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. SUNMARY.

‘In this thesis, some methods which have been used

- for the determination of traces of copper, iron and
manganese'were'eritieally‘diseusseda Special emphasis
was laid on spectrophotometric procedurcs. Techniques
were improved or modified where neceséary;. Sea water
samples, collected in the South East Atlantic Ocean up

to 600 miles offshoré, were analysed for. copper, and further
samples*from & Sea area within 100=150 miles of the coast
were analysed for copper, iron dnd m&nganese. An attempt
was also made o improve the Sampling technique by the -
use of cation exchange resin.

~ Samples of sea water were collected by a special
technique which minimized contamination of samples by traces
of metalss The samples were then stored frozen in poly-
- thene containers until ready for analys;s. On storage of
sea water in polythene at room temgerature. marked losses
of trace metals occurred. The procesées which might remove
‘metals from solution were discussed. Special clesning
procedures were devised to remove all traces of metals
from the apparatus used. | |

Copper in sea water samples were determined by eompléx~
ing the cupric ions present wzth daethyldxthlocarbamate
ions. The complex was then extracted into Xylene and
determined specttephotometrlcally. ‘

“1Iron in Sea water samples was first reduced to the
divalént state and then complexed with bathophenanthroline.
The complex wae extraeted‘intoiﬁoamyl alcohol and determined
spectrophotometricall?.

A method was devised for the determination of manganese
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in sca water camples. This involved cupreaipita%iaﬁ'of
hydroted mangancse dioxide with & carrier of magnesiunm
hydrogxide. The pxecigitata was token up into sulphuric acia,
and, aftor removal of halide ions, mongancee ions were
oxidized %o germangannta ions, which were de%erminca

. apaetra;hotaratrically.[ A special procedure was &e?elayed
rﬂar %0 eotinate tﬂa reagoent blank.

. The gemeral factera controlling the concentration of
trece metals in the occan were discussed as were the most
likely forms of the metels preaamt in sen wator. I% wus
neceasary to carry out o detailed amlyeis of the cceanow
"graghie nanﬁitionﬂ in the area studied in order to relate
the distribution of copper to water masees and ocean
currents. The seaconal varidation of coppoer in coastal
waters wane discussed and was related to upwelling of deeper
.ater to the eurface layers. Samples takern from the surf
sone phowed low concentrations of copger, iren and NALGUNes 0.
The concentrations of iron snd mongauese inereased after
‘muﬁh;raiﬁ,-hut cépgef‘aangentraticna remained feirly conatant.

Eh&'e@ncéntraﬁiaﬂ of iron ipn coastel water waé'fairly-

~ high, but decreased as the distance from the shore imcressecd.

The concentraticn af’mangnneae was fairly consdant in the
- fow ﬂamplea @bta&nﬁ&.

- Due to the sbsence of large rivers in the areas, metal
_aéﬂcénﬁratiaua in the area 5$u&ied‘wera’almﬁﬁ%'exelﬁaively
euﬁtxalle& by'aeeanagraphie factore such as ﬁurranﬁa-aﬁ&
mmmgn%. " SR -

A graaadnre invelwing thn @crptian of tracen of eepper,
iron and manganene on catiOﬁ,axehanga resin was developed

and inventigated,. Thic prﬁceanre aleo determined netals
present in o p&rﬁiealnte form. Experimentsl techniques were

i53/ees



- iii..
deve?lopéd for 'analyéis of parﬁctilate metals.  Copper in
sea water could be Successfully determined with the ion
- exchange teehn‘ir;ue.; - Manganese was not sorbed strongly by
the resin. ZIron, present mainly ae colloidal hydrated
‘ferric oxide, was not suceessful‘lj determined by the
methods - |



1.
i, INTRODUCTICH.

beectlve. _

in this ﬁhesls, a reconnaiaanee of the concentrations
of the trace metals copper, iron and.mangane e in South’
African ocean woters, wos carried out. Specisl attention
#as given to the distribution of copper.

- There were three mein bhjpc»& in carzrying out the work.
Firetly it was ccnaadered neeeﬁsary to examine known methods
of analyeis eritlealiy, inprove these when required, and to
‘devise new techniques when necessary. Secondly, since
South African waters have not been surveyed previously,
the dats.obtained should be of comsiderable interest.
Thirdly it was hoped to develop a better sampling procedure.

1.2 ‘General‘baék"ound %o the problem.

Although.?o 8% of the earths surface i8 covered by
gea watnrs 3)very little ie known of the chemistry of the
- oceans., The sea is an extremely complex chemical system
in which all the naturally occurring elements, except
ingium, tellurium, hafnium, osmium, iridium, platinum,
poloniunm, astatine, francium, sctinium and protactinium have
been detected. Tleven so~called "wmajor” constituents _
comprise approximately 99.9% of the total dismolved solids
in the sea (Table 1); the remaini@g elements are preseﬁf
in troce concentrations., A marine trace element hns been
defined by Goldberg(34&)as an clement “.... whose marine
abandance i less than 103 atcms/106 atoms ehlorzne"
ﬁypical values of some selected trace elements are given
in Table 2. 1n addition to the inorganic constituents,
much organic matter$40)including amino-acidgs (18 so far
'iaentified),'proteina, fatty acide, complex lipida,
carbohydrates, purines, eitric and malic acids, and
vitamine'(Vifamin‘Blz and thiamine), i= present in the

2 eee
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'ocean, and nearly all these compcunds are capable cf metal-
1igand complex formatzon. '

TABLE 1 - ﬂajor Genstltuents of Sea water(70)
- (Based or sea water of 19 9/00 chlorlnity)

Iéh.'» : g/Kg watér

6/%g vater |

Na* 10.5561 18.9799

mgtt | 1.2720 2.6486
S ca*t | 0.4001 0.1397
kY| 0.3800 0.0646 . .

0.0013 .

sett ] 10,0133

0.0260

| The slgn "0/00" means parts per thousand
?z by weight. Ghlorinity is defined by
Defant?3

4-"AELE 2 - Concentratlon af somc trace elements 1n

‘sea water(70)
"]: }Icnf pg/i. water Ion  '¢§/1. water
e | 01 to2 N | 0.07 to 6
ca | 0.1 1 P} 8
Co 0.04 %o 3 Se | ° 4 %06
I . | 40 to 60 }:Ti.jf S5
‘Mo | 03tol6 |  zm | 3 to20

, in this thesis attention'wés,foeussedfanithe traee_"

3eee



3.

metals in sea water, as g mére coﬁplete understanéing of -
_thezr dlstrihution holds the key to many problems in

ocean sciences, Apart from the interestlng geochemical

' a3pects of the. equllibrium set up between metal solutions

- and sediments, trace metala such as copper, iron and
'«manganese are essential for normal functioning of such
fundamentally vital processes as photcsynthcszs in phyt0~
plankten(45b The phctoplankton form the primary link in the
marine fooa-ehain as they utilize inorganic nutrients

"u(phosphate and nitrate mainly) and produce organic materlal

by photosynthesis. The essent1al nature of trace elements
,may be hlghlightea by the example of the role played by

~ iron. In the tsence of iron. no photasynthesis can occur

even under the most faveurable clrcumSnanees(45b) The phyto-
plankton are adapted to wutilize the minuté marine concentra-—
tions (micrbgfams»per litre level) of trace €lements, and

in plankton, the eonCeﬁtrationqief these elements are much
higher than that of the surrounding water. Copper, iron

and manganese may be frcm 7 OOO to 20,000 times more
concentrated in plankton 92} than in sea water, and, in fact,

- all forms of marine 1ife contain relatively high concentra= |
tzens of trace metals when compared to the surrounding

. water. (Por example See Golaberg( 4b)) An accurate knowledge
-of trace element cancentrat;onp is again important for |
vpossible future explcitation of marine'réSQTVes of some of
these elements. Although extractien at these extreme dilutions
is aifficult, ion - exchange('zg) and ion flotation‘79)
technigues have been applied successfully, and extraction

from the sea will no doubt become economically attractive

-_as terrestial reserves dmmznlsh. :

) The three nmetnls, eopper, irsn and manganese were
chosen for more. detailed study as they have known physia—

logical effects and are fairly typical trace elements.,

_ Eublzshed determinations of these metals have shown aeatters

4...



- of several orders of.magniﬁude (Table 3).

4.

They are mostly

baged on single analyses of surface samples widely

separated in space and time.

Cooper

{20)

hasg expnessed

the opinion that‘most 0of the discrepancies in published
anelyses were due to metallic contamination introduced
during the sampling procedure, |

TABLE 3 - Previous determinations of copper, iron

and manganese.,

Mean : | Hean| . Hean
Cu - Reference Fe | Reference |Mn Reference
ped | S 772 § ja/2 e
0,2 t°"Rich§?d5(7ﬁ) 0 to Richords ‘197 |0.7 |Richards ¢ 10)
90 {1957) 60 (1957) to | {1957)
review review 16 |review
19 to 27|Riley %7§§n~r 25 to|armstronf3) |1 to| Isnivasnit4)
- hasenl 50 {1957y = - |3 et al. (1960)
_ o 5 to |Laevastu' 0.6 |Loveridge'
32 & Thompson to |et al. (1960)
‘ . (1958) 104‘
0.9 to -|Loveridge‘™) |0 to [Schaefer(76) 0.5 |sKopintel§e’
1.5 " let al. : 82 Bisho to |and Popova
|7585) (19583 . s _ |(2960)
4 t0 5 T4 khonov v 13 Dobrazh +0 .Hood(ﬂfl)et ol
. - 1& Zhavoronklna to | skeyya and ‘8_ (1961) B
{(1560) 30 Psheninsa e it
' {1958,
o 19595. .
. N , e s
130 skopintsf§28) |4 |Haenitani(38)2.7 |Favricand®®)
_ and Popova | %o Yamamoto to |et 21.(1862)
{1960) 156 | (1959) £.5 |
2.5 to Zhavoronhmna(95)'1 to SkoPintségzajﬁ Parker(67) ‘
3.6 {(1960) 10 & Popova to |et al.(1963)
| {1960) - 15
0.12 to Bewlea(ll) &’ |1.6 |znavoronkffdlo - »okopzntéggb)
1.0 Ricks %o {1960) : to (1963)
' {1961) 3.2 ' 2007

575 es
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Mean . _'».Méan ' . Mesn
Cu .| Reference Su Reference [Game Ref,
pe/l | pea | &/1
1.3 to 2 Fahrzcand(zg) 43 to 205 Q&nanman(74#
. et al, ' & Lear
- |32y N 1557 S
0.7 Fonselius(3l) 5 to T ?abrican&gg]
- : & Xoroleff : et al.
| I (1863) o S dsez) |
2 magee( 52) & 2 to 5 Ewnzel(ES)
: | Rahman ’ : & Spaeth
{1965%) N | (1962)
o ' 5 to T8 4Parker(67)
' et al.
'("931 3)

The form in which the metals exist 1n the sea is not

| *‘well—known. due to the complexity of the ocean System.

, Mest‘authors(50)d1vide the metal content into two fractlons,
viz. "particulate” and "soluble" metal. The former is that
fraction held on & 0.45 micron millipore filter; the
-latter, that which pasces through. This rather crude classi-
fication is occasioned by analytical difficulties and
ignorance of the complex equilibria in very dilute

solutions. For inmstance, “soluble" metals muy exist as
iong, de compléxed with organic or inorganic ligands, or
even present in the form of colloidsl suspensions stebilized
by the organic mattervpréSent. “Vparticulate” matter may
1ncluée terrestial detritus and fine euspensions of clays
etc, '

1.3 Sam 1 ‘
Tracé_eiement samplingVis usualiy performed by.lawef-

ing a non-metallic sampler to the desired depth, closing

- 4t, and then after transferring %o another vessel, either

6/".‘



6.

-freezing the sample solid for shore analysis, or, rarely,
'aﬁnalysing it aboard ship. Very few analyses are done at
8ea, mainly because of operating difficulties, a few of which
~are given bélow‘ ‘ |

(i) Unless. Speexally designed, spectrOphotometers and other
1nsﬁruments do not operate suceessfully at sea on
small oceanographlc research vessels.,

(ii) Handllng of samples and reagents is very difficult on
L a movlng shipe . e
(111) Contaminution may easily arise from brass and steel
fittings aboard shlp.

- {iv) Most analysts are not such. effielent workers aboard
Bhip as they are ashore, - '

'_ The trace metal concentration of samples has been

_-found to decrease with time on storage at room temperature
. in polythene containers (as discussed later). Storage in
:glaSS vessels at ‘room temperatnre can give rise to mis-
~ leading results by sorption on the walls of the. container(85)
"and glass cen ‘also release 81gnifzcant quantlties of metals

into a sample(za)A in order to min;mxze losses, samples

taken at sea are usually frozen in palythene contaxners and
“analysed ashore.f' ‘ S

'_'1 4 com.arison of instrumenxal technxgues.

: Analysis generally involves some preliminary concentra—
7t10n stage, such a8 solvent»extraction or carrier co= '
iprecipitation followed by applicatzon of instrumental methods
sueh asi i

”(i) ;Emzssion specquraphy ,
o (14) X-ray fluorescence sgectroscoyy

j‘ (;11) Polarography

(iv) Neutron aetlvatmon analysis

Ueur



(v) gbsorption spectroPhotometxy
(vi) Atamzc ahsorption spectrometry

-A sﬁatistleal cempariscn of the results of methods .
(1). (111). (iv) and (v) was. carrie& out by CQQk et al (19,
A common sampley ccntainzng covger, manganese, chromium and
mercury at low parts per million concentrations, was _
1ndependently analysed by S laboratorzes. 551 analyses
were carried out altogether. The followzng results were -
obtained for the precision of a szngle determination at.
~ the 95% confidence level. The flgurea quoted are derived
- from the formia B 100 vhere s is the standarﬁ.

: :devnation, X is the overall mean, and t is Students factor

for n~1 degrees of freeﬁom at the 0.05 probablllty level. :

'Emqu10n spectregraphy + 40%
Polarcgraphy ' - o+ 25%
* Neutron activatlon 4 20%
Absorptxon spectrophotometry s 10% _

"rEm1881en syeetrography hus been very useful for out-
'lzning the . general &lstrlbution of elements in the ocean
as many elements aré &etenmlned rapldly and szmultaneoualy.
_ 'Apparatus 15, however, expenslve, great care is required
~in enalysis, espec1a11y in the preparation of standards,;
and precision is poor at low levels._ X=ray fluoreqpnce
Spectroecopy suffers from the same dlsa@vantages for marlne
work. - ?olarography is. useful 4if-a prellmlnary separation
- and concentration of elements can.be carried out, but
l difficulty arises in the seleetion of sultable "trace
, element gree“ supporting electrolyte and suppressor solu—
_‘tlonS.' Actzvatxon analyszs requires high neutron fluxes
which are available at certain large centres only and often
extensive radiochemical separations are needed to remove
1nterfer1ng elements. Atomic absorption techniques have
“been appliea to sea water, but, although show1mg promise,-

a

8/cee
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'theae'mgthedé have not as yet been widely used.

- "In this'wofk, emphaSis has been placed on absarption
sPGchrophotometric teuhnlques as thcsa combine the ad-
"vantages of ease of operation, general availabilxty (most
laboratories are equipped with spectroyhotometers) 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 modest
 laboratories - enablmng staaies to proeeed at many centres

on a wide front. ‘



4.
2. EXPERIMENTAL.

