 
employees_ Medium St/,"U cmnpames have between 40 and 250 
employees and some fom, of middle management. Small sJZ.e 
companies have fewer than 40 employees and lack a fonnal 
managcmcnt structure. 

Surface malenal or elecltop Ime UpOll wh [ch a subscquent d ectro­
deposit or fiuish is made. 

TIl<: pnlC~ss that uSeS membranes to achieve s"paration of various 
conSlitu~nts; a typical ultralillratioll membrane allows water, ions. 
and small molecules «1 micron) to pass through while rej"cilng 
larger mol ecules and suspended sol tds . 

All s.o1id.liql.lid and gascous materials introduced into the air, 
water and soil 

A tllOrol.lgh account of thc wastcs from all industry, a plant, a 
process or a unit operation rcsutting m the tdentificatloll o[ wastes, 
lh~[r origin, quantity, composition and their potential for reduction. 

TIl~ redl.lct]()n, to the ext~nt Icasiblc. of waste that ]s generated or 
subsequently treated, stored or disposed of It includcs any source 
reduction and recyclillg activity undertaken by a waste gencrator 
that result in either (i) the reduction 0 I' tmal vol WllC or quantlly of 
waste, or (ii) the reduction o[toxicity ol·wasle. or both, so long as 
such reduction is conSlstem wtth th~ goal 01' minimising present 
and future threats to hmnan h~alth and the envirolllllcnt (P':'1G, 
l'i')S). (According to the "t\""\\'\fS lor South Africa). 

A systcmatie planned proccdure , ... ith the obj ective orid~mifying 
ways to r~duec or eliminate ''''aste (waste audit). 

TIle aCt 0 r separating proccss chemical effl uems or wastes at each 
individlilll poi m of origm to facilitate materia Is recovery. 

A sub~lance that reduces the surface tension ofa Itql.lid, cal.l5mg it 
to spread more r~adily on a solid surface "ithout it beadmg up 

Th" part that is heing finish ed, electroplated, etc. 
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H APPF.,rVDICES FOR CHAPTER 2 

B.. I Summary Of .\lain Wastes From T~'pical'\'lef:)1 Fini~hing Proc~~h 

Tablt- IJ 1 : SUl1unary of main " ,,,Ics fnom I ~ p;c~ I metal fin ;shing I'r"~tsses 

. , 

, \ 4p<><1r 

I" .... ""'Y '''''''' 
d""ng d""II.t"," 

H"mtJ mt.~·.<",,,,,l, 
.ri>lDI( (,oo" 
dc":lI"PI.lon~ nuK!> 
;mol ",01'<5' AA<O"S 
(hyrl"'l!<Tl ond '''Y~~u 

"'''''''ID~ a! all 
d"-(lI0J0.- .nd Imhblmg 
10 IL"fl<O) wh,~h moy 
~On1Jon m",.I., 
(yan~l< • • ,1<1 ""kt; 

["'''' 
" 

.... tc". "hich.re orten 
,xm,bmeJ w,til udler , , 

may .toil " .. ·.r .ome "f 
the "oc,al be,"~ P" ­
t"''''M 'CSUltillg III 
di",o"'c...t m.tal, In {be 

Eleruopla1lJ\& .m,.. ",.,n. 
cmrU.lnms 

a<"ld..alkall5. 
c}~n"" aOO 10 ... 1 
.. h,. 
Srcn1 P'''''''' 
."lul1~n, ",,.«<Jed 
pcri",.[,c.lly wht"TI 
cont,mmanTS 
1Il1ubj, P'OJ'Cf 
fllll"li, "'m~ of1h. 
• ohmo" 
."'·mhb<r 
hlow{x)wTl [wm 

<Crubbulg oj' II""'. 

tr,,"~" .. nt sh'o~", 
Cle. non~ tonk 
'<'jJ'Lev\hlLi~.s. 
F,Il.! ! ,,00 filter 
, ILLdg"1 from 0,1 
filt"ill~. 

W."""'OI ... ;---­
rr .. t'''<Tl' ' Iudg ... 
Tank 
, .. ' d'>u!.I""'~e, 

" n<:au .. "tll"'"y 
.ootun $1~ "'f,catll 
.0n«nl",1I0]1& of 
10.,1< m.'al. no"" 
"lOy ob I) (Oo{~", 
(OJI",I" (yan,*~ 

rn .", 
(l11><!"n1J.n,,,,. ,f 
<y.nlrl .. OJ. n<>\ 

P'''P<"'ly '.,ol.,.d 
dLlrLII£ {h • 
\T.~tm."l p'OCO;I. 
hlte" ."J !lite, 
, lll dj,:e; [,om 
fi lt<rUlg Qf~I,{ln~ 
" ,l "l",nl 
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.. ·.la IThe ~"l<ul 
'0 .. hi<-h " Lal",!, ,,,Iunon wag-"'" 
• dds '0 d,e 
.. ~s,,"""'<:r .ud 
"u,,, .. ,h.: slu.~g" 
.kptuds 00 ,,,-

"wI" ,n ."IId-p ........ 
mc .. l.lu4~ .. luck 
ml~' ""aum >I,D,ti(:8n' 
,00"'111(3111)"" "r f(>\lC 

, """.1 ... 

lJ-l 

'yre of ",nJurl 

!>nos "I.,cd oDd L· 

!::~~~~~,"",,~~~~;=~~;::;;'~!!;:'~";.mO---""_· rw~c=~~=c-1 :, (' ~IIII<'1 t:"".~ni",, I rc."ocun 
PhMJlllm"'i _. "'c~.) ",,,.h,,",,,,!: -1 Rm.m~.n<! botch W;o.;,.",.,(/ nUIl))(UI 

m,," dll~mg "r'ptnl ,h>Jrco, 
1\<>1 nil ,l< 1" """'''' ba,l" 

..-"nla'"",\; mo l.1 ",I,. 
i "me "r "On 
rbo. p"'[<;). ,eiu .• r>J 
di,,",,I,,J b."c' 
m.(m.l, 

\'e,"1 inl>-b<on"l! 
on"r, 
AOld lm,t. 

I>, o"<I.'nle, ,,,,, 'm ont 
, 1l1uge from red",' I;,," 
"rhe'-"'\eD' 
dll'om,um ,,, 1,;",1oul 
C!>IO llllIUl1 . nd 

hyJro",d. 

1"""1"''''''" 
hp'"',','"C"','"'.;------+·Fi-,,,-"-.-~ '~ OI" "uri" 

",,-

C"nl,min,'ed rio,,, 
""ie,.nJ bOle], 

""mpmg uf>p<nt 
['100""'" h.,h­
conlo;DlIlg molal ",11, 
(,' 1>[(Im.11"') , flll~r>.k; 
and d"",I"N b.m m.,,, .. I, -------'--------j 
Sp<"nl n ,mc ."Ul whick J 
",oy .1.., .;<"""" 

-""';,-c;:C;;:;---1---------H',"""".bll Cr. 
M,,~I Cu/tl:lnHI. W2Sl ...... " ""Y 

J collU", ",,,~.1,,,,--,,t:Ue. 

d llOtful'¢ Mli' ~nd 1:"" huhbk .. 

"""'l! In"" '",.Ied 
nu,d . .. bicb I113J" 
; oum n mtIa1, .... 0:1, m 
01h" ",b<"n',,', 

""'mIn ,Iu: ~Ih 

UotI-",,,k.! ",okrs. Of 

<Ilbmtutc. from Ih= 

'0\ "-,,., .... 1= 

comain d lfotnlUJD 

and "",ds. 

W""'~" .,~' "'~atn>C'" 
.1u.:lJ:a;, . ,Id bath 
d.,..mn~ 'c>Ul1>t. 
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"'01 """"Wi 
pro..~SS<.! ~o"' ... 
pruharily or"II,~ 
ufl:'In ... Sul,..,..rs 
u><.'\l", .'lIlt""" for 

"'" I'ilLOL 
Cl •• ou" PI ""eo".,. 
r.on also "'''~1 '" 
\be ,dCllse of 
"'9',0( sol,..."" 
w.c<l '" dCII. 
~"~I""d 
J'3.'tIlI'l£ MU, 

ip.o1nl.tnr~')_ 

W",~""a(= from 
"' .. _p.>i"on~ 
pn-.;c= .. ~ dn~ 
pmourily TO 1M 
dJorn,uge of "-art, 
from .. "te, CUftam ........ ., .,,,,m,,, 
"..run~_ 
h ces>poiJm 
dlKardtd afl~J 
crunpl.""" of. 
p .. m1J.~ ope'''"'''' 
I>l~)" conflUll 
m<la!< from mc,.l 
pl~)j"'1\I'" ""d 
m~.mc .ulvcl~' 

(frum paml.nd 

Tre.nne"lor 
", .. Ie" ' 1 .. 
~<1teQl .. a .I~. 
,,",uob requ" ... 
d ... p: .... 1 
Tho ",,1 ''''Db (po .. u 
=PI"'I» ""d 
m;o,.""" 1-"" 
d<:mong p; .. nt~ 
~opmenl rn 'pn } 
honlh. m.y .110/> 
<t,ilITihut.<>t: anrc 
..,11d "-alIt 1"',," 

""" " ,~.d 
IT"'" p"ln\lnl 
.rc.l. 
P,lI'>! ,",,,h,",-

,::"::"::::::::---~"',,,~,,m""'----t-_<:;-__ :: 
p"" do, """~ lIlOl)' ~poonl pa,nt 
,", ull in (11)< powder ,·~Il""L.d m pII'n' 
p",nl du.' ,d"'cd 10 rocth onll«,,,,,, 
a"""',,,ylulhc 'y",m< . ."J 
IMtliOIOnl OY<f"!"U)· '-ennl:niM lilt ... 
~~IlCOllOll «<'"PO''''''' rOUl! r .. ldll". 

All on" ........ ~",I..d< 
K,d ['un"" from ~ 
prcUi '¥ b""d and 
f~nres &"-." off .ho'-e 
lire &.I'-<III'1,nl: ","'k 
.. -I"'D me dr ... <1 nu, nn 

,b~ part> 'ol4lih"'" W 
tbe II<lt n",ltJ:o 2.", 

W . \.I ...... ter f,om 
lln"" on pr<_ 
d •• mn~ <"'te> 
and f", qucru:hu'i' 
or"" coalrng "hrch 
I'<n.,.-"'" mcLll· 

"""~ ... !>Ie" ~I<'", 

"l'"" "",do. {I ICI 
or H,SO.l " Iud, 
,-on he 1't"g .... , a1W-

OG--,',,',,'.',,---------;-,,=Il>1l\ In.< ,.. .. Ie ch-:.'.,----!---------- i 
="'=,------H.~.~.1f .... .!l! ("""'. ~a"""''''Jt 'T1r,~ m.dllld ba< 

(,hjJi<""" <<'''''''is! .~I.,,'cly I"" .. . ... 
~.roh<>n 

FIlters and tilt., 
, Iudt" rH>m 
filt<rUlg ofp",.,(In 

~'t oml""'''' 
7.""'· ..... JJc bh !h., 
" l""iool<~II )' 
.~IttIr""d offth. 
huud tJnk 
UfO" /""".,,", 
.Uoy) formed hy 
l-:U~ ow, (If non 
from d 'e rickk"J: 
lank 
F,I ... und mIC. 
...Judi:'" f.un, i1u\ 
f,hm"'" and fum< 
<on, ... 1 
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_. ___ .. ___ ''''PP'''''~'''''"''-'''''''''"~"'''''''''''O'' ,c""","',,,,'-___ _ 

-_.- _. 
C~I~~I /I'~ 

mo.) <,","un 
<:Oncrn!ralioCl' 

"'_-j ~~rauol\S 
" Wal~r 00" .... - "hrrb 
""'Y he ~ lu C~P<1H~ 
tho u,·erspr.} ""d 
fu" ...... p<Jiodrc~"y 
dl!oCh'T~' ,,,,,,,,rni,,,,,,,rl 

,"()n",irlul£ m elal" , too~c. 

"yon;dc ~lllllL""J 
PIC"'C," ch,,,u,,J. 
Ion exch.nge rC.'lll 
rcgcnerants ironl 
<\emi".,.li,ation "I' 

moy conlJUI ruchl­
",- ctatc. non·nickel 

. Ar.ij.(o ,, " 'wn·----~--------t~'~~~~~;~-~:,::·'~~:I .hod~. ",' .. ",:--1 l'r~I""~" n 'p .. " b.ml(om'uUJ\l: 
""""l>, .. W lleu,'al .. " 

Th..: rd..:rcllcrs us.:<1 In oompilill~ lruS lato k arc Kcncr-... Uy Ihc s:lllIC as those lIsed ill COlnl" lmg 
Tahl..: 2.1. III Seer".., 2,1. 

n.2 Common " ':Isle Miuimisatiun Option~ for Melai finishiug PrtK:e~se~ 

The fo llowi ll~ Sll nlnl~~' 1r~1 of" .. !!'Ie mimmi";)lioll opuons for m~lal I1m .. }n ll); pmc~'SSl.'" hllS 
hC\.'Il compiled fi'om .. n "'~ Icns"'e revil'W "rlbe literature mentIOned III Section 23.1 Fur eas~ 
01" )O;j~I\'Ilte. it IS .strucl ur~1 slInilarly to th~ L. S. LP A' s (! 989) f.nvj,..,nm~""al .\ta!lascm~m 

Oplions l h <'l"arc hy. 'The !lPllO"" arc thcrcforc grouped into 1\\0 m,un d:>S>.Cs: So\lrc~ 

Reduction. ~ lld R~}"dmg/Re~",c!)'. Source ReducllOn and He<:yding ;tr~ then I"urtilcr 
cl:>ssified into sub C"I~gon~ of 'lp! i,m" (q~ , Grncra l \Vas\~ Reciucllon ?'delic.;"_ ~\C,). For 
c:>ch C:>ICSO!), examp les are gll'en ;tr,d comments On application and limilal10ns of\hC "phon" 
arc included, ']1\0 SUmmM)' ·T ~hk B2· [,,1IOW" on th~ n~xt page, 
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'11"" ;i;u,,, ... -.Jo P"" ;,"'U'",UJdL.l 
,,,,"n(> p"p~JJ .p'''JQ "" "M"pV" UI 

',",tOIOIllJ"" 
I lllOlUI"'» F~. ~""" "~.'O:ll 
.",u,d,~ .. ~u, ,~; p»U '4' ""PO' 1If) 

~lr.ll"""'!~~ .',.ss.».u 
;"" 'L:;l,~",no ,(U¥:ldi) lPU;.q no:) 

U=~"Jd u,",."w,u·w ~" ... 
"ll"U~ IIf UI ""'I' "'!) ~') 10 ""r.~ 
l\u'lUldo P"'I'l"'l' p~"u~, "'I Plno~!. 

'UO"=>oI,, lIu,~.,.orl 
1""'1ll '''''~''U,>"UO':'''.E........::!.. ~I<r-)II~~\' 

-------------c,".""","""'","'~.JO .-S~CI 'l"" ~ ~'''' 
"~~I iu', '~IX 'q ('J,n 'J',,"''' li~,".' '!' ,,,~,.:r.p rl> '~1"'-~" '~/; .VI.:",')} 

~~'I: QI 'n"~ ... "'''I >I,d '~J,'", <r, ""'I,ld", .uQ>.,r('·l] ", 
~ p''''' '!lt~, '."'11 ,,/lid ~"''''''''''P "Uc' 'I"'I'Q'4u< :~IJ.: J~ xr, "~I p'N • 

• ~l J'~'l-u" L~n" r~"'·''''p H,"'~ fU'''''1 ;q "'"'I-> '" ;"". .•. '.'Rt." "'''-'1' 
• 'w"-!,,, ''''''''"1~' \:'~'I ole !"',; 'ualI'-'O~<l"I"'~' 

;\"'''5S>l~IJ PI"W c'I rouou, JJ~ ;O~! "oJ>q <:Jo,1 1»<1,,,, \r~J'j~:) 

• ' if'''''!'"''' '><1'1"'1 U""I"'lIl";"~iC.~, oil';':' ~I ~.,,, "r 
10111 (>S ~U'!lI\ll~' I~' ,C Jr,OI'" ,Ill'" ,t;<J~ <lor,V',d ','< 'Old "I '1"P>'IJi 
I'.!"" I ~P\'('-~ '~I) ~JI"i"Pi'<iJf ,o()rIJ.',/"-,,,d 1''''' t".,'m",!d P"'''L"",/ 

U"'I"'Fo.:d >,,,)j.~,,,, P"" u",m ... ,.;; ."",, 

• 

• 

• 

• 

• ".'1I~ ([I~'-" '"'' ""l; ~'''')ll'' ~Ji', ,"O '" "".",'/ ;;,:x,,~' ~·"".D''-ii'.'1 4-
• I r~.Id"'''i :~ )'l"ICUCP ""!lJO'~ p»nun ;",: 'lwq ;s>",~d '\11 ,'I "Jn~'IJ 

~Il[.' ,JC 'i[C~ LJ, "O I ;,J>U'~ 'l''''\\ iiLH'''''''''''' "'; "!'U~O\J, 
n\t~ UO'\~'u'~n'l '~'NO .'1 p<J" "I<JOl'Jd",b, '''''''"ct ;0 uo,,",><k, 
l,ck',,1 ;Jr",,~ ()\ pmJ'.';; OJ, ""'" ,'I(,," ,U, ;".\\ r">""p'''' 
.'1 "'~Jl" pu~ ~~C>ll 'Q} ~uw.'''iJ J~'O ~O""""P" ",,",.,",,-,,,, n;"Jd'"J 

• p''''q"''J .mob,p" itllp' ''''0 '" ',,OJ 
\I" II"t~j~!VI~I"'~ "l»~"'l ,,'mr 5u!,n -:q !".,,,,,,, F"" """".->1.·",II/,dS 

p""d"" oq OJ P'~" TO) "'JIIJlud -)'"P," r", 
• I 1I."I""aJ")'''') \I,,,, "~",,,ol Olll'JlJ .... ' /»".'»> N'" x""",." I.""'"'''f> 

'I""P 
• I reu."m~~" ~ll " ;'~4"nd 4'f,"~ "I !M;WD /'I'" "'_":;:T""'~ ,Uor~' Wj 

'~)U;')!J'~ I~U" Ido n- ful~,' s: 'U>I~J'nb> ~".,u~ i'l pue .">,,,n.."~, 
: J~ S-).-" W'iU.'W",1 "'~lO r ... ".,.,.1 """~1UIU1 OJ "~'''''';.''C''' ~'I1I"'''J'J 

• ''''''II'J:>!o.'J'' 'lU'!'~JP"',,",llU' I" "'F""J 

• 

• 

• 

• 

• 

• 

l 

i!l "::"'11~ i«!11"r,p<.']J ~ ... 

"~I"'~ e 'I"~ l~1 .' "'r~' 01 ,,·.fl,;r"_~"'''J.H ' _ 'V 
t.).,",rJd U"ll>nl'~~ 

V''' 111"""" ZUI,"->O '" IP" '" PI • ....!!n"" 1<.' c.:-11"·I~ ",.-d'-·"""··H f''-'51 

, .' a--'- --- ... ---.. ----.- ~,,~ \\ I"'JU.' ) __ '·_ 

:~~v.:,: -; , . I . ?i 'TS 

'~ \'~J'WI -S U !I['!H lI [C IJIU JOJ \ u"!llh .. 1I~ 1~ '! lUlll!1U .1)<1:.1\ umUIUOJ 10 JIlI"l umulun s· , u 31([1: I 
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• 11'",["", ... ' 'J"_V"/~"~~ ""rl p-""iun ' ... r.nk lUI "p"m~m m~i""'.:" "~11c 
,1111 .nSUfm~ P"'!"" C'~""-J[c 10' o:rtlm~1 '<'''<fa~' •. "d ,",Io,m • 
l iI 'c\, lLe' " vr,,,,,,O" i e,~, I'!; , I! .\O II ~ obi.," S(' ,11" tll ~ ,IILl ~ 'I\~ r. ,,,e I 

• 

• 

\' Ii! 1I"w "'~,lh""M ~rflh·, pari b)' In, q"ic.~ ,110.110) 
1).!J'~~ .,"(1 ~u".~."""".~ <>f "'t'" ~ .• I ru .... ·:, lU ""ftin.'w ,'ntrapI'lOftl • 

~nd p,.OI"'M J.,." ... ~, of ""t~ "'''''f,~l' 
,1 ,; ,'<[-" ''''" "".r"I",, ·,ml nl , 10'\0 " "I'· \Io'T of To, 1": 1 ~ ' IiO"ltd 10" 
'.,,'~d,,"in~ .,,' drai"'~~ tn., 'I,m ;h""IJ 1>: ... ,J fM' ",IM,." .• I (-~ • 
,tJ~,,~, 1=,,1' fi>T;;e d,-,-..tl. 

• ~~~=~ __ ."---:,;",."".,."~.,~.-.,:::!.,,,, .. " ~ "."";m"~. <~'''E'''cn' "t ".I~l"'" ,n .:¥ ,~",'.! .. _ 

,
I AI .: Ih'" ",,,;-0):1 rn"rr • \)"",in ', ' If .,' " ~ m Or '.,lIk l\i,1l ,' /1,,.,,,,,,ed d,· d '" """~ I,) "~ '. 'T. d;',~·,, ' " • 

• 

• 

~a<~ i"l~ 1""' 

f),~i.~ ,~~.,IJ..',~ ".71' (rlo."" ,., :om,') """"" '."~, ""~ 1111:.1 1~ I 
""'e J.a~<'J: ,n'" C(~""'; pro«" ur~ (pt,., em' ,hIP; ,,, 1hl"') 
!,,.,,,'J-, .fr."" tar! ",," 'I" (Jd: fTc,,, \\I,,(~ (h. '''~ un ~'" h"n:~ 10 • 
drain l1.<fl ~. « mt,\1~ ll<' re i O\~ I ,1':'11 " ;,' ''' To I<-.l10'- ' ,,~'" 

" h,:~ J:"a,n"_~ 0\ .. 'h~ 13n~. "nl,' Io.lh .,.~:. ,.I."."·S v/ "<S'.'r i '~r.' ) 
no rtn~nT ,I._ Il"" f",,., dr)I"' "",~ '" ,"",,,", ~« d,.,.(lu! ":n,, .. 1 

""" . 

" '"liml 
• ,,, k~'f..' ""I, u,l -f .... "< ,.,,11p''''ioN ~-r W kn,,~~ p1a"n~ til"" nlTr· ... ' 

,,,c:;;;-,,,--L-;-;"8"~""-C~ 'm,' t"b I 
tl! J \) r>~ <'LI;-I<C" " <r) a1\~ • {'"ir G't" r'" .:;;i.' j " p, Ie> ~1 "", :.ad ' ''P1\"n .1' .• m"I~Tlty 01 t" O cl l ~.- • 
It'l:rn ""' ({:O, "'aro",;un ,.:plac-.,,,,,,,, Ip>r1i<ui;lJl, S""it.~l~ fN "nl;.:,>prll · 

.... llIt~'n' ~caU'IC d,": ·(KIt " RoY """,I "~h ""., In 1!1t d, 'P ;a"~) 

• 

• 

nr"g- ~'" r.]H' i, , ,,",,, " nlO t~"t Ini;talt)' fi lkJ ",1, 101"" "'01" and 
con« "!"""" i n " "'~l "' motO \\ ,,,k il p",e"" "l. Lffid:ncy eM b, • 
in(lu"'<! <:rn,,,.IIII! l~i add.lnS •• :<onJ duS-"_" tau!. 

" I". 
>.1 red"""," mmwdl ",,' 

:no'pc",i," I, ' "':pi·,,.,,nl ,nJ "'~ ,~,.. iu 
I~"~l"h sa' ing) In dt"ni,·~I~·",,,, .. 
'd~",,« 'I~< \\C"'"~ "li<nt, <>,_1 ",-,I~ 

~'~ ' :\lLlg ~.-oNtm ' one n:~: In,,,t~',, " HI-, 
".Jk"'"'' 11 ~.u".;\, ') $((".,_ 

M" ,,,,,,J hl O,.nU"' ~""r ... "" 
r"~lwu:,'a :,<",,"<Iu .. , ,,,ch~, ,,;thJl~~.al 
,p" ,1 "",, d," ', ,'m< rOT n:'"11';! p'o<.o,," 
Sl~"," '."IM"I" . 1 co .. ",II inl"we \\lIh 
!","";'""illa Ih,. :>:ILl "pH.-.'''''"''" ,,,I! b • 

Th~<. COLl !~" "h,," ,cn!s ~:. Jll ~\' i :1 ~ "P 
r,,,. "0 ...... :"" .,,'01, I<lt,,", no'" 
1~""""'MC"l' ",-d plt'.;rt unnc" ... ' .... ~ 
OM ".:\I.ng' 
\ ,,: 0[ "" ,r ', c; " Ii ,,, ;,,:u J .. " t" 'h' 
,..,.",,,al I~ J,sl,oJg" pall. h"T, I_,'~l ... ,J 
'he Jr~:m~ ,-ffte' ~i l!I.' u ~:,~ .. " 
f>,;i'!I~ "'",. nN ~c ~"Ie '" ,o«>mn:<o;j:u, 

".""" I:>.;'~ 'J " of P'O-O'" "on!~~' ''"'i('' 
~r" ,nl<lf"en:o" ;1~. f<oo""liQfl 101" 

S;]n~ ln '·o-rr.l ofm e;"i c',.mid rt'Ol< r) 
[''''i11;' l3e,,.,,<, ,,"~h: n<Y ~ i>\>!. to 
~-:r""lmod"".t chanG" bee_",", of w>« 
con" r. lll\l 
R, "",'m~ eroS-,,·.!t ,",,,IL< in ,~J'JC-,J 
i""l;n~ ;'1 b30,h ,pnl~mm>ll" l .. n~ de_ 
,,,,,,,cd "_,,, r", "nllr,~ dn~ ..... ;1, 

tn~'n":"'"'" ,-"n ,,,i ll"l\ l,, rt" "ltP~'" of 
conT>-m,",M' 

L. -----'---, 

L"",.Me ,"'~~"'S I,dlal-In ·dr:J~-""1 lin.i"~) InHI1>e, ri."in~ in tho ... ~I"" 
••• I",iol1 h Ie<"' ",lJ "ft~, pi"''''' ~ I ·.hc'f io • " "gl, "nW L~"k 0, ", "~ 
I"" hydr.", I ""! !; "~ II:W,J ,in" I"n" I" .. "" ,'n " pr<>< it<, , iJ" " I I'" 
l',or~ .. 1at>k TI>< ad,-;,;,:'If'~ '\lhl1 !,,,,,,.,.,. d,,,,,,,r";, I~ttt.ol d,an !' "" 
_,~~cI ~< tran'k!!.~ oM _I~<_r"""" ;a.d."=; :"C<Ol~,nt rarl. _ _L __ _ 
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~~d ~lud!. d"Pf'S31 f ..... 
• 11.< ,~q",rcJ qu.i~} 0' ""-v.: ;,rur, ;, 

,ellnall<> ,~~ .. ,filet"", or ,,~'" ,,".r u'~ 
R,n« bt,,,= a-""", d ...... ",,<.I .~ .t';'t""J.-~-tr -;;a) t>t (InT. ."~tN If t ~u:il!) rtq~".·'-J suh""4uer.! mN,/lr",,',;-
~" "'"" ""~" 3,. wmJ"Y.,bl. ,or ,han~. 10 lh. prJ .... ~ lOpe' ",al",,,, 

-;;-,,,;;;,,;;---+-;--",·'.,,',~;;;",",,C""'C'-;:C·""'·C'.,,J m ",..I,~nl~.".~ ~~""} - -;;1C;-". 
R,n,. I>cl"~"" d'g''''''C[ "Dd ar,<I pc~!c " .• ~ ~ •• !"~'n:l!N ,) h;"lo~i,al j 

-U~ ~ ],:;r:O' r.~ [(II"''''! • R, .. ,ellu'." G~".c"" car. b.. "l:tJ_~N ~! :nlnu;tll, ",O,·,r,~ :,1. • I h",c .. ~ ~cnffill!\ ~ooJ - 0r,,,,)i,£-
dfi,:,.~r~ "<>r'r'~L~. ,,,. '" ,""'3rm~ r.utoLI",,~. h} f,-,r.]",,! c;'h" air <), 1031.' ;1110 p,..,:,:.,", 31>.1 htl" :0 "";""'"C ," :.,,!l 

dr.. "-,,, L Or U,CI~ ~ :n,'C11~!lIcal ~it",or pn<lu,-';"" df',,<,..,\ .. ,d pmJ ""l ~u.d"! 
, [}(;"M~ "~"{'i"S. " "'n:' lin'. h·~' ca., ~. ,,~ tn 16 ",",,, ,~,"': ~fI.'U,'. 

Ih .. , 3 ,,,~I,, 'k , 
• _'0<(1\ n~""g ''''lcaJ 0' ,r,m ... "o," ail, Ita: <,_,fa-'N ~~) "III l~iS 

,~.In .. ,,; n:o"" ~ i, v."<r '1""':0' """,i:",d ,"ot~)1f PftliUfl 
, U"" 0' ''-/''''''"'',,'' «0." on'I""'" fl'h' '' ~ ,It.tt ... , .. t. b) IO~""'II"; roil 

F"" _"h tim." " o1 " .. "pieleh re",~'oJ Je!i"" the c!~""1l' II.p , 
13: ,1 ()r~-,'~i~".-""",;"""",r--+",--E,c,c"c,".\,"'.,!" .. '.' .. ',,',',' .. '. C"',',','"'"',,,",.,,,5,"""""'''''''''''''''''''---+,,,-,,,,,,,,,,,,,,,,-"""-""""CI""""""""-"""C"'m;C"",,,,'xo" 
d~"~ ,: • Lo,,;e ",I" ,;11'1 & d"dm~ . r"' '-;l'< ,I opp:>S'{~ pol:: lon. :" :i1. 1'lLk to "I'd I.J '0 e< i ;' i" ~ fodil;" 

~,',.-.-J xhu'-'-n-"e.,i''-''i! , 

,,,,;-; .. "r,,,--,,·,,,"',","'"'C-'-"·C·"' i,,,,,"c":i'"(;i';~"",,':',',' "r;''',''1::''',',';',' ;;;>,'':''~':''";;-",;;-o;;C';;;;;;,'-;-'''';;-",rC;;,,,,-,,,,,","",,", U! 4 lO I: tl~,I! ol'i I\.-)\\ 1'", 01 • F"i"", j'~-,"'L'I(J,"" ",:,;, '" I ;11:;: ~b, '01 ,,'" "I riO '" "."c, 110\' i,, ~ ,.:,"'tlgh • Rqu,,,,, ,i" ,,.d ro',. '" I'. al" " 0;\ 

1 "I~ ,,~'" ",. "i r..";":";":n~ 0 cO,,,:Onl I~o,,' at ;il. op:",,"~ Il~" 'l" 
• \/o''''',,! """'I'oi Or "al" I~~" (J 'P"""'''I (JC, op.laIO, :1JI\I!t i,, ~ r,O" • 

""Ih ~al-" .", ah''') 
• Fr."""-",'i;-",,d I~ow ,oill..,1 d .. ,,,, Il,on a! ~()O( ">ed,,1 ~'Ii' ':Id 

• 

• 
, 

,., I.e, ,~ ,,,,,,.,., ) ,." h, ""'~ Ie' >IV;' "~'")';:""" """ "'i -~'4"'" ,,,,,,,, 
C""dueI"il)' c,m",'] Or r",i\ "01 .... ,-..,,, Ih:uJ.b ~,>!or ::1.: ::)e,)!,.t,; 
:11. ' n~ '"''"'.N "h\'"I''' Lon oo<<r.~'''~ 10 r'.· ... 1 ,"n"'\II;I;'~" 
J'i..",,, ,';n," ",.,,',vi, "hoch !,,'~ "..L!"" "" .nd Dr! ~",,~t o~ • ;"<""., "m~ 
:,>"ioo (tc.lrt S<"tt'"~ ",:«I.d ,~".,.~" tr.,ll ood ~",. 
FI~¥"., '<" ,{ tIC,"''''',i"!",,, do.' "'" ,..,j~" ",11~' 1~ ~ 'h~,~"I"u hul 
r.t'~~ ,;,. "",",,''''' lW.,. "f~ .. nlO' .,,,1 "~I" "'~"! 'f>' ~,if" l"'''I'I'M 
,)f .u<'''' < 'l"a1<r l-;c 

• 

• 

, 

op'i"",,;] 10,,1 
'1 ht ~l-':t:lll: m l10w ,01, "") ,,,,d co " dtW",,,,.d ;t,,, ... ~h ",,,,,,,,,,,,,\tS "'xl 
;. I,\l lotl o", 

I k· ~ """'"Iu,, dl< " _'''I'''''''H, "'>' '"'' 
0<,1) ~, .ff"I'" f,,: ,,~'" "ate w"I,~1 
I:~" 11>., hI" " ",,,,1" ,,1 r,,><.iiLC'''''' w< 
(a",n,n'''< or«'''''''' :., 
t'N'..I"",,'"'' <n"""nU; ." "p""''''. 
,,",,"lJ, fr.~".~, p,...,erll,,, ",.i"",,,,","_ 
and d~ Ml ,"',,< "oo-ioo;, "M,ta;n,~.>,,(j 

!'Hdu,1 
\: ...... '" r~'~g. o\<, "n:. ,,;"" tr~'" ,~ I 
'uw u:>< • • 
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'" , , 
I!O I"oce" ~~ ~,~,",. '" pDmr"'~ _ :"h arldrd 
,,'"'' u<;c b} .<1}>;' 

C".,.·",," ''''''''lI mcrnud u",,", I~" uwr:l.,., r'orr. ,'c~ (II',," ,"C;, .~ 'he 
."w SUn',) for 3no'~", '"""'I"',,~l. or 1= ,-,urcal "r~'r~ o~"n' ,On 
H..·-".r,,·<" r-I""~ "bm"' '~"mi,~1 """""" ,.tk~, p;". h. mull of 
u''''~ d,. II~" "a'" ro, :n"llipl~ pu"",,", leg. r ..... 'al,\.t1"", "h"" 
,<u,,"£ aciJ TlrM ",'.,- as .lkJhr~ ~ :n« "31 .... 1 
D"Q[ r"';""- '''''''W '."''' Ih ... m~ ",.,. lark f'" rir'\;r'~ foll(l'~1~~ 
,,,,,'" lh..., ,,,,e 1"0.-." tank [s,mt ItS'JI" as casrade.". '~~CUH 'U1si~ g 
""t 'ti_nll"'\<~ ""~ '\ 
(·"'··r. .. ~d ,,,,'m< "h"" ":,,a~ihl~ of" '"'~- ri ... " ,. ,h. srco.J ".~ is 
'"'re'" td hJ .'b:r>Ir~ ,~" c~",,,i,al M"," of (h, f"'" 0, I NI~, '"" ("", 
<o",."(r.h",, ;"'I,~~ """",pl"~ '" Ii,,,, b:, J,f!·~.i~n '" ~ >C~Ii,; looiulIl 
~II"ll'h"~ ""'" "I ""I",'" ,r'-' '" ,r'- 1"11",,td h II"" i"~ "ale' ,,,,,,1 
S',ill( (, n'O' <'r,' , ",,',' '.r_' "ith IrJrifj,d ",",e, "'WI'''''' \oJ ,r, ,1,~, 'o.' 
""'~ r liS<: ""~ Tho ,q,,, ,,,,,,,,lo-, ir_ ,1; < ,la, ,, rin"," ill bo."ld "r ,,,or 
t lJM . " ,; ,or_I>< retur".',' '" the ". .. " ", ll " k,' '-'P f"r "·.,,,"~ 'i on 1(,,,,, 
Sli'~y '" Jl<. ' ''-'',' '''' ii \h>r IhL-,"rf.".,j I"n ) .. ,_ be' "wa ll eY .,,",e 
L""d P"'''''''< bnb Lf '_'\e ""Im,o of I\'>ler 10 , ' 10 .,"?o'~'i o" II ~ 
'oILlO1 ' '-' ''':;,; ir_ 'pr.) fag_ The' :-tlll·Qlf "'ricoi,.,o, Lil e Jr. I!\ 

C"'H~IJ,'('d .1P'Of (lid .1:1' ."i" JiHg. ~P'"" rio,i" , 0'"'" .. r_k " ItL\ "ci "" ".d 
'.\ .1<' ' I' 1'_ •• ' ·.p(lr.ti(lll m'_" ore 'LlITo ieot <0 ",OI1l"1(10" C til e :oduod 

• 

• 

• 

• 

• 

,,,,;;;o;:,,,,ffi];;;,,,--;--:','!",","C,,'!!',,f ' P"\ "_Ier r lJ3 IWIL ,'.A""~ i 'q") ' Fcom b!",;l,,, ci-;-~""t:ng 1'-<J:yprop,I",. "",Ii, ,~ r-~. "'I,; ,7."""50",1 • 
C''''' "" I"" ""f"" t~ ':~',I <! mi", (oi,·h.1In. <'''<' " ''.I\~'' ,,1 
"L~ I'I.~ rrdu oed by 13", c t, withO\It:, 

, 1 :r./ro,!' wm .. !,,''';'» o;l~",; mi't I ~ ~ ,,,I;,,,eJ ill t~. d"e '""rI. >r.d flow 
~'C~ 10 II:~ p'C<:,,, 'iln~ 

• \'rOC",,' ""'h' rut ~.'<T.," mi" Of '0], .~, <kgr<1l"'" sJ:OuIJ X in ta,,~, 
":Ih in<'~I>'M .-',o"t'i;,,,,.J '0 ,,-duc< .1lLCunl "I ml'l " .. ~ieg Ih. 
, ... t:I~I"" ,}'".m ( t g ~<~",~I"'I ~' , ba,,,, '" "or ag"_!l<J !'i; ('" b"'~1! 

