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sul\m.ARY .• 

In this thesis, s.ome methods which have been used 
for the det-ermination of trac:es ·of copper., iron a.nd 
manganese were· critically. discussed.· Special emphasis 
was laid on. spectrophotometric procedures. Teclm.iqu.es · 
were improved or modified where necessa.ey •. Sea water 
samples, collected in the Sou.th East Atlantic Ocean up 

i. 

to 600 miles off'.shore. were ana1ysed for· copper., and further 
samp.te·s··from a sea area within 100-150 mi'les of the coast 
were analysed f·o~ ClOpper, iron and ma~.ga:nese. An attempt 
w~ alao made to improve the sampling· technique by the 
use of ~cation·exchange·resin. 

~amples of sea wat-er were col.lected by a· special 
tec~que which mi'llimized contamination of samples by traces 
of metals. 'rhe samples were then stored .froze;t. in poly-

. tl'!ene. oon tain.ers un.til ready for analysis. ·_ On storage of 
sea water in poJ.ythe.ne at room temperaturej. marked . .losses 
of trace metals occurred. ~he pro·cesses w:bic~. might remove 
metals .fr.om solutl.on were discussed. Special. clea.id.n.g 
procedures were devised to remove all traces of metals 
from the app1;1ratus used. 

iAJ"o.,O 

Copper in sea water samples ~ determined by compl.ex-
ing the cupric ions present with dietby.l.di thi·ocarbamate 
ions. The compl.ex was then extracted. into xylene and 
determined spectropho tome t-ricall.y. 

Iron in sea water samples was first reduced to the 
divalent state and then complexed with bathophena.nthroline. 
!l!he complex was extracted .into isoamyl. .a.lcobol. .. and determined 
.spectrophotom~ tricall.y. 

A method was devised for the determinati.on of manganese 
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ii. 

in sea water samples. ~is involved. copre~1p1tation of 
lware.ted manganose dioxide vii tb. a. carr:ier of msnesium 
eyd.rolti4e-. !lila precipi ta. to !Na.S tnk;en u_p into sulphuric ooidt 

ood,. e..ftor remo.,rol. of' halide ions, .mar,.ganeee 1ona were 
oxidiaed to pe~annt~ i.ons, which we:t'c detomined 
apectropb.otametrical..lE. . A a_peeial proce.du.:r:e was :developed. 
1n ortlor to eotirnat(:t tb'6. roagcnt · blank. 

Tbe genernl. factora oo:ti'trollin,g t}le- concentx~tion of 
trace me ~a in the occwt were disc~.waed as were the most 
likola .forms of the met~a present :in sea water,. It trtue 

necea&W!'J to carry out a. detaileti anal3a1e of the oceano-
. ara,p:h:it; condi tionc' in tho a.r~ studied 1n order to r-elate 
the .distribution of copper to water ooeeca and oc:enn 
currant$. 5'hc oea.oonal variation. of coppor in coastal 
wtol"s •s diGcu.saed Bnd wen .related to up\'Jell1ng of deeper 

~,ate.r to· the eurrece J.a.ye1~. Snmplea tuke:e from; t'be surf 
ZCme ShOWed lO'rl CODCentrntiOllS Of COp_pCl't iron Md tlatlftWl'SSG,4 

'J.!b.e concentl"ations of' iron and ntmlgf:Ul<UJC intlre.a.sed after 
.mneb, rain, but ·copper ooneentrat1ons remain.ed fairly constant. 

The eoncen't-ration of iron i:o coas~tal11fater was ·fairly 
bign,· but decreased as ~he diate.nce from tbc shore.increas~d. 
·TE.~.o concentration of' manao.tHlfH: was fa.i.rly -cotwtant 1n 1he .· ~ 

Dtle to t.he a'l:n~~.nce o'f ;terse r1vers in. 'tbe area, :metal. . . . 

conc~u1 tre tiona in th~ 1\res. studied. were o.1moat exoluai vel.; 
CQn~~l.~d 'b3 ooe&noiJTapllic f':ac"t•ors sucb as eunents and 

.upwelling. 

A procedure involving the sorpti®. of traces olf copper, 
iron an.d manganese on ce. tion e:xcbal.i:ge resin was developed 

. ' 

atld uvat~tieated. fh1s ;procedw:e al.no deten:ined 1neta1a 
present in a particul.a.te form. Expe-rimental tecl:uliqu-es were' 

ii;t/ ••• 



iii. ' 

developed tor a.na.J.y-sis of particulate metals •. Copper i.n 
sea water couJ.d 'be successfully determined Wi.th the ion 
exchange teeJmique.,- Manganese was not sorbed .strongly by 

the resin. Iron, present mainlY as col.loidal bydrated 
·ferric oxide., was .not successfull.y determined by the 
method;. 



1. 

l. IUTRODUCTION .• 

l..l Ob;Jcettve. 
In tb1s thesis, a rer:onnaiannce o:f the concentrations 

of tb.e trace metals copper., iron and m~anese in South. · 
l11frican ocean wa.ters, wo.s carried ou.t. .Special. a.ttenti.on 
was given to tb.e distribution· o:f .copper .• 

1!here were three .main obaecte in c~qin.g out .the work. 
Firetly 1 t wez considered necessary to examine knotm m.ri thods 
of ana.J.3ais cri ti·cal.ly, improve these when reqilired, and to 
devi.se new techniques When neoaaoary. Second.J.N, since 
South African waters .ha~e not been surv,eyed previously, 
t.he data.obta.ined should be of conaiderabl.e intereet. 
Thirdly it V/86 hoped to develop a better aamp~ing procedure. 

1.2 . General baekg;:r;ound,, to .~~ problem. · 

Although 70.6" of the earths surface is covered by 

sea water~ 2l>very ~ittle ia known of the chemistry of the 
ooeans.. The aea. ie an e.lttremely comp.le:x ehemicaJ. system 
in which all the naturalJ¥ occurring elements, except 
indium, teilurium, . hafnium, osmium, iridium. pl.atinW:n, 
polonium, as1.~tine, f'ranei~, actinium and protactinium have 
been detected. m.even so-called ~'ma3or" oonati tuents 
comprise approx1matel8 99.9% of the total dissolved soJ.1ds 
in the sea ('Ta.bl.e 1) ; th.e remainill& eJ.emen.ts a.re pre3ent 
in trace concentratiotts. A innrine trace element J:lae b·een 
defined by Goldborg<34alas an clement 0 ••••. whose marine 
a.bundane.e · .iG less than 103 atoma/106 atoms ·Cblorinen. 
typical vaJ.ues of' .some selected trace elemen.ts ·are ~i:ven 
i%l i'able 2. · In addition to the inorganic co:tu:.~ti t.-uonts • 
much organic me.tter$40>includ1ng amino-acids (18 so far 
i<lentified) ··• proteins. fatty acida, complex. l.ipid.o., 
carboeydratea., purines, citric an.d malic acids,· and 
vitamins (V:1 "tamin B12 and tbi.am1ne), is presen.t 1n the 
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ocean, and nearly .. all. ·these. cmnpounds are capable of m.etal.­
.ligand complex .formation. 

\. 

T!DLE 1 ... Majm:- Constituents of sea water(70) . H. 

(Based on sea water of 19 ° /oo chlorini ty ) . 

. 

. Ion g/Kg water Ion g/Kg water 
- ·~. 

Na+ 10.5561 .Cl- 18.9799 
:Mg-t-+ 1.2720 so = 2.6466 
ca.++ 

; 4 ~ 

·0.4001 HC03~ 0.1397 

+ 0.3800 ::sr- 0.0646 K ' 
sr++ 0.0133 .,- 0.0013 . . . 

H_l130_1 0.02.60 

·* The sign 110 /oo" means p~ts per thousand 
by weight. Chlorini ty is· .d.efined by 
De:fant~J)· 

.· 

.• 

TABLE 2 - Concentration o.f ,some trace elements in 
sea: water! 70) · 

Ion p.g/1~ water Ion J111;/l. water 
.. 

,Ag 0.1 to 2 Ni 0.07 .to 6 

Cd 0.1 Pb 8 
Co 0.04 to .3 Se 4 to 6 
I 40 to 60 Ti '5 
?.~o 0.3 to J.6• zn 3 to 20 . 

In this thesis attention was focuss.ed ··an· the trace 
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metals ·in s~a -water:,. as ~ more complete understanding o:f · 
. . 

their distribU-tion holds the .key to many problems in 
oce:an science., Apart from the interesting geoahemicei 
aspects of the. eq~libr.i.wn set up between metal solu·tions 

. and sedimen.ts, trace metals such S.f!i copper; iron and 
· mewganese are ess~ntial for normal functioning of such 

fundamental~ vital :Prooesses -~a photosynthesi-s -~- ~b;yto-. 
planktonS45b The photoplank·ton f'.orm the primary ll.nk in the 

. marine .food-chain as they utilize inorganic nutrients 
.·(phosphate and nitrate mainly} and produce organic material 

. ' . 

by photosynthesis. Tbe essential. nature of trace elements 
. m~ be highl.l:ghted by the example or. the role plQ¥ed by 

iron •. In the :ilsence of iro».t no photosynthesis can occur 
even under the most fa.vo~able ·,circumstancesf45b) The phyto­

plankton are .adapted to utilize the minute marine concentra­
tions (micrograms per litre lev:el) of trace'elements. and 
in plankton, the concentra.tions,·of these elements are much 
higher than. that of the surroundiilg rwvater. Copper, iron 

· and manganese .may be fl."om 7 000 to 20,000 times more 

. concentrated in plankton·<92} than in .sea water; and, in fact, 
all forms of' marine li1'·e contain :rela.tively .high concentra-. . . 

t.icn:s of trace me ta1s When compared to the surrounding 
water.. (For example see. Goldberg(34b)} •.. An· accurate knowledge 

-•o.f ~ace element ·coricentrati.oll;s is·. again :important for 
poss.ibl.e future exploitation ~f marine reserves of eome of 
these elements. Although extraction a.t these extreme dilutions 
i:s difficult, ion: excha.ngef22 >, :and ion i'l'otation(79) . . 

techniques have been applied suoeesafu.lly t and extraction . . . ' . ' .. 

from the·aea wi~l no doubt become economically attractive 
as terrest.:i.al reserves diminish. 

The .three. metals,.~ .copper, iron and manganese were 
'-

ehos,en for more detailed s tucly as. they hav~e known peysio-
logica.J. .effects and aJ. .. e .fairly typii:al trace elements. 
141blished determinations of these metals have shown .acatters 

4/ •... 



of sever.al. orders of .m~nitude (Table 3)·. They are mostl}r 
based on s.ingle analyses. of surface aaR1f~es widely . 
separated in. spa~;?e ·and tune. Cooper( 20 has expvessed 

the opinion that most o~ the discrepancies .in pub11shed 
:tmalyS·e·s were du'E! to metallic contamination introduced 

- . . . 

during the sampling procedure .• 

TA»LE 3 - .Previous determinations of Oo!Jpe.r, iron 
and ni~D,ganese. 

M.ean 
Ou. Reference 
.Mil 
0.2 to .ltichards\"fOJ 
90 (1957) 

review 
19 to 27 BUey * t?f~­

haaenJ.· · 

0•9 to 
1.5 

30 

2 •. 5 to 
3.6 

. 

(1951.3) 

!J-Qver.idge ( 5l) 
et e.l. 
'{1960) ' 
Tikhonov(B9b) 
.& Zhavoronkina 
(1960) 

Skopin'ts~~a) 
.and Popova 
(1960) 

Zhavoronlli:na<95) 
(1960) 

0.12. to 13ow~es(ll) &. '' 
1.0 Nicks 

Mean b1ean 
Fe· :Reference Mn R.eference 
. M/l. lp,gfl 
o to Richara.s\TOJ 0.7 Bicl»l.rdal70J 
60 (1957) to {1957) 

reView 16 review 
25 to ~stront3) l. to :Ishibashi44) 
.50 (1957) . · 3 et til. (J.960) 

. . ~ 

5 to Laevaetu.(49) 0.6 Lover1.4ge(5l 
32 & Thompson to et al.(l960) 

(1958) . 1.4 
0 to :Sobaefer(16 ) o.:; Skop1nta,~2a 
82 :Bisho:p to and Popova 

(1.958) b 4 (1960) 

.13 Dobrzh~~·b -~~3 ·· Hood(4l}et eJ 
to skava and o. (- ·96 ) · 
30 .Pshenina. u ·1 · 1 · 

Ci§~~J. 
4 · Hashi~1 ()B 2.1 Jabricana29) 
to Yamamoto to et al. (1962) 
156 (1959) 4 .. 5 

l to 'Skopints~~2a: 5 Parker·<67) 
10 & Pop-ova. to et aJ..(l963) 

(1960) 15 

~.6 Zbavororudiia:o Skopint';~b) 
to (1960) to (l96J.) 
~2 200? . ·(1961) 

"L-----~--~------~----~--------~--._ ______ ___ 
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5. 

Mean raean Mean 
Cu. Reference C\1-:h. Reference ~.M.,.,. Ref. 
Jlll/~ ' ~~ J}g/1 

;l~l to 2 Fabrica.nd(29) 43 to 205 Sananman<7 4 ~ 
et.al. & Lear 
. (1.962). (1961) 

01! 75 Fonseliue ·(3l} 5 to 7 Fabr1can£29J 
& Korol.eff" et al. 
(196)) '{1962) 

2 Mag.ee <52) ~ 2 to ' tttenzel (55) 
Rahman 

.. & S,pa.eth. 
·(196.5) (1962) . 

5 to 78 Parker(67) .· 
et aJ.. 
(1963} 

... ~ 

The form ia which the metals exist in the sea is not 
. well.-known, due to the complexity of the ocean syet·em. 
Most :autliors(50)div1de the metal content into two fra.ctions; 
Viz. "pe.t'ticulate" and "soluble" metal. The f'o.rmer is that 
fraction held on a 0.45 micron. m1llipore filter; the 

· l.a. tter., that whie.h passes through. This ra. ther crude classi..;, 
f.ication is occae.ioned by analytical difficulties and 
ignorance of· the compl.ex Equilibria. in very dilute 
solutions. For instance. ''solubleu .metals mSr3 exist ,as· 
ions·, be c omple:xed with oz-ganic .or inorganic ligands, or 
even present in the form of co~loidal suspensions stabili.zed 

'b¥ the organic matter present. 1'Particulate" matter ma.v 
inolud.e_ terrest1al -detritus and· .f.ine suspensions of ·C18\Y'S 

etc. 

1.3 Sampliy~ 

Trace ·efement samp11ng is usually performed by lower• 
ing a.·non-meta.ll1c sampler to the_desi:red depth, cJ.osing 
it, and then after transferring to another vessel, either 
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6. 

freezing_ the sample solid .for shore analy.sis, or, rarely, 
~y.sing it aboard ship. Very few·. analyses are done at 
sea., mainly because of operating difficulties., a few of which 
are given below: 

·· (:i) Unless special.ly designed, spectrophotometers and other 
instruments do not operate success.fully at sea. on 
small oceanographic_ research.vessels. 

(ii) Handling of samples and reagents is ·very diffi.cul t on 

·.a ·moving shiP• 
. (iii) Con tamina. tion may eas.ily arise from brass and steel 

fittings aboard ship. 

(iv) Most analysts are. not such. effi:cient workers aboard 
: . Ship ·as they· are ashore .• 

!l!he trace metal. concentration of s~ples has been 
. . . . . 

·found. to decrease. with time on storage at room temperature - ' ,. . ' . . . : 

in pol.ythene contaj.ners (as discussed l.ater). Storage i:n 

gla~s vessels ·at ·room temperature can give r.ise to <m1s­
~eading results by s9rption on the walls of the oontainer~S5) 
and glass.can alf!o release significant quantities of metals 
into a. ;Sa.mple.f28 ) _ In· order to mi~mize losses, samples 

ta.ken .at sea .are usua~:tY frozen in polythene containers and 
analysed ashore. . . 

1.4 Comparison of ·instrumental· techniques~· 

Analysis genera.J.ly invol.ves some preliminary ·COricentra-
-· . . ' - . . . ' 

tion stage1 such as solvent-extraction or carrier co~ 
precipitation .followed by application of instrumental..methode 
such·as: 

(i) 
(ii) 

(iii) 

(1v) 

~. •. 
Emission· speotpgraph, 
x-ra¥ fluor.escenc·e spectroscopy 
Polarogra.p'h3' 
Neu~on e.i:tivat].on anal;.ysis 

7/ •.•. 
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(v) 4bsorption spectrophotometey · ·­
i(vi) Atomic absorption spectr.ometry. . ' 

. . . .A sta.tistica.l·comparison of the results of methods 
(i) • (iii) , (i ~) ·and . (v) . was c$,r~i:ed. out 'by- C·~ok et al~ ·(l9 J 

A common~ samplet conta.inin~r ,co~p{)er, Jna.nganese,. chromium &ld 

.mercury at low parts· per million co~centrations, was 

.independentl.y analysed by 9 laboratories. · 55l. analyses 
were cerr.ied out altogether~. :The f'olJ.o~ing ·results ·were · 
obtained for the precision of e. sillgle determination a.t 
the·95%.con:f1dence l.evel. The :figures quoted are derived 

~·from the :formula · ts x 100 wh~re s _is the standard 
X. . 

·deviation; x is the ·overall mean, and t is ·students factor 
.. 

for n-1 degrees of fr.eedoin at the 0.05 probability l.evel. 

· .Emission S.Pectrogra.phy 
Polarography 

; Neutron activation 
Absorption .spectrophotometry 

.:!: 40% 
+ 25"% ·-+ 20%. ·-
+10% _ ...... 

. ·. · Emission speotr.ogr:aphy has been veey·us.eful ior out­
·.liniP..g ·the ge~era~ _dis tributi~n. of eleinents in the ocean (70) 

as lTlalW elements· are determined rapidly and Simulta.neOU...<3ly .• 

Apparatus is, 'however, expensi.v.e,. great care is required 
·.ill analysis,., especially in 'the preparation of standards, . 

·. ' ~ 

·and precision is poor at ~ow 1evels.. X.-cra;y fluores~.nce 
s"pectroecopy .suffers from the same 'disadv.an'tages :for marine 
work.. Polarogr:apJ:w .is useful--if· a pr.eli~inary . sepai ... ation 

_.ana·concentration of elements··can be.car.rled out, but 
. difficulty arisea in the se1eetion of sui t~ble ~trace 

I . . . . .· . . . . 
element ~ee'* supporting electrol.yte and .suppressorsolu-

. tiona.. A'ctive:tion analysis requir~s high neutron f1wces 
which are ·available at certain large centres oniy and often 
extensiite radiochemical separa.ti.ons are needed' to remove 
interfering elements. · Atomic absorption techniques have 
been,appl.ied to sea water, but, a.ltho:ugh showing promise, 

8/ ••• 
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thea~ methods have not as yet been wid.ely used .• 

"In this work,- emphasis llas .been placed on absorption 
' . ' . - . -

spectrophotometric techniques as these combine the .ad-
vantages of ease of operation, gene~al ava~l.abili ty (most 

~a.boratories ar.e equipped with spectrophotometers) and 
moderate to good precision even at extremely low concentra­
tion levels·,· Spectrophotometric methods have wide applica­
bility and bring trace .analysis within the .scope of m.odest 

laboratories .~ enabling studies to proceed at many centres 
on a wide front. 



9. 

2.1 ·General. 

Sea water samp1es were obtaiiled with a commercial.ly 
available aa.m:pl.er ( 39) desi.gned b'· the National Ina ti tution · 
of Oceanography • EngJ*and"' · · T~e smnpl·er consisted of a · 

poJ.¥propylene tube open ~at both ends., After. attaching to 
a wire, the samp~er was lowered .to .the required deptll and a. 

we.ight was aJ.lo~ed to slide down the Sllpporting wire., The 
iJnpact of the we.ight on a trigger caused two spring-loaded 

. . 

rubber seals to close off the tube ends and thus trap the 
sample.. The se.mpler was then haUled to the surface and the 
.sea water (1,200 ml) transferre-d to two .400 nil capacity 
polythene containers by means of polypropylene taps let . 

t1J.._ : 
. into the ._sampler tube. Prior. to .filling,j,o4rthene containers 
were rinsed once wi·th the sample~ When large samples 
were collected for the d.etermin~:tion of. copper~ iron and. 
manganese:t the sampler wa.s lowered sever.al times until 
the required .nu.niber of samples was obtained. · All samples 
were frozen at -l.8°o, as s.oon as possible and kept frozen 

· until ready for analysis. 

Ii.u;t:i.aJ.li ,, (April 1964 cruise)· the sampler was lowered 
into the sea. near the bow o.f the . slowly moving Ship and · 
closed ;just below the surface~ It was thought that sampling 
as far forward as poasibl.e wnu:id avoid contamination from· 
the ships .hull. The procedUre was .tneonveni·ent (danger of 
falling _overboarl1 and height of ships bow) • however., and 

subsequent samples were taken by l.owering the sampler on a 
.. ' . . 

4 mm stainless steel Wir~ to a depth of 20 m• At this 
depth,. contamination from the hu.ll~ of. the ship or shi.p 

di.scbarges couJ.d be assumed to b~ neg~igible, whereas the 

trace mettU content· woul.d mo.st l'robabJ.y be the same as that 
at the surface. (The upper 20-50 m· of the ocean are 

,. ( w . ·, . 

. tllorough1y mixed by !ave action and tl:lrbuJ.ent current · 

. 10( ••• 
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flow, (23) and :stratification of. the upper 20 m .is only 

encountered close in.~sb.or.e aft·er a. period of calm, sunny 

weather). A special set of samp~es f·or investigation of 
"the variation of copper concentration w~ tb. depth, was 
coi:iected at depthS of 20,400,720 .and 1160 m at a 

. poa·ition o~f Cape Point (Fig .• 6, sta:tion 28) • 

.' Contamination ·Of samples become.s a serious problem 
when working with metal concentrations in the ppb (parts 
per 109, w/v)· range. Precautions. taken to. avoid .contamina­
tio.n included spe.cial cleaning procedures (see 6.1) and 
protection of all samp~es from exposure to dust (or sprq., 
·aboard ship); All reagents were o.f high quality and were 
specially purified in some cases to remove al.1 traces of 

· metal's present ·a.s impuritie.s. (See 6.:to). Unless other­
Wise stated, the te:rm ,,;water11 r.e£ers .to double glass-
. distilled wa:ter (6.10) .~ 

A further difficulty encountered in trace analysis 
arises,from the·ao;rption of ions on the surfaces of con­
tainers. (&5,.33) Sorption on glass was .essentially negligib:Le 
during the relatively short peri.od ot analysis • as may . be 
,inferred from ·calibration de.ta obtained using gla:ss 
apparatus .• , Storage of :sea. water samples in polythene at 
room temperature· (.£• ~W00) .for some d~s result,ed in 
appreciable. losses ·of copper and iron" whereas freezing to 
'-18°C .pre.served th~ trace metals f{U.' better. (See ) .• 4). 

r.ehe determina tiona of copper and iron :involve organic 
solvent extraction and it was considered advisable to 
extract samples of sea water vdth the organic reagents 
(xylene and isoan:w-1· a.l.cohol) to check that no coloring 
matter was extracted. Extraction of inshore .samples Ullder 

the same conditions used for e.na.ly.sis ,, excluding the re­
agent, gave negligib~y low col.orations. These_ :inshore 
-sa.mp.les were known to be .far more l..ikely to contain col.oring 
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11. 

matter ~hanany of the samples analysed. 

. Frozen samples were brought to room· temperature by a 
standard technique (6.?) designed.both ·to minimi~e .losses 
on· po:J.ythene and 'to. ·elimil:ua.te _contamination duriilg the 
~hawin€r process carried out in }lot, .tap. water. 

2 .• 2· Development· ·of a. method, f'or ·)copper determir.tation. · 

Copper in seawater.samp~es was.dete~ined by-a sensi-
. . 

tive spectrophoto~etric procedure involvin,g t.he addi ti.on 
of excess sodium di.et}W.l.di this>ca.rbama te .reagent .followed 

by solvent extraction of the cop:per ~complex. Full details 
of· the procedure· appear in· section 6.;.2. 

. ·~ 

The ana.l.Jtioru. met,hod was based. on the reaction of 
. . ' 

.. divalent copper ions :• in ~slightly acid or alkaline. aqueous 
soiution, with dietbyldi thl.ocarba.mate (abbreviated DDC) . 
liiands (I) to form a complex of the form. Ou.(DD0)2(II). (75 ) 

~he· complex i.e. inso:Luble in water,, bu.t may be extracted with 
organic sol vents such as x;vlene, carbon tetraolll.oride a.nd 
chloroform, a.tno.ng others •. · 1lhe brown compl.ex, in organic 
solution. shows ma.ximum absorption at a wav~elength of. 
about 435 mp.. 

n 
'.fhe natural. loga.ri tbtn of' the equilibrium constant of 

-this reacti~~ (at 20°0, .in a 75% ethanol/25% water (w/w) 
··mixture) is 28.,8. The st-ructure of II, as s.t1own b31 infra· 
red spectral investigation,<14>is a' resonance hybrid of the 
cailonic~l f',crms . III, IV and V, each o:f which probably contri-
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\n~,tes equally to tlle atr11cture. Th.io 1s pertinent to 
underste;nd why the complex is stable • 

. The dEfcompoai tion of DrJC iona in aol.u tio:u is directly 
dependent on the ,PB and pz•oeeedo b'1· the fo1lowi1ls re-
action. :(?S) · ·. · . 

[ 5'-c-Nu)·-~·> ·csl. + t-t-NtA,_ 
. S-7 }. 

!b~ tmlf liveat'r;) of .DDO i.ons at various pS·val.ues are::­

·pB. 5.0 half l1f.e 4.9 :ru.nutea 
6.0 n 51. it· 

1.0 u 

s.o ·ft 

.fl.J hours 

].5 dll,VS 

f . n' .p t"'· . (21)(7 .f'\ t ·c C:) a p . Oa ~ sea .• v o u.J t 

this reaction ia sutficientl.;y elow to al~ow the r.eae'tion 
. '( 

with .copper ions to proceefl withou.t inte~erence. It was, 
however, necesaary to dev1ae a modj,fied technique to 
d.1iertnine co,pper in acidic solution (eoe below). 