'2.1 General.:

_ ‘Sea water samples were obtained with a cammercially
'.available Sampler(Bg)designed by the National Institutxon

- of Oceanography, England, The sampler consisted of a
polypropylene tube open at both ends.” After attaching to
‘a. wire, the sampler was lowered $o the required depth and a
weight was allowed to slide down the supporting wire.- 7The
impact of the wezghm on & trlgger caused two sPrzngnloaded
‘rubber seals to close of £ the tube ends and thus trap the
sample. The sampler wag then hauled to the surface and the
_ sea water (1,200 ml) transferred to two 400 ml capacity
' * polythene ccntamners by means of polypropylene taps let

L into the sampler tube. Prior to filllnglpolythene containers
were riﬁsed once with the sample. When large samples
were collected for the determinatlon of copper, iron and
manganese, the sampler was 1owered several tlmes until
the required number of samples was obtained. All samples
_ were frozen at -18°C as soon as possible and kept frozen :
'iuntll ready for analysis. -

_ Initially, (April 1964 crﬁiée)lthé sampler was lowered
“into the sea near the bow of the slowly moving ship and

 closed just belew the surface, It was thought that sampling

as far forward as pcsszble would avoid contamination from
the sths.hull._ The procedure was ineonvenlent (danger of
falling overboard and height of ships bow), however, and
subsegquent samples were taken,by lowering the lamyler on a

4 mm stainless steel wire to a depth of 20 m. At this
‘depth, contemination from the hullg of the ship or ship
‘discharges could be assumed to be negligible, whereas the
trace metal content would most probably be the same as that _
'at the surface. (The upper 20—50 n of the ocean are -
,thoroughly mixed by ?ave action and turbulent current

10/ees -
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fléw,(23)ﬁanémstrA%ificaﬁion'of,théfupper 20 m is only
encountered close inshore after a period of calm, sunny
weather), jﬁusPecial‘set of samples for investigation of
the variation of'eopﬁér concentrationfwith’degth; wa@‘
collected at depths of 20,400,720 snd 1160 m at a
:poaition‘off cape-Point (Fig.,s,.station za)ﬁ

, CGntamination of samples becomes a ser:ous problem

- when working w1th.metal concentratione in the ppb (parts
per 109. w/#) range. Precautions taken to avoid contamina;'
tion inciuded speeial cloanlng proeedures (see 6.1) and
'protection of all samples from exposure to dust (or spray,
aboard ship). All reagents were of high quality and were
Speclally purified in some cases to remove all traces of

- metals present as 1mpur1tles. (See 6.10). Unless other—
wise stated, the term “Water“ refers to dcuble glass-
“dlqtille& waﬁer (6 10).

A further difficulty encountercd in trace analysis
arises from the sorption of ions on the surfaces of con~
tainers. (85,33) Sorption on glass was esaentzally negligible
dnring the relatively short period of analysls, as may be
inferred from calibration data obtained using glass
apparatus. Storage of sea water samples in polythene at
room temperature (c. 20 G) for some days resulted in
appreciable 1ossea of copper and irom, whereas fr9921ng to
-18% preserved ‘the trace metals fbr better. (See 3.4).

' The determinations of-cogper and_iraﬁ»invelve‘organic
solvent extraction and it was considered advisable to
extraettsamples»of fiea water with the orgaric reagents
(xylene and isoamyl alcohol) to check that no coloring
matter was extracted. Exiraction of inshore samples under
the same conditions used for‘analysms, excluding the re-
agent, gave negligibly low colorations. These inshore
’samples were kncwn 10 be far nore likely to contain colar;ng

1
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. matter than any of the samples analysed.

. Frogen samples were brought to room temperature by a
';standard teehnique (6. 5) designed both £0 mininmize losses

on polythene and to eliminate contamination during the
':’thaw1ng process Carrled cut in hot, tap wauer.“

’ u2 2 DevelOQment of gz method for Qﬁpper determination.

copper in Sea water aamples was determined by 8 sensi—
tive spectrophotometrlc procedure 1nvolving the addition
 of execéss sodium diethyldithiocarbamate resgent followed
by solvent extraction of the copper complex. Full detalls
I_of'the proce&ure'appear in'séefion_ﬁgé; '

2 2 1 Baekgroun& to .the- proceaure.

: g
_ 4 The analytieal method was based on the reaetlon of
;divalent copper 1035, in Elightly acid or alkaline aqueous
Eolution, with diethyldithiocarbamate (ahbreviated DDG) '

11gands (1) to form & complex of the form Gu(DDG) ,(I1). (75)
The complex is inscluble in water, but may be extracted with
- organic solvents such a8 xXylene, carbon tetrachloride and '
~chloroform, anong others. = The brownAcomglex, in organic
‘ ,'solutlon, Shows maximnm absorptzon at a8 wavelength of.
. about 435 mp. ' ‘ o o

N Q,fS .\~;;C:;“ —_—  N= e EPJN\ |
| Hy ol S Hef T Cegng
T o T

' The natural logarithm of the equil;brium constant of
+this reactioé (at 20%, in a 75% ethanol/25% water (w/w)
 ‘m1xture) is 28.8. The structure of II, ‘a8 shown by infra
red sPectral investlgation,(14)1s a resonanee hybrid of the
eanonlcal fcrms 111, IV and V, each af which probably contri~ ’

12/... ‘»
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butes equally to the atructure. This is pertioent to
underseand mhy the complex is stable. N

-. —

| g :
e N—C/S cwb c_wgc o b, rv{/ Q:/S\C:Nﬁc H& V- (5,,@&5 C-N ¢,

m T : 7
. The decomposition of DDC ions in solution is directly
dependent on the pﬂ anﬁ proceeds by Lne iollowing TE-

action. <7}}

-—

H+_ + .\(:N'&;‘ —5 C§, + H’Nfé/fz.

Ehe half 1&?@3(15} of DUC ians st various pH values ares-

pH 5.0 half 1ife @.Q‘minntea

. 6 O .oon 51 L] |
70 i : ﬁa 3 houra
8 o0 A o 3 . 5 d&xys

within the range cf pH of the sea(23){7 0 to 8.5),
this reaction is sufficiently slow %o allow the remction
with copper ions to procced wi%haut‘inté&erenee. T aas,
however, necessary to devise e modifiecd techaigue to
dtermine copper in acldic sclution {(sce Dholow).

2.2.? rraceéuxe. , B _
An‘apwraznmateiy 350 fo0ld excensg of sodiunm diethyldit-
‘niveartamate (DDO reagent, Sce 6.10) was added to the sea
;‘wat@f eample,ﬁanﬁ‘the resulting copper conmplex was extrmcted
~ with § ol xylene for one heur. An excens of the DDC
»'reagen% wae conpidered necessary to prevent decomposition

of the camplexlea) Excess reagent does not alter the

m@law intenaity s (158) . »3 though the distribution of m

13/.1;.’
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copper cemplex between the organlc and aqueous phases
‘usually attains eguilibrium after about 40 m;nutesslsa)
under the condiﬁions'of the proceaure (see 6.2) extraytion
_was carried out for one hﬁur to ensure that equili%rlum
'was attalned. '

‘ The crganlc layer was separated in a separatlng funnel,
~ as this proce&ure was_found to be auperier to that used by
_Chow and Thompscnslsa)whieh involved the use of a medicine

: dropper to separate the xylene layer.

It was found necessary to allow the extracted samples
to stand for about an hour before separating off the xylene
-1a3éf; This removed any interferencevffem mangaﬂese'(see

"~ 3.1.1) and entrained water in the xylene 1ayers separated
within this time. If Bamples were allowea to stand in the
separating funnels, high results were invariably obtained,
_perhaps due to the evaporation of some xylene, and the
”vsamples were left in the stoppered- polythene containers 1n '
- .which extraction was carried out. Separation was then
 ;§erf0rmed rapidly.~_ ' ' |

~ Vhen employing new, clean polythene containers for:
 the first time, it was found necessary to "condition" the
containers. by extracting an artificial sample in them.
Very erratzc ‘results were obtained when untreated con-
taxners were first put in use (see 3 4).

In order to determine the wavelength of maximum -
abaorptzon of the ccmplex, approximately 10 pg eopper was
added to 400 ml “aged“ sea water (see below), ané the
copper complex: extracted by the standard procedure (6 2).

- Readings of the optical density of the complex were taken
at 10 mp intervals .in the wavelength range 350-600 mp.

Rear the pcak of maximam absorption, readings were taken

at 2 mp 1nter?als.v The absorption spectrum was p;otted_
‘(Fig, 1) and the wavelength of maximum absorption was found

14/...



FIGURE 1~
ABSORPTION SPECTRUM OF COPPER DIETHYDITHIOCARBAMATE.
INSET SHOWS PEAK. AREA.

OPTICAL
DENSITY
LOG lo/1
0-2
0-1
1 J[ A i 1
350 400 439 450 500 550 600

WAVELENGTH
mp



14{ :

to he'434 mp. This was rounded off for convenience to
435 mp; ‘an insignifﬁcant change. | '

_If diron 1nterferen¢e (see 3.1.1) was suspected, a

| rapid test could be made by determining whether the absorp-

* tion peak of the extract lay at 434 mp. In the presence of
much iron (not from seawater samples but as gross contaminant
the colour of the xylene layer was of a significantly darker
shade of brown, and the abgorﬁtlon spectrum was found to

_ibe dzstorted. The 1ron complex . speetrum has 1ts maximum
17absorpt10n at 515 mpze (75) ‘

2.2.3. Galibration. |

_ Calibraticn precedures could net ‘be carried out by using
. water, as its pH was too low (5.5 to 6. 0) and the DDC

: reagent‘decomposed. Chow and Thompaon(lsa)claimed 0
have_calihrated their}procedure for.determining\traces cf
copper in the séa'by adding known amounts of;eopper to an
arsificial 8ea water, made by dissolvmng reagent grade
4chium ehloride in water o purificatzon procedure was .
used. In this worlk, 1t was found that when reagent grade
sodium chloride was made up as deseribed by the above
authors, “the reaultant solution contained so much eopper'
88 an 1m§urity that the solution became dark brown on
addxng the Pic reagent. This solution could not therefore
be used for calibration purposea, and it was dec1dea rather
- Y0 use sea water. (In retrosPect, it ie ccnszﬁered that
the copper complex could have been extracted from the
" artificial sea water with xylene, thus giving a "eopper
free" sea water for calibration purposes, but this did not
occur to the author at the time). ‘

o Ses water of low copper content for use in the cal;bra—
_tlon proceaure was prepared by allow1ng a sample of fxltered

15/. e



. FIGURE 2
ABSORPTION SPECTRUM OF IRON-BATHOPHE NANTHROLINE COMPLEX.

INSET SHOWS PEAK AREA.
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sea water (éee‘é;le) to otand for a week or so im a large
_'palythene container at room temperature. The known loss
. of trace metals from sen water samples on storage in -
~ poiythene (aee 3.4) reduced the concentration of copper

“(and iron) in this,“aged“ seq water to a levcl satisfactory

- for use iﬂ“cbnstruéting calibration curves. Th;s was done
"as aurf zone - water was expected to have quite a hzgh con-
v‘centratlan of copper because of the effects of iand drainage,
'~ané it was cansequently necessary to reduce the capper - |
'-eontent %0 include the range of cancentration of aopper

in offshore water.v' S '

o Caiibration'énrveé (Fig. 3) were prepared by plotting
. the results obtazned on 400 ml samples of the same batch’
of "aged” sea water 0 which known amounts (2, 4, 6, 8 aad
10 pg) of cogper ha& been added.‘ An additlonal point was
'obtained on & sample to which no coyper had been added.
A further curve was plotteﬁ similarly for the range 0-25
R from the results obtaxned by addzng 5 pg amounts cf '
eopper. (up to a maximum of 25 pg) to 400 ml semples of a

a ‘d1fferent batch of “"aged" sea water., Prom these results,

_Beers lLaw was observed to hold for the system in the range
0~25 ag copper. ' : s

Stra;ght lines were fltted to the exgerimental points ;
by the method of least squares.(aee 6. ll)These lines did |
not pass through the origin due to. the emall quantity of o
_copper 84ill present in the batches of ses water. A

‘  factor corresponding to the 1nerease of optlcal denszty

',per anit (2 pg) copper added was obtalne& from the regression‘

“E:equations, and the optical aensity of unknown sSamples wes

d;vmded by this factor tc transform the results to concen-

. tration valuesS.

The regression equatzons for the ranges 0-25 Fg @)
'and 0-10 pg (2) were:= o ,

'is/._..
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(1) Y =0.2158 + 0.0411 X  where Y = optical density
(2) Y = 0.0846 + 0.0413 X "X = pg copper added

, The transformlng factor nsed was O. 041 optical
denszty units per ng copper.

In order tc establish confadcnee in the procedure, the
" results of copper determinations (taken from calibration
data in the 0-10 pg range), found by transforming the
optical densities using the above factor, were plotted
against the copper added. (Fig. 7). The points were
fitted to & straight line by the least squares method,

and the slope was calculated as 1. 00(9), in gomd agrecument
with the expccted value of 1 00(0)

2.2.4 Determination of the resgent hlanx. |

As mentioned above, the pH of the water was low and
reagent»blanRS'coﬁld not be determined by applying the
general procedure to 400 ml mamples of water;' An estimate
of the remgent blank was obtained by extracting 2 mi IDC
reagent with 5 ml xylene for ome hour in a polythene con-
_ tainer. This blank value was reproducible and remained
constant for one bateh of reagents. Reagent blanks
usually corresyou&ed to about 0.5 pg copper. (Chow and
'Thompson(lsa)apparently did not use a reagent blank, as
they maﬁe no menﬁ;sn of @ blank in their paper).

2.2.5 Sensitivi%y and precisicn of the method; o

The spectrophatometrlc sensitlvity of the ahove
~analytical method, caleulated as &escrzbeﬂ by oandell(75)
was found to be 0,005 pe eoppgr/cm . Tor comparison, &
‘wvalue of 0.004 ng espper/bmz has been quoted for the
sen31t1v1ty of the &iethyldithiocarbamate method for
- copper aeterminatlon.75 In this case, carbon tetrachloride

17/0 .o :



17

- was used as an extracting agent and the optlcal density
was measmred at a wavelength of 436 mp. '

Qhe standard errors of estimate (6.11) were caleulated
;from two individual sets of results, constituting calibra-

tion data, and were found to correspond to 0.30 ypg (n =

5, concentration range 0-25 pg) and C.11 pg (n= 5, concen—
vtratlon range 0»10 pg). -

2. 2 6 Modzfied proceéure for acid samples. o ‘
Samples dbtained from the elution of ion exchange

o columns (see 2. 6) and from the proeedure for extraction of

- particulate matter (see 2.5) were _strongly acid {c. 2N in
“hydrochloric acld) and cogper was deternined by 2 modified

technigue (see 6,2.2 for full details). The excess acid

- was neutralized by an agueows solution of ammonia and the
 sclution buffered by specially purified triammonium citrate

%o a pH of 8.2 to 8.5. The,pﬂ was adjusted to within the

range of pH of the "aged" cea water qampies used for cali-

, bration {7. 9 to 8.5) in order fto gvoid effects of change of

, pﬂ on the procedure.» (See 3 J.1). '

The yroceaare‘W&s not satiafaetory-as.the ammonia
solution was not sufficiemtly free'from coppers Purifie
cation of the smmonisa solution was undertaken by isothermally
_dlsulllzng(43)ﬁhe emmonia into water (see 6.1C). The
‘purlfzed solution gave eompletely satisfactory results.

A wmeparate calibration was carried out for these |
v samyles as the ionie concentration, jonic compasition and
:-volume of these samples differed censiaerably from the
previous samples. ‘Known amounts. of copper solutlon .
(corresponding to 2, 4, 6, 8 and 10 pg) were pipetted into
beakers containing a constant amount (2 ml) of redistilled
" nydrochloric acid. The solutions were diluted with water

’ 3‘.8/.00
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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 ¢.1l.5
ng copper for a given batch of reagents. As the quantity
of hydrochloric acid present in later samples was not
* known. accurately, additional reagent blanks were carried
out in the ion exchange procedure and partlculate matter
extraction procedures (See 2.6 and 2, 7)

The results (Fig. 3, "100 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 o : : '
Y = 0,0667 + 0.0472 X Y = optical density

= pg copper added

The factor used was 0.047 optical density units per
pg copper. As before, the procedure was checked by plott-
ing the copper found, using the factor, against the copper
added (Fig. 7 "100 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 corresponded to 0.004
) 2F:5 copper/cm2 and 0.24 pg respectively.

2.2.T7 BEesults.