• Ct" .. Ix>r.h. ,",II: i,.b "he ~o' in u", ", ,«lucc Ivs. 1~'0"~t. 

.' a 1'<""" "" 
, W<1,.ng .g<nl . .,.. ~"",,,.~.o' ~"" '~;'P"'''''r.;s ~e:r '0 ,,,duc. x'd ,n,'1 

___ ...J __ ,'"Olm~licn I~r. tu I', < f ,,,,bomld'.I1'"-" pl.,,"f 

"~'e """,,, q""h'~ "i~."-,, 10 
• I."""'~' ,,,,d d.'ermnc "plln,um 
o]>i'''"' n'3~-",n d ... L~ """"ul;>, "'. 
,1.:f .. "lt and 'If nrn'''~ '" o~,arr 
r~·l:<' ~}11''''' ;; .... "'11~ ~II"" fo' ~""1'" , 

(0<1'0<1 11m. torr",: .. , 'he "·or(..",e<~ a.ld : 

11. "n·~ ""., .r,\ "'.,.." .. ,I,ff""". uf 
pre, '<$ .~.",,,.Ii Ir-I" 'h 1l1' • ..,Iu"""_ 
"~I"~ "'P-'" r.' ',idt ~o" of adli'lOnal 
rlr$<' L'n~$. I<'OS oj \31"",,1. pod".~iO<l 
$;:-a<~- ,..,J ~n ,n,,,,,,. ,0 "00u<",,. 
"nl( Il~o'" 
\ I ,·"'.,,or or. "'''''"'''- l~.n' """ "~-d 

f<) to.. u,.d '0 a:d 'II, ',n;rr~ PH""" " l I 
,'_,., "n,. <a"" 
'1",\\ ,,",rn~ ,N""" !>,<h 1 ... ~-c", I"" 
""d '''".,,'' '" '''<. "" ~ "~K"II' ,,,., fro;" 
I !' :c I':" L.t. ' Ilt OLl ' .I of ,\1'_0:- ,'"t 
,,"ou ld be ~!C"IJ IN ",. "i 'Unl dip r';'_"n~ 
Sf'''' oczz l ~ ",1C;;"" n ad \\'at " p"""". 
s;"'") ,_c~J '"O,:d'Hlioo .• ' """'" ~h" 
, Iu' ,0 J '_C"ed tC hr: ,Ie"oo'" Or ,.pl,ced 
,"0 ,cn,~io ~ ~ r.~·O Ll' re"""",,, rir'" 
" ,~~!..'-'~ I~~'_~~'~._ I 
No Il~:" fi; "," t.r_.f'1 ',f ,,, ir.g ooth to. , I 
''' I'P, ... >n'' "" " h.I' , .,. " ''''''«~· rr.l' 
.1",.< 

.. , 

~ , 
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hl~"'''' J ffl.'CCIj r:r '::r;' 

bo ,,~ "b.." not ,0 u,,' 
• II ""'-'><: "',;:, _~,J, '",'''''.'' ,..~ COO:II'WlI, 0'..:1 to /l,ont""$..' h'~' ('"d 

" ~""u", 1."",-

, 

• 
• 

, 

• 

,\;,~, I,: : '~ ,Jo, '.'';''''''' ,,! .. _"..~ cO" ,,~<,~."~" u,rft J .... nr ~I.."nur (~'~~ 
I.', ~vr"" ". __ cr'"'.~'<P'. un llC'{n'.,h ho;"l 
Ckonlr,g 1o.dJ-. "):".",.,,, • 
L~ .. ·,,, ... .u~"""m~ :,_c hl.,Jo k'eh .-f .:,._,,,[,,,,,, " ,,,,,,,hi, cf • 
,,,n,,,.,,. ~''''':'''I, _. r:o .. \~ ..... "1t;d« t:o,.,d r,,: poUt> ,,01, ':>or.pl,'l( 

h, d !...,;.,' '('Ii., <l"'; ,/c"" ", tl"or ", f<'''''''' ",,"<I h" 1t,~"" .,j, ""J I ' 
,,:.."",., 

~, ....... e!r_~, I 

F.lc,''''''!'·~"'''; !{' ,,"'"'''''' a'i ",01_ '.I""u"h H ,,,,,d (.l, ;:.1 ~"~i"!I,). and 
~ ""'I<' c',,,,..,nt "hid, r""''' ' J<r<>"'ian ~f "" 'n~;'[loc n,n ,,,,:[1 
<>; li"'J,' ,I~' nt~:"; "" faa 
/kk',' ,f'{J'''' ",w',ooo, b.l- d,', 'r"", ,','~ "',,m," "":f mr 1"' "'''''''' ,,, 'I""'! 

ii ".w,,' ,l-;"'in~" ,~:) ,'''''''c'''~ 
(lbalV'" IT,d ,-hth,d,anioe .I!~" 

aqutou, d.,,"~,< '" b< u...J "h"~ ",I<~"['; 
h~,~ r'~"" "~[~ "',n 'h~ ort, ~ff"",'i,', 
,I,",.",,;. I\~'I 

.~"~'1'j'i""i,d!,'j"'.i"~"'""[.''''':---:-:-- :~i",-",",t;.-"",!! '_"_'"3' .e"""'cccc-'c~=:;:=::;:::=::::::::~==;::::::::::::-:-:-::::::-::::-:::::::::::::::::::l 
1-17 f P", 1<llt; , p","o", • ,\I"" ,/<)""W a,d ,,,,,,,'r,,,' f bwh c"oJi,',',-",,, b) ' 1'< 11 tL ~ i"J , :~tN • PfO<t"C~ to.' .',; "d -b.-.l,h o",, 'ar:1 Inati"" '"' 
,,, I'J';OO ",Ji"t1t1 • .,cO P~ 'J:"OI"" (pH, :'"''P''"''''''' eN-.O'"",,,ioo. 101 ",!IS 1 10 jo'''''ll " . "h ~" "11., :," tI,,," "OrLJtg "nd .dJl"'H'~ ",IUli ,," 

d,,,,,i,"h.'\,,'" ,h0uld b< rep!,[l:,h ,j c'< ',\1.,,, 111" , 1 '''",~I~.Lr_'Jt'' . h ~t)' I I~': 

• 

• 
• 

• 

• 

~~oll :d b< r,m0,',d • 
~,""'t "10<""""in'lIl0<l A '01'J'ioo by !!LaJkwg weaS 1;", 1.1 bo /,'!I'.<,( 

",II , I:l<." 'w", I~ Ii," " CcHQ,,,'n :110'" 
11(>. '" b,,,,.,,"s ,h-ould"" "P' clt'a" '1nd f,ee of con"",i":~rng O:'tW'!1 • 
L' \i tl~ p,,",,- ",;",j,', ',ml doth bop ''''Ll."d .noj;:, i " "I,<tr"rl.""~ Tg 
pH"nl ", ""~\lbl, imp"mie< I'm!); 'n"'rin~ tl" both 
L'w d,·,'.",i..d--'_"-"i",,..-i "0"" i""c--oj " f '"P ""'" f,,' ;n",oup ""d ... 
<ir,!, ",,,1<1, '" th' h .. d '.1'.,« < ,,"l",nm.~" (ukiul1', "'4~""'''r:1. 
~hl~ ... n., <lI:hoo.:,,) '~n' ,,.du«-- ,i~", """_"' Om",nc). 1Il, • .,.f ... · "'~' 
d"~,vul f,,"''''''~ HI ,""ld'''I' 'C' '~"il,".,,, '"."r.,nHI"J~c ,,,1""'0 
\1,.,;).q.",,,,' "l/,',"w" ,'5, aO! "~Ll.;'_on pr,v~r;' C{'r;"n"n~"'~ !oUch ~ 0,1 
rJUJU Iho ''''''1'''''«'< "nd ca. bon d:"",d< 

I • F ... """I,,,,, pl""'M rul~- hfo ,'" b< oo".;dc";;abJ) ¢<t~r<kJ 11'1' t,) I 
_______________ -'",,~r,,:~' b> .;id.'i<'~ n: r"i!.,';"~ """", •• om '" h'1'.,>CI;.,.<:ph:t,' 

Iii,," .r1 g. , ,,, ,"II~ 

r ,act." s H"d ' h"uk! 
'~ .. r_dard ''f''',.t "'~ p'.cl'" 
\ 1<l1",d,; " lid t,d"'i"u,, 
","iOl'-"" '''' "" l)pi<.II' 
".:I\IIc-

op, ... "ng 
e«"id<"d 

• 
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~ 1",. ",p;",,_ •• .,ru "'/v--"ICn/ .",i"'~"_".:", "'ch""I'>r"~' "",.1""" J .' ~ 
,,,,.1, nf n"1Il: ,0,1_ of ch,'1Illclk MIn!!)' ;m'; "nlmnl.1"",,5o" _,",I • 
Ill"'" .. "n~.r.t ~c'ironm,."lal "'{""""mt, "bob m"''' lb31 '0);,,10<>0 
Il..l,n'tr.anc< i. :",,,,,_rng a ~re"., priorl~ 

~'"'.Cf' "'"'m;;om'~"' .. '"",',',',',--+ . . - -
J ,;";1I"MI 10 n;r.""~ '~'r""-"'J <olid' fj-om 'al~lion' F,'«r ~d:..> .. ~ I • 
><,kl.·~''; .K<n'~;"~ lu "'I~",i,,~l r ... ~"[' 01 -""L~ hM'~ ou,nQt<>r. !,,' 
I~o<e!! "",._,>. but c . ..,;", u",J t", ",,'" b"Ir., 

n~_nlcn ...... ' I~<lt.n.~' 

1>1: '~!'"",o~J"''','''II\'' 
lllai,M""n,,' .",~I",d, 

I , 

• 

• 

• 

• 

t,;,-,,",,,, h.·"',~~'" '~11 c~rban "":01("_1."., r,'t ""nu,in! "'~"" .. 
'OI".lU"i"""b P'''''''-' .I' ~ <",ul'_ of oil inlrJJu<[LO" <It ,ho "xc"'duwn .-t 
-.".'.h ",'""'\~O"" ("w"- .00r_nw~l, ~,eJ [,",< "i. C'J. J.r .• nd C1 r:,'lon~1 
EI~<"'''''s'' (:f!:m""'i"~i wh,,~ m<'{al:ic wto!,,,,'n.,,a aft t":,~ rl.<.t: I' 
<,ut u!:n~ 1m, Cct""t :i'",,,,: (f~' (:J . Zn. r< Of Ph) or o",\ilt~ ~Iil\~ 
:,,~:, "u"," d,r.w:· m.t~~J ' I to, <)\,dj'm~ (." t~ (.. '" t:,romIC l" d I 
hot:'I\ , . 
eM!>""'''''1''''-';'''): (or G, " . I:',.,i0n 1 te'r <."'''",'0 o.r'""n ... h", I cI.,,~ I 
:n ,)'a r"l~' rl""':g b.th, 
i',·""pJlJ'r',,, ,'mllme'" (",,,,,,, "" cr. tr.,Tment It, 'ra ro tM~ Or pNe!!S 
t"n,\ ~,.~ :"r pu[.";,.",, ":an;l, OJ::, '>. '''''''",« "111,,, ~'Ct ' r : Tl~lon 
" " ,,,;,,,1 n:,~c CoUH. <"d;'Jill ,10",1"":' . "I"",,, ! ulr: .. T,· ,~c I 
d,~ ~r.J, or. ", 11 '"" ".0110 be ~,,-cipi"'ld 

• l/r,;;,r:ii;(JI.'·,'" ,'prli<·; to .gu""-,, "nJ ,,,,,i-aq"'o,,, ~'~ I !~,;q; b.lll·, ! • 
r", ~h. rel"",,1 0: '1l\'J I ,i~. ,' oil ,tl,' ,,, .. ,, . .,110 "pp:,eJoI~ '0 ct,! 
"",'."s or ,blnln', ",~ulion drao-",." from ,im .• ",t.". 

• 10M "T,~,,,,;:" '0' I""tlp rnotal rom",',;. rn'Ir"~ "",J fo, 1;,. Wn,··, al of 
l.(;Im~ ,neld <01'0"' :ro," h.,·:; d.-"",'""'. ~"",.t,~ ,:"omi"". 
c~~'r.," ",- :J ",,",h,.,. ""~ , h,,'nl'" ."d <»I~"" ''''r ,,'I.l;~'" i"nco I • 
ct ... "",",< i. an .n."" ~ 

• 

L 

leoJ ''''1'''';;) 0, , .. ..,'J.('or. rr"""" 10 ,..n,,,~ ,IMOhoJ rV.el~. 

""" .. ";",,,.1> from :;,IUI~ to ,no.kmte;J· wr.<~w",o~ .. i~ .011l1,<".s sud. I 
0$ H,<;(), an"Ji'.ftZ ruth,.m:; Hel pi'k.~"£. b~lb (,-'" «m:cr u'lll ok ,J • 

us.'~' h> >pr:'" JI'}.6<;°o) _~. 

10 "ld'''~n ,,, ~,., .... ;ln~ ' ... .-,,:, li~«. lhe 

a~~J~e op"aI:n~ . :f:,,""c~ .n~ 
dft''''"o,'' of. proc .... ",IoUOJI " 
'",rrp .... t. 'h.'.:' .... ''''rrrm''',~ rroouclioD 
,~,.·I ",'J f.~;.h :pi. ht< _ .~=c= 
h •• "",,,, '" e_. hOI' h 1r.."",,,.1 n-.• ~ be' 
r''"''''.od in ''''e r'<'(~" I.<.~l ~ul L~" 
"'qu."·· do"n!. ... ", ("onl-"""'~' ""~Irn"'" I 
"",~ .. l) rcrl<>nr.ed " •• ';~~-L'ft, ... ~! I~.e I 
,.',IUlIn" " '0:".,,,,"..;:1 .. , d," proces< taol I 
l.,,~u .. h. CUe, 
hl'ka;J~ 10 .... 
'n'pl""'~ill.d 
l'-'~hac~ 

,,,,,.Ill i .. "" t:,~, ~"" he' 
""i" .• ,.L''''~;y ,~.ort 

R'·ri'l<. I". fH" ,,,,,E,, £",,,,,", " ,,,:;;1 
""I> 11.0, ."Ioh to opor"""g """. ,"ou:;!l 
i<'Il1/ n:t!'<s US~ "<:" n,",:~ dnd """abl, 
bITellll.d ,ent 

_._.-
Ad, .'nCe; n,.tl>o", r;;',,-,- t 'qllir< s i ~tl ih'n! 

d"I1£'" il\ rt't.'COSI " .... ~r •. ol"''''i''"' '''" 
d'.I~·s:" ( •. ~ cbn~in~ 10 .n , I:<"".li " 
cl~Jne' "I ~,Jc' to .mpl",,,nl 
, Ille ,on III ,,1 ''''') 

l",.ono'''&''-S "'~ ~".~,alh "'Iu'pmon'. 
r"'L.~n 11>., b,o " m,~hal , 10 h'~h 
,~pi1J: cO>' 3",1 r.,b",~ 1"'"nJ, 0' 'I 
>~., 

'\M'lic.o1oon I.n.i:oJ ~'" 'oo~< rlalonj' 
~'''<~'' t ... h~!0li." """h;!\.:>h"r., (~~ 
m;;:,nf:.lral;n, .• h~u;J nol t>!' u",d ;UI' 
forp""' ~h:",'n'l:n.J. 
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. ::\~(:~;~'" '~'1h.<J< .nd l~h'T Ir>lnp me'ell. ",nn mn") ~..-J ,oJ II 

t"""ow,! t;"~mc rl .. m~ 1:>io1~ ... <os ".n '" Cb,OOl;, a,:d ..,oJ"_,,o. and '~Jo»rw 
'" oJ ,'Itt. kltt" 

.i8"ir. ... n: w"''' 
r,~C"I,on;N~ as pOIi'"ion J'I"",<fIilOft 

"'<"1ho,h~ 

• 

1 • 

\l,; .. I_,.;,~ ~I."'''>h m .,I<~ fa "Min""""'"" of ,t"""", add <ol~:"'r.. • 
II "'» b<- "Fph<>.l [0 """-",lion""", 'DI~,ion'. ,nd~dini l',,,,,, 
f~nnu ,IN ""h H;~O. ",J N..oH P"b1"'" ('J"";"" J' In In,,,, 
,o",o"\'."'or. 0: rr .• la[" )mrufln., ",:",;. <Dml:-I~< ",ib tbt tel.! and • 
I~ '<ll\ ",,,.1,,,1,, 

D1fo~''''' ';,alu.' i •• n ior. .~'ha.~~: In.mhane 'ftbr.o~) Iha, 
''''''r<d.c' ",It. acid ""J'Ilon ~, a purir.ca"~n mdhod for ,. ,J_ Ihal ha"t 
to:"",. conl.mlnored "If" m, 'a" • 

M""'~r~n, d" ... ",I"" I> '"r''''' ml"~,,~~ 
I/lJ ."" h ... ,t: r.lfk~r.1 ~r"rd""~ :",J 

mu"l~n''''« I-"'o~!=' 

HCi ''''"'"''''. ,'..,:.~nl'~ 7-" . nJ p~ <hnuld 
no< N- ruc.fi.c: "'IP, "",.! ""l'Mn .' the 
r.ll'lal, fotr.l • $h\In: c~lo"Ge eomr'~' 

,.t.lc~ "h,h,' ,be n."$in' 
• l'rI;_hl,.,Cn. " ~",al" n<, ... kd 10 r'~'"r.' 

fQUh,,~ "t ,wns'm,mt>:.p .. (~=r.'mlln~ 
filltH\"I~I.'! "a>l~!, 

(;. ~u~ltI," iC I ;<n'iT~,,",.,.-t-------------------------------t--------------------j 
r c('r.oIOJI~< 

" P",Juct ILilJifIC3"~~ 
Chon!!.! 

Cl 
Ut"nin~ mc,-" ,,,I .h,'n1i,al 
iubl,!p!~r 

• \I.,i;,l-,. <J ,;:;;-'<.1, .... ~~ "" CO~lpo;ih';;;-0;-m, -o[lh . ,,,i~n)(-!~_11. Of • 
.:I~ " ",d ,.:" ", <lI"~" 10 ,,~"ce ~ .. 1o ['0".1 ,".",u(,,,iU,~. \ , ~. af 
ul~"",,, ~"ro, , ! of 'h' 1,,·OC.uct •. E',,~ 1'1 .. for mOl.' fin, ," ' O~ ,0' Iud. • 

R" i." .. /t.,'.~" or ~,c-i,,,, 1'''''' ,,, "d,,,,,, .Ira.~.~J,,· (,.~. tJ-:II"g 
Jr.!; " hole' '" ''''liml' ~ 0'-\'e;",",,1 
Cur. q.,,'. ,",1. 'I~c'" "ljueanor. r", FOT' Hlo-Oi "",,,0,, I< ;!.I'~". • 
(."I.'".,;:".'f "''''",.,''/ of WIl.Ilr"''"''nn e.g ,'''''11 ""I~ >1 •• 1 , OC1>lIl](lI"" 
'.0 ".,nle·" ,kd (or.".",oioo ma~ <li"'o",)I< .1I '~'Li ,llLtlg >I,,!-'> :0" 

---_ .. _- ._ ..... __ . __ .-
(" 1"'" \(>Ol'l' ,nn"'.,·("".", r.,itt" ~ 
~bl . :o .'pl",' r'odu,' d1.,,'I'J" 
rill' ,.J usc t:,,· .i"~· '~"r' ":,,,:, ,,,,,-II,) 
h", IHll " 0' n(' ,,,,,"rul "'"' 1:1" J"igr. "f 
lJ\! N:1 1 1 1 \C~ 1"'0..." 
r'a~\,,: ch""g" meghl " •• d 10 t. 
! "~Ii,",. ,j '" :e,m. of ",,tol"" p,er",,,c< 

~~ ,·r. I""~JC". _. __ . _____ __ .. __ .. _ ~""cc"="cI-o--,-""O"-,,,,,;-,,-,,,,,,,,-;-O";-,,, 
• l,' ,'0-""\/" oi/., ,,'m.f"!'''~·'·''"' ma..1,in,· /"~.,,,·. illl '· "hi 'o ~ '! II I~'I'I ~ • ( ~"" f<l "",,,I, to .: imi",:. "" of I' 

10 ,,,0'" I, 01" cb"ir.~ <ol '.I'.;otl<. o~ lor "" .. c+ 3"" . el:' 
• S.Jt--'.,iu" <rO'-"""J. '""''_'''/''''0''' ,'"an", "' al"matl'·, roc·!,,· • SI.tH>'\L! n or. ; !" .. . :I) '0","' .. ';011" 1 

".:,·,n)< '''' ">':'<1" "",re:"in¥ ~'ad~bl~ ~n~ r»,tic", 
• 8". ,,"",.v,"'I, .... ,! .. 1~"""r3 '0 rep"'" a,"""u, .-In""" ao.! 11~ n .. -.) 'U' • f u, '>«i~I>I.'· ~"II",,\iH'" :)-, ' r:l:1' n" " : 

0,1 ~1I,,1io:,.mo<1 "rF',cat-.1e ir. )ill~e_ <,"I< ~.h.m"m~ or"3'i •• ~'1 '" l-< abk Iv wi,b'.nJ lhe '.~\li" ci ' 
• .'1><"'';'; ~i",..""n·~.'. 1Cmr<'T~lur" .. n~ 1""""""" bm r.o 

v.t~um f",,"'" J .. oiiiog :0 "'1"'''''''' 011. (·0'" P"<U so: "Ph VI' .v<n 'q".Olll ,0:l>1io", ill< 
L",", -'I~h,i"n" '~Ol' I"J I= of t,i~b ~.k I'm.' h'O- f4d':1"00'I10 " •• J.t. 
'iIf'''''''o '" flDm P"'" (Iocah .. d t: •• r ": in ."",1I4It.>< P."·1~:t' • I~. 'rtCI.II:, "Il!"""'<"< art "'eol""< 
1', ... ",,,rJ """ ",,," ph"'''.':~ Ie:T1DH 'b~ c""';."'~""l , .. rLmna il"J ~f'ltnll) .:,11 b._n~ ",iintJ fOI gro ..... 1 
dutlm~ "-), .. ,,, .V' !< ~.,rl,ical1~· {~~C~ __ .L_-",=".,.,."<,,,I U" (:0" ~p"'iIlin~ «lob I 
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l"hi'U'U:'~~ 

• 

• 

;;;;C:!'''"~-~. "!" ,... 
\,"~_ "",,,i.. ",b.lIM .. fOT c)'"nJllr-Md .1, ... """lo:m~ • 

S"bo1~,~~ In" ,., :mide """«n".'''~' ~ .. h r,,, hi~h ,}.nul. 
Q;!I".n"a:'~n h.,.~ • Ik." p;·,opho'''''.l".~ "'" zl,~",,,um nll",k ".,1:'<1':"1'" /<If \'If,'>$-
cY:II"Jr pl.,..,. • 
L.I\(; .-hl~"J~. =~ ... ~lp~..lI~. OJ £.,c al""hlK ~l .. 'n" :('1 <trl.>c:c z;r.< 
Cl"",,1r 
10 .. ~I"," n:L"J~ "0,1"" Lu .ul,h.l~ .il.;",: "')"'<"i.1Jd­
cnppcr ","h "urn~ In~' lllg, rH ~Ic~d in, lu ,l"lc (Ill 21/1, 
C~,I,1 ,ulphllo. n, ~.Jl:adlum ,,, r~"I •• -e ~"Ij.c •• a;J~ 
~11,.r ,"';,,1 •. "h '"' 3m""'~lUm ~""h""""""i<k ,:~l .... ,'mc:u 
0\".1 '_' .-hl(!<ld, '" r~rl .... .: Clan;.J.· u" 

·\1' ...... 10"" I,' _ .. ~/ot, .. "." ~k,,;rorl.ton~ 
1-' ... "ne, cnhl, ·,,", ~!l.i L,oc -,,,,n" ''1'1",,, ~"' .. ,,'.,," on '.In:.nJ 
"".,.1 .... :" 
l 0'" ,'M", •• ,~. c,''''''O\'';;~n ~",\ ', f~, h,~h ""bll"'1\ c""ocnt'l'W" 
h.., '1! 

AMm,!,,'", to H<·.,,,,'al~," ('1".,,,,,,','.'." 
fri"I<L" Chf~"\l', "n 'hl"'-id,:"LI~"",, fo' on",:,n\ ,h'"n"" ," ,n 
,;'O",..li,·. l'l"ti"~ '"HI L~"" "'''0" 'o .. m~' 
S'A>$l it'.lt. ni'k.l-t"n~",n .lio) ,n(1 , ili ,,,n ,~,biJc. , ... """,,,,1.'" 
:--: i fN" ~,""d chr01~ i, "'-.. 
Chi """.fro< '·db;i:'.II ' f,:,,- "",\',I , n' ,,,,,, me "'"'. c" i, ,,, c"mlng 
1\1 ,,..,,, ,,, ... ,h'ol~ '\lm (!"i" ~ "L" b, "-~I",C(I 'Lllh "'';"'''' 
''''''"g, \ T"',nl) 
~ "I;:I1",,, ocid ",,,I h'dmgm 1"''''';0' " ,ub.·. II"I '1 lu' C~tr" 'lil" 
."d ,n hri.hL ~"I.IJn~ 
~c l~h"" ( B",ic .'cd -""",j,, ,"g (SBAA, as J d:re<'1 .. tp ll ~eL~el\l 

"" <~~',·,nIL()""1 <"',)]ni, ,,',J .""J',in! 

• 

• 

• 

• 

• 

• 

• ."I;c ~\..\1 "" ", .. , ,,'ki P,""'M 

• 

• 
• 

\ .11to .... '" ~it. ~'~IIl. for ,I,,,,,,,,,li'. ,- 'prli, .·.i,,"', 
ra1bd,'jnl as ",!.>sliMe fOJ Ni '" .n intc,,,,«b .. I~) C' 

Su"";'l~'" 3bm,n,~rn "".~ ",'.n.r fo, ~ "",,·~.·k 1" ,..01." n,,!S Or I 
1l'< .. 1 ,n " .... ~" .! ... 0' .... ch all' ''' <uto.lb".d for • ~",,-,tJmr tl<h 
(',;t.-"" 1"'- ~.d,1!'· 0; .1:,'!P..>I;,' 10 ~I,,<"-,,,,Ie_. Cu in PCB man-..f.><lu,,· 
l ,e ~Ior.-,-, .. I.Jl;",! ,o!n,oond> I" lIol"o'e perfo:mJn:o of ", ... ~I 

" I#ffil6@tIfII~ .. ,"*@ 
C~.n~"' ,pot.l,' 10 <.lnUn"',- C)""i.ie, 
c:ulm;u'n .",d ch'<'l'!",Jln 
~"b>U~I'" ""'~ M' h. c","mer<i.l1} 
.""l>t>J~ .n som- ,,,,,nit,", 
~b~ 1-"[" ""- I""tMm }~I "<':lIe anorhe, 
to> "SUIM~ '" J k" .. , quain, r"",~ n, i 
n .... "~~ "c_' h<al,!.. ,",'en ,~ 
,'n' ~'~"nc:tW <,""bkm' 'e ~ liIL""i~r. 'n 
",c"" ~.II. 1,,-" I~'nhc< lil,", <ieln.~' 
".~I<I,,,,,,<~:, ,I"I"'~I ~nJ a",n .. na.,~) 
,I., ,k" ... ,,« «q"",C l.eA 'n "~Jccli"'l~ 
,Jwd) a;tJ <, ,i",'< 'u ... ·J:u,." 
(:g~ter ,h,-m:.;~i .~",(".(> n"~ be !'Cq"""J 
1,-' N:~ 
I':~J"« qulll.:,',~ pr,,,]u,,,,,,, "' .. ~ m"" b< 
.n,'<Ie,i 

C Q., "".' 'n"'~"<~' doc,,",, 
-r., .. " " ,,~""{, u\\i,",,,,1 ,ubstit'l'. fo, 
,"d~"ul~ rl.·,"~ <"". n.l} .... ii,bl , 
)" IL":I,," r,,, f,i,,,,- inc l'.Jd" ".Jit""'" 
"""'p l.n,,'. q"d1't~ <'1 lini'h, .lLJ h;~h" 
,,,,,I 
~'''n'' '"I';: ' ""~rlct< l, , Ie''''n.t , 
c"Jt~ ""n ,~ ,h,OO", lI'" p l aLin~ '.\,1:1"'.1: 
O"':~ I';i". I" I1"J ,""kltLJ'" ; 

I ~ rlu ru n,. ~ .n"'ally ,,, IOld 10 ' 

,hlr~. """ 'd M I~ t ,,,,11 i":! 

•• 
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"'""ull,m PU" 
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C" '"""""1""" i"""! ""J" ":I ~!-.J 
-' ''''' "'"I'" I., I"I!''' 'I .... "'.IIll 

·'''I'~"l'"'\' 1"""""l"0' "ill.,".d,'p\,'? 
I " ","" "lll .i, "_, L.L S. 1 ~u I OU II' l l 

" ':[''1'lr,? 
puc ;l'I'-'.t ''''p ."J ",0."1 ,,,, ", pOl., ... I\J 

's",,, "'I'. J"~'l"e., 1"'11 
",~"."!Jd" ,;l~I"U,)'.,·'~t··-I ·:I'I1i',""/. 

~"",l):eJ"ue"J 
"uo~'''' OfJ' p'I",,,lw,,- in'l ,,"" ~,~ 

. ""'~l 4"""'f.lC <~P:OTJ;>.JJ lOr..)." ·;1"' ... ;01,) 
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• 
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• 

-

• 

~~,,,,d ul "~I.Jx u, '';'''1'<'' ,"""AU P~'I.;I..h.'L"'I~1 ~"'""~I,Jo'·"t 
~U''''1",,",1.>:".p 

PJ >""1..10, <0; ~r,b'IT~>'>: ~U""IJ ,,~ .-b:,n j'>11JJ\: "";,r. 1':"rI'L Or,!)' 
.;~' '~I;I."""I" >r'''''''''''''! ."'1:1>. oJ! "."," " ~J~ ~. ~""''''''''''''''11 

U.J.",J""'-'''' '''"I r~c (] \) ,.""",,:1 
,\,~ \1.\ 1 ;0."""':'''' ~"".,J -:i"':II'IJ at" '~""U",i' '."f"!'''' (l \J 
l>"l~r'l ,~.,.~" ... 1,,!, ,VI' ",up i'".J. '''l''''''~' ~u",.,,~ "'I' "' \~-tii 
~'I' ,I"~'I ,~,,,,::- l"uu"{1 ·': a .\.) ' ~" ,,"'I1"p '.-"',~, ."'.'H"''1' 1'1 

,>U""ld -"{''''~'( ""'.-"'''J '''"!"'' c, o\' '''.) J" ':(1 

'8~ "~ ,1,'1 '1':) ""I~" ""' 1\' J" (lAI ' ~'''I ~ "!w . .1<,-".,~" -001 P" 
"·":~;~""P'~ ' "', '1"'''" (I, ' '' '"lU,,,," " , " 0 ;\ ""I .( ~'~I'i'''I-' '''tl ) 
'ul (~II~ ,1;"J:n< '-""'1 r'" ';h' ,'-"'oJop \IC'." ~'"'' P'''' ~ '"""n,1, 
' LJ ''' '' ' ''''~ I ~ lI :! ",,' ~ lJ:;"IJ ," ,,, ·'>I'''I'UI ell" ·,l1 . lul""lU'"' tUHIJ 
01 ').C~'" ' ! ,.,.'Cd",,,.\·. " _I' 1,U.\ci) '-";··'o'.lf,"·.j"P "':"·d,", .'".'1.\";','"" ' I 

101.,,)"," 

r!,<1," IV.I,',! '" "",,.I ' '''"'.U ·\W')'"'.1 1""UI"4' 'UOl!t,"'i'""_' ';''''·'4' 
l'~l'> """.,.,, ~ ", '1":""'''''' '''''''rucoo ''''''',,-,,0.;,1 ",j,''''''''''-''I' .,,'I''-.!''I 

I' II;; ·J""~ I J.', " UllO' IJ JJ PJl'" " ,"-"-';;) OJ" ",,,,",j '" -'.:r (,'J! "' :' 

)"\).' 1,' -, ( (",\ H: 1'";1' ('0 iIL"'I. ,\ ~;i, [[1 "'.p~o, 'O'l'r" ,c" .) 
,,' u~~n'" """'1 "JI II ",re """4.1. Ul'.J p,,,,1.'.>J 

'1\ ~)L" "" .• , ,,,,OJ; """",,,, ,'''-I 'l,do.,,1 4' 'I~ '''".'J), _"",d .:.",,: •. \ 
~~'4 • '4 p,.:"",",, po, ,u"ll " ~, P'U;;" '! l:V",>J ''" ,>"" T," 
I""~ V '~.,.,J ""-" "4' r"": P ...... ~'J '·U I'.-.JJ •. , j;) ~, ,"",i» ~"" .... " 
1.1~"J ;S""'P , \",0-1',>;,1 1<'1' ,Q'.)jJ .0;> , " .... ~ ... C"''1.M 1 ';<'-'J:> ,"" '''I; 

---- ·'1~'.'1~' j" '<0 .'~, ~-;~jJ.''-~6 
I'or. f,;,dd:~, ,""d. ','r".x] '-'I I"":~w t~l JJIl<J P'!I""""" " ,.' " "-' "oj 

'!~'p1"~"J>o."~ 'l'."J', 
.'Ie "".'1> (, ~""Il D' P"''' lU~~'-'VI~ ''II P~< "~J'" ;;;"-~~"I' ';r"'Jl"~II 
i~'<n "J_'I"S liu" .... ,p mp u,d", u<' ;".'~=" ··u."Jd 'wo. .. ,b,' 

oj"!",,!' 
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• 

-
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'U~'I'''i '~I~'" <"'~ ~~""-V W<~ J~ ..... ~. wq "JI""""''':~'II • 
\ 'u:ddlJl<lu,.d JO r~.'1'U' 'u",,'-" ~u./'>.[~ ~ Jj $"J''''''I~' 
I ."'~I ~""I'_" ~, :iull,m4 }m][,q ·ihlll'.IQ ,0 S~I'N"'_'" 

"'" "~".~, 'D,J,,, « ~-m' • 

,:,,, .... -..',J ~"I"'.u~II'" : C) 

'P~4"'l-\ 
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.s,'~""~.,,~ ~ll.rd<'L' IT",,, nUIl-:, • ....-;lJ.> 1.4"ij, -"ru"",."',c,,''-,',-.c,. Itt')" 1.,,_,"---"'_'" r~'ou'c.--"-=--'-,~-
<hIOlln .. od ,ol'tn! /r.,m "oo-. hl{'rll",l.-d "",hent. .nd " .. I. >U,~,,> I~'~"'·:O~.~! 'n""" ".<1~ '''~'~l' i 
" IIloLllI";: ",.'" rra~l. ",~al, rHa· 'hQo«' ''')1ll;l'n:nt .. ~d"""t _gen'> ;~rt~., ,On I 
",,~tl 'JI.L-m.. "'1"'''''' from <: on.& and ..-n"'Qn~lm ,<,lUI ,om, ,~" ko1 • 1 ~i, ~ ,. ~","1) IDI]""" -il. o:1Iro.,e 
<I.cla·", unh iii • ..., n,""'.n! J'fc<:pilal.,," 0: th~ cic;;el \ er:- da,:,,"1 ''''''",,'''' oW"enty .-".Jt"",,,, f!{':T. ~,<h.m~L-n 'nj w,:" j" ohl\.~".~m ()"nrJt < ... t~'n 

~, ______ -,-7_','1~:;;,~;"''''dl':'~~d ,~. <,lfUl:lill~_ r1:''''~'~'~'"~"'''1-,ru''~':::---'C;:;-'':::'---:;;,'-7-
• .I!,i":,!,-·~,, TIllS" ,,,,1<"' ,,~..,ft ~Q;""'-""r';ld 11ft'. ~.,l., I""" '-"" • 

r''''C!' Ina) h 'hcr"1 f,·, ~"oth~r ,,~"" r'''''''''' (~g ."d d"d1o:nt :on« 
l'to 5~b'~~ ... "· ".,,~ ", .. ~,i~1 "ilt ".. 
:u-,hu ('."·n," ... d, h~t '" a :<)w~r 

,o:ur,l~ Ib,1n ,f ~j,j",Q"'- n'~t"f:'1 " •• 
R~uS~"!)!' eu ..... ' ,n' 
(I"'"C" ," rho,,! r'l(~ 
!!L!!"~n! 