An a.pprox:ima.telu 350 f'ol.d e.xceas of sodiu dietb;rld1 t-
.·l:cr.iocar~te (DD-~ roagent, :ace 6.10) was adtied to the sea 

watar amuple, .. and ~he reSUlting eopJ}tU" oon1plex was extracted 
·with 5 ml X¥J.ene for one ll.tlu.r. An e~ceoa of the J>DC 
renae11't was cotw.icered. necessary to prevent decompotd~·tio:n. 
ot the compl.exil5a) Excess reagent does not a-lte.r ·the 

oolotll" i:nt~neity£~·5a) · .UtboUsll th~ ti1str1but1on of the 
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copper complex between the organic and aqueous phases 
usually attaina-equil.ibriuin a.ft~r about 40 minutes~l5a) 

13. 

' . c 
under the conditions of the procedure (see 6.2) extra_ttion 
wa.s carri,ed, out £or one hour to ensure that equi~ibr.iwn 
was attained. 

· !he organic l.ayer was separat~d 'in a separating funnel, 
as this ,procedure was. found to be superior to tha.t used bJ 

. :Chow and Thom,paon~l5a)which invol.ved the use of a medicine 
dropper to separ~te. the xylene ~ayer. 

It was found necesaa17 to allow the extracted samples 
to stand for about an hour. before separating off the xy~ene 

. la3·er. This removed .fJ.nll. interference from manganese (see 
:J.l.l) and entrained. water in the -.xyl~ne layers separated 
within this time. If eamp1es we.re allowed to stand in ~he 
separating funnels, high results v1ere invaria.b1y obtained, 
perhaps du.e to the evaporation o.f some xylene, and the 
samples were ~eft in.the stoppered·poiythene containers in 

.which extraction was carr.i.ed out. Separation· was then 
performed rapidly. ·· 

When employ_ing new~ cl.ean pol.ythene containers for·. 
·· the ·first· time., it was found necessary to "condition., the 
containersby extracting an artificial sample in them. 

. . . 

Very erra/tic results were obtained when untrea,ted con-
tainers were :£irst put in use (see J.4). 

In order to determine the wavelength of maximum 
absorption of . the compl.ex, approximately 1~ p.g ·c.opper we.s 
added to 400 mi ·nag.ed" sea water (see be1ow) 1 and the . . 

coppercompl.e:x:·extra.cted by the standard procedure (6.2). 
Readings of the optical. density of the complex were taken 

-a.t 10 m}l intervale -in the wavel-ength range J5D-600 m)l• 
Near tbe peak of max~mumabaorptiont read'ings were taken 
a:t ,2 mp. intervals.· The absorption spectrum was plotted 

(Fig. l) and the ~avelength of maximum-absorption-was found 
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to be 434 m)1. This was rounded off for convenience to 
435 1Jll1; ·an insignificant change. 

If iron interference (see 3 .• 1.1) was su.Spected, a 

rapid teet ~coUld be made by determining wheth:~r the absorp­
tion peak of· the extract lay at 4.34 lfi)l• In the prese11ce of 
much .iron (not from seawacter samples but as gross contaminant 
the· col.our of the lcy'lene layer was of a significantly darker ... 
shade o.f brown-. and the absorption spectrum was found to \ 
.be distorted~ The iron complex. spectrum has i te ma.Jd.nlum 

· ·absorption at 5.15 m}l.~ (75) _ . 

2.2.3· Calibration. 

CaJ.ibration procedures ·could not- be carried out by using­
water_, as its pH waa·too .low (5.5 to.6.0) and the DDC 
reagent decomposed. Chow .and Thompson(l5a)ciaimed t-o 
have calibrated their procedure .for determinillg,traces of 
copper .in the sea by ad~ing known amounts ·of copper to a.n 
artificial sea wa. ter; made by di·ssolving reagent grade 
sodium chl?ride .in water.mo purification proaedlire ·was. 

used. In this · work~• it was .found tha. t when reagent grade 
eod.ium chloride was made up as deseribed by the above 
authors.,· the .r.eeultant solution co.ntained so much copper 
as an impurity that the so.lution became dark brown on 
adding the DDC reagent. This sol.ution could not therefore 
be used for calibration purposes, ·and i.t wa.s decided rather 
to· use sea. wa,ter. · (In retrospect, 1 t is cona.idered that 

the cop_per com.plex cou.ld .have been ·extracted from the 
·e.rti:ficial sea water with xa~ene, thus giving a ·"'copper· 
fr.ee" sea water :for calibration purposes., but· this did not 
occur to the author at the time). · 

Sea water of low copper conte.nt for use in the calibra­
tion procedure vra.a·prepa.red by allowing a. sample o:f f'iJ.tered 
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15. 

sea water (see 6.10) to stand for a week or so in e. l:arge 
polythene container. a. t room tempera.ture. ~e known 1oss 

. of ·trace metals- from sea water sam;ples on storage in 
p6lythene (see 3..4) red~ced the co~centration o.f copper 

· (and i.ron) · in thi-S ua.gedn sea water tc{ a level ~~a tis factory 
. for use _i.n· con13tructing cal.ibration curves .•. This wa~ done 
'as surf ~one '.water was expeqted to ·have quite a high eon-

• ,n. • , . ~, ' 

·-eent:ra.tion. of copper because of the effects of iand drainage, 
· and it was · consequently necessary to reduce the copper 
eontent to i~cl:ude the .r,ange .of concentration of copper 
.in offshore ~ater. 

Ca11br~tion ·cn1rves· (fig .• 3). were prepared by plotting 
the results obtained on 400 ml samples, of the same batch· 
of "s.gedn seri water . to which kno~n e.moun ts ( 2 t 4 ·t 6 t· a and 
10 p.g) of copper.ha~' been ~dded .• ;. An addi,tional point was 
obtained oa a sample to which no copper had been added.· 

A·fUrther curye was plotted similarly for the range o-25 
pg . fr.om the results obtained by .adding 5 ·.·v.g amounts of 
copper ' (up to a maximum of •. 25 p.g) to 400 IlJl; smnp1es of a .. 

· . different batc.h of ••agedfl sea water. From these results, 
-Beers Law was-observed-to hold for the s~stem .in the ra.nge 
o-25 ~·copper: · 

Straight lines were fitted to the experimental points 
by the method of least 73quares. (see ·G.ll)Tbese lines did 

not pass through the orig~n due . ·to the small quantity of 

. cop:IJer still. present in. the batches_ of sea water. .A 
t~ctor corresponding to the increase of optical density 
;per unit (l p.g) copper·added was obtained froJl1 the regression· 

· · e_qua tiona, and· the . optical. density .of unknown ;samples was 

divided. ,by· this factor .. to.· transform the results to concen­
tr.a.tion values. 

The regre.ssion .equations for the ranges Q-25 p.g (~) 

and Oo*l.'O p.g {.2} were:-
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(l) Y == (h2l58 + 0.0411 X. 
(2) Y = 0.084·6 + 0 •. 0413 X 

' 

where Y = optical density 
·X = p.g copper added 

The transforming factor.used was 0.041 optical 
dens].,ty units p~r pg copper. 

_-... 

lb. 

In order to establish. ~confidence in the procedure, ·the 
reaul ts of copper. determinations (taken f'r.om calibration 
data in the o-10 pg range) • .found by tra.ns.forming the 
optical. densities using the ;above factor., were plotted 
against the copper added.. (Fig. 7). The points were 
.fi ttecl to a. ,straight line by the least squares method,. 
and the sl.ope was calculated as 1•00(9), in good agreement 
with the expec.rted value of 1.. 00 (0) • 

. 2.2.4 Determination of the reagent blank. 

As mentioned above, the pH of the water was low and 
reagent blanks coul.d not be d·etermined by applying the 
g.eneral procedure to 400 ml sa.mp~ea of tvater. An estimate 
of' the rea&ent blank ·waa obtai.ned by extracting 2 ml. DDC 
reagent with 5 ml :xyl.ene for one hou.r in ;a polyth:ene con­
tainer. This bl.tmk value was reproducible ·and remained 
constant .for one batch of reagent.s. Reagent blanks 
usual~ c~rrespond.ed to about 0.5 p.g copper. (Ohow and 
Thompson (l;a)apparently did not· use a reagent blank, aa 

the7 made no mention of a blank in their pa.per). 

2.2.5 Senaitivi.ty aru'i precision of the method,. "' 
'· 

The ,spectrophotometric sensitivity ot the above 
analytical method, calculated as described by Sandell{75) 
was· found to be 0.005 ]Ag ·Copp__er/cm2 • For oompa.risont a. 
value of 0.004 p.g -eopper/cm2 has been quoted .for the 
sensitivity of the diet~ldithiocarbamate method for 

· copper determinationf75) In thia case, carbon tetrachJ.oride 
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was used as an extracting agent and the optical densit.y 

was measured at a· •avelength of 436 mJ1• 

~e standard errors of estimate (6.l.l) were calcUlated 
· from two individual sets of reaul ts., constituting .aa11bra­

tion data,, and ~ere found to correspond to o.:;o p.g .(n = 
·s,, concentra t1on .range G-25 p.g) and 0.1.1 ~g (n = 5,., concen­
tra:tion range· ~10 v.g). 

2 .• 2 .• 6 . :Modified procedure for. acid sa.mJ)les. 
. . . : . . 

Samples obtaine~ from the elution. of.ion excbange 
columns (see 2,. 6) and from the procedure for extraction of 

pa.rti·culate matter (see 2.•5) were. strongly .acid (!.. 2N in 
. ~drochloric a.cid) EUld "copper. was. rdetermined by a modified 

technique (see 6 .• 2~2 for full. details). The excess acid 
w~ neutralized_by an aqueous solution·o:r a.mmonia and the 
aol.u.t1o~ buffer-ed by apecially purified triammonium. citrate 
~o a. pli of 8.2 ·to 6.5. The pH was adJusted to within the 
range of .pH ,of the n,aged" oea water samples used .for cali­

bration {7. 9. to 8.~ :n in order )to avoid effects of change of 
pH ·on the procedure. . (See 3.1 .• 1) ~· 

·The procedure was not sa t1s£a.ctory as. the ammonia 
solution waa not .suf.f.:Lcient]Q fr-ee. f'rom copper.. Purifi­

cation of the ammonia. so~uti.on was undertake.n by isotbermalJ.y 
dJ.stilling(.4l)the .~onia. into wateJ> (see 6,.J.O). The 

. . 
pur.ified sol.ution gave complete.ly aa.tisf'e.ctory r·esul ts. 

A separate calibr:ati·on was carried ou.t, for these .. 
samples as the ionic concentration, ionic composition and 
volilme of 'these sampl.es dif'fered considera.bl.y from the 
previous samples. Known amounts. of copper solu ti,on 
(correaponding to :2 1 ·4, 6 •. 8 and .10 p.g) were pipetted in'to 
bea.kers containing a constant am.O\mt (2 mJ.) of redist"il.led 
hydrochl.or1·C ac.1d. The ,solutions were diluted wi't;h water 

.~ ; ,. 
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and the copper determined as detailed in 6.2.2. 

A blank determination was carried out on. a little 
water containing 2 ml hydrochloric acid.. This blank value 
was found to_be greater than the estimated reagent blank 
found above, and corresponded to a constant value of c.l·. 5 

. - --
p.g copper for a given batch of reagents. A:i3 the quantity 
of .hydrochloric ac.id present in later samples was not 
known.accurately,, additional reagent blanks were carried 
out in the ion exchange procedure and particulate matter 

' ' s 
extraction procedures (See 2.6 and2.t) •. 

The results (Fig. 3., UJ.QO ml" line) of the calibration 
procedure were treated as in section 2.2.3, and a factor 
calculated. The regression equation for this procedure 
was 

Y = 0.0667 + 0.0472 X Y = optical density 
X = pg copper added 

The factor used was 0.047 optical density units per 
p.g copper.. As before, the :procedure was checked by plott­
ing the copper found, using the factor, against the copper 
added (Fig. 7 "J.OO ml" line). · A slope of 1.00(0) was 
found 'using a regression equation fitted to the experimenta 
points), and this was again in good agreement with the 
expected value. 

The .sensitivity and the standard error of estimate 
were calculated as above (2.2.5) and co.rresponded to 0.004 
pg copper/cm2 and 0.24 pg respectively• 

2.2.1 Results. 

Samples of sea water (see 2.1) were collected on three 
deep-sea cruises during April, July and December 1964. The 
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1.9. 

results o.f' their analyses are presented in fa.bl·e 4. The 
positions at sea (stations) where the samples were ta.Iten 
(Fig. -6) where chosen in anticipation of the possible com­
paiiaon \vi th known oceanographical. results. Miscellaneous 

sampl.es of fi.ltered (6 .• 10) sea water, mostl.y collected at 
the same time as sea water for the calibration. procedures, 
were taken from the beach at Sea l?o.int. The .results of 
copper determina.tio.ns on these samples are includ.ed for 
compar.ison. 

' TABLE 4 ·- Results of copper determinations 

Station Posi.ti·on Depth . OOp.Per A~ean 
,. m wili yg[l 

APR.IL 1964 
l 35°55*S 0 

0 14 51'E '· (0) 7 
8. ('7) 

2 37°17'.S 0 9.(5) 
13°l.6'E 12. (6) ll 

~ 

.. 
3 36°32'5 ()' 16.(7) 

l.Q0 52'E l.l. (7) .14 
< 

~. 

4 39°52•s' 0 4 .• (0) 

8°54!E 1.2. (5) 8 
~ 

5 41°05 18 0 16.(0) 

ll04l'E: ; 16 
·~ ----- ! "_ ~ . ~ 

6 42°28'_E 0 8 .• {9) 

l4°15'E 17.(2) 13-
.. 
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20. 

Station Position Dejth ~er fiiean 
~i 

7 43°35'S 0 14.(2) 
17°23'E 3.(9) ll 

8 44°24'6 0 12.(4) 
20°16'E 10.{4) 1~ 

9 42°31'5 0 13.(3) 
20°09'E 8.(5) 11 

10 41°40'5 0 6. (3) 
l7°17'E 8.(6) 7 

11 40°57'8 0 7.(2) 
l5°25'E 2.(0) 5 

12 40°05'5 0 10. (4) 

15°07'E 8. (7} 9 

13 40°12'8 0 4.(1) 
14°4l'E (35) 4 

14 39°06'5 0 12. (2) 
13°34'E 6.(0) 9 

15 38°00'8 0 5.(0) 
15°00'E 4.(3) 5 

16 39°06'8 0 4.(2) 
17°22'E 5.(9) 5 

17 40°17'5 0 8.(7) 
l9°54'E 9.(7) 9 

18 38°09'8 0 ).(2) 
19°50'E u. (1) 7 
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Station Position Depth Oop})er Mean 
m w.t7i 

~ UO:Z1 
19 37°45·~S 0 ·9. '(4)' 15 

l8°00~E _20._(1) .. '" ,, . .. 
~ 

. 

' -

.36°38 ·~s 
·' 

20 ·0 10. (8) 
'. 1·6°28-'E 1.(6} 6 

. ' , . 
' 

Jl1LY.l964 .. 
.. ' .. ·21 . ' J5°:14 •s 20 1.3.{4) ... •' lj 

'' 2l0 l.4'E 12. ·.(2)' 
,. 

·22 
o. 20 a.·{6l .. ,, 37 30'S·· 

' 
21°44'E 1. (8} 2 

. 

' 3'5°18•S 3.:(6} " 
.. 

" 2·3 ''•- 20 .. 

'' 20°36·'E 2. (9)' 3 
' 

0 ' . 
·24 .. , 36 O)'S ·20 2.(7} .. 

20°10 1E 6 .• (6) 5 

25 
·0 · .. 

20 4·. (1) .. 35 29'S . ·• 

l9°47'E 10.(8) ' 8 

0 . .. 
26 . ·• 34 l:)"S " 20 ' . 16.(2} . ' 

18°43'E 6 • (6) ll 
.. 

.. 
27·· 

0 ·.· 
20 :L.(4) "' 34 l.l'S ... . 

' l8°17•E 10. (9) 6.).. 

0 ' 
' 28· 34· 42'S' 20 16. (9} , .. 

17° 43 '1-E! 1.4 • .(6) 1.6 
. .. 

,, 

._, 40l 14. (8} 
... 16. (8) 16 

-. 
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22. 

Station Position Depth Copper Mean 
m Jlgfl Mfl 

718 9.(9) 
10. (6) 10 

. 
1160 6.(7) 

9.(2) 8 

DECErvrBER 1964 

29 35°25'5 20 14.(9) 
17°52'E 15 

30 34°44•S 20 15.(6) 
18°14'E 16. (4) 16 

26 34°13'8 20 15.(3~ 
18°43'E 19.(2 17 

27 34°13'5 20 17.(0) 
J.8°17'E 13.(3) 15 

28 34°42'5 20 11.(2) 
17°43'E 9.(1) 10 

31 35°1l'S 20 10. (0) 10 
17°10'E 

' 
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23. 

SURF SAMPLES 

Station Pos:i.tion Depth Cojfer Mean. 
m )lgj 1 J.ljt/1 

- Sea Point:, 0 4 . 
Beach 4 .. 

I 

· (Rocklands) 
•. 

0 

Sea -Point· 
' Beach 0 5 

... 

(Aquarium) . 4 4 

2 • .3 Development o.:f a .method for iron determinatio~. 

The iron in sea wa;ter .samples was reduced to the 
f,erroua State with }Wdroxylamine and complex:ed with batho­
phena.nthl'oline· (4., 7-di.phenyl-1.,10-phena.nthroline). The 
complex was. then extracted into isoamyl. alcohol and ·deter­
mined spectrophotome-tr.iea.ll.y. FUll experimental de'taiJ.s 

are .given in section 6.3. 

2.3.1 Background to the procedure .• 

:Ba.thophena.ntbroline (B) forms .a :stro~ c_oloured, 
stabl·e, hexaeoval.ent- ion of the fo.rm {Fe:a

3
)++ -with divalent 

iron in weakly acid, neutral. or a.lkal.ine so~u.tion .. · Tl).e 
red compJ.ex ion is readily extracted .into is.oamyl alcobo.l 
and tl'ie ,solution shows maximum absorption (75)at a wavel.ength 
of a bout 533 m:JI• The reaction <75)is as foliowa, ·where 
::as+ is the bathophenanthro.ii.nium ion. -B + .It+-----,) l3tr 
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'.,. 

31m+ + Pe~ @?e:a~ ++. + )It~ 

Overall ~eactton 
l:B + Pe+~ [J~~++ -. N N-

CB) 

The ne.tUJ."o.l logarl.tbm of the equilibrium eonatant o£ 
the ovornl.1 reaction (54 lis 26.6 (measured at l8°c. usirtg 

a lo,'S atha.nol/9o,t wntar (w/w) solution). In the oompl.ex 
ion, tb.e iron atom. ia· coo~dinated with the a:iz n.itr.ogen 
a.tmns575) · · 

The bathophemmthrol.!J.w rt::agent .toms stable complexes 
over a wid.e rtulG'e o.t pflt bu.~ 1n 'tbi.o worlt the: complex wae 
.formed in e. aolut1on. bttffered to pH 4.0 to 4.5 to avoid 
interfering ions (see .3 •. ~ •. 2). 

2.).2 Procedure. 

A tJ.Bmple of eea water was octdif:.t.ed wit.h. dilUcte 
bydroohlor!c eci.d to br1~ all forms of col.loidnl. .eydrated 

::ferric oxide into eolution$·84.) !iDe iron was then reduced 
to the divalent state by the. action of l:wdroxylatnine JWdro­
chJ.orid:e. !ho oolu.t1on wa.e b-dfered to pll 4.0 to 4.!) by 
tb.e addition: ot sodium acetate, and an a.ppx-oximttely 300 fold 
e:Jtceos of bathophenan:tbroline re~ent in.trodnc~d. (50) The 

comp:lex was then ext-ra.cted into l5.ml_i:Ooat1.Wl Gl.cobol. 

:Doth th.e h;vdrox;;yl.amue bNdrocbloride nnd sod:ium noetate 
reegerl·ta contained relatively larae amoun:to of iron ao an 
i:m~t,y, and were apecial.l.y pu.rit"icd (ti.lO). 

~e wave.l'eJ18th of ~ absorption ot t:he complex wtw 

de·torminod by treatins a solution conta1ntl)g about 3 p.g· 
iron_ in 100 ml water bi _tbe etandar(l procedure (6.3) and. 
dete:rm1:nlng the optical dEmB1ta 1re,lues of th.e extract at 
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wavelength intervals o£ 10 mp. _over the range 350 to 600 
~· _ Near the max.1nrum absorption peak, readings were taken · 
e.t 1 -JD11 intervals. The absorption spectrum Vf&S pl.otted 
(Fig. 2) and indicated that JDrutimttm absorption occurred at 

. 5 3.3 mp.. This _value was used throughout. 

2~3.3 · Calibration. 

Oel.ibrat1on was carried out by a procedure-closela­
resem:bling that used Z-or oo,pper.. Known amou.nts ot iron 
(2~5.5,7 .• 5, -tmd 10 p.g) were added .to 100 m:L ~all'lp~ea of the 

same batch of "'aged""" sea.. water and an additional. ,point was 
obtained ·on a. sample to TJhiob no :iron was added.. Beers 

Law was valid for the data .in ·tbe rang-e 0 to .10 Jl6 . (Fig. 4). 

·The regressi.on. equation, fitting the ex,Perimenta.l dnta 

for the range 0 to .l.O 11i! iron was-

Y .c 0.1079 +- 0.1320:1 Y =; optieal. dens1t.J 

X = ,. y.g 1ro~ a.dde~ , 

Tbe factor for tr:anef-o~ optical. dens1 ty values to 
concentration was· a.ecordingJ.N o .• IJ2 optical density ut'l1ts 
per pg. iron.· 

The procedure ·was checked b.J pl.otting the results of 
iron deterilination. obtained frOiD traneformati~n of the 
calibration data, against the ·iroD added., (.Fig. 8). The . ~-

slope -~f the bea~t :etra.J.sht l.ine repreoenting the data 

:(obtained b7 the l.east squares method} was 1.00(2). ·Tbis 

agreed well. with the expected value of l:oo(o). 

2.3.4 Determination of the reagent bl.ank. 

A sarnp~-e of 100 ml water was treated. bN tile stmldard 

procedure (6 .• J) and tbe optical. density of the extract 
wa.s transformed to concentration by the :ta.otor above. 
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:fhis reagent bl.anlt was constant for one batch of reageDts 
and oorrespond.ed to about 0 it 4 ',lg iron .•. 

2.3.5 Sensitivity and precision of the .method. 
·-

'flie spectr-ophotometric. sens1 t1vi ty ·of the method was 
0 .. 0025 'JAg iron/cm2• !his value ia in exact numerical 
.agreement w1 th the · sens:i. t1 vi ty cal.culatad from an ethanol/ 
·water solwtion of the comple:x:(75la.-t a wavelength of -

5ll lllp• The stanc:lord error o:f estimate, calculated from 
the cal.ibrat1o.n data, was found to be 0.28 p.g (n = 5, con­
centration range 0 to 10 p.g). 

2• ).6 Atodif'1ed procedure fo.r acid sample.s. · 

As mentioned- above (2.2.6) some samples were stronela' 
acid. In order to determine iron .in 'these s~ples, a 
modified procedure was used. (See 6.3.2). As the samples 
were alread.N atit'fici-Emt]¥· acid. to .ensur-e that all iron waa 
in solution, J:li'droq.lamine was added directlN, Glld the 
solu.tJ.on wa.G adjusted to ,a pU of 4 to 4.5, after the 
addition ot sodium acetate, by adding n.pproxima:tely 4N 
eodi.um eydro.xide.. It was found necessary to purify the 

. sodium eyd.roxide solu.ti.o.n as ·described in 6 .• l.O. ~he bath­
ophena.nthroline reagent was_then added and the procedure 
continued in the usual. manner. 

As the presence of' ·Salts does not interfere with the 

oompl.·ex forma·t1on)84·>it was .not con.~i.dered necessary to­
construct a. separate calibr-ation curve:. .A spec.ial 'blank 
determination WaSt however, Carried OUt OD SampleS tO 
account for the. ilt1Pu.ritJ· ·introduced by the V£U7ill8 amounts 
of 1\vdrochl.oric ac.id and sod1·um b¥drox1de 'presen.t. s . . 
(See 2.6 and .2.'t). · · 
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2.• 3.7 Resu.l ts. 

Sam,ples ot sea. water' fer the determination of iron 
·could onl,y be coll:edted on a single ,crtdee during December 
1964. ~he ·.resta.ts of the determina.tions are shown in. 

ma.ble s. Ihe poei tiona .~t sea (stations) \Vher.e ·the sampl.ee 

· were ·col.lec'ted are shown. in Fig. 6. Some determinations of 
~ .. \. . 

iron in f'ilter.ed samples of' sua water from the Sea l?oin.:t 
beach were.included for comparison. 

,, 

. . 

' 

fAllLE 5 - Res:ttl'ts of iron a:e·ter.mina:tions. ' 
(lleoember 196~) 

. . .. .. 

~4tation Poait:to:n Depth Iron 
--. ~ .. IlL .. UR/1 

·26 J4°J.3*S 20 9.(7) 
18°43 1:8 ' ' 1).(4) 

·' . •. 

27 l4°13 1 S' 20 11.(2), 
.. l8°~7'E ,, 

.. .. .. . 
~ - - . 

29 .35°25·'S ·2:0 9.(3) 
• 7°S2 1E l, . ~ - 5.(6) 

. 

ll l5°ll;'S .20 0.{4) 
l7°10'.B (~~:l~i . o •. 2, o.o 

o •. · 6 . 
.. 

·- Sea Pa.in.t :Beach 
. 

0 . ' (!Aquarium) 4 
' 

, 14 

Iit~jf 
UR, .l 

12 

11 

7 
.. 

' . 

0.4 

8 
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2. 4 Develo·pmen t of e. method . .for map.ganese determination. 

. Manganese was concentrated from S·ea water samples by 

~dding potassium hydroxide, which, in the_ presenQe of oxygen, 
precipitates ma.n.ganese as the.insoluble ~drated 
dioxid·eS75> Magnesium. ion is present· in modera.t~ amounts :in 
sea water (Table l) and llO a.dditional.·carrier need b~ added 

_to the s.ea water sample a.s precipitation of magnesium 
hydroX:ide ·carrie~s down (as shown by the results of this 

·work, see 3.1.3) the fine precipitate of manganese dioxide. 
The precipitate was di.ssolved in concentrated su.lphur.ic 
acid1 and, after removal of halide ions, ~he mangallese was 
oxidise_d· to permanganate ion c)ly ,potassium perioda.te. :The 
·permanganate was determined spectrophotometrical]¥. FUll 

. . . . 
details of the procedure are given in section 6;.4. 