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

19/«..
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‘results of their analyses are presented in Table 4. The
positions at sea (stations) where the samples were taken
(Fig. 6) where chosen in aﬁticipatian 0f the possible com~
parison with known oceanographical results. Miscellaneous
samples of filtered (6.10) sea water, meétly eollected a8t
the seme time as sea water for the calibration procedures,
were taken from the beach at Sea Point. The results of
copper determinations on thesévSamples_are included for
comparison. - |

TABLE 4 - Results 5fzeopper determinations

Sﬁaticn Position | Depth _'Gagper Mean
o 1 m :

pe/l | pe/d

APRIL 1964 | |
1 35%s's | o , -
| 14%1s - 5.0) | 7
o | 8.47) |

2 | 3%s o | e |
13%6's | 1 12.(6) 11

30 {3802 | o | 164D |
| w%2's | 22.47) L

4 | 3¢%2s” | e C4(0) |
| 8%4'= - 12.(5) | 8

5 | 4%s's | o 16.(0)
|l | ] ] 16

6 ;5., 42°28'x o  8.(9)
| w4%150E S w72y |13

' ZO/OCQ
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Station

Position

DeBth

iean

pg/l

7 43%35's 0 14.(2)
17%23'% 8.(9) 11

8 44%24's 0 12.(4)
20°16'E 10.(4) 11

g 42°31°'s 0 13.(3)
20°09'E 8.(5) 11

10 41°40'S ) 6.(3)
17°17'E 8.(8) 7

11 40°57's 0 7.(2)
15%25'% 2.(0) 5

12 40°05's 0 10. (4)
15°07'E 8.(7) 9

13 40%12's 0 4.(1)
| 14%41'E (35) 4

14 39%¢6 s 0 12.(2)
13%34'8 6.(0) 9

15 38%0°'s 0 5.(0)
15°00'E 4.(3) 5

16 39%06's 0 4.(2)
17%22'E 5 (9) 5

17 40°%17°'s 0 8.(7)
19954 'E 9.(7) 9

18 38%09°'s 0 3.(2)
19%50'E 11.(1) 7

21/eee
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Station '

Position

.Bepth

Copper

Mean

19

18%0°'E

37%45s

20.41) |

15

20 .

36°3aés .

10,(8)

| JuLY 1964

”“Valf‘7' " =
o 21°%14°8 .

[ 16%s8%

35%41s

,._1.(6)f.L,,V

Cnaw |
1;2.(2),“

.13.,ﬂf

BT S o

.3793613”.
- 21%4'E

: z.ké)f.,“ o

1.{8)

.T23 1l'

L. 35080

20°36'E

:v3;iﬁ)g¥
)

24 -

“3590335..f

20°10'E

.20

2.(1)

125‘A. ”

BsogngJ.w_J
| 19%7'E

.20 -

6.(6)

sm |
7710.£8),

.26

34%3t8

18%3'e

16.(2)

~ 6‘(6)'A'

27

.,‘34913jS 
18°17'E

.20 -

1.(a) -

10.(3) .

. 28 -

.34942is .
- 17°%3'8

20

16.(9)

1.6

16

- 403

| t,i@ﬁig)_w‘
_';6{(3):_

16
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Copper

Station Position Depth liean
m ng/1 ug/1
718 9.(9) |
10.(6) 10
1160 |  6.(7)
9.(2) 8
DECEMBER 1964
29 3592518 20 14.(9)
17°52'E 15
30 344445 20 15.(6)
18°14'E 16.(4) 16
26 34°13'S 20 15.(3;
18943 'E 19. (2 17
27 34°13's 20 17.(0)
18%17'E 13.(3) 15
28 34%421s 20 11.(2)
17°43'E 9.(1) 10
31 35%111's 20 10.(0) 10
17°10'E

23/cee
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| SURF SAMPLES

Station Posi tion Depth ‘cdp‘er | Hean
R R AN - S A ng/i) . pe/l
- ‘Sea Point, o | &
‘Beach | 4
| (Rocldands) | 0
Bea Point R o
Beach | 0 {1 5
(Aquarium) 1 4 4

2.3 Development of a method for iron determination.

The iron in sea water samples was'redueed,to the
ferrous state with hydroxylamine and complexed with batho-
phenanthtoline (4, T-diphenyl-l,lC-phenanthroline). The
complex was then extracted into isoamyl alcohol and deter-
mined spectrophotometrically. Pull experimental details
are given in section 6.3. S :

- 2.3.1 Background to the procedure. |
Bathophenanbhrolime (B) forms a strongly coloured,
stable, hexacovalent ion of the form (PeB, ) with divalent

iron in weekly acid, neutral or alkaline solution, The

red complex ion is readily extracted intc isoamyl alcohol
and the sclution shows maximum ahsorptlon{75)at a wavelength
of about 533 mp. The reaetion(75)is as followa, where

BR* is the bathophenanthrolinium ion. B + H'— BH"
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3" » Pt @*eaﬂ o 38 |
Overall reasction o A\
3B+ Fe'lo [Feng” - —y N=

| (B)

%he natural logarithm of the equilibriun constant of
the overall reaetion(ﬁé)ie 26,6 (measured at 18%, using
a 10% ethancl/90% water {w/w) solution). Im the complex
iong the iron atom is coordinated with the Gix nisrﬁgen
atoms $19) :

The bathophenaathroline reagent forme stable complexes
over a wide range of pH, but in this work the complex was
formed in a sclution buffered to pH 4.0 to 4.5 %o aveid

erfhring iena {see 3.1.2).

2432 Procedure.

_ 4 spnmple of Bes water was peidified with dilute
byﬁrauhleric acid to bring all formas of c¢olloidal hydrated
ferric oxide into ﬁolutian$84) The iron was then reduced
to the divalent etate by the setion of hyﬁrax&lamine hydro=
chloride. Thc aciution wae Wwuifered to pH 4.0 to 4.5 by
the addition of sodiwy scetate, and an approximately 300 fola
excenns of bathophensntihroline reatent introduced. Q) Tho
complex was then extracted inte 15ml iconmyl alcohol.

- Both the hydroxylasine hydrochleoride and sodium acetate
reagents contained relatively large amounts of iron as an
imyﬂrity, and were speciaily guriiied (6.16}.

fhe wavelength of maxipun absorption of the complex wAS
detormined by treating o sclution containing sbout 3 re
iron in 100 ml water by the standard procedure (6.3) and
detormining the optical density velues of the extract at

-25/63-
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waveleﬁgth,intervﬁls of 10 mn over the range 350 to 600 o
mp. Near the maximum sbsorption pesk, readings were taken

- a2t 1 mp intervaels. The absorption spectrum was plotted

{(Fig. 2) and indicated that maximum ahssrptian,aceurred at

. 533 mp. Thisg value wae used throughnut.

2. 3.3 Galibratxon.

Calibration was carried out by a proeeaure ‘¢losely-
resembling thet used for coppers Enowm amcunts of iron
{2:5455T5y aand 10 pg) were added 3o 100 ml s&mples of the
gane batehAaf "ageﬁ“‘sea water and an additional point was
ahxaineﬁ on a sample t¢ which no iron was added. Baers
Law was valid for‘the'data in the rauge Q to 1ﬁlﬁg,(Fig.4).

The regreasicn equation fitting the experimantal data

fer the range G to 10 gg zran was

Y = Gi1079'+»0a13201 Y_m thl&ﬁl density
X = pg iron added

The factor for transforming oﬁ%ﬁcal density values to
conceniration wag accﬁrﬁingly Oel 32 Optiﬁal density unzts
per pg iron,

Fhe procedure was checked by plotting the resulis of
iron determination, cbtained from transformation of the
calivration date, against the iron added (Flg. 8). The
slope of the beat otraight line representing the data
(ebtaznad by the least squares method) was 1.00(2)., This

'Agreed well with the expected value of 1. GG(G).

24344 Petermination ef-the reagent blank,

A sample of 100 ml water was treated by the standard
procedure {6.3) and the optical deneity of the extract
wos transformed to concentration by the factor above.

26/4..
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This’réagenﬁ‘hlank was constant for ome batch of reagents
ané corresponded to‘abeut 0.4 ng ircns,

2‘3.5 bensmtlvity and precision of the method.

The apectroyhotometrle senaitivity of the method was
.6025 pe ircn/cm24 Thia value 48 in ‘exact numerical
agreement with the sensitivity caleulated from an ethanol/
water solution of the complex(753a% a wavelength of _
533 o The standard error of estimate, caleulated from
the calibration date, was found %o be 0.28 ug (n = 5, con-
'eeniration range O to 10 ng).

2;316~ mgdified yrocaéure-fer geid samples,

As mentioned above {2.2.6) some samples were Strongly
acid, In order %o determine iron in these samples, &
modified procedure was used. (See 6.3.2). Asg the camples
- were glready sufficiently acid to ensure that all iron was
in solution, hydroxylamine was added directly, end the
solution was edjusted to a pH of 4 to 4.5, after the
addition of sodium acetate, by adding approximately 4N
sodium hydroxide. It was found necessary to purify the
podium hydroxide solution as deseribed in 6.10, The bath-
aphenanthroline reagent was then added and the precedure
continued in the usual manner.

_ As the presence of salte does not interfere with the
conplex formatien,aq)it was not considered nceessery to-
consiruct o separate calibration curve, A special blank

- determination was, however, carried out on samples to
account for the impurity ‘introduced by the varying amounis

- of hydrachloric acid and sodiun hydroxide present. ~
{8ee 2.6 and ?.Y). |

2/ eee
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2,3.7 Results,

Samples of sen water for the determination of iron
could only be golledted on a single cruiae during Decenber
1964, The results of the determinations are shown in
Table 5, The positions &t sca (stations) where the samples
'were collected are shown in Fig. 6. Some determinations of
iron in filtered samples of sca water from the Sea Point

 beach were.included for comparison.

TABLE 5 f Results of iron'ﬁgterminﬁtiﬁnsi"
 {Decemver 1964) |

" Station|  Positien - | Depth 1zon . Nean
L o ve/d | e/l
26 | 3%3s | 20 EENGEEE
o 18943‘3 | 1 | D134 | 12
27 | 34% 3'sf | 22 | a1.¢2) | m
| 18%7m |
29 C35%s's | 20 -
17%2'8 | - 1
31 | 3% | 20
. 17° IO‘E 5 .
Oed
- Séa ?nint Beach 0 -
| {aquarium) | - 4
. ' . 14 8

28/vee
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2.4 BeVeiO@ment of a method for‘manganése détermination.

_ Manganeue was eoncentrated from sea water samples by
adding potassium ‘hydroxide, which, in the presence of oxygen,
preclpitates menganese as the insoluble hydrated |
dioxides 75) Magnesxum ion is present in ‘moderate amounts 1n |
. 8ea, water (Table 1) end no sdditional carrier need bx added
v_to the sea water sample s preczpitation of magneszum -
’hydroxide carriexs down (as shown by the results of this
‘work, see 3.1. 3) the ‘fine precipitate of manganese dioxide.
The precipitate was dissolved in concentrated sulghurlc_
acid, and, after removal of halide ions, the manganese was

» oxidised %o permanganate ionLhy potass;um perzodate. The
'permanganate was determined agectrophotometrically. Fall
details of the procedure are given in section 6. 4. o

2;9.1’ Eackgroun& to . the'proce&uxé._

Oxldation ef manganaus ion tc permanganate may be
- carried by using either perladate or persulphate 1ons(75)
For the determination of manganese in sea water, the perio-
: date oxidation has been foqg more. satisfactaxy.(7) The
" reaction is as follows: | - -

2 mn** 4 5104 + 3;120-——»2 Mo 0, = 451037 + 6H*
According to Sand&ll, the reactlon proceeds fifrly rapidly
in e hot solution containing nitric acid or sulphuric acids

- the presence of small amounts of silver ion is advantageous

,as this catalyses the oxidation process; in the presence
. of excess perlodate, the oxidised solution is stable for
.long periods, and the excess reagent does not affect the -
colour intensity. ' '

29/...
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24,2 ﬂrcuedure.

it was originally intended to use the procedurce of

Barnea(7)te determine mangonese in sea water. Préaminary
work showed thet this yraceﬁnre was unsuitoble for the
-fﬁllowing reascnss

(ia

(44)

A large {g. 80 ml) fipal volume of sclutian wae
‘obtained in which the faint germangaﬂate colouy
eculd nat be detected.

Dxlﬁation was incomplete. Only 30 minutes wereiallewed
for oxidatiaﬁ;(7) after 1 hour, the reaction is only
about 86% enmplete <75} ‘ :

The greeipitaﬁicn step was adapted from the praeeﬁure

- given by Bernes, 7)w1th the follﬁwing mo&ificaticns~

(1)

(31)

The sea water sample was stirred while adding the
potessium hydroxide reagent, and, after sllowing the
preeipitate to ﬁettle for an hour, the solution was
stirred agoin.  The aingle atirring recommenﬁed(7)
gavs‘low.reaaveriea of manganese.

Twelve huurs(7)was found to be too short a time for -
the precipitate to settle. After 15-17 hours the
precipitate was more compact and removal of the supers
natant solution was easier. A siphon was used to
remove moet of the supernstant iiguid without dis-

turbing the precipitate.

in Barnee' prscedure(7)'1.5.m1,of‘ceneenﬁfated &ulphnrié

‘acid ie added to the mixture of precipitate with about |
100 »l of supernatant solution. Henee the final solution
would be very dilute. In order to avoid this ﬁiffaculty,
the precipitnte was separated by centrifuging and decanting
the supernatant liquid. This reduced the total volume to
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about 10 ml, and had the fur%her advantage of lowering
the amount of halide jon in the solution of the dissolved
precipitate.

In order to cbtain a solution having the optimum acid
concentration for the oxidation procedure (i.c. sbout 2N
in sulphuric acid), only 1 ml (pipette) of concentrated
sulphuric acid-was added to dissolve the precipitate in~
Stead of the 1.5 ml recommended. (1)

The volume of the solution containing manganese was
kept to a minimum throughout. The water used in washing
the centrifuge tubes was removed by cautious evaporation
" to a volume of about 12 ml. It was found convenient to
graduate the beakers used in order to ascertaln when
evaporation had proceeﬁeﬁ to this stage.

Halide ions were preeipitated by the addition of , ‘
2 ml 2K silver nitrate reagent followed by dropwise !
addition of the reagent until precipitation was complete.
A slight excess was then added. Barnes(7) suggested that
an (unspecified) excess of silver nitrate should be added.
An excess of the order of 20 mg silver nitrate has been
recommended ag a catalyst by Sandell,(75)and in this
work the excess reagent added was about 30 mg (1 to 2 drops
of the 2K silver nztrate reagent solution).

The silver halides were removed by filtration through
a sintered glass plate, The precipitate was washed with
two portions of dilute (1%, v/v) nitric acid, special care
being tékeh to ensure adequate washing with the minimum -
amount of" dilute aeid, in order to keep the solutian volume .
as low as possible.

The oxidation was performed by adding potassium periodat
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t0 the solution in the yroperticns recommended by Sandell.{75)
The selution wae then rapidly heated to near boiling and

kept on a boiling water bath for 1% hours. Under these
¢onditions, oxidstion to permangenate should be about 8%t
complete, using information guoted by San&eli.(Tﬁ)

The small final volume of the solution (. 14 ml)
cnused some Gifficulty, as a gr@eigtmate, mainly composed
of silver sulphate, separated elowly on cooling, yiclding
e turbvid solution unsuitable for spectrephotometry. Inters
ference from this sowrce was avoided by cooling the selution
in iece, eneouraging @reeipitation and finally centrifuging
$0 give 8 clear aolutian. Almost all the silver sulphate
. was removed by this procedure. If the solution was not
@soleﬁ, the preci@itatian eoﬂtinusd far fairly 1@&@
pe?ieds {a fow hgurﬂ). - :

The opticsl densitiea obtained from semples of various
| fimal volumes were a.mw;aumfzea by reducing all values %o
that which a.za nl volume of sexuzien would have.