~IlJ 'h",*. II~el. 1 'C,"".'>: 
'O pe n- ,,, cl('.".-;). h)('J' I 

L __ 

I ' 

• 

• 

• 

"<I,, cnl.cnl .... I>c ~ .. J ., to!],"'", t" .~ alhr.,. ron ... · ,~ .. ,,"' u· u,,; 
'h" '''TOe ,ins.: ':-ad, [(:, ,i,,~ F'1> ;.f-" bmlt and .'oJ .Ihhn~ ~ .. h, « 
""J nn,,:, "" cr ,,<;cj [," p:l .d;,,"m~" - '" c:"""""" ~c"(.n 
'-C""'CIU 'nJ ,I~."n' no·" "'" I>c ,,\Cd r,·,. pI( >J:.,'"n,·o, " • 
pr'''I'''',:,.n ,,,ok, 
I" .Ome , .. " '''or> .'fo "_t'l~ ". '-e",," -'.""'" ,o!;,!, n~f","" k" Ctll'.-.,' 
"I'r/"w'e'; I.'~, 'pn t .c:J lJ ,,--J i,'(' "'i!,!,in~, '1-''' 0\ ~h."1 flom ~ 
I",,"i{'~ c l <,.n il1 ~ "r"'-,-,:;un "" ,Icon.,. fu, o[le,hrr 1', -:"'. 1; '~" d("s 
no, ",q l. '-" hi ~h ro" ,-i', ,(,h'nLi ",' ,,;' ~ ;,'-,',fi,''''"' " e,,~,'''' I ',J !I~ IIT 

."oJ r", J-f' .Ji'd"~lL'n'J 

;''''''''0,1 ",,,'1.' ,,,,1.-,, ca f] PO'<01i, III' be "'''Jei", h.,.- ,', ro '''',' "".,. .. ,1 t- ~ 
r"';:"',I'"'' ".,ch " r:,,,i "~, ,l , ,-":"~, ri,,:in", Lon:" ,,.- f,,, Jk,'< d •• nln. 
l ,,' n ""''''''-,0'''-°-",111:, I rr. c:pit"in" 1 I.""c',d ,,"'er ,an '"" ",,,.d ," n"o­
d"tll', I ; Ir " -'"" i',-," ,eed "'"' liilGed 'x l'(>,e ",",,1 • 
\l ,~. "","'. """",'co,;, ntto~",,; 't:' J"t:.du" " " .. t1~1~ qL~:,T\ "I'I 
"" ... 1,..- ",,,,, ""','" ~ "eod" n-." :n""I"." lI]e ",,,.,f m,",' .';,.1,,,,,.1 
,~ . .". ... '" ""',I",,,!o,'''' In m'n\ co,,:; ti'",:, 'ne 'I"""" "rJ'I:.&l:,,,' ,,: • 
<","" " ti ••• ,.jnton',,", I<ch."k-<;:., ~, I, •• t:,-,-·n, ,nJ """,'Ie 
t,.q,"(':o~i,.,. (elton 'nc dilk .. ,,,,, ,):\'\''"''" ,~"',"U"U' '" '''>1:11 

."' 

L'.:." ~ ntio n" 1 ti,'ot"",,, )'1'00." ~C I1 "-' T" 
e tn,' ~n' thl'.' h :~r. i" d:wol' d ,o li&; th't 
" • L ~('nt"m "] <1t~ I ',i~"" ,,, ", P">( '" co ok' 
~",o,",', ",hl\~:('~ ie' ",,,II, in ,jJ i,;(,",1 

"" ' " ""h .' II"' '' (' I,.", me:r,h,-.n"" 
<:>t~odt<, ,.,'f\1, ,,,d "~.,,.,-"": ,",""e" 
V'H,le r!c~\e!) l.d.",.I";;i,, mo' p"'\" 
," h • .,I! fe",,~I. r,,, th,'~, ".,1, , t"3"" 
,h,,, .'f<' '·'r"".j-.e ,,, d"I"'''' IIr 'nd hi,,,' 

~l'rh,""u"l. _ _ __________ ---'h·.~~ f<,:I.«,:n~~~,t _._. -----.J 
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,·"tlCen~"M lh' P"''''' ,,,h"ioJ1 S~'Ot" "om ",""c'o" _, ",ndcn,"~ 
"nO ,.'lIs,'j h, rmm.g C"" b,,' :'C','c,md al Ie·" tem",,,,IL:rc 'JnJ" 
VaCLIlml, ',' hoC'll "~,oj II prOW'ltl c1c-:!r "d,inl ,,]" xJ"" s ban,pies ir,cluJe 
J",~-"ut """CT, el' f"H '.\0'" Irm' hd ,'k,JIj,,,,nl ho'_Il', omOlen' • 
nd., "C'J1\, "nJ '''''': <_"n,~' bill' Ak ;.1>"" to C'"""",,,I', _i"'JiJ 
f"'''' , '., os!"' rr;c:<":o ':C'lliIL! .,1: ·<ito f·or "'"'-'M nl,' ~i'po',l • 
io;; " ... c'-',,".'" '." K'" dlc'",ie,1 ,olu,ion is r"ssd ::lrocgh c ;cr;" 0' 
r.s;" '""J, rh': >elect!,'_'I . "mc," ,'C',-'"'' ,ne] "ollie", Th "",.> "od • 
ani em C['O ",o'cered h- r"g""c""''''~ tl,e '''''IS ',C.o,_ '0' rcc '" "'-,, 'ct 

r' "tin~ d e,·;'"l, hel" ,'n·,\' "'.c, r'-"lt'''tioJl "f i"in:; ",1"[-:0"', ""'; 
",m'-"!,,, ",,:n:c'm,> 
L:'eu,,,n',",,;i"g .'.'<'ore','\I.": ."""c,.e,:" ",h . ", a "'hod , ,n,1 '" """,1. "e 
1'''''0 in th< 'inse ",illt;o" "_"' , d"cini,,~" ",I:d fr, ,,. I:',o d' pmi' ,'n 
,h . ,otl,,"' . , to" ccn be ,'o,l"ime,1 ,'r ''' ' 0 ,,' c;n ",,-,de '" m 
• Iw, ('phtino, "",'( 1,"" '1'1'1 ie,1 t', r. c'" . ' ,I:e ,~"',,I I ic ,',,"er" "f ,i "SO 
"a'or ,,:G "f'I"_'1'- I"'CC'" ",.I" prim t" b,il tr',atll1''' '' in '_be '.':a,'_",'o:" 
'_,."Hme'" "',,,,,-, T:, pic''':_" c>,J t', r,,,,',,,, 11 ',ore "al ',a',+ "oc'al, I'k' 
,iI'.- . r anJ ~e,IG' 
.':{""" """ol)'", '.,here '.,,1,', i' ,:eprcl"J i'r,'11l oi"o:",J ,"'h ,_"i"g 
"iccnHh "pacC(; "0',1 ".pen". hle ,nJ "',"'''' P"""""";" """',",""" 
,\" elewi, eoLe'",_,,1 i' 'pJ-, lreJ "",-"" ,1,0 '''''''", '''0' ,,","'" u>o'"'''' 
pnn';Je :ho d,,, ,'-t ,-" C" .-, g, 'Wi i,,1 1'01 ,e,l'''",,',:h''' o[ or. ' 0<r,,, "c'o 
or,>;J"i'''i ",Iul",.-( and mha'", dUe-oul "o'or', of """""'''- r:'lm 
+rr:,""c:rl. ni,h", ~ ,'Id_ ,il,er, !in "'''' ""c ootr.,) 
,R,'l'<'.""" ,,-"'HOW" 1, ..- , '" etC[ " ,c' ~,,,at<',c' ,,-,,''' drs ," I"J ""'101 ,,,Irs 0:­
fe,"m ~ ,he ",,10' 'hr,~J~h" """"- I"~,,e"bl' 1110,,,,,,ane al lo igl, I"""_rre 

• 

• 

t" r",d lleO • conc cntr,le,1 ,,,"IIi,,,, r,c,",,,,,d , ,, e'("'c," oa'hl ooJ • 
rllrificJ ,,"ccr (re'HJ 'e,' "'-,'0) i ',g, _t " ',10" con ',muO," "cd to ",-"if:,. 
ri"," 'nl'", In,,, ac id '"'\:'j tollISI 

• 1),;""/'."11''''',,'' '.,'Oer. c d'_1:on " lill"Tc.1 :h"'"gh en ,,,,,,,,,' I} !i"e 
"It..- ,,' ""00"" 'o',i,1' , """I,i"n,. CIJ,J I',:g" 'lL:>""ul", ',,'c:ghl c[pr.lC'> 
(,,;, a?l':"J 1':" coge"er,::',o "C aIkJ_il" ,loan."" ,,>olonb, '" pre",'" 
'oa,l" ,oqui,',ng ,on:",,", or p"li, h O!ld 'mLI,irloJ ,,:!,) 

• iJiH,",,',"'; dia,.",,", lin;,',: '''" ii:-9;'! ' 1',': ,,'iJ ,"e""T), ", ilh 6J-'JoJ-, "I 
1.'1elal ,,)nlGn'lUJl" ,"c"l"ec II'" "c:wc'rcd ooi,1 ,r,y "<C'G 

from rinsew"t",. or 
,,'_hoc s,-":lio",, tIL'reb) 'r".ki"~ tr,em 
,_ ,', i Icolc ;','T cell'.:"'" ,,1 0 
RquiT" 'i~l:d;,,'nt on~j"""in~, rlonn:og. 
",J cha, "etc-co',"""n "I' I'r:,,','ss eil" " I>lr) 

C"" >cc h ,hI.' \'0"""/' ,<or advanceJ 
,,,',II',oJ, 
lZ,co" ,,,~ pro,"" ,olwi"n; o.n I", 
"'UrJ"J 10 t,,,:lS "' 1:1.'<0":'- ,",o""d 
me'",I, "" "" '"ol~ or TellDC':: 10 "-'PI,I i",_ 
a",j e:e",."lal fr,C'''', "" oc 'old ',,' a 
re, I"i:'1('r 0' co",cd ::<1 -,i" . , ""ling me!cl 
, 0oJ, ,""'_"J." 
(; ',00,,1 "n~ <I,'<p',ift, r,,',ors Ie t:... 
"""iJecoJ i",llId, "' " Jd'._',JlI"ee, ond 
J'",.1\C',,,lc','", or 11'" , oc O','''Y ,,-,"111. <I'" 
1",.".1 rio"d, ,1"" "" , ,'a'"" C<'tlo<,'!rcClon 
"I 'T"la> in '.I" rln,,,,,I,,_ '-"" ' ''01,, 
"o"-",·.co ,:,,'n '''1"" , ,,,,,,7>, r" , o",,,1 
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C APPEI\'DlCES FOR CHAPTER 3 

C.I nata ~uurce~ fur metal finishing industry statistics from other 
cuuntric~ 

Some quantitative IIlformation regarding industry structure ill lhe US, was oblained 
fTOm lhe 'Profilr of rhe ,Heral f-"il1ishillg lnduslrv' reported by toc Waste Reduction 
InstitUle for Training and Application Research (\VRlTAR. 1995), Additional 
quantitative and qualitative information was obtained irom a repNt entitled 
S"starnah/c {lUflL,rry: promnting Strategic Fm'jronmcmal Protection ill rhe fmlUSlrial 
Scaor: Mcral Finishing {nuustry (US EPA, 1994), Slatislical data on the breakdown 
of the melal finishing industry hy process was not ohtained, however. this is believcd to 
he contained in a n"",' report soon to f>c made availahle on a '\larket Survey of the US 
surface finishing industry carried out ill 199'), 

for the L'.K., a recent statistical report by the Surface Engineering Association (SEA. 
199'J) indicates the total size and general breakdown of the surface finishing induslry. 
The statistical figures, however. include supply houses, consultant organisations. 
printed circllit board manufacturers. as well as both in·I\Ousc and job-shop surface 
iinishers. In addition surface engineering involves more thall Just metalliTllshing and 
also mc!lLdes plastic.. \\ood and c~ramic finishing. The statiSlics are therefore not 
sIwclfic to 111<: m,'tal finishing mdustry, however the mdal fiJ1lshing sector is hy far rI1 

ll-..: majonly. nl<:'refore. an earlier SEA document (SEA & UK DTI. 19')8) comparing 
the UK aqueous surface finishing industry with lhat of Gennany was rcfened to for 
estimates on the numher of both in-house and joh-shop metal lim shers. and these arc 
the figures g,'.en in Table 3.1. The figures on % spht betwe(11 proc.ess types Jrom the 
statistical report (SEA, 1999) are howevn considered representative, and have been 
used, Tnlormation regarding hot dip galvanizmg (not part oi'the SEA) was obtained 
from tl-..: Gah'anizers Association, 

In Ihe lielherlulltis infOlmation regarding lhe structure of the indllslry accordmg to 
numher of shops, was obtained from estimates given hy representatives of the national 
metal finishing associations (dll Mortier, 19')9), These were only eslimates and there 
is no guarantee of the aCCliracy of the figures. Statistics regarding toc structure of the 
industry according 10 contrihlltion or processcs to turnover is available from 
additional literature ohtamed fTOm lhe aS50e,ation (VO'vf, 1998), bur this is not useful 
for companson to the other countries tor whieh similar iniormation is not availahle. 

lnfOlmation for the Dunish metal i1nishing indlLstry was obtained from rough 
estimates in a report puhlished by the Danish EPA in 1997 which included an 
evaluation of cleaner technology programs in the metal finishing industry (Danish 
EPA, 1997), No more accurate mformation could be gatocred from the contacts on the 
European stlldy tour, 

There is vel)' lim'led mfonnation about the proille of toc metal fmishing industry in 
Australia, it has heen stated that the mi(lrmation available for toc US 'is considered to 
be strongly indicative of the mdustTy in Australia' (U'<EP WG, 1998), The same 
source provides a descnption of the industry in the State of Queensland. Though it 
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cannot be said that this description exactly represents the stmclure in Allstraiia as a 
whole, it is the only mfonnalion oblainable and is inchldcd as an indication of the 
slructure. 

<':'2 \Vell-known national organisations and associations relc\'ant to 
the metal finishing industry in some countries 

These arc presented in the table below, together with a brief description of their main 
flinctiOI1S. It was not possible to detenll illc the membership numbers in each case, but 
thlS infoffilation is inc luded, where available. Thereafter additional functions 
applicable to their roles in promoting waste minimisation arc described. 

Tahl~ C2: I\Idul finishing illduSI'1' associations and organisations in SOtlW 
countries 

" 

" '" 7,OC<J 

, , 
%' . , . 
Tntornatwn.1 (CCAI) 

A ",00 
m[urrnoLmn .nd tr.mmg on 

, 1 i,'t!!at 
mrf.cc coatmg techlKllogie,_ 

---,,;:'=~~1 Forme<l , to tile 'ISe or ' '_ .n~ 
comm\lmo.te the:conomlc and CIIvlrol/mcMJai 1,\ 0: 
dectroco>lmg teohnology to m.nut:'[turL". wn'UIDen, and 

I t '\"oci.tion 

, -,o;"CC"';;;;C;;;;;;,,;;;"''''''ii',------~'I'''',',',',',o,.1'.,",';;;''';;;,,-;;;;<;_;;oC;"C;;;;;;0i-;;;;;;;~ r Society of V.cuum Co.tIT< (SVC) A non_profit profe"i"".I, trode .ad edoc.tiorul organi,"tion 
I : dedicated to the devdopment of equipment and pH",e"," [or 

I high_volume production of co.ting' LL,mg "acuum·b.""J 

tn>thute of C,"wocon 

'11« PowJer C:oau"J tilSflMt 
UK. 
Surface Lngineenng AssocialOOn (Sf ,A) 

2400 <urfocc engineering mcrm= 
4()() rncrmer, 10 lhe .MFA secli()fl 

I 
proce"",_ SVC ",ek, to di,,,,minalc knowledge. experience . 
• nd techni~ue, to <IlL ,,"Cuum co'1lJl~ ioouolr)" lhrough a 
""rid' of[Onml>_ 

-

1be umbrell •• ",)Ciation fOl Ih< m.jori!)" of the me,,1 
Jini,hmg inJu.>lr)' ,,,w[i.lion,,. namely the M,tal bnishing 
A>su"101Lun (M1' A), Brilish SurflKe T,eannent Supplier, 
A"oclOlion. and tile Polnt and Powder fini,hing 
A"o<;.lion, There ore othIT ",,,,,,io<ioo. under the SEA 
Tlle ron~e of OClivi,;e, of the ",soei.tion include, \-jacketing, 
Training, Hcalth. S.fely .nd Em-ironment, B'-"'l Proclice 

- - _______________________ ~_-,""C",",'"'""-",·"'"""""'·""',",'"'"",'-________________________ ~ 
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G,l,.,"'=" A,,,,,,,,,io01 (GA) 
- 71 m"mlx" (001 of" total of 85) 

" 'I 

- 2.400 comp.me'"' ,h" mechanical 
m"trllworkill~, pl. sties, c lecn'onio .,~l 
,lccLIie,] cn~illce, ing industr;', and 
,llied ,cctor, 

VOM 

Doni,h Go Inni'"'' I lninn 

, 
(A IMFj 

, 
LilLL () Ih 

G.I;'.n"'." Assoc;,,;'.'11 Anstrali. 

,-(Q,"'-:\t _ 
iCRRMA:'<Y 

Gem'aIl Socict:,.' for Ll'c[[GPlotin~ .nd 
Surf.co TcdlllOk'gy (DGO) 

n.c N,tinnol As&oc',."on of engr. VO", 
galvanizer" .rlisans.oo Ollier rdaled 
pmfe"~)m tBl\') 
• 65() membe" 
The Gorm,n I , 
M,nnf,cturor'. A'>odatL"" (ZWFJl 
·30 memb." iGiJ% of.1I ,uppiicr,) 

~ 

Port of 'ho Zino Dcvolnpmc'nl (iwup .• 00 linJ.:cJ lo the 
European (;cno,"1 G.I;'.nlLC" ""',,,,,ialion (EGGA) which 
<eTYeS."n umbrella ",weialion [or the mOJO,;ty of 
Europe'" grllvIDizc" .,,,,,,i","'m, GA promo'"> be" 
p<aotico. cal,", .WHenc», ami pro,. ide, cxtcrui" gu,u.ncc 
'!Lei u,.ining fnrmomhor oomp'""-"_ It operate, WJth. 
ponll.ncnt ,rail of ninc pnm(ilng ,cchnical ,nd mar"'ling 

" " 

Hi(iA 

" "'S"C---
'0 -I ", 

cn~moermg 11i' >ccLO,", A "gnifk.n' 
nL,nrbc~ oj" lhm lllCmbe" perfor", som" type of mm I 
lini,hing operation. "'''''n ly c!ewopl.lulg Ul 'he okclmnic, 
and prinlO(1 circuil boord wduwje' G,j';:, eco nom ic. 
l",hnic,1 .,,,1 onyironmen L foclL'. 

n.c ",rlico lini,hin~ """,ialJOn 

Cerrjliootinn hoanl of the VOM "hich help' comp''''ts 
'!lOin qu.lity .nd onyironmenl.l certification. IksponSJbl. 
for h"lping companic< with qu.lity 'y>telll.>. proce" con~ol 
to ,,,, proctic. l impmVOll"-TI" intended 101 productj"" .nd 

II II 

'rommg hondi", for mcrnbe" 

" 

To Ilmhor, W'l>otldatc ,00 di""mino<o knmvlcdgc in the 
lield oj' dec~opl't;,,~ and <",-facc lLchnolo~y. SLrnil" 
J'LEnclion os Tho UK In,blute oj" MeLal Findling (SLA & UC 
DTJ. 1 'f98\ 
n.c organl,",wn " a grouping of ,ITi,.,,,, 

",,"1 
wilh pool Lc I 

uc,tituLwlli, ,nd through ' 
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Appelldi~ C - Appolldicc, rOT Ch'pt"' 3 C-4 

C.3 Publisbed studies on the au option of waste minimisation within 
the metal finishing industry 

Studies have been undertaken m a numhl'r of countri~s to ass~ss the actual adoption 
and success of specIfic wa,le minimIsation options in the melal finlSlling llldustry. 
The main findings from the following lit~rature on srudi es in the USA, lhe UK and 
DL1lmark were used in Section 3.4. 

Th~ L'S study \vas a proj~ct d~sign~d to capture the collecl~d expL";l'nce ofhwldrl'ds 
(320 respolldents) of mdividllal e/edrf)r/a[ing facilities in adoption of )XIlimion 
prevention and cOlltrol tedlllOlogles. The \lational Association "f :vIetal Fini,hers 
(NA\'IF) and Nati,mal Council of:vlmlUfocturillg Sciellces provided assistallce to the 
project ami eu,lmi e (1994) compikd a r~)XIrt on th~ results of thi s smvey. Th~ resulls 
sh,,,, which treatment. recovery and hath maintl'mmce tecimologies have been 
adopwd ami which have been nUlsl SllCCl'SSi"lll lor different plating processe'. It also 
discuss~s trl'llds in chemical substitution. It is unportantlo note that the survey covers 
the d ec{rop lating SCClor only. 

The UK Surface Engin~ering Associa\ion (SeA) undertook an indu'lry statistical 
survey in 1997/1998 (SEA. 1999) in ord~r to be in a )XIsition to qualltify th~ 1l1dustry 
sector ill detaiL The areas covered hy this surv~y ar~ ~kc.tropLlting, ellgine~ring 

paillting and powder coating, and heal Ir~alrnl'nL Amongst other topics, the survey 
cover~d wast~ minimisatiOll issues in thes.e 'ectors. There Were n](\r~ than 5UO 
rl'spond~nts. Th~ SEA, tog~ther with the DTT Interna\ional Technology Savicl' 
undertook a tmdl' mission to Germany ill March 1')<)8 to examine wa,le rnanag~rnl'nt 
and effluent lrealment m {he Gaman metal finishing industry, with the focus on 
aqueous surfacc finishmg proce>ses. The missi,m hoped to leam v.(hat dcan~r 

techn"l"gies Wl'rl' heing useli lO meet the Y~ry stringellt ellvironmental standards 111 
Germany. The findillgs limn the M"sion have hl'en presented in a rcpon ava1lable 
From the SEA (SEA & UK In!. 19<)8). As a reSlll\ of the findings. the SEA through 
its Be,l Pra<;{;ce rrrolips is developing proc~ss design data and in\'e,{rncnt-lx;n~fit 
analyses for a c,,,nputer-modd integrated concept platillg/efJIllenl lrealment plant 
following Gennan principles. 

lnfom,ation tor Denmark was oblaineli from the Danish EPA·s cvaluati'lll of thl',r 
Cleaner Production program in the melal finishing industry bcl\v~e ll 19S7-1992 
(Damsh EPA, 1997). 
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C-3 

C.4 Summar~ .. list of barrien and drivers to waste minimisation in 
tbe metallinishillg industry identitied in illternationalliterature 

The iollowing list or harriers & drivcrs arc applicable \0 gencral mal1ufac("ring 
industries, and specifically (0 the metal finislung md"stry, and were identified in the 
literature and during the European study tour, 

Table C4: Hanicrs & ddvcrs to wa~te minimh;ation in the mctal finishing 
industry idcntificd from experiences in other conntries 

re'\fictive regubtim'" 
unceminty and compotitlw 
tmb.l.nce., due to inoom"tency in 
existing ,egulot"'.,. requirement' 
owrlap of "'qu"eIIlent' 
many (ount,.,es .bdlC"e ,.esponsibility 
to loc.lle".1o often r.,ullin>! in 
mconststem regnloti"" of w."es 

loo~ of ""pital ,00 fin:moi"1 ,e.ources 
I""k of pef'onnel 
com'entlOml co>< ocoountin~ prootic", 
which do not take ,he wider 
emironrr>ental (om into account 
financi,,1 nsl.,socl",ed with new 

Financial: 

.,trin~cTIt rcgub'ioTl< 
mandakJ rotlutioTI pre,'cntion 
... If_regutotioTI throu~h voluntary 
'g,eements wltl, govl"l'Tlml'flt 
eiTIuent (harg" b"ed on load and 
voluIIl< '" (hat ,iJ!nific,m ""mg' oon 
b< m.J. by rcJuclll~ COntorrllnants III 
eiTIuent 
be,ltb & ,afer)' ,"gubtions enwurage 
Cleoner Production to unpron 
wor~mg em' ironment' 

red"ced compliance cost; 
redllcerl row m'te,i"1 .TIn utility costs 
eost "ving' through impro\'ed 
effiol<noy, reduced li, b,lny 
fede"l.oo ,t.te loans.nd y,m, 
underSt.nding the "true" CO" of 

, 

I 
CCC-,cCO==j",c"~,"""c'"""'-----------t-"'C~==~w"'te> Ted",oiogicai Techndo;:ical --- --... 

lInproven teohnolo~ ie , off the 'helf wchnologic, 1 
poor competiti\-ene " of .item", i"e R&D "cbvitie, (0 Jc,-dop now "",,,I 
tedmologte' in tem" of fu,i,., q,,"lity 
"nd wst 
I,,~ of .c<os< to or "".il"b,lity ofTIew 
Clem"'T Tcchnolo~i<:, 
lacl of technic,1 expertise to 
,"(og"'''. "',lume, or imp le""'nt 
ch"ng", 
' elraTIo e OTI ,upr1ic," for rro<e" 
Ortim""tlOn 
b(l of,l,lb .lId facilitJe> to test .nd 
prove proouctton so.le dum~e< 

lini,'hmg pH"'C'."" to a<h.evc ,,-,",ce 
ITIluction 

!I1du'try_.d iye"'''"',' _________ L _______________ _ 
continued. 

J 
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___________ -"",p,p"'"""'"'C' C - Ap""..!'_~~<c, for Ch"pte~ 3 ____ CoG 

Cu!turd 

M,nagement T",j""loCL tu ch.nge 
lack of unn""t.niling of th< bcoctic< 
",,,,,i.lo(l with w,,,~ minimisation 
lack of ,,:nioT m,nagement inte'''! 
"nd .,upport 
c.pnisotional difflCulti .. 
bc~ uf 'Ill1I1agclIlcn! lun. (p,rtin1iarly 
in S\1F,) 
,I,ort_l.rm plannmg fr.m. 

f""" of management un IU"ic-ring 
pricc _ not propaTed tu cmnpclc un 
,nythini[ but price 
gone"'ioo of w",(c ha, be",,, !eg.rded 
"' or; he,al", Lbe roJncti~roc"" 

perception of risk with n"" .. 
lCohno10g,~' i~"ie" to ,imply rema,n 
in b."hn< eumplianc.) 
C,,<1omer r",i.'lane" lU eh""gt~ in Ult' 
fini,], whioh rc,~1L [rum U"-' u," o[ 
ctiffcreTIt met.l, or pru,'e,,~, 
wa"" rt'ctuolKm could ,101' Jo"n 
proJuction 
WR ",,",ld hurt qualj()' of product 
Bdie[ that compony connol ro"e 
price, to CO,"1' !h. odd.d COSl ofWR. 
hcc~u"-' ,hop' lhot do nol comply wit]' 
regulation, would nnili'rcullh,ir 

rn~'" 
A VQib,NIily n{,,,,!imlJ ,7Ii,m 

I.c~ of method, to nlt'a,ur~ pw<-""" 
I.c~ of infurmaLiun aTId how-hoI' 
rc g.,ctiTIg ",a.\c mmimi>llLion uption' 
I .c~ of trm' m ... ,il.bl. info!'IllOLlOn 
10\\ awaCC'Tle" u[ .hmallyt' proc."e> 

O<Ll'''k-hdp (q,_ con<ultant,) g'v~ on 
t'xlt'lnai "1"""" Lu uvcromnc 
altitudinal bamt'r> 
WO.,," mm'mi'~llUn UplKJn j,,, 
bu,inc" opp<lTtunit) 

""'Por'IL lm'ge 
COUllll" .. ,i.l pr."UT< _ if large"!" firm' 
h",'c an Lmiromnen,,] ),lan.gomm! 
Sy~t~!Il, 1l might c"cod< ont totheir 
supplier>_ 
M.n.g~mml aoo employee lI.mill); 
A wani ,eheme, 
HnpTUYt'J GOlllpetilintle<:; 

Amilubi/iry aOnfimnmIon 
Lnfo!'lll>!i"" ,,,,twurh 
fr., .nd e"ily .cce,«d iTI[um .. lion 
on t]lt internet 
demum'nti"" project> 
ma,-ke'in!" o[ cu." bc'tldit' 
i1uud eXlUnpl" <: C'.,,, >tudi",) 
ind~-'Ir)'-'I"'cifjo ",ostc milll1llisation 
opporlunity guides >noj "'"'te 

• ~-~";,,::;;:;,"C f~;;;;~:~::!~~~~~minimi"Llon ",,,osment m.n""h EI1!;'rcemem , 

C5 The current organisational stfucturc of governml'nts and the 
~n\'ironml'ntal n'gulations aff~cting (he metal finishing indu,~try 
in some eoulltril'~ 

The following list is not comprehensive, but provides an ind,cation of the lype and 
e~lent or environment~j legislaliml in each country as well ~s all oullme of the 
organisational structure of governments_ 
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Table C5: The Co rreo I orglinislition al structu re of gun-romen Is and 
environmental regulafions affecting fhe metal finishing industry ill some 

countri"s 

I----"-o·.;:r,;'i'm;""~j-jf!ft'ctu;.;_----.,,~.· ;"",'.;";;;""m";""".i r.~i1tilio .... (fiftKinl: 
lini,';o i"du",,-

l.ISA 

• 

• 

• 

PollullOn pr",'cnlwn 1> in>lilUliO<lah,ed withul L 
lll< Em'ironmonl'! Proloclio{l Agency (U.S 
Fr.,,), The Off",. of Pollu,wn Prcvenlwll 
est.bli,hed wirh.in tll. ag.noy: 

co-ordinale' th. EPA', PP prog'""". 
provid", gr.m, to Stat<, fOT e".hli , hing 

lhe&; plUg'""", 
dev elops ;;trareg;', to promote W\l, 
.n,ou'"g<> the incorpor31ion of PP ill th,­

r.gulatocy P""",;, 
und.rtakes co-op...-anv. effort, "i lh 
indumial .nd prof."ion.l org'lll,aMl". 2 
alld 
P!Ormle.' prC\'cnllOn rhr"-"lh outreach, 
education, aoolrammg (Bresnan. 1994) 

Pollution ]1r.vonti{)l1 in 'ho US i, a C<H'!,,--Tlllv,­
effort Ix-rneen tho l:,S, FPA and tile nri{)u, .1 
Stole pollut",n prel'Clllioll pro~"am', Stale, ale 

of,on moro in touch "'!lh loo,e,lry .00 puhlic 
need, .,~l how bo'l 10 moet lhem (h""lIIan 
1'1'15). 4. 

roc metal ruu,lung indu'try is r"gulated on a 
lederal. >lale and local h -d 

Po/lu!i"" f'rnenlwn Ad (pr AJ "lIC01lI.g« that 
tne prcfcTITd II1c lhod oj' pollutiun prcn ntion i.i 
I{) roduce the ,'oimHo Dr ",.>t" gcncralcd al U"-' 
'OUTl,e and W r'-"t~ml reu ," (dosod hlp 
r«)'cling) wh.o",-., p0s;iblej. {}ndu [hi. 
f"iilti", . re r<guiTed to: 
report Tole.,., to the US. EPA lor the TRI 
iT oxi c Rol .. ,c Im'elllOTY] 
provide dc>cumcntatlOn of ,I",,, )1moc dmc. fm 
pTcvcl1ting ,~c release oj' ti",,,,' II",lcri.i> ur lur 
reusing thes< mateTial> 
11>< Cleal1 Water Act (eW A) gi,' e, the U.S. 
EPA a",horit;.' ro regu ir. JXlllUti{)l1 pn,vonli{)fl 
In,,,,'w-e' and 1'aLSe' the cusl of rr.a,m.nt anj 
di'po,"l ulere by crealing llTIancial incenliYc for 
wa."e reduclicll1. 
TIle Cl-an Air Act "-, am<-,~kd in I'n() (CA,A) 
inch>!e, re~uirolll"nl fur the p ha''''OUl of CI'C, 
(wnicn are u>cd by lIIetal fim"n"" in 
d"gr"a,mg) 
Rewurce COTI' "", a liO<l .nd Recovery ACI 

(ROtA) r"quires Ihar facilnie, wirh p.,mllS for 
lITanfienl, sWr.g., or dispo,.l illlpl .lll.nt a 
program CO ,,,duce Ilk: vo lume or quanmy and 
loxicil), of lh",e waSfe', (Llireclly regulales 
,everal molal fLm'hing "11."e' ., h.audous 
wO'le\ I , lherefore m :alo, ,lrong finan cial and 
liahility in ,<n ov,", for m<:tal fini,her ., to pur-u" 
<OUTce mlucti<m IUS FPA, 1'196) 

O. CERCLA IC{)mprehe,,-,i,'o linviroIllnem.1 
Re']1 ome, Compcn,ali{ln, and LIability Aor) 
require> ge!k:ralor> of hanrdous w.,te to 
.valuat. oM dOl'urn.nt tllei, CI]1 0rati{ln'. 

6. j oxi, SUhi;ral'lOe, Conlr{)l Act JTSCA). 
" SUl"'rllind Ammendm::m, ond R"UtilOfi'''Wll 

Act (SARA), 

8 EI1>erg.n,y Planlllng anj Commumty Righl'""j 
Know A't (HCRA). 

continueu. 
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__ ~~[l<ndi' C - ApJJ<'ndiec. for Cbapler 3 c-s 

responsibility for enviromuentol pW,"ction, 
I" ProtecHon Group uMr-Jlia bOlh d,,'elups 
policy ,,1<1 legis\a11On un Wa'" and onillIe", 
pom of tb .. 10glSl~uon uuuugh ll" Maj .. ty' > 
Imp.ClOt,!. of PoliutiC>l' (IIMIP), 
HMIP is rospon,iblo for onforclng la ",' roi.tmg 
!u iIKiusltial pollutiun 
The W."e Regul.!ium AUUIOTl!io. (WRA'-') 
~re loe. 1 auth(ln"n r"'ponsible for enl;lTCin~ 

le~"lali(m re latin~ to the mana~e lllent of 
c<mtrollcd w~,tc_ 
The ~ovcmm'"'t i, con,ideri"~ brin~in~ HMTP, 
NRA, .nd the WRA', to~ether '" one 
UT~'Dl"1lOn _ The EnviWlllnentol A~enc~', 
The Depamnent of Trade "" Industry (DTI) i, 
m;po",ih le for enc"ura~m~ "",nd wa,Te 
mona~ement pmc"ce" especially waMe 
mmimis~lion ond recyclin~, Ul ,il< ,nd\lsniol 
5ector 
Tbo UOE, ,il< 1\'RA, and Th .. DTI all h.lv .. 
>ub'tantial rt,"",ch program, to ,.,dorpm Ihoir 
wa5!.. poliei" Jnd oeli"ili.., On Ill< 
managemem ofwa,! .. 