2.4.~ :Background to the-procedure. 

oxidation of ma.nganolls .ion to perrma11ganate may be . 
·carried by using either periodate or _persuJ.phate ionsf75~ 
For the determination of manganese in sea water, t.he perio.;.. 
date oxidation .has. beeil fo(d mor·e satisfactory. (7) The 

reaction·is as follows: 
·• 

2 wm. ++ + 5104- + 3n2o ~ 2 r.m .o4 - i- 5103- .+ 6H+ 

. -~ ~~ . 

According to Sand~l, the reaction proceeds t'~ly rapidly 
.in a hot solution containing nitric acid or sulphuric acid; 
tb.e presence of smal.l a.moUD.ts o:e·ailver ion is advantageous .. 
as this catalyses the oxidation proc~ss.; in the presence 
of excess periodate; 'the. oxidised solution is stable for 
long perj.ods, .. and the excess reagent does :not affect the 
colour intensity. 
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2.tJ:i.2 ·Procedure. 

It was originallY 'intended to use the »rocedure of 

:Barnes { 7) to determine· mB.ngti.nese in sea. wa. ter. Pretl.mtnara 
work showed that thiS .Pl:'QCedure was unsuitable tor the 

· fol:lowillg reasons: 

·(i} .A l.ar~e (.£• 60 .ml) .tinal volume of .solution was 
obtained in which the faint pemsnganate colour 
cOould not be detected. 

(ii) 

' . 

OXide.'tion wao incoxapl·e te. 
,for oxidation;·(?) after 1 
about 80~ co~plete. (75) 

OnJ.N 30 ·minutes were allowed 
.bout", the. reaction is .only 

. fh~ · _preci.pi ta.ti·on step was adaJlted .from tile procedure 
eiven by.»arnes;<7>m.th-the fol.lowing modificationet 

(1:) · §'!he sea water sample was ~stirred while a.dcl1ng the 

potasai~ bldroxide nagent, and, after allowing the 
precipitate to settle :tor .o.n hour, the solution was 
stirred aga~. . «J..h.e singl.e stirring recornmend.ed ( 7) . 

eave 1ow r.eeoveries of manganese. . 

(ii) · Twe1ve bours(1)was found to be too -short a ti!ne for­
'the preoipi·tate to settle. After 15-17 hours the 
precipitate was more compact and removal of the super­
natant solution wan easier,. A. s1ph.on was used to 
remove most of the .supernatant Uquid without dis-

turbing the prec.ipi tate. 

In hrnest pr~cedure~7) 1..5 cl of concentrated euJ..phuric 
nci.d 1o added to the mix.ture of precipita-te with about 

100 a.l of supernatant solution. lienee the final eol.ution 
would be vera dilu~. In order to avoid this dif'ficul ty t 
the precipitate was separated by ·centrifuging and decanting 
the supernatant :J.iquid.~t. This redt-.toed th~ total volume to 
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about 10 ml, and had the further. advantage of lowering 

the amount o:t halide ion in the solution of the dissolved 
pree.ip.i tate. 

·.In order to obtain a s·olution haVing the optimum acid 

concentration for ·the o.xida.tion procedure (i .• e. about 2N 
in suJ.p}luric acid), only .. 1 ml. (pipette} of concentrated 
sulphuric acid·wa.s added to dissolve the precipitate in­
stead of the 1 •. 5 m1 ·recommended. (7) 

The volume.of the solution containing manganese was 
kept to a minimum throughout;. The water used in washing 

the centrifuge tubes was r.emoved by cautious evaporation 
to a. volwne of about 12 mJ.. It waa :fotmd convenient to 
graduate the beakers used in order to ascertain when. 
evaporation had. proceeded to this stage. 

Halide ions were precipitated by the addition of 
2 ml 2N silver nitrate reagent followed by dropwise 
addition of: the reagent until precipitation was complete. 
A slight excess w3.."3 then. added. Barnes(7) suggested that 
an (unspecified) excess of silver, nitra:t·e ahou1d be added. 
An excess of the ,order of 20 mg ·silver nitrate has been 
reoommended as a eatal.yst by Sandell, (75)and in this 

work the ,excess reagent added was about 30 mg (l to 2 drops 

of the 2N silver nitrate reagent aoltttion). 

The silver halides were removed by fil.tra.ti.on through 
a sintered glass plate. The preoipi tate was wa:s.hed w:i th 
two portions o.f dilute (1%, v/v) n1 tric acid; special. care 
being taken to ensure adequate washing with the minimum 
amount of· dilute acid, in order to keep the so.lution volwne 
as .low as poss.ible. 

The oxidation was performed by adding potassium per.iodatll 
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to th.e oolu.tion in the proportions recommeDded ·b.J' Sandell. (75) 
!the ealu.tion wae then mp1dlJ heated -to 1\Qa.r boiling and 
kept on a boil-ing water bath :for li houro. Under these 
conditions, oxidation to permrmsanate ahoul.d be about 3~ · 
.complete.,. Wiing information qu.oted b7 Sandell. (75) 

fhe small :final vol:ume of the solution (.!.• 14 ml) 

cause.d some d.iff'icultt 1 •&e a precip11~ate, main.lr compos.ed · 
.of •.silve:r sulphate. se~ted alolllla on c-ooling., 7iel~ 
a turbid .. soluti.on uns'tli ta.'ble £or O»eotrophctometrz.. Inter­
fer·enee from tide source ms avoided· b7 cooling the solution 
~in 1ee, encouragtq p:reeipi tation sad £:1nal17 ceatri.futtiDS: 

to g1ve ·.a ·Clear soluti·orh ,Almost au. the si.lver sul-phate· 
. wae .removed b; ·t~s 11rooedure. It the solution was not 

cG"ole4" the grecipt ta~·on continued tor fai:t'lJ' .long 
period& (a few lb.oura) ;• .· ,, 

fhe optical. densities obtained .from sam,Ples of various 
flllal volumes were s~ae~ ~7 reducing all val.uea to 
thc'J which ~ .1.10 :ml ·volume .ot solution would l'lave .• 

9lhe absorption spectrum of permanganate io:n -is ·well 
knOWDt ·(75 )at'ld the opti.cal. 4'E:n.s1 t1es were measured. at a 
wavel.ength of 52; ,._. 

2,4,1 Oali.bration, 

-Calibration de.ta were obtained by adding known .amounts 
(about :2,4,,6,~8 and 1.0 flG') ·Gf' .rnatlganeee to 1000 m1 samples 
·cf the same batch ot "e>8edtJ sea wa 'ter and determini.flS the 
opt1e&l .dens.]. ty after appl;'ing the procedllre·r AD additional. 

I . . 

point was obtained on a ;sample to which no mat'lBanese wa..s 
added. .Beers law ·was valid over the lt'Bnge tested (o-11 }18). 
·TJle! date were plotted., (Fig .• 5) as was done in the calibra-

l 
t1on procad~s for cop;er and iron,, ,and the .regression 
equation calculated.. 'Dlis was 
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Y = 0.0257 + O.Ol64X Y -= optical density 
X = ·JliS. manganese added 

The factor used was o.-016(4) optical density units per 

pg manganese • 

A check of the procedure was carried out b:y plotting 
the ~a.nese found using the .factor, against the· p.g 
manganese added <{:Pig .• :9). The slope of the best straight 
lin~ fitting the points wae J. .• oo(6), sho\ving .satisfactory 
agreement with the .expected value of l.OO(O) .• 

2.4.4 Determination of the :r;eag.ent blank. (See section 
. ' 3..1.)) . 

A stock solution contai.ning magnesium and calcium ions 
in approximateq .the same ra.titi.as present in sea water 
('Tabl:e 1) was prepared by dissolving l.32. 2 g l'Q'dra ted 
magnesium chlo.ride and 19.2 g dried ·calcium chloride 
(7o-75" CaOl2 ) in water ·and .making up to 250 ml• 20 ml. 

of this solution contains 1.27 g magnesium and about 0.4.g 
calcium. 

10• 2.0 · and 30 ml aliquots of this stock solution were 
pipetted into beakers containins 990; 980 and 970 ml of . ' 

water respectively to give a. :final volume of 1000 ml each. 
The manganese in the samples was determined by the usual 
procedure and the opticBl densities found were plotted 
against the vol:ume .. of the sto¢k solution added. (Fig. lO). 

A straight line was fitted to the experimental points 
. b7 the l.east squares method. The regression equation was 

,Y = 0.0250 + 0;0058X Y ·= opticrU dens.ity 
X ·= ml stock solution added,. 
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The e:xtrapola.ted optical density for X = 0 i,s 0.025 units, 
whi.ch corresponds to about 1.5 l18 ma.nga.n~se. · As a single 
batch ·O:f reagents was used throughout, a blank of .1 .• 5 p8 
was subtra~ted from all sa.m_ples. 

. ~ . 

2.4 .•. 5 Sensitivity and precision of' the Jnethod. 

fhe ·spectrophotometric sensitivity of' the procedure 
was 0.030 J1' manganese/cm2• The qu.oted value (75 )for per­
.manganate ion .is 0~027 ·~ manganeae/cm2• The standard 

err~r of estimate, calculated :from ,caJ-ibrati·on data., was 
0. 57 p.g (n = 5, ·concentration range 0 to ll pg) • 

2•4.6 . Treatment of .acid samples. 

· It was not possible to modify the above tec.hnique to 
determine manganese 1n samples containing large- amounts of 
hydrochloric acid, as the large quantity of silver .hal.ides 
precipitated on addition o.f silver nitrate .interfered with 

. -

the procedure and results were erra.t.ic. Inter.ferenee 
was ca.u.eed by the l.a:rge volume of silver nitrate added 

and the increased volume of dilute n1.trie acid required to 
wash the large quantity of_precipita1;e. l3oth these factors 
increased the final volume of the sol.u.t.ion and so reduced 

.. 
the colour intenJ!ity. 

La bora tory facil.i ties were such that removal. of 
ex~est\1 hydrochloric acid, by evaporation to' fumes of 
sUlphur trioxide with sul.phuric a.ci.d, was not poss.ible. 

SampJ.es of sea. water for manganese determi.nation were 
coll.ected durin{i the deep-sea cruise .in December 1964. 
Tabl.e 6 lists the resu1 ts obtained and the :sampling 
positions are sb.own in .Fig. 6. Filtered samples of sea 

. ..! 

water .from the beach at Sea Point were analysed for manganese 
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and tb.e resUlts are also shown in Table 6. 

T¥JLE 6 ... Results of maJt(ita.nese determinations. 
(December 1964 > .• 

~ 

Station Positions Depth t.1~ese 
~ 

m _Jlgjl . . 

26 :34°13 •s ' 20 

l.8°4)'E '. 0.6 

21 34°13'5 20 .3. (3} 

18°.17'E 20 4.(3} 
. 

.. 
35°:25 9B' 29 20 

17°52'E 2.(1) 

- Sea .Point • 
Beach 0 .. 

(Aquarium) l. (l) " 

" l.(O) 

' 6 
.. - ~ 

Developent of a method £or determination of wticu­
iate copper and iron. . 

A sample of sea water was-filtered through a millipore - . . 

HA fil te.r (0.45 :p. pores) su_pported i.n a.n al.l-perspex appar.e.-
tu.s (see ).).,2). The filter was removed a.nd the metals 
brought into solution with hot, dUute tvdrochJ.orio acid .• 
Aliqu.ots of the acid solution were taken .for determination 
of -copper ~d iron. Fu.J.~ details of the procedures are 
given i.n section 6.8. 
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2.5 .•. .1 13ackgrou.nd to. the procedure~ 

· • 'rhe :procedure for the determination ~f )articula-te 
iron was adapted from an ·existing method, (64 whi.ch was 

t· '" 

intended to give an estimate of th.e .suspended iron readily . ' 

available for pla.nkton utilization. Extr.action of the 
·particulate. materiai with dilute·(£.. 0.55N) ~drochloric 
acid .. at 100°0 for 10 ·minutes liberates iron t'rom rnost sub-

stances present in a. suspended t~~ in the EH.~ta .• (S4) . 

Mineral combinations o£ .iron and that presen~ in stable 
organic complexes wiJ.l not be readily extracted. Eva.po-

. ' 

ration w.i th perchloric a-cid m1xtures J.s .require(! ;o 
··.liberate strongly 'bound iron. ( 50)but laboratory facilities 

.we+e such·-t:na.t·this was not possible. 

Very few studies have been made of the distribution ·Of 

... pa~ticulate copper. {40} In this work, a metliod· was 
dey_eloped wbioh was basica.ll.,y similar to tl'Ult use'Cl fo~ 

· iron. Copper was extracted froltt the fU ter under the 
eondi tiona used for iron above,. AS was the case wit.h 
i·ron, copper heJ.d in stable organic forms or in mineral 

combination will p~obably not be readil.N extracted. 

2.5.2 IT.ocedur~. 

The. aci.d extraction was carried out by using 11 ml 
dilute lqdrochl.oric acid instead o£ the ~0 ml recommended 
by Stri·Ckl.and and. Parsons. (S4) These workers used .the 

entire 10 mi. acid extract to determine iron by adding the 
reagent (2,2 •- dipyrio.,yl) directly' to the extract. The 
u.se·o:f' the•more sensitive·ba.thophenantnroline in the 
present work en.abled iron to be determinfld using a 5 ml. 

aliquot of the extract, ~nd a further 5 ml. was then 
available for <rop;p-er determination. f.rhe use of .11 ml. o.f 

the acid made it easy to pi.pette .. out two 5 ml allquots. 
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Copper ~d iron in -the e.licJUots were determined as 
described in sections 6.:2.2 and 6. 3.2 :respectively.~ A 
blank determir.l:ation was done as deocr.i'bed in 6.6. 

2.6 IQll·oxcha.nge·,prooequres. 

· Sea water samples were passed through smaLl columns 

.of eodi.um f.om IRC 50 cation. exchange resin at a fiow rate 
' . . '. . . . . 

of 2-) ml/min<ti 9te sorbed i.OilS ~el.'"Ei ·eluted With Bn excess . . '• . . . 

of h;v·drochl.orie acid and allquota of the acid solution 
were taken for copper and iron determination. 

. ~- ··' . 

The resin used (Amberli te IRO 50 carbo:qrl.ie acid 
ion ~xchanger) ia of the cross-linked methacryl1c ac1d 
·ty'pe and. has carboxyl (-OOOB) active groups. The resi:n is 
highl.y 1n.soluble and. 1s stable in aoid and alkaline solu­
tions over .a wide temperature range. (4S) The res·in was 
supplied as spherical \~bite beads witb. an effective particle 
si~e of O.l to o.s mm ·and was u.sed in this form. TbJ.s 
s:iee r.a.nge. was considered satis.f'actory for e.naJ.¥t1cal use 
of this resin-. <48) . - · . -. 

A .marked challge_ in volume of the resin occurs on ex­
changing .sodium and _ b,.ydrogen ions,. On adding sodium iono 
to .hydrogen form resin. the volume of the ·resl.n bed increased 

_ by about 5~. The e:ff~ct was reversibl.e. !he swelling and 
contraction lit:P,PSZezttly did not damage the resin stru.cture~4S) 
'but some d:iffic1.ll. ty wae .introduced when eluting with emalJ. 
vo1umes o~ $Cid, as tl1e -co:ntraction of the resin bad :Led 

. to ·vol:ume ~ha.nges. For e:xmn.ple, after. the sample had run 
'through the column, -and the level ot liquid in the column 

lmd l:;le,en adjusted so tho.t the resin was .only jUSt covered, 
addition of 10 ml aci·ti cauocd a contraction of the resin: bed 
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and after .adding 10 ml Via ter to was.h the column, about 

25 ml eluted liqu.id wa.s collected •. 

2. 6. 2. \ Procedur;e (See 6. 7 £or full. de ta.~ls) • . 

<7.-,J 

.An excess of reein was. used ·throughout .as the pr.ocedure 

used to convert the resin to the sodiwn. i'.orm did not proceed 

t·O completion .(.see 3·3~-2),. Al1 work was· carried out ·at 
. r.oom .temperature. (·c. :20°0)~ . 

. , ' ' ~ . ' 

Samples of sea wate:r .·of lalo\m metal content were 
filtered tbroUgh the columns and the e.ffluent. wa·s sampled . . . . ' 

for deteZ1ninat:Lon of' copper, :iron and. manganese. Metal 
ions were eluted ~Vith ey~ochlo~ic a.ei-d .at a tlow r"B.te of 
o.2 to o •. ) ml./min,. • ( 27)~d the ~olumns were then \\-ashed . 

/ 

with water. t.Ietal ions were then determined in the eluted 
solution •. 

· In the experimental test, o.f th~ ion exchange method 
discussed in 3 .) , · a. single l.Uge ba. tch of fil ter.ed sea 

v1ater was used-. ·1000 ml qua11tit~ea o.f_ this sea water 
vmt•e 11$pik~d n, ~y adding approxima tel.1 . kn·OWl'l. _.amou.n ts o.i: 
atandard copper ~d · i~o~· sol.uti·ons, to .giV:~ levels of 
. eon·c~ntra.tion- v~ing .. :from .nea.r-zero to. 3o p.g. meta~/l. 400 
and lOO rnl sampie.s of the spiked· ·solution. were taken .for 

coppe.r ~d iron ·determina·t1on .respectively .t and the re­
maining 500 .ml sample was. placed. in a clean sea water 
sampler and pae.sed through the special. filter assembl.y 

and ion...;.excnange column. (Fi,g •. ~8). After filtration 
was· comDlete, the· .f.ilter vias removed and the metal. present 
was <let~rmiried as described in 2~5 and 6.~-s~- ·The col.umn ' 
Was then·el.uted with hydrochloric acid and the. effluent 
a.haJ_Jsed' .for copper ancl iron, 

2.6.3 Results •. 

The results of the ion exc·hange experiments are 
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prc;rsent:ed. ira kbloa 1 to 10. 'tile ~euults ot tbe ton 
.e•bl.mse metho4 for determination ot metal.e .in the sea 
&:ppear in 9ible u. 

!lJ....m.E 7 • 'Sor,pti·oza~ of eop,per on IRO 50 <m.tioa. 
exchallge resin· 

lait1al.. 
o·oncen-· 

: .trat~on 
. _ug .. ". 

Ef.fluent Plow ~· :re- ;: . 
eonee~J:tra.- . rate teJ.neil on reeove17 
tion . · -~ . J~l/m!D resb _ ~- . 

2.(1) :4.0 86 78. 
·o. (8') 4.5 '95 ,, 
o.o 2 .• 9 100 92 
0.(6)··. 2 •. 1 96 8fl 

' 0 . 

~AmitE 8 - SO%'Jf't1on of' t::ron ,!lllBC ·s·o cation 
· · · ·. exchtim.Se reain · . 

' ,, 

Inlu.ul Effl.uoa1 Plow ,C.. re. . . ~ 
coneen,.. ooncentra• rate tain.ed on .recove;r;, 
trat1011· tion ~ ~/in1D resin 

.. \Ut 

.•. 2.(8) 2.0. ~-

·0.1 ' . 1.9 8 3 
. 1. (3) 1·3 69 
1.(6) 2.() ·50 

he overed 
fLif . 

11.()) 

9·(4) 
l) .• {J)· 
.12 .• (8) 

lleeovered ,. 
0.7 
3.(lJ 
0.1 
2.(2) 

l9l···· 



TABLE 9 - Sorption of manganese on .IRO 50 cation 
exchange resin 

-. -~ -

Inttial cone-en- Effluent con- Flow % retained 
tration llS c~ntrat1on ~ ~j~ on resin 

.ml min 

24. {5) .14. (5). 2.1 41 
lJ,.(9)· 2 .• 1.· 4.3 

- 20 .• (0) l.l. (0) 1..3 45 
4. (l) l..J 79 

.TAELE lO -- Sorption of: copper .and i.ron combined 
on .IRC 50 catio.n exchange .resin at 
15 ~l -concentration J.evel , 

~ 

·Initial. Effluent Fl. ow rate Recovered '% .recovery 
cone en~ -coneentrs- ml/min ~ tration ·tion Jl8: 

u.g -- -

Iron 2. (4) 1.3 ' o. ;(9) 15 
6. (l.) 2-.(8) 1.4 l.. (4) 23 

.H ).(7) 1.2 0 •. (5) 8 
-. 

l. (l.) 1.0 0.:(3) 5 

Copper 2. (4) 1 • .3 i.-(7) 28 
6.(0) 2. (3). 1.4 1."(2) 20 

.H 4-· (5) 1.2' 1.{5) 25 . . 

2.(4) 1.0 1. (4) 23 

2 . .-1 Invest1gat1on ot .l-osses of metals _·on stora.ge ,in_ 
:,E21;gthene 

A. stock solution of filtered sea water was treated 
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·, 

with known amounts of copper, iron and ~anese standard 

solutions. to give ·concentration levels o.t about 20 ~ 
metal/1 for copper a~d iron and about 10 ps/1 for manganese. 
These l·eVEliS were chosen in order that experimental concen­
trations used :might resemble those found in the ocean as 
close.ly as possible. The stock ·solution was we.ll mixed• and 
samples taken from it were anal.J:sed .for copper, iron and 
manganese •. Twelve 400 ml .samples of the stock solution 
were tal'cen .in polythene containers and placed in a 
refrigerator a. t -18~0.. A further twenty four 400 ml 

sam.ples in polythene containers were allowed to stand un­
disturbed at room tempera.ture. (Samples were. protected 
f~om the .ra'd:i.ant heating effect of sunlight). 

· !he room temperature vvas measured twice 
a.m. and 5 p~m.) and dl.d not ·vary apprec.iably 
o.f · tempera tu.re) during the experiment. 

daily (about 8 
·,(4°0, range 

Sets of the- samples kept at room temperat'Ure were 
analysed for copper,p it'on and manganese after one, two, 
three and s.even days storage. Sets of frozen samples were 
analysed s.imilarly after_ eight and forty daJS storage 
respectively. 

F\111 experimental details of the,above procedure are 
given in 6.6, and the resu.lts appear in Table 11. 
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Time 
(days) 

0 

1 

2 

3 

7 

8 

40 

41. 

TJ\13LE.l1- Results of pro1o110ed storage of frozen 
and unfrozen samples ·~ polythene 
containers 

Storage tempera .. Concentration (pg/iooo ml) 

~) Co_p_p_er r~ean Iron Mean ~anese 

20 + 2 26. (9) 24. (1) 25.(0) - 23.(8) 25.(3 24. (9) 7.(5) 

- 26. (0) 

20 + 2 14.(3) 20.(5) - 24. (4) 18.(9 22.(0) 21.(9) 10.(9) 
18. (1) 23.(1) 

20 + 2 16.{7) 19.(5) 19.(5) 3.(1) -
12.(9) 14. (8 -

20 + 2 23. (1) 16.(9 19.(7) 18.(7) 7.(3) - 15.(8) 19.(6) 
11.(8) 16.(9) 

20 ! 2 15.(6) 17.(3 12.(0) 14.(8) 6.(7) 
20. (2) 12.(9) 
16. (0) 19.(5) 

-18 18.(2) 21..(6; 14.(8) 18.(5) 9.(6) 
23.(6) 21.(9) 
23.(0) 18.(9) 

-18 25. (0) 22.(8~ 20. (0) 18.(2) -
20. (7) 16.(4) 



In tbe foll.owing aeQtiOft; a brief surv~y was made 
·of eome of the more ·common techniques which have been 
US$d to detGrmine copper in sea. water; and this was 
·followed ·by a. di:scu.ssion of some spectrophotometric 
.reagents used tor the ·determination of traces of copper. 

. spectrochemical analysis has been a.jplled to the 
dete~tion of OO'ppe:r in sea water. ( 95 ~nis paper · 
WaS UUO:t'tu.na.tely Onl:J ava.:1l.able in abstract form and 
no cietaila <>t the procedure were given. 

· IJ!he residue obtained from evaporation · of 5 ml sea 
. L . 

water W$S .analysed usins .x-ray tluore.noe techniques by 
· Na.telo·i)U !! .. ~. ( ol) . ~b.e resu.l ts obta-ined were very .high 
end this was probably due to some oontamtna.tion introduced 
during the analytical · ptocedUl"e • 

. 4tom1c absorp·tion spea-tToscopy was used to determine 
copper. in many oc,an .samples;( 29)but the precision obtained 
was re.lative~:v poor (coefficient o:t variations~ 25~). 
Prelim!~ conce-ntration ot the .copper in a sea. water . 
. sample has b~•n obtained by adding ammonium pyrrolidihe 
~dithioca.:rbama.te,. to cotllples: th.e copper, followed by 
solvent e·xtraction o.f the copper ·O·omplex .. with ethyl 
acetate. mhe eth1l acetate extract was then analysed. 
fOr oopper b7 thea direct .e.pplice.tion of' a:tottrie absorption 
.speotr(lscop1• (52) fhis ·technique gave results of much ·· 
improved pre·cision when compared with the above teo~ique 
1n,.:Whi,ch sea water we.s aspirated directly into the flame. 
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Oop~e().ipitation of copper sulphide, with merouey (82a.) 
or oadtnl'U1Xt( 24) sulphides as carriers, has been Us$d to 
oonctntre:b~ copper .trom sea. wa. ter,. The copper . in the 
preo1ptta.te was then determined apectrophot~metrically 
as the d1etb7ldithio-carbe.me.te complex. Ooprecipi·tation 
with calcium earbor1ate,1 using terrie ion as a earrier1 

has .been applied·( 56> to· the extraction of copper (and· . . ~ . . ~ ' ' 

tl1a.J:agattese) f:r.om natural water, The precipi·tatic~ process 
:i:s t:noomplete. ·A cu'>lul»Jl of o:xycellulose' h.-.s been used 
to collect traces (J. ... aO Jig) of copper (and. ixoon) ·from 
.100 ml.. salllples<.!7>. This technique ha$ not been applied 
to Sta water • 

. ·Direct. analysis ot ·a sea mate%" .sample ·b7 polaro~raphio 
procedures,, 1ft orde.r to determine c<>pper,, was compared to 
the · spac.trophotometric procedure, involving solvent 
extrac·t1on of .the die·tey(lithio-oa.rbama·te •.. ''bf !1kho~ov 
ana Zlla.'9'0ronkina,.< S9a)ifhese authors :found. the latter 
prooedtwe to be more a.coura.te~ lt'ol.a.rographi.c .. techniques 
!rullf be.satisfactorily applied to sea wa-t;er. however, if 
a pralimin.al"J' extraction of the copper is carried ou:t 
by using ·,a.i·thizon.e as a cotD;plexing agent ·and extract_~ 
the ooppe·r d1.thizcnate into carbon tetrachlor1de. (S9lt) 

M®7 spectrop,hotometrio. reagents for the dete:rml.nation 
o.f traces ot copper in water have been introduced. since 
the. rev:i,.ew of aaita.en<75J1n 1.959. ·A few reag,ents· which 

have been ~vestiga.ted recen:t]Jr are nickel dietbyldi tbio 
phoap~te, ( 62 >a., 2 •·:b:Loiatoho.nic acid, ( 59) 4 ,4•-dipbeeyl- . (C1o} 

6,6'-d1metb7l.~2t2''~b1quinoltne,,< 6~)n. .. pen,.l•2-pyridylketoxt.me, 
and uwes euch a~ fa.st Sulphon :Blaek :F, (S)e.c1d alizarin . 
black (4ahm, an.a '~e o1 o'.-dihy'droxya4o d7e.s ot s-~quino-

~ [c,.} . . . 
l1n~h 
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44· 
~ o:f these reagents may be mad·e highly specific 

tor copper by the uae of suitable masking te.ohniques., 
. but 'their la.ck of a.dequa te sensitivity prec~udes their 

use in the direct determination ~f co;pper in sea. water. 