The abserption apeetrum of permanganate ion is well
known, (75)anﬁ the optie&l densities were measured at a

wavelength of 525 =,

2.4.3 @alibwaﬁian, |

Cplibration deta were obtained by adding known smounts
(about 2,4,6,8 snd 10 pg) of manganese to 1000 ml semples
of the same batch of "vged" ses water and determining the
eptical density after applying the procedure, An additional
point was obtained on a semple Yo which no manganese was
added. Beers law was valid over the renge tested (0-11 pg).
The date were plotted, {Fig. 5) a8 woe ﬂone in the calibra-
tion procedures for copper and iron, and the regression
equation calculated. This was
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Y = 0.0257 + 0,0164X Y = optical density
=‘pg'manganese added

The factor used was O. 016(4) optlcal density units per
pg manganese.

Y eheck of the proeedure was carrled out by plottlng
the mangenese found using the factor, agalnst the REg
manganese added (Fig. 9). The slope of the best straight
line fitting the. points was 1. 00(6), showing satzsfactory
- agreement with the expeeted value of 1. OO(O) '

__2 4.4 ?efpg?inatzon of the reagent blank. (See asection
| A stoek solution containing mognesium and caleciwm ions

iﬁ‘approxlmately.the same ratic as present in sea water

(Table 1) was prepareé by dissolving 132.2 g hydrated

" magnesium chloride and 19.2 g dried calcium chloride

(70-75% €aCl,) in water and making up to 250 ml; 20 ml

of this solution contalns 1.27 g magnesium and about 0.4 g

ealcium._

, lG;‘QO‘and 30 ml'aliquots'of this stock solution were
pipetted into beakers containing 990, 980 and 970 ml of '
water respectively tolgivela'finél volume of 1000 ml each.
Tha manganese in the samples was determined by the usual
_procedure and the ‘optical densities found were plotted
aga;nst the volume of the stock solution added. {Fig. 10).

A straighx line was fitted to the experimental pointa
. by the least squares method. The regression equation was

Y ='0.0250 + 0,0058X Y = optical density
' ' X =nl stock solution added.

' 733/-_-'9
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The extrapolated optical density for X = 0 is 0.025 units,
which corresponds to about 1.5 pg manganede.  As a single
batch of reagents was used throughout, a blank of 1.5 pg
was subtractpd from all Samples.

2.4.5 Sensitivity and'preoision of the method.

The spectrophotometric senszt1v1ty of the procedure
was 0,030 pg manganese/em « The quoted value(75)for per-
' manganate ion is 0.027 pg manganese/cm « The standard
error of entimate, calculated from calibration data, was
0.57 pg {n = 5, concentration range 0 to i1 ne).

‘2;4.6f Treatment of acid samples,

"It was not passihle to modify the above technique %o
determ1ne mangenene in samples containing large amounts of
- hydrochloric seid, as the large quantity of silver halides
‘ precipitated on addition of silver mitrate interfered with
the prgcedure and results were erratic. Interference
was caused by the large volume of silver nitrate added
and the increased volume of dilute nitric scid required %o
wash the large quantity of precipitate. Both these factors
~ increased the final volume of the solutlon and so reduced
the colour 1nten51ty. ' ‘

Laboratory facilities were such that removal of
exgeas.hydroehloxze acid, by evaporaticn-to_fumes of
sulphur'trioxide with sulphuric acid, was not possible,

A 2 4 7 Results.

, Samples of sea water fcr manganese determination were
 eollected during the deep-sea cruise in December 1964,

"Table 6 lists the results obtained and the sampling

- positions are shown in Fig. 6. Piltered samples of sea
water from the beach at Sea Point were analysed for manganesé
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and the results are élso shown in Table 6.

TABLE 6 - Besults of manganese determiﬁations.
(December 1964 .

Station: Positions | Depth 'manganese
e b m | pe/1

26 | 3% | o200 -
- 18%3e - | 0.6
21 | m%ays | 20 | 3.03)
o a8rE | 20 | a3y |
17%2's | .| 2.0
;?' ‘ Sea Point oo
Beach l 0
(Aquerium) | 1 2.Q)
3.(0)

2.5 Develo 'ent,of a methna fbr determination of p
- late cogger ang 1ron. -

A segmple of sea water was filtered through a millipore
HA filter (0.45 R pores) supported.in an all-perspex appara-
tus (see 3.3.2). The filter was removed and the metals
" prought into solution with hot, dilute hydrochloric acid.
‘Aliquots of the acid solution were taken for determination
of copper and iron. Full details of the procedures are_'
given in section 6.8. '
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FIGURE 7/

TEST OF PROCEDURE FOR COPPER DETERMINATION
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Mg Cu
found

1 ' v N P 1 S 1 1

5
Mg Cu added.



»stances present in a suspended form in the sea.

v.partlculate copper.
_ developed which was basically similar to that used for
- iron. Copper was extracted from the filter under the
conditions used for iron above. AS was the case with

35,

2.5.1 Background fo‘the procedures

- The procedure for the determination of particulate
iron was adapted from an existing method,(84 which was
intended to give an estimate of the suspended iron readily

- available for plankion utilization. Extraction of the

partzculate material with dilute (e. 0.55K) hydrochlorie

acid at 10000 for 10 mlnuteb liberates iron fro?gm?st sube-
4

Mineral combinations of iron and that present in stable

organic complexes will not be readll; extracted. Evapo-

'Mra%ion with perchloric acid mixtures is required to
liberate strongly bound iron,
were such that this was not pO%sible._

(50)bnt 1aborat0ry faellities

Very few studies have been made of the distribution of
(40) In this work, a method was

iron, copper held in stable erganie forms or in mineral

]Q'comblnatlon will pxcbably not be readxly extracted.

2.5.2 Proeedure.

The acid extraetlon was carried out by using 11 mi

. dilute hydrochlaric acid instead of the 10 ml recommended

by Strickisnd and Parsona.(a4) These workers used the

- entire 10 ml acid extract to determine iron by edding the

reagent (2,2'~ dipyridyl) directly to the extract. The

. use -of the more sensitive bathophenanthroline in the

present work egabled iron to be determined using a 5 ml

 va1iquot of the extracty, and a further 5 ml was then

available for copper determznation. The use of 11 ml of

. the acid made i% easy to pzpette out two 5 ml aliauets.



FIGURE & ,
TEST OF PROCEDURE FOR IRON DETERMINATION
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‘Copper snd iron in the aliquots were determined zo
deseribed in sections 6.2.2 and 6.3.2 respectively. A
blank determination was dome es deseribed in 6.8.

| 2.6 Niom exchanve rocedures,

N ; Sea water samples were passed tnr&ugh ﬁmall eolumns

: of aodium faﬂm IRC 50 caﬁian exchange resin at a fiow rate
of‘2—3 m;/m;n. The sorbed ions wexe eluted with an excess
ol aydrgchlorie acid.and aliqucﬁﬁ of the aczd sslutien
were taken for eeyper nn& iron aetermmnatiou.

2.6.1' %ﬁekgzéun&_%a ﬁhejproéedure; |
The reein used (Amberlite iHG’BO carﬁoxylie acid

ion ﬂxchanger} is of the crosslinked methacrylia acid

~ type ond has carboxyl (-COOH) active groups. The resin is

: hlghly 1n591uble and is stsble in acid and alkaline S61lu~-
 tions over a wide ‘temperature range. (48) The resin wes |
 supplied &s sphericel white beads with an effeetiva particle
asize of 9.3 to 0.5 zm and wag used in this form. This
Bize range was eansxdered Batisfaetﬂry for aaalytical uge
of this resin.(ég?

_ A marked.ehange in valume 02 th& resin accurs on ex=
'changing sodium and hydrogen ions. On aduing sodiun ions
%o hydroger form resin, the volume of the resin bed increased
by about 50#. The eifeet-waﬁ reversibie. The swelling and
. contraction ﬂ@parehtly aiavnot danage the resin-atractare(4&)
but some diffieulty was introduced when eluting with emall
velumes of acxd, as the cautraction of the resin bed led
. o ‘volunme changes, For example, after. the sampie hod run
thremgh the column,- and the level of Iiquid in the column
- hnd been adjusted so that th@ realn was only just covereds
',‘aﬁditien of 10 ml acid caused a;contracfian of the resin bed
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FIGURE 9
TEST FOR PROCEDURE FOR MANGANESE DETERMINATION
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and after adding 10 ml water to wash the column, about
25 ml eluted liguid was collected.

2.6.2. 'Procedure (See 6.7 f-cr"full details).

An excess of resin was. used throughout a8 the procedure
used to convert the resin to the sodium form did not proceed
£0 comﬁletzon (See 3¢3.42). All work wes carrled cut at
_ room. temperature (c. 000) S

Samples af aea water Gf/known metal content were
Hflltered through the columns and the effluent was sampled

© for determxnatlon of copper, iron and manganese._ Hetal
'10n$ were eluted with hydrochloric acid at a flow rate of
'0.2 to 0.3 ml/ﬁin.,(27)and the columns were then washed

 with water. Metal ions were then determined in the eluted

- solution. .

. In %he experlmental test of the 1on‘exnhange method
'dzﬂcussed in 3.3, a single large batch of filtered sea

water was uselds 1000 ml quantzties of - this sea water

weze "spiked”, by addlng approx1mately known amounts of

. standard copper and iron solntiens, to gmve levels of

vconcentratmon varying from ‘near-zeroc to 30 pg metal/l. 400

 end 100 ml samples of the spiked solutzon were taken for

. copper and iron determlnatlan respectlvely, and the re-

meining 500 ml sample was placed in a clean sea water
sampler and passed thrcngh the S@ecial filter assenbly

. and ion-eéxchange column.  (Fig. 18). After filtration

- was complete, the filter was removed and the metal present
- was determined ae deseribed in 2.5 and 6.8. The column

was then eluted with hg&rochlerze acza and ‘the. effluent

"‘analgsed for copper and iron.

.2.6.3 _Results.,

The results of the ion exchange experiments are
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presented iﬁ Tables 7 %0 10.
. exchange method for<aetermiﬁaﬁian of metals in the Bes
' apgear in Table 14. - : :

3i8.

The results of the ion
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on | tion

Exﬁlaaﬁﬁ
eoneantyrie.

Pg .

Plow
rate
ﬁzﬁmin

%‘re—"

tained cnﬁ

resin

recovery

Becovered
My ’

| e.(zm
0. (8)
00

' 4’ - G
445

86

95
100 -

| 9?.'15

85

88

.  11‘(3)‘.

13.03)
2.8

2.7

- exehaﬂge rgain

s

f&E&E 8 - Sagp%ian of ir@ﬁlﬁﬁ IRC SQ eatien

Efxiﬁeni'?maﬁ'
| contentra- rate
. ﬁiﬁﬁ P@

ml[min

- % oree |
tained on
) regin_‘,

%

recovery

Recovered | -

pe

IRION

Y e.{e)_
0.7
C2e(3)

| 2.0

E.Q

1e3

83
69

EA—

17
o ?9
17

R

3.43)
07

"% Sample con~‘;1,ff;"'

38/ 00

2. |



TABLE 9 - Sorption of manganese on IRC
- exchange resin

| - gc’( 2

50 cation

| Tnitial concen-
tration Rg

Effiuent con-
centration we |

Fiow
rate

I % retained

on resin

wl/min

"24i{5)v

20.(0)

24.(5)

S 13.09)
~11.(0)
4.(1)

1.3

2.1
. 2401
1.3

41
43
19

TABLE 10 - Sorption of copper and diron combined
on IRC 50 cation exchange resin at
15 pg/l concentration level

Initial
| concen=
tration

pg |

Effluent

. goncentra-

tion ne

. Flow rate

ml/min

Recovered

b

"% recovery

Iron
6.(1)

’coppei
6.(0)

2.(4)
® 3.(7)

1.(1)

2.(4)
2.3
# 4.(5)

1.3

1.4
1.2
1.3
1.4

4 \.1?2 1
e |

1.0

0.(9)
1.(4)
- 0.(5)
- 0.(3)

1.(7)
1.(2)

1.05)

1.(4)

15
23

8

5
28

20

23

15. 3ampiereontaminateé_

24 7 . Investi

poliythene | | |
‘&_s%ock'solufion_of-filteréa Sea water was treated

ation of losses of metals on storage in
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with known amounts of copper, iron and mamganese‘standard
_solutlons to give concentration levels of about 20 pE
metal/l for copper and iron and about 10 pg/l for manganese.
These levés were chosen in order that experlmental concen~
{rations used might rescmble those found in the ocean as
closely ms possible. The stock solution was well mixed, and
samples taken from it were analysed for copper, iron and
manganese, Twelve 400 ml samples of the stock solution
 were taken in polythene containers and placed in a
refrigerator at -18C. A further twenty four 400 ml

samples in polythene eontainers were allowed to stand une-
 disturbed at room temperature. (Samples were protected .
from the radiant heating effect of sunlight).

 The room'temperaturé'was measured twice daily {(about 8
* fem. aNd 5 pelte) andcid not vary appreczably (400 range
of temyeraﬁure) daring the experiment.

Sets of the samplee.kept,at rcom temperaﬁure were
analysed for coyﬁer, iron and manganese after one, two,
three and seven days storage. Sets of frozen samples were
analysed similarly after eight and forty days storage
resPectxvely.

Fall expeiimental details of the above procedure arvre
_given in 6.6, and the results appear in Table 11,

41/eee



41.

TABLE 11 - Results of prolonged storage of frozen
end unfrozen samples in polythene

containers
Pime Storageetempera— Concentration (pgﬁooo ml)
(dayse) (Y¢) Copper| Mean| Iron| lean | Kunganese
¢ 20 + 2 26.(9) 24.(1)|25.(0)
23.(8)[25.(3}24.(9) 7.(5)
- 26.(0)
1 20 + 2 14.(3) 20.(5)
24.(4)]18.(9]22.(0)]|21.(9)] 10.(9)
18.(1) 23.(1) '
2 20 + 2 16.(7) 19.(5)|19.(5)| 3.(1)
12'(9) 140(8: -
3 20 + 2 23.(1) }16.(9J19.(7) j18.(7) T.(3)
15.(8) 19.(6)
11.(8) 16.(9)
7 20 + 2 15.(6) |17.(3)12.(0) |14.(8) 6.(7)
20.(2) 12.(9) ‘
16.(0) 19.(5)
8 -18 18.(2) |21. (6 J1a. (8) 8. (5)]| 9.(6)
23.(6) 21.(9)
23.(0) 18.(9)
40 -18 25.(0) |22.(8)20.(0) n8.(2) -
20.(7) 16. (4)
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3. DISCUSSION.,
3.1 Anelyticsl methods.
3.1,1 Uoppers

En the following saetzoﬁ, a brief survey was maae

" of some of the more common %echniques which have been.
used ﬁo_aetermine copper in ses water, and this wag
followed by & discussion of some spectrophotometric

- reagants usea for the determination of %racea'of éoppera '

Spee%rochemical analysis has been gpliea to the
detewmination of copper in cea water. This paper -
was unfortunately only available in abstraat fonm end
no details af the praae&ure were given.