" , 
intruJUcc-d UJO eUllCepl of Imcgrated ,;,",'""~ I 
Control (IPC). whIch .pphe, to the rdea,e 
pollutant, lu m. ",",er, and bnd from ce""-m 
proce,.,,,, The,", proce»e, \>"ill have to apply 
lu 1I'-11P and Ix: ,eqUlred to rocel ,t.lutmy 
Om",wn ,laOO" d,_ To operate 11101'), "f the 
prncnhcd pmo:;e"." a cOOlpan)' nuds 10 
"h"'m • liceme for which lbo,. " a fcc :md 
~nn\lol policing charges, Tu ublam and keep 
this licens<, ,h .. comp.ny mu.1 demumtro.le lbat 
,he pre",e" meet, Th. en"lfO llln .. m.1 ,,,,,ndar-d>_ 
The legislation allows for r.~ul 'Tiom to be 
gradually ,i~ll1ened to take lOt" ~cconnt 

emerging ,"chnolog,e" 
(TI,. metal fmj,hing industry wa, directly affecled 
beca"'" uf c"",in prt>cribed aClivi li .. , lneludmg 
industrial deanlng .nd fini'hmg)_ 
• TI", nO" Europtan d"oeli\O or Inlegrated 

Pullutiun Provenliun and Cuntru[ OPPC) 
Itgi>I.ltun (dut <u cume into ~cllun m 
~u''Cmber l'l'.-l'.-l) requITe. any ""t.n.llUn thl 
con pollute (mulli.medi.) <u h",'C • ptrmil <u 

up .. rat., Tu uht.in Iil< pormil, lb" cump=)' h .. 
lu ocmun'lr.JI' ,hal the planl cUITl'lie, wttb 
flAT (Th" fl"'l /\VJi[.ble Tcchn()[()~y), The 
llA Twill il< decided hy a European toohnicJI 
wmki"g ~roup wllO ,ublllit J be" reference 
P.per iRRFF) __ prep.,ed '-' • rul.- document 
for e:>eh ,", ct<,.-

TIll: l"ETIIERL_<l...'WS 

• 

• 

• 

TI", DepartmenT of EnvirC>llln .. ntal Affau, fall' 1, 
w,tlun ,il< Muu",:,-' of lloo5ltlg, Spatml 
p[alullng and th .. Lnvirunm<nL 
The onvlrunm .. mol puk)' i, ba"d on tbe 
National Environmen",1 Policy pbn, wh ich wa, 
e,l. bli,hcd in 1'1'11 .nd 1> updated regularly 
blfurc. m .. n, " [argoly earri .. d uut hy tilt 
pro"ltlciol and local govenunent" Only for 2. 
very I",~e industrie" i, enforcement carr ied out 
hy n.t~mal gm'emrnen t_ 

continued_ 

Th .. importanc. of dean" pwduction Olld 11., 
p""onti",, of Wa,lo and emissiom lS ,Illd",ed 
m th.. Wot M,lioubeh .. " (Environm<nml 
ManageTrent AU of 1993:1 "hleh r"'luires ",'ery 
env ironmen",1 pennit i"u .,- i, I" ~ i" e thought 
lu lhe po"ibihue_, fur ck.ner producliun .nd 
fo< th .. rous .. uf waste> 
Imegra,"d PolluHon Prevemioll and Omtrol 
(TPPC) (1995) i,.n EC directive lhat ITGulTe, 
th.t opcratm, of iOOll>tn~1 io,t.n.tlum m 
'p.,,-,Ile ca,"~u"" "ill, • high putenti.l 10 
cau,," pollution, ubtoin • pemu! III order 10 
operale_ }>emnt application, are ,xp"c!ed !o 
provw. evid ence ThaI tb, ins!allalion meet, ., 
least The en"'SlOn limil v~h,. s required to ~i,'e 

• hi h level "f T<ltecll(," to the enVirOllml'T1t 
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'\p!>CU~il C - Ary<lldi<c. ror ( ' haptor 3 c-~ 

v..~,,~ #'n .. ·' .... · 'l.l:.~Il"m ... ""1 '" ""I"'n.ihk 
fur ~"'If!",,",.u,,1 l"'''lC<''~'''. ",<Iud",>; "' .. ~ 
nu .... lIenu:n, 
,... n"'U""e tfsp::.ns,b,hh' (Of . ,.-.. 1<" 

n"'~(tl<'nt I .. i w,lII lIIe """olC,,>.h,,,,-. 
h' ~WI""n« .. nh the Ln 'lronmentJi 
1'It)1~'i"" ..... ,. the D',,"",opol .,,'bOl'I ...... rr 
't$poms,bk 101 d"ffimll ",.".le '" "I'fl'IOI'".1t 

""""''''''' ", d,~al (..."h"'1 and ' ''' lIIe a.kq,,,,,. >"9"'500n Df snch fa(-,IIlfts 
1 he "'JnIlOJlII) AVI'Cl of F.nnIoome"I.lJ 
P'OIe-.:11OII itdnunl"~f acnoo pions for h",h 
ric",,,,, '~)UIo)W~)' II!lU W,,"e <lfIU ,00)rh"l\. 
']J", fundtnll "r 'n~,ndu~1 P"'J"':IS to 11,. 
'tspIl<>l<iblhl) "r ,h. Ll.n"h Kec)dm., .00 
("10."., T""h",)~)~ (',,,,,noil 'fh" """oc,1 
CIl"",""" '.p'."'"ta",'.' 11"<)m 11\" ),lml<lry"r , 
!in' ",,~mc"l. IlIJu,,,.,,1 Il, £.m».,,,,,",, 
Dtun,",p.IIllC.. «'U11I1... n"n_g<"'<-rnmcnlaT 
"'g.n""I1""'. and ,WI) .~pe'" I)n f"")'dmg and 
dean., ,""hn"J"IIY (Ll,n"h EPA. T'I97) 
The l.la.nih Fnl',"""mcn",1 h",c"ll<>n Ag.ncy 
(~PAI enf",c,,! cuviro,u,,,,m.l 1'jl.i11a~"n 
lh.,. >t. all..! ,.,n 1""'In"' h:o.' 

' ... III 

II", 

, 

'1!" 4 ... • • c. I: 1"* ""tilT 
iDd."tr"\' 

Tbc F"""m""""'tat I'mltn"," A~I (1<)<)1) 
odd", ... " ..... d",'ouT, ""d ""II> (0' P!'" tn(OOn 
an ... ,"""~U"" of poIlu,,,,,, of," ""'" """ 
~.,Ih. ., ... dl a, the w;a",,, "f •• w " .. , .. n ab """ 
"""'t)' IbrnuJ:h the arulJlC<>" 0' dC~1K"I 
tcd"wJ~_ P"II""",, rem .... .ore an II1IClI,. 1 
f'iIl1 of Ill" Ae'_ In 1M nL .... F"'''"nm""",1 
p,oIttuon Act, the ,\-1 ",,,",,,, fm Fn"",nmcIU 
t:l1n DC!"'".tc ", ohm ... !), "II'C\'1JIC""" "'lib 
ondt!.w), 
In \1a)' 1999. lh...., ........ Ie"""''' ,,1 Ihe 
FnnmnmeJlul PmT.....""" ."~L 

p"'htl~ ''''''pam.. "". I" Ill'·"i>. 
'''lpl")"",,, m .""""""",,101 .... ""1 
,,',In a focu. "" i1'"",,'.<n"'''1 In ~"OO<IJ 
,""u",~cer'''J: (liJCJ:C"r""". 1999) 

l)pGofw:",,,.nd .. a.lcd .. po.wl , 
H", """"""tal PrOlo.:I,on _'<1 Il P -"ell .. f 1994 
S1atM m.l a 1'"' ..... c~'fytOlI on. an ":'''''y m., I 
"""Id cause harm II} the .... "',.,mcnl ha, • 
GcOCfllI Ennronmcn ... 1 Out} '0 "",flu,, Ill. , 
<AC,,,,t} so ,ha, harm ru>e> nOl "rru, Th, f.l' 

_ .. '" "",Iudc> 1""'""""" fOJ h,~nS"'1I of 
."".",,,,, and ."f01n .... m II 's .npponed b) • 
nnnkr of Fm-uoomen1.1 ""~ocn'''' Pohe,,,, 
(~ Pl') 

J An hl'P 1m w .... .\la'Iaf<".,..,l! "'~1 emlnace 
Ihe "'''l< man~.m<'" h>.r3r<hy> .he b .... uf 
Clea"., I'",ooc""" The l'mp'KCiI policy 
",dud", Ihe p'nvi"<m 'hat un<k' CCTI"n 

, eiroum,I;mc", • bu"",,~, "lOy b. 'tqUII..-.J to 

... 
_ _ ,I prep.,. a CI,an., PnXlu_' .li_"" .• ' .'"_" • --------"'''''''C<''" 1_."'"'JZCC:,.l9?8J . . ---' 

(~ooro.' C ~ f-:r.~ T'I96 pTm "\he,, .. IoJ within th. laMo_) 
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D APPF.{I.'D1CF.S FOR CHAPTER" 

n .1 M ethod in whic h Ihe surH)' ofllle South African melal finishill~ 
illllLl stry "3$ carri{'(.l out 

A liS! of oornp.1ny names 10 " I1I<.:h ~uryey would be 5<'111 '~ as oo Ulpi''''' frum a numher 
of ""Urces 
• (" ompUllic~ already coIVIC'Clcd to Ihe Ilidusln:,j Symbiosis PrO;"CI 
• \;niversity of Nala l Durb:m Pollull0ll Res~"rch Gmup Wa-<l.c I\hmmi ... 1lioll Club 

.\ lcmbcrs 
• Intlll5tf) associauun rc13lcd 10 Ihc meta l linishing im-Iusley 
• DEAT. DWAJ ', and mumCl[l31 ~"un[ll dalaba-.c, on illlh ls!ri.-.-s 
• Chemical sllpvly hOllscs 
• Wes\~m Cape Yellm' pagcs (elcclronic yellow PJgcs) 

All company name~ obMned w~r~ ~h~chd >Ind sorkd 10 ~li1'ninHIC all u\Lpli c~tes. An 
attempl "'as lhcli made 10 oblain up-to-datc contact dctails for all compal1les 
Assistance in ent ~nns company addr~", d~l~ inlo lhe databa,e wa, ulTcrcu by other 
Indll strl~1 Symbiosis Project membcrs. 

A 'ltTvey 411C ' \l()nnaLTe was ~ompiled bascd on a similar slm'ey undenakcll by thc 
1:.5 EP A ~nd the US NotlL1nal A"ociu!ion 0 r -"Ictal Finlshcrs (:'-</\.~IF, 1995 1. AlII'; c:e 
in se ll",!; up tIl e <j ue 'tl<1nnalr~ " a, nbtaimxl Ij-om a previou. project member who 
U11{ 1 ~11 00k a Slmtl ar S\lTv ~y of Ih ~ T~xt;l e , Tndu,try (Gilrilbn. 1997). nle 
qu.~-,;t iolll\~ i n: was ~!iO ICStM on ("" 0 of lhe proje<:1 m"lnh",. compal1l~s aml £"'~n I"T 
commelll~ lu 0 n::pl~'-.cnl~ti\"e 1i'<:1I1i the Hnt Dip Galvanizcrs Assoc iation SQllth 4. fnCll 
( IIDCiASA) alld members "f th" CIll"""" 1r " r Nut:l l Owilun, Pollution R.-.-s~urtl1 
GnlUp (PRG). The rC"Sult was ~ 6-page survey que.liOlUlalf" L~,n"sllng muinly of 
labl...,; " lien:: eumpuniei were only T«J.uirro to tick off appropriat" c.:U"!!"ri,,,. 1\ ~"py 
of lh" su.""y qu""llunllnl le i... IItcluded in Appendix D! . 

11,,, m~II' II1fonnnl lon requeslcd "ali comp.my I;"h:ll"dl:l""~1IC dma. The pnll1J.f) 
bll.~l ncss art'll of !hc comp.1ny WiSS also ' '''Iu."t'''' e g. main pmduct markct :IS well as 
process Ideltl ilicalion 10 dClenllme "'hKh proc""· •• ,, were undcnakcn in e3ch of th" 
I;""mpanle~. The aim ,,':lS 10 delemllll<' Ille sl rul;"tll'~ nf Ihe induSl1)' 3ceon:ling 10 
PIO" Ulce and pl'uce ... ~ type. The SUf\ocy also aimed 10 drl"rmin~ Ihe Iype and al1l0ll nlS 
of wastes ulld ,,",1~'lIIns .!:cncr.l!ed by the meTal fi nishCl"S as wd l as h,m "a~1CS are 
m:ln,,~ro by comp~nlts Waste and emission data wa~ requested by 3skmg for 
qumll!ly ~Lld tr"~lmenlidl'p"sal mCThods for eJch of i h ~ liquid. " ,hd. and all' 
emissions from Ihe (3C101)'. Ir actual figures "ere una\ ailable. bes\ e, llmalcs ..... ere 
rcq \Lest~d. ln l,mn3tlon rCJl.arding annual water ~"n'"mpli<>n and energy Il s~ge was 
al" , req ll~ted, anJ a number of miscdlaneolL" quc"ti<>n" r~gardillg awnreness of 
Cleaner Prodllction and indusuy asso ~,at"'n membcrship "ere illcluded at The end. 

in an cf1<,rt hI CWlllrc as goo ll a response a, JX,,,",,bk, ~hcmical ,uppl)" hOllses and 
indll st')' a"llC lala>n" were e0l11acted and <J.shd 10 ,upp ly ~()ver kllc," gi,in£ Thcir 
~ lIppol1 10 the , urvcy. FllLrr ("r 6) of the slipply hous~s conl>lcl ~ll. <J.nll lhe HL>t Dip 
Ga l\' an; l~rs AS!l<JoClalmn SL>llth Aln ca (HDGASA) comph~d w;lh the nLjlle't The' e 
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had know1etlse of til e DMT EO " to 'l.oct un Ctcancr Production in the South African 
n,ctal Ji uishillS i ,lduSU'y and .. ere 1 h~tefote willing to CtHlpc r.:ttC. 

r n further cnCt)Ur:l~ companlcs 10 '-cpt)'. a Il:tunl -or-addn:s~ cmel"pc w:H; prmldoo 
wuh all qUC>ou,," n:lIrcs scm by posl C:onfidO:l1ual;t~, was assured b~ koxrln~ lhe 
company itlt'llllficall()l1 III fC,m 'dl":1Il on a separate page of the queslionn3lro: and 
all~lgn i ns code numba"S to the ('ompd1lit!5 in Ihe !latah"", O~cr 2S0 sur<o'C'}'S "e!'C sent 
0[1( by Ihe 20 Sepl .. ,nhcr 199<). ",Itlt a rcquC'Stoo final return dak o f 20 Ocluhcr 19'019. 

OWIIlS '" :.l \ 'cl) lo\\. l't'SpOn sc toni), l3~o). ill JaJlUd')' 2000 il was t1ec idcd 10 phom: 
Ihe n:mallllnll Cl>Ulp,.flLC~ mid r«juCS! thai Ihey supply Ihe LTitiCal mformalJOIl for 100 
SUI"'\ e)' (l.<~. I'rucd~ lypc:, main p l'OduCl s ":ld sJze of Ihe cnmpany) 0\' '''' lilt> ph"'lC A 
number of C O!nl'amt~ "ere found 10 001 undcnake metal finlshi,,~ :n all, "T W 

outsouree !netal fi nlshmg HL11~lli n., alld so Ihe dOli Ol hase was rtldl1ced. HO>WtH:T, 
companies we tc also . asked in ~upl'ly names of any other metal fi mslllng L-ompanics 
th~l Ihey '<ere a"'are of in order I .. e~p,,"d I)M, original dalaholse. Tht Um"tTsity of 
:-.Iata1 Durban 1'"lhmou Research Group were also conlactcd and asked '" suppl ) 
in fo nnatioll in addition 10 lhe address data, which Ihey had for their Waste 
Minlnn$allOll Club mcmben (i ,e. rcganlm£ process type and number of employees). 

It was not po!SI!) j" l\1 el1lplo}' JuSI any penon to conduct the phone·survey us It was 
found th~t it required km>wkdgc of process types and an underslanrhng of the 
dynamics of the industry. 'lime constrallm for all other proj ect members, meant thut 
the bulk o(the survey had to be L.mdcrtaken without assistance. ThIS was ij large task 
for [lilly 0110 penoll (also With tllne constraints) alld it could not earned ouL as 
exlell" vely ,., wlluld h~ve been I iked to yield si3"i fi cant]y rcprt:sentalive re.ults. 

D.l QUl'St.ionnaire for thl' llI:1il sUr\'C\' of the Suuth Africall lIu'fal 

linishinj.! industry 

'I he (,-p~o: ql.lC!;lIonnai re is inCluded In p~ 0-3 to 0-8, 
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D-3 

SOUTH AFRICAN METAL FINISHING INDUSTRY 
SURVEY 

INSTRUCTIONS 

ENVIRONMENTAL PROCESS ENGINEER ING GROUP 
DEPARTMENT OF CHEMICAL ENGINEERING 

UNIVERSITY OF CAPE TOWN 
Pri.,,;I" fj,)g, ROlldctosch, 7700 

Tel 1071) 4699730, F ux (021 ) 424 ·670'J 

All infermat0n ,,,,,1 data containeci illlllis 8U'V~y 101m is confidential. Any usu Or puiJiicalioll or Ik ual" wiii 
{)ol identify the n,mle ,er rxa/i,en d thfi m8lXJn,1ent wmpally or illciividu~i compielill;]lIlU I",m, To ".'Wre 
confidentiaiity is m"illtainfi,1, qUfisti,errs ioolltifyi"g yO/x tilm'.' n",x " .. )(1 ioc"lion of a!e "wvcy form (on tili, 
p~ge) wili btl s~pi!fatAd lrom tile mmainillg pt>lfioll., a tlifi surv~ y lorm wi",,, d .', re(ou/veu for dat" capturing. 
A co..1e {)UmJifi,. will 00 n,ignfi,1 I,e each survey I,erm. T,"" ,1~ta wiN btl elll~led into" delal","e ,,,iny,, cede 
numJifir, 110t th~ facility n~me. ,'f you "d",~ to mmaill completfily anollym·""" p,'<la"u leave (~}t YO<1r comp.,ny 
""mu a"d i"dicatu "rough location of your company (e.g. an induslrld area of Cape rown) ~"Ihi' I" needeci 
for illG ~n;tly'is or Ihe di,tri/JuUolJ ef companie, The rewlts of a!e s<llvey wiN be ,;enl 10 ~N comp~nies 
partiGipating in lI!e "urv"y II!,,( givfi GOnhd octails. 

The survey has 6 pages "nd cove" a!U enlire metai finishing Induslry Therefore be"r in minu th"t nOI aN 
suction, are upplicablG to yexlr operali,ens. Section 1 d the questlonllalm involves facility identirlC~tion and 
Gharocterisation. Sectien 2 Ge'iers prrxes, identifiwtion. Secti,en 3 i, for qu&sli,ens rel~ling to wastes and 
emisol,ells, and the fin,," Section 4 i, f,er misceiianeou.' questiolls. Plea&'; flil in all reiev~nt sections an,1 
return to tile address (a return addressed envelope is included). or fax "umber given above before 
the 1.1 Jal1uary lOOO. 

If your respon,e, ue nol fil inlo illG 'paces previdud, pie"se U,;e orrJinmy paper u"d Gie,vly i·l(/.'c"I" wl!ich 
~"U,tiCXlS Ih" r""po,ose "ppiie.' to Yow' co·opunU,,·, wi/.' I"," mucl) "pprucialwl and w.'ii co;)lributfi 10 a beU~1 
unocrst.muin!J 01 II!~ Mructuru and w;tste, guner"lio{) cI tile SO"tll A Iric,,,, mdal fillis,~il'1 industry. 

Estimated tim" for cempleUon 01 wrvuy U&PUIJd, o{) "v"il"bility 01 (ht" /Jut Mlouid ,,01 take iongfir Illan 1 
I!o"r 

SECTION 1.0 FACILITY IDENTIFICATION DATA 

NS"11e of COIllP''''Y or corpor"liofi 

CO"11pany s:tBiaddrBSS 
StreBl: 
City. 
~rov"lC.e . 

. post,,1 cod,,: 

PerS"'l tilat can be contacted regard;ng this survey (optional) 

- I 

Alternate 
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SECTION I I FACILITY CHA RACTERISATION DATA 

y~., 01 ,,· .. "'_-"'n .. ~ -",n_ .. ,;;'i;-~ ;_."""" ......... , .... 
1 .......... n!><>rol ....... I"" .. 01'1111. O;~ 

fXl<Wy~"" ''''''''''''0 ""'''''' 011 0110] i'ii't 

Primary bUSl-nasllr&;l!JI'C ~ 311 5'9ni11c;anlll,!"S mal apply)' 
~.t.O:ril<I<I """" "'_,.'" (e q _ .. , , ...... ,~, ............... ".., .. 11""""."'1 -- - - -e«mo"" ""'<t,..,... (0 Y .' ......... , ''''~'''' ..... ''''''.,. ~ ;"' ...... ,. "'"" .. .:" .. ~"" Rl.d",,,,)'1 

a .... ""'" R'A' ....... r 'I~ Q , ... , .... " ",..,,, •. ,.,..;;;;:;:;: .... ;-;;:;-.. "'''' .. ;,. ........ , .. <>'1=) 

Goo ............. ,"'""I.>«I .. '.,. (0 g. w*. w.. ,,~, ...... "",i.,. ,.:;II .... ~"""' .. ~ooh' 
"'._"'~, """" ,;0' 0,0" I0I01, _,~ ~ <Y'''''''''' """,I<, "'''') 

A<c'''';»o<:e "'t ~,,,,,", ". ~ a. """. ",W..."" 

.... ""'i.' .. ~,· ... '":'~'\"";"'Q 10 g ;;;..-~¥ ~"-;;-',,, .... ...il1i$,,,,,";;;"; 
!t<.,""r .. ~ .,<:jI.:O""" r. g "',,no>; "'""" .... ~oJ?o • ..,,,'I:iY.Ml ""pI''''-''''' 

j 

·c."" ", .""'" ;J<!",')I1!1 """',,,,'1} ""-,., .. , "I' ",. 1>',., ... ",," "", ' ~ ... ".-("","" "d'", ",," """ ,,,,,,=,,', " ... " """"~"".~' 
,'''''''''OC''''"r:>3 c.:v ••• ,t "', ... ,""" ,~ "II ~""". '" ,'" ~,..'4., .',' •• , ... " , ,,- "'" I'''. ",,,,,,,,', '" "rI", .. """ "~oc/,,,",:g ,.,~">I""'''''''' ,,,. 
"' ..... ''''6''' ~",(,", "'''''~ ' O ",," ... ""' •• "I ..... /:,.' r.".",. .. , '''' ",,,,,uf ..... ',,,,,,, II ""." .. ,;<1<;"0 1'<"<"";';":: 0' '''~. '"",,' '' <,WI ,"" <)" 

i'~:;: "-"""'I 

SEC1ION 2 0' PROCESS IDENTIFICATION 

2.11 Mltlu~{.le(lO")9'Clet>'fI.~.!!!:S ___________________ ,_ .. ;-•• _ 
Ty pe 

Abru;ve 'llaSI'f"I<; 

Sol,enI0"'311",.. 

" 
, , 

" 

" 

, 

hnk -
volum e 

.---~ 
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__ D~' 

'1.' Solve~t Us e 

I 

< '.~. v>pOUr ",,",,0''''11- "",I c>;o. ,o""C'~".m="·''''''''-'''''-----'---------------------__ J 
• e.g. ",.","",,"," ;'eo["""d, "'''"",,,tic rcl bp, oon!",: ~c«;; "Md. ""'_ ",frige'oton ZO,1 . , ok 
• p""", ';o~,;f\' 

2.2 Surface Finishing 

I T~~ 
[lm" 

E'lC<1;:e 

I GlO~';';·"T'. c\,,",le (eN' 
,~ "'''''''. N0n _C:.""" . 

U"",,, ......,, Dc",cot~'<'IC, , 
CJ,,,,,,, ,..,,, [" """(".1':,>-) 

! 
(>'-"''' ''' ''. ,!.ore 

i Ooo~, ICN) 

I CcW", .. , ~)'ropl)()' ,"ok 
, C"'"per. S"f;>I'.,\e 

00".- fl,"',",.'. , 
, 

Q'For, ':'l,r'oleNi , 
Con"' Strh (.'Jo,·eN) 

,'On'" ~"""a:co, 

c_ O" N' , 
Gclo,G)'~ 

Cold, """ -C)"'l"i '. '-0" 
.~~ c."" • 

~. 

["o,Hi'-

No""'·I, W"tl> 
,,"c;.co< H""",,,,"o 

, N>&oI,6octrvl", ... ,,, 

N«,. ~","v",'" 
- "I'"",, 'K)fOUO 

~" 
-011 . " 
.'deL· 

'-\''''e . 
">tire-", 
RI'd.lrI1 

&h'Of, C;"n;Ji, ! S·,.· .. _"",_Gy",,';jc 

, Tin. ,\cio 
~ ~ 

[". "'"'-". 
T·,,>-Looo (oMnlee ,j,,",1 "°,,''''1 
Z:nc, Cy,nio. 

LZ.H, .'oo,,·r.1on oo 
~ 

OLOO" • 

No. 01 y,:,;.-
'a,,~. ~"n .. (LJ 

~ .-

-

I 

I 
~ 

, 
• 

. ~ 

, 
~ ~~ , 

~ 

~ 

-

I , 
~ 

• 

~. 
~. 

-

2.24 Chemica: ConverSion Cos!" 

['1"'"',+,," =">3' 
_ 'roo 

_ M""""nooc 
linc 

--0'-'",' 
_ Oth<-r 

U·.rvo,,,L. ='r-:",-
_ On AiJ.,.; ,·......,· 

On (-I,...,.....,, ' 
_ On C",." . m ;0',",0' 

- 00 f/'-'(l, . ,).m' 

- 0" '\;;(J"""."", 
- 0<' Ii", ,.,c.' 
_ 0" Othor' 

_ 0" ot~.cr· 

~a,""oion. ':'1',,' 
~""i,'",oo. TWO' 

~i .t" Coioc'rO). ""I, .. 0>0,'1'"' 
Mo',. C""",ing. ~",,' ooco, .i'·," t"';;;-";;Q othO(' 
0"", . 

1<0. uf 
tonk. 

T.". ,ojL.rnC 

'C, 

---

-

~ -, 
i 

2.2.5 Electrodlemica Conversion COJlins 

~'''''-~. .~. _ Bar"''''.",.].",,, "-c'" _ 
- U"o,,;, """ 
_ H",c=t 

_ lJ""',,, Acid 

I _","lCOC Am' 

; -~~'r:rur"Adc 
l: ~::-:-

2. 2.G Pa in!i.~lI 
W.L"·",.~, 

p"""jC' ",01", 
Ot,., . 

'-
! -, 
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2 .. 7 Hot n", C_Oilrin9_ 
,,~ NO. 01 , ta .... YoIume 

'''''~. 
, .-

~Til~~) 
, 

.. , J),~ r"", ... ,,~"'!1 
i I 

. . . . . 
• ;"" lc.;oI>1"=) 

r.Oir,;- . .. 

· >t . .." 

I 
... · ., ....... .. . . 

· ~c n=1 .. 
O!~ ... ' . _" . 

0" .. , • I . - .. 
I 0\1. .... 

SECTION 3.Q WASTE AND EM(SSIONS OATA 
Pl8<lS<l M in ttl<> t,TA"" bcI~", lor all s"J,,,nca",, ",.",..", S!I<:~"''>'. ~,.,n9 I>co.t e'~!1'at~ • ..t, ..... lOCI\I3I ~~ .... ts ""'",ai~,"'" 

) I Was!ew~!cr (Li'luld Emu",,!) (;>lease ~U In w !y ... hOJro ;Ipplic.:!b!f! !o ~'O'~r or .. r8~or.s1 

i 
I ~r ... n.~,. ·i·~ty ,,,, "" ~'"'" -f----­
I 2. 

, . 

I , ., 
,,""'~,""."~;;;;;;; . 

•. --

, , 
.... .. 

, ~ <, cJ~,';;;:,m lo"cb"". ,,,,, ,,' ""J~ ""c.",I,ilo'. ~.i"""tlor1. tI~"" ,·".,~ """".,., ""d ,~",tQ' 
."; """,,t .c.~ '''''''''''' '' ''''- .•.• ,"'~,.,,"". r~.·.e<J "JJ ,Io"""' " ~""",,,. 0[0 

.l ___ ..J 

" PIc • .., I~ecr) 

, 
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3,2 Solid Waste (please f,': il1 ol1ly where appl,,;;:ble I" ,'our opera:iofls) 

fy"" of ><:>1 1,1 w",'o , Ouoo"'" ( . .. ' K~n' "", .... t. ,.. T .. . """", ""'""<1 Di'po,,1/ 
, 

pr~"""Oian mI.od w'ot, "'~r (I,,",c.'e ", .. "co, ""_ mo'l>od' 
utoil( wa"o ",.an" bolo," ,i'o or all"i'o)' 

Rocycli'l!l , 
- ----- - ('P"c.;Iy_ unil,) lr.",_"",_!!y~j"po" 1 --- --

\v.,.,.~"J", t,~""~,,t ~w"" , 

i 
I 

- - --.- - ----- - -
~e"'''''~.-~''l7''' r,,,,,, c,,,', 
c;e"" l!ll' ,=i~i':; W:>o>i , 

i 
, 

I I , 
- - --01 '1 ,J ,d~ , , I , -- -----

Stjl 00"0"" I,,,,,, >0<_' , ,,,,,,,,,,,,,' 
j , 

i'Metoi "',,,oJ' --- - - --- -- --- -

I , ----
SOf,p m~l," 

I 
- - - - - - --

"- , I 
- . ---- --- - ---- -- --

~ --- ---j , 
- -- ------ ---- -

w. 

.I. ---- -, -e,g ,J,Li .,. Oo~'te,,"., ,",", roOD'""" ," J ",ben etc 

j e", ,~" .... 'o 1 hy ',";,.to_~ou , er br tre"'''''''l'-dc ,"", r~ i'1<::ir~r"rt .. '-'~"J,," " '''',,''',., "" "'", (,' e",,,, J''''' "" 0 :10.'- " , of 1\e eos' 
<.>t ci,o»' io R"" 'j[ R;L) 

• ~,~, zl"c 0, crO>5 reccve"",' tor ' "'''"' 
l Pie""" ,;>oj", 

3_3 Air Emissions (picasG fill i~ o~I,' wile: ~ al;p!ic~"l" to your operatIOn') 

T y~O cl Air Em;»iol1 

----sci",,, ~op0'" ,O,e""'",, r rXl 1 ... ro""">\1 o;e."'c,.-,,, 

"'>1';>"1 ' -dt ~ n Q u,~",i't." 

- --

, " , io,~_ He! 1""",( 

- ----
'''''J '><.< ,ii, ""'''><l 

-

-

I 
, 

, 

fick Coot,.,.,,-,utmo-';' Moth"" ~ 

- -

- ------

-_. --

- --- --_ .. 

-

. __ . 

. __ . 

, 

I 

, 
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D·S 

3.4 Waste Stream Components 

I ie, th~ h~a,y metal" and oth~r "ignt".onl c" ... Laminant" Ihat am pre"" ... ! in [he s(>li~ wastes. lQlIi~ elfl"""t 
(wa,\ew,(,,'), on~ air ernssk,"s; 

3.5 Energy usage 

4, Miscella ncous (rlea'8 gjve bes( est,mates 'f actual data unavailable) 

4, 11';';050) .,,',",I~ .t '.,~" ~', of oo"qn.'"",", ~t)' )<lur boory ho, 000" ""~r~",,g Ic>r I~,. 0,,1 2 'W7 
yo.,-,;, 

• , '''11,,1 "",W(1"'l<' 00 \"m wa"e ""Po>'" 'OOs', ,,"'0 W ~ =1 ='" fO( oo<",~",",,,? i.e o'e )<llX waote di sp;l' ''' co'" "''' '','''''" '? 
I 4,5 i<c>w ,., )'('" rCg<>(~ )'(01 compooy', '"' ''''''''''' will, )'0;" """" I~"",""" Ca .. 'pcP 

U "'" )'OU owore o'-iio"." P'(,,' ''''W '"""0 "..,.; ,,,,,,1,.., ted,"'~'" ,.,ll,,<,"""Y"" 10, ,~~ 1))("" I" ro.o~ rn u<try> If )<), "eo", 
<peoly ~-t;cl1 ", ,,-," 

:--4,e ,.. •• i,Ci, ""'''",' ;:0-""" '-" new,,",'''''' ,. "', \'",",,'rnI oo<~ny >ub,,'nl>c to (e,g, 'Me"" H"sI1,,,,', ''''",D''''.-,'' _~,,~,",".-----i , 