Co~per .haS 'been determined in sea wa'ter samples by 

spectrophotometric determination of the 'coppei.'-dithizone 
complex using the.mixed colour(.ll)method .•. T.his procedure 

suffers from tbe usual disadvantages ot' the use of di thizone, . 
. viz~ poor r.eagent. stability . a.nd lack .o:f. a pecifici "tl• 
'The results obtained snowed a wid·e sea tter .. The authors 

. ·cons.idered the higher val.ues to be· due to sample contami­
nation but offered ~o explanation :for the e.xtremely :low 
results obtained in. some eases. Some errore inherelit 
in the technique might contribute to the scatter. Samples 

were etored Wlfrozen., in polythene containers, for- a period 
ot' some -d~s before analysie. The res\Uts ,obtained in 
this work(3.4).indieate that a considerabl-e decrease .in con­
centration of copper may O"C·Cur on. storing .in polJ'thene if 

sample.s are .l'lot fro;zen. · .Losses on a tora.ge ma:i wel.~ account 
for the low resul.ts obtained b7 these authors. 

z 
Oxely.l dibvdra.zide and sodium· eth;y:L-bis (tetra~oly1azo) . 

acetate were used to dete.rmine copper in sea water satnp1es, (ll). 
and while the former reagent ·was found to be niore specific f'or 
copper., the .latter ·was more convenient t·o use. ".ruck and 
Osbor.nl.9l)compare.d-.f1ve spectrophotometric r.ea,gents for the 
determination of copper in \tater, viz. sodium· d:iethyldith1o-

6l"v . 
carbamate, biSQ3cloh~xan[eoxalyllL~dra.zone, oxalt.1 
ditlydrazide;. 2; 9-dime tb;rl-l.,lG-phenan thr.ollne (neoeuproin~) 
and 2,2'-biquinolin:e. These authors considered 2,.2'-'biqui~o­
line to be most suitable as it was not af'.f·ected t>y common 
inter.fering i.ona (iron~ nickel and zinc) .. 
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. A. compar1sori .of the use of the re.agents t.;H>c:liw .. 
dieth.V14ithiool',U'btatnQte .Gild 2t21·•biqtd.nolitut· tor d&termini.ng 

. copper !~t sea water(lO.)showed that there wert no essential 
' . . 

· d1ff'$t-ences .in .prltci·s1on. !he former reag•n't •s found 
' ' " . 

· to b& . ~01'4 auitable tor ell normal work, and the use 
.ot the mere speoif1o .21 2'•bi«Uinol1ne.W8e.only·neces$$.ey 

. . ·' . ·• - . ' 

ln. sea water pollute-4 br ether metal .:tone, such as .is · · 
present 1u eetu.anea. 

· · Sod.i~. <11ethyldi tb.1ocarbamate was' aho.se:n as tli~ :: 
' spectrophotometric reaaen't tor copper,; as t·t is both··, · . 

' 'S!&Dsi;ttve· and precise (see abovel. Further._, this reasent 
, is reacU.1Jr e.vaile.ble and . convenient ·to use:t 

. ' ' 

. mhe method used was adapted with some modifications 
from that proposed ·.br Ohow and ~hompson~15~) ·Many motel 
.iont; (atno,1naiu.m;, cadmium. merc:nn7, :d.lver, lead. tin .··. 

· .. · e.rui' ant~tD.ony) reaot with diethyldithioearbsmate ion~?;) 
· · bu1i the iJlt,~fereuce from tbess is pre~anted· by ueing 

·solvent extraction. · 1/Ia.~or interfering· ione Ql"e those . . 
of iron, nickel,. oobalt; bisttluth, ma:ttgata~ee ana urani:wn.(75) 

' ; 

Iron 1ntsrteres at the· ;pH ot ·sea., water onlY if .· .. 
m>esent 12:1 J.a~ge exce~s. (7~)!he colour ia.terud.tles ·of·. 
n~ol¢el, cobalt lU1d biSm.uth d.iethyld1tiu.o~~rbame.tes in 
·XJ"l.ene are much wGaker (leee the t e.e inte~e) than · . 

· that ot ··tlie copper comple~. (7S) and. these· ·tons de not · . . ·. 
in-terfere at the _low oonoentrat1~ns preaen't 1n sea water~l.5a) 
Manganese imparts e. transient pink coloration to the · 

., 'orpnic ... extrac·t,' mad this may ·be avotded by Guowing the' 
sample. to atantl for JO Ulinutee or so.(75) !he uranium · 

. • . ' . . '. •' ' .·. ' . . . . .· . • . . . . . . (]'5) 
. . ( ure.tt;Vl.) complex is insolubl-e U1 X#"lene •. 



Od.4t•mB and .redUcing r.sente presetd; . .in san wat~r 
. do ftot· tute:rtere. Variati0111 in IBl.Wty hv'• ve1:7 little 

· ~Dflutnc.. on the :tonnattoa; of tho com,plez. . A. c!trmse ot =•. 
' ' ·' ... .' ..1 ! . ' . -

· sal:ilil.ty tmit• alters tho el4p• of tht · calibrati.OA curve 
' . . ~ 

· bJ a'bout O~M'· A cbatse o,f 111:d.t pB alters ·the caltbmtion 
b7 about. a"~(l5.a) '' ' ' . . ' 

·.. Carbon ~te.trachl.ori<li ana chloroform. ·are nomal.l.v · 
. -··rrad tor extraction of the copper dtetbf1Cli1ib1ooeri)a-mn'e~?!: 

Other· eol'f'tnte m~ be use41 b0\vover1 and ql.ne was cb.oeen 
tor th• follOwing r$aaonCJ.. · 

. . . . .. 

. · .. (i) · Sol-;1b:t.:u.ty.o.ons1derat1olus. 

. !e lat>se sa.mlJleo (a.c.co ml) were oxtractau. with $DmU . ' ~ . . 
·. volttm•• (£.• ·'5 mlJ of sol"i'ent to im_p:rove tht sensitivity 
. J1E the· 1ltthoa:. ti'le sol ubtl1 t:r of the eolvon:t in wat~r 
bece.la6 impol"tan:t. The low so1ub1111;J" (0.2 B/l) · ct .qleue 

• was· a.tt•.e»:t:qJoua< Wbtn compared to tbat .of cabcn tet-raohl.orlde 
co. a a/1) en.a ohlorotom (10 g/1) •·· 

.. ( :1.1) · ~tract~-·· etf1oiencJ>~ . 
. . . ' . 

97~ ot the (iomplez l!lla1'. be extraot$4 'b,y e. 81-lf! 
· e:ctl"S.Otio:ta ~ith xylqtt (l5a),.rhereae oe.rboa · tat~achloride 

- and ch1ol"otorm ·onlr extract about 60,; ot th• complex 1ft. ·one 
.ext:t•action, (75.)x,lerte 12aa tb.e. diead.vs.nt&Be ·that. the stnslo · 
'o~trnctio~ .cnl, reachei •cau!~ibrt= after ov"t 4·0 mim&tea(}5a) · 
C:Ol.alf&rcd 'fie -.x·t:raotion. times of a :f-ew alinu.1iarJ tor the 

·· otr..Ol:' tJC.lll'·en:ts.<75) ·ue:p$atea extractions fQ'Uo'i.JJtlt\ b;v vo1u.me 
. B·d,3usti\ut and drfinS to r•m~t:l o;toluded eoluti.oa are; 

howsv•:r- requira4 whetl cb1orofc>rm and oarboa t:e'tre.ohlor$.tle 
are U:aat•·· · · . ' . 
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' . 
(au) :.Ew.Ulsion tormat1~n. 

. -
Oerbotr tetra.chl.oride and chloroform have· a ·tendency-

to torm·emulsion~ Viih.en shaken with sea w~ter, due to the 
.Presence. of ,organic material •. Xylene sel·dont formed . 

. . . ern.ulai.one, 'With the. exception· of those· saTI!-ple~i ta.ke;n . · . 
. ol.ose :ihahore, wh~oh contained large ·quantities of 
. su.$pEm.a.ed matter .• 

. . 

Solutton.s ot the copper complex in xylene were sta.'ble, 
: .·and. the c:olor' showed no :fading Ed"ter periods ·of up to six . 
• hours, prov;taed ·the samples we.re .··not: exposed to strons 
. light~ .. · Norm.al arilficial.· room lighting ·had no effect~ 

.. . Soluttens tit the. other solvents are only stable ;if. kept 
· .. in. the. dark .• ( 7S) · · · · · .•. ··· · . · · · 

. ' 

· T.h~ estiniated.. reaf$ent blaltk ·is· sub_ject to· error_, 
as.it .&ssumes that.t:ne·extraation of'2 'ml.reagent solution 
·with · 5 m1 xylene may be ·compa.r~d w.i th extractions Ciirrl:ed 

l_ • • • • •• ' • • • 

·out· on much .. sreat.er volumes of aq:u.eous solution • 
. . --~e d.istri'bution oo$:Cficiant of copper diethy.ldithiooar-
,. . ' . ·•, . ' .. ' 

bamatt) bet'ween ·xylene ·and. Wdltter oouJ.d not be used ·1;o 
· .. calou.iate the·. extraction e.ff.iciencu ~e 'the sa.lt concentration 
~nd pB> of· the sod1Ul'l1 diethy1dithioearbam.ate reagent were. 

· appreciabl¥ different from the .sea water in Which the 
. tlistr.ibl1tion coef'fiaien·t · was ,k.rl,own • 

. · ._ ·. · In the early 's·tages of the .wo1•k ·on· the determ:J.na.tion 
',of copp.e.r,. d1.ff.icul;tr' was· experi.enced vdth fading of the 
color intenf3i ti of ~he · 6omplex •. · This v~a;s traced to 1he 

·.·.u.s& of. a (presumably impure} certain batoh of xylene .• · 
. , On rare occasion~. · . in la te:r work, rapid fading Of· sample e 
. ·oaourt•ed emd this could ·not be explained. . .A possible'. reason. 

· · :coUld ·be .the eff,ect of. trac&.s of mercury. which. tleoolorize 
. >the' copper compl:ax~·(86 >as the laboratory in which the' work 
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. was dtne was :Pt .. evioualy used to store. de>ap-$e&. thermometers. 
:Mel:"cuey from· broken thermomet~rs \Va.s oriStnall.y a:Lao. · 

stored _in· the :room,. and the poasibili ty exists. that traces 
·· of me:r.otl.ry vapour we·re responsible for the fadi~ •. 

,l.l,. 2 l:.tOfh ·· ·' ·. 

· __ A bri~t ~e;v · ol ao~e recent ·methods of determination 
of .iron :ill water .fo~lowa • 

. · Iron has been determined by .spe~trooh$m1oe.l an~lysis(95) 
ot ·sea.. wa. ter.~. bu. t no detaii~ were available ( et. 3 .1.1). 

· · _Nate1aon ~~- .!!( 61>applie~ an x-ray fluorescence-· 
technique . to the d.etermina.tion ·of 1-ron in .sea water;, 
but th$.ir results were, a·s· in the ~ase ·of copper, veey: high •. 

. .At~~io absorption ·sp~otrosoo~;r dete:r.tn.inations< 29) c:f 
' iron ·:in sea water Showed· a poor precision (cf. 's1m.1l.a.r 
determinations :of copper in 3 .• 1.1}. 

. , 1m ·extremely sensitive,, combined isotope'· dilution , 
,, and solvent extraotion technique has been developed ·recently( 83)

1 

·· · ·for the- determination .of veey low ·coticentratto.ns of iron . 
in· water. At ooncentre.t1on levels ot ·1 and o.~ -pg :f.ron/1 
coefficients ot val-iation of 4%and 8% resp~ctive~7• were 
obta1ne!t.. !his method haa · :n.ot as 7et been. ,appl1e4 to 
sea Wt:tterj-

In the prese~ee of traces of iron, the f.~uorescence 
of the alunlinium Pontaehrome Blue Black R complex is de­
.orea.sea, and. the. reaction forms the 'basis of a fJ.uorimetrl.c 
method _of dete~inining iron. ( 9) !rhis method is e.laimed to . 

. have tlu"ae : ti:me's the eeusi tivi ty ()i' bathoph.enanthroline, . 
but has not been widel~ u.sed. 



. Few. of the many spectrophotometric reagents for 
detsl1nination · of traee.s of iron in, water have the 

. . 

requ~red senai tivity f,or use in·: sea water. ,More recent 
· . ·aetermine.t:Lons .of trace i~on, such as by. complexing 

... ~ith .tOl'lfie.ldOXime( 53 lor anth~a.nilic acid(2? )are also 
~· not suffioiently se~si ti"ire• · Th1ogl7c<>llic e.c.td ( 88> 

is a sensi "tive z.-e~ent' for d~termining trace iron, .. 
'but the interference of oopp~r creates diffi·Culties. 
. -;· . ,• - ( ' . 

·. The, most s~stti ve apect:t?Pho:tometric ;oeagenta . 
forirOl\ are those based ·ou six fold coordination of 
divalen~ 1.ro1\ with_ the nitrogen, atoms of organic ligands• 

.l.;lJ>-phenanthroli~:~.e and· 2~,2'-~iptridyl reagent~• .have- ·• 

. been' ~d.ely iJ.Sed(;3, 2!a.• 2~b,46 , 81 >ror determining tl'aoes .-
• . . . 

-.of iron in· sea water •. The related compound, ba.thophena.nthro-
l1ne < 4, 7-d1Phenyl·19.10~phena.nthroline >:.has .been most 
favo,J.red(~3t49, 67t74) in recent years mainly because' 

. of its high sensitivity. (6,1 t<).0•3 J:Lg iron/l may 
~-be. detected) and. i'ts convenienCe. tit use. . The increased 
:. sensitivity' is ermanced . 'by the ·fact·. tha,t the ferrov.s 
. bathophenanthroline ion tnay- :read"ily· be ~xtraeted into 

organic solv~nts,· in contrast to the ferrous complexes 
of the ab~ve reagents. (75) A new· r.eagen-t, tripyridyl. 
triai~net is ~quiv-aJ.en't in aetiei tivi ty(l7). to bathophenan-:­
throline; bttt.is le$s convenient to u:se,(94)a.s.the 
oomplax 1s liiffioul ~ .. to ax tract.·~ 

:Bathophenanthroline ·v.ras considered to.be the most· 
··sui ta.ble spectrophotometric reagent for this work, and.· the 

method .of Strickland and Parsons(S4)was adapted for u.ae~ 
... ,: 

Mani metals ( s1J.ve:rt bismuth. oactmium• :mercury ..• 
'zinc, berylliUm; molybdenum, tungsten; c-opper,. nickel, 
ooba.l t ~d tin) interfere. by eithexjro~mtng p.reoipi'ta:~H~s 
Jsilver and bismuth) or ·compJ..exes with the reasent~ (75) 
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Ohloride.ancl sUlphate do not iltterfere in ll);Odarate 
amounts, (15lsuoh· aa are pre.st:tnt in the. oceath. Other. 
interfering anions(?~) ( oxa.l.ate:• tartrate, .phosphate 
and fluGr:tde) are not pveee;rJ.t in 'Bliftioient quantitY 
in aea water to· interfere.. .~ 

50 • 

-· · N'ol\le ~of . the ttbove ·metal. ions interfere.s with the. 
determi.nation of· iron ·il) sea water, ·if. the .pH t,f the sa.m.gle 

.· .~·a ·a.d.3u.sted to ·4.·0. to 4.5 betore f'orming the complex-. (5 ) · 

· ' .lsoamtl alcohol i,s· th~ generalljr recom.men.a.ed solvent< 75) 
· ~ for extracting the ferrous 'bathophenanthroline complex 

Brid. .·was· used .i;n this work. Nitrobeuene(75)has been 
· ·proposed f·or ~erta.in purposes. 

; . 
Extraetion ot the complex fr~ iOO ml asmp~es b;r 

25 to .,30 ml iso~l. a.lcoh~l, tollowed b7 dett:trmtnation 
llt 10 om pat~ length spectrophotometer cuv$ttes. has been. 

· reoom:rnended,.(S4) 10 cun ouvettes .were ·not available.,· . · 
and t)le method wa.~ tnodif.ied by extrao·ting ;100 m1 .Of 
sample with 15 mJ. solvent· f·Ollowed by determit1$tton ·tn 
;<em path length sp$ctrophotometer ouvettf)S• The i.soamy:l 

•. aloohol ~s s.lightl:V soluble .in wate.r <s..• 2.3 s/100 ·m1) 

I' 

· but this did not orQate .an;{ .PrOblemst nor wa.s -.the sensi• · 
·ttvitY significantl:r alt$rea (see 2•3~5) by the m.ot;lifiecl 
eJ~:traction. . !l!h$ phase.e sepax-ated. rapidl.N" with no emul.s1on 
formation~ (!he separation· process was probablJ · fae.ili ta.ted 
.·~·:.the . pre~ence of ·E:tithanol ltrom the bathophenanthroline · 

.·· reageat) • ' ' 

Atter separa.tiOl'h the extract was .made up to 15 ml. 
' wt'th acetone. ' fhis ensured that a constant volume was 
used, and the acetone removed c1oudiness.due to.entralned 
~'be~ droplE:rtfh ( 64) ' ~e .extract was stable for at least 
'four.hcura in art1fioia1.room lighting. 
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The molar extinction coefficient of. the-iron.;.. 
bath,ophEJtumthrGline·contpl:ex: extracted as above was 
·22,100~ · Comparison· with the. ~i tet'atu.re yal~.r ( 22,400) 
indicated 'that the extraction· ef'fio1enc;sr v1as 98 to 99%. . ' 

Very few e:tperim&ntal ditficv.l ties were.; experienced 
.with 'this procedure and it was tair.ly rap.id conipered 
to the methods tor. copper and manganese· determination: •. ·. 

·' 1 
R. .. 

. . ~ .. 

, _3.1.3 l\'ia.ngane.a~ . . -~ . . 
. . . 

-·: . ·Oompara.ttve~r. l:t ttle work has been. pu.bl.iehed on. . :".. . . . 

· · .. : .. · ane.Iraea ·Of ·traces of mane;antse .. in water.- ... ·_ 
.. ~ . . . . 

Atomic aba.~rptic)n. spect~oscop;v: .de·t~~nat1ons( 29) · 
• • • ! 

, of manganese -~-sea water were af poor prec1alon1 .as·:'· 
was the. case. wi:th· copp~r and iron .dete.rminationa (see 
above). 

" Manganese may be ceno.entrated from sea. v;a ter samples 
bY copreoifritl.'iti·on Of m.a.nga.nese .sulphide with mercury 1 · 

sulphide, ( 2a.) or more u~Ually) b.J coprecipi tat~ on ·Of 
thEJ hydrated oxide w1 th , iron, \72 J lanthanum< 67 .> or . . · 
alutai.nil.Uh( 44 >. a.s carriers. . aona et al(72>axtraoted 

~ .· ------ ~ ' . " 

manganese t'rom. 'the mixed ox:l.d.e: precipitate. (iron a.s 
carrier') iby. torlru.n! . ma~anese dieteyldi thioearb.te 
:and sol:v:ent extract:i.ng 1ihe ·Complex. _.:M.ant;aneee was then 
determined·br .neutron activation techniqu~s.·.Other workers 
.dissolved the precipitate and oxiciised .the mQJ1ganeee ·to· 

· perma:nsana.te ion. which. 'was then. dsterr.tdn~d· spectropho1io-
metrica.ll.7~ -·· 

·~he catalytic 'action of· manganous iona _forms the 
.basis of several ver.u sensitive apectrophotome~ic 
pr-ooed:uree. For example., the rate .of oxidation of 
triethylamine b7 pel;'~o(la:te .ion to form a. reUow a,~,. 

-· 
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·is a.:tuno·tion of .·the tn.anganese oonoent:ration .... (64) 
· !he detec.tion limit is !.•o~s ·pg tnanganese/1.. Methods 
bas<:)d' on ·the ca.talrtio aotiori ot trace 'ma.ngan'ese on' . 
the.cx1.dat1on of leue?malaohite(30~~4)gree~ 4Ne· hav~ 

.. ' . . 

dei,;E)etion·.·limi:ta ·of' ;g_.O.l p.g menganese/1 ae several ' 
hundred dye.molecu.les are produced 1:>1'. the action.. 
of each ·ma.nganese ·atom.· However; these prooadures su.fte·r 
from th~ disadvantage that, even· with careful control· 

·. ·of tempe:rt:ttu.re., · total sal.t -t:on te.t.tt and pH, standard · , ·· 
samples must be ·run at frequent intervals. It seems 
that t~e ·m.e~hods: ·are 'tft:J'l1! sensitive ·to sm.B.u t-a.nd.om 
changes in procedure, and 'so a.re 'unsuitable for routine 
.use .• ··. 

For this work; a ·method was devised ·in which the 
. manganese weu;( .coprecipita:t;ed with magnesium ·l':lydroxide; • 

. ·. . . , . . I . 

No. carrier . was neeess~;v as the , sampte, co:ntail'led · · 

.magnesium •. The :ma.nge.nese we.s o:x$.-dised by :potassium 
periodate to perma.t!ga.nate a~~ determined spectrophoto­
m.etriaallf ~-

. Coloured aubstan.ces interfere with the method., (?5) 
. . . 

bUt are· present :ln ~egligible q"Wmti t.ies in sea Water,. 
IU.smuth end tin cause tu.rb1dity(75)but both are present 
it). .such .small quantities in sea. water -that their­
influence is negligible. Chromium ·interference caused 
by oxidation ·to_ilhe hex~vale~t state_,(75)ie negliGible 
again on account of the small quantities present.r70) 
.Intertarenee from iron was tninimized 'by adding 

phosphorj.e ao.1d 1. ·whiclilo also assists tn. preventing 
precip1.tn:t1on of. iodates of mangatuiae~(75) Nitrite 
ani .sulphite.~ if. present, •.. are destroyed- during the. 
aei.dification st~ge,. Chloride~ bromide a.nd iodide 
ions 1rtterfere, as they.a.re readi~.orldi~ed by 

' ,. 



~ . . ·~ ' 

·' 

perme.rtge.na:te ion,(7$)a.nd must 'be. remo~ed betor$ the 
oxid:a~ion. S~tep .is performed.~~ . 

.. ~·. . . 

~tar>iou.ssteps in t1le procedure ·were discussed in 
· aec·tion 2.4.2. and fUrther discussion o.f some. points.~ 
.nollowl5· . ,;f. u• . ... 

~here was some difficulty i:tt es~ablisb.ing a 
:tteage¥~t -blank for the· detel1tlinat:ion·'<if manga.n~~~ 

~:''"~aness .freen sea water oould .not be used as there 
. was no way ·of ensuring tha-t manganese. was 111 fa!lt · 
absent. Artificial sea.wa~er contains manganese as· 
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an impurity .ih tmknown concentrations. Disttlled water , 
could not be used as no magnesium. carrier was :Pre·sent. 
An estimate of the reagent ble:nk was found 'by the following . . ·~ ' :.._ . . . . 

·As the maragaaese method. involve.s only_ ~he magnesium 
ionoln sea· water •. it was decided to attempt ·17o iuake_up 

. ' : . ' 

an: artificial sea water conta·ining only masnesi~m ion. · 
Manga.n~se would :presu.:ma'bly ·t;e present as an :bnpurity in 

.;·the ~gnesiuw.;~sa1t~iu$ett. By ·vaJ7ing the ~esium 
content ot the water, the manganese content woUl.d. 
vary propcrt1ona.ll~t and an estimate of the. manganese 
contributed. by th& reagents could be made as< f.ouows. 
' .· . . . . . ) 

let a. =: amount of manga,.ne,se contributed by the re~gents ·. 

Then.· 

b= .. u n J1 n ulOml(f.na.y 

at<?bk ·solution (see below) . 
= total. xnc:~:ng;mese foundt expressed as an . optiot:il 

density,· .on adding 10, 20 atld 30 U.U. .stock 
$Olu tion to 990• 980 and 970 ml-~Wa.ter-. 

.: '• .. ~ '' 

respeo.t1v•J.r• 



· A plot of "c '~ ·against •to '' . will, when. extra.po~ t.e.d to 
zerO . ;'"'~'tbU :t ,giVe the ValU$ O"f It a,tt in Optical density 

. '. 
units, 

.A stock solution of_rnagnesiu.m. and. calcium chlorides 
.~a·s 'made up' such that 20 ml contained the . same amount' 
of magnesium ~rid calcium .ions as ·are present ,in lOOO·mJ. 
·ae·a water .• ·.. (Calcium. was added as a certain amount of . 
ca.;lqlwn 1!s pre.sent .in the p.~ecipitate from :nor,mal eea 
water)• ~he ad".di tion. of 'lo, 20 and .30 ml stook solution 
to water which was .then mf!We :up to 1000 m.l, gave l. sample 
( 20 lnl.· added) of<ab~ut the same .conoent:r•ation ot magnesium 

. ' 

' '.and. calcium. as is p:t"eseat in sea: water, and the remaitli.ng 
.two samples contained t and :li times the concentration' " 

' l • .' 

in .sea water respeoti'V'ely .• · 15e.ch sample. was thell anal.N'sed 
.f.or manganese e.oco~dins to the proceau.re • 

. . A.plot of the results showed {Fig;.lO) that the . . . 

po:int:s· lay almost along a strai~t line:, and a straight 
·.line was f3.tted to .. th~ dat~ by. the least". squares. method .• 
. 1'lte regression. equation V:r'BS . . 