The rogiaue obtained from evaporation of 5 wl sea
water waﬁ,&nalyse&‘using,x~way.fluoreapnce techniques by
- Fatelson ét'al;(ﬁl ‘ﬁhe results obtained were very high
ana this was probadly due to sone contaminatien introducea
ﬁuring the analytlcal procedure, C

Atomie absorpﬁion syectroscopy was usea to determine
copper in nany oeean samples, 29 but the precision obtained
was relatiVely poor {coefficient of variation ¢ 258,
Preliminamy concentration of ‘the copper in a sea water .
 gample has been obtained by adding ammonium pyrrolidine
dithiocarbamate, to complex the copper, followed by
solvent extraction of the copper complex with ethyl
- acétaﬁe. The ethyl acetate extract was then analysed
for eopper by the direet application of atamic aha@rptmon
£pentroscopy . 52) This teéhnique gave results of much
improved preeisionvwhen compared with the above tecbnique
in.whick sea water was aspirated directly inte the flame,

(29)



Gapreazpitation of copper sulphide, wiﬁh,meroury (822)
kiR (24)sulphides a8 carriers; has been used to
eaneentrame copper from sea water, The copper in the
procipitate was then determined spectrophotometrically
as the diethyldithio-carbamate complex. - Gopreéipitatien

- with ealeium carbonate, using ferric ion aa & ¢arrier,

" has been epplied 55)t0 the extractian of ¢opper (and
mangsnese) from netursl water. The precipitation process
ig incomplete. A column of oxycellulose hag been used

to oollset traces (1~20 ug) of copper (and iron) from

© 100 ml sowmples' ?7 @his technique hag not been applie&

to mea water. :

| Direct snalysis of a sea water sample by polerographic
procedures, in order to determine copper, was compared %o

the - speetrophatometrlc progedure, involving golvent

extraction of the diethydithio-carbamate, hy Tikhonov

and Zhavoronkinaa(sga These authors found the latter

procedure %o be nmope accurate, Polarographi& technigues

may be satisfactorily applied to sea water, however, if

- a preliminary extraction of the copper is carried out

by using dithizone as a complexing agent and extraeting

" the copper dithizonzte into éarbon tetraehlaride.( 89b)

Kany speetrcphotomeﬁrie reagenta ror the determination
- of traces of copper in water have been introduced since

the vreview of o andall(75 in 1959. A few reagents which

have been investigated recently are nickel diethyldithio .
’ hasphate;(ﬁz)a,z' ~bieinchonic aciﬁ (59)4 4‘—dipheny1- a0)
6,6'—dime%hy1~2 2'~biquinoline,(69)n~pea*yl~2~pyridy1keﬁoximg,
and dyes such as fast Sulphon Black P, 8) ecid alizarin
bladﬁ} 42 ‘8N, and the o;o‘aﬁihydroxyaxo &yes of 8—$§£E£quino—
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Many of these reagents may be made highly speeific
for copper by the use of suitable masking techniques,
"but‘their‘lack_of adequate sensitivity precludes their
}_use in the direct'détermination of copper in sea water.

. Coyper has been determined in sea water samples by
Spectrophotemetric determination of the copper&dithizone
conplex using the mixed colour(sl)method. This procedure
suffers from the usual disadvantages of the use of dithlzone,.'

 viz, poor reagent stability and lack of specificity.
 The resulis obtained showed & wide scatter. The authors
,canaidered the higher values to be due to sample contamiw
*‘naﬁibnibuﬁ of fered no explanation for the extremely low
results obtained in some cases. Some errors inherent ,
in the technique might contribute'tqlthe scatter. Samples
were stored unfrozen, in poljthene containers, for a period
bvf some days hefbre analysis. The resulfs obtained in
%his werk(3'43indieate thaot & considerable decrease in con~
‘centration of copper may occur on storing in polythene if
sampies‘are<not‘frazeﬁ. Losses on storage may well sccount
for the low results obtained by these amuthors.

Oxalyl dihydrazide and sodium-ethyl-bis (tetragblylazo): ,
acetate were'uﬁea to determine copper in ses water samples, (1)
and while the former reagont was found to be more SQeelfic for
copper, the latter was more canvenient to use. Tuck and
Gsbozn‘gl)comPared five spectrophotometric reagents for the
determination of cepper in water, viz. sodium diethylditnio~
carbamate, biscgclahexanpoxalyxﬁhydrazone, oxalyl .
dihydrazide, 2,9-dimethyl-1l,10-phenanthroline (neoeuyroine)
and 2,2'~biqu1noline. These authors congidered 2 2‘—b1quino—
line to be nost suitable as it was not affected by common
interfering ions (iron, nickel and zinc). -

45/ e



Core

45.

A aampariaan oﬁ the uge af the reagenta aodium

' ;aietnylaithiacarbamaae and 2,2'~biquinoline for determining

 ecopper in ses water 10. ﬁhawed that there wera no essential |
‘differences in ﬁrecisien. The former r@agnnt was found

" 4o be move suitable for ell normel wark. and the use

%;‘ﬁuhat of the copper complex, 75 -and ﬁheae ions d6 not
. interfere at the low concentrations present in sea water

 -of the more specific 2,2%wbiquinoline wae only necessarw
 in sea water polluted by other netal iona. suah a8 ig

prasent in eaﬁaariea.'

ﬁcﬂium diethyldithieeamhamate waa choaen as ﬁhe

;'; epeatrﬁyha%amatrie reagent for aoppar. as it is bcﬁh
~sensitive and precise (see above). ?uxther, thia raagent |
i raa&&ly available and cenvaniant 40 uee, :

The nethod uaed was adap%ed wiﬁh some m@difieations

| ‘f fram that proposed by Chow and mhﬂmygonslﬁa) ¥any metal
. tons (zine, indium, cadmium, mereury, silver, lead, tin o
_‘f_and antimany) reset with dia%hylﬁithiocarbamate ion(75)
- but the 1n$erferanee frmmqthesa is 3reveﬁted by uaing
"golvent extraction. MNajor interfering iona avre thoss
. of ivon, nickel, aobalt, Ezsmnth, maaganeae anﬁ uranium ¢

75?

Iren 1nﬁ@rferes at %he pH of ues water only if

| 7i'present in larga 8axCoEs, 7? The colour intensities of |

nickel, cobalt and bismuth diethyl&ithiacarbamates in
xylene are mach weaker (less than 4 es intenaa) than -

:glﬁa)

) E@ng&n@wﬁ imparua & transient pink celoration to the"';

. ‘organie.extract, and this may be avoijed by allowing the
- semple.to stend for 30 minutes or @0.*75 The uxanium
-j‘(uranyi) e@mplex ie inaalubla in xylene_)

; ‘ :§6/.5,
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Gxidiuing ond raauaing sgonts present in sen water
~ Go not interfers, Variations in salindty have vory little
- influsnce on the formstion of thé complex. A chenge of ome .
- salinivy un&w alters the alapw of the ealibration curve
by about Q.lﬁ.; aharge af unit yﬂ alters the ¢alibration .
"hg abouﬂ 2ﬁ.( , , -

L ‘m o end ﬂalin ty of zsmplm token in this wark
varied very little {3 7.9 to 8.4y salinity 3&.5?/6@ to
' 35b5 / ﬂQJ *

. Earbbn tetraehlorida anﬂ chloroforn ave normally
v'yr&ferred for extwmeti&n ef the copger'diathyl&ithiecarbamnte(75
~ Other eolvento nay be used, h@wmver, enﬁ xylwne WL chosan

fﬁr ﬁns f@llewing TERBONG,

Qjéii) Salubiiiﬁy oanaﬁﬁeratiwnm.

- As lekge sam@lua {g. 400 ml) wors axﬁfaete@ with small

- wolumes {gs'5 wl) of solvent to improve the mensitivity

o of the: mwﬁhoa. the golubility of the solvent in vater

- peceme importent, The low solubiiity (0.2 g/1) of ayﬂena

. was sdvaniagecus when comparsd o that of esrbon teﬁraahloriﬂe

. '-_,;(g,& 3/1) and ohlarefona (10 gfl)e

) m.) mwaetaw effficiemyo |

o 97% of %he gomplex way be axtraﬂt&ﬁ by ') aingle
'"eatraatiam with xylaaa,(lsﬁ vhereas cerbon tetrachloride

| &nd ohloroforn cnly extract sbout 60% of the complex in one

f:nax%raatxen¢{7 xylgna has the disadvantage thet the single .
- exitraction an&y reathes tguilibriam rfter akaut*#ﬁ minu%as(15a3 :

. comparcd %o sxtraction times of a few minuies for the

} :athar nalvanﬁs. 75) Hepeated extraationa followed by volume
- adjustment and drying to Pemova ogeluded solution ars, '
~ howaver,. reqniraa whﬁn chinraform and carbon %ﬁtraahiariﬁa
- are uauﬁ. o - ,
o ‘ 47/’6:9.
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, _(iﬁD Emulsion formationv'

. Gafbon tetrachloride. and chloroform have 2 tendenoy

. to form emulsiong when shaken with sea wgter, due to the

: presehee ‘of organic material. Xylone seldon farmed :
._emuleion gy with the erceptlon of thoge aamplea taken
gclose dnshore, which acnﬁained 1arge quantities of
,suspendea matter. C

‘ ;(iv) ?ha%achamzeal stabili%y.

B " Solutiens of the copper eomplex 18 xylene were stable.
"and the. celor showed no fading after periods of up to six

hoursy provided the ssmples were not exposed 0 strong

 Iights Normel artificisl room ligh‘bing ‘bad no effect,
”.MSolutians in the other selvenﬁs are only atable 1f kept

:5 uin the dark. 73)

Th@ es%imated rpagent blank is subjeut te error.
as it asaumes that th@ ‘extraction of 2 ml reanent solution
-with 5 ml xylene may" be eompared with extracti@ns cgrried |
out’ on muoh greafer volumes of . aquacu- solutlona

A';W"The ﬂistrihutzon eoafficient of eopper dlethyldithiocar~ 
' bamate between xylene and water could not bé used to

.Jcalculatp the extraction efficiency as the salt concentraticnvﬂ
~and pH of the aoﬁlum ﬂlethyldithieearbamate reagent were &
. appreciably different from the sea waﬁer in which the N

‘»,udlstrihuﬁlon coeffieienb was known. Lo

' In the early atages of the work on %he de%ermjnation

7}30f eepper, dif*iculty was- experzenced W1th fading of the

- color 1nten31ty of the c@mﬁlex. This was traced %0 ﬁhe
“usé of & (presumably impure) certain batch of xylens.

"lfﬂn rare accaslons, 4n later work, repid fading of Bamplas

ocenrred and this could not be expleined.. A possible. reason
, .”fcoulﬂ ‘be the effect of traces of mercury, which decalerize  ~
.,'the eoppew camplex, 86 &s the 1aborat0ry in whieh the work _fQ;
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'was done was previously usea tc store ﬁeep-sea thernome ters.
” Féreury from broken thermometers was orlgin&lly 8180,
stored 1n ‘the roomy &nd the possibility exzs%s that traces

. f}of mereury vapour were responsible f@r the: fading.-

" 3.1;2 Irenc A ’

, - A brief survey oiieome recent metho&s of determination
. of iran in water follows. ' S :

Tron has been determined by spectroehemieal analysis(gs)

o of Bea waterg but no details were available (cf. ;1.1)5-

Hateleen et al(él)appliea st R=TBY flucresaenee
'teehnique to. the ‘determination of iron in sea water,
but thexr results were, as 1n>the ease of eopper, vany high.,

Atomie absarytien ﬁpeetroscﬁpy determinations(e ) of
_W'iron in sea water showed a poor precision (ef. similar
.'aetermiaatlons cf copper ﬁn 3e101)e. o

o - An extremely sensmtive, combined 1eotope ailu%ion

| “anﬁ salvent extractmon technique has been developed recently
’for the determlnation of very low concen%rations of iron

in waters At concentration levels of 1 and 0.1 pg iron/i

. coefficients of wvariation of 4% and 8% respeetlvely. were

_ obtaina&. %hia methoa has' noﬁ a8 yet been applieé to

- ses ‘Wé"ﬁé??b

(8J)

R In ﬁhe presenee af traces of iran, the fluarescence ‘

- of the aluninium Pontachrome Blue Black R compiex is de-
}ereased, and the reaction forms the bvasis of a fluorimetrie
' methea af determlnnng irons(9 This method is elaimed to

" have thr@e times the senamtivaty of baﬁhcphonanthroline, '
but has not been widely used.
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‘/_' Few of the many speatrephotometric raagents for
determanatlon of traces of iron in waﬁer have the
3requ1reﬁ sensitivity for use in’ sea water. HMore reaent '
ldetefminatians of irace. iron, such as by complexing

' f;-with f@rmalaoxime(53)er anthranilic aeidt 25)are also

) nct suffioiently sensitive... Thioglycollic acid(ss)

- . ds a aensztive reagen% for aetermining trace iron,

but the in%erference of eopper creates dlfficulties.’

. The maet eensitiva spectrephotometric reagents
for iron are ‘those based on Slx fold coordlnation mf
. divalenﬁ iron W1%h the nzﬁragen atoms of organic lzganﬁs.
1, lOmphenanthroline and 242'~dipyridyl reagents, have.
'{been wﬁﬁely uaed(3 ?BB’QBb 46,81 for- determining #raees ‘
faaf iron in’ aea water. The related eempound, bathophenanthro— :

'f=1ine (4, 7~Gipheny1~1 10~phenan*hroline) has been most

"favoured( 33949,67474) in vrecent years meinly because:
i;of its nigh aons;tivity (0,1 to 0.3 pg iron/l may
" be detected) and ite oonvenlence ‘in use. The increesed
| seneitivity ie cnhenced by the fact thet the ferrous :

';;_bathephenanfhroline ion may rea&ily be extracted xntb .

~ organic golvents, in contrast to the farrous camplexes

. of the above reagents.(75) A new reagent, tripyridyl | |

. 'trxazwne, is equivalent in sensitivity 17\ +0 bathephenan-
. thraline, but is less eonveniant to uue,(94 ag. the '

- _comylex is ﬁifficult to extr&ct. o

B Bathonhenanthroline was consiﬁered $0. be the mbsﬁ
"ﬁfsuita%le spectrophotametric reagent for this work, and’ the
f?.mﬁthcd of “trickland and . Parsons 4)was adapﬁed for use.--

, Many netals (silver, hmsmuth, cadmium, mercury,
fzinc; beryllium, molybdenuin, tungsten, copper, . niekel,

'ﬂ::cobalt and tin) interfere by eitheqkerming preeipitates

n(silver and bismuth) or complexeu with tha reagent. 75
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Chloride and sulphate do not interfere in moderate
amounts,(75)such 2o are present in the ocean. Other.
'finterferﬁng anions 75) (oxalate, tartrate, phosphate
‘end fluoride) are not present in aufficient quantity
in sea.waﬁer %e interfere. -

Hona of the abnve mstal ion: interfer@s with the  -‘
_”determinaﬁion of iron in gea water, if the pH Of the san le
.f.was adgusteﬂ to 4.0 to 445 before forming the eamplex.(s

. Isaamyl aleohcl is the generally recommenaed selvent(75)
| -_for extracting the ferrous bathophenanﬁhroline eomplex
gnd was used in this work. Eitrdbenzene 75, has been -

"'propeseﬁ for eertain purposas.

- 1 thraetion of the complex frcm 100 ml samples by ;
25 to 30 ml isosmyl alcohol, followed by determination
in 10 om vath length speétrophotemeter euvettes, ‘heas been

’reeommanae&. 4. 1@ em cuvettes were not available L

&nd the method was modified by extracting 100 ml of
”.sample with 15 ml solvent followed by'ﬂeterminaticn in

- 5-om path leng%h spectrophotometer cuvetites. The isoamyl
_‘aleohol is slightly soluble in water (g. 2.3 /100 ml)

- but this did not create any problems, nor was the sensi-f

jfitivity*significanﬁly altered (sée 2.3.5) by the modified
- extraction, The phases separated rapidly with no emulsion

'{'formati@a~ (Tha separation process was probably facilitated
by “the . presence of emhanel from the bathOphenantbroline o

_ ;jreagan$)o

_ Afﬁer separation, ﬁhe extract was nade up to 15 ml
‘.with scetone,  This ensured that o ‘eonstant vclume wes

.‘,'used, and the acetone Temoved cloudiness.due to. éntraine&
. water draplets.(84) The extroct was stabla for at 1aast

'4‘f0ur hours in artificial room Ligntxng.
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The molar extlnction euefficient @f the iron-

bathophenanthreline complex extracted as above was
22,100, Gompariaon ‘with the literature val&e (22,400)
ﬂ 1ndiaated that the extractian eifieieney wag 08 to 99%.

\ Vamy few experimental difficulties were expermenced
.with thig proeedure and it was fairly rapid compared
40 the msthods for eoyper and manganesa determination.«

3 1.3 manganeq@ . | \
L Comparatively 1ittle work has been. pahiished on.
R analyses of traces ef manganese in water.