fe' "~"" " 00'0 ,~,""~ •• ~ ~,~," ~ .. r 0 A,,)' 0")0' COOl","o<," 

~~~---------1 

END OF QUESTIONNAIRE - ThalJks for your co Oper,1/lOn. 
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________ ~,,'p"P'O"",'""cD~-"A,p,p,''',""k",,',',,"' ,C"",p,,,"'C''-________ D-9 

D.3 The main metal finishing industry organisatiuns and 
associations ill South Africa 

The I/ot Dip Galvanizers Association Soutli Aji-ica (HDGASA) is the largest and most 
active metal lini~hing association In SmIth Africa. H has nearly ]00% membership 
coverage and IS ""live III promoting the mteres\& of its members and in helping to 
stimulate awareness of new potential and opportunities for ih members. Th" 
HDGASA offers individual consulting for galvani1.eTll and uSers of gaJvanl!cd 
products. 

The South African Eleclmplaler', ./b'ocialion (SAEA) is an employer's hody lhat 
looks afk r the mterests of lis memhers and the mdllslry as a who k . It falls under 
SElFSA (Steel and Engmeenng Industries FederJ.tion of South Afnea) which lS the 
umbrella as>oeiation for the engineenng Industry. Th~ SAEA is not larg" with only 12 
members in the Johanncsburg ar~ a and 1 m the Cape Town area. Its main functions 
have included wage negotiations with employee bodies/unions. lobhying of 
govemm enUlocal allihonties. and disSlpation of ad vic". e. g. re lating to labOllT issu eS, 

Th" Gold Reef Branch of the Amerimn Eleclropia/crs alld Surface Fillishen 
Assodarion (AESF) bas n":,,,,!l, discontinued. as memhershlp had dechnoo 
(represented less than 21)% ofth~ sub-sectoT) mamly due to l11gh m~mb~rship fees (in 
USS) (Tyler. 10/)9). The AESF is in the process of breaking with the i'Unerican 
association and re-forming itself into a purely South African Association (DANCED. 
1999), 

Another acli"" association specdic 10 the m"tal fimshing industl")· is th" Ahlminium 
Surface l'lmshers Association (ASFA) Ihough it has kss than 5 memhers 
(membership uiiually giveii credence to quality), OtheT assocJations r~ lated to the 
mdustry Include the National Association of Automobile Component ManufacturCTs 
(NAA.C), the -"ational ASSOCIation of Automohi k Manufacturer's (NAMSA). and the 
Association of A.rchitcchlral Aluminium ManufactuTeTs (A.AMSA). SETFSA lS also 
expecl.,,] to have a numb"r of metal fmisherii other than dcctroplaters in its vanous 
suhsectors. 
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1).4 Barriers and drivers to w;!ste minimisatio[] in the met;!! finishing 
industry 

i-

Table OSa: 1 be 'Ironge<1 barrir" and dri"." for '"'aSlr mininu<aliun in S_\lE, in lil¥ m¥I .1 

" 
,,, 

il ]( 

,n Icgl>"""JTl "r~1 ( I,ilh , 
1_.01; af _ntGrcemcnl ofkgi,lation 

II nl'-

, , 

-nli -

, , 
thlOUgh , 

r' prc,_""c 
more stnnge nt , 

" 

ti>< ~("'em"" nt 

and dfecll"e 

The melhod "f ,election 01' (hese: is rq>ortcd in Kothlli, d al (1999)_ The e>.(ende:d 1,,( 
of b;mler, ,md dnvers from "h,cl1 the ahove were ongmally chosen IS a lso mcluded 
bel"" , 
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________ ~'O' PP'"'"".'""c"'_'-",'""P'""',."""'"' •• '"c~.",,.,'0',,'-_______ -'1)·11 

1>5 OfJ!,anisalional Siruriurc of South A frican r.o\'ernnH~ 11\ 

In South Africa, the ConSlIlu\l Ul1 J'lrovaJcs ror ooT1c urrcT11 \cll,s lalivc com!,!ctcncc lIy 
both llal10nal and provlllCl~1 I1Qv~r1l1l\c l1t In respect of tbe envmmmtnt. II IS quite 
likely tlut some pro\'inc~s wiil SC I m(lr~ str ingent sllmdards th~1\ the nationally 
rcq uia·d mlll;mulll las is the c.,sc in the Durban Metropolitan arc .. rcg;mJ ing h~ .. v) 
metals), which may require th~ use of d,ffcr~ n\ I~chnology h)' lild ... Slnes operating in 
more Than one pro, illCc (c.g. mClll fun slnng industry). 

The rok of t ile Dt:partm..-nt of Trade • ..,d Industry (DTI) mcJude~ lIm0I1!l~1 ])\h crs.. toc 
p lann ing and promQtion ofSoulh Arne:.!" ,"Lustri .. ] se.:IQI"S 

Polhmon control IS administered by 8 nll1nber o f national. pro\·incla l and loe ... l 
~ovemmclll departments . Responsibil llY for ai r quality is I'rcl.enl ly ldIUll1i$tcre(i by 
lb..., n~l'at1m~m "f Env,ronmcnt~ 1 A lfaits and TounSl11 (DEI\T) Ha/ardous 
$\lbst~nces are regulated by til ~ (!i:psThncnI> of Heallh and L aOO IlI". Fll:sh"'sIer 
pnllution is conlro Iled hy the Dep3l1mcnt of v,' ster Affairs and I· orc!ltry (!)W Al'). and 
~eawat~r pollution hy the DEA T and DWAF For the control or solid" lISle st rT~sc nt. 

!-Om~ aspec ts fall under tli , DE,\T. "lil eT~ und,'T th<.· DWAF, and tm)~\ asp.."C\, ar~ 

taken care of by loc3t allth .mll eS w\lh IUlie or 110 gUldanc..., fmm ccntr ... 1 go' ~mm...,nl 

(L3zarus cl al. I '~)7). 

Local a"thoritic.~ arc rC!;po1L~ibl c for Cfl~llJing that dis.chargn from local sewar,e p lants 
are within the limits set by I)WAF. Thc metal fimshing cffiucl1ts d ischarged to sc:"er 
must compJ)o' " itb hmi ts So:I by local HUlhont ies. \\ bich ill lum, must l'omri), \\llh thc 
l'C<ju lrcmcflis set by OW AF. lJldustrlcs d ischarging di recl l ~' to tht ma.';flc Cl1 l'irol1l11enl 
n1U$1 ans,,"...,r 10 Lt..;, D\\' AF (DANCED. 1999). 
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E APPENDlL'ES FOR CHAPTER 5 --

E.1 Chromium Surface Cnnversion Chemistr~' 

Composition> of the conVi!Gl(lll ch~mi~al, are propridary and tlwrG is littk known 
abol1! the exact composition of the chemIcals use<1 dac to cllllfiJenli~lity (lll hchalfof 
(h~ sllppher_ Therefore, mi"ortllation on the ch~mistry of th~ chromate COJj\eT"Oll 
reaction i, b~scd on cxplana\loll~ gl \'~n lTl the lcchnicallikraturL'. 

The Su.bstn.lc metal participates in th~ co~(ing reaction am! hecome, a comp<.ment of 
(be coali "15; anu it ha, a profound influence on (he properties of the coating. Nonnall y 
~ giv~n chromate I> dC,'gllC<l to work on a particl!lar metal; but lJl a few cases there 
arc solutions that will \Vorl:: on two OT more (Bmmmcr, 1990). 

Chromate , lor aluminium fall into h'iO catcgoncs: chrome-phosphaks, primarily 
thosc uscd on architectural alumimum extnlsions to provide a paint-bomiing coat, ami 
Chrome-oxidl.'s applied to almost every type of alunlllllum lor paint bonding and 
corrosion IT." ,tancc (Kirk & Othmcr, 1995). The propn e\ary so lu\ion in tilL' company 
contains bolh chromic acid and phosphoric acid ami lJlJtially l>e li eved to he a chroml.'­
phosphate l),l' e. The ehemlcal supplicr however confirmed it to l>e \he chrome-oxide 
typc. Since the final film on the product> i, goldl.'n-ydlow, lhis confirms that It lS the 
chrome-oxidl.' type. as chromium-phosphate films are greyish-grecn in colour. 

The chcmist!), imo!vc> rc~ction !J<,lw~en th~ mdal surfacc and an aqu~oll> solution 
comaining chromatc., and certain activator ions. Activatorn lllcludc: sulphates, 
chloridcs, fluond es, phosphatc, and complex n-allides. The so lu tions for chromating 
arc acidic Chrome-oxide baths are aCl(lic and madl.' IIp from sources of hexavalent 
chromlUm, complex fll!Oride. fluorsihcates. flUOu.1ITOnalL, and silicoiluorides (Klrk & 
Othmcr, 1995). 

A simplified reaction proceeds along thesl.' lines: 
]. Metal m the inlcrl;"'e is dissolvcd by the ~cid ~nd cmers the solution as mdal ions. 
2. There is ~ local rise in pH (lowering acid coment) in the immediate vleinilY of the 

interface. 
J. Base met~l ions comhine \\Llh chromate ions to foml a compound that is insoluble 

at the local (higher) pH. This compound precipitate.' On the mdal suriace as an 
adherent coating. 

4. Reaction hy-produc!, enter the m~in solution 
(Bmmmcr, 1 'NO). 

The seqUe11Ce of rcactions in the chromium chromalc proccss on aluminium are a, 
follows (Kirk & OthmCT, 1995): 
Oxide rcmov~l: ,1.1,01 + 6HF -72ALr, . 3H10 
Rl.'dox re~ctions: HCrO; + 71r + Je' -7 Crl > I 4H10 

Ale- -7 AIJ~ + Jc' 
Cr reduction: SR' + 2HCrO.- + 1Al" -7 2AIl> I CT20 .dH,O -'- 2H,O 
(Kirk & Othmer, 1995) 
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App<ndix E Appendic., [m' Chap"""'c,'-_________ h-2 

The film'~ stmclllre call he descrihed as .J cross·lmked Cr(TIT) pol ym~r, that u,es 
Jnion specIes to link chromlllm ccntres. These anions may be hydroxide, chromate, 
fluoride, and/or others depending on the composition of the bath. Although thc 
s.olution contams cilromlUm 111 the hexJvalent Jonn chemIcal reduction takes place On 
the mctal at the P0111t of appiicati(111, -'0 th31 the chromllim in the c03tmg is essenh3lly 
all trivalent chromium (Brununer, 1(90). 

The eonoswn inhibItion 15 due to the formation or a protective mixed 
chromium/metal oxide film \vhich form, as a result of thc elcctrochemical reduction 
of the chromate i(111. Ad(litional COITO~l(m protectIon i~ provided by chromate ion., 
entrappcd in the coating. Thesc wns are readily leached from the coating and act as 
corrosion inhibitors (Hinton, 1(91). Thc chromate coating's ahility to lmpnl\ e the 
adhesion of pamt coatings is related to the cellular structure of the mixed oxide film 
thm provides a hase with mOre attachment points (lhid.). 

E.2 Chemistry of Passivation 

The chromic acl(l rillse ,;erves the following purposes (Brummcr, 1<)90): 
I . It dissolves any trace of watcr, so lublc salts in the pores of the chromate/phosphate 

coating, or convcrts them to wmer insobhle salt~ 
2. Tracc amounts of soluble chromate are len on the surface, which effectively 

improves the salt spray reSlstance. 
3. T! fon".' a th111 pas-,,""C oxide film in the pores of the phosphate 

Chromic acid (('rO,) diss.olves 111 water to y1eld the theorcticaIH2CrO-/. The llCrt~t· 
wn show~ a distinct tendcllcy to dimerise to Crl0, ,. at 10\\ total O(VI) 
conccntrations. The exact conccntration of chromate{VI) anions present 111 aqueous 
solution IS a functIon of both pH and hexavalent cilrrnmum concentration. Howcver, 
when thc pH is betwcen 2 and G, all cquilibrium mixture of I1Cr04' alld Cr20c" is 
prescnt (Kirk & Othmer, 1995). 

E.3 Hazardous nature of input materials 

Thc (DWAF, 19<)::;) dcfinitioll of hazardous is bascd on 6e chcmical reacti\'ity or 
toxic, explosive, corrosivc or othcr characteristics which causc, or arc likely to causc, 
danger to health or to the envimnmcnt. whcthcr alone or whcn in contact with other 
waste. 

A Hazard Rating is a systcm ofclassif)'ll1g and rankillg hazardous wastc according to 
thc dcgrcc of hazard thcy prcscnt. This 1.' bascd 011 Mammahan Acute and Chronic 
toxicity, J::colOxlcity, and Fnvironmcnlaj Fate . Bascd on th is hazardous \\asle 15 
classified as: 
Hazard rating I = r.xtreme hazard 
Hazard rating 2 = High Hazard 
Hazard rating J = Modcratc hazard 
Hazard rating 4 = Low hazard 
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SODIUM HYDROXIDE -:-IaOIl 
Hazard rating = 3 (Sev~re-Poi,on) 

10_3 

Excessive inhalation of dust IS milaling and may be severely damaging to respiratory 
passage, and/or lungs. Contact with skin or ey~s may cause sever~ irritalion or l",m'; 
Ingestion is hannfuI: may he fatal or cause severe buming of mouth and stomach or 
causc nausea and vomiting. Acute toxic effects may include the death of animals. 
blrds, or fish, und death or low growth rate 1!\ plants. :-IaOH has high acutc toxicity to 
aquatic life. Chronic to,ic effects may mchl<k shortened life span, reproductiv~ 

problems. lower fenility. and changes in appearance or behaviour, 

CHROMrUM oCr 
ACUfe and chronic toxicity: 
Chromium is non-volatile and is very in>oluble in water. Therefore, if spilled on land 
it tends 10 ,;tay in thc top live centimetrcs. Chromium i, highly per';istent in waler, 
with a half-hfe of greater lhan 200 day,;. ft IS lmlc 10 planls at concentrations hlgher 
than 0.2 to 0.4%. Chromium cun bio-accumulate III plants and animals. Acute tOXIC 
efTects (those seen in two to four days after contact) may include the death of animals, 
birds, or fish. and death or low growth rate of plants. ChromlUm" more loxic in ,;oft 
water than hard walCL The pnmary routes of entry for anllnal exposure to chromium 
compounds are inhalation, mgestion, and, for hexavalent compounds - skin 
penetration. This last route is morc important in indu,tnal exposures. Most hexavalem 
chromium compound,; read wilh cell membranes. Although hexavalent compowlds 
are mOre toXlC than lhose of Cr(III), an o'.-erexposlU'e to compounds of either 
OXIdation state may lead to mflammation and irritation of the eye,;, ,kin. and the 
mucous membranes associated with the respiratory and gastrOlntcslinal lracK Skin 
ulcers and perforations of nasal septa havc been observed in som~ industnal workers 
after prolonGed expoSlU'e to certain hexavalent chromium compounds i .e. to chrOJnlC 
acid mist or sodium and potassium ulchromate 

All chromates are acidic and will attack Jiving tissues. Damage 10 eye,; can be 
e,pecially SeVere. Skin bUITls may b<; slow 10 h<:al and secondary lIlfCClions can rcsult 
\latcrials high III fluorid e can cause >ores that Jre even more reSIstant to healing. In 
audition to their acid properties. chromates 3re strong oxidisers and may cause 
spontaneous UOlTI bustion I f the concentrated products are mixed wi th other substances. 
especially paper wood Or llamrnable solvcnts. 

J lEX1\. V ALEh' CHROME Cr" or Cl(VI) 
Hazard Rating - I (Extreme) 
Hexavalent chromium is a rccogniscd roxic matenal with carcinogenic propcnies. 
Hexavalent ~hromLulTI compound, are COrrOSlVe and causc chronic ulccration and 
perforation of thc nasal septum when inhaled. They also cause chronic ulceration of 
other skin surfaces. Chromium (VI) has high acute toxicity to aquatic life. 

TRIVALEhT CHROMIUM CrJ+ or Cr(Jll) 
Hazard Rating - 3 (Modcrate) 
Tlivalellt chromium compounds are naturally occurring and are considerably less 
toxic than the hexavalent compounds and are neither initating nor corrosive. 
Chromium will convert from hexavalent to trivalent fonn naturally over a long peliod 
of time in the presence of organic matter. Chromium (llJ) has moderate acute toxicity 
to aquatic life. h'o carcinogenic potency has been demonstrated for Cr(lll) 
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compollnds. While Cr(lII) can be removed more readily, accumulation of chromium 
m hiologieal treatment sludges contaminates the wasted sludges. 

FLLORlDE -1'-
Not Ested a~ hazardous and not monitored. 

PO'WDER PANT 
(According to the matenal Safety Data Sheet from the paint ~upplier) 
Based on the composition and perfoillled toxicity studies with the prodllct. the 
preparation can be considered as an inel1 dust. Total dust content (TLY) IOmg/mJ 
(50% line dll~t). Precautions sholiid be taken to prevent the formation of dust in 
concenlrations ah<1ve llammahle, exploSlve, or occupational exp(lsure limlls. Igr11lion 
temperature of dust is 51)()·(}()O"C. Avoid inhalation of dll~1. W1lere reasonably 
practieahle, thi~ should he achieved hy use of l()cal exhaust extraction and good 
general \' emilation. If these are not sufficIent to maintain exposure hc low the 
exposllre limits, SIlitable respiratory protection must be wom (e,g. dust masks). Lower 
exposllre limit or dust/air mixtllre i~ 35_90g/m J

. Recommended vallie for powder in 
air Inrplant de~ign: not to exceed 10gimJ

. pH value m water will not change, 

Toxicological information: There is no further data available on the preparation it~elr. 
Animal tests and long term ll~e of powder coatings containing no dangerou~ 

~uhstanee~ have shown no specific nsk. P(lwder coatings can calise localised skin 
mitation III f(llds of skin or in contact with tight clothing, 

TRlGL YClDYL ISQCY ANl)RA TE - TGlC 
TGIC l~ the cros~-Imking compound lIsed m the powder paints, It has a number of 
occupational health effects. Lately jsmce May 199~) this has resulted in 
reclassification of TG1C according to EELI occupational health marking, The health 
effects of 1'GIC arc allergic dermatitis among won-ers exposed to 1'GIC or TGIC 
powder paints. Nasal, eye and throat irritation, skin ra~h and no~e hl eed~ have also 
heen d(lClim ented, 

EculuK'cal lnfurmuliun: There is no data available on the preparation itselI: Tests and 
long tmn use of powder coatings have, in general, shown no specific risk. If powder 
coatings arc applied and stored according to the reconlllendations, emissions will Ix 
within the legal limits. The extract of a typical powder coating with ralllwater ~h()w~ 
that a deposit will not affect ground or surface water substantially. 

Sources: 
htt[l: //wW\\ .epa.3ovichemfacti - U.S EPA QPPT Chemical Fact Sheets 
hllt)://www.nsc,Qrg/I;;J!C/ew/dJCms-Environment Writer Chelllical Rackgrounder.<, 
Chemical Information Environmental Health Center, A division of the National 
Safety Council, LISA 
Prager, J. (cd.) - Dangerous Property of Industrial Materials Repol1, as cited III UNEP 
WG (1998). 
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EA Water Con~umption \leasurcmcnts and Calculations 

The water nllwrate throllgh the nn,e ;;ystem needed to be measured, as only total 
water usage (according to municipal meler) is known, The method llsed was the 
bucket & stopwatch method, and was applied to the Incoming walerllllw (into Rinse 
hmh 4) His assllmed lhallhe nowrale into and out of the baths is equal, Two set<; of 
measurements were taken by Dhliwayo (1998) dUllng lhe pre-a<;sessmenL An werage 
of9.9L was collected in 15 seconds, The i1o"'Tate was therefore detellmned to be 
2.17fiLihr, or 52fiOkLiyr 

Although the capacity of each of the haths is 3700L, the solution VOltillle in each bath 
is as,llmed to be -,OOOL and all chemical additions are made based on :hi, (chemical 
suppller recoml'"IlCndalionj. The rinse baths are therefore assumed to conlain 3()()()L 
waler each on dllmping al lhe end 01' each week ""mher of nn,e hath dllmps was 
estimated at 4')iyr (hased on llperating weeb/yr and inplll from the manager). The 
total VOltillle of water dumped per year per bath was therefore calclliated and 
mlllliphed hy 4 tll give the lolal wmer ll,cd m thi;; way (i.e. fllr refilling rinse balhsj. 
The workmg W;lS cam",i Ollt in lhe spreadsheet helow: 

Warer use as .",/vent in pmces.< hath.,' 
The chemical haths need 10 he maintained in a given concentration range (chemical 
sllppher speci licalion,j, Thu;; since chemicals and water arc lost through usage, drag­
oul and eVap"rali"n, regular additions 01' chemicals and water are made to each bath. 
The chemical addition;; are recorded, hut the water additions are not. However, the 
water additions may he Hlllghly estimaled based on calclllations that take the total 
chemical additions m;lde per halh Ii,r the year and divide the,e by the initial bath 
concentrations, Although there IS room for error, the reslllt at lea,l will mdicate order 
of magnitude of water use, The c;llculalillns llsed to determine water u,e in lhis way 
were carried out using the spreadsheet helow. 
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Total waler usage' 
The total water usage was measured through water meter reading~_ A ma&< halance 
was then used to detenlline 'other' water usages (domestic,etc.) The spreadsheet lIs ed 
Jor these calculations is included hclo \\': 
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Thc high volume of 'other' water uSeS was qllCried_ The waler mdn n:adings ilx!Jcate 
lhal much oflhlS wat~r IS used ov~r mghtshlfl and the manager indicated that 1/3'" of 
this IS mostly due to overtime nms of prc"trcaullcnt, which arc required wh~n an oron 
ne~us to b~ completed in a shorter time, or production is very high_ 

E.5 Sewer Limits and charge fOl"mula aeconling tu local by-law 

Thc Cape 'vIclropoh!an Council (C'vIC) conlrols any direct or indirect industrial 
emu~nt discharge in the Cape Town region. On I July 1997, the "Industrial EJ11l1Cnt 
By-Law" camc into elfecl. It incorporates a metal loading fador (MLF) to caltulate 
emu~nl charge_ The j()llowmg charge formula lS apphed: 

ChargciR] = V • [R T l (..!. + _C_O_D + i.1U- \1] 
_ l3bOO / 

Where 
V - lolal volume, cxprcsseu m kL, of mduslrial eflluent discharg~d from th~ pr~mises 
during lhe cycle concerned 
R = COSI of conveymg one kL of sewage (R0.45) 
T = cost of treating one kL of sC\\'age (RO. 76) 
COD - chemical oxygen uemand ol-sueh emuonl in mg.-L 
MLF ~ melal ion loading faclor of such eflluenl calculated according to the fonnula: 

where 
Fe - iron concenlralion or such diluent in mg/L 
Cr = chromium conc~ntration of such effluent in mg/L 
Zn ~ zinc concentration 01- such elJlucnt III mg/L 
Cd = cadmlum concentration of such emUClll in mg/L 
Ni - nickel concenlrallon of such erfiuent in mg/L 

The total volume of eJf1uelll is classified or measured by the CMC for ea~h Sillgk 
compally ind,vidually. Th~ volume of emuenl lS eSlimaled as a percenlage (about 70_ 
75% for the two compames concerned) of lhe tOlal fresh waler consumption. In 
theory. the water consumpiJon is caltulaled by the local mumclpalily as the total 
water consumption (as per mekr readings) minus the eslimaled domeslic usage (based 
on the number of people and averag~ usag e./person)_ If more dirOXl muuslrial usage 
valucs are known (sub-meter readings), these arc used instead. 

The table below shows the CMC regulations for various parameter; regarding eflluenl 
discharged to seviage works: 

Tabte £:5: J:;ff1uent limits fur di,charg~ to ,e ... ~r 

l'aramctcr 
Tom TaIUTO ' ! mtofon 

Eleclric.! cunJuclivil'", 25"C 

Unit 

;00 
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Parameter t'nlt Lim!! nnt to u«.d 
11,1 2~oC Ue'" "ll ~.~ .llJ " COD - !l:'&:1:..U>Pm) i _'''Qi!O --_ .. _---- _. 

m ',1-:(ppm) ------ -
Jron", Fe " ChHlm'Um", Cf m it ( m W 
C"PP"r", eu , mg/L (ppm) '" m , .. i (~,m) - . 
Z in c~, Zn ;0 

To"l "I-h ~Cf+ Cu +Zn Ill<>iL m' '" Kiehl., Ni mgil (l'pmi • 
According to a representative from the local council (Walpole, 199'9), the eXISting 
City of Cape Town byl,,-w (prior (0 the lIew proposed bylaw of 1')97 which is yet to 
COme flli1y into effect), 5!,<' cifics a ,ewer limit for hexuvalenT chromium in cftl uGnt of 
O.05ppm Thi, lS becausc hexavalent cJlromilim is not precipitated and goes straIght 
through [he sewag~ tTeatmcnt "'mh. The ~ity or Cape Town by-law, although 
operating in tbe Cape Town regioll. is not opcrublc in tbe llldw;tnal rcglCln, where the 
casc-stlldy companies arc located. The T\C\V prorosed by-l~w (o1l1hned ab<we) only 
specifics a hml1 for total Cr of IlIppm, anJ Joes not ,efer (0 (,(VI) contem. Ho\w\er. 
the by-b,\ Jo~s r~gulal~ a~c",dmg (0 lh~ BA TNF.E( pnncipk. anJ accordin~ to tbe 
council r~pre s~Illallv~ it lS cOIlsldered reasonable to reque,t that hexavalent chromllLm 
hc treated u,ing comcmional treat'neIlt methods, as the chromium can be dl"edlvdy 
reduced at low cost in this wav. 

In theory. effluenl analysis is peliCIiTIled by the C:\OlC fClur times dunng a 51X monlh 
period. Thc eftlllcnt quality is detennincd as the average of the 4 s"mplcs (or the 
medlan ,r !h~,e a, ~ lar ollllymg valll~s). EmlleIll charges are bas~d CIll the ~harge 
formula, whIch (akes inlo account the total volurne of effluent discharged. Thi s i, then 
multiplied by a factor mcorporating the conveyance and treatmcm costs. the COD 
content and the metalloadiIlg factor. In practise, the frequency of sampling seems to 
depend on the company. 

Change.l· iii the future' 
II i, plmmed by the (M( in the near future to change the metal loading faclor (\H.F) 
into a general loading factor (GLF). This formula will take into account. both the 
metal limits mentioned above. as well as pH, temperature. and conducti\·lty. 
Therefore, exceeding any of those limits \vould have a direct con,equence in the 
calculated effluent charge (C:\1C, 199\1). 

£.6 Calculations to determine chemicals lost in wastewater. 

11 is JilTicuH 10 meaSure the actual drag-out from the baths owing to eonsiJerable 
variation in type mld rate of production which means Ihal il is lIndear hmv 
representative any drag-out measurements are. :\1ea,urements of drag-in are eveIl 
morc complicated since the drag·out from every bath is combined in the counterflo,\ 
rinse\vat~rs and it is difficult to pinroint the source of a patticular contaminant. 
especially aeidialkali. The exception is for the chrome, as there is only one source of 
chrome dragged into the rinsewater. 

Cr content of the rinse water was measured by Dhliwayo and runher sample, were 
taken as checks on the fiIlJings. The re sults are pre,enteJ below. 

- -

-



Univ
ers

ity
 of

 C
ap

e T
ow

nBaseo.! on lhe measur~tl concenlrall.1ll of Cr(Vl) in lhe wa~lewater (from Uhliwayo's 
m~OlSuremcnlsJ, and the knolln quanlny oI'Cr(VT) III th~ chromu\c chemic,,1 1 (given 
by .uppher), the amount or ~ hromale chemical lost to dra in p~r y~a" was (,'alculatcu. 11 
was nec~ ssar) 10 aSMlmc thaI all the Cr(VI) arose from chromale ch~ml~al I (i.c 
dll"Omal~ ch~m'cal 2 was not lukcn into accoun t as it Cr(Vj) comem is unknown ~nu 
assumed to be small,n C()mpan!<l11l I,) chem,cal I). The calculations were performed 
n.ing a spr.:adsheet which is inc!udo:d below. 

, 
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The drag-in from the etch and deslllutting baths was estimated based 011 this result for 
the chromate bath. Based on rough indications of compal'ativ~ viscosity, the drag-in 
lor the othol' baths was estimated. The \vorking is presented in the sPI'COOS1WCl below. 

There 18 no indication a, to how accurate these figures are, and they can only be 
considered very Tough eshmates. However the estimates wel'~ discussed with the 
\]anagcr and consid~r~d sufficiently representative for lh~ purpose "r tlws~ 

calculations, 

F.. 7 \ 'Ieasurement of Chrome Content of Passivation Solution 

Samples of the passlvalion bath were lahn allh" ~nd 0(- the week pnor to dumping 
after :2 relatively high pmdoctiOIl weeks, These were then analysed for lotal C'r 
content by the UCT mam lahoratory personn~L The analysis resliits are consider~d to 
ht; wlthm 'Xl% confidence. The r~presentallve nalliCC or the samples is eonsid er~d 

suffiClently a<;curat~ to prove the Cr content is ahov~ the 1 Oppm limit. The results are 
as follows: 

, ' n -n 

E.8 Chemistry of spent chromate hath Ircatment 

Unlike most heavy metals whieh are precipitated readily as insoluble hydroxides hy 
pH adjustment, Cr" ~ must first be r~duced to the trivalent slate hecause Crol fonm lh~ 
chromate complex which hehaves as an anion (CrO.'-) and cannot form an insoluble 
hydroxide (Cllshnie, 1994). Conv~ntional cluomium reduction is achieved by 
reaction or Cr6+ with a reducing agent. Th" reducing agent used at Company I is 
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sodium metabisulphite dry granular p[)wder This hydrolyses in water to r[)rm the 
hydrogen sulphlle Ion which is readily oxidl o;ed to ';(lIp hate: 
:-Ia2S20, + 1120 ~ 21\a ~ + 2 llSO)-
SO}- + 20H- ~ SO.'- + 11,0 - 2e-
This reaction shows that [)xidation IS fav[)ured hy alkaline conditi[)ns. H[)wever the 
Cr(VI) rcdudion hBlfreaclwn is j"voured by aciulc c[)nuiti[)ns, in accordance wilh the 
following reaction: 
Cr,O/- - 14H~ - 6c~ ~ 2Cr'~ - 7H,O 

Cr(VI} is reduced with much greater difficulty in alhline solutions, Hence 
conventional Cr(VI) reuucti[)n is n[)rmally carried oul in the pH range 2-3, The 
treatment oflhe chromic acid with s<xlium bisulplute lllvolves the following reaction: 
2HlCrO, -,- 3:-1aHSO-, - 3H,SO .. <=:> Cr,(SO.), + 3NaHSO. + 5H,0 

The reaction takes place almost instantaneously at a pH of 2,5. The low pH or lhe 
rC<lc.tion is a drawback since the subsequent metal removal step IS performed a\ an 
elevated pH (typically 7-S), The Chromium reduction process is capable of producing 
an e l'fluenl w'-ith <0.1mg'-1_ Cr6~. Subsequent neutralisalion lS achieved by adding hme 
to precipitute the Cr' I as chromium hydroxide: 
Cr,(SO')J ... Ka(OH), <=:> 2Cr(OH), + 3Ca,SO. 

This needs to be earrid out at max pH-~, since the Cr'~ redissolves at pH 9. The lime 
dissolves sl[)wly, so a little is auded at a time and mixed in over a pen()(i of' a lew 
days. Water-lreatmenl Lime is used, as 1l is strong~r than regular lime and will 
therefore proouce less bulk ror the same pH adjuslment. The theoretical quanlity of 
S()(ll11111 bisulphite required to reduce I kg of hexavalent chromIUm is approxima\ely 
3kgs, Though actual chemical reqUirements for chromlUm reduclion and pi I 
adjuo;!ment are generally nluch greater lhan the[)retical [)r eSlimaled 'luantitles 
presented by most references, They can be up to 5 \0 10 times more than theoretical 
u[)sages (Cushnie, 1994). 

There arc a number of other options e,g. magnesIUm hydroxide, calculin chloride, 
sodium embonate, Eoch alkali has advantages and disadvantages, Eg. lime has the 
advantage of lower cost/unit ofneutralising capacity, metal hydroxides produced have 
a faster settling rale. and settled sludge Ii'om lime lreatment is higher in solius content 
and much more amenable 10 dewalering. H[)wever, lime lakes I[)nger 10 react lhan 
NaOH and II generales a consiuerably higher mass of sludge solids. 

E.9 Paint u~age measurements and calculalinns 

It was decideu t[) measure the c}c1une eflieieu9' directly, by spraying a known 
amount ol'powuer directly into the extraclion uoct in the spray booth. In order not to 
wasle \'aluable p[)wder anu to minimise I[)ss in produc!ion lime, these tesl samples 
had t[) be snoall on size (2kg). A know,n am[)unt of pain I (2kg weighed before hand) 
waS placed in the hopper. The spray gun was lhen pointed directly Mthe exhaust hole 
in lhe spray boolh leading to the cyclone, and the cyclone system was nm. When the 
h[)pper was emplied, the amOllill of paint collected in the reclaim bin was weighed 
agmn The first lest WaS done with a lcahn::: hupper extellsi"ll pipe and los, was hieh. 
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It was thell redOlle with non·leaking spray equipment. The results for each !cst arc sci 
Olll below: 

It would have been better to use a higher mass of paint, bllt this could nOll>c done due 
10 the effect on quality and the time takcn for the ICSt. Allhough [here is r()(lm I"r 
much error in the results, they serve as an indicalioll of (h~ loss of paint in the 
reco very "ystem (whether 011 Ill<: walls of the cyclone. the JIlsides of the reclaim hin. 
or out the exhaust to atmosphere) . These were rough measurements to give a working 
vallie for efficiency of the cyclones in the pre-assessment. 

Direct measurements of coaling thickocss were carried out on exirusion sample"_ A 
pretreated sample was weighed before painting (after pTe-treatment), and after 
painting and curing. The difference in these tv.'O masses, gives the mass of paint on 
the sample. The sample area was calculated. The weight/area gives the coating 
thickness (g/m'J. The resulting loss depends to a great extent on the actual usage on 
the product Dhliwayo measured coating thickness on an extrusion test sample where 
(he sample was weighed he lore and alier painting. These results were conlil1ned by 
perfomllng additional tests on 2 furth er extTIlsion samples in this way and the results 
were IOllnd to he C(lnSislellt at an average coating thickness of -80flm. Results from 
Dhliwayo (1998) are compared to 2 additional samples taken as a check in the 
spreadsheet below: 

" 

However, extrusions fmm only 80% of th e lOlal prodllCls coated. The remaining 20% 
(fumiture. etc.), have a much lhicker coating. The coating thickness IIsed for these 
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calcubtions is b~sed 011 tests perfonned on actual pans (the tests were dOlle to 
detemline optimum spmy gUll aIr pressure). The conting thickness on extmslOns was 
found to be iTl the raTlgc 65-95."111. Wilh lhc average at SOj.lJTl. while for 'other' p~ns 
the ~verage lS estim~ted at 140pm. A simple m~ss haJ~Tlce c~Jcu l~tion w~s used to 
delemline average percentnge paint loss per alDlum. Thc bnlance: waste/yr - total 
paint usage/yr less total pnint on product/yr. Where, paint on product is detennined hy 
111ulliplymg ~"-,ragc p~ml th,,;kncss and density by total arCa of allmllTl lUm processed 
per yenr. Detailed workings nrc included m the spreadsheet below. but alDlunl paint 
usage in tenns of kg and Rand values arc not includcd for confidentiality reasons. As 
an a,sumption for the sake of prc-~sscsoTllcnt calculations, the manager offned an 
estim~tc of 20% loss ns all emissions, nnd 80% loss ns solidi fed p~int. The manager 
also gave the c~1culatcd a\"Cr~gc usngc of colour p~int vs. white paint as 5m'/kg vs. 
9m'/kg respectively, while 50!!. ofthc paint is used for white painting and 50";" for 
colour pamts comhined. This was used to calculate the split between white paint and 
colour paiTlt los';eo. 
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E. IO Summary Spreadsheel for Calc ulating Ihe True Cost fll' Wj,lSIt'~ 
and F.missions 