Y = optical density 
X = ml stock ·solution added 

The value of ·0:.025 ·was transformed to concentration 
·units and "baken as being an estimate of the reagent blank• 
It.is. of· interest to note th~t.the reagent grade salt 
·solu:ti·on ·contained 2• 0.4 pg · ma.nganese/ml:• 

. ' 

"The above treatment a.sswned that e. .linear re.la.t1onship _ 
was :involved, This ag~n implied that the ~reo:tpita·tton 
Of .magnesium and ~anese waa complete under vd4ely 
vaey.ixag condition.s of. salt conoerrtra·tion and ~pa, and tha·t 
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the, ·other ·major ion.s present in sea water did .not 
influence preci pi.tation. 

fhG <value obtained seems reasona'ble, however, 
. as the lowest ma~anese oov..oentration recorded a.t .anv 
time du.ril'!ll the expe;r>imentel. work wa.s .~.5 pg1 i,.e. 
equal~'·;to. the reae;ent blank determined above. It ls 
~1ke17 there:f'ctre that the. a.l;love .asaumpt:tona are valid 
an~ that the 'nl"easent blank" is· a gooa estimate ·.of 
the rn.anganese introduced by t~e reagents. 

On first appearances, .it could be agreed t~t 
the ·reagent blank might be/ attributed to species other . . . 

than perm.anga.nate~ such' dedu.o·tions .ere considered most 
\1 • ~·· t ~ 

doubtful as the final solutions were in all oase.a clear 
a,nd 11aa the ·charaoteristic permanganate color. 

" 
~e lowar sensitivity (see·2·4•5) of the method 

(0.027 p.g me:O.ganese/Gm2 compared to- tb.e ge.ne.rally 
aeoapted. val.ue~#.S) t>f 9•030 .PI5 ~anese cm2) was 
probtiblN'. due to . 

(i) Incomplete p~f3cip.ita.tion ·of mangan~se 
. f r ~ - . 

( i1) Incomplete o:stidation to permanga:nate . 

A ~ou.gh estimate o.f the relative influence of 
factors. ( i) and ( .11) :ma7 be made~ Xn th.is work; the 
fao:tor traneform.~ng optical- ·density to manganese 

·concentration. was o,Ol6 (2.·4ii3). For pure permansana.te 
:.: . . \ 

ion.at :nornta.l concentrations•· the factor, oaJ.cUlated 
on a similar ·basis; ~s 0'~018 optical density units per 

· ~ manganese (as perma.nganate) ·~ 

The efficiency ot the procedure may be 
a .. pereentage:t-~ 0.016 x 100 

-0.018 
·~ 88.9~ 

expressed as 
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86" Of the mangallese, present in solutions of 
apprO:ltima.t.el.J' the same concentrations as used here. 
is oxidis~d t:o :permanganate in 1 hour; and 91% is oxidized 

. ·i:n 2 hOi .. trs~ (75 )Interpolation ·of the p~rcentage · o~idised 
.tn .li hours g.ave ·a value .of 89~. 

_ · This value is iden:tieal to the eff.i·e~.ency of the 
procedtu.•e aa expressed above,. and· 1 t .appea;rs tha't 
incomplete oxidation is responsible for the decrease 
ot se.nsitivity., and that th.e coprecipi.tatio:n of 
mangan~se. 1s essentially quantitative. 

~e manganese method developed suffers from 'the 
fo;L,lO'WinG disadvantages. 

. ( 1) It \'Vas tedious and slow, ·(A maximum of six sampl.es 
cou.ld be determined in a two ·day period)~ 

(ii) Large samples <.~t· .1000 ml} we~e necessary-, and 
determination of replicate samples was limi.ted 
·br the · large .qu.an ti ties of sample needed • 

3,2 P..t..§tribiltioil. ·of copper~.)tl"Ol\ and m.apsan~se 

A scheme of processes which may control the 
ooncen·trri11ion of .trace metal..s iu the sea has recently 
been published. (7S) A brief· description of these 
processes follows. 

Elements are euppli~d . to the sea by -

' ' 

(i) s~tream. supply ,... Rivera eto" add metals i:n 
particulate, colloidal and 

. soluble forms to the sea. 
mhis material then mixes aud 

· . disperses. 
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f ·=A/~ 
di: 

sB. 

T = residence time· (years) 
A = T otaJ. amount of .an eleme.n t 

.in suspension or solution 
:~n the ocean 

dA/dt =·AmoUl'lt of an element introduced 
into the ocean par year. 

!rhe develcpme:nt of such an equation involves the following 
,. 

(a) ,The .chemical. oomposi 't1on of. the ocean is in a steady 
. ste;te ;ot · equilibrium. 

(b.) Th.e·amount of material introduced per. unit time is 
exactly balanced by an equ:a.l deposition Qt sediment. 

(a) Complete ~x1ng occurs in the oeean in times which. 
are short compared to residenoe_times. 

Despite these $E:SUmptions, the residence ·time i~ a · 
ve.lu~ble :a:ta to the u.nderstanditlg of the general distribu­
-tion of the elements. . Some va~ues< 3'5) t;lf T in years are -!o> 

sodium 2 .·6 x 108 

Copper 6.5 i 104 
Silicon .· 1.0 ·x .104 
Manganese 7 .x l.Ol 
·Iron 1.4 x 102 

Sodium has an extreme13' long re.si:d.ence time and i.s 
well-mi.xad througl1ou.t the oce.ans... Copper has a. relatively· 
long residence time for a trace metal• e.nd ~ou.ld be 
r(:;a,sonably evenly distributed 'tlrroughout the sea. Silicon 
entel"S the sea ma.inly as. suape.rided clay minerals .and · 
these rapidly. set~le out. I~!anaga.nese and iront however• , 
have re~iclence time a which are short compared ·to the time 
of mixing, and an irregular distr.ibution of tb.eee metals 
i.s. to be expected.. These metals are rapidly deposited . 
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.from sea. water and p.robably p.reva.il as soli'd phases 
throughout their pas~age through the h;ydrospher~:) . 

~e assumptions involved in oalcuJ.ati.ng "T" are 
only·· vaJ.id when applied to the oceans as a whole and dO 
not apply .in near-Shore waters wher.e internal. modification 

Water masses in the ocean are 1-der:ttified bY. their 
··· ... ·characteristic temperai;u.re a.nd. sal.in1ty valUEH.:Jt(2l)whi-ch 

_remain fairly con-stant for a given vuaterjnass •. Within 
such a mass, the salinity is an excellent indicator · 
·Of ·mixing processes( 23) a.ttd for a trace metal of moderately 
long residence tiine,,. the oono~ntration of metal within 
a. water mass a.ltould vary .proportionally with salin1i1zy'. 

r.•.· Salinity var1s)tions. in water masses are small, ind.icat.ing 
i .• 

a, well.;,.mi~ed sts.te, _and· eo the trace ·metal eontent . . . 
ot a. wat·er mess may ·be~ ex.:peoted to be .relatively constant. 
Mixing in the ocean oo~urs in both vertical and· horizon<t;al 
directi031a arid is most marked in the (always) tUrbulent 
flow ~f' oc~a.n oul,rants, { 23) 

In :ne.ar-shore environm.4?nt_a, mod.erate to strong ocean 
currents are· usu.ally present9 and .under tb.ese conditions, 
an element of .limited stabi.J...ity ( 1. e. short residence 
.' ,-"· ,f - ' 

· ·ti:me) may be rapidly mxed within :a current and so 
appear to .be ehat'S.Oteristic of that current.~!! 

·The al:'aa studied (Fig~ G) con.tained. areas of upwelling 
(stations 26,_27) arid of strong· ocean ourretl:ts (station 
22)., Continental shelf a.nd elope areas (stations 21,; 23, 
241 25, .30) and daez, sea . anvirontnent,a (stations l to lrO) 

- . ~ ~ l· .~ 2 
were· al.ao sampled. 

.• 
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·As mentioned. earlier (1 .• 2) the forttts of· metal present 
in the· aea. are a.rb1 trarily divided into ''pa:rtioulatefl 
(those held-by a millipore filter of o.~J;5 p. pores) and 
"soluble'* meta.l.(sol~ble metal includes all £on1c, 
col1oidal. and oomplexed forms). tiParticulate metals" 
consist of all :forms of suspended. material such as 

· organic matter.. fine clqs etc. whicb: contain traces 
of metals. 

. . 
Copj!r ie added to the · ocean largely as cupric 

ions.<69' These are ~amoved by sorption on hydrolysate .. 
sediments and on oxida.tes such a.s ma.Bgan&se n.odule$,.(69) 

. . 
. Itt S(Ja water •. m· c:u.pr~s ions are rapidly oxidised 

to the cupric form( 69 • S1lle.n(SO)has used equillbrium 
constants in vario11s oombinatiOllS in an. attempt to desc:t"ibe 

the ion.tc a.nd solid. phase forms o_f copper 1tl. the sea. 
He concludes that the moat likely .forms of 1onio copper 
are Ou 1-+and Cu.OH+ .in approximatel.y' equal quantities·. 
fhe m:a.it1 solid phase Will probably be att2(o:a)30l' with 
appr.eoiabl·e ~ounts of (h.t4 ( OR)S04. Tllese calculations 
a.ssu$ equilibrium condition~ f:md "infini·te dilution!; .• 

. Act1vi'l;Jr ooefficiettts of .the ions in the sea a,re not 
well lmown. Most ot the data used were for reactiotte 
at 25°0, Wl1e~eas the. mean temperature Of th$ Ooeana( 23) 

ie ,3.8°c. Tb,e ·calculati~e can thus a't best only 
estimate the· .fortns pr~sen.t ill the ocean,. 

Goldberg and AwhEn:itus< 35) state that abo~t 10% 

of tb~ eoppe:r in the. sea ~s present in an ion-pair 
complex With sulphate :ton (Ou S04). Of the remaining 
non-sulphate aSSOCiated forms, Over 9Q% WOUl·d be present 
as hy-drated oupric ions ·or ·CuCl. + • togetlter with. minor 
a~OUllts ot OuCl,2,,. OuOlj tmd ·OuQl4. 
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_ Normal sea. water is UAd,er-sa.tuX'a.ted wi:th :r-espect 
to copper, -.,.~ the basis of calcuJ.ations<~7)u.sing th~ 
solubil1-tu product· of cu2(.()H>:

3
al. so lfttle cop,per may 

be ex.pected as th.is sQlid phase.· .Cationic forms of · 
copi?er thus-proba.'bly prevail. in.the_ooea.n, 

. . . 

Copper ions are,, howe\f'er, stronglr .absorbed by 

-.manganese and iron ox1dea• suspended minerals and. 
especiaily by orgal11c-utter•<3?)Most ot the particul.ate 

. COpper. vdll proba.blJ be. B-SSOCiat~d Wi:. 1;)1 these ms:terials. 

Iron ~s added to 'th$ ocean rnaitll.N' as ·c_olloide.l· _ · 
forms of brdre.ted fenic oxide _·together with e. .little 

· ·f'el'r~ous ion, :which at the pii ot sea water immedia:tel.1 -
-OXidises @d initially fOrms Q ~olloidal su.ape-nsiQJ); of 
terric oxide. ( 69) · · · · · ·_. - :· - · 

' .. ' 

4-t the ·pH of sea wtate:r .. t the eonoentrat1ons Qf i~onic 
"r- (.F·e-++ 'r.l",,;l'm'+ ~e· +++) ·1·"" true· ··o·l""'tto· · ""' e-- il .. i ..... r-·1 .--"" V'U. · . f ~,_.u.q, f· oW . • .. U S ·. · ·"-".. n S.·lt q'\1 · U 'um. 

. are ext;remely .low· (less than ·icl"'7. }lB/1) and eyen under· 
con.d.i t:tons fa.r from equilibrium it is unli.kel.J' that . 
detecifable amounts ot ion_ic iroil e.re present.{ So) 'l!he 
soluble iron found after mi~rof'iltra.t-ion prob~bl.y . _ .. 
con.sists of stable organic complexes . or unohare;ed speoi~s 
such as Fe ( OH) 3 and ~ol:vme~s of this Vl>~ .< 80) F:Luorid~, 
chlor.ide and sulphate comp~exing ·of ferric iron aannot · 

· ·compete with hydroxide oomple~ing at the concentrations 
f.. "" . ., ""h (SO) . · · • ounu. .:Lu. u .. · e sea.. · . . · . . . . 

· Most .of the iron ·in th' sea · i.s aoc.orditlgl; in a 
C'Olloidal or part.icula:te ·forzrt. The colloida.l forms are 
probably stabil~zed by the presence ·-of orgatlic compounds. 
The npartieul.ate•• iron is- pro'bab4r present .in suapensiotts 
ot minerals (-elays) or ma'}f be. organice.ll7 bo'!Jnd 'in :plaDtt-ton. 
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Manganese reaches the ocean as oolloid.al quadriv:eient 
oxides ~d ·in the bivalent tom., which lj.ke iron, is 
converted to the ·colloidal oxid.e at the pH ot the · 

·,ocean. ( 69) An important dif.ferenoe · be1;ween. iroh ·and 

manga:n.~u:Je is that manganous ions· are . apparently more 
ata.b1e itt the .sea than terrous ions. ( 35 J 

Sill en (So) has calculated that the most likely- · 
. . 

ionic species of manganese in the sea are manganous 
ion and pennaltgana.te iqn, but both would ~ be present · 
at concentra:tions of S• ·lo•9 }tg/1. _sillen considers . 
·it urtlLk&lJ that these ions. could exist tor long in the 
sea and proposed that uncharged hydroxy t.lomplexes 
( lYJn( OH) l' Mn( OH) 4) :E:U'ld. organic com:plexe s . were .responsible 

.· for the conoent:rat~ons of 1'soluble 11 manganese in the sea • . . 
Howover• Goldberg a:n.d Arrheniu.s(J5.) consider that the 

· · .. ma.z1ga.nase is mainlr present as manganous ion inaaua:to-
or ch.loro .... oomplexes and tha:t· 85% of. the manganese was 
·present :lh true solution. Thei,;r view .and that ot Sill.en 
may be ;reconciled as the .former authors sugge.st that 
thermodynamically unstable· species. such ·as manganous · 
ion, can exist,, a,s there are ·:few active surfaces in the 
ocean. on which .the reaction ma:y proceed to equ~librium. 

l"t thtts appear.s that t.nanganese ia ·present in ·both 
soluble and pa.ri1culate forms with the soluble species 
beifl« m.ore a.bu:nda.nt. 

conclusions as to the nature ot the organic aomplexes 
of C·opper, iron and nusmga:ne.se . cannot be made :at . th:le stage 
as too little is known about the organi·c compotinds in the 

. s&th( 80) .· , 



·,~·.,. 

. ' . -

. . 

. 3 .• 2. 2 Gene~aJ.. o~~anogra.J?hic bac~omad·. 

!t:he ... area.:investigated (Fig.· 6) 1~• oceanographioaily 
-spealdi.'1Bt veri inte.resting and was described some years 

ago by Ol~wes. ~l6 ) Ocea.no~e.phic data w&r~ <HJll~c~~d at 
the . satn$ time. as ·samples tor trace me"'tals we~& taken. 
~ese. more reoent · .da.ta. were now· used :to a~ scribe the 
general.. ocettnography of the area in brief' • -, (Use was 

. ·tnede at the gene.raf .prinotples· .of ·pbysi~al' ooeanogra.pbN' 
. as described in standard text books, "such. ·aa. ··that by . 
De:fant ( 23) ) · .. . · · · · · , ·.' . · . · · · · · · . . ' . ' 

. fhe .~rm· (above lg~o), .strong Agu.lha.~_our-~ent, · ·· 
o~ine;ting "in ·Indian •. Ooean ... Trop:tea.l· Wa.ter+·(65~)_flOws 
alo%)€ the . ed.ge · o.f· the· Agulhas l3anit to abotit · 20°E. · 
ftle curren1ftherr -etivta-es tnto ·th~ee streams. · fio'st ot 
the wa:ter turns back and \return~ to" . the ·east,· but e. 

.large ~t contj,nue~ ·on into the~ ·s~.~ A tlant~c ·.until 
it meets the ·w~st.··Wind Dritt.··" fh~ remai~d$r. of the·· 
current turns to . the· nor.th~vle.st .. 6Jld "Utoves generall,-_ _., · 

.. .. • - l ,,. - • • ~ 

northwa:rds past Cape Point- . The area :of m1ung·. 
between. . th~ ,;,a·at Wind. ·:o~ift a.ttd ,the· A~as current 

. is mark$d l,);y 're.st .ocealU.c t:Hldi&if and Varie.bl.e. currents •. 

· . · · To· the~ .south;· near. 44 °5, 'a ·sud de~. ·de.cre~s~· of·· · 
temperature oco-&z.s ·at ·the SU.btr~o.pieal· .convergence• where· · 
cool (c • .15°0) Subtropical Water·mee'ts ·eold"(less than . ..... ' ... ' 

l2°C) Subantarctic' Water·. ·: · · . ·· : : 
' --~· 

··I' ' 

. . . JU.~:ng the· we·st· .coast of· s • .Af.riea, ·.from Cap$ Point 
northwt:it>aa, the ph~nom~non ~of upweilt~ oad~lh . nur1ng 

' . . 
summer. the prevailing southerly to sou~-easterly wind$ 
produce aourrent.~ith .e.n offshore-moving component of 
llioticn. · As water is tra.ruaported ~way·from th~ oQaet, ooici 

• .., .j)' ' 

.. , 
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FIGURE I 3 

SURFACE TEMPERATURE("C) AND CURREN.TS lN THE S.E.ATLANTIC DURING A~ll 1961.. 
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·deeper ~ra:t~·r upwells to ta~e its place. Thi·s water·. 
contains plankton nutrd.en:ts (phosphate and lli~ate) 

· and sU.p;p()rts -large que.ntit1e.e ot plankton when ~. t ~ees 
·· in.to the photos1tlthetic zone... (The above tlese:ription 
•Of u.pwe.llln, is extremely simplified . - a full treatment 
·1s givert or D(;)fant.'·23>) . . · :~· . · 

Sta.tion·a 1 to 20 .(Fig. 6} were visited dttriAg a 
dee,p-se$ :research cruise in April 1964. This cruise 
was i.n:tettded to investigate the oo~ple:x ar.ea. of interaction 
of the AgUlhas current and tl'u~l, West. Wind Drift, and .ad~ 
vant~e was taken of the opportunity to oo~leot dee-p-s&a 
sa.mpl$s for o.opper determination~ {Pr.oc.edur.es for 
iron and manganese determination had not been suf.f~aiently 
·developed at that stage)- ~e water masse.s P:t'EH3e:nt 
·at ea~h ot stat.ion l to .20 ( determin_ed by T/S el'lalysisf2l) 
were .. -tabulated in Table 12, and the surfaoa cu,prents 

:·and· temperatures were ·shovm in Fig. 13. 
. . ' 

' 
1!a.ble ~.2c Water masses present e.t deeP-sea stations 1 to 20 

Stati<m . Water mass · 
. J. 1Lgulhas Water mixed with subtropio~a.l Water . 

. . .2 Subtropical Water· :r.nixed with decreasing amounts 
- · of Ag-~lhas Water . 

3 SU:btropi.oal. Water mixed with decreasing amounts 
·Of A6UJ.ha.s Water 

, 4 Subtropical Water present in the west Wind Drift· 
5 T.ransition .zone between subtropical and SUbant-

arctic Water 
6 Transition z·one between subtr?P~ca.l and SUbant• 

arctic \Vater 
7 Subantarctic· Water, south of the Su.ptropioal Oon-

V€:rganae 
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' f,: 

.Station · Wate:r.· mass 

S · SU.bantaretic \'Vater, south of the subtropical 
··convergence• 

9· \Mixed· Subantar~tic. and. Agulhas Water 

10 
ll. . Me.inl7 Agulhas Water inixed with some SUbtropical 

.l.. 2:: .. . ., . 

·ll 
14 

.·'15 

17 
'18 

19 
20'· 

Water ·· 

AgUlhas· Vlater 'trapped .in an anti~c;olonie eddy 

· .. AgUlha.e · Wate%" t·rapped in an antiorolonic eddy 
SUbtropical. Water present :in the West Wtnd Drift 
tJnoerta.in -

' ' 

ASUlhas Water trapped in a.n antieyclonio·eddy 
. (as· ~tations 12 and 13) ••· 

Agulhas We.ter 
·,. 

Agu:ltias.Water 
· Sttrong flow of Agulh~ul Water 
. subtrgpical Water mixed with some Agulhas Water. 

- . ' 

-Oopper·samples were oollected at stations 21-to 28 
dur.i~g ~ eru.ise .·in .July l9ES4 •. · 

Ocea.nographicoonditions were as .follows. Station 22 
.lay in the centre. Of·. a strong flow. ·of Agulhas current water 

· ( eee Fig.~ 16) • · )?art. of ·this . current moved to .the .north• . 
west· past atatim'!-s 24 and 2.5 ·and . then moved cl·ose inshore 
past .·station ·27 off Ca.pe Point.. Li ttl.e: upwelling was 
observed (Fig. 15). 

Durins December .1964·, stations -26 to 31 were visitf)d 
and samples' collected .tor determination of copper., iron 

' c ' . . . w 

and manga.11:ese. · Ooea.nogr.aphie conditioJl,s were no~ quite 
dif.feretlt from those 11'!. ·Jtily. Strong upwelling (Fig. 15) 
took place near. Cape Po~nt and. in False Bay.. The ou.rrents 
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FIGURE It, 

CONCENTRATION OF COPPER AT EACH OF STATIONS 1 TO 20 PLOTTED AGAINST LATITUDE 

(LARGE POINTS, WITH STATION NUMBERS NEXT TO THEM, ARE MEAN VALUES) 
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are ahown 1!). Fig. 16. Water from. the offshore s. Atlantic 
flows in a north-easterly direction between stations 29 
e.nd 31 and then moves round to the north. Stations 28t 
29 and 31 lay in this water. A cyclonic ed.dy( 23)causes 
upwelling just to the south of station 30. 

.•. . 

3.2.3 Copper .• 

As man:r more samples were taken for oopper determination 
than were obtained for iron and manganese, an attempt was . 
made to l.ink copper oo~centration with oceanographic 
conditions. 

The results for the April 1964 cru.iae {stations 1 to· 
20) (Table 4) were plo·tted against latitude (Fig. 14). 
:Both individual results a.nd mean values (large d.ots) 
were :plo·tted.. The resul ta showed a iarge scatter between 
·replicate sam:ple.a taken fz·om the same 1200 ml. sample . 
of sea. water. This was cone:;idered to be du.e to the 
presence of dead or living plankto.n in the· sample, thus 
ronder.ing :f.t inhom~gen.eoua. The plankton wouJ.d later 
release bound copper to the water during storage 
or determination of the sample, and differant quantities 
of plankton might be present in two 400 ml samples taken 
from the same watsr sample. Figure 14 (above) showed 
little relationship between copper concentration and 
la.ti.tude. 

Many variables (ocean currents, upwelling processes 
and organio activity, all of whi.oh are diff'icu.J..t to 
determine with o.ccuraosr) may affect the concentration of 
cop:per (and th.e oth.er metals) in sea. water. As o~ 38 
samples were available from the deep-sea area. (in which 
copper concentration was not expected to be homogeneous) 
normal statistical procedures were not app~icable. 
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FIGURE IIi 

TEMPERATURE PROFilES THROUGH STAT! ONS 2 6, 27, 26, 29, 30 and 31 
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A :further ·difficulty in interpretation.arose £rom the 
inholltog~neit.v among replicates mentioned above •. A 

.labora.tory·measurement of the precision of the teebniqua 
· .a.J?parently had .little ~caning when ocean aampl.es v1ere 
· determined. 

fhe mean of a.ll 38 determinations was 9._3 ··}l& coppez·/1 • 
. O:f these de termina tiona oJlla. 5 had cone en tra t1ons srea ter 

. than 14 -pg copper/l.. The frequency distribution of all 38 
· 4eternlina. tiona \vas drawn (Fig. 20). This appears to be 

bimodal, with the modes Jying at ·about 4 and .10 Jl8 copper/1. 

Comparison :with water masses ean only be made on a vera 
general basis, __ as the ·spread of the ·data was large. 

Sampl:es from Subantarctic Water ·(stations 7 1 8) indicated 
that thi.a water mass had a. mean copper ~content of 11.5 

f \1 
~1. All ~amples :from Agulhas water ·(stations 1•~'12, 13, 
16, 17 • 16, ·1.9) with the exception of that .from station 19, 
had· mean values o:f' lese than. 9. 5 ··pg · copper/l. High mean. 
values of copper concentration were foWJ.d at otati.ons 3 1 -5, 
6 and' 19. (nte. a:ingle high value of 20 .. 1 ps/1 :found at 

- · st~tion 19 .ma,r perhaps lre due to contaminatiQn of a sample). 
_The Weet \"lind :Drift Wa 1a;;.r (stations 4 t 14) seemed to bave 

·· .mean valu.ea ranging .from_ 8 to 9 ps:/copper:/1. 

It a.p,1~a.red that Agul.ha.s Water was aasocl.ated vli'th a 
low copper concentration1 · the Vleot·Wind Dri:ft with moderate 
coneentrationa while the Subantarctic Water bad a. moderatel.y 
high copper content. The .high concentrations at stations 
5 'M<i: 6 were no doubt aaaoeiated with t:be upwe1J.lng of deep 
water in clc~onic eddi.es:t which were u.aual.ly ·present .ju.st 
to the. n.ortb ·of the Subtropical Convergence. (ti5b) The mean 

value at sta·t'ion 3 appeared. exceptional.q high., and the. 
• <>... 

ooea.nogra}lhic ·Oond1ti0lls g'i_.ve no explanation of tllia 
pheno:men.on. 
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The Tropica~·water origin of the AgulhaS Water(65a) 
givea a.n ex:pl.anation f<>r the low copper content. In the 
equator.ia.l regions, nutrients .and tmce metala are taken 

68 .• 

·np by the plankton, which then die and ~ink to deeper levels. 
'!J!be strong _thermocline (tampara·ture gractient) in these 
regions prevents vertical mixing and upwelling sel.dom 
occurs. (23) A net loss of trnc~ metals thUS ~takes pJ.aee, and 
the· surface water becomes depleted. 