 _ Atouic absorptien spactroscoPy determinations(zg)
of manganese in sea water were of poor precisian, ag’
. was the casa with copper and iron determinations (see
above). | ' B

N -

y o Ehnganese nay be e@nsentrated from gea water samples
by coprecip itation of mangenese sulpbide with merowry -
~ sulphide, (B2a) 5, more usually, by cﬂpreeipltatien of
the hydrated oxxde with iron, t7 lanthanum 67) or ..
alnmiﬂium(44 as carriers. Rona et al(72)axtractea
| manganese from the mixed oxide precipitate (iron as
 earrier) Yy forming manganese diethyldithioearbamate |
fi and solvent extracting the complex, Manganese‘wae then - .
. determined by neutron setivation teohniques.- Other workers
 dissmolved the precipitaﬁe and oxidised the manganese o
permanganate 1on, whieh was then determined speetrapheto-
: metrieally. ' » - '

The cata&ytic action 6f manganeus fona farms the
basie of several very sensitive spectrephotemetric
procedures. For example, the rate of oxidation of
triethylamine by periodate ion to form e yellow dye,

B
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fie a*fuhation of the mangenese concentration, (54)

‘The detection 1imit is 0.0.,5 pg manganese/ls Methods

based. on the catalytie action of trace manganese on

"the oxidation of leucomalachite 30 ’84)green dye have

 detection limits of g.0.1 pg menganese/l as several

hundred dye molecules are produced by the sction

of each nanganese atom, However, these pracedures suffer
from thé disadvantaze that, even with ecareful control

of temperature, total salt content and pH, standard -
‘samples mugt be run at frequent 1ntervals. It seems ;
that the metho&s are very gensitive %o small random

. ehangea in procedure, and 80 are unsuitable for reutine
use. L ' ‘

. Far %his work, a methoé was devised in which the
7manganes¢ was coPreeipmtated with magnesium.hyaroxide.

No carrier was necessexy as the- ‘sample. contained - '

magneﬁium¢. The mangenese was oxzdised by potassium

: periodate to permanganate aﬁd aetermined speetrophato—
metrically. : :

G@loure& subatances interfere with the methad,(75)
but are present in negligible quantitxes in see water,
Bismuth end tin cause turbidity 2 but both are. present
in suech swmall quantities in sea water - that their
 influence is negligible, Chromium interference caused
by oxidstion to #heshexavalént sta%e,(75)1s negligible
again on secount of the small quentities present. 70 )
Interference,from iron wes minimized by adding _
phosphoriec acid, which also assists in preventing
preeipitation of iodates of manganese,(75 Nitrite
~ and sulphite, if presentg exre destroyed during the

‘aeidification stage. Chloride, bromide and iodide
ions interfere, as they are readily oxidised by
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?ermangana%a icn (75)and must be remove& before the
”oxiaatian atap is perfermed. : - R

| Various atepa in ﬁhe procedure were alseu@sed in
‘,‘section.2.4.?, and further azscuasxon of some . points
. follows.- - - ;

Thers was some dlffiaulty in establishlng a i”"“ 

reagent blank for the determination’ of manganeq@
. "Manganese free® sea watér could not de used as there

‘was no way of ensuring that mengenese was in fact
absents Artificial sea water containg manganese as
an impurity in unknown concentrations. Distilled water .
could not be used &8s nho megnesium carrier was present.
An estimate of the reagent blank was faund by the following :
procedures,

| As the manganése method invalves only the magnesium
" ion in sea water,. it was decided to ‘attempt to make up

. an artificisl sea water eontaining only magnesium iqn.v
f”Mﬁngan@se would presumably be present as an impurity in

| fthe mognesium “salt’ used.s By varying the magnesiun

. content of the water, the nangenese content would

- vary prﬂpcrtlanally; and an estimate of the manganese
;contributéd by~the reagents could be maﬂe as follows.‘

let - &= amount cf manganese conuributed by the reagents"
‘ Bo= U n # " D 1@ ml (eay
© etotk solutian.(see belew) - f'» aE
_'elggé;cs‘ = %otal manganese found; expressed as an Optioal
- N density, on adding 10, 20 and 3@ nl stock
 solution to 990, 980 and 970 nl water o
- | "reapectivelys | o
| Theﬁ< "fé1.t a+bd
ea =8 +2b

3 g'. a * 3b 54/@'-‘
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4 plot of "c against "b" will, when extrapolated to
 zerd MY, give the vaiua of "a" in optical density
 units. | : | R

A et@dk solutian of magnesium and calcium ehlorides

| ‘,was made up such that 20 ml contained the same amount

of magnesium and ealeium ions as are present in 1000 ml

sea water. (Galcium was added as & certain emount of

;-ealoium is present in the preeipmtate from,normal ses
,u water)a The aédition of 10420 and 30 ml stock solution
' %o water which was then made up %o 1000 ul, gave 1 sample
(20 ml edded) of abaut the seme concentration of magnesium
.and celeium as ie present in sea water, and the remaining
two @amyles conteined & and i3 timas ‘the concentration
in sea water respectively. Each sample was then analysed
for manganeée aeecrﬂiﬁg'%o the procedure‘

A plat of the results showed (Fig.lo) thet the
points lay almost along a straight llne. and a straight

' line wes fitted to the data by the least squares method.
- The regressi@n aquatlan wad

Y =0, 0250 + 0,0058 X ¥ = optical density
S : : ' X = ml stock sclution added

The value ef 0. 925 wag +ransformed to cencentration
units and taken as being an estimate of the reagent blank,
It is of interest to note that the reagent grade salt
salu ion esntained 8+0.4 pg- manganese/hl. '

't‘mhé above treatment assumed that a linear relotionchip
. was involved, This again implied that the precipitation
- of magnesium and manganese was eomplete vnder widely
"varying conditlans of salt concentmatman and PH» end that

oo,
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' the'other*majar ions present in sea water did‘no£ 
influence precipifaticn¢ |

' mhe value obtained seems reasonsble, however,
a8 the lowest manganese concentration recorded at any
time auring the experimental work was l.5% nes ises ‘
 equal’to the reagent blank determined above. It is
_ likely therefore that the above assumptions are valid
na that the "reagent blenk" is a good estimate of
the manganese ¢ntrodueed bJ the reagents,

Qn-flrst appearances, 1t aould be sgreed thet

the reagent blank might be attributed to speecies other .
" than permanganate. Such’ deductinns are conoidered most
doubtful as the final golutions were in all cases clear
l and hed the charaeterzstie permanganate color,

mhe lower sensitmvity (see’ 2.4 ,5) of the method
(0 027 PE manganesa/em? eomp&red to the generally
'aeceptea value 45, of 0, 030 ne manganese cu ) was -
probably due te‘

-v(i) Incamplate precipitatlon of manganese

(id) Incom@lete oxiuation %0 permanganate

A rough estimate of the relative 1nfluence of
factors (i) and (4i) may be mede, 1In thls work, the
factoy transtrming optical density to manganese
concentration was 0,016 (2+443)¢ For pure permanganate
jon at normal concentrations, the factor, caleulated
on a similer basisy is 0, ,018 optical aansity units per
. ~pg manganese (as permanganate).

" The efflcaency of the prccedure may be expressed as'

- pereentagez- 0;016 x 100

- 86.9% S 56/ 0 s
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. 86% of the manganese, preaent in solutions of
apprﬁximately the same eencantrations &8s used here,
is oxidised %0 permanganate in 1 hour, and 91% is oxidized
~dn 2 hours. (75, Interpolation of the pereentage OY1dised
 4n 1% hours gave a value of 89%. ‘

R Thm value i6 identical '1:0 the efficiency of the
procedure as expressed above,. and it eppears that
ineomple%e oxidation is responeidle for the decreasa
of sensitivity, end that the eoprecipztatlen of
manganese is esaentially quant1tativea

The manganese methad developed suffers from the
fellewing digadvanteges, : '

(i) 1% was tedious and slow. (A max1mum of eix samples
could be determined in a two day period).

'_ {(ii) Iarge samples (é. 1000 ml) were necessary, and
. Getermination of replicate samples was limited
by the large quan#itles of sauple needed.

342 B;stribu%iog,cf'cogperzmiren_andt

Zanese

3:2,1 Gonerals

A scheme of processes which way control the
eoncentration of trace metals in the sea has recently
been puhliahed.(78) A brief deseription of these
fprccesaea follows,. '

4 Elemenﬁs‘are suppiied %o Theisea by =

"(i)- Stream supply - Rivers etca add metals in
‘ : particulate, colloidal and
. soluble forms to the ses.
This material then mixes and

'Adisperses.
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T= Afda : S residencé time-(year$)
dt . 4 = Total amount of an element

in suspension or aolution
in the ocean ‘ s
da/at = Amount of an element introduced
' into the ocean per year.

N The develepment of such an equation involves the following
assumptionsy '

(a) The chemical compositien of the Gcean is in & steady

, atate of equilibrium, '

(b)  The smount of material 1ptrodueed per. vnit time is
‘exmctly balanced hy an equal ﬁep@sitl@ﬂ of sediment.

(&) Complete mixing occurs in the ocean in %timee which

- are ahort comparea o reszéenee timeu.

' Despiﬁe these assumpticns, the residence time is a
valuable aid to the uvnderstanding of the general distribue
. %ion of the olemnnts.  Some values 351 of T 'in years are =

Sodium 2.6 % 108

- Gopper 6;; X 104
siiieon 1,0 x 204

. Mengenese 7 X ;037
Iron  ludx 103‘

: Scaium.has an extrcmely long residence tlme and is

_ well~m“xed throughout the oceans. Copper has & relatively
long residence time for a trace metal, snd should be
ressonably evenly distributed throughout the sea. Silicon
enters the ses mainly as suspended clay minersls and
these rapidly settle outs Nanaganese and iron, howevery .
‘have regidence times which are short compared to the time
'of-miking, and en irregular distribution of these metels
is to be expected. These metals are rapidly deposited
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from seca water and probably prevail as solzd phasea_,
throughouﬁ themr passage through the hydrospheré

o The aasamptions ;nvolveﬁ in calculatxng "T" are

only valia when applied to the oceans as & whole and ao
-nov apply in near-shore waters where internal modiflcatimn
oecurs. 2 ‘ ‘

‘Vater masses in the ccean are identiflea by their |

3fifcharaeterigtie temperature and salmnity vslues,(23)whieh

remain fairly constant for a given watermass, Within

- puch e mass, the sa11n1ty is en excellent indieator

of mixing grucesses(EB) and for a trace metal of moderately
long residence time, the goﬁe@ntratien.af‘metal within
a water mass should vary proportionally with salinify.
a+Sa&inity varietions in water nasses are small, inﬁieating

o wellemixed st&te, and 80 the trace medel content

of o water mess may be expocted to be relatively constant.
Hixing in the oceen ocours in both vertical and horizontsl
girections end is most marked in the (aIWﬂys) turbulent
flow of ocean currentu.(23) .

o In'ﬁear—sndre'énﬁironmentg. moderate. o strong ocean
. eurvents are usually present, end vnder these eonditzons,
an element of limited etability (i.e, short regadence
“time) may be rapidly mized within 2 currvent and go

‘appear %o ba charaoteristie of that current.“

The arsa studleﬁ (Flg. 6) eenta1neﬂ areas of upwelling
(otations 26,27) and of strong ocean currents (station
C22). Continental shelf and slope areas (stations 21, 23,
24, 25, 303 and deed sea snvironments (statiansl o 10)

- were also sampled, -
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_ AB mentioned earlier (laa) the £orus cf netal present
in the ses arve arbitrarlly divided into "particulate®
(those held by e millipore filter of 0.45 n pores) and
"goluble" metel.(soluble metal ineludes all ionic,

" eolloidsl end complexed forms). "Particulate metala®

consict of all forms of suspended material such a8

‘verganie matter, fine elays ete. Which contain traees
of metals, '

| 00p z is adde& to the ocean largelyias cupric
| 1ons. These are removed by sorption on hydrolysa%e‘,\
sediments and on oxidates such e menganess nodules,'®”:

_ ~ In sea water, ang,cupraus iong are rapidly oxidised

%o the eupric £ornt6?), s111en{8%nas used equilivrium

constants in various combinations in an attempt to deseribe

 the ionic and solid phase forms of copper in the sea.

He ooncludes that the most likely forms of ionic copper

are cu**and cuoH* in appruzimately gqual quantities.

The main s0lid phase will probebly be Cu, (03)301 with
“appreciable amounts of Cu (053804. These calculations

. assune equilibrzum conditinns and "infinite dilution®.

,;_Activity coefficients of the ione in the sea are not

well known. MNost of the data used were for reactioms

at 2500, whereas the mean temperature of the aeeans(23

is 3.8%. The celculatione can thus at best only

estimate the forms present in the ocean,

Galdberg and Arrhenius(35)state that about 10%
of the e¢opper in the see is present in an ion~-pair ‘
 complex with sulphate ion (Cu 504). Of the remaining
non-sulphate associated forms, over 907 would be present .
as hydrated cupric dons or cuta*, together with nminor
anounts of Cull,y Gu013 and cuﬂlf
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w Harmal nes water is unﬂerusaturateﬁ with respecﬁ a
_to coppery on the basis of calculaticns(47)asing the
solubility product of Gug(ﬂﬁ) ¢1, so little eopper may
- be expéeted ts this solid phase. Gatiunie fnrms uf
coyper thus probably prevazl ia the oceana ‘

| cépper ions are, hcwever, strongly.ahsorhed by
‘.manganese and iron oxiﬁes; suspended minerals and
.- espeeially by organic matter.(BS)Most of the @articulate
. eopper. will probably be assaeiatea thh theae materials.

Iraﬂ is added to the aeean mainly ag cﬁllozdal
) -forms of hydrated ferric oxide ‘together with a little
* ferrious ion, which at the pH of sea water immediately
‘oxidises and initmally forms a colloidal suspension of

. ferrme oxide

At thé pH of sea water, the concentraﬁions of ionie
 iron. (Fe**; FeoR*, Po*tt) in true solution at equilibrium
. are extromely low (lesa than 107 pg/i) and even under
conditions far from equilibrium it is unlikely that ;
" detectable amounts of ionic irom ave present. :
soluble iron found after microfiltration prabably
consists of stable organic c@mplexes or uncharged speeies
such as Fe(OH) and polymers of this type.(‘ )Fluorxde. '
chloride and sulphate complexing of ferric zron‘cannot ’
 ‘ccmpete with hydraxide eemplexing at the eoncentrations
found in the sea,

* Most of the irom in the sea is accordingly in a
¢olloidel or particulate fcrm. The colleidal forms are
probably stabil;zed by the presence: of crganic compounds.
The “particulate" iron is probably present in suspensions
of m&newals (clays) or may he organzcally beund in plankton¢
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Mangenese reaches the ocean as eolloidal qua&rivaient
oxides and in the bivalent form, which 1ike iron, is
converied %o the ecolloidel oxide at the pH of ﬁhe ,

-0¢eans 69 An important difference between iron and
manganese is that manganous iong are ap arently more
stable in the gses ﬁhan ferrcus ions, (35

Sialen(ae)has caloulated that the most likely
ionic spacies of manganese in the sea arve manganous
lion and permanganate iony hut both would only be present
at concentrations of g. 10 =9 g/i. Sillen considers
=it*un11kely‘that these ions>cauld exist for long in the
~ sea and proposed that ﬂncﬁarged hydraxy ecomplexes
~ (¥m(oH). 30 xm(au) ) and organic complexes were responsible
| for the cancentrations of "goluble” manganese in the sea.

However, Gal&berg and Arrheniua(35)ccnsider that the

. mangenese is mainly present as manganous ion in aquato-

or chloro~complexes snd that 857 of the manganese was -
present in true golution. Their view.and that of Sillen
. may be reconciled as the former authors suggest that
thermodynomically unstable species, such as manganous -
ion, can exist, ae there are few active surfaces in the
ecéan:oﬁ,which:%he_reactinn may proceed to equilibrium.

I% thus appears thet manganese is present in both
goluble and particulate forme wzth the soluble speeies
'being more ebundant.

, Goﬁclusians aa to the namure of the organzc complaxes
of copper, iron and nangenese cannot be made at this stage

B fas too 1little is known about the organic eompounds in the

eea (8O SR
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7;3 2, 2 General oceanographic hackground.-

|  = Thé area inveatigatea (Fig. 6) is, aeeanagraph1cally ‘

iﬂlspeaking, very interesting and was described some years
ago by Glowes.?}ﬁ Oceanographzc data were eallec%ed at
~ the same time as samples for trace met&la were taksn.
These more recent date were ﬁow ‘used o aegcribe the
,general oceanography of the area in.brief.; {Use was

: ;made of the general prineiples of physmcal cceanography '

- as desoribed in sﬁanaard text boeks, such as that by
o ;,Defan% (23)) LT e E

-

: The Warm;(above 19 c), strong agulhaa currént, 5
,'oqginatihg in Indien 0eean ”repical Water, (65 )flows Y

.. elong the edge of the Agulhag Bank to about 20°E.