A~~llTding to the ,hosetl mdllU\lnl"8Y, !lIC t rue cost of the wastes were detenmnL'<.l 
using" wmhheet which allowoo for ;iJ! the ~"<l' (raw material value, intern;>] 
treatment and disposal, c;(lernal trcarmcnt and dIsposal costs) \0 he included. A 
olprea.hhccl was sct up in the :;;!me i(lIma! a~ the worksheet and the ,orresponcting 
valuci were if(lu(tcd hy linking 10 the rc lcv;tm working 'Vremhhec\S. The resulting 
summ~rl' o;pread.hccl is included hel"", . 

E. II E\'aluation T.able: Summary of Wastcs & Emissions 

The SI!IIunlU)' sprC".odsheel r.lf e-.3luati ng the waslcs!erlllssion~ from Company 2 is 
included below: 
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E.12Evaluation criteria for Selecting Focus Areas 

The evaluation critena are the same as those sel out in the chosen methodology except 
for t\\'o diITcrences. line. the energy consumption is treat~d as s~parate from other 
wastesiermssions, wnh a difrncnt c.lassification method ror ils critcria (since it is 
din'Cllllto c.ompare kWh to kg or TJ In addition the hazardous nature 1S not only 
raled acc.ording to % of hazardous component, but also according to the hi17~1rdous 

rating of the substance of concern One additional c.hange is the typ~ of Ihe point 
system. The chosen methodology suggests a point system of +, for very high, - for 
high, _ for low, -- for very low, and 0 for ave,,lge. H~r~ th~sc rates are assigned 
numhers, Le. - + ~5. +- 4, 0-3,· - 2.·· ~l. Therefore. each Ihc wastes is given a point 
value for each cntcria. The points are then Slimmed and the wastes with the highest 
total score ar~ sekcI~d as focus areas (up to a maXlmum of4). 

The point system for all the criteria are noted belo\\'-

QLAl\TITY 
The point values for quamity (and COS1l arc assigned according (0 (he method used by 
van Beers (19')9) in company network mapping, as the data from Ihis assessmmt is 
also used for the network project and it is therefor~ hcn~I"Lcial to usc the same basis_ 
There is no change in this criteria from the pre-asS(;ssment. 
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HAZARDO(;S ~ATURE 
In assessing Ih ~ hazardoli~ nature, consid~rm;"n ShOlild be glvcn to the hazard ratmg 
01' the substances that make up th~ wast~, as well as to the relative concentration 01 
th~ hazardous substance. In addll!Oll, consideration should h~ glven to the final 
disposal point of thc waste e.g. nver vs. sewer. 

, 
, , 
13 

F"<FRGY CONSlJ'vIPTlON: 

,'CTV low 

low 
m.,ctiUl1l 
hJ h 

""'hih 

Energy consumption IS treat~d separately and i~ assigned poinl~ as follow s: 

Gas; 
0 . 10,000 kg 
j 0,00 1 - 20,000 kg 
20, 001 - ~ O,OOO kg 
>~O,I)((I kj: 
Electricity: 
o SOO. OOO kWb 
S{){), OO I 1000,000 KWh 
l(){)(1,OOl- 1500,{){){) KWh 
> l W (I,OOO KW h 
Al, o , V A 

Poiut Valu. 

j - low 
2 ~ m"' lUm 
3 -- hi gh 

4 - ""Y high 

'"" 2 _. medium 
3 - high 
4 - "CTY hIgh 
Add j 

, . 

Th~ wast~ mlnlmlS:tlion pOl~ntial is a~signed points as follows: 

WASTE MTh,M1SAT10"< POTE~T,AL 
i ~, lb" '"e"melU « am [,eli "V, d"" (11, ,, is 

pul"lUi,1 for " ·081, min,mJSa,ion (b" ,n (Ifl • 

good kllO"l . dg" of waste minimi,ation ""'lo1m 
forthe m c,<s)" 

No in" - 1 
High po<""ua] - " 
tow polenti. ] - 2 

l 
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The tina! cfltcria takes into account other factors. The fillal factor takes into account 
whether the waste is recycled or regenerated already. In other words, the waste is llSed 
again and is therefore not as large a problem as if il were leJi as is. 

E.13 Evaluation of Wastes and Emissions tu Select Focus Areas 

The E\aiualion Criteria and point system lor ~ach of the criteria are Sd Olll in 
Appendix Ell. A table waS set lip listing cadi of the w3stcsicntissions and each ofth~ 
e\'aillation cnleml T)'" milia! tables afC mdlLded in Appendix El l, Each of the 
wa8te~ i~ giv~n a point valu~ for each criterion. The points ar~ then summ~d and the 
wa8tes with the hjghe~t total score ar~ selected J8 rO~II~ aTeas (up to a maXlnllLm of 4). 
Th~ spreadshe~t u-;.:d to calculate the total8 for each wa~t~ stream and lhen sort them 
in desccnding order is included bdow. 

E.14 Activities for generating \\'aste Minimisation Options 

A silllllllary li,t of wa~te minl1TIl~alio{l options waS tompilcd from tlw available 
iikralurc (th~ options re1~val1\ to Company 1 w~r~ sdctkd from the li,t in Tabk 
23, Chapter 2). 

2. T~~hmcal Tevi~ws w~re carri~d out to compil~ mOT~ ddailcd infonnmion on the 
w..ste minimisation alt~rnatives ,md Clean T~chnologi~s sp~cijjc to thc proce,ses 
in Company I (through addltionallit~ralure and _'p~dfic case ,tudy reviews). 

3. Various options w~r~ di",",uss~d with th~ ~hemi~ai, paint and equipnwlll supplier8. 
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4. h,lemaliollai experts in the relevant hranch (mainly contacts from the ElJTopean 
silldy tour) were also cOllsulte<J 

5. A bralnstornl session was also held within the company to generate ideas (details 
in Appendix ElS). 

E.15 Details of Brainstorm Session Generating Waste 
minimisation Options 

The hrainstorm session was the firJ<Jl pan of the assessment phase of the waste 
miniml<;alion assessment at Company I. The aim ",as to generate as many ideas for 
waste mlllllnl<;ation options as p<J<;sib le , whether feasible or nOlo 'The<;e, together with 
all the opliom fonnllla(~ d from availabk literature and from disclissions with local 
and inkrnarional experts in the relevant branch. as well as id~as g~ncrated during the 
assessment, are thcn evaluated for selection lor the feasihility s(udy_ 

'Th~ main aim of the hrainstorm was to Jilld possihle lInprov ~mem option<; that can bC' 
further inve<;tigated, but there are other advantage<;, in that it cremes awarcness 
amongst all people participating. An important aspect of the braills(orm is the 
participation of shoplloor employees_ ]( is very important to hear ideas from those 
directly involved III the actil"iti e<;, a<; they are oflen awar~ of asp~cts that have 
previously not been con<;idered. 

Participants: 
• Indu<;tJial S j111blOSis Pro] ect Leader (UCT) 
• Mysclf(lJCT) 
• Company manager (Company 1) 
• Quality in<;pection laboratory (Company I) 
• Pai nt application op;;rator (Company I) 
• 2 R~prescntatives from painl suppli~r 

The <;cssion b~gan with a bnd de<;cnplioll of the probl ems to b~ addressed, givcn by 
thc waste minimisatioll as<;essmelll team kader. The se<;Slon was held during a singk 
momillg, so as not to interfere" ith produclioll lim~. There was thcrdore a strict a 
time hmit to the S ~SSiOll and ol1ly a fe" tOpICS could h~ cm-ered. The main topic<; 
covered were as follows: 

I. Powder apphcation m~lhod 

2. Booth and cyclone clealling 
3. Powder recol eT}' (cyclon~) 

4. Powder dust in pre-treatmc11t ar~a 
5. Disposal/sdhng of used powder 

The first aim was to liskn 10 the id~as orthos~ dircctly involved with thcse operatiolls 
(Paillt application op~rator, Paint quality asscssor) as to why, in their opinIOn, these 
problems arise and how the wask can he minimised. Id~as from those involved wlth 
the \Vaste Mimmlsation Ass~ssmmt as well as an outsider to the problem wcr~ also 
put forward. All ideas put fon>.'ard whether considered feasihk or not were noted 
dO"11. Th~ sllggesled ideas were no l discussed in too much ddail during th~ 
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brainstorm, as the aim was to come up witb as many idea5 as p05sible. After the 
5e5sion. these were examllled 111 more det~il. 

The lllvolvement of the (actor)' peT50nneJ 111 the bramstonIl session was a valuahle 
comributioll to the assessment in th~t some valuable ideas were generated Ihrough 
thw panicip~tion . 

E.16Criteria and Checklists for Evaluation of \Vaste '1iIlillli~atiOIl 
Options 

E.16.1 Technical Hl1aluatioll 
The technical ~valuation 'Wa5 carried oul 10 detemllne whether the proposed options 
would work In the 5peclfic applicHtion. Jt covers 1n5lallation and proceS51ng a5pects as 
well as any possible effects on quality and productivlty. rhe Waste l\finimlsalion 
Assessment .\lethodology recommends the usc of a chec~ l ist of factors to be 
considcred. The following \\~s the broad checklist used in ev~luating options. It waS 
adapled according to Ihe degree of compkxlty of each option. Those options requinng 
Simple changes were not evaluated in HS mucb dctali. 

, , 

" lit 

E. 16.2 Economic Evaluatioll 
The economic e\'alualion est~blish~s the economic consequences for the company 
from the implem~ntation of an option. Only those options requiring major investmmt 
underv.enl a detailed economic cvalu~tion. It w~s c~rricd out using the payback 
period as the meaSure of profitability. The c\'aluation is based On estim~tes ofma;or 
mvestmenl5 and savings associated with thc options. The company's o\\n financial 
critena will he used lor selecting recommc:nded options for implementation. 

The mam ~conomic goal of any waste mlilimis~tion option is to reduce (or eliminate) 
Ibe waste discharge or disp()S~1 costs and to reduc~ the cost of raw m~tcrial and input 
matenals (PREPARE, 1991). Kevertheless. there are many other operating cosls (or 
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savings) that may he tak~n into account. Th~ d;lf~r~ncc bct\v~cn the cstimated 
operating costs assoCIated wilh th~ ,~ask minimisation option and th~ actual op~rating 
costs of the existing system, ,~ere used \0 compare the ~~isling syslem wilh lh~ 

proposed option. For most part, costs that are larger and easler to quantify were taken 
llltO consideralion lirs( as they havc a gr~ata effect on the economics of the option 
and require less effort (0 eslimate reasonably Thc remaining ekments usually havc a 
sccond~l)' effect and were only considered if it hectme nec~ssary 10 makc a scleetion 
from comparable options. 
TIlC assessment team used a brief evaluation method for the simple procedllIal options 
not requiring a major inve31ment. The detailed fea3ibility study lS only for those 
options requiring major investmenl costs, 3uch as changes or enhancements in the 
produclion cquipment. Spreadsheel3 were used to carry out lhe evallmlion. The 
fOJlOWlllg chee.klisl was uscd in the economic evaluation: 

L Investment costs: fixed capilal C03t3 for lhe design, procurement and ms(allation 
01- eql1ipment, additional materials, as well as costs for wOlxing capital, trallllllg, 
stan-up and (inancing. (For most options, the cost for proeurcment & installation 
was u3ually mcluded m thc cost orthe equipmcnt). 

2. Operating e·o'IS and savings: reduction in wask management costs, savmgs mth~ 
c031 ofinpul mal~nals, liahility savings, chang~s in costs associated with quality, 
changes III fae.]lily costs, change, in operating and maintenance costs, change3 in 
revenues from increa3~d produclion, mcr~a,c in r~venucs from by-producI3, This 
i, expanded below. 

ECONOMIC FEASIBILITY STUDY 
OPERATING COSTS AND SAVINGS ASSOCIATED WIT WASTE MINIMISATION OPTIONS 

A Reductioll of waste management costs-
1 Ofrsile lreatment, stDrage ard disposal charges; 
2 Transport Icvie" 
3 On>ite treatment, storage and handling: 
4 L'lcenses; 

8 Savings Of' In" cast of input materials (iocluding eiedricdy) 
C IIlSUrilllCB and iiabiJity savings; 
1 rm:Lced in"",-""oe oasts 
2 remedial clean-up 
3 warkpl~oe sarety 

o Changes in costs associated with quality: 
1 Rework costs 
2 Quality cootrr:>! cost, -

E Ch~nges in facility casts: 
1 eleotricity: 
2 process water: 
3 cDITlpressoo air' 
4 gas: 
F Changes in O(J('mting Mri m~jmenallCe costs: 
1 labour costs: 

G Changes in operation anri m~jn{en~llCe suppiies: 
H Ch~r>ges in illriirect casts: 
J Changes in reve""eS from praduction change­
J Incr"as~ in revellue fram by-products 

TOTAL SAVINGS ASSOCIATED WITH O~ERATING NEW OPTION' 

Source: 
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For ch~llist above . (cit~ in PIU.PAKL (1991 a) . Adapted from Pe~I)« Chemical 
Ellgillet'r'. flandbook (1~~5). and Pete" and Timmcrhaus, Naill {xmgll alld 
l::COliomic,Ior Chemical Eniflllcer.' (1980)). 

For most options. such delail W:l5 not a.-ailabie. &0 oniy the maj or COS!! were taken 
into nCCOlllll: 

ROUGH ECONOMIC EVALUATION 
MaJo! Cosh 
dl$posal char9"'i' 
transport cnarges 
pm41s;KI""ltrcatmcnt costs 
13'A' matlWlat costs 
o;oeo'alfl<] and ma,,!(e/!ance costs' 
TOTAL SAVINGS 

The estimated mv,'stmcnt ~OS\S lind $a,iugs were (:1k<'l1 Inl() ~t:C(']lnt in the 
profitability analysIs. 

Projilahlitly An"ly~". 
For those pTOJerls wheTe there are no ml\jor investmenls. Ihe pro,lC(:ts profitQbihty com 
he Judged on "hether there IS a SI)~mg 10 OIJ"mting (O!'T.~ or nol. If sLleh a projecT 
reduct'S the merall opcr~tHJg L'l$1S tt shouM be InIpJemcnte,1 as $(IOtl 3S posstble. The 
mort' tktailed profi\.:lblhL)' analy~l~ 1$ (lilly reqUired for those projects reqmrlng 
~ubstamial 'n"'stmcnls. 

The method usoo for mcasunng profitability for this project IS Pa)'back PerIOd. The 
pa~l1ack period for a project TS the anlount of time it tales W r'eC(lup the mmal cash 
outlay on the projcct. The fonnul3 for calculating payback period before tax is :15 

follows: 

Payback period (in years) ~ cnpilnl ilwestmen1i annual exira cash now (snvingslyr) 

Payback periods in the rnnge of wee to four yenrs arc usually considered ~cccptablc 
if thcrc is only a small risk involved on the inveSlmcnt required. This metl~1 is only 
for \.juid, assl'SSlllelils of proli tal>ility. If an cr.ltioll is identified M feasIble for 1M 
company and large inveSl lrn:nts are invoh t'd, a more tictai1cd an ~ly5is should be 
undc:nakcn by tM rompmlY usong their o .. m IlICthotl of." "luatlon This 15 nCCCSsary 
especi3iJy if there arc a numOCf of r roJcrlS compctmg for funding 

AJ/u$lmeMS for risles and liabllily: 
While profitability t5 an imiXlrt:U1! factor in d"<:iding whether or IlOtto tmplement an 
option, envirOiillletllal reguia\]OIIS c~n t ..... even mO,-e imponant, especmlly Ihose that 
\>, ill be impo_'cd in the fUlUte, Pos.'lble fines and penah;es are ~n mcentt' e. SIte clean­
up operation_' arc also an importatlt consideration_ 

Waste minimisntioll options can reduce the magnimde of en~'lrorunentaJ and ~afety 
risks for the company, Allhough it is possible 1Q ident ify these ri~l!. it 18 difficult to 
predict whether the problems will occur, and whm will be IDc nature and n ~'gHiludc of 
those problems. One way of raking tht, rt-ducti(ln (If theM: riskS into account IS to case 
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the financIal perfonnaroce requl rC1llents of the projed. For e}l;unple. the accepcablc 
payback period l1I~y be c)(tcndOO from 4 !o 5 years. Such adjustments md,ealc thm 
cenam eIC1l\Ci\t ~ "hieh affcct t ...... nsh for tiK: eompany e:Inllot b., iJM:luded dm,elly In 

In.: allaly~'s. Tho.'Se adju.'l mcnIS arc judgmelUal and necessari ly r .. n""l Ihe 1n,1" .. Ioal 
\""""fI"inIS of Ihe prople Ih" l ar .. r"'luired. 1o evaluale the p[oj~I In I .. nns of 
pl:T(omlallcc. I! 's Imponall! l)wl the oompany' s fioanciaJ CJCperts ;lod dttis,ol]-ma~ ers 

are aware of the risk reuucUOD and olher beoefilS of prC\'ertllon options. 

For most optIons !h .. «"onomlC evaluat ioll ""as a s1Iopie ,uulysis of the follou,·mg 

E.lfd EIII';rUlllllelllal E,'aluarioll 

Tn many cases th~ t:flvironmental advantage i, obvious there i, a red"'lioo aorilor 
decrease in the rO}liclly of the was te stream, witho ut the generation of a new waste 
.trcam. Mo,t of tOO goud-h<.lu.ckecping measures arc good examples "f thi s. In such 
~asc, tnc en, ITonmt:fltui .it ~,ation in Ihe company impTOves with<.lUl shifts occurring in 
the cnvironmem~ i problems. 

Aspects ufimponaroce include: 
• ("hanges III the amount and tox icity of ", ... ,ICS and "",issions in all phas""" of the 

producll nn!oon.,umpllon cham. 
• ("lunges in mel'S> cOlisumpliolllhroughout Ih .. enllre chain. 
• A shift Illille envIron menial eff!:C!s to olher malena l~ 

• ~ sh,1l 1n the eJ\\',roluu<;,\\la l CITccH 10 olher media 

• Chanses III de~""Jdub"il y of lhe "3J;les alld t='!i.~IOTIS 
• The cxten!!u which the renewable r.\W malen31~ are used 
• A change in the reusability of ,,,aste Slreams 

Owillg 10 the 'a.c~ of d~'a. a pr.JCI,cal ap[1maeh is 10 fi.-s! make a qU:l.li t~ t ,,·e 

asSC-SSllICllt on Ilk baSIS of available mformaliOll. The cn,"iroruncnul c\"alu311011 
quanli fies the ellvironmen!al he""fil an,! etlSur~ that t ........ ~ 's 110 shlft of effects (c~ 
from watel' to sulid wasle) by pClConning a rough cllain analys~s II .CA -hkc) 

Tn case. "here the enVir"lUllental evaluation cannot be eslabl, shed so untXIu, wlCa lly 
There is thc need for a thor"ugh environmental evalua ti[)l] of the oplion, eSp""ially 
where pruduc t OJ" prc.>ccss changes or the §ubsti tution of ra\\ mate,;als is concerncu. hI 
order ,,, make" sound cvalualinn. informalJon musl be gatncred on Ihe envimnmemal 
aspec ts "f the rel ~vanl product. mw malenal or Gonstiluelll p an of loc pn.>ce.s. This 
infonmlirm must re bte not nn ly 10 I h ~ environmental a'pecI' durins pruduclioll or 
use. but a lso In the ra" malerial' 1I,ed, lhe env'TOmnenlal impact, Jmm nlra<:l1ns the 
raw materials, of the transportation of materials and proo llclS, and Ihe "",irumncnlai 
CffCCIS in thc ..... aste treatment phase . .energy cons llmpti[)l] should also be IIlcluded, III 
olher ,,'olds: an cvaluation mUSI be made over the entire life cycle of both the 
products and the proccss.::s in order 10 makc a sound choice (PREPARJ::. 1991 ). ThIS 
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W~S nol possihle for the majority or sdcctcd options allU a rough eyaJuation was 
p~rlomlcd ~ccording to Ik baSlc checklisllxlow 

'/' r 

" " 

E.!7 Summary of Alternatives for Chromate Conversion Coatings 

General ini()mlation on possible alt~malive' for chromate cOTl\'erS10Jl coatings was 
compded from an eXlcl1sivc literature review. and is inc!u d~d lx:Jow. The cornrneTcial 
~vailability of alternative pmduds, and potential suppliers in South t\filca was 
researched. Anlnwrnct s~arch le~d \0 an rnvenwr)' of allcma!iv~ ch~mical suppliero 
(www.pfoniinc.comj who w~r~ contacted for more infomlation OIl an) commercially 
available produds. Examples or some of these proUlicts arc Included wheTe sigm (ieam 
infonl1alion on the oplion has heen obtained. Thc summary is incluucd m Table EI7 
on the n~Xl pag~. The g~ncral advantages and disad'anlagcs givc an indication ofthc 
likely technical and cnvironment~1 fca.,ibility and are outlined first below. 

NOll-chrome systems are geneTally rn()re paint selcclive than chrome systems 
(Slillivan 1993). Chrorn~tes ~re mor~ loleram of the lYlle and qllalllity of paint to 
achieve a gt\'en SCI o['rcquiremcnls ('or a finished article. Ckalllng requirements are 
llSllillly rnore stringcnt with non-chrome. TI", is hecause the ~hmrne hath itself is an 
OXHli ser and has lhe potcnti~ I of contributing to the surface preparali ()n of artlc lcs to 
be trealed pnor \() lhe acmal conversion coatiJlg. ThIs IS not true of rklJl-chmrne 
systems, except f()r permanganmcs. This therefore pl~c~s grcater d~mand lo present a 
ckan and smut-free ,unace to the n()n-chromc hath. Cleancr sdcction b~com~s more 
irnpor1ant amI ofkn CkaJlef must be dumped more ol'len. Rinsing requirements ar~ 
also ()ftcn sn;ctcr. 

('ontmi pararnClcrs lor non-chrome are more comphcated (Ihid.). C()ntmlhng thc 
~h e rnistry of a chrome bath is wdl unden;too~ and requires readdy available and 
rdativcly inexpcllsive equipment. In a chmme-syslcrn, it lS possible to monitor for 
gross probkms visually through colour changcs. Mcasllring actual chromM~ coalillg 
lS also straightfof\vard. Many non-chrome coatings arc colourless or slightly coloured 
which rules out vlsllal means of m()nitoring thc system in r~al tim~. Actual 
mcasurcm~nt of the llon-chrome coaling Can be complicated. 

industry s·.andards ~nd practic~s are slow to changc. Recognised authorities on 
standards and practices within th~ industry are very deliberatc in approving or even 
agreeing to study new procedures. Kon-chrOllle " still new, and many of the quality 
standards "sued specify chrome ~s r~qulred pre-lrcalrn~lll. Therc is stilT a widcspread 
percepl"'n, a~curalC or no!, th~t chrome pre-trealmcnt yields the hifh~st quality 
pmduct 
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E.18 Feasihility Analysis fl f ('Ilromc--free Conversion C hcmi;:.a l I) 

The chrome-free ~ lt cm1l!lve C()1hersioll coatillg chemIcal supplied by COlllpallY I's 
ClC ISIlIlg suppher, IS bas.:d ()II ZIICOI"II um (comp!!:" tr:m~itiQll m<1.d ) and IS considered 
to have equlValem performance 10 chromate •. Zlrcouium is known for its exce llcnt 
COtTOSIOO rcsiSlance (1Iu ribulc..l to it. stable cohesive o)<ide film "'hieh IS "l"~)'s 

presenl III aitlw~l .. t) 3n , 1 is employed :as II COrroSlUO reslstan! met~1 111 Ihe ehenneal 
process IOduslty (Kirk & Othmer. 1995). 

T ~'liling of the product's pcrfonnance IS mostly complete for Company I. Sample 
pJ'1.l files I~C~ ob\lIln~'(llrom Company 1 for treatment by the pt<X'e!-S in the suppl ier'1I 
laool1i!\,ry. Th t'st' I~t'ft' relumt',1 for po ..... ,kr coaling and then a~e llc a~'id ""It spray 
tesling fOf companson ..... ,th Ih~lr current process. The resul\s wne Cllmp..r.ilile and 
a!>]>lOltr 10 be sood. Initial resuh. In I:urope indIcate that it will match a chromate 
procells 011 acet ic acid sa lt . pray. The overall perlonnance will be answered as !.COil as 
the pTt.1filu have completed 30(lOhrs acetic salt spray The product has heen approved 
by (isa International. which is a Gem];}]] Org~ni satjon of companies who produce 
co~teJ sr...ets and pro);los for thc constrlLction industry. 

The suggested process ~quence by the supplier 1S for all oIher haths to remain the 
same. and to simpl>" change the chromate for the zircomum-has(u product. CQntf<.)1 of 
111.:: process baths is not e.\pected to be more stringent than existing cootro] mea~uru 
at Company 1. Although the price per unit for L"'hemical D is more ~xpensive. the 
~ooc~ntr~t"'" 1$ lit 0'" of the chromate con..;CTI\railotl (Ln") The pri.;c of Ihe chcmical 
therefore works OUI 40% cneaper p.: r htre of working solution th"ll the ~ ~lslIng 

~hrQmate. Ho,", ncr. it IS u[1.clear wh3t 111.:: usage will be. 

IT is gencnlly COllsidered non·toxlc as an elenlenl or in compOllJlds. afld ;s lIio­
C\lmp~hblc (Y311 alld Bi.d, 1995). In (lennall), (whIch is generally " n)' strin&ent 
resardms en\,l roulllclI:al regulallons as dISCUSsed III Chapter 3) there IS 110 emuent 
lim11 for ZI rt:omum Fluon,1c IS limircd 10 ?OmW1.. There docs 1101 ~ppcar 10 be any 
emuent limll (or Zr. AI, ur Fluoride in the local by-Ia". or nauoIl311y_ The eXISftng 
chrQm~I" clt<'m l<:~l 31w cotll1lillS nuoridcs. II 1hcrcforc docs nol appear that enluem 
for ~I~ge 8 nn '<e "~l"r " '111 requm! Irc~lmcnl. 

rhe lo fe of the d~m,,~J IS ~lIticip~l~d 10 he the 5am" ~s ;n ttl<" ~u=m proe<.. .. u. The 
dumpllli! fre..j uenc)' \\"111 be a~ l)r.:-.; .. n1. The waste tre<l!mcnt method m"ol\"~ uSIng 
lime only 10 , )Il:C".i pil Ul~ lhe proouct as 7lIWIIIum <Jxlde-hydratc ~n,\ c~!clum nuofldc. 
The soluti cm shoo!d CaflWln {1uoriJ~ al 10-12 rng/L and "m;onium a\ 100-200 mSiL 
ami IS dI scharged to SClq)r. TI1.:: treatment sludge will be lower in qu~ntity thUD for 
Chromate. Tho Dcpamn~'Ill of Water Affairs and Forestry (DW A1') class ify L:r (m~la l ) 
"'Ith a H:lZard Rat ing 00 (moderate hazard). This is the same as for Cr(lIl), and it IS 
therefore most likcly that the .ludge will cost the same for disposal as t~ chromate 
sludge. 
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E.19 Results of water {IUality analysis for Company 1 

The mains water at company I was tested for conductivity and hardness in order to 
uetenninc dcmincralis3tion requirements . The results are included below: 

lARQRATont'REPORT 

Dale: 28/1/99 
Company I Mains water 
Th,S is to ~{}nfinn that the supplied sample ofTOWl\S WATER has ocen tested and 
the followmg result, "hlamed 
Sample dated: 99/0 1/27 

E.201'aint Mass balance over painting and recovery system 

Th~ company TTlanager cSlinmlcd the mass of paint that is collected from fl()or 
sweepings, and the mass of pamt losl thmlLgh re~{}\ eTcd paint that is not reused. 
Baseu on these estimates and the results from workings in Appendix 5.9 lo uele!TI1inc 
cyclone efficiency, 101<11 pamt loss to air and as solid, a mass balance over the system 
was carried out. The workings arc included m the spTeadshcct helow. 
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E.21 Waste '1inimisation Options for Powder Delivery System 

(Identified tbrougb Interactiw Training Session) 

Identified options by the supplier during the interactive training seSSlOn weTe as 
follows: 

I. The mounting posilion of lhe gun and shape of the powder cloud !roth necd to be 
calculated to deliveT powdeT parLicles cioo;e to the part to be coated and at thc 
same time minimise the fo[\vard velocity of the powdcr particle. The present 
manner in which the spray guns aTe set-up for pam\ing is to maintain a fast, 
movmg pam\ cloud, as i\ l~ lhe c as!c ~\ way to coat a parI. However, it is poor in 
terms of efficicncy. The gun settings aT sct so that the ratio of powder transport 
air to atomising air is too high at present Th,S Tesults in a \00 hlgh a velocity, and 
lhe powder 'cloud' is expel led al a lr:mendou~ speed past the part. The f..1~ter 

cloud requires many passe~ at high velocity resulting in much wasted air. 

The desired mode of delivery is a soil powdcr cloud that genlly wraps around the 
part. To mmlmlse lmpacl fu~ion, the mlUlmum acceptab le delivery air pressure 
must be used to decreao;e paint velocity. The solution is to o;et the powder carrier 
alr at a lower flOv.Tate to slow down the cloud spced, but maintain it sufficiently 
high to still allow aiTborne powder to reach the parI. The result is a much 'softer 
cloud at optimum powdcr/air ratio. The application method for a 'softer' cloud lS 
different and requiTes slower spray motion with few er passes aCross each part. The 
appilcatoTS weTe shown the recommended manner in whlch to o;e t-up the gun for 
various general pamt and part typc ~. 

2. Another inef'liciency is that the pressure of the atomising air is set too low. It is 
generally o;et at 1 har, hut i\ waS discovered thatlhe atomismg air has a non-return 
valve that doesn't starl operating until lhe prc ~sure l~ >1.8bar. This means thai 
there was no bencfit from the atomising air at all for adjusting paint cloud. DO~lUg 
alT is now always to he set at 2 bar. The ovcrall result is a slower cloud but still 
canymg enough powder to coat the part, therefoTe decreasing ovcTSpray. Parts 
paintcd at vary ing flO'HatC and pressure sellings, as wcll as using varying ~pecds 
and numher 01' passes, were mcasured for coating thickness dcpending on various 
changcs in equipment sel1ing~ and spray methods. Thc operators could then 
observc and thc paint cIrect for the correct air pressurc setting. 

3. A diffusion cone is installed at the exit end of the gun tip to gain control of ~le 
cloud shapc. Differcnt cones arC designed for dilTcrent applications. These can be 
changed as reqUlTcd. It waS discovered that thc Same conc was being uscd without 
change and lhat i\ waS the 'wrong' COne lOT many applications in that it causes a 
very direct spTay speci lically lor thin strip parts. Thereforc for flat parts, the paint 
cloud is 100 fast and too much. Thc operators ha\'c becn shown how to detcnl1ine 
the optimum dcflcctor selection for varying part ' typcs. 
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Appendix I': - App<nditr, for Choptor 5 
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E.23 Method for Rating Feasihility and Selecting Waste '1inimisation 
Options 

A summary list of identified options is cmnpiied for rating. The technical, economic 
and envlr(mmentai feasibJii!y 01- each option ;8 then rated acC()rding to the followmg 
point system. In each case, the rating IS subjective, based em the results of the 
feasihility evaluation and the opinion 0 fthe assessment team. Details 0 r the feasibility 
Evaluation arC (lutilncu III Appendix E 16 

Technical Feusibility Polms for Oprion Rating' 
0" ml1 leasible 
1- very low iCasihiiityicompiex/nol available/disruptive 
2- low fea;;ibility 
3- average 
4- high 
5- very higl1/simple pwcedure change 

Points for Raling Ecunumic F "Go-fbi/ity : 
1- \'er:, low economic ICasibilityi payback period very high, etc. 
2- 10\\ economIc ICasihi lit) 
3- medium 
4- high economic fea,ibillly 
5- immediate savings 

Fuin/s fur liming E'Il'irulimelliai effect: 
1 - neghgible environmemal impwvementiremains the same/no change 
2- Small CIIvirollmemal improvemen! 
3 - medium envlTOnmental improveIT\C1Il 
4 - high envlTOnmental improvement 
5 - very hIgh ellvironmen!al impro\'ement 
5- large impnAement In envinlnmental effed 

The scores are slImmed for each oplion. and lho,e option8 with the highest total score 
should be eClllsidered first for implementati(\I1_ 
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E.24 Summary Table of Rated Options for Company I 

Tahl • • :24: S"mmar~' t.ble "r rat«i "..,Ie minim;,,!;,," "pliom for COlllp.ny 1 
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F APPE/VDICES FOR CHAPTER 6 

F.1 The \ced for Quenchillg :md Passinltion :lfter Gah'anizing 

In some shops in some countries, quenc.hing is done in p"rc wak.- und in others it is 
rot performed al all Qucnchmg aller galvanmng is very much nOlTIl~1 pra(:tice in 
South AfiicJ (IJJmell, 199%). There arc a number of reasons for this. Firstly, 
quenching enables ga\v,ulized compollcnts to be handled nnmediately after 
galvaniz ing. and secondly, the rinsing effect rcmo"cs oxides "Inch may have been 
dragged Oli1 from the zinc surbcc in the bath. 

Another reason for quenching is as fol lows. Diffl'lTnl steels react differently in the 
presence ofmoi tcn zinc wl!h mauli)' the si licon COntenl bll! also the phnsphowus le,cl 
pJaymg the lnJjor ro lcs , Tn (he case of reactive steels, the fonnation of Fc/Zn alloy 
layers at the interface betv.:een the steel substrate and the coating can be extremely 
SCvl.,-C. The difJusion process rcsuHs III coatings wll1ch arC Ihic\" whi le, due to thc 
cxtrcmely hard properties of thc FeiZn alloy .• Ihey can also be bnttle, hence. 
susceptihle 10 mcchanical damage. Quenching after gJlvamzl\1g of thi s maten al IS 
c~SL'Tltial since lhe diffusion pnlC-css continues down lO a lemperature well below the 
melting point 0 f zinc (4 1 ~.5°C). Warnell. 1 999b). 

The reactive steels are generally referred to as sil icon killed as opposed to alullllllinm 
killed steel. with either sli icon or Jluminium used as a deoxidisng agent during the 
steel mallnfacturing process, Probably some 7[)%. of the slructural steel cnrrently 
galvanizcd m Sonth Afnca is reactive sihcon kil led material fOT which qucnching 
Jfter gal vaIlmng is e~senti at 

\Vater quenching can he carried out without walcr which doe~ not contain a 
passivating chemical, The presence of Ihe passivating chemical Il'nds to preVl'TlI thc 
fonnation of wet storage ~talil. The need fo r the passivalion chemical IS discussed 
below, 

The presence of the passivating chelmcalls 10 prevent the fomlatioll of"hitc rust Or 
wet storage stain. White lust or wet slorage .,tam is the vo luminous while or grey 
deposit fOlTIl ed by accelerated corrosion of Ihe linc coating whcn closely-packed, 
newly galvanized articles are stored or shipped llnder damp and poorl y vcnlilatcd 
conditions. It is found most oilen on stacked and hundled itcms such as galvamzcd 
sheets. plates, ang les. b~rs. and pIpe. Weathercd ,mC surfaces thai already have 
fOIDled their normal protcc li \'e layer of corrosion producls are seldom attacked. 

Whenever galvanized articles are packed t(}gdhcr closely for appreciahle periods of 
time. adequate precautions should he taken against whilc TllSL II can he minimised by 
maintaining a low humidity envlromnenl around the matl"';al and hy prO>'iding 
adequate ventilation bet",-een the stacked pi eces, 

the galvanized steel should be clean and free from flux residues 
the material should b<: stored under cover)n dry. well·venti latcd condilions 
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if outdoor _'tacking IS unavoidable the articles should be raised from the ground 
and scp~ratcd as well as inclined to give maximum drainage. 
Small items that arc quenched and sloreu in coma;Iler, should he thoroughly dried 
before packing. 
Seawater is espedally corrosive under comiitlOTL' condncive to wet storage stain. 
\VhCll shipping by sea, galvanized steel should nOl he consigneu as deck cargo or 