·. It :ia of interest ·to note: that the warm Kuroshio current• 
in the N,orth Pacific Ocean, has a very low con.oentration(5S) , 
of copper (o.s-o .• 7 ~/1) in .1tfi surface lrqers. ThiS 
ou.rrent,. like the AgulhaS current, bas i-ts source in · 

· tropical ·waters• ·Between the Kuroshio current and the coact 
ot Japan, concentrations o:f copper .increase rn_pidlY, and 

~ ' . 

maximum ~aluma of )00 pg/1 were found close inehorea with 
very high cone,en'trati.ons {1.500 pol) in shelterod(5 )b~s. 
Lai:td a.z:ainage was most probably responsible for the hi.gh 
inshore· values. 

· · ~ Subantarcti~ Water ll.la.7 derive its higher copper· 
content .from water o:f Antarctic or.igi:n, which is rich in· 
trace mri~ls due to glaciation (see above) ;processes. (7S) 

·J.Turther determinations ·o:f the ,copper content of water 
farther south w<>uld bo required to aubs:tantia.te thiS 
.bypothesith 

Little ct:m. be said about the west Wind Drift and Sub­
tropical. Water copper conten.t. 

· Du;ring the July 1964 cx·ldse, sqples of Agulhas Water 
were again col.lected at etatiQns 22, 24 and 25. 'lhe mean 
copper oon~cntration at these stations was 2~5 pg/l·the 
lowest value (2.2 pg/1) being :found in the _Aguihas ev.rrent 
itself• (Fig;. 16, station 22). . 
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FIGURE 16 

INSHORE CURRENTS DURING JULY AND 
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Samples of sea water b·~ stations 21 and 23 differed 

appr.eeia.bly in copper content although. both stations 
'apparently lay 111 tbe same water .ma.:ee. The lower value 
:round at station 2J indicated the. presence of some Agulbaa 

Water t but this was not evident .from current clk"lrrts (Fig.. 16} • ' 
S~plcs -from .station 26 in Falce ~1 ~a moderate concen­
tra;tion of copper {ll }18/l.) • ~empera ture profiles showed 
litt1e evidence of up'!elling (Fi.g •. 15). Station 27 lay in 
water o'f rather low· copper content (6 p.s/1) .for inshore 
water1 snd this ·was proba.b~ .due to the presence o:f .a current 
ot Agulhas Water, and to the tact . that 11 ttle upwelling had, 

taken place (Fig. 1.5). · -

At station 28, a series -of sample.e was obtained fro.m 
four depthS (20, 400., 720 an.d 1160m).. De~ths were ·measured 
by the use .·of oc.eanog.raphie r.everS1Jlg thermometers. ( 2 3 

) 

The variation of c.opper ~content w-ith depth was plotted 

{Fig. i7). !he graph showed tl:ult the copper content was 

f~rly high (15-16 }t&/1) 1n the upper 400 m, then decreased 
_with depth to about a Jltl/1 at 1200 m, 

The water masses present were iO.~entified and the 
. approximate boundaries marked on the graph (as oceanographic -
conditions change gra.dua.l.lN· on _paesing from one water mass 
to anothe-r, tbe boundaries are not cl.early def.ined and 
extend over some tens o:f' meters).·(23l ,The Antarctic Inter­

mediate Water appeared to have a .lower copper content thq,. 

the other \"'a tar ·masses. 

~ho Central Water orig~tes from sinking of surface 
water, in the ,area just .north of the Subtropical. Convergence 
and this water ·mass then m~ves northwards at about 500 m to 
upwell on the west coast of s. Africa. (65b) nte concentra­
tion of ~copper in O·entral Water· off Cape Point (station 28) 
was 15-17 pg/l.. !.rhe copper content at the source of this 
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water mass; (stations 5 az1d 6) 'is in the range 13 to 16 
~/1 and this agrees well with the V'alues measured at 
station 28. 

Sampl·es were taken at stations 26 to 31 during Dece~ber 
1964. Strong upwell.ing of deeper water was D;OW evident 
(Fig. ·15) .a.t stations .26 and 27, and the copper content was 

~gh (15-17 }lg/1).. The seasonal. varia~ion o:f copper at 

these two stations .is shown in Table 13t and the marked 
increa,se in ·COpper content in summer., brought about by . 

. upwelling, was Vf#ry noticeable • 

. In the Eng.lish Channel, the c·oncentration(4)of copper 

is at a maximum in .winter (25 ftg/1.) and .a minimum in 
autumn (1-2 p.g/J,.). !rhe maximum concen.tra.tion is most 
probab]J ·brought about by land dra.i~ge,. Land drainage.· 

causes a maximum concentration of. copper of S.• 2 ~/1 .in 
San ,ruan Channel. (near Seattle, u.s.A.) during summer. 05b) 
In the latter area, (a shallOvl (100 m) near"':"shore channel) 
the distribution is complicated by t~e presence of sulphide 
zones, {l5b)which m::q precipitate much o:f' the copper. · 

~ta.tion 

26 
·27 

Seasonal variations of copper concent:ca­
tion 

·Seascrn Winter (JU;ly) Summer .(~i~ember) 
M co:ore.r/J.. 'Wl: cODPer l 

ll 17 
6 15 

The current diagram (Fig! 16) showed a flow of water 
.from the .of.fshore s. Atlantic moving to the north-eaet 
p.a.st stations 28, ~9 and 31 •. · The copper content of this 
water mass was about 9-1.5 p.g/1. 'The high ve.J.ue of 16 
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p.g/l. found at station lO wu most probably caused b.J 
upwelling of deep water .in ~he cyeloni.c ed~ csouth of 
statio.n JO. 

71. 

Very low (o-·5 p.g eopper/1) -and quite constant con<:e:n-
1tra.tiona of copper were foun.d in Sea P.oin-t ·surf sam~les. - _ 
~l1ie ·was unexpected as_ land dl"a~e was expected to increase 

· -""t-" "'0 ··c -- ~t·i- ·s ~ ... o\o. '~ ( 78) ,.,..S ... ~t1 - f -oe --. '"" •1..· · -.....,.._a.~.- "" n- enw.-u. -- on ... _....-uo .... ..,. - - ~o ... .r on: o ... ons o ..... -ba.e · 

large- quanti ties of -organic matter and .suspended minerals 

(cl.q a:nd sand) present maa pe~haps remove these ions .from 

solut~on. 

3-~2.4 Iron • .. 

Sea water samples for iron. determination were eo.ll.e-cted 
at stati.ons 26'; 27, 29 an,d ll ·during December ~964. The 

-inshore upwel.led water contained 1.0 ·to -13 )18 iron/1 and was _ 
higher in iroa content tbatl water further 'o.:ffshore (0 •. 4 
to 9 p.g/l.). The lo~est eonc:en:tratioa wa.S :found 111 th~­
cu.rrent of offshore watel" ·(Fig. 16] at station l.l, indicati-ng 
that deep...;sea water .haS fl. •ers +ow iron ·content., 

Samples taken from ·the :s~t zone at Sea Point were l.ow 
,in iron concentration (4-:5. pog/1)·, -again., _like copper • 
.JrobablN' · du~ to esorpti.on of iron on suspended mtl'tter. . -/1. 
singJ.e eampl.e coJ:lected a.t'ter a period of hea'¥3' rain. had .a 
concentration of 1.4 }18 _iron/1. It appears tba.t the iron 
content .in the surf 0otie can .fluctuate appreciably 1 depend-
1ng 'Oil the looal. drainage into • the sea. B'anga.:nese llke~se 
i.ncreased .in the surf zone after rain, but copper was ·not 
affeete:d• 

).2.5. Mangariese. 

Samples of eea water were cqll.·ectea. at stations 27, 26 
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end JO .tor determination o.f manganea.e in; December ~964. 
For com~ison, two oonsecu.tive samples were taken from 20 .tn 

depth at. sjiati.on 27. The concentra..t1on or manganes_e showed 

_1i tt'le variation. but was .higher off :<Jape Point (station 27) 
than in Fal,·se llay- (station :26).. ~he concentra·tion o'Z 
mangan<ase · in the t~atet- at e.ta t1on )0 mrq be influeneed P7 
the upwelli'ng .in the nearby .eddy_, and. was not conside~(!d . _ 
representative of r6ffshore water • 

. ; . ·Surf zon~ ~E+lJple~ 'Were moderateq low in concentration 
·and :iner;ease,d after·a period of heaVJ' rain by a factor o:r 

a.'bout two. 

As t'"here are no le.r.ge river mouths' 1.n the area studied, 
addition o'£· traces ·ot metals by ~and· drainage a_ppears to 
be ·.negl.igibly ·small, and the concentrations of ~ee cop:pe.r 
were actually higher -.in stll7lttler ·than in winter• w~~n grea.t~r 
drainage oecus-. ;!fhe trace metal ·concentration in $'l;tis area 
studied thus appears to be controlled al.most excl.usiveq b7 
oceanographic processes of upwelling and surface ; :currents, 
but may be modified by o~ganic proces .. ses inshor-e~ 

J .• J.1 ·. Background •. 

fhe n.wnber of sea wa-ter samples which ·may b-e collcec ted 
and stored in a ·rrozen state''• is aeverela l.1mi.ted -by the 

: - . . . 

:refrigeration space requ.i.red ·aboard ship• file ·sam;pl.es 
cannot. be sto~ed in the ord1naey •col'd roomstt' as these 
do not have a .low eltoUgh tel1lpera tu,r,e' to f'ree!:e the :samples 

' so11d• and .special arra.11gements were necessa%7 aboard ship 
to.keep samp:les frozen. 

: ; \ 

.Another technique fo.r pre.serving ions fo:r :subsequent 
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de'termi.nati.on i.e tb.at of sorbing the .ions on to ion 
~xchaage resin~ This teehni.que has been· appU·ed to Jw­
<lrologi·aal field sampllng,(2 )ua1ng cation exchan8,ers. Anion 

. excbB.nge resins ~ve been :used· to coll.ect chl.o:ro-complez;es 
. . ;,"2. . ' .. 

of metals sueh as uran:1wn, .e;old1 ~inc., cadmlwn., iron .. copper · 
end :manganese after .add1 tio:n ot hydrochl.oric acid to sea . 
wa;ter ·S~pl~S • (l,lt 22) Large quanti ties· ot acid are required 

·and the proeEuiure does not ~.end its~lf' .readiq to routine 
wie.at.sea. 

\' ·--;. 

Catian·e:x:cna.nBers have apparently not been applied to 
the extraction of tra.Ce metals from sea water,. Sea water 
contains an .avel"age of about ·72 meq io:ns/1., (Table l) ex­
cluding sodium ions. Use. o.f. ~. reain in. the. sodium .form 

• ' ... . • •. . • • .• f • .. 'f 

e~c'l.wies sodium~ lt was ;dec:ided to attempt to extract trace 
metal~ .frOm sea water o.n .a sodium fo:rm cation· exchange :resin". 

. . . 

tl.3,.2 nevel~opment··o:f the method • 

. 1!he. choice o:f a su.~table res.in was governed by the 
.reqf!.iremen ts. o-t '"' "l 

·(i.) .. liigh a.ff.iniv f'or ·ct?pper~ iron and ·manganese 

. (ii) High ex:eillange C!l.PMity •· · to .ens\lre a compact column 
si~e · · 

{iii) Ease. ,of regenera·tion. 

· One the basis of these-:requirementst 0. cm:boxal.ie acid 
active group ~pe of cati~n exchanger was o'hosen. 'This 
r~sin (Amber.lite ,IRC ,50) nas· a .marke~ affiru.ty for coppeJ;-9 (

27) 
and· the tmllSual. ~bi.l.it;, . .for a ·cation. ·excha.ngexo,, to sel.ect 
CO.PIJ~ .iil pr.e:fere~e to cal-c1QID .• <48) ~.s .ef~eet is ,probabl.J' .. 

caused .by the nature of ·the. active group which readil.N' . . l4.S.· 
forms covalent bondS su.oh at! occt&.r ill the b;ydrogen form resili ) 
Copper has. a great[ abil.i tJ . ~0 ,form cCOValent bondS .than · .. 
calcium, and thus .is held Jno:r.e stronglJ b7. the a~tive .group. 
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Other divalent ions are also readily taken up b7 the reJi1n ( 48) 
and it was expected that .iron and manganese ·ions, J.f 
present as divalent ionic species,. wouJ.d be taken U.I> by 

the resin. A f'u:rtl1er a.dvanvage o£ this resin tor use · 
in SGQ wat,er iS that the eX-Changeable :SOditUa ions are mere 

·readily -re~aced than tholile-boutid ·to. the aulphomc: acid 
- type o:f cation exchanger (,sodiwn fo~.). (48) · · - · 

!he: -carboqlic acid resins· have 'n~$t,rai1eatioa curves · 
'wbich -c:tosely resemble ·thos:e of_ l.ow molecular weight -
carboqlic aci.da, and; --by analog • 1;his i:a tak~ to tr.uli"""' ' 
-cate tha_t the a-ctive group ~s- .incompletely diseociatid. f48) 
:Below pH 3•51 the .resins eXi:a.t almost Ell1tirely in the 

- . l'q'drogen .form and- do--not uadergo exo~e reactions. (5.) 

The exchange -capacity increases markedly with pR as ·the 
.active group becomes_ more higbJ.¥ diSsociated. ·At pHithe 

,.exehauge_ capac·itJ ,is ~bou.t 10 meq/g -dra ;reain1 .i.e. more . _· 
that dot.1ble that of a sul.phonic acid type of exchanger 
such as Amberlite IIti20 (4 .meg/g capacity).(4S) Sea water 

~ - - . . . 

behaves a.s L well-buffered, allghtq alkaline aolu1;ion ot. -
pl!: 7 to 8 .• 5. (23) · (VS:lues below ·pH 7.8 are· sel..dom_ -:tou.nd. in. 

the upper ~ers of' s-ea -water). - Within this pH .range, 
- -

t).e ,ca:xoboq.lic ·aci.d ion . excha.!lgers exert nearq · -al.l their 
high exchang:e · capac·:Lty •. 

- . 
fhe verg high affini v of the resin f-or .hydrogen ions, 

as compared to the su:tphonic· acid r-es.inS• ensures fapi.d and 
complet-e regeneration.. On addition of the equ.ivalent . _ 
quantity of 'mineral ae::Ld; al1 sorbed metal. ions -;uoe rel.ea.s~i~l 
~s the 'ions collected from a -1arge qwm.tii;J' of see. water 

are e:tu.ted- 'by a small volume of acid• ta.vourabl.e concentra­
tion :factors may be achieved., 

&, 

7$/ ••• 
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Tb.e·order ot affinity: of the resin for. metal.s ·Such ;S.S 

copper• J.ron. and .. ~se-~, .. be .anticipated on theoretical. __ 
ground$. -

A e"tu.dl (l)of t~e t;tecond ioniz~tion potentie.l.s of divalent 
ion$ of .c;..ppJ;oltima.te]3 eqUal ~ize, bas shown tba~ the ef'feetiv:e 
binding .force of a cati·Otl ~ne:reases as the ~econd ion.1zati.on 

. potentiaL increases. · S~nc.e, ·the carboxylic_,~id. group 1• 
C!ipable ·of ,entering i1;1to ·sifrong cov~·e~t bon,<ls+ <_4i) it . 
may be e,xpected that the :Qrder of atf~nity wou.ld be .related 

to tb.e :e.f.f'ective bindi!lg force o.f the excharlginq; cations, 
and thi~ a.ga.in is related to the secomd ionisation potential •. 

loa .. 

·Cu2• 

1ti :2+ sze . 
mn2+_· 

.. 

Size 

0~70A 

o.74A 
01l80A. 

. . S~cond Ion~ze.t1on .Potential. 

20 • .3 volts 

i6~·2 . It 

15.6 i1 

·It ts ·apparent· tbat of -the ~h.;ree metals, copper shanld .have 
'the sreatest effective bitldi:ng for:ca. :follow~d by iron 
and ·nual'lganese, and acoordinsJ..7 • the theoreti.ca.l order of 
affinity ·shouJ.:d 'be· cu2+ > 1!~2•./ mn2+ 

. Pr~limi~ . experilne11ts were nex~ carried o~t to 
determine whether .copper., ·.iron and manga;neee were held by 

the .resin at tl;le l:eve1s of ;·Cone~ntrat1qa f.ound in sea 

water .• 
. . . 

. 'The flow rates ot 2 to 4' ml/min uSe'd for the prelimina.J.7 
l.nvestiga.tioll-Of copper• .were chos~n as rates of 1-2. ml/min 
were found satis£actoq.£or sorption. of trace copper on 
phenolic type resi.ns. (4B) The. reo (;)Very .of copper was good 
(Table 7) and appeared 1ro· i.ncrea.se wi.tJ?. dec-rease of :now 
J.'ate. The opt~mwn fl. ow rate was about 2 ml./min and th:i.s 

: \YSS used in aJ.l subsequent. experime·nts. 
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Iron and manganese · -(~abl.e 8 * 9} were retained 1ess 
efficiently by the r·esin.. f'be results for iro.n were e:rra tic . 
and thi-S was .ascribed to·· the .. irrevers~ble fQrma'tion of bydrated. 
ferric o:tine. (73) Mang$nese_ was not hel·d strong~ • and the ·. 

experiment was repeated., ·us~.ng $ flow rate of ,!.1. inl/min. 
to investigate whether this would D,prove. retention. In• 
conclusive .results were obtai.ned. ~e figure ot 791L re­
tention appears· anomalou• and m~ perhaps be ·caused by an 
error in technique,. No £lirther work ·was done on th:e ion 
exchange sorption of manganese as the .metal' eotCJ.d not be . 

. determi:aed on elution ·(see :~~ 4). !he combined sorpti.on 
ot copper and :J.ro:ti was ·then intvestigated.. .Although· re• 
coveries wei-e low (Table 10') 1 the experiment' demons~a.ted 

·that simultaneous sampling of the effluent for determination 

. . . ·~-

The_ ~experimental ~esults :fo)." sorption ,r)-£' the three metal.s 

eopper, .iron and .m:anga.neae were iD. agreement with the· theo­
·retical diaaussionabove., 

' 

Ir.d.:t1~q • the resin was regenerated in bulk, and 
then transferred back to the ·colnmns. "fbis procedure gave · 
high elu.ti~n blankS (,e. 4,-·5 p.g iron:) in the :iron prooedu:re; 

·and in latell exper~entsct .regeneration was carried out 1n 
the co:Lwms. This reduced the blank to .!!.~ 2. 5 p.g iron .• 

!fhe reaction between. sodium j.ons and the ~dr.ogen form 
resin atta1J~.e ·eq~l.ibrlwn veq a1owl.7.1 (4-S)a;nd eoJI1pJ.ete re-

·. generat.ion was a le:ngtby l>rccess,. ~o avoid del.e.7 partial. 
regene~a:tion was carried ou.t by passing excess sodium · ·· 
l.'wdroxide through the~ col~ a~ ~- .fa.irq high flow rate. An 
excess of resin (about .5o; ~eater than. the-theoretical 

. IIV 

amount)' was used. to co'Uj_tera.ct the incomp~et'e ·conversion. 
':fbis :procedure was rapid. and convenient~ l¥ld was satisfactoq 
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$11. pracrtioe. 

!he effects of eontamillation :111a7 be seen in Table 1.0. 
!he sa.m,ple mark.ed with .. an asterisk was eontwninated by a 
few drops of sea water wh:tcn.had briefly ,contacted a retort 
.stand c1amp~ ~he increase in .copper and iron was marked. 

fhe analytical. determinatiou of copper,;.· k'on and 
' ' 

manganese used previously did not distinguish between 
w~oluble•' and· "partic:ula.teff tnetal. forms.. An attempt vra.s 
laow made to deVise a tec.bniqu.e auitabte for determining 

both :fo~ o£ tra.ee .me tal ~ one sampling .opemtion • 

. A 'filter assembly tO. determine parti_,eul.ate matter was 
designeti and made. (Fig. .25 >·t file ap,pa.ratus was of perspex 
C'Ol'lStruotion ~th a lid. to ,prevent the. entr:f Of dust. !he 
.llill:i.pore :filter was used· witho"t .a supportill& filter aS 
the support might rem. ave ions bx sorption,. !he pert'or.a. ted 
perspex disc supported the f'i:lt.er adequatel7 under mi~~d 
suction. The trans;parent perspex allowed the operator 
to adjust the 1nQ.ow of sample so that the filter did not 
run dry or overfiow. Arq . fai,lure of ~he :filter could al.so 
readil_y be obServed, 

fb.e filter was· f:ed with sea wate;r through a tl.exible 
plastic tube :fitted .in.to the .hol'e in the :fil.ter assembq 
.l.id. · A Small. hole was pierced in the p1asti~c tU:be to 
avoid pressure e:f:fects which hindered :.fil.tra ttoA. 

. l3elow the fil.ter was :fitted a sodium. :f'o:rm ion exel'ia:nge 
column to collect the '*-oDic species pre·sen:t.. it was f'ound. 
con.venilent to gradua. te the .%"ee1eVel' ·to iacU.·Ca te the 
progress of the procedure~ ·The apparatus is sltetcheti in 
Fig .•. 18. 

In order to te$t the procedure under conuitions closely 

19/ •• ~ 
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resembl~ ,those at s_e-a~ a. ·sea wvater sampler was used to 
feed the sea water to the til. t~r • AS the processes or ,ton 
exobange'and f11tration ehoul.d not. be affected br ship 
I'AO~·on :~rtc., a s_pecie.l ocf!~ cruise ·was not consl.d~eil 

· necees-arr to .teat the _procedure. 

Jiitered eea Wa.te:.rr.· (6.-l-0) was .used in the exper:J.meats 
·as an ~11 tered saiffpl.e of. surf' ·eone s-ea water conta:tned .·. 

· e:-o .mu.ch sut:J.pen4e<1 Gil.ti;er (sand, seaweed etc.) that the 
. · m1ll1}1ore £1ltor choked up after a. sb.cri time.. tn. ofZ­
. ·shore areas;-· tbe sea. water contain-a mucb 1ese suspended 

~ ,, 

. ·material iand pref.U ~tion. of samples would ;not be neceeear, • 
. . . . . 

~he :proce.dure was as descr:tbed in 6.7i!2-• ReSUlts were 
tabult.\:tred (!Able .14). and. the ~ .copper .tound by i®i 
escha.Dge ,i10tted a9:it!St the -copper added (dete:rxaine.d. ·b; 
·th~ u&\lal ptocedure) •. 

T.~·l4 .... _'fest ot t~ ion-exchange method for 
d.etermini.ng -copper .and iron .• 

Copper 
-, fiQtt 

o.a 
, .•. (2) 

7~J8) 
1.0.{9) 
. 14.(6) 

o.(il· 
. •·<3) 
3•.(7). 
7.(6) 
;(19) 

1,3.1 

3·(3). 
0 

J,-(6) 
j .• (1) 

7.(6) 
3.(?) 

l.l.(4) 
... 
-
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Me 'tal Ion exchange· Particulate metal. ~ota~ lllet81 
added analysis pg./500 ml ~/500 ml. 

J~/_500 ml wtlsoo m1 . . . -···"" ' ~ - ,. 

Iron 

• ftQft 1 .• (4) o.(6) 2 • (0) 
0.(5,) o. (4,) . 1. (9) 2., (3) 

. ?•(7) 0.(7) ) •. (9} 4.(6) 
4.(4) 2.(3) s~(l.l 7 .. (4) 
8+(9) 2. {5) s. (6.) 11.(1) 

ll. (9) 2. (·9) -·' .9. (7} 12~ (fi) 

·.a BJank on O.ouble..,.distUled water 

Accurately known .amounts o:t copper and iroa were n.ot . . 
ad.ded ·to the _sea water ta the '"spiking" pro~ess •. ·It was 
:found·during prelirnina%7 experililents on calibration 
p-rocedures that aceva.te ·"spiking'" of a. .large sample 

. . 

.-

(c: .1000 ml) was_ not ·always 11ossib~e. fhis was' proba.blN" _ . 

: 

. ·' 

' < • ~ 

") 

. cause·d bJ ·the f'a.et tbat the _ sampl-e.s- were mix~d .in large · ( 3 i) _ 
beakers and sorption c:f the me tal on the glass became 

' .. 
significant l.eaditt.g to errati"" results.. In ;he calibration· 
procedures • standard solutions were added to samples in 

' -

the containers in which determination was_ carried out 
and the reagents ·were added immedi,a.tel.y a:fterwar-ds. It 
was co.nsidered that dete:t':lnination of the ,metal. present by 

the usual procedu:re woUld ,give the best ,esti:ma.te ·of the 
concentration. of m·etal present. 

file 'results for coppe,r indicated a luear relation-
. sh1p (Pi&-· 24) a.ud a straight l.1ne was .fi·tted to the data. 
b;v the method of least squares. The regression equation 
·was 

81. 
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Y ~ 1.667 +·0.749 X. 
. . Y :: p.g- copper by ion 

excb.ange technique 

81 

.X = · ~ copper present in 

t"he sea. water • 

. The standar.d error o·f eeti.mate was 1.42 :pg (n ;= 5, 
. c3~uc.entration range o-29 p&/1) •. _The very high valU..e ot 
l;:j- ·p.g co;pper/1 (bracketed in ·T-•ble 14 and ii.g. 24) .wa·s 
cau~ed by eont~ina.tion of the sample with a. scra,p .of a,sh 

from. a ;Visitors ci-garette. (Sll4~ok1ng was ·not normally 
allowed in the l.a.bora to~J-• 

. . ' .Partieulate copper varied from zero to 7.ft ~l aad 
was appar·entl3 .independent of the ioni.o copper (cupric i.on) 
added. Three of· the four determinations were :tn the .range 
6 •. :2 .... 7 .• 6 }ltY'l and the :sample of eero ooncentra;ti.on (i.e.- equi­
vale:nt ·to the blank) may be J:egaraed with some sus:Picion. 