The current +hen - diviaés into threa streams. Most of -
the water turns back and returns ta ‘the east, ‘ut &

o 1&rge part continues on into the o. ‘Atlantic’ until

it meats the West: Find Drifts The remainder of the -
eurrent turns to the north-west and ‘moves generally
"norﬁhwards pas? Cspe Point, . The ares of miging

between the Yest Wina Brnft and. the Agulhas eurrent

, is marked by vast oceanic eddxes and variable currents.;,’

y
‘ To the south, near 44 S, a sud&en deerease of ,
. temperature occurs at the 3abtrop1ca1 Convergenee. where'* _
. eool (g. 15°C) SuhtrOpieal Water meets eold (1ess than B
31206) uu%antarctic Water. j s o

.  Mong %he west eoast of Se’ ﬂfrzca. from Capa Point
northwar&s, tne phenomenon of upwelling oecura¢ During
summer. the ﬁrevailing southerly to smnﬁhaeasterly winds -
produce a current with an offshore»moving comp@nent of
moticn. As water is transported away from ﬁhe eoaet, cald

weloo
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FIGURE 1 3

SURFACE TEMPERATURE('C) AND CURRENTS IN THE S.EATLANTIC DURING APWIL 1964.
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‘daeper water upwells to toke its place. This water
' oontaing plank%on nutrients (phosphate and nltrate)
- and supports large quantities of plankton when it rises

‘ in%o the photosynthetic zone. (The above description

- of u§w$¢1ing is extremely slmplified - & full treatment

".gis gzven by Defant.

;  Stations 1 to 20 (Fig. 6) were visited during a

.deepwsea research eruise in Aprll 1964, Thig eruise
- was intended %o investigate the complex area of interaction
of the Agulhas eurrent and the West Wind Drift, and ade
vantage was taken of the opportunity to collect deep-sea
samples for copper de%ermination.. {Procedures for

 iron and meangenese determination had not been sufflexently
- ‘developed at thet stage)s The water masses present

't each of station 1 o 20 (determined by 1/5 snelysisi23)
were. tabulated in Table 12, and the surface currents
,fand temperatures were shown 1n ?1g. 13'

. Table v;e:- Water'maases preaent at deepasea'staﬂions 1 ¢$0 20

Statien e e e Water mags .

xr ﬂgulhas Water wnixed with bubtropical Water
-2 ' uubtrcplcal Water mixed Wlth decreasing amaunts
, - of Agulhas Vater ’
3 - Subtropical Water mixed with aecreasing amounts :
~ of Agulhas Vater - - |
-4 “ubtr0p10a1 Water present in the west ¥ind Drift
5 . Transition zone between Subtroplcal and Subant—
'  erctic Vater ‘ -
6 . Transition zone between ?ubtrﬂplcal and Subant-
. arctic Vater :
T Subantarctic Watef, south of the Subtrapical COnp
R vergence

65/44 s
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. Statien, _‘“;”“L o ater mess

8 'Subamaretic Water, south of the Subtropical
ST Convergence. - -
9 anixed Subantarctic and Agulhas Water
10 “u- noo W o o v
o Mazmly Agulhae Wa't:er mixed with some Subtropical
T Vater - - - |
'f;lﬁ*-?.* -Agulhaa water trappe& in gn antieyelonie eddy
013 o }-Agulhas Water trapped in an antieyelonic eddy
©* 14 .. Subtropical Water presem: in the West Wind Drif:
0 f15 0 Uneertain ‘
‘16 'A@ulhas Water trapped in an antiayelonme eddy
o (ae stations 12 ‘and 13)
17 . Agulhes Veter
18 - Agulhas Vater - ‘
19 - Strong flow of Agulhas Water - ;
20if : ,uubtrnpical Water mized with some Agulhas Water.

Coppcr samples were. eollected at stations 21 to 28

o during 8 cruiee iﬁ July 1964.

Oceanagraphae conditlons were a5 followss - Station a2
lay in the centre. of a strong flow of Agulhas curvent water

- (see Pige 16). “art of this current ‘moved 40 the northe

._"west past stationa 24 and 25 and then moved close inshore
. past ‘station 27 off Gape Point. .thtle‘upwelllng waeg

f _'observed (Flg. 15).

o . Duxnng Becember 1964, stations 26 to 31 were visited
- end. samples oollected for determination of copper. iron
and manganese. Oceanographie conditlons were no; gquite
-different from those in July. Strong upwelling (Pig. 15)
took,place nnar.ﬁape Pqin an& 1n False Bay. Thg currvents
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FIGURE 1g
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 chown in Fig. 16. Vater from the offshore S. Atlantie
flows in a north~easterly direction between stations 29
and 31 and then moves round to the north, Stations,as.

29 and 31 1ay in this water. A cyclonic eddy(23)causes
upwelling just to the south of station 30, |

302;3 Copper.

Ag meny more samplés were taken for copper determination
than were obteined for iron and mesnganese, an attempt was
made to link copper concentration with oceanographice
conditions.

The results for the April 1964 cruise (stations 1 to-
20) (Table 4) were plotted against latitude (Fig. 14).
Both individual results and mean velues (large dots)
were plotteds The results showed a large scatter between
repiicate samples taken from the same 1200 ml sample
of sea water. This was considered to be due to the
presence of dead or living plankton in the sample, thus
rondering it inhomogeneous. The plankton would later
release bound copper to the water during storage
or determination of the sample, and different quantities
of plankton might be present in two 400 ml samples taken
from the same water sample. Tigure 14 (above) showed
1ittle relationship between copper concentration and
latituds.

Many variables (ocean currents, upwelling processes
and organic activity, all of which are difficult to
determine with accuracy) may affect the concentration of
copper (and the other metals) in sea water. As only 38
gamples were available from the deep~sea area (in which
edpper concentration was not expected to be homogeneous)
normal statistical procedures were not applicable,
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FIGURE 18

TEMPERATURE PROFILES THROUGH STATIONS 26,27, 28, 29, 30 and 3
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A furthor difficulty in 1aterpretat10n ‘arose from the
'inhemggeneity among replicates mentioned above. . A
- laboratory mcasurement of the precision of the technigue
‘apparently had 11ttle mnaning when ocean aamples were
'determined. ‘

A The mean of all 38 determinations was 9.3 P copper/1.

-Of these determ;natiuns anly 5 had concentratioas greater
',tban 14 pg eopper/1¢ The frequency distribution of all a8

N determinztions was drawn (Fig. 20). This appears to be ,

--_'bimadal, with the modes lying at ‘about 4 and 10 pg capper/l.

Gomparzson with water mmsges can only be made on a very
general basin, as thﬁ spreaﬁ of the data was 1arge.

Somples from Subantsretlc Water - (atations7,8) indzcateu
~that this water mass hed o mean copper content of 11 5
: pg/lg A1 {amples from Agulhas water {stations ’ng’ 13,
16, 17, 18, 19) with the gxception of that from station 19,
..had,mean\values.cf less thanhg.ﬁ pg copper/l. Nigh mean
values of copper concentration were found at atations 3, -5,

6 and 19, (The. single high value of 20.1 ng/l found at
'station 19 nay perhaps be due to contamination of a sample)
 The West Vind Drift Water (stations 4, 14) seemed to have .
mean values ranging from § to 9 pg/copper/i. ‘

It appeared that Agulhes Water was associated with a
'low e0pper cancentration, the West Wind Drift with moderate
concentrations while the Subantaratic Wator had e mederately
" high copper conient. The high concentrations at stations

5 and 6 were no doubt associoted with the upwelling of deep
water in cyclonic eddies, which were usually present just

fo the north of the Subtropical Ccnvérgenee¢ 65b) The mean
vaiue at Station 3 aggearad exceptionally high, and the
‘oceanegraghie cendi‘leﬂs glve no. explanatian of this
pheuem&nom. i} : T o
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The Trepical Water origin of the Agulhas ﬂater‘ésﬂ)
gives an explanation for the low copper content. In the
equatorial regions, nutrients and trace metals are taken
up by the plankton, which then die and sink to deeper levels.
The strong thermocline (temperature gradient) in theee
regions prevents vertical mixing aad upwelling seldom
GoCUrs. (23) A net loss of trace metals %hus %akes ﬁlace, and
the surface water becomes depleten.

1¢ is of inxerest'ta n@tg-ﬁh&t the warnm Kuroshio eﬁrrentg
in the North Pacific Ocean, has a very low concentration(30)
of copper (0.5-0.7 pg/l) in ity surface layers. This
current, like the Agulhae current, has its source in-
- tropleal waters, - Between the Kuroshio current and the coast
of Japan, ccneentrationﬂ of eopper increase rapidly, and
‘moximum wolume of 300 pg/l were found close inahoreé with
very high concentrations (1500 pg/l) in shelterea bays 7
Land drainage was most probably resgsnsible for the high
inahore valucs. '

The Subantarctic Vater may derive its higher copper
content from water of Antarctic origin, which ic rich in.
trace metals due to glaczation (see above) ;roeesaes.{78)
‘Purther determinniions of the copper co&tentraf water
farther south would be reguired te ﬂ&bﬁt&ntiate this
hypothesis. :

L&ttle can be aaid absut the west wlnd Drift and Sub~
trapiﬁal Water copper conxent. ' :

- During the July 1964 cxui 3€ 4 sa@plcs of Agulhas Vater
© were again collected at stations 22, 24 and 25. The mean

copper concentration at these stations was 25 pg/l- the
lowest value (2.2 pg/l) being found in the Agulhaa current
dtself, (Fig. 16, station 22).,
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Semples of Ses water from stations 21 and 23 aiffered
appreciably in copper content although both stations
apparently lsy in the same water mass. The lower value
_faun& at station 23 indicated the. presence of some Agulhas j
'ﬁater, but this was not evident from current charts (Fig. 16).
: samples from station 26 in Palce Bay A% a moderate concen=
tration of copper (11 pg/l). Temperature profiles showed
little evidence of upwelling (Pig. 15). Station 27 lay in
water of rather low copper content (6 rg/1) for inshore
watery and this was probably due %0 the presence of a eurrcnt
of Agulhas Water, and to the fact that little upwelllng had
taken<placc (Tlg 15)e

At statian 28, a series of samples was obtained fronm

- four depths (20, 400, 720 and 1160m). Depths were maasured
by the uae .of aceanngraph;e reversing %hermometera.(zz)
The varietion of coppexr content with degth was plotted
(?ig 17). The graph showed thot the copper content wes
fxurly high (15«16 pg/1) in the upper 400 m, then decreased
with depth to about 8 pg/l at 1200 m, - -

$he water nasses present were identified and the
‘epproximate boundaries marked on the graph (as oaeanographio
. conditions change gradually on passing from one watler mass
to snother, the boundsries are not clearly defined and
extend over some tens 0f’metera).£23)‘,@%e Antarctic Ig%erb
mediate ﬁater'appeared t0 have a lower copper content thaf
the other water masses,

_ " The Central Water originates fraﬁ'ainhing ¢f surface
water in the area just north of the Subitropical Convergence
and this water mass then moves northwards ot about 500 m to
upwell on the west eoaat of 5, Africa. (6’h) The concentrae-
tion of copper in Centrasl Water off Cape Point (station 28)
was 15~17 pg/l. The copper content at the source of this
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water mass, (stations 5 and 6)'13 in.the range 13 to 16
pg/l and this agrees well with the valueo me&sured at
'statlon 28. : :

Samples were takéh,at stations'26 %o 31 during Décé@ber
1%64. Stfong_upwelling,of deeper water was now evident
(Fig,'15)<at stations 26:and 27, and the copper content wae
high (15-17 pg/1). The seasonal variation of copper at |
these two stations is shown in Table 13. and the marked
increabe in copper content in summer, brought about by
 upwelling, was very noticeable,

In the English Ghannel, the éonéentration(4)of copper.
is at a maximum in winter (25 pg/l) and a minimum in
autumn (1—2 pg/1). The maximum concentration is most
probably brought about by land draxnage. Land drainage.

- causes & maximum concentratlon of copper ef Lo 2 pg/i in
San Juan Charnel (near Seattle, U.S.A.) during summer. {7®)
‘In the 1atter'area, (a shallow (100 m) near-shore channel)
the distribution is complicated by the presence of sulphlde

zZoONEes, (15b)whzch may pTECIPltate much of the copper.
 IABLE,13 Seasonal varistions of copper concentra-
. : tlon :
| Season Winter_(Jdiy) Summer (December)
Station ol pg copper/l | - pg copper/l
| 26 DU S N Y
121 - .6 1 15

The current diagram (Flg. 16) showed a flow of water
from the .offshore u. Atlantic mQV1ng to the north-east
past stations 28, 29 and 31, The copper content of_thls
water mess was aboﬁt 9-15 Pg/l. The high value of 16
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pg/l found at station 3¢ was most probably caused by
upwelling of deep‘water in the eyelon;c edﬂy eouﬁh of
_statian 3@. Lo '

Very Low (0»5 pg coppem/l) and quite conetant concen~  :
trations of copper were found in Sea Point surf samples. _
This was unexpected as land drainage. was expected to increase"l
‘metal concentrations inshore.(78) ssorption of sons on the
large quantities of organic matter and suspended minerals
 (cley and sand) present may perhapa remove these ions from
 solution. :

3.2 4 Irnn.

_ Sea water samples fcr iran determinatzon were Bolleeteﬁ
@t stations 26; 27, 29 and 31 during December 1964. The

. inshore upwelled water contained 10 to 13 pg iron/l and was
“higher in iron eonten$ than water further offshore {o. 4

to § pg/l). ‘The lowest concentration was found in the
current of offshore wa ter’ (Fig. 16) at station 31, lndieating
thet deepasea water has a very low iron eantent.

Samples taken frouw the gﬁrf zone at Sea.Paint"were'low.
in iron concentration (4-5 pg/i), again, like copper, '
probably due to absarptian of iron on suspen&ad matter. A
single sample collected after a period of kheavy rain had a
concentration of 14 pg'irdn/i. It appears that the iron
content in the surt zone e¢an fluctuate appreciably, depend-
 ing on the local drainage into the sea. Eanganese likewise
increased in the surf zone after rain, but copper was not
affected. - -

3;2;5‘ Mﬁﬂg&ﬁésea | | |
| : S&mples of sea water were célieeted at stations 27, 26
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and 30 for'determinaﬁian of manganese in Deeeﬁber 1964.}

Por eomparisony two cansecutive aamplea were taken from 20 m
depth at station 27. The concentration of manganese showed

' ‘1itt1e variaﬁion, but was higher off CGape Point (station 27)
 than in False Bay {station 26). The concentratién of

o manganese in the water at sﬁatlan 30 way dbe influenced by

the upwelling in the nearby eddy, and was not ccmsiﬂere&
'represenﬁatave of affshnre water.,

Surf zZone sampleb were mederately low in concentratian
'anﬁ increased after a. pexiod of heavy rain by a factor of
about two. -

As there are no large river mouths in the area’ studied,
' addition of traces of metals by land drainage appeers to
be negligidly small, and the concentrations of trace copper
- were actually higher in summer than in winter, when greater
drainage occurs. The trace metal concentration in this area
studied thus appears to be controlled almost exclusively by
oceanographic processes of upwelling and surface, currents,
but may be modified by organic processes inshore. |

3.3 ,$§Ve1§,;ent[9f'anﬂion exchanze ‘roeeduiew |

3.3.1 - Badkground.