Slowed where conrad with bilge waler 15 likely_ The high humidity at . .-.ea, makes 
lhe proVLSlOIl of dry, well-\' cIllilaled faclhti es particularly imponant 
(wv,w.tGGA,org). 

Various surface treatments arc available to [educe the possibility of while rlLst 

Conduits ale often coated with a ckm film after galyanizing, Waxes and OLI., are 
commonly used on wire, sheet steel, and fencing. For after fabri~ation hot dip 
galvanizmg, ~hromate <lip treatments, or other propnetary solutions, are sometime.' 
utihsed. Most products are howe\'er shippe<l WL(hollt treatment (note (h is is a 
Huropean do,umen!j. The need lor treatment largely depends on the configllration of 
thc ploduct and the anllclpated storagc conditions, Fabricated assemblies that fillly 
expose (he galvanized surfaces typi~all 0' do nOl neeu a post lreat ment 

\V}11te rlLst results from exposure conditions and is not indicative of inlerior or poor 
quality ,oatmg. Desp,(e the presence 01' a hulky corrosion prodllC!, medium or heavy 
layels of wi me rust, althOllgh unsightly, represents the 10.," ol'very ILuie ZillC from the 
base coating, In most cases il should have little 01 no sigTllficant enecl OIl lhe 
durability and intendcd sen'ice life of the coating, \Vhen it has oCCUlTed, the ohj e'I.' 
should bc arranged so that thcir surfaces dry rapidly. For medium and heavy build-up, 
the wrrOSlOll prouud must be remove<l hy bTllshing with a stiff bristle (not WiIC) 
bru,'h, othervnse the essential protectlve film cannot form 1Il alIened areaS. 

From this informatlOn it therefore appears that as long as parts are shippell allU .,wred 
correc tl y_ the passivation/quench step can be diminated, This would result 111 water 
savings, dlCmical .'avings, el im <nation 0 I' (he Use of a hazardous substance. as well as 
a leduction in the amount of 7inc-contall1ll1g .,ludge that ,ollecL, On the nom of the 
passivation bath and needs to be treated/disposed. This seems hke a very henelicial 
waste minimisation step, Jlowever, the Hot Dip Galvanizers AssO~\alion South AJrica 
leconmlend that it is ne,essary, hecau.'" of the Soulh African climate, In some 
climates the white ms[ prohlem is mOre signiiicant than ill olhers. For example, in 
South Afilca, and particularly LTl Cape Town, the frequent extremes lIlmaximum and 
minimum temperature resull in ,ondensation even LTl llry weather, maklllg the need 
for passivalion lllOle critical. It is therefore 1l0t recommellded to el im ma(e this step, 

The chainnan of the Ilot Dip Galvanizers A'SOclation South Afnca does however 
state that the concept of offering a pas.,ivaling praces., whKh lS claLmell to provide a 
galvanized 5ulface leady for painting 1S in hi., view, "irresponsihle, particularly if 
chromates ale involved", "Chromate passivalion ShOlllll never he applled lf the 
coating requires subsequellt painling". There are apparently a "host of reasons" why 
this will not yield ,onsisleT,t result., in a gelleral galvall izjng plan!. When painting is 
requiled after galvanizing, the Hot Dip CiahaTll/ers A3SO~\atl()n South Africa 
leconmleJHis that products .,houlu he qUeT,cheu m clear water Or alternatively a 
phosphale hased pa.,",va[ing chemical should be used. A lunher option is to air cool. 
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Sodium dichromate passivation of a gakarnzed coating is a ··maJor cause of poor 
paint adhesIon", (llamctt. 1999b). 

In tloe future it may be [l<Jsslblc to suhstillIte me existing melhod used lor anotocr. c.g 
to use a chrome-lice passiva ll on trcatmeYl\. Research is already underway 
internatIonal] y to dcwlop a commercial satisfactory substitute (c.g. chromi um (111) or 
silancs). According (0 a representative from the Hot Dip Galvallizcrs Ass.ociation 
South Afnca, there arc no sllhsli\l1le chemicals availahle al present that work as 
cffccti\"cly as chromlllm as a passivation agent 'mu that can withstand the hi .. h 
temperatures. in many appliedtions In the melal finishing industry, chromium is 
beginnIng 10 be rcplacct! with less toxic chemicals, and it is hkl'ly that it will be 
rcplaccd in this applicat ion as well c"entually Pho~phate based ch~mkals are 
a,ailable hut they lend to dlscolour the coa\mg ~urf,lcc, although vcry cffectiw III 
prcYentill!; white rust fonnation_ Rcscarch with si lanes is \vel l advanced and this 
coult1 well plO"ue a Suhstltute for chronMtes (Barnett, 199%), 

F.2 Hazardous nature of input lIIal criah 

The Department of Watcr Affairs and Forestry's (DWAF, 1998) definition of a 
substance as ha::ardOIl., IS haseu on the chcmiCill reac\I\'lty or toxIC, explosive, 
corrosive 01 other characteris tIcs whi,h cause. or are likely to cause, danger to health 
or to the envilOnmenL whether alone or whcn in contact with other wastc, 

The Hazard Raring is a system ol'classifymg and ranking hazardous waste accordine; 
to the degree ofh~zanl they present Th,S IS based on .'vtammalian Acute and Chronic 
Toxicity, Eeotoxicity, and Environmental Fate, Haznrdolls rating classification is 
Hazard rating 1- Extremc hazard 
Hazard rating 2 - High haz.ard 
HazMd mting 3 = \1ouerate hazard 
Hazard rating 4 - Low hazard 

The hazardous nature of s.ome of the matcrials useU in Company 2 are described in 
some more detail below: 

SOorCM HYDROXIDE -~aOH 
Haznrd rating ~ 3 (Severe-Poison) 
Exccssivc inhalation of dust lS irritating and may be severely uamaging to rcspiratory 
passages and/or lungs, Contact with skin or cyes may cause severe irritation or bums. 
Ingestion is hannful: may be fatal or causc .lCI'ere burning of mouth anu stomach or 
cause naus.ca and I'omiting. Acute toxie effects may includc the death of animals, 
birds, or fish, and dcath or low growlh rdte m plants , "aOH has high acute toxicity to 
aquatic lifc, Chronic toxic effccts may include shortened life span, rcproductive 
prohlems, low er ferlilllY, and changes in appearance Or behaviour. 

HYDROCHLORIC ACID IIel 
Hazard Ra\ing - 3 (ScI'erc Poison) 
Inhala!ion or I'apours may cause coughmg and diflicult breathing, pulmonary edema, 
circulatory system collapse, damage to upper respiratory system, collapse. LIquid may 
cause severe bums to skin and cycs.lngestion is harmful and may bc fatal; may cause 
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sever burning or mouth and stomach and may cause nausea and vomiting. Releases of 
hydrochloric acid to soil Or water will be neutralised to a certain extent by the 
huffering capacities ofhoth systems. Spills to wate",,'ays of high concentrations may 
ad\·ersely affect aquatic hfe. Acutc tOXIC cffccts may mcilKic the dcath of amrnals. 
birds, or fish, and death or low growth rate III [plants. It has slight acute to>::icity to 
aquatic life. Chronic to>::k ellects may include shortened Iile span, reproductive 
problem>, lower fertility, and changes In appearance or hehavlOur It has slight 
chrollic tOXl city to aq uatl c h fe. It does not tend to bio-accumulate. 

HCI [urnes are transparent and, while not toxic, excessive inhalation Can he dangerous 
and haml f ul particularly in the case or an indi v idua 1 su Ifering r rom a chest complalllt. 
rhese acid fumes are rapidly diffused lTl the atmosphere and thus a si,b'mficant fume 
level is confined to the close proximl!y of acid tanks (Ramett, 1 '/98). 

HCl fumes are extremely corrosive and will attack unprotected stmctures e.g. steel 
bUlldlTlgs, m which the acid containing tanks arc housed. Fume extraction is not 
commonly applied 11l most countrie~ sInce lTlstallatlOns are extremely costly and 
interlde with the workflow_ One plant 1Il RSA uses lip extraction on the tanks "hiell 
seems to be cJfective (Barnett, 1998). However, it is generally bdieveu that good 
practic-e m a plant ensures that excessive fuming do<.'s not occur. 

This includes: 
l\laimaining acid concentration at about 15 ':\';,. At concentrations above 20~'-i> 

fumlTlg can be ~xces>Jvc In any case, incrcase in cleaning rak at higher 
con('entratlOns IS not sigm fiCall!. 
The acid must not be artiJicially heated above a temperature of25 0c, 
Sludge accumulates at the ho\[om of aciu tanh and should be clcaneu oUl each 
time that sp<-'nt acid is replaced. Excessive sluuge increases fuming substamially. 
Soapy deposits are available which can he uepositeu on the aciu surface This 
reduces tuming substantially. Additives (inillbitor>j can also he used to reduce the 
vapour escape. 

HEXAVAI.FKT CHROME - Cr'" or Cr(VI) 
Hazard Rating = 1 (Extreme) 
Hexavalent chromIum IS a recognised tOXIC material with carcinogenic properties. 
Hexavalent chromium compounds are corrosive and cause ehronic ulceration and 
perforation 01' the nasal septum when inhaled. They also cause chronic ulceration of 
other skin surJaces. Chromium (VI) has high acute toxicity to aquatic hfe. 

SODlU\l DICHROMATE - Na2Cr10, 
Hazard Rating - 2 (high hazard) 
High hazaru owing to hexavalcnt chromium content. 

CHROMfC ACID - HCrO, 
Hazard Rating = 1 (extreme hazaru) 
Extreme hazard owing to hexavalent chromlUlll contem and acidlc nature. 

Al\IMONTIThr CHLORIDE 1\'H4 Cl 
Hazaru Rating - 4 (low hazard) 
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ZIl\T CHLORIDE - ZnCl l 
Hazard Rating - 3 (moderate hazJrd) 
Inhalation of zinc cblonde c;m reou]t ill coughmg. che5t pain, ilnd respiratory tract 
irritation. Death can result from acute high dose inhalation. 

ZNC - Zn - heavy metal 
Hazard Rating ~ 2 (high hazard) 
InhalmJOn of /,JTlC oxide IS COTlmJOn in occupational cxpoSlires and C,m produce 
5enOllS In] ury to til e rCSplralOry sysl~m upon direct contact. 
Significant zinc contamination of soil is only seen in the vicinity of industrial point 
'Our~cs. ZiTl~ JS a rdati\'ely stable soli metal, though burns in air. The two factors that 
lllfluence lmC toxicity are waler hanlncss and pH. Acute toxic eff~cts may include the 
deillh of Jillmals, birds, fish, and death or low growth rate ofp lams. i:':mc and its salts 
have high acute toxicIty to aquatic life. Chromc toxic effects may include shorteJled 
life-span, reproduclive problems. lower fertility, and changes in appearance or 
hehaviour Zmc and it> ,ajts have high chromc loxicily to aquatic hfe. Zinc and its 
salts arc highly persistent in water, with half-lives greater thall 200 days, Zinc bio­
accumulates and the concentration of zinc lound In fish tissues is typically 
cons"l~nJ.bly higher than the average ~onccntrallon of zmc m the water Ii-om which 
the fish was takeu_ 

IRON -- Fe - hea~)' metal 
Hazard Rating - 3 (moderate hah1rd) 
Same Ha~ard Rating whL"Tl J.!l Ferri~ Or Ferrous lOn form 

Sources: 
hl1p:ii\\'ww,epa_~o, icheml-'!CJ.,' - U,S. EPA OPPT Chemical Fact Sheets 
hll)1)iwww.n ... _orgifHC-.. ~w ... ch~m. - Envirorlm~n! WnlCT ChemiCtlI Backgrollnders, 
Chemical Information Environmental H~allh Cem~r, A divislOCi of Ihe '1ational 
Safety Council, CSA 
Prager, J, (ed.l - Dangerous Property of Industrial Materials Report, as Clled m l:1\'EP 
WG, I998, 

F.3 Water Con~umption .\-lcasurclIlcnts and Calculations 

The water meter for the company is not working accurately, and water usage" nol 
measured internally by the Company. 11 was, however, possible to measure lh~ 

rinsewater t10wrate into each balh directly, Owing to lack of more accurale measunng 
equipment, the "bucket and stopwatch" melhod wa., u,ed [0 det~rmine lh~ actual 
water t1owrate_ A measuring cylmder and <top"'alch were used to det~rmine the tim~ 
taken for the t10wing rinsewater to r~ach a cer[am \'olume. Th~ measurement, were 
done for each bath separately and repeated a number of tim~" each and the average 
was taken, The accuracy of lhis melhod depends on r~aClion lIme of p~rson and 
accuracy 01- stopwatch, as \vell as on accuracy of volume readmg_ (On~ can in facl do 
npcriments to determine effect of reaction time and testlhe stopwatch, elc. butlhi" 
did not seem to he necessary owing to the fact that this kind of accuracy I" not 
important for the kinds of calculations perfQm!ed here). The re,ulls were calculal~d in 
a Spreadsheet presented below, 
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The average f[owrate fnr each hath was calculaTed to he 0.4~ and 0.45 118. [t appears 
therefore that the Dowrates mto the baths are approximately equal as expected, The 
lOtal flowmte lor each both baths is approximately IUsecond, which converts to 
6900kL/anllum (a,wmmg 245da;.siyr oper"tion I{j! 8.8hrsiday) 

Although the capacity of each or the baths is 30,375L the solution volume in each 
bath 1, a~,umed to be 30,OOOL and ,,11 additions are m"de hased on (his (chemical 
supplier recommendation). The rin,e bath, me (herefore a<;:;umed to contain about 
30J10()L water each on dumping. The """I nn8e hath i8 dramed, u,ually by halC 
lx/week on a~erage. The dew-e",er rinse hath is only drained in this way, lx/month 
on ",'erage. The number of nnse bath drains was estimated at 55x/yr (44x/yr for acid 
nn8e "nd 11 xiyr for de~'l'ea<;cr rinse, hased on operaling weeks/yr and log records of 
drailllng fre'-juency). The lotal volume of Water dumped per year was therefore 
calculated to be 825kL/yr. Ther6lre. tomi nn,ewa(er u<;age is 7800kUyr. 

Additional Wa(er i8 u<;ed '" ,;ol\'ent, for evaporation replacement floorwash, tank 
cleaning. domestic ami general usage. 

Solvrnr usage was calculated a,< /"11"",,,-
The chem1cal bath8 need to be mmntamed m a given concentration range (chemical 
supplier <;pecification,). Tlm<; since chemicals and water arc lost through usage, drag­
OU( and evaporation, reglilar ad,iltions of chemicals and water are made to each bath. 
The chemical addition, are "'(;(lTded. blll the water addilions arc not. However, the 
water additions may be roughly e81im"led hased On calculalions that take lhe total 
chemical additions made per bath for the yeaT and div1de the8e by the initial bath 
concentration~. Although there is room for error, the Tesliit ,,1 least will mdicate order 
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of tllagniludc of solvent Willcl' usc. The calculatIons useo to uelerminoe soh ~]ll waler 
usc in Ihis way \Icrc c~rricd 0111 ill sprcadshccr 'solvenT waler' , 

£w{'Vmllon U,lS 
E\"~po ratjo" 10's '8 b.1~ on tot .,1 wale r addi tions to eacb hath less ",llhh • .lTIS fur 
~ol "cnt tc<p.llrefll CtlUl Total 1,,.aH:r addHiom. to each hath were calculatell using '<"I)' 

n"' l!n ~st, maIC ,I i 111''''t~l l e \11\0 h" th und l,me taken to add the water to each halh. 

, 

EVJp"lr.lolion rep locCmclI l is calculated as roughly 380kL,,)'r or 4% of lola I II sage. 

F loorM"oshml:( 
r Ot Ooo,."..· ... ~hing. lilt' CIltire noor an;a is v.lISbcd " irb "'-,lIel t-3.2klihr) for ~ 2 hr 
pcood on Friday aftcmoons. This amounts 10 300kIJ}T {J% oflotalt 

low' 
h ,~ asS,lmcd Ihat .... ' lIter used fm rinsing is approximately 85% of Ihe lotal ",aler 
usage. n us .s ha;ed on 3n t:SI,male Cmm tho:- Operations Manager. This ;s lIl -lme wllh 
Ihe findings from the :-Iullona! lndu,!f131 W3te~ and Walitc-Waltt Sur.~y 
(~A TSURV2, 1987). (ilal appl<.I~ 'm alcl} RO"I0 orthe annual water intake of the melal 
linishing jndu~l ry is used for nnSlilg. Total waler u, agc is lhere(,)rc estimated at 
9.10Q I,:Vyr. 

A mas~ halance thoroforo yields the rcmaillillg water for 'other' tlsages as 3AOkl.ryr M 
l.AkLiday, Wate r costs for the factory shotlhl the refore amotlnl 10 ah() ul 
RB,OOO/ycar Effiucllt charlles are ba~d on 75% of incomillg water \ o lume, and a 
charge 01' RI. 70fkL - R I2,rJOOiyr. Total watcr bi lls ShOllld amotlnt to R35 ,OOO/yr. 
Actual water bill ~ al presem Ollly amount 10 R12.000iyr or 35% of the calculatc<.l 
llsa!!C . 



Univ
ers

ity
 of

 C
ap

e T
ow

n

____________________ cA''p~'""'w",,,',--A,,p~'"",""',-,-,-'".,',·,"',p,',",''-____________________ F.~ 

FA Measurement and calculation of heavy metal and chemical 
content of dirty rinsewater 

The heavy metal content was measured directly through samples 13kCIl Ii-om th~ rinse 
baths. Samples were taken lium insid~ as wdl as lh~ exil pipes of ih~ baths, Th~s~ 

w~r~ analysed for Fe and Zn contcnt using AA s!",ctrometr;,'. by the 'LTT Dl'partm~ni 
of Chemical Engineaing main laboratory personnel. ResuU5 are asslImed to he within 
95'.{, confidence. However, th~ representative nature of the sample needs to be takcn 
into account. Thcs.c samples were taken at the end Oflhc week during a rdalively h1 gh 
production period. and arc thcrcror~ expected to he on the high end "f the range. The 
resulis rrom the 3 o;amples and the awrage are set (}lIt in the table below. 

Tahle 14: Results of measurements of bca\'y metal contellts of dirl)' rinsewater 
for Company 2 

.",.. , .~ j , , 

CC,," ,', ~ 
=* 

~ , " .• 
ini<L ,--- ~~C --_. -

. 

rhe nns~s have approximately ~qual nowrales. thnefore combining the two rinses as 
they exit to sewer: the resulting con[enl In wastewater would be around 12ppm Fe and 
lOppm Zn, In any case, ooth are well within the specified limits. 

Drag-o"t volumes 10 rinse hath., __ 
It IS difficult to measure the actual drag-out ji-om the baths owing to c()nsid~rable 
variation in type and rate of production which means lhat \t \5 unckar how 
representative any drag-out measurements ar~, ~-{ass balancn has~d (10 c~nain 

assumptions were \herefore used 10 calculat~ th ~ df~Clive loss through drag-out. 
Some of \he data for the mass balances could not he nwasur~d and had to be 
eSlimaled 

Th~ total solution volum~ lossiyr for each bath has been calculated based on chemical 
additions for th~ vear and bath concentrations. This >Glution IS lost through use on 
product or through drag-out (~ithn to rins~ bath or as drips to Hoor), To determine the 
drag-oulloss, an eS limate oflh~ % usag~ vs' % loss to drag-out n~eded to be made. 

It is difficult to determine actual usage of chemicals on producls accuratel y, However, 
an average uoage for lhe acid c(lUld be roughly calculat~d_ ThlS is hecause acid 
addilions are oniv made al1.n 6 mouth, and lh~ drop in cunc~ntrati(}n uv~r tillS tim" j, 
measur~d - this gives a longer lim~ period for a known drop and therdore a more 
r~habl~ calculation than for degreaser for example (where additions are made weekly, 
and drop in concentration is not recorded). 
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If it is assumed that all acid lost in drag-out is lost as so lution (I.e. ,vater loss as well) . 
Then the 0/;, drop in acid concentration gives and indication of tIle amount of acid lost 
IhTOugh pickling onl)'_ Calculations Were per!'JITned using lh~ follov.ing spreadsheet: 

Results were that 25% of the acid is used through plcklmg operalion, "hile 75% of 
lhe totals acid used is lo,t as drag-out. TIns is for lxlth aCId both, combined_ Th~ rapId 
de~reas~ in acid n nSe quality over time, indicatl'S th3t thIS result is POSSl ble_ 

A better L.ll1derSlanding of the p,cklh'g operalion was obtained from the literature 
(CAMEX, 1995)_ 
The cOllvemiollal pickling melhod lS totall)' chemical and the various processes call be 
described as fo llows' 
For removmg mlll scale & u.erusling wllh HCI: 
FeO -I- Fe)O< -I- Fe,O_, -+- 16HCI-? 2FeCl, -I- 4FeCL -H20 (a) 
For aCId dissolulion of sle~l: 
Fe -I 2HC! -? FeCI, - H, (b) 
For con\'~rsion & reversion to FeCL, & FeCl2: 
Fe -I- FeCb +c> 3FeCl2 (e) 
2FeCI J -+-H, +-+ 2FeCb'" 2HCl (d) 
The majority of tIle acid is used up in reactions (a) and (h), and tIle relative amount of 
acid fonned in r~action (dJ is assumed to he small 10 n~gl igih le, JilT th~ purposes of 
th" cakulation. 

A significant proportion of this drag-oUI acid" lost as drips to 1100r, However. a 
significant amount still remam' Olllh~ parts and)igs that requires rinsing in the rinse 
hath. It is therefore assumed that the per~~lllag~ lhat drips to 1100r versus dragged-ill 
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to rillse water is 50%:50'%. TheretiJre, 37% of acid llsed is lost as drag-out drips to 
Iloor, and 37% is carried over as drag-in to rinsGwatcr, 11 is important 10 bear ll\ 111inll 
that this is merely a rollgh calculation, and represent, the average loss OVer lime. For 
IO,OOOL 01'33% acid additions per year, loss as drips to noor is 3700Uyr and as drag­
out \0 rinscwatcr is 37[)()Liyr Or R5,OOO/yr 105s lor each. 

Once the ,Kid loss as drag-out ~erSliS llsage was known. then based <:>11 !\lugh 
indications of comparative viscosity, the ratio for the other baths was estimated, There 
IS IlO mdication as (0 how accllfate lhese ligures are, and they can only be considered 
very rough estimates. However the estimates were discllssed with the OpeTation, 
'vlanageT and considcred sumcicntly representative lor the plirpOS" of these 
calculations 

Degreasing solution is heated and ies, than 50% concentration of aCld. Therefore. 
drag-oll\ is assllmed to he 30'% oftOlal chemlcal additions to the bath. infornlation on 
thc chemical reaction to remove grease was not obtained, due to lack ol"lcnowlcdge of 
the chemical additIve constitucnts and typc 01' grcasc. The aim was ai,o to keep these 
cakuiations simple. Of this drag-out volume, dnps to n'Xlr are assumed negligible, so 
the total amOUllI of IIOOkg/yr is assumed to be carricd to drain (wasted R10.700'!YTl. 
Calclilations were carried Olllll,ing the foilowmg spreadshcet: 

Drag-our volumes Irom JI"x and passimlion ball,,'.-
The drag-out volumes from lhese baths is not carried to rinsewater blll drips to noor, 
and is washed to trench 'yslem. Thc % drag-oUl lor these baths was estimated a' for 
the degreaser hath (ahove) 

earned Ollt 
t· 

, ,., 

", , " , 
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Flux solution is healed, hld cnncenlr31ioll is only 4% lowc[ than acid, therefore 
assume 40~. of chemical additions are to replace drag-nul losses. This amounts to 
20()()kg/yl' 01 Rl7 .81)()/yr loss as dnps 10 floor" ushed 10 lrellch system. 

For the p35sivation/quench b~ths, drag-out is observed to be very high ;1nd ~ls of 
solution fall to noor fmIll arC drag-olLt drips. Therefore it is assumed that 7S '\{, of 
additions is to replace drag-out losse .• _ This amounlS to ioL/yr of each passivation 
chemical OJ R6W/vl' chromic acid, and H 130/yr <;o<llllJU dichromate los! as drips to 
floor washed to trench system. 

Drag-nul depends .'igmficanlly on the type and number of product,_ These values 
therefore arc only illdicali'-e of the magni tudc of the average drag-out vollLmes ovcr 
the year. It is important to reah s;: that drag-out will vary considerably and may range 
from very mlLch lower volume, 10 hi/,:her voilmlC, during the course of a year's 
production 

Oil.<k;mmjnx: 
I Cm skimmed off surface of bath every other day, 
TIllS is O,OImx7 ,5mxL5m =112UJay for 123 days/year (245day,,'2) = 13,800Uyl'. 
The maj ority of tili., is 011, bul there 1 s some degreasing so I ution 
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F.S True Co~l~ of All \Vasles 

According to the chosen methodology, the tnL" e(ls] "r the wtl51es wt'rc detcnn med 
usmg a worksheet winch allowed for all the costs (raw malenal value. internal 
treatmen1 and dl&posal, external treatment and disposal costs) to be included. A 
spreadsheet was sct up in the same formal as the worksh,>e! ami the COTTCSp(lJIamg 
values Were inputted by hnl..iug 10 the rcloant working spreadsheets. The resulting 
summary spread'hee! is mcluded below. 

" " 

" , 

F.6 Evaluation table: Summar)' of \\'aste~ & Emissions 

Th e summary spreadsheet for evaluating liw was\es/emlSsi(lns Ii-om Company ~ 1S 
inci",led I-Je!ow 
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, , . , 

F.7 Evaluation of\Vastes and Emissions to Sdect Focus Areas 

The baluJti011 Cril~ria and point system are the same as for Cll111pany 1 Ln Chapter 5, 
and are set out m App~ndix E12. Each of the wastes/emissions 111 the evaluation table 
(Appendix JiCi) IS given a p"inl value for each criterion. The pomls ar~ tlwn sUlmned 
and the wastes wilh !h~ highest tot al score are selec ted a, Cocus areas (up to a 
maximum of 4). The spr~adsheet used to calculate the lolal, fllr each waste st.ream 
and then SOlt them m d~scending order is inc luded below. 

" 
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F.8 Activities for generating Waste Minimisation Options 

1'-14 ---' 

l. A list of \VM options wa, formulated from the available literature (the options 
relevant to Company 2 were , elected from the list in Table 2.3. Chapter l). 

Z. In addition to the,e, a large amount of infonllation regarding Best Practice lor hot 
dip galvanizing in other eOllntries was obtained throllgh the overseas stlld, tour 
ami meetings.' eorrespondcne~ with Hot Dlp Gal, an iz:er, Aswciations from Somh 
Africa, the U.K. and the Netherlands. A detailed repon for presentation to the Hot 
Dip Gahanif.ers Association South AITiea. was in fact wrilt~n on wa,te 
minimisation options for th~ hot dIp galvaniz:ing industry (Jamsch. lY99). From 
this rcpol1. the options applicable to Company 2 were extracted. 

3_ A brainstorm session involving all company stair was organised to generale 
further options. The details orthe hrainstonn seSSlOn arc discllssed in Appendix 
F9. 

4 Technical revi ~ws w~re cam~u out to compile mor~ ddalied informati(ln on tbe 
waste mmiml,ation altemallves and Clean Tedmologles specific to the processes 
in Company 2 (through additional literature and spceiJie ease stud) revl ews) 

5. The vanou, options w~r~ dlscu,seu wilh cb~mjcal and e'lUlpment suppliers. 
6. Local (mainly industry association representatives) and international (mainl) 

conlac!s from the ElIrOJl"an study tOllf) ~xpe rts in the relevant brancb were 
contaded regmding certain options_ 

F.9 Details of Brainstorm Session for Generating Waste 
minimisation Options 

As the final part or th~ aSS~SSm~m pbas~ or the Wast~ C>.linimisation As",ssment 
before option selection, a brainstonn , ession wa, held. The alln of brain,tormmg I, to 
generate as many ideas for waste minimisation options as possible. whether feasible 
or not. The,e, togeth~r wllb all the options I(}mmiated Ir(}m available lilerature and 
from discussions ,vilh local and mternational experls III the re levant hrancb, as well as 
ideas generated during the assessment, are then evaluated for seiedion for the 
feasibihty study. 

The main aim of the brainstorm wa, to find possible improv~m""t options thm can be 
limher investigated. but there are other advanlag~ >, in Ibat it cr~ates awareness 
amongst an people panicipating. i'll lmllOrtant aspect of the brainstonn is the 
participation of shoplloor employees. It is very important to hear lueas Irom those 
directly invohed in the activities as they are often aware of aspects that have 
previously not been considered. 

The lollowing people took part in the bramstorm s~ssion_ 

IX'T-Industlia! S)1l1biosis Project leader 
UCT - my,df 
IX'T- external party 
IX'T- interpreter 
Company 2 - Operations manager 
Company 2 +/-35 (aU) shopfloor 'H}rkers 
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A Xhosa-English inkrprckr Ii-om U('T was necessary to ensure that all workers had a 
clear understandmg or all di.>ClJ5s;ons. The session b~gan with a brief descript ion "I' 
the probkms to be addrcs5~d, given by the waste minllnisalion assessment team 
kader. The session was hdd during the "; hour lunch-break at Company 2 and for a 
further ~ hour into produci ion lime. There was therefore a strict a lim~ limit to the 
o.eS81on and only a few [opJC.s cOl.lld be covered. ]lle main topics covered w~r~ as 
follows: 

I, Drag out reduction 
2. Rmse water u&c reduction 
3. Floor wash method 

"lbc first aim was to listen to the ideas "rthosc direct ly involved with these opcrmions 
(drag-out, rinsing, floor wash) as to why, m their opinion, th~s~ problems aris~ and 
how the WOLSt~ can be minim 15~d. 1,kas from those involvcd with the \Vaste 
Minimisation Assessment as well as an outsider to the problem werc also put forwa!\L 
All 1deas put forward whdh~r considcred fcasible or not w~rc nokd down. Thc 
suggest~d id~as were not discussed in too much d~taiJ dunng the brainstorm, as the 
aim was 10 come up with as many ideas as p<.lssibk. Alier th~ s~ssion, th~s~ w~re 
examined in mor~ ddai l. 

The involvemcnt of the workers 1n (he bramS!<lrm session WaS a valuable contribution 
to the ass~ssment in that it was discovered that the workers were in fact not awarC of 
all (he wastes "h1c.h aris~ from drag-out or of actual wat~r usa~e. In addition SomC 
valuable 1deas were generated ihrough their participation. Their interest and 
participation WOLS very encouraging, Th~ op~n-mind~d approach to the brainstonl1 
session and the llwoJvement of manag~ment was also encouraging and expected to 
have beneficial effects, 

F.I OG coiogirai and hydrogeoio~icai conditions III the vicinity of 
Co mpany 2. 

Previous "ork (Kniel , I')')'») has shown that 2 a'l"ifcrs occur within the thick sand 
succession ben~ath th~ sitc, These aqUl lcrs consiSI of a shallow primalY sand a'l"ilcr 
(which is kno"lIl 10 be heavily contaminated in many areas) underlain by a s~mi­
confin~d aquif~r whlch is a major regional groundwat~r r~Wllrc e . The two aquifers 
arc separated by cakret ised laycrs and clayey sillS which tend to represent aquitards. 
The groundwat~r flow dlH",tlOn is ~xp~cted to be towards the south The surface soils 
on Sil~ ar~ sandy and rdatively permcable and potential contanunants can thliS enl~r 
the shallow aquifcr vcry easily_ It 1S consid~r~d possible that in this area pollution 
from surrounding industries may have already impackd thc groundwater system_ The 
I,mly level iopog,raphy and pemleable sllbstratc suggcst thal migration or 
contaminants is likely to have occllrred verlic.ally rmher than laterally. Concentrations 
01" c.ontaminants may have reduc~d owr time duc to dilution ii-om rainwater 
p~n~lration. 
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f. l1Imrrica'ion~ of frt:nc h drain w:lSh:s 

"[ he C"j">e Metropohtun Council (CMe) have made il clear that the U!.e of FrL'TICh 
"r~111!i h) mdustry for It>is purpooc is not acceptable (eMe. 199'1). L ode..- the new 
Kationa l Water Bil l 199R (He! 34 of I9QR), 11 IS an offence 10 ,..i lfully or llc~hgcm l}' 

pollute slLff~ "aIel or ground" ~l cr In addili':m, lhi: per.;on who owus. ooulrol5. 
<JoCI:up'es or uses lhe lilnd In \l ueslion IS rcsponsihlc for taklllg mcasums 10 I'rc~'CfIt 

poiJulion of ""~. cr resources. I he regul~lory amhority can fCCO,-cr lhe costs of clean­
up from the polluter I'or the remediation of soil the Lkpartmcnt of "\,'ater AffaIrs has 
acct'ptoo (he us,;- of risk :li>issmcrllS as the b:lSis for establishing remed,alion cmen&. 
It IS reco!llfll~lkI00 thaI 1M environmenlal effects of and remtldiation r~ .. memCI1IS for 
the French drai n be in"~stlg.:ucd as a kroar:lle rorojcrl 

F.12l\leasurel1lcnl of hl'av)' metal content of process haths to 
determin e r elaflve co nlrihulion of each to Irench system 
" aste\\' a tt.'r. 

TIle heavy motal contOll1 (If each (If the hath' v"a' measured in order to detennine Ihe 
heavy motal COnlent of Iho drag-out drip.< to tloor (assuming drag-(lut content is sam~ 
as in Ihe bath) . Samrolcs were taken for each bath at the end of the week during a 
relatively high rorO<1uct ion period. in the middle of the year (i,e. \/, bath life), 'I he 
samrole5 were allalysed for 1100.11)' metal content usinl Ai\. spcctrometr)' . by eel 
Derartment of Chemical Engineering main laOOratory pers(lnnel. 

Tilt< me..surCII1e1l15 "'~r~ ulw compared 10 oompao) dala In CaSt<S "h~r .. 1hc iron 
CoUI<'1I1 ""s m~<Is"reJ Oil a r~~ul.tl' basis. The re~lIhs for each balh lITe prescnted 
~ll)w . 

. , able fell : ~csutb (~um mt:asu"~m~1I1\ ,,( h~", J mel,,1 ~o .. lcnl o r each oftht 
f'~' K~~' hath' a\ C:omf'''n ~ 2 

TIle IICa\')' metal conlent of oach hath wi!! change (wer lime. However, these valu~s 
serve mcr~ly as a means 10 detemline the relative content of each smm;e, and nre not 
intended as reprcSCntOlll 0 of the average content. The re, ulLl ,erve as an initia l 
in'"cstigatioll. in order to dctenmllC where to focus a more detailed m~e~ tl galion. 

U5inllihe vo lume of drog-out drip waste from each bath, the total contrihution of each 
"aSle tv lOtal h~a\'y metal content of the French drain were calculated usmg the 
.prcadsh~~t below. 
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The estimarcd COlllcnt in total \VaSle to French drain is not ~onsidcred ",,~urak hy any 
means. However, the % contribution to heavy metal content fTOm ea~h wask stream 
ma;' be considered slLlli~ientl:. '""'Presentative. 

F.l3 Analysis of samples of wastewater to French drain for heavy 
metal content 

Two smnplc5 were taken Irom the overilow wastewater in the French drain (point FD 