. t 

The slope of the ~aph ("Fig. 24) ind.ioa~ed that the 
ion exchange procedure dete;omined about 15% o:t the ionic 
copper, ~dded. :In this cas~, both th~ ion exchange and -­
normal procedl.U"es determined ionic ·copper, so comparison 
~s possible .• 

~e results for the iron determination were quite· 
ditf'.e;rent (Fig. 23) •. As the concentrat1on of iron added 
increased, the amount determined by the ion <exchatlge 

proce~re .increased to 3 level of &.'bout 4 ~1. and 
then re~ained constant1 while tbe particul.ate i-ron results 
.increased stead'ily. A plot o'f the total iron, (ionic 
plus particulate) .against the iron present. was almost 
linear. (Fig. 23). 

These results ·were interpreted as indt..eating that 
·nearly al1 'the :ferr.ous ion added precipitated immediately 

a-s lq'dre. ~;ed · .ferric oxide in e. · non~co~loid-eJ. form. 
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:.At higher col'lCentrations,, the formation o'£ colloidal .iron 
oxides which pass through ·the . fil. ter 1 bu. t are not sorbed on 
the J:>es1n, caused the total iron concentra.tiona,pparently 
to lcev~l off .• · 

The fact that .nsoluble iron" ta 'the e·x:terrt· ot 4 )lg/l 
:was held by the resin indica.tes that this iron· must exist 

·in e. charged fortn. This 1s .perhaps some stable positively 
char.ged organic complex..., · Uncharged eompexes would not 'be 
.held on the ·colu.mJil. 

Oopper wa~ no~. apprec.iably so.rbed on the precipitated 
terrie onde as _the particulate co,Pper results do not show 
.aiQT increase with increase of parti·culate iroa. 

fhe .ion exchange procedure enables the .io:ii1.c apecie.s 
present· in .sea water .to be studied and enables a subdivision 
ot the ~:soluble'" .fraeti,on of .metal to b~ made~ A sl.i.ght 

variation o~ the. procedure would enable a detailed stu~ 
of the trace metal fractions in the sea as followst 

· (i) Filter the sea.water tbrough a ,coarse .filte~. then 
through the apparatus (Fig. 18). De"te.rmine the 
total. pa:rticttla te metal ·in both known pa'rticl.e size 
ra.nge.s,. 

(ii)_ ·freat the eff~uent from the eol.umn With ae.id. to 
release colloidal. ,$Jld ,compl.exed metals and 
determine them~. 

. 
S!hi.s procedQI'e 'vou.ld enable detailed stu.av of .ionic 

.speeies, coll.oidai. ·and oomplexed ·species, and· various 
fract.ions o't suspended material .• to be made. · 

. Sorption on. ion exch.$,nge.rs may thus euoce.sstully be 
used to de~ermine copper ip sea water, but this technique 
was not ani table for determinat-ion o£ iron .and manganese. 
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Coll.oida.l iron was not e-ol.lected either by the filter or 
by· .the resin end would paaa undetected.. .Manganese wa:s Aot 

. strongl$ held by the resin, and . ~.ike. iron, any colioideJ. 
.manga.a~se would not be: detected. 

).4 _Lo$ses on storage i.JL.poll,thene. 

A!. though 1t i,s _well:..known· tha .. t some chan~es(.l,~O)in 
trace metal concentrat1Qn oecur on storing samples of sea 
\vater in pol.y~.ene,,. nothi~ def'itli te has bee» published about · ··. 
the extent o:f l.osa or_ the._proceases inv~lved. 

. ' ' 

An attempt was made h~re to study the losses that occur 
on_stortne; sea water samples· for some .da_ys- in. identical. 
polythene containers an<i to investigate -whether arq pattern 
existed~. 

The .resu.l ts of the experiment were tabul~:ted in-· fable .11. 
·The coneentratio:t;t of each metal ion was. then. plotted against 
time (.Figs~ •. :11,. 12}. 1he small dots represent indixridual. 
determinations. e.nd the iarge dots ;represent mean values. 

S:tudy of the plotted. poin~s. i.ndi~a.:t.ed that replicates 
showe<l ·a iarge scatter, which w:a.s: JD.ost :marked in the case 

~ ~ . . 
of' C:'Opper. :fhe concentration of copper .in. samples kept at 
room tiemperature decreased by about 3~ i.n the :first two 

·days ~nd then .r·emained .fa.~l1 constant. The frozen :samples 
showed little Vll.X'iat.ion from the ~riginal sample ooncentra­
·tions. on a pre'V'ious occa:sion1 it.was .also :fo_und that the 
concentration of copper decreased to abo'u.t 6o-70% of its. 
orig.inal val.ue on storage in poJ.7~ene for sev:en dqs:. 

.. ...,. . . -

~he concentration of .iron in &amJ?les kept at room tem­
_perature showed·a stead.N decrease over the entire period. 

·A pu-zzling. featur-e was that the f'rozen samples were '. 

: I J 
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'The manganese samples stored at room. t·emperature sho,ved 
little variation with time, but the :fr,o~en sample appeared 
;to lm:ve. a, slightly hi~her ;concentration. (The .sea water 
aample~kept fro~en .for torty ~ys ~or .manganese detend.nation 
was unfortunately spoilt) .• 

·'The :scatter·. observed between i'd.enticai sa.mplett was dis­
appointing,-: All. the. po~ythene bottles were carefully filled 

. . . 

to avoid. contamination. . All bottles had been i.n use for 
some months.and-were thoroughly ·cleaned before the·experimeut. 

The observed losses of metal. mey be brought about ''by . . ' 

(.i) l3acterial · ut11i·zation · 
· .(i.i.) .Precipi tat"io.n. pr.ocesee.e 
(iii) Sorption. on the wSll ·o£ the vessel 

A large increase in bacterial po:pul.a.t1.on ocour.s on 
·confining .sea wat·er ·.in a. container• as the bac:iteria multiply 
on the inside · surface~. llel:ativeq littl.e is known about 
the marine' bac~teriaj (66.}but_ certain fresh water bac:teria · 

· e.re known t-o· util.ize ionic manganese and iron in ~eir 
meta\)ol:le processe~. (37)and the final.. product is the .metal 
oXide. Certain fungi ~so utili~e trace·s of metal~(6l)f.iutd 
i.t is possible that t'ungal .forms. in s.ea .Vf-a,ter may have . · 

\_ '~ . . ' -

simil.a:r requirement'S. ,Organical.ly bound. :me tal.s ,:i.n the bacter~a 
would most probably be:relee.sed during,the process ·ot deter­
mination. In the case of .iron. the :sampl:e container was 

.. Wel.l-~hakEm before. remoViDg th~ :100 ml SfJ!lilp~e in Order to· 
. collect atJ'3' particu.l.ate .. mater1.e.l WhiQh :might have settled. 
· Bacterial colonies .m.ight wel.l be looseaed .in t~is ,proc·edu.re. 

. ~ . - . 

. and on tziatment with acid; J_Selease their 'iron. T'lle ~ese 

prooe.dure should .likewise rel,ease these bound metals in the 
.process o:f diasolvi113 the precip'itate. In the case of 
copper • wher:e· reagents were added· di:re~tl.r to t:he .sample 
container ·whi·ch was then shaken for a.n hour, it is possible' 

,a;;, •• , .... 



that the· bacteria may only release some eopper on extraction 
With . d.ietba'l.di thioca.rbamate. 

It is, however., difficu;tt to believ·e that baoterJ.al. . 
· acti .. on. Will account for much ·of tbe observed eontH.mtration 
changes,, .and ev1d~nce for th~s ·view e,ppea.rs ira Figs .. ll and 
12. Bacteria .mu.lt1pl;y extremel-7 rapidly,, and if 'bacterial 
action were the cause ot the loss, one woW.d expe~t an 
initial rapi,d .decrease .in ~etal oonee:ntra.t~on cf'ollowed by 

a constant level.. of .concentration when the surface \vas 

ttsaturated• with bacteria~ s:h1s is not apparent in the. 
:figure. Manganese con~entl:·ation does not change appreoiabq 
at all:; and "the copper :a.nd iron resul f!s show a .steaq decre~1se. 

' " . 

A slow precipitation of iron a.s the lqdrated ·oxide l'!laV · 

occur on s tandtn.g .. , as a 1arge surfa.ce area .is exposed on 
which. reactions may take place.. !.he pr~cipitate may ca.rr;y 

down som.e copper .as well. !he .Process of shaking samples 
well before removitaa an aliquot fo.r ir.on and tnal!ganese 
determination ae·ems to rule out the possibil'ity of .losses 
du.e to precipi.ta tion. 

file process of shaking ahotlld suspend· .all. the preci-pita tedl 

material which wou.l'd. thel'l either be broqht into solution 
in the~ron de'termination., or precipi te.ted in the usual way 

with ma.gnes.ium hydroxide in the manganese .procedure. Pre­
cipi.tation. processes mf.I.J• however, account for the losses of 
copper &e the .reagent does not react. wi.th particulate copper. 

The most likely source o£ removal ot .ions 'is by sorption 
on the walls o.t tha polytbene container.. Tbie containers 
used had .en intex-n.al. surface area o:t about 20~2 ex:posed 
to the sample. 

In 'the following discussion, the scatter .in the experi­
mental. results made it dit'fi.cul.t to reach accurate cone~u-
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sio~s as to: the l?rocess concerned. 

Application. ~f the l'reundl.ioh adsorption :i.sotherm(57) 
showed that the decrease in concentrations of coppe.r and iron 
ions .apparen:tly did not obey the empirical. equation. This 
indicated· that a simpl·e eorption proeess wae ·not likely. 

I 

' ' lfext; the :rate of d·ecrea.s.e in concentration of copper ...• 
and iron was tested to see \Vhet.her· 1st or 2nd order k1netio~:51)• 
were followed (figs. 19,. .21). It was uncertain whether the 
r.a·te of decrease :foll.owed .e.i th~r lst or .2nd o~der }\i.netics. 

The ,so~pt1on of i.ons Oil ,pol,ythene m~, to a. fi;rst 
·. &pproxima. tion, b-e regarded as an 1on exchange proeess. ~e .. · 
polythene may be anal·ogol.tB to a tdghl.y cross-l.i:nked ion .. · · 
excha.nse~ of vers l.ow exchange ·ca.pae.ity.- . Possible sites•(S7) 
1n the poiJ'·the:ne where ·"e:xcha.ngett might p·oss·tbl.y occur are·-
... ~ ' .. ... . . . . .. 

·(i)· .. J?ola'etlm.er linka8es formed. fr91B the molecular oxygen 
• • • : • . • • • , • • • -p ~ 

. ·,· - . ' ·.. . ·. . . . .. 

. (ii) ·. Trapped oxy,gen atoms, from tlle:·initiation reaction,, 

.-- ... · .. .' .'bo~d in ·the lattice~.: · · · ,. ·.·· 
: .·. •. ' ... 

(iii) .Double bonds •. resUJ..t~lLfrom. d1spropor1ii.'onation dur.:ing 
the . etlly.lene · polymerisation~ . . . . 

(iv) '~~· poiythe:rie is 8~8·5% 'dr¥stalline,. surface '"crystaltt 
·.:defects m~ :be present' e.tid these might ;sorlf ione. 

• • • • ·~ : );:- • • > • • 

(v:) · . lfldrolql ~oup~ may be 9~ese~t in sma~ quantities ;Ln. 

the polJlller • 

. ·fhe. pre.liminacy· ~slli~ of the containers· w1_th acid 
~oul:d mos~ pro~abl.y e.~tac.h lll~ogen ions .to ~he.ae active 

:.sites,. az1d :it .ma:s .be .exP,eci;ed ~~a:t _these ions would only 
pa.rtialq.-be .removed bJ. the :~~nsing .Pro,eess, .du~. ·to slow 
diffGSion .~]lrough the lattiQe_.. (The containers were ~l.owed 
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t9 soa.k in aci~ tor some time • whe reaa rinsing onl7 occupied 
a few minutes). 

It waa possibl.e., theref.ore, that an exchange of hydrogen . 
. io.n:s £or; ion.a of ·Copper and iron took pla.ee.. . ·~ results: 
.fer iro~ were_ tested by. the ·prooed\ii.re of :Boyd e't a.l •• (l~) . 
wh1ch was orig1n9l.ly developed to .investigate-the-rate-deter­
mining step in ion exc!'artge f3orption. 111m diffusion throu~h 
a Nernat film was not expected to b~ limi.t:tng h~re as· the· 
rea,ction was slow* .. ~e! form' o:t the ;plotted function 
(Fig~· ~2) indi:c.a.ted tha.t. d.iffu.sion tll.i"ough the ttpartict,Q..e"· 
(in· this caae1 · one ,larg·e 11partie1e11 - the .container wall) 

' . . . . . . ~ ' . ' . 

was app~ent~ the rate determi~ing step. !his proo·edure 
assumed that the chemieaJ. process ·of excha~~ was almost 
instantaneous and that the rate was o~ .11.mi ted by pbj's1c,al. 

. diffusion . processes~· These a~su:mptione would e..lso e.p_ply to 
the 'ease ·of_po:tythene, ~.t the sites mentioned above were re­
sponsible :tor exchange .. ~ 

·fhe scatter of the ~esul ts .for copper made a plo-t tor 
checld:n,g the .rate determi;tting step quite inconclusive and. 
this was· not drawn •. 

' .. 

Carra:il'lg the assumption of.i.on exc.hange p~operties of 
p~lythene further 9 it. ,.s to be exp·eoted that the affinity. 

' o I I .• 

of the polythene tor tons would be dependent on tlle re'lative 
s:1ees of the iions and their abil.i v to :form covalent 'bonds. ( 48) 
From eeotion 3~ 3.2,, it.~ be predicted that cop11er should .. 
be taken up more ·readilY th.at iron, which again has. a higher 

affi.ni ty than ~n(:;ee" Diva.l.ent manganese .ions are _).6r_ger .. 
t.ha.n :either CU:pric or fe!J:'roUS_ and ferric ions. On .an ion 
exclll;m.ge aftinity basiS, thereto~e, c~pper woul..d read~l; 
be a.co~pted, iron :less so •. a.nd manganese wo~d onJ¥ :be/ taken 

'' . . . ' 

u.:;p in lesaer ,a,mounts. .. 
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Exami.nat1o11 of the resul.ta (F1gs. 11112) shows that the 
manganese c:oncen'tration remains £airl7 constant, and ,eo 
manganese wa:s apparen~ly n~t taken up by the polythene. 
Compa~.iag the mean rete of change ·o.f the CO,p;per and .iron 
coneet~.trations over the f:tr.at three days !shows that i'or 
copper the decrease was £. 2.6 p.g/~ where~s for iron a 
decreaseo~ !.• 2.1 ~da3 was dbserved. fhe cop}l)er decreased 
more xoapi.dly durins. ·the tirst two dqs, ·whereas the iron 
concentration' decreased steadily during. the first three 4a3s. ·· · 

. ·~e exlH~rimental resQJ. ts a.pproxiula. te to predi·cted. resul. ts 
. . 

on the asstunption of ion e:xcJ.llmge properti:es ·ot th~ poqthene, 
and it .is ·.reasonabl.e to assume ·that a. diffusion of ions 
through the ,sea water to the polythene surface, followed by 

sorption and ion exe~ge on impurities and .a..efects in the 
pol~mer wae :Largeq .ressonsible .for the decrease in .o.o.ncen­
tration .observed. 

J'reezing would prevent sorption of metals, as the ·tons 
·cannot then .diffuse through the .eol.ution to the pol¥thene 
surfaee, · but the :fe:c·t that '.freezing pr.eserved the aampl.es 
better would also be tru.e if. ·bacterial or preeipi tati.on 
processes. were respon.s~ble :tor the .losses •. ' 

· 'The large scatter of the copper results required 
e;xpltlti8.ti.on •. If the copper wa.s strongly he~d on. the _poly­

thene • j. t ie possib~e that variations in tbe·· structure of 
the pol.;:mer J.n.individuaJ..containers. maJ have a.lar,ge 
.effect on the rate of e:&:cb.ara:Se o:f' copper.... On adding 

d1etb11dithiocarbama.te reagent,copper is ·extracted as the 
complex ~om those exchange·sites whiQh.are readily a.ve.ila'ble, 
and the number o;f a.va.il.abl.e si.tea .l!laY · .we.ll. · vary between 
different cont'ainers made :tram dJ,ff.erent batches of pol.Nthene. 
Tl;le overall. eft'eet wo"lll.d be to prodt;tce·. var.iabl.e ,;resul. ts 
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when the same batch o~ sea water was stored ~or a ~ or so 
in different containers. 

No read3 explanation can be offered for the decreaao 
ot iron in the frozen samples. The aampleo froze about 
3 houre after they were placed in the ref'.rigerator., 
and were thawed within. i hour. It is h1gh.4r 'Wllike}3 tha1; 

sorption 1oases could occur to any extent in this shor't 
time, and it .to ditt1cu1t to eee how loases could occur 
in tho :frozen sampl.es. !he detera.1Jmt1on. of' iron was 

carried out b.J the normal procedure in which 1oeses were 
neallk:lble. 

Prom tile above discussion 1 't a:ppeare that the prelillin&17 
determinations of iron ('!'able 5) must be treated with SOllie 

caution., as sgpl.es were :frozen until ana}7eed, e.nd the resul ti 
,ual be low. In the case of copper and manganese, .frees;1l'l8 f. 

apparentl; presented the samples quite well. ~ 

l It ie ot interest to note that in the determination of 
- ~ 

copper, iron and manganese in eea water b1 atom1o aboor,Pt1on i 
spectroscopy, (29)the .a~thors attributed a large scatter in the~ 
results to experimental error. The, further stated that 
no lose or metals on the pol_ythene storage vessels ('Wlf"rozen) 
were observed. It is considered tllat the variable losses 
of elements on the containers would account. -ror a large part 
o~ the experimental. scatter. 

Glasa vessels are not suitable for storing sea water 
samples as sorption of ions occurs (.36 •85} (UJI to 23~ ot the 
metal. present in solution ~ be sorbed on tho W&l.l.e). 
Glass f'urth.er releases me tala auch as aJ.n11ini ua and iron 
into eam»los.<28) 
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6 • . APPENDIX. 

6 •1 .Wash1na u Procedur,e. 

All. glassware used, with· the exception of sintered' 
glaas fil.ters, was rinsed With aqueous detergent ("'Teepol ") 
solution and then with W$.ter to remove grease Ertc. . fbe. 
articles were then soaked in .hot :(50° to 60°0} bN'drochloric 
aoid (7ori; v/v) ~84>tor a tew minutes .. to re1nove t~a.ce$ of metal.s1 

·. and thorou.gbly rinsed wi·tn. W(;l;ter. . iS:nbsequent. washing was 
. - ' ' : •· I " ' 

carried out bJ rinsing with the '70% :ao1d followe·d ba re-
peated r.i.nses (at ~east :aixl with water.· ·:This procedure was 
-carried out be.fore.' each exPeriment to ensure .freedom from 
metai11·e contailiination.- 'Precautions were ·taken to. prevent . 
··duB t ·:from· ·eJitering; ·<:.iean glassware.·.· ·::t:1pettea ~were stored . 
. :Ul the· 7~ acid· and washed with wa tet- when :r.equired. · 

. ·, .. se.Paratil'lg £tUineJ.s were· cleaned' between ·each batch. of 
samples ·b~t shaking· 'v1g"Orously ·with 'three .separate amounts 

.. ot w.a ter,· · .. al.lowing to . d~t\in ·.·and then rinsihg well with . 

. ;acetone to ;-;:amove the l.ast tra.ces. of orga.nic reagents and 

~olvents... Sinte:red giass fll ter plates us~d for filtering 
. 'silve~ .ha,].id·es were' waShed with concen:trated 'aqueous 

'. . . . ' ' . . . . ' 

ammonia :alld rl.nsed with- wate.r. · This \Vas followed by !a 
. , .. ' . . . . .· ' . . .. ' . :; .. 

w~h with coneentrated ·m.tric acid, and r.epe~ted rinse,i with 
,. ••• < '. • • 

water. Soaking 111 chromic · acid .followed by :r.epea ted rinses 
with water was used to clean the stnteioed glass filters 
used for· filtering ·s_ea· wa:t~r sampl.e,s. 

. Pp~thene articles·. were soaked ill hot · 70r/o h;drocbl.orio 
.aoid .to~ ~pout )0 minUtes wi'th fr.eq~ent shaking' and were 

. •'• ' . . . . . 

then . ~~rpeatetlly r"insed with W'flter.. ~e sea water sampler 
was oleaned by :se>.aking in co:td :101> '~d:ro.claoric a.oid for 

.a.bout.l.O. min;u.tes and was then washed thorou.ghl,f with water • 
. Ru:bberwar·e was .neat,d briefly t~ abottt · 60°0 in. the 7a:)1 

. ' ' . . ' ' - - -. ~ 

. acid and was then bo.iled in vlatei- 'to remove traces of 
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·impurities and finalJ3 rinsed well. 

6.2 -Procedure tor qopper determim1tion. 
' . - - . - . • _: 11_1_' 

6.2.1. .Four hUV4red m1' samples of ;sea. water .•. 

PlQ(:e 400 m1 ;Sea water (measuring ctlinder) .in· a po].y­
thene bottle and pipette. iti .2 :ml DDC reagent (6 .• J.O) and 5 :m1 .· 

lf3l·ene. Screw the bottle oap on ·tightl.¥ and sbaJte ·to mix · 
contents. Shake ~n an" automa:t.ic s}mker £or one hour., then 
let the bottle .stand in the absence o.f atro:ng :tight for 
about an hour-. ~ana:f,er ·the contents of the bottl-e into a 
.separating funnel, discard ~he aqueous layer .and ·run the 
1q1e:ne layer into a .l cxn path length s~trophotometer 
cuvette.. measure the optical. dens.1ty of the q1ene .l~er 

. . 
against the pure ·Sol.vent at a_ wave J.;.ength of 435 ~· 
Carrj' out a reagent blank bJ sh-aking .2. ml. DOO reagent -wt·th 

. ' 5 m1. qlene. " 

Note (l.) Emulsions •sometimes form in sea water ,and 

. (2) 

(3) 

are probably due to·the "presence of ·Organic 
matter. These may usually be brok~n by .lmnnine; 
of:f the aqueous .layer and gently swirling the 
xtlen'e solution in the separating funnel • 
X,l~ne ~ dissolve tf;!p grease from the separating 
tunnels and this causes el.oudineae. 
The euvettes shou.Ad 1>e rinsed with dilute hydro­
chloric. acid betwee~ each set ot samplef in order 
to remove the .film of coppe.r dietbyld11[iocubamate 
.i'ormed on the g~ass .• 

6.2.2 Strongly acid ·coppe.r samples •. 

A.dd about· 50 ml water to an aliquot of the· copper 
solu·tion and" add 10 ml (pipette) of citrate reagent (6.10) .. 
Add ammonia: solution unti~ the .fn, lies in the ;ra.tlge_ 8.-2 to · 

99/ ••• 



$.5. transfer q~titativeJ.,J to a 100 m.1 volumetric :f'la.sk 
and make up to the mark with wa. ter. .Pour into a poly thene 
botitJ.e and proceed as from the . addi ti.on. of 2 ml. DDO reagent 
in,.2.1. 

6.,3 .ttocedur~ ·for iron detl$millat1on •. 

6 • .3.1 Orie hund~red ~ :Sam_ples of sea water .• 

Place ~ ml sea. water (measuring cylinder) in a 
separating tutmel. and pipette 111 10 ml dilate hydrochlor.ie 
ao1d (6.10;) .and 2 ·ml,. .l'qdroql.wnine reagent.. Shake 
to mu the ~ontents and al.low to stand .for 5 .minutes. 
Pipette in .2 ml acetate reagent and 5 ml. .bathophenanthroline 

·reagent, shake and aJ.low to stand for .10 minutes.. Ivl'easu.re 
out 15 ml isoamyl alcohol :into a dry, stop;ered 50 m1 

measuring cyl.inder, drain this in.to the separa tillg £unnel 
and restopper the cy~inder. Extract the contents of the 
tunnel vigorously .for one minute and then allow the la7ers 
to separate for a;t J.,eaat 15 minutee. .Discard the aqueous 

.l:ayer. run the a.lool.hoi layer ba-ck into the Qylinder and 
adjust the volume to eluictl,y 15 ml by ·adding acetone. Swirl. 
gently to mtx (Note 1) and al.lcw to stand for a f'ew minutes 
to allow •&.n¥ large wa.ter drop~ets to sett:Le out. Transf'·er 
the alcohol e.xtra.ct to ~a 5 em path length spectrophotometer 
cuvette and measure· the optical densi.ty of.the alcohol 
extract .ag,a:i.nst water at a. wavelength o.t: 533 my.t. Run a 

~ . . . . 

re~e~ blank on 100 m1 water.·· 

Note 
(1) Excess.ive agitation of the mixture entrains water 

droplets i'n the solvent and these .impart a turbidity 
to the organic .le,yer. I£ the solution is not ab­
solutely clear, allow to .stand for about 30 minutes 
to enable the water to settle ou.t. 
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6~3.,2 :Strongl.J ~cid iron samples. 

Make an .e.li.quot of the iron soll:lt"iOn up . to l.OO ml 
With water in a voll.U.netric flask. Pour into a separating_ 
fW"..nelt pipette in 2 ml .113drOXSlamine reagent., Shake end 

allow to stand Kor 5 minutes.. Pipette .in 5 m1 acetate 
reagent. ~nd a.djn.s:t: the p~ to bet\veen .4 and 4 •. 5 ·with sodium 
hra.r.onde. aolU:tion. AM :5 ml. (pipette) ba.thophenan.throl.ine 
ree.gent and proceed as from the addition .of ba.thophenan­
throline in '-3 • .1 above •. 

. ' 

6,4 _ftbcedure. f-or !!'!!!le}anese_ detenrU.natiQn• 

Add 50 ml. aqueous o.2N potassium h_ydroxi.de,. s1o~lJ and 
. with ati.rring., to a. 1000 ml sample of .sea; water :in a. beaker. 

! : ~· . 

Allow the precipitate to settle for an .hour, a.nd then stir 
thoro~hly once aga.i~. Al.low to set1ae for at ~east 15 

. '· . ·. 

hours (u.sually overnight}. Siph.on. off the supernatant 
liqttid and discard. 1J!r.a.nsfer the· precipitate qwmtita:tivelJ 
to l.OO m1 centrituge tubes with wa.t~r. Ce~i."'t'ifuge at 4,000 
rpm f'pr 10 minute.~. Discard· the superna.tant l.iquid and 
·add 1 ml (pipette) ct>ncentrated sulphuric .acid to disso~ve 

' ' 
the precipitate. Wash. the solution into -~ 100 ml beaker 

. w-ith water and e'V:aporate gently down to a volwn.e of ,a,'boa't 
. . . 

=l-2 ml or 1ess.. Add aqueous 2lf sil:ver n.1trate to precipitate 
the ha.J.ides., and add a slight ·excess (;:t 0.1 ml) ot silver 
.nit:ra.te. W$r.m and. stir the .soluti.on to eoagu.late the 
Silver halides., an.d the:n allOfi 1 t to stand ifl the -dark for . . ~ . 

at :least one hour. Fil.te:r off the precipitate with a sintered 
glass ~:ttl ter (5 to ·1.t micr~ores} and wa~h. with the. mi.tdmWll 

"Vol:ume -of di'lu te $q:ueoue ni trlc acid -(1~. v/v). Transfer the 
' . . - ~ .. 

solution ·to a 20 ml pyrex test tube• and add o.; .nil... . 
syrupy. orthophosphoric ac,id ( 88%) followed by t:tbout ~.o .mg 
potaes,ium metaperiodate. Heat the sol.uti()n .to .near ·boil.lng 
and maintai~ .it at '1oo6c o-n a boiling water bath for 1-i-
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1·01·. 

hours.. Coo1 the s.o'lution in ice and encourage precipita-
. tion o£ silver sulphate 'by frequent Stirring and ... scratc~" 
the s.ides of the tubes with a glass rod... After cooling 

. for about JO minutes., centrif'u,ge the sampl.e at 2000 rpm 
for :5 mtnute.E;. Measure the . solation volume (measuring 

~ . . . 

cylinder) and 'trskSfer rapidly to a :S em path :length spectr.o• 
photometer cuvette •. Read the optical. denaity of the solu­
tion iinmedia·teq at a. wavelezgth of 525 m11 against water, • 
. Reduce the optical densi ta- v4].tt-e to that of a 1.0 ml sample 
for the purpose .of'- c.omparison. 

D',ote 

(1} A precipitate of calcium sulphate (forJ11ed from the 
action of sulphuric acid on calc.ium carbonate precipi""' 
ta.ted from $he sea water li7 the alkali treatment) 1na7 
.form on t1dding .sulphuric acid to the preci:pi ta. te. 

!his disappears on warming .and does not interf.ere. 
(2) If' the optical. density is not read qu.ickly, further 

precipitation of silVel:" sulphate may take pl.ace in 
:the cuvette ·and the apparent optical d.ens1"t7 increases. 

· 6.5 treatment of f'X"ozen ~Piles. 

Frozen samples in 400-m1 polftbeae -containers ·were 
broUght to room temperature as rapidly as possible by sha.kiDa 
well in hot ·tap water. Before opening tbe container, 

' the· accessible unde.rside part o.f the ca) was rinsed with 
.a s_tream .of water to prevent. tap water reachi.ng the 
sample on opening. Oar.e was taken not to heat the samples 
apprec1a))lJ above room temperature, .as this might hasten 
the l.oss o~ metal b~ sor,ption or bacterial. aet:ion. 
Samples a.t -18°0 ·coul.d general.J.y be brought to within a 
d.egree or two o:f room tempera. tu.re 1• 20 minu tea. The 
samples were .analysed as soon as possib:le after thawing. 
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6 •. 6. Prtoce(lure fQr detersd.AA!B l·osses on atorye in ;pol.zthene. 

~own amount~ o.f standard ·COpper, t.ron and manganese 

so).u.tio~ were added yo l.8 1 f'iJ.t.ared (20 to )0 ·microntPore 
'&i.ze aintered. glass· filter) sea water . in a large pelythene con­
tainer to give e.pp;foximate .concentrations of 20 pg· Cu/1, 20. 
·~ Fe/1 and 10 }l& ~ll/l.. !fhe stock solution was well mixed. 
by shaking._ Samples. {three of 400 ·ml. three of 100 mi ~d 

. . . 

on-e of .!• 900 ml) were taken immediateli .for determin!lt1Qn of 
c·opper., iron and maflganee-e re~pec ti velv. AS soon as 
possible, twelve approximatela 400 ml samples in po]¥thene 
~ontat.n.ers were. taken .from the stock· .so1ution and pl.aoed in 
a refrigeratloi e.t ~18°0.· .. !Cwenty . .four more approximately 
400 rnl.:samples .in polythen~ containers were al.low\9d ;o stand· 
$t roo.m· temperature (2.0° z 2Po) in the .absence of ·stroDg 
lj.ght. . All storage sample containers were fi~led wit~ 
-one hour.. After one day" a set ·of silt samples was . "takf(!n 
~r?m those standing_ at room temperature ~d anal,ysed tor 
copper, 1~on ;and manganese... Three appro.x:ilmi tely 400 ml 
sam.ple~ were ·tt.eed for. the determinat1o:n of copper. and 100 ·~ 

· samples were t~en from each of the three remaini~ samples 
(~ter shaking) for· iron determi~ tion" !he volume of sea 
water used .for the' deternd.na"tion .of coppe.:r was measured (after 

' . 
extraction)_ with a measuring cylinder, and the results · 
c~orrected to pg. copper/1. i!he remaining :700•800 ml sea water 
was combined for d~tei-mination of manganese~ 

The volume was measured by measuritlg cylinder. Morning 
:and efternoon room air temp.era turea were noted daiq during 
the experiment,. 

A simila.r · .set of . :analyses were compl.eted after two, three 
and. seven days. Siml.larlJ; se t.s of f'rozen samples were 
thawed (6 .• 5) and e.naJ.7sed for coppert iron and man.ga.nese, < 

after -eight and forty days respectively. The resu~ts were 
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tabulated in Tab1e 11. 

6~ 7 l<>n .. exc!;!.tp!se. .column~ ;procedures. 

6 .• 'T.-1· .Prel.imine.ry work. · 

1,03 .• 

Ordinary burettes' of '1 em ·internal diameter were used 
as eolwnns. A gl.ass wool. pl~ was used to support the 

·.resin. · ~he .gl.~ss wool wae cleaned .bzt the standard glass ... 
ware procedure .(6•I.}. Approximatel8 .6 g amounts of ·iJ.ry 
sodium .form IR050 resin vere slurried into the eoll1llillS 
w1·th water 1 and allowed to soa.lc overnight. _(l.S) !he resin 

-bed ·was about 90 mm in length and .10 mm .in -diameter1 decrea.s­
.i.hg ·to about 75 mm .in length when converted to the by.drogen 

f:Qnt. !rhe columns prepared. as above had a theoretical 
excha.n.ge eapa-ci ty of 40 to 50 me~-.· (~otal capaci ta of drJ' 
sodium· .fol:'Dl resin is 8. 4 meq/g. ) ~.48) , _ · 

. I 

' 400 ·mJ. '{measuring ·cylinder) e:•t>les .of sea water ·of 
known metal c·oncentra:ti_on were filtered through the 

. ' 

-coltimns from poly'thene -cons~an t-hea-d devices at .. fl.ow rates 
o£ 2 to 4 !ml/m1n. (tfhe e.o~'lllmls decreased in length during 
.sorption as sodiutn ex~hange took place}.. Th.e effluents 
'were ·collected i:n 400 rnl.. pol;rthe.ne cOntainers,. and the 

. metal. pr.esent was ,determin~d by the usua.l procedure. 
' ' ' 

' ' . . . . . .· . -

Elation viae .. performed. with 1.5 ntl (pipe'tte) hydrochloric 
acid (6.1·0) in the case t>f the cop_per s~ples, ·aDd With 

. 5 ml (pipette) .llydrochloric acid foll.owed b7 5 m1 (pipette) 
' . . . . 

water in the ease of. iron, . Manganese was not determined 
~: ~ -. , I . . . 

in the eluted sol~tion as the chloride ion. cc;>n-centrat1on 
was· too high (2 .• 4.6), 

In the preliminary- ex,Peri:men.t, -on eopper., the eluted ions 
were collected in 400 ml sea wat~~ of known·copper ~content. 
Tbe aeid .sea water vms then titrated to pH 8-85 l;Jy -sod1.um . 
hydroxide soluti-on (6.1:0). and the copper in. the sampl.e· 
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determined in t~ usual.·~· fhe ittcrease ln copper con--_ 
-tent was assumed to be du.e to , the e.lu ted co_pper.. . ftis 
procedure· was adopted sincce -at this .etaae a su;t table 
eopPer~free 'butter had not: been 4eve1oped. Sea \Vater •as 

:aecorcU.l!lg]¥ wed as_ a ·natval buffer so1ution low :13)­

copper . .- ~ .la.t.er work1 ammOQium ei tretc buffer solution . 
was ~ed (~ee 2 •. 2 .•. 6). 

- . 

:tr® sorbed :()n the columns was eluted 1nto 100 ml. ·oeakertJ~:, 

ani ·the contents ot these were made up to 100 ml (gradutod 
-tusk) and ·determined as in secti-on. 2.3.6-• 

A sample ot sea 'if'~ ter (fonta.ining known amounts of_ 
both-copper and iron waa sorbed on the resin a:G above. 
~he ~-olwnns ware el.uted with 10 ml. }Q'drochlor!e ac1ci (6 .• 1.0) 

and 10 m1 water. · Al.-iqu:o..ca of tm acid eftl·u.ent were anal.Jze d 
:tor copper and iron .• 

Nomalq 1 siX eolwms were operate«. Four vtere used 
for .samples, and two ool:wnns wore ·used $6 bl~. !n theee •. 
400 ml of water were fil terri ~hrou,gh the .resin and the 
me tal. .in. the ef'flue:nt 1'1&$ <letermin-ed. -9!h1a vnluetl wa,s . . 

. 'subtracted from tlle sample effluents obt.ained. duriliS. the 
sor:ption process, .and represented th.e amounts ~ot metal · 
:t.mpuri.1;J ttitrod~ced during the .ion exehm'ige pr.ocee'*• · 

~- blatlk col.umne •ere .eluted .in the same way QS the 
samples, and. the effluen:t•S· .tmalysed. 1lte . average value 
obtained from the tfi bllUll!e was Bttbtraoted from ·the 

_ eluted sam,pl~ va1u.ea to allov, for ;impu:ci ti.e·s introduced b7 

·the procedure, inclu~ traces ot DG~ present in the 
e-o.lumns .. 

In· 'the initial. tents .on eo_ppe.r, blank determi.nati.-ons . 
were only aarried out tor the elution stase as ~o ,procedure 
had been developed at this stage for d0te:tm1-Bing copper in 



. -

·distilled water (again as .no suitable buffer .had been 
developed). Later work showed that the effluent. blank 

a·fter sorption. o.f cop»er was equal to the reagent bla:n.k, 
so omission of this. determination in the preli.min.ar.y work 
would not aJ.ter the results obtained .• · 

105 .• 

The percentage o£ metal retained by the resin.and the 

.Percentage ot me 1ial· recovered were caleul.a ted from the 
:results. 

Regeneratio:IJ, was performed by pasailJ& 20 ml sodium 
'hydroxide so~ution (6~].;0) through the .b;drogen .form .resin 
at a. ra. te of about 1 ml/min. . The column was then wa.Shed 
wi.th about )0 ,nil. water (.see ).,3. •. 2). 

6.·7~~2 :.Experimental test ·of the ion exc:tlatlg.e method. 

Two small coJ.umns (.about ·ll.O mm long by 2o mm diameter) 
wer·e cl.eaned and· .f.i tted. with clean glass wool plugs.. . 18 m.l 

.:twdrogen form :resin. (£. 63 ~eg.. capacit;vl(4B)were slurr:ie'cl · .. 

. in with water, ~ the eol.wnns all.owed to stand overnight. (lS) 

_The resin beds were about 90 mm .long in the sodiUII tom 
· and 65 . mm long .in the hydrogen ·form. 

n~ resin beds; were we.ll wa.shed w1 th .2o' m1 di1ute 
rqdrochlor:lc acid (6~10) followed by 20 ml. water to .remove 
the ·last_ traces of metals f.rom thefresU,l and ·a.ppara'Ne. 
90 ml 2N :sod1llm eyaroxide solution (obtained by diluting 
the 4N aoluti.on made ap as deserl.bed .in 6.10) were passed 
through the col.wnn at a. rate of a'bou.t J ml/min to convert 
the resin to the sodium form (see ,3;.).2). 'The colUilln was 
then wa-shed with 90 ml water (at the same f'~-ow rate} bef-ore 
use .• 

· ne filter apparatus., (J.~.2)·_·ool:wnn and sampler were 
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set up as sJt.etohed in Fig. 18. The air :apace between the top 
of the resili bed and the tnillipore filter was partial.l,y 
filled' with water to preven't the res.in bed running_ dry-

- w}len :fil tra t19n started~ ~e tap o'Z the sampler was well 
- ri~sed with wa:t~r before attaching the clean plast1o ·tube. 

·,.,· 

_ -One ·n.tre at· a:Btock· 'ba;teh o-f ·fil:tered ee~.' water was _ 
•' 'neptked" 'to' :·-tn.e i-eqv..ired levels o.f copper' and' iron by addillg 

:' standar~ metal solutions, and- was well sti~ed.- - ;oo ml -

were then rapidlj _t-ransferr~d to the sampler' :by .!UeaeuriDg 
-- -- - cylinderl:· alld .the :tiitration started by op~ning -the aorew 
' - -- clip.: ~e -fl,ow- rate ·wae -adjusted- -to -2-l tDl/tdn. . (Flow 

-. - - -- - - ' - "" -- ' - -- - - -

- rates wer.e estimated by- e~tlns the ntimber of drops falling 
-·in a. given time~ -ana were -cheeked by- measuri~ the overall 
.rate). Aer soon as p()SSil>le, th~ r-em$i:ng 500 .ml . of spi.lted 
sea ,water was _diirided :into 400 and_1:00 rnl .samples wbich were· . 

. t~n ~ed f~r <C_opper ~~. iro11 ,determi~tion. reapeotivelf • 
. ·'• 'I . ' ,' •' ' ' ; ·• l ' , I ' ': • ' . ' ' ' • . ' ' 

. Wbe fiow ~t:e was -maintl!ttned . at 2-J mi/mtn by the fl. ow 
t~ough the fil.ter 'Uiader· gra.iv and suction was· not 
rieoess~ .. · 

After 500 inl .had. passed throU&b (measured on the 

graduated receiyer),,tb.e ~low was stopped and the mlllipore 
filter was .. r~rnoveti. and .·iJtoredr . .f()ld·ed f~ce to face. between · . . .. . ., . . . . . 

filter ~per., fhe .l.ast few m1. o:t sample ·w~re. now run through 
. the. ~eEJiit .at 2.-3 Jnl/min~ . The wet eoiumn .was then stored 

in an upright position until eluted. 

!he col~ was was•hed with about. 20 ,ml w.a.ter to dis-
- . pl.a.:ce thE3 solwtion _.in the resin .l:Jed1 and was then ·el.uted with 

· 10 mi (pipet-te) l:wdrochloric a.c.id (6,.10) :toll.owed 'b; 10 ml 
(pipette) water, both at e .flow rate o£ 0.2 ·to o•J ml/min. 

·The acid effluent· was oolJ.ected in a 100 liil beaker and 

. aliq.uots were taken f.or d:eterm1na tio.n of copper and iron. 
i'he total volume of the· eff.l:U.ent · was meaeured.. . The total 
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,concentration .of metal present in the e:.ffluent was then 
ca.lcu:t.ated • 

. }.i;blank vallle for the _;proced~e was determinf!~ by 
' .. 

)eluting .a ~olwnn .:of Sodium form resin1 .. prepared ·as above .• . . . . . . 

. · ~e ·co.n~entrati.ons obtained we.re- .co~e~te:d ·.tor_ .blanks 
l ' " : ' • , , • L 

and tabulated in Table ·1,4.. These concentrati.on ve.lu.es 
were then plotted againSt the amount of metal. added (Fig.24). · 

A 500 ·ml -·<!Uanti tY _of water was ~un tlu:"ough the p~o• 
' , '• . . . 

cedure exactly as a.bove to obtain the value for .. -establish-
ing the z,ero on. the. ttm-etal added" e~al.e. 

. . . 

· ~e colw:rm.s were W$Sbed with 20 m1 dilute Izydroobl.oric 

a.cid and· 20 .ml. water and were regenerated as described 
above .tor conversion to the .sodium t'om. 

- ' . 

· 6.8 -Treatment. ot m1crop-ore_t'ilters. (S4} 

~he filter ·(millip?re .liA filter.~. 0.45 micron ,pores) 
was placed in a stoppered-50 ml measuring ·cylinder contain­
ing ll ·ml. dilute hydrochloric acid reagent. solution. 
Gleaned perspex.-tippe.d fo,rceps .and a c~ean glass .rod were 
used for handling the filter. to a\toid the introduction 
of metallic contamina.ti(m. !~!he fi~ter was complete.ly 
immersed in· the acidt by use o.f . the ·glass .rod. !l!he .loosely 
stoppered cylinder was• then pl.aced in a. boi~ing ~vater bath 
for ten minutes and then all.owed to -cool.;,; ' 5 ml el.iquots 
·were pi.petted ou.t and tree. te.d as described for "aei.du copper 
and ir·on sampl·ea. (6.2.a2.1 . 6 .• ).2}. A bla.Rk determination 
was made by extraet:Lng cl.ean_ fil tere from the packet in 

tl'iplicate and ealcul.atitlG a. mean blank val.ue :for the _e:Opp~r 
and iron contributed· b1 the filter. Thita amounted to about 
J p.g· copper and 1 ~ iron ·respectively. 
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• 6.9 Instruments. 

· Op'tical ~ensi ty measurements were earr~ed out on a 
Unicam SP 600 .apeetrophotometer, using matched l Qllli glass 
euvet~St and on a Zeiss M4Q s_pectrophotometer uaina matched 
1 and 5 .em, gl.ass cavettes. A· Photovolt Iv1odel. 180 . 
omrd.-~a.nge glass electrode .PH meter was used. 

6.1o . Relasents. 

All chemicals used \ver·e . ,of reagent, s;rade qua.l:1 ty and 
wer:e not speeiaJ.l7 purified linless otherwise- ,stated. 
Doubl:e glass distilled water was used throus1tout;. Sea 
water used. for ca.libra:tion plU"Poses Was collected in poly­
thane containers from flus'hi.ng .rock pools, filtered.- through· 
e. -poro$1t.J.l (20 to jO micron) eintered glass f'ilter to 
remove seaweed• plankton a.nd detritus, and then stored in 
pol,-thene vessels. 

:DOO reagent: 2 ~ sodiwa diet}Wldithiocarbamate (l3.D.H.,) 
was made up to 200 nil with wa. ter. !!• 1.00 mg an:.b3drous 
sodium carbonate were added and the solu;t.ion fUtered 
(Whatma.n 40) in order to remove copper impurity ·as 
inso1uble eopper di.etl\vldi thiocarba.mate. . This re-

agent is 'lll\Stabl.e bel.ow a pH of seven-(2.2.1)., but w.ith 
the addition of sodium carbonate, the solution was 
stable for tip to two weekS. . fhe sol;ation was discard·ed 
when. a etrong, unpleasant odour deve~oped. 

Kal.ene: JNlene was redistill.ed· in .an. all glass apparatus. 

If3drochlorio acid:· About 750 ml of concentrated acid was 
dil.uted with about half its volume of water and 
.slowlN' distill·ed from an t:Lll .gl.ass apparatus. 1'he 

·first ~00 ml and the. last 400 .ml were rejecrted.. Tbe 
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acid was standardised .gravimetrically as si.lver 
Cbloride. (Sl) The: labOli"atory :fa.cili ties were such that 
this method WQS rapid ud more convetfent than the 
standard volutnetric procedure. 

Sodium bJdroxide solution: .Approximately 4N aqueous sodium 

~droxide wa.s passed at about 5 m1/min through a 
column (lJO mm lon&J 2; mm diameter) o:f sodium . 

. · 

. fo:cm IRO 50 resin (0.3 to 0 .• 5 .mm bead eize) to re­
move me:tal ·traces, and was then stored in pol7thene • 

·Stand~ copper sulphate solution; A soi.ut1on ~of b;fdrated 
·cupric sulphate (:B.D •. H .• micro-;anaJ.yt1cal. rea.gent grade) 
· ot approximate «oncentration 50 '11& copjj)er/ml was pre-
. pared e.nd dUttted &e required~ !he solution was standar­
di~e.d by the thiobaa.nate. method. (9.3) 

Dilute nyd.roehloric acid solu:ti.on: 30 ml of the .red..isti~led 
hydrochloric aeid r-e~ent (see .above} were made up: 
to 406 ml. fhis sol:ution was e. 0.55 N. . - _. -

Ji.ydroxylam1ne reagent.: }f.ydz>oqlamine llydroohl.oride (B.-D,.H.) 
was recrystallized ( 84) from o .• 4 times i t~s weight of 
1~ v/v bJdroehl.oric acid, then .again .from 0.4 times its 
weight or wat-er. !he crystals were wshed with a 
11 ttle cold water and dried :at U0°0 for an b.our. 
40g cr,Nsta.le were dissol:ved .in 400 ml water t 5 mJ. 
bathophenanthro11ne re~en:t added .followed by 10 ml­

isoa.~Jl7l Bl.cohol :and the whoLe extracted in a se»arating 
fwmel f'or 1 minute,. !rhe organic layer waa then dis­
carded, fhe extraction was repeated until the organic . 
ltqer was colourless-, the organic ~ayer separated 

o.r-J- . . . 
of1't~he reagent stored ia polythene~ 
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Acetate ;r.e~ent:e 300 g l~dra.ted sodium acetate were added· 

to 400 m1· water and. 2 ml. }Wdroxy:Lamine reagent added, 
followed by 5 ml bathophenanthroline/c~gent and 10 
.ml isoamyl .al.(H:>holt and the whole ex~acted in a separat­
ing funnel for 1 .minu.te. (B4 ) ~he or:ganic layer was tb.en 
discarded. Extractiou was repeated until the organic 
l.a.fer was colourles~,. the or&flnie layer·waa sepaz>a.ted 
off, ,a.nd the reagent stored in poqthene. 

lia.thophenanthro:u • .ne reagentt 140 mg 4,·7-diphenyl-. 
1.,1o-phenant~oline (B.]) .• H. ~o:Dllfleroia.l grade) was 
dissolved .in 200 ml abso~u.te· e·thanol and 200 mJ. water 

'a,dded. (S4) fhe reag:ent was stored in polythene~ 

StandQrd 1ron solution: A ·so1u.tion ot :ferrous ammonium 
sulphate (6B2o) (B.D. H •. )' containing approximately 
50 ·p.g 1ron/ml . w~ diluted a·s_ required. 2: ml bydrochloric 
acid were e.dded to each li tr'e to stabil.ize the .eol:u.­
tion. fhe solution was standardized for ·total ir.on 
(:Fe2+ plns Fel+) b)' the perma.n8anate me'tb.od. (93) 

Standard ~s.neae solution: A»proximateJ.y 0 .• 1 ·If aqu~ioas · · 
potasa.inm .perma.n,ganate (c .. 2 N ineuJ.phur1c acid) 
·was· s~dardiz~d 'ON. arse;ic trioxide, (9.3) arid 

a.ppropria te diiutions were :reduced by a sli.ght excess " 
of sodium sulphite ;and the sulp.hur dioXide bo.i1~d off~75) 

Ammonia solution: :200 m1 81l'llilonia sol~tion (S.G •. 0•·68) 
were isothermally distill.ed(.43)1%lto .100 mJ. water :for 
S days, ·and the so:tution store~. 

O.i'trit.te reagent:. ·~riammoniWII citrate, (tlfor copper 
de1;ermillat1ons11 , :e.n.:a,.). of stated copper content · 
·"less than 1 ppm•• , was. purified by adding 2 m1 

D:OO reag.ertt .and S tnl qlene to a l m aqueous. sol~~i.on 
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and extrac;rting in a po1ythene vessel £or 1 hour. Two 
•ore extractions were required to reduce the copper 
content su:tticient~N (indicated by a colourless 
organic layE'tr). (~he salt or1gi~ eontained 
.£• 0~6 ppm co,pper). 

IRC 50 resin: Amberli te IRO SO (J:zy·dJ'ogen form) ion 
exeba:nge res·in (a.nal)l'i;icril. grade, bead size 0.33 
to o. 5 umi} was cycled from . the h.7drogen form to the 

. sodium form repeated.ly to re~ove \ polJ'el.ectr.olytes · 
and me tal tre,ces, and was washed to remove .fines. 
:The final cycle :involved the use o.f redistilled 
hydrochloric acid and· purii'ied · sodium hydro~ide 
solu.t1on (both diluted Wi.th water ·t.o . .!• ,2Ji) to give 

· sodium 1"or.m resia of high purity. The resin was 
. air•dried at §0°C uail'l.g .an infra•red .lamp for 8 hours· 

to provide a. ·dr.v weight. re.ference·. · ~he resin was . 
SU.bseq~e.lltl.J' :allowed to 'soak O'Vernight(J.fi)ili Water 
be.fore use. 

(i.ll $tatistios • 
. ' 

The statistical terms used -we.re as f-ollows: 

Mean vB.lue i- = f x:i/ti 11 = .tullilber ·of results · 
· · · · · -~ = 1nd1 vi.dual .reeul ts 

8~a!:!!::!..~1~! 8
s -.[_x:(lr.1-i)2/n-~ Ji 

.. For_· a.. re_· .. · gres_sion equation Y.e, = a ..-_ b. x. · 
- 2 .•· Z .2 

. a ;c L x 2: .xa - .7 2. x /( 2: xl - n L.x . . 
b:::.[x~,. .. n~xy/(~:x:)2 ,_ n~x2 

The· standard error eif est3.mate, or the stanQ;ard deviation.·_· (2l:' 
of the y v;alues around the est~mating equation_,. = a + b:x is ~ 1 
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e8 ,x {l¥!;~-1 J i ithet-e 

~7; # a~r +.b~q- · --· 

~ ~-~ =t7
2 

- .c 8~ 

· fhe ,cor.l!elation coe~ficient·. r =p~ ~ ;2 ] l 

,· 
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