in Figure 0.4). The samples from point A m J-lgure 6.4 were taken at the end of the 
week, dUllng the ilom-,,"ash process. ThesG wen: analysed for the In. J- e, and Cr 
content using .M spectrometry by the T~"CT Department of Chemical Engineeling 
main laboratory personnel. tior all samples. a test sample was also provided to check 
the accuracy of the results. In some case5 anal:.sis was repeated ,[ necessary as a 
dOllhlc check on results. The accuracy of the anal:.sis (generally 95% confidence) far 
ex~eeds the accuracy of the samples representative nalllre in any case. The results are 
presented m the table below: 

TlIhle F13a: Result. from allalysis of samples taken from French draiu overflow 
(point FD iu Figure 6.4) 

l: .. H~aY ... nJ<'tal s~;;;pio COllt ... t .(mIm) 
7.n \Ppm) , : 4.'7 , 3 ~~.5 

I Fe (1~.tL) 
average m , 143 , 

'"" avera~e '" jcr(ppm) , 0.129 , 0.24 
.• .-cra~~ 0.2 
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Tahle F13b: Results from analysis 01' samples takt'n from trench system 
(puinl A in Figure 6.4) 

l'e (ppm) 

Cr (ppm) 

1 (bcgmmngofnoorw •• h) 
2 (.fll"1" 45 mmule, of llomw.,h) 
:J (_fler 1.5 hn of nODrw.a,h) 
A"<raoe , , 

. A'~~r.go , , 

756.4 
517.6 
4(,().5 

"" ,,~ 

952 
83.69 

'"" Oog 
eM 
00.' 

_______ L'A,'"e',.gc 0.15 

C~nlenl , m 

F_l~ 

F.14 '1casllrcmcnt of hc;n·y metlll content and pH of combined 
wllslewatcrs to sewer 

Samples were taken from point E Figure 6.7 over a period of 4 weeks, during a period 
of rel"tively hlg:, production throughpllt period This set of samples were analysed 
using AA. spe<:trometry for Zn, Fe and Cr c(}m~nt. M~asuremellls of pH using litmus 
puper Were also tuken using simple litmlls pape~ tests on sampl~s. Th~ results are 
summarised bdow. 

Table 1'14: Results from mt'aSllrement, 01' heavy metal conteut aud pll of 
combined wastt'watt'n at Company 2 
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The ""'" o.l"gr~a&lIlg chemical l~ an &Ika lillc de£1e3Scr effe<:un: f(Or 1()\\'- lemp<'rnluR' 
ele~nln!! (Opn<lliollK 'f h~ em,mical c (Onlpos itl()TJ is a hlend of inoq;anic sdlb [1110:: Iud IllS 
phosphates). cl!c1ating agelll~ and I)lod epll<labk surfac lan!\o. ~r:lli ng COll(CIllr:,hon 
I' 5% m~s",'\oll.lmc_ Therefore 150()kC III JOOOO L " req ui r:d for chJr!!,, -up. ('O~I;~ 
R 71k£ (E,i~tmg degreasing chemical IS al h!gher concemra:ioll 7'1, md hl ch"r pncc or 
RiI.64/kg). 'Ibe chemical IS compnllhle wilh III e a is[ing alkaline dcgr~a~r and can 
therefore Ix: added to exiSllllg W ]lIli011 ""ithoul ,lump",,; \ 1. Tilt: pnl<hX:1 dis>lIllvcs 
e"slly, feature., a long >lI1I mion life and rin s.cs frcel f for complet e cleuning, 

The l emr~ralun: can he Ilperntcd al an}'\\hele between !7"C an,1 S!·c. MlIlltllum 
lempel3m~ for dlic',-'f1t operntion can be dctcnn illcd by pre-Iesti" g ,he «JlU Llon'~ 

clcarung abi l i t~, at differenl levels, ~' anJIIg ~I 27"C. Howe,··::r, dCCI1:~$CiIleml~lallJt" 

re.'Uhi III mcrea'>Ctl drng-oUi an Ihc reconmle",lal imJ is 10 m3JDlmn Ihe lempelallJlt: 3\ 
()O"C <Ii before. 

Rec01nmC:lJIled d;~po.\al is 10 ncl.llr~1isc with a snil.lhle material. ,bll.lle :md .J isclurgc 
ill accorda~ce with local Tq;ul~litliIS . 

r , I6 Calculation to check csti m:ue of drag:-in to rinse W:Her 

in Seclion 6,7.2, The fo llowmg Spre;llhhec l "a" u~oo I,l l (he 

r.17 pH mea~l,Iremellh (or add and deg reaser rio .~l"'l af Coml)an), 1 

The rinse b~lhs are monitored rOT pH. mainl), fo r qualify reaoon~ lI.lt:a'l.IremenlS of 
pH for bo(h rin~ bath, are tak~'1 01\ a r egu l:u' ha.is when all barhs are c h eclc~d by Ihe 
Operat ions /l-lallagef_ Th~ pH nl~USLlremcms aTJd each .ime the hath IS drallle,J. ~re 
recorded ill company on log sh~CIS ,,'hl eh:ue then lilcd for la ler allalys;s by ehcoJleal 
supplier. Thi, data was eolered into 5pr.:ad,hcet. fOf easy o r analYS IS The 
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measurements ar~ usually cani"d out "very sc<;omi operating day, but lhis dcpcmis on 
production. Thc data for th~ degreasing and acid nnses IS pres"~ted bdo"-. It 1-' 
<l;sum"d lhat lhe pH in the rins.c baths as measured for logshects is correct, and that 
the pH In th" bath is e'-jual to lhcpH oflhc wastewater leaving the balhs. This implies 
w~lI-mixed rinse water. The UppL'T and lower limils of pH I()r rinse qlIalil)' and for 
discharge to sewer are indudffi m the dala. Further data lS includcd for the comhined 
acid and degreaser nnses. The average pH Ii" lhcsc has been caiclilatcd by assuming 
equal mixing, except when bath drains are recorded, in "hlch cas~ th~ pH oflhcbalh 
that IS drainerl, is llldudcd tWice in the calculation of average. This In effect takes an 
avcrage based on tWICe the volumc of the bath lhal is dramed_ Although this L, lKlt 
exa~_tly correcl, It scrves merdy as a representation of the draining eff~ct 
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F.18 AnalysIs of Ash sample~ before cbange in l"ollection method 

l'ri(>~ /0 chwrge: 
n'(I saml,lt'$ (If ash of "'en! taken fmm different sections o f the collect<'.l ash The 
first sall1ple "'3, taken from month I. aDd the remamm!! th«:e were taken from the a~h 
collccl~"d ill ll10mh 2. T hc ~im was to obtJin sufficien tly «:presental"'e samples for the 
mugh ~n~ lysis uh inc: cOlltent. The s~mpl"" Wen: weighed and lotal m:w; nOled. T he 
sample.; "'ere then crumbled Inside rl~ic oontamer-b:ag!> in order to loo.,~'Il Ihe gn;y 
pioxcs of melal zillC from the powdny red zinc-oxide. Each sample W..lS Ihen 
mechanically siend us inS ~'llrious mcsh sizes. unti l the larger Zn 111("\31 pieces were 
effectIVely 50Cparatal from the po .... ·de' y ash. The metal :md ash Were !lIen weighed 
separaTely. rhe results J re as f<.llows: 

Tahl~ Fllb; Rtsu lts o r ~llQ I~'sb o r o rigio ll l ash r.a ll1p lc~ fo r l'.nO 3nti Zn mtl31 
~on ttnt 

The ash was analysed by the t :CT main laboratory lor .'.inc content using AA 
spectrometry. The r~sujt s are as fo liows: 

TAhie Fillb ; Rcsu lh of ~oalysis of ZoO for Zo CODleOI 

S.rn • '", L<I its&! 
S. " ' ~~ I 

" 
Sam ,Ie 2 

I ~I.I> 

] • 1<2.1 
: SO I 

,\\·ri(.\(;r. • R! % 

ZinC oonlenl in zil"lC o~ide can also be: detenmned thmugh calculations bas~'" on 
mol:.rll1ass pcr<:~·'1u agcs. 

Molar mass of zinc ~ 65g1mol 
Molar n.ass o r oxysen - 16~fmol 

Molar ma.,s or ZnO ~ 80g/mol 
% Zn (Wg) - RO.2% which IS comparable 10 the resulls from d irccl mcaruremem. 

Comb,nins th~ "Ii> Zil in ZnO with !lIe % ZnO. determinC5 the overall linc ~s line­
ox,d~, versus Zn as Zn melal. Usms the a, erage figures ffflm abnve, 1lle r~'ull 's liS 
1;,1I"ws: 
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F_24 

F.19 Zinc Balance 

The toral lise 01 Zn is 380to~s!year. The Zn used on product is estimated al 8% of 
mass 01 steel galvam/,ed peT year. The Temaining Zmc l ~ lost in a<;h, dross, alld as 
spaller to floor 

Zinc lost as spalla is assumed to he 11%of the total Zmc llsag~ _ This estimate is the 
g~n eral ~stimate for the industry which the Operations Manager beheves to be 
representative, The zinc content of the ash " 'as dctclmincd in Appendix Fl8. In order 
to complete the zinc balance the, Zn e.ontelll of the dross was measliTed. Samples of 
dross e.ollecled Were also an;J.lysed for Y.lIlC contelH in ord.,,- to completc the Zn 
balance. Two samples were takcn and were. ana lysc.d by the ucr main laboratol) 
pen;onnel for Zn e.ontent, The analy'sis was repeated twice lor the. first sample and 
three times fOT the s~cond_ The r~sults are as follow~ : 

If" '" , 

* " .. '~ 
~ .. •• , 

t-
. ffi 

i 
• • 

, , 
• 

ll!] 
... ", • 

, 
, , • , .. • • , I .. • 

TIl. • 
, .. .... , " , ,,' " • 

, , 
• • • 

, .. 
F.20 Analysis of Ash samples Aftel" Change in collection method 

Sampl~s of the ash laken alia the change were analysed in the same way a<; ahove, 
and the results ar~ .,,; fol l ow~: 

I 
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APP"ooix r - App"ooice, j,," Ch.ptcr 6 j-2~ 

The ~sh w~& ~n~lysed by the UCT n1~m laboratory for zinc content using AA 
spectrometry. The results are as follows : 

;O;'Zn ~'Ik' 

SO.O 
80. 1 

S.mpk 2 ~o.o 

, . so." 

Combining the % 1n in ZnO with the % ZnO, dctermines the overall zmc as zmc­
oxide. "crsUs Zn a, Zn mew]. Using the aver~gc figures from above, the result is as 

v.z] AIlal~'sis of savings from change in ash collection method 

The analys is was carrietl out using the following spreadsheet. 

" I r 



Univ
ers

ity
 of

 C
ap

e T
ow

n

r.n Fc::asibility An::alysis of Idclulncd Wasf(· l\'finimisation Options 

This SI."Ction ,,,c[udcsthc dct~ i lcd feasibi lity .,\'aluauollS (accordmg III the cri teria of 
AI'~""h.~ Elt'i) f<lf some of the " :lSte minimisation Ol'ti<lns Identified. 

8t . Drag-ou, mucton 
8t .l Minimising dra~-ou, 

1. Vlbrtllg" mcch . nl.m liD erln l 19 .gel d yp ,y"=oN (Ie .. d~g-oWI in .hprte , ~w" li np II!!!!I 

e,_ ""p;>l iOl h~. ilW~.liG"lo-:l'h . "pliOn 
M&CI\iII">III'" IS ,lOt .v";lol)e Io<:iilry 001" Qtlm""Y 
Car> ""'port II ~!>d I .... i. OOi"9 ""'.'''9'''e-o 
Meo;:ten ... .." ,mONes on 01l-a-ntrv :T>oIiOn OtvOc&. 
4 tI .. c'_ rdi ... s \tie jig. ~ aI.IOmat.cally vlDla1el 8I'IC $11;1«'" alt C,;og-ouI 

Cnol ""'Y"" "-''''' niglr? 
""g.<U 1",,- '" p"'oerrt: 
Saving. or' "'89-<ItJI recuclloro 

R 3lI.965 'VI 
70,. POI1Ib-e~ 

R 21.216 ,)I" 

AI"" .. v.-.gll 'm,,' 600"",,~ <:wta".-..atiOI' 01 wastewaw t(I..,.,.,..- all<! ex,ooclo>e OO~, liv~ • 
.......... , •• "n pro""" qwri't~ Trurn docroO&Md crou-eu"ta."" ',"lalIOI1 c( OOth •. es,.,.,cla ly 
""orOI.oo Te co"y-O""'- tu QaI'lMi"'''Il oom 

111 .2 OW.Ct d"9-oul re'urn 
1 Jel, ~a lOOn bilh ;rtWrwilh<lriW"!PC quick .. ,"d 9,..\1" run-oflol ,klg'Sut 

lUI", "''''''''''''''''lI Inod trom pmr:v .. bath. " ,S"...., """"e ""'" and 
"""',.". C<r1I ..... !;>..ItOn'", r:r~"" " ~ :nI,IIINSIId (3)<) ,.ben ""'"'""" jDlting 
T ... c;;rllMS "'. lTIOI0rity 01 drpprng 1tJ ",n bao:.< ,''''' ;>r~""'" 
No <::<>eI _ e.copt ""9111 """""!J'I ~ ir I""" 19mI. INIal," vibr.olrng 1TIOChon>m .. long-tnn <>;>lIon 

P<!ooib18 _ ... ,n d'ag-out: 11l'!1. 
R 21.~16 I", 

\..OQ'n prO(k..C~ b"",,: mini ..... 

Tnls n"" oeen im;>l""""'tO<J .'r,-:y 
l'ifl.l' · i$ ~ob:" in mn i""m ~np;)"", ar"ICl ~"'" ... e. wt .. ,~ CliP' u5eC tu ,~" i. mUCi, dryer 
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8U 000_ drog..,,,,.-m 
3 T"I£' ' ''R I, .. to ep1\!!e ...... ..,.,. "9!n !!y , bflh II! ",yrn ' p IyIh 

, ...... I' .. h ........ ,,, 

~ ~"""".... ''' .. -
[In,,,,,y 7 ~'" , U .. 0nsI.,'eO '. ft., d-,...~ ..... 
L"""". 200"", 
Ro ....... " " ,.,," ....., '0 ",, "" "" """,,,' 00' t>o 001)" .... , 

5<'" , ,"'~ . ... : 7. , .1 ~ 1O<n" pol """,),",,,,, ':>II' ing 

~.surn"9 """"" ,''''' "" l'J". ~ n ","' I ,. "", ... ,»ed a.. r.ng L"'<J" __ , 
" ..... ,,"". CliP<''"­
Coo! of Ir ... .>! i«I -n.y 

0"", I"'~. 
-...fotl" ... , ~_ 

""""' .... ,g;-"II 
To-... I., ... """, .. 

,-

" " " .. .... ~ 
" 't',!IIXI 

LcM"'''''' ..... ,''"'.,'iooI. R '7,953 /), 
Cal .... ' .. 10 _ .'lfr ..... ' ~ <~ """ .. ~ 01 . :l'II, to! 1:>1>1 """",... ., .. i . ..... 10 "'~ 

~.II "''". U """'"""" r"", ".....,;ca 
CI< ".,ed ",,"11" In d".em. .... , 

Ot,.,., .. ,·in,o: 
R""'-"""l n"" 1 ... ,.10""" 1" 
RO<IuCO IIW, ... ,.,_ 

~~ -.. '000 1"'/-"" Q " 'fl>i ) '" "'~"" po"O<._ 
~ H;,no Iyr 

"'"i eu ' " ."" ,,,,,,. tru "",,,,,,, '"' i.nor'" 
2~ I,' " "'-""' ''l 1:J "~.',>11 , .. , ... '0 "ft·, r." 

R 15515 

N ".~ .t ""'""'" s-,.. ... a ... 
".... _ d< ..... ,., .. I lOt """" _ .. 

!IJlf. ...... , ...... "' "'.~ 

'''''' """J" " ".,u", ..... 
'''' .... ~.-
1 .... ''''"J" " 
~.J. porir 

1.7$7 ')' '''';n<l''''ng' __ '''''"' 
1.- ,.... .• 

1OJ'. ,,,,,.:;loOn Or o"'(/"<V 

.f6I ,yr ,:cA i"OIu<lng'ro_·. "0'" 
3~ ,N" 

'o"Ii," ,,"1 d,a~,,", '0<1,,,,,.,, ,.,. ""oI to: '"' of dno ' ra)' " fl.oc ""'i~ or,,, ~. ",'w « PW' " '" .OOI.~ • )'<to' 
A, ... rni ng ~'io;I .,,-, ,0<1,<>:;"" I. I",...,..,,"i, Lt, ." Pol ,,.,,, ~' Od I •• bOWI. Y'''''' 
>-<>- ' . '. , ~ • • "'~ ~ "" oq,"od r", In"~JiD'O ,., I"''S' " .. '" ,odu;-..d ooed lor olo, n-"" 

ReGu:ecI cortt. rt.l .... or ..,... . " ,,~, 
e ... I",\eli """" (..- _ O\<Jc<""''''~J ,,"" "" ''co .;0:1"' .... """""'"', • .,,, ,. """,:e.~,. ... 
II "S'"':''''' '''''''' .. , ot lto (u :! reI in _,...~ ... ' ...... ' "., '"'" 

~"''''ot'''''' ' 
' ... f ... "' ........ to ,od .. "" O""'l-C'" ""'" I ....... . .. 
II .... 1. _ "'11«''':0'' y """ "'" """<e<y '" ... 4O"WI_ a." "'I;)-Iror to " .. ,""'-
1 0."" ... " .. _"""""" It< _n~ .... ""' ...... ,.., ........... ~ """'-
UtI. "*Y IS ~ "'.""~ "" Of" ""' ...... .." ac. re<\JC8eII 'n ,.,_ """ .... ".bon 

" .... , ~ • • "" " "".~ U"I , -.. ",o/I"',,,'~ ..... ,.. .. _. OIll1"il""'Uf "" , .• """ ...... ,01.". 01 ~"'II'CU1 

t""~ "'" I"", bf.'" 

A ~ .. , ... "'io-''''- t, oW"'. " ... ~Y>"., 0I'.p;o ~ "." • • ~"pIe, ,, ""Lt, Lt,. ,_''!'' ... , DO. """",,,""ion ::J 
O~CII' rrcm ......, w th- ., t .... """",_ ' ''' '.'' " 00 2 .. """ . '''Y' 'Q " or tho ", .. 'nl "", . """''''' .... , 
I, ,oc i,on. , ... "' ... k;" or <:he",""", ""'",,11"'0 "",," fl&J\l',.r, , ' po,:>oc< pe<k;J """-, ,, .. .., .. """ 
_ ...... , Lt, . ~ '" Ii<>;)( need " '" "'''''~, '>:r "" ~ ' O ..... ,y oI\:>" '" ",I ~~ <>""'1-""' , . .." ..... ~"'" 
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_'''''"'''''''''''''''_''''P'E'''''''''''''''''''' '''~'P'''''''O __________ ,r-28 
81.1 [""-II ..... ' .-.c.....,~ndmum 
I. PIi<c • .,.,. 1.1"" ,..... . <011 bt!~ to !Jp'.""'" !p ....... ,,'" .......... ...... "" "'j!l~'ra 1M'" 

' .. hni<.' Eool...-., *""' .... '0'<;0 .... _ 

,,""'" ..,.,c "ok ;"0 0;0>«' to C>~"". co"'" 
_'11>1.11. _"" (;10","" ~fI<I ""~11O 01I0I0 CO","", ooc.<IlO Do> """'_ '0 .. _ pdjlog.' •• i;>~~ WIl. 

E<OI1",", o Eo. "' .. ;on, 
""'''"'' -.g OOwn,lmo n". ' git<e ,;"'" .,; , t>o 1>01""'''0<1 a .. r rig 1IIl,14own 1""00."'''''0 00 _.,"'*'" CfIp.'(.c 

M"V ... 0I'>;l ""''''00_ 
,~ 

r"" ' In' ."'m< nt 

t.I<.J_ "_ .. ~ .... mm"'l' _.,.. . ....... ,."' .... '6 .. QI LoSoI <.hem""" "'" .. duo to ~ 
and WO. '" ''''11<1''_ do.,. to n.."" Th ••• 1,.. , .......... 0._", on "'. ",.o:t<JU" ~ .... ""'.," 

E01O'1U> '" tc""''''': ,0&' ........... ""''1>'" .... 
hl ........ " .'''''''''';;:tt<Jl,~. ~ <.786 ' " .'evrren'e'..,......-..... 
II 0,";.:..11$ ~ b)'l'J< . ..... " .... " .... ,., b" '0-. .. 

~ 1.' 3e 1'1' 
00rIfII' .. ,'1,,,,-
~OI"'>0<1 n .. ~ ror clean-Lip' 

~O<l.<:' n""""",,, wa'." ~ 
, "' .... "'n~ llithoJ' df .... -«.< reccdion ~ 
T"", _'Iroo ,.;" ""\KU , ... ",,,,,, q 

2~! ¥ 
(i ,~O ''1' 
1.600 I'(t 

',(loIQ I" .. 11\OuI: d"~<l<J1 =lxo;"" 
~'l'J ¥ _ <1,011<><" ,~, 

Q ~~ ......... d, __ 'o:IJ"" 
11 \ ..... vo/:~~._ .... """'" 

~ "' '''.1..'''''., ....... i"""""""' ...... _" ,,-"""> ..... 1)' r_ ..... "'''' "';OU-"'II' ""'""' ..... o.r... _illl" i"",.". , od __ =-.......... ...,, ;.'1 ............. ,""" <loan-u~ 

1 ... 1. ,he m ... '"""" tor rnbiilll It& "'*'&." . '" ... ,.-

( ... ,'0........, .. ' E ....... ';o", 
1,., ......, O~,", '" ""'" '0<:';'. <:Ir.n"!l""; . '''' . ... -.eo 10_' 
1 ..... dO ~ • '''''"'' ." re .. '~e _ ..... ',. .. II."", ,_~" ........ ," 1~. ~.,'" ')~""" 10 (>0 ..." "",,,,,,," 

AOo' ""' .. wl'Ul cc,,,ub,O,, :0 """""". I"",· W"~ ."" .... ''''I/O' '" · ....... i .... ,." be ",c;...:,,~ 

1«1<""",,,,,,,.,.,,,,, 
."'" "'''''''1 i. :0 'co..x, or ... ou, . t >OC '''" 
T"" WO'. 100' i , "'" , .. ,rg u;ed . l 1"<><"",,,,, the COl< 01 ,, ~,~ :, to '";&"'. ,,"" ""'" ' 0 "" ... 
.....,.....,' OtlIkin m.)· ~ I. "'" Ih< 'P" L.,·. '" '~ . .,.," "'" CIOr,.t;" m"" 
, .. , 0"",,, is "'" _"""" ! 100 'fl"'" 'w "ro~ 11M "'" :1< ...... , ..... i • ......,,,"""" tOp<"" 81 ~ • I) 
1'00-.' '" """ Cu. ,..., "'",..., '" """"'(>1.10 ,100< • • "" ~ 

For 15(1 ' , 01 ,I, .. 0<I!l>.k:<1 ~ .. d 10 " ,. 0 0(1 ..... 0,1 '. ".~ ",,,,,1<1 ""';on • oa;i"~ of 
a ()I:t , ?o-'I.' GOOlOl) 1'lO()Qi'Q • "Q-""'~ " 001-0 '" "50.'0"""'" 
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____________ ""p~_n~I~ " ,\ pp<~,.""'""O"c".,,".¥l'"""'''.'_ ___________ F·2Q 

TocholUI E •• '~~n 

1l«f.,I" .. _ ",,"'ecton'" ,""",p _. ~"", ""'" .." '",""""" "'-"" 

.. ....,-..r '.' ... 
Equ_",O 1_,,"", 

, 
'''-'Ii, ..... Ct 

IO"''''~ 

ProfIt""""'/"'"~/"" 

f.I 2.000 .")1 

"" 

em' I" ."r.,,,,>/I ", .. lM. tlliO 00>1,,,", 'M ..... ;gM _ ,..-, .. "", 

E."I,o""",,,," E.,hJ.llo" 
s", in, . in "~"",",, 0"."" ",,10 or. ""; ~ gitj. 
Tn" ~ mootl, ...,. 10 I'e lOCI I' ''' ,,,. " I "')~r <>"1 tho JU d. "" ~ Lho '.~ ro,,,,,,, b't~ 

low." ...... """""...., '''. ~~ I; .... " 

82.1 ""oi" to. _~ to """ 
!UMINAU KJIl BlN SE IE LISE EbUX M'!CA!JON 

Tl" Nill ht>. OJ be In<ooJ """" "'" 11<:otioo, _ .. " .. -
Fe> ..w'o""" ....,.;1<:11»> .... ' """"'"" .... ""'''' n... :-. """"""., boo '_tie 
.. 0110<1 ""'. ~ . . ... , ... ;XI .. Ih' -.;. ",.,...,0<1 
~,. h _ .",..,.......,. 11>'" "" .. ~ _ ....... . ~ (soooo ,""..,~ b-n< fa fu, <h!rlcoI1 

Toe"""" Eo_'-
.... "' _ ..... 'OQ ~.1 .. IU'r.e:to;or • "' ..... 10<1 _ ....... """:IiI ..,,.,,."". 
~ ;>:ablo<:rooo 1"" P"'_'" t in 0:1_. hli' -. _odtotm ""'''co' """"'1,,,01 _rCOllao _"""'>r 
.... , .... _onlho~oI~"""' ..... . 
It ... ..,..,....,., p.O' ___ ....... adI ...... 0:. ... ""Iy ..... _ ',,"non _ .. _o,;ocn is 
_ .............. 9 
_ . .... _ ~'" "" ~. _ r<d.ICOoOtI" no "" i< __ ny ",,,,,,.-..,Pm.:! f_u 
..... "'~ "'" be '" _"..,1. _"'.- _<"9 .. ....,......,,""""110 """" ,.in~_ 
Tho ...... _ ... l10 WIOI .... ' .. __ 10>'1)' 

E<:<>non>< E'< ..... .... 
' ..... Ii ......... ; ,~;".~,.~. n~ en "'JllI"~ ~ _""""'" -.-oog,·~1BKn .. ~ .. ,..,. .. -,", ... ...... 
I!o~""',,_ E>oIo" ;"". 
\...., .. _>n; _~ ....... hoIIiOd 
........... ;j k""" ... nol __ .. ~ ....... <aIi."II_ ... fa _~ ,_,""'._......., 
, .... ,.>0:1 ,,_ "" ,,,-"e ... ~ ..... "11 tool". 010,. ... 11' ~ ,.., t.m .. "rn.""", 
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____________________ -'A,p,p«""'"",,',-C"A,p,p«""'"',"cc','c,cC,"'"pp,""", ____________________ ,F-30 

82.4 G<:<lIr<:III ing ft""""... of rin .. _ """ 

();J:imrn _ ~ m n., d<gre <1 <i':lg-a1 

n.,<i«;«1 v<l'i«; ~at; ",111 pro1Ld 1,,,, <nJ ~"" rate at rre;a­
n a1<ilm ~ \lith ''''' F\.::w:lI~ at ifs ,"""rrlJ1', hJ rir>Jo cplil)' ~ ""'lIe<;! 
n"""d ;nl de;i '" n'bes~~~C\lat~f'o.o.oale. 
I <iaj<:U" [),,,,,,sOO";l1 tt.> ~d Q:tioo BtZ _ " 
II"" ' ''' I ,,.., ~l n,,,., d'''(:6 ""I oo~, Of the "''''' _ n..,. 00 ""'-<:00. 
SiroJ rirl'l(l1\oN"",,, f" 0=_ p:r aTU1l tt...l ,he nru ~ ~n:lllcwote io a txr..- _rg o;t.,., 
~".-, qJl' run CfOC'1 ""I da".,-rine l<:woIo fa rn.-;"... ~,., ~1 \\itl, fll rWnm tYt3e do.rrpin;j 

E>iat'l\j ...,,, ajd..ro ~rg :trrri ",: 10_ rn::.q, ~ i<: 
~ R 'I),53J 

ted R 4,Tffi 

• ~ ,,_ 'Jf 7"f/.' th«1 _ d ted <nJ ~ &arira,' b ,_or" _ t:,-7'fX, 
Fa a...-.;J o Co-5e tlrl1. ,., ~rn n the rinse '" ~iocU rotr" a-~ 
Tretelcre. if _J<>..I;'; _ 'Y"Ff'/, tl"a1 ())Cffi~ 'n jre ~ ",!I deer"""" I>t 75\'0 
I:h;r= ~ R 7575 
,oQa""';'Q> R 0,500 
Strn R 11,5G4 

ThJ =mtim j, at"" ",,~y ~->:m Iothe n= fk::w'aIe. 
rr.o.acre if till n,,,,, r.:war..1S 6oc'oo",00 t¥ 4OY, I"" o;::n::a-pim .., till riroo OOtlwll m= 'Y 2.5 
a:.m~'1l Ire ~ <>-<l;I"<Lt .tiro,..u _~ 1", ~I rtl o:n::alra' 01 \'.i: be fM.a"ay reo:tr;OO 'CJf J:T!. 
Ths ""'.k! """ ' 1X>l1v~ <if 00 m <ioi rirl) i'<qrr"" d both ogle. 
fu;oderi,_ kwrro.nm 4(!i(, 

Pr;t«lial "..;rgs ."' .... "100: 3110 ~ 
',olf<d llio slu.ld~~b 1111,478/yr 
i-t:wJv€(, ' ''' CI::fIlHI'I " l.<'dE<d<lfgOO fo<_ at;;<.--t, ;nO Ire _'9' "»«e.- "'" rrny "" m c;i;ca\loo 
t j", <b.J:je n= __ pictj..,." ""'_. 11m lheq:.b run lIoN<I:e",waru-~ \'.iI lla~if<'ClOO "ff«>rtly 

=t", J-dj"{ll rro.nm h;o bt'oo i~, \at';~' ''ON Ila r;w"ooreJ lu ~arri", qJl. run rOOu;::j,m " lk:>mte 
F'o<,_iaas,... """,,,,,,,,'Ie. W we rtt '"' ftf<dN~I(]( n= WJlcr m1fd :0.;"""" I"" f>1;rlnrn r.tc " 'ro:f"Ojs!ert 
","'~'2 
T_ jcr-qJlffi.rn M"",,",w l rn.-o \0 ood>"",ood fIT ITinrTUl1 cr""", r«L<:ti<n 

I re <b..do Ii"", aile< >'dln;; I,' "'''51'''..0, f1ffl ,ho octmrn lIoN<I:e "'w aru-~ \'.iI Ila aifOOoo dff ....... y, 
0- (D'M)'(Cl::IG:W1!;' 
'.'.t>:<o C2 is 110 =tr.tiorl '" 110 2rd w..r .... -1I<:ti< nr-.aJ\ ,..., Q::lo<>"l 925-1 
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, __ tv"";"" ""',,.,...., ...,.,.._ .... . 
Cot>ouctiv'", ""' ...... lh ""*'" .... ,..,.. ........ 
et.-0I..CI"''1 ""!mi",,,ro e>:O"''''''. ,~ ._ , ore ... "'''' ...... "t..-~ 
:oro ole ""' .. ,... ""'one oorl,",,", ro. "" 00 1 .'" ...,. 
0 1 "'0}' oIso ;1"10<1 .... ",I" "",,'"" 

Eo""om/e E • • ILloItion; 
"' .",,""' .... ON I. 
001 <t..ocO ,,,> """,,01 ...."". 

.'W·~ _"Hoi,; & <10,.., <=I, 

....., . ... 01' _" 

CDe!~ """, 
~"or-
mol, ...... "" 

R 5,000 1 

~""" ... 'tI, ,000,a ... i,..., ... """ <1d>",,~e 
Cool 01 ___ :II ~~ .... "',,",', lhe<","'~ "''' ZY'~ ,,," ,.,, ...... ,i~ _~ tv 
R <tOO ". 

" 
ill preHn( cool 01 "'"""""_ oayb..u "" ,,,'" " ' Q. <.<>9H,IIOd. .... 
~ """or c.oo.t! i"OIo,,,, ",""I>."I" l y, m>y be '1" ... , ..... t>Ie 

( """""",, ",. , Ell'ecl' 
~_le'uuge 

_~_ ",,-_Ir~"'" "'-"",,,10,· ",' "'>l De N! ;n ~"m. 
W •• , ,_ U<g-o:Il ~ 1= be .... ..,.;,ot .... u ..... ~t 

n-- <II' coo '-""' ''~ ...., !;y __ .$01_ tIu1 ...... ~~ .. _:;tnr .... ,,'" a/ "'" r.r.. 
.. 'O .... P • ..".1, """,fi~ "=1101"-" cf .... ~ ........... lOse 

''''''~_'' O><b "'<;......:l. m 1;\>0" 
$.ov '"," a_<l '" 'i""",,: 
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f .B Fume eltl·acliOIl 'lIId ('onlroi cquipmcni for gah'anizing kett le 

(qu'pmcnl ncrcssary 10 caplur .. {ume.~ j" u pens;,,,, anti may rt:1artl til" production 
nnw lhmugh a planl Vanous mClhods of filille exlrou::lion ha'-e bo:cn tle'<o:lnp.,.J. Th" 
mOSI ,n'l)(m:lm aspeCI IS lilt nee,l 10 en~r .. l!wl Ih""'" inslallalHlT1S tlo nnl IDT"rrere 
wilh lhe producllon flO'I through Ih .. plant. nu, "'n~1 motl"m OOIlC<:pl 's 10 provide a 
10Iai enclosure !)Vel' the gah.mwing b;.lh wh,ch cocapsulalcs .1Jl fumes ~enefJ.led 

during ;mn'<:l'ililn ami "hhdra"a1. Til .. "" um l ~ arc n:.-y cffcc1J\'e but also exuemely 
e_lllen.~'\'e L,p n lrucliml 's anolher opl ion bUI Ihis requ ires a ro~ilive flow ,, {~ .. 
acnl!..' tho: h;Jlh s urr~te and !he absente of 3~' through draft ill lhe plant area_ II can b" 
effectIVe In Lhe c,,~e uf !l.lrrO" £J lvalliz in~ roth~ (Barnell. j ')?8). 

One gal"uniZlng ,ompany (lli ~ largest In lht: COllnlry, hut still an SME} has installed a 
hood Ol'er the ga l\U1\1 1ing halh a£ wt:1I as recovery system for the iron in a pre­
treatment bJlh. Thollgh the purr"." of the~e lll£lalJatiolls was mainly for efficiency 
alld qualiLy improvements, 1I1lema!10fliil experience has showil Ihat these have 
resulted ill sign,ficunt wa.'le mll1innSalion. 

A fu,ther con~Hkr~t\lln is Ihe need \0 consider what to do wi th the fume~ ollce Ihey 
have be~n capluro:d. A c,)mmon pr.lclicc in mOSI countries is to exhaust the fUllle s 10 
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the atmosphere through a chimneystad ~xtending aoout 10m aoove thc factory 
building. The ultimate solution I S to inslall a scrubber that encapsulates all emissions. 

F.24 Biological dt'greasing 
A biological degrC'asing system has recently becn introduced 10 the marnet (Northem 
Burope only as of 1999). This degreasmg method IS m use in Scandinavia and it can 
bc directly connected to the acid ptckle (no rinse beD,,,,cen) to providc a long lifc pre­
treatment syst<'ITI at low temperature. Thc biological degrcasing proces8 reduces the 
cost by 6O-~0'~/. compared with convcntional dcgreasing. It has energy saving 
implications in that the bath does not requlre heating. No nnse l8 needed aftcr the 
degreascL The degreasing process can with8tand a high oil and lmpurity load. As it is 
closed, the proceS8 has a maximum length of life through continuous biological 
decomjXlsition of oil and impurities. The system enables the oil and grcase content to 
bc kcpt as low as 20-200 mgiL This means that the bath l8 continuously kepi active 
and lasts a very long time. The ch<'ITIlCals do not contain any substanccs dangerous to 
health. 

The one disadvantage could he the time It takes to effC'Ctively degrease. Though whcn 
used in conjunction with activated pickling (takes a shoner time than ordinary 
pickling), the combined umc is no longer. 

Activated pickling baths consl8ts of a great vol lIme of ,ron salt (up to 30"10) and mill 
scale dissolution starts inmlediately without dIssolving the pure ,ron. The process 
worh with low ocid cmissions and rapid oxide-scale disso lution. Using biological 
dcgreasing prior to ilCtivated pickling will ensure that 00 oil is carried along to the 
pIckling bath. Chemicals transferred from the degreasing bath function as inhibitors in 
the plckling hath 80 that acid emissions arc blocked. This ilCtivatcd pickling results in 
less etdnng of the part8 and depth of pickling can be reduced Ii-om 10-15 microns to 
just 5 microns. As a resul l the acid consumption In most ca8e8 will be halved as will 
the quantity of spent pickle to he dumped. Spent pickling bath8 have a low aCId and 
high lron-chloride content, and can be used as a reagent in municipal sewage 
treatment plants 

To avoid lOO large amount of ferric chloride salt to be taken to the flux balh after the 
aclivaled pickling, lhe gO<.lds arc thcn dipped into a light-pickling bath before laken to 
the flux balh. The lighl-pickling bath has a low content of ferri c chloride and acid. 
This bath IS also used as a reli 11 bath for the other pickling baths. 

I[biological cleamng is used, the dead bacteria could be collected. settled and sold as 
a slow release protein additive for fenilizers (Rene, 1998). 

F.25 Flux Purification Equipment 

Fe in thefl"x hal". 
The flux bath becomes contaminated by a build-up of iron until it musl be replaced by 
a new solution. Once the concentration of iron exceeds 20g/L, dross formation 
lfiCreasCS substantially. These problems can he ejiminated by continuou8 purilication 
of the flux bath. A regeneration unit can be installed that keeps the iron concentration 
of thc flux bath at a minimum. 
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JJcnrfilS of Fe srporarioll frQIII (1 flU.l 11m/'. 
Le~ Iron ~ .. mro- o~'rT 10 Ihl' Zn hiUh rl'~ults In kss dms.s fomTanon and ~n 
Im provcmcnl in pro.:llJCI quaht),. \\'nh ~ decrease Hlllero fOT afi erw orl.:lI1 g. 
Less dross fonnil1lOll means lower laoour co~l~ rcqu lled [0 rCJ1JO\'C it. "lllC sIze of 
lh~ ~vinJ;S is strongly dcpcnJ cnl on the depth of the zinc halh, Ihe wnrl..load, and 
rh e son o Cprodl.lcts , Since dl"()$s rcm ol .. I IS not p l e~sant "or~. the Ie$.'; dT() ... ~, the 
bC1!CJ. the working conditions. 
The ,;urf~ce 01' the proollct w\11 h.w~ ~ mud, ,"mother appcanU1cc "nd requires 
le$s .1 ftcf\vork. 
l ower zinc usc (ilO I1 panicles in The r1' IX lay~ on components become cntw inw 
III the ziuc ooaling as It . _. r"TIlllns 3f1d 1t'l111 10 lrar ",me Y;n" Ihal "' QuIJ non nall>, 
drain away on " ithdr"" JI \ 
Which mean:; less hc"t ing IS [<!\Iuued (or m"ltmg " <:\>. /.mc. 
nle h;nlf"CI atu n: oflhe n W( bam anJ the drymg limc can. III pnnciple. be rctluc:.:d. 
a.< Ihere " ill be 1<"5'; chennr ally l"IOu nd ",3:<:1 

A InW,"1 flm conccnnanon ImplIes les.~ n u ~ cl101n( J I " hidl 1c,ltlS to I.:ss fumIng 
aud less ~In( a<h. 

II '~ lnJfK1 rlilnl nol 10 Ir~n s fel" li on fro'" tbe flli X ball, 10 l11 e TImllell ~1I\C , ." nee 1 p:1fl <If 
iroll re;J.C\ ~ wllh 25 parts of Zn to fonn tlnlss . which willlllcl"case the ~"'. ""ng~ The 
Ch"llgc: III componenls or the nux >a ll nmkc iT possible 10 obtain a slow reaC l1(1n 
brTwccn iron and ~.mc (a 1m, c(lnl ~rIT nf" .1 rllrllonium ehlorid~ and .. h,gh CC'll\elll " I' 
n r,l11 ra l sn lt.<). This gives a 10" In.'' nf lr'''' tn r), C 1110ltell 7ine (CAMtX. 1 ~)9 5 ~ . 

or COI1 ~l<lc. able impOn.1ncc is tll~t ~ fillet nOl only ,emo,-es ,mn bul al ... rlea ns Ihe 
fl u, of olher IIllpun (it.'"S (J u;;1 and Oi l. elc.) Din}' OW( is. a major cau,.. of pOO! 'lu.lIiIY 
Ib.,rc spots) amI excess splashing J unng /omc immersion. TIle riO$( walel" lhal I~ 

earned 0",. 10 Ihc Om nOI only cont ~lA~ Iron sailS bul also free acid. ]ll;S eany 0' '''­
of OIC ,J can IJ., explOited by lidd ing zinr: ash 10 Ih" nu ~ aoo cr"al ing 7i llC chlon de 
"hkh 1~ nux . .\ lI emallV" ly. :unmoiltum hydroxide c;m be a<.IJrtI 10 produce line 
chloride WblCh l~ Ih~ olher l1u .• ingredient . It;~ lOt th is r~ason thaI the pun liealioll of 
nux solution ma} be fa~ ouretl "" er r unflealion of the rinse water (Barnell. 1999). 

Th~ core ofa nIH regeneration unit is the re.1Clo\". A ,ma] 1 amount 01' 11m; so lutie n is 
comiIlllously pUlllP"tllo the reacl[)T (at around \IOOL11OI.I.r). Chemic .. l, o ~ ,tll se the ilen 
111 the so lillion and fOlln .ron hytlmxtde. Filtration and a filtcrprc.' .' reduce! the watc.t 
contenl 10 6(j~';'. Thc filtereake r"<tu!I"CS removal and disposal. The~ regenen ltlon­
u n.IS "cre lil st used in Ihe inJuSi ry III Iho bc£ianing of [<)<) 7. S uch Ins\.Qll11I""l \ t\;\~ e 
an CStimaled payb;u;k period o( hel"....:n 2 and ~5 rCllrS (Rc:imennk. 1999). 

Ft· n·l'J'II.wal from pirJ;lmg nn.<e 
Thclc is another Iype ofFc rcmO"al inslaU;l,ion willch ha~ IJ.,,,,,, de, eloped rOi Ihe hot 
'hI' £al,·ani:.:i ng industry try lhe Dutch Bammensgrocp. '1 hc difference bet"'""n Ihis Fc 
remu~al installll1ion and oth.,,-s i~ Ihm 11 is inslallcd on the rinse bath pliOT 10 Ihe fl uX 
t>~lh mSlcad of the flux bath m el f. This I~ .<Imply because it is easicr to {!CI Fe Olll ur a 
baLh " iLh nothing in illhan OUI of the flu~ bath" Ith many other compolleJ\\s 

ThiS pmc d s kno\vn as the Re} e praces. was dcveloped as an ~eonomical way of 
reducms l ine con,uJllption in lhe 111)1 dip galvaniL.ing induslry. It is ha -.ed 011 
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prcVc"lltillg iroll from b~lng picked lip and GiJ.med over 10 the flux bath_ Consequently 
there I> ~ dramatic [crluelio" m [he proollction "r dross am! llllC ash, resulting in 
elKJrmOliS ~avings_ Iron lS separated from rinse balh solutiol1s In a contimlOlls process. 
The iml-e>..c.hange materlal is regenerated "ith an Hel solution, which Can latn be 
used (0 adjust the composition ofpickJiIlg baths 

The unit consists of three different scc.liolls: nelltralisation, ion exchange and 
regeneration. First, sohd parfic.ies Jre filt.:red om from the feed >oil1lion with a 
Slandard plate-filter. Then the ,;nsc solution is pumped lmCl a neutralisation unit. 
where the pH value of the fluid is adjusted to the required level. This is dOllc by 
addlllg ~olJ<:entrakd ~aOH, The n~utralismion unit is 'lirred ~ontilluously to ensure 
that a homogeneous solution is formed, Allemards the solution is Pllllpcd throligh 
the iml-e,-changc column \-!lere thc Fe lS absorbed by a resin dcvelopcd specially for 
the purpose. The liquid is then rellimed to the ,in,e bath, V,'hen the reSlIl bcc.omes Fc 
salurated it IS regenerated. Tbe stnpPlllgiregeneration >o lutioIl is pumpcd through tbc 
colunUl and into a ,torage vessel. In the column, an exchangc of Fe ami aeid takes 
placc. The Fe dissolycs in the HC!. while the acid is absorucd by the rcsiIl. RiIlsing:s 
not necessary. Even wben all the Fe lS separated from a mlSe bath, proper l1ushing" 
still of vital importarlCe, If not done properly, Fe will slill be pi~ked up and "111 
contaminate the flux. 

It 1, p<JS>lb1e to dispense of the acid rinsc watcr altogcther and merely to 1I,e an 
emdent purificanon process. AppareIltly thlS IS dOIlC lfl Japan wherc water is in short 
supply. Ncw process technology III flux plInfkalion allows tbe aeid rinsing stage to be 
climinated and the zinc ammOlllum chloride preflux to he rcgenerated. This type of 
technology is bcing adopted worldwide. 

F.26 Fe Content in the Flux Bath 

The analym of!lle IrOIl (Fe) conteIlt mthe flux bath indic.atcs a very low content of 
1cssthan 19iL of Joe, This analYSIS is from samples taken from thc surface of the bath 
after bath agitation Jnd analysed usmg AA analysis for tota l Fe c.orltcnt. In addition 
samples are taken by the operations manager Orl a regular basis (after bath agitation) 
and a htration is pcr!'Jnned to tcst for Fe content. The supplier has prov](led tbe 
conversion fOTTnula for mL titrated to.Fe content in giL. The results of these t"o Se:s 
of analysis are simi lar at arOilld O,{)S giL and O,{)2 giL for AA analysis and titratiorl 
analysis rcspectivcly (there is room for error in both method». Clo>er analysis of the 
bath has lIldi~ated lbat thcrc IS a large amOllrlt ofprccipitated iron chloride salts that 
settle to tbe bottom of the bath. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

APpl"t1l1ix F Appc"d,cc~ lor 'ha"""'""'-______ _ 

F.27 Summary Table of Rated Oplions 

Table E24: Summary table uhatcd waste rniuirni>atiou option, for Company 2 
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