_ The nnmher—af Eea water samples which may be collected
 and stored in a frozen stame, is severely 1imited by the
r@frigerat1on Space required aboard sh}y.v The samples
cannot be stored in the ordinary "eold rooms™ as these
do not have a low enough temperature to freeze the samples
solid, ond special arrangements were necessary aboard ship
_to keep samﬁlps frozen. - '

Anﬂther\techniqne for preserving ions for subsequent
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determination is that of corbing the ions on %o ion

exchange resin, This technigue has been: applied to hy-
drological field sampling( )uaing cation exchangers. Anion
"'exchange resins have heen used to eollect chloro-complexes

of metals such as ureniumy golﬁ, gmnc, cadniun, iron, copper

and manganese after addition of hydrochloric acid to sea .
2 Water'“amples (13’ 22) Large quantities of. aeid are required f
and the proeeaure does not lend iteelf readily ta routine '

use at se&.

o Catzan exchangers hBVe a@parently not heen applied to
%he extractxon of trace matals from sea water. Sea water
contains an average of about 72 meq ions/l; (Table 1) ex-
cluding sodium ienﬁ. Use of a reein in. the scdium form
exeludes sodium. It was decided to attemgt to extract trace 3
me tals frﬁﬁ sea water on & Sodium form cation exchange resin.

3.3.2 Bevelogment of thg method.

' Th@ ehoice of a sulﬁable'resin was governed by the
v,reqnlrements of

- {4) - High affinity for- eegper, iron and manganese

" (ii) High exehange capacity. tc ensure ‘8 compact column
- size C :

(11i) Ease of régeneration.”V

, »’"fene the basis of these: requirements, a earboxylie acid
'Qac%ive Eroup typé of catidn exchanger was chosen.> This
reein {Amberlite IRC 50) has s mmrked affinity for eopper,
and’ the unusual abiliﬁy. for a cation. exchanger, to select
ecopper in preference to calcium¢(48? This effect ie prabahly
caused by the nature of the active group which readily
forms eovalent bonﬁs such as occur in the hydregen form reaiﬁﬂg
' Copper has a greatLability to form covalent bonds than o
l,calcxum, and thus - is held more strongly by . the active &roups

(27)'
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@ther divalent ions are also readily taken up by the resin(48).
and it was expected that iron and mangenese ions, if |
 present as divalent ionic apecies, would be taken up by
the resin. A further advantage of this resin for use

in sea water is that the exehangeahle eeduum imns Bre more
- readily replaced than those bound to. the sulphcnic acid
v'type of eation exehanger (sodium form) S

. The carboxylic acid resins have neﬁﬁralization curves

. -which closely resemble those of low molecular weight
-icarbexylic acids, and, by aaalegy, thig ie taken to indi~ '
 .cate that the activa group is incompletely dissociatid. (48)
_Below pH 3.5, the resins exist almost entirely in the - :

hydrogen forn and do not undergo exchange reaetions.(5)

The exchange eapaezty increasges markedly with pH as the

 active group becomes more highly dissociated. A%t pHithe

exchange capacity is abeut i¢ meq/g dry resin, iaé. more .

. that double that of & sulphonie acid type of exchanger

‘such as Amherlxte IRI20 (4 meq/g capacity), (48, Sea water
behaves astell—buffared, sl;ghtly alkaline sclution of ,
pEL? to 8. 5.(23) {Valiues below pH 7.8 are secldom found in

- the upper layers of sea water). Within this pH'rénge,

‘the carboxylic aeid ion exehangera exert nearxy ell their
high exchange capaciﬁy. o :

The very high affin;ty of the resin fer hydrogen ionB,
as compared to the sulphonic acid resins, emsures rapid and
eomplete regeneratian.~ On addition of the equivalent
quantity of ‘mineral acid, all sorbed metal ionse are releasgﬁg)
A8 the ions collected from a large guentity of sea water
‘are eluted by & smell volume of acid, favaurable concentra—
tion factors may be ach;eved. . '
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The order of affinity of the resin for metals ‘such as
cepper, iron and manganaae may he aﬂtlaipated o1 theoretical
&r ounds. ' '

A atu&y(l)of the aeeond ianization potenﬁials of divaleat
ions of approximately equal sizey has shown that the effeetzvev
binding foree of & cation inereases as the eeaonﬁ ionization N
;patentzal,inereasae‘ Since the carboxylic aeid group is
ceapable of entering into strong covalent bon&s,(és) it
may be expected that the order of affinaﬁy would be related
to the effective binding force of the exchanging cations, |
and this again is related %0 the second ionization potential.,.

. Icn, i | Sige i _ Second. Ionizatian Pbtential
Tew® 0,708 203 volts

re?* U oma 0 162

Mn2+ N ,Aa 865,""  t15.6 "

1% is apparent that of the three metals, copper. should have
“the greatest effective binding foree, followed by iron

- and ‘manganese, and aceer&angly, the theoretical order of
atfinity should be Cu®*s ‘Fe > mn®t

7 : %reilmimamy,experimsnﬁs were next carried auf o
determine whether copper, irom and manganese were held by
the resin et the levels of concentration found in sea
waters ‘ | |

© The flew ‘rates of 2 to 4 ml/min ueed for the yreliminany
1nwestigatien of copper, were chosen as roates of 1-2 ml/min
. were found satisfactory for sqrption of trace copper on
'phenolie type reéins.(48) :mhé'récovery of copper was good .
{Table 7) and appeared to increase with decreame of flow -
rate. The optimum flow rate was about 2 ml/min and this
;was used in all subaequent experzments.
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Iron and monganese {Table 8,9) were retained less |
effieienﬁly by the resin. The results far-iron were erratic
and,thia'waa aseribed 40 the irreversible formation of hydratedj
ferric oxide. (73) manganeee was mot held atrcngly, and the
experiment was repeated, using a flow rate of ¢.l ml/min
%o investigate whether this would improve retention. In~
eonelusive resulis were obtained; The figure of 79% re- o
" tention appears anomalous, and may perhaps be caused by an
error in technique., No fnrther work wes done on the iom
exchange sorption of mangenese a8 the metal could not be.
~determineﬁ on elutzon (see 2.4) ' The combined sorption
- of copper and iron wae then investigated¢ Although re-
coveries were low {Table 10)y the experiment demonstrateﬂ
that simﬂltanecns sanpling of the effluent for determlnation
af eepper and iron was feasible.»

The experimental results for ser§t10n of the three metals
copper, iron and mangeanese were in agreement with the theo=

- retical discussian.above._

| Inmigny, ‘the resin was regenerated in bulk, and
‘then iiansférred back to the columns. This proaedure gave
~ high elution blanks (¢. 4.5 pg iron) in the iron Procedure,
‘1and in later experiments, regeneration was earried out in
the ¢olumns, This redused the blank to Lo 2~5 pg irom. |

. _ @he reaction between sodiwm ions and the hydrogen fgrm
resin attains equzlibrium very slowiy,(48)and complete Tem

' generation was a lengthy provess. To avoid delay partial

regeneration was carried out by_passingheXceés godium

hydroxide through the column at e fairly high flow rate. An

 excess of resin (a%ouﬁ 50% greater than the theoretical

amount) was used %o QOu@eract the incomplete conversion.

"This procedure was rapid and convenient, anﬁ was satisfaﬁtcry |
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FIGURE 18
APPARATUS FOR FILTRATION AND ION EXCHANGE TREATMENT
OF SEA WATER SAMPLES
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in practice.

The effects of contamination may be seen in Table 10.
The sample marked with an asberisk was contaminated by a
few drope of sea water which had briefly eontaetéd a retort
-stand elamp, The increase in copper and 1r0n'mas‘marked.

- The analytical determlnatlema of ecopper; iron and
manganese used prevxously did not distinguiﬂh.between
®goluble” and’ “particulate” metal forms. An abttenpt was
now made to devise & teahnique suitable for determining
both forms of trace metal in one sampling operatian.

A fil%er assambly to ﬁetermlne particulate matter was ‘H.,:
designed and made, (Eigv 25)s The apparatus was of perspex
construction with & 1id to prevent the entry of dust. The
millipere filter was used without & supporting filter as
the support might remove jons by sorption. The perforated
persPex dise supported the fil%er adegquately under mile& '
suction, The tranaparenﬁ perspex allowed the operator
to adjuat the inflow of sgmple 80 that the filter did not
ran dry or averrlew‘ Any failure of the filter could also
reaﬁily be observed,

_ The filter was fed wiﬁh sea water through 8 flexible
 plastic tube fitted into the hole in the filter assembly
lid. A small hole was pierced in the plastic tube to
avoid pressure eﬁfecta which,hindered filtration.

 Below the filter was fitted a aoﬂaum form ion exehange
column to collect the ionic species present. It was found.
' convenient to graduamte the reeiever to indicate the
progress of the proeedure, The agparaths is sketched in

In order to test the procedure under conditions eclosely
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resembling those at Scs, 8 8Sca water sampler was used to
feed tho sea water to the filter, AS the processes of ion
exchange and filtrotion should not be affected by ship
mntion attsy 8 special ocean nruise was not eeﬁaiﬁereﬁ _

- -neeeasany o tent the yraceaare.

, Fﬁltered sen water (6;1@) was used in the experinents
&8 an unfﬁlterea sample of aurf ﬁone sea water een%aineﬁ
- 80 much suspended antter (sand, scaweed ete,) that the

. willipore filter choked up after o shert time. In off-

" ghore areas, the sea waler containsg puch less sugpeaﬁe&

. material anﬁ,prefiltratien sf sampiea would nat be necea&axya

The grﬁcédure wes as &ascriheﬂ in ﬁe?.Qa Results were f',}

tebulated (Table 14) and. tha P8 copper found by ion
exﬁhange glatted agaiast the copper added (detexmined by
the ueual gfacadﬁre). o

TAS&E 14 - Tent of the ioa~exchange me thod far
’ detarmining cepper ang o

ﬁéigiviiﬁ —fon exehange ?articuiata m&tﬁirﬁé%%iwﬁetéit;'
‘added . analysis | ug/500 md - |ref500 s
/500 ml 435159@ ml i —

Capyer ) - SR -
ko | e | - |-
- 9@3 « _:, : :4t(3)f:i;ij 3.(3) Tl 7e(8)
'?éﬁai' | 7.(6) ol 3.48) -11§€4)
w.08) | Q| ) ] -
4.6) | a2 | - 1 -
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FIGURE 2
KINETIC PLOTS FOR LOSS OF IRON
ON STORAGE

1 LOG
Ve c
0-070  1-4
1st ORDER
0-060 1-3[
0-050 1-2F
2nd ORDER
0-040 14 . L . : . A
0 5 7
TIME (DAYS)
F1GURE 22
TEST FOR TYPE OF DIFFUSION PROCESS
0-70 |
o
-Y¢ oG (1-F) o
0-60 |
[ ]
0-50 .
3-0 4-0 5-0



8o.

' Eetél . Ion exehange Particulaﬁe metal .Tbtaiimetal;'y 

pg/sce mi , we/500 mi

0.(6) 1 2.(0)
1.(9) ] 23

v 3.(9) ‘4. (5)
5,(Q1) o 7 (4)

| osae) ] 11.1)
"';59.(7) ] 12.¢8)

3 Blank on ﬁaubleuaistilled water

Aeeurately knuwn ameun%s of eapper and iran were not ‘
added to the sea water in the ‘"gpiking" proeess. It was o j"
~ found during yxelimanaryvexperimenta on calibration S
preﬂe&ures that aecﬁraﬁe “ﬁpiking” of a large Sample :
{(c. 1000 ml) was not always possible, This was probably o
. gaused by the fact that the ‘samples were mixed in large (3 1)
beakers and sorption of the metal on the glaas became -
significant Jeading to erratic results. In the calmbratzen
procedures, standard solutions were added to samples in
the containers in which determination was. carried out
~and the reagents were added immediately afterwards. It
was considered that determination of the metal present by
~ the usual procedure would give the best estzmate of the

concentraticn of metal present. : '

The results for cepper Andzcated & linear relation-
.ship (Fig. 24) and a straight line was fitted %o the data
by the meth@d‘of least aqaares. The regressxen egquation

81,



FIGURE 23
IRON DETERMINATION 8Y THE
ION EXCHANGE METHOD
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Y = 1,667 + 0.749 X ¥ = pg copper by ion
exchange technique
AX,='pg eeé@er‘present in
the sea water.

. The sfanﬂaré error of éstimate was 1.42 pug (n = 5,
,concentratlon range 0-29 Pg/i). The very high value of
l@-pg copper/l {bracketed in Table 14 and Fig. 24) wmas ‘
caused by contamination of the sample with a scrap of ash
from a visitors cigarette. (Smoking was not normelly
allowed in the laboratory).

Partiewlate copper waried from zero tb\v.ﬁépg/l and
.wasvapparent&y,in&ependent of the ionmic copper (cupric ion)
added. Three of the four déterminatians were in the range
6. 2—7.6 pg/i and the sample of zero concentration (i.e. equi-
valent ‘t¢ the blank) may be reg&r&ed with gome suspiezon.

The slepe of the graph (Fig. 24) indicated that the
ion exchange procedure determined about 5% of the ionic
copper added. In this case, both the ion exchange and -
normal proce&ures determined ionic copyer, so comparison
- was possible. ‘

. The results for the iron determination were quite
different (Pig. 23). As the concentration of iron added
increased, the amount determined by the ion exchange
proceifdre increased to & level of about 4 pg/l and
then remained constant, whzle the partieulate iron resulta
increased steadily. A plot of the total iron. (donic
plus particulate) agaznst the 1ron present was almost
linear. (Fig. 23)

Theee results were 1nterpreted as indicating that
nearly all the ferrous ion»adaed precipitated inmediately

as hydrated ferric oxide in a non-colloidsl form

: 82/* a
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‘At higher concentrations, the formation of colloidal iron
oxides which pass through the filter, but are not sorbed on
the resin, caused the total iron coneentration apyarently
to level off. '

A The fact that "goluble iron” to the extent of 4 pg/l
wae held by the resin indicates that this iron must exist
in a ¢harged form. This is]perhaps sonme stable ﬁesitiveiy
charged orgenic complex. Uncharged compexes would not be
held on the column, L | : "

Copper was not appreciably sorbéd on the precipitated
ferrie oxide as the particulate eogper regults do not show
any increuse with increase of partieulate iron.

The ion exehange ?roee&ure_enablea the ionic species
‘present in sea water t0 be studied and enables a subdivision
' of the “soluble® fraction of metal t0 be made. A slight
variation of the procedure would ensble a detailed study
of %hevtraeé~metal fraetiéns in the sea as followst

'(1) Fiiter the sen water through a coarse filter, then
through the apparatus (Fig. 18). Determine the
total particulate metal in both known particle size

TERZES..

(ii); Treat the effluent from the column with aeia o
release colloidal and complexed metais anﬂ '
determine them., '

This proeeuure would emable detailed study of ionmie
speeies, eolleldal and complexed species, and various
fractions of suspenﬁed material; to‘be made. ‘ ‘

Sorption on ion exchangers may thus eueeessfﬁlly be
" used to determine copper im Bea water; but this technigue
was not suitable for determination of iron ané maenganese.

a3/‘ ‘. |
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_-ﬂcllaidal'iren‘waa not eﬁileeted either hy the filtér'or
by the resin and would pass undetected. Manganese was not
" strongly held hy the resin, and like iron, any colloidal -

manganese would nog be detected.

3.4 Bosses on etorage in E_QEthene.

| Although it is well-Known thet some changes‘-?* Zg)m |
trace metal concentratiun oceur on storing samyles of sen :
water in pn&ythene, n@thnng definite bas been puhlishea aboux_f
the extent of loss or the pracesses involved. RS

, ﬁn attemyt was made here %o stuﬂy the lesaes that oecnr
on storing sea water samgles for some days in identical _
polytherne eontainera and to iBVestigate -whether any yattern ;
existed.. B S R :

;The;réSults of the experiment were tabulated in Table 1l.
The concentration of each metel ion was then plotted sgainst
time (Figs. 11, 12). The small dots represent individual
' determ1nations and the large dots represent mean values.

Study of the plattei points 1nd1cated that replicates
_fshoweﬁ a large scatter, which was most maried in the case
of copper. Qhe connentratian of copper in samples kept at
room temperature decreased by about 30% in the first two

~days and thenuremained-fairly consfant.' The frozen Samples

. showed littie‘variétibn-from the qriginai\aample concentra-—

k tions. On a previéus occasion, it.was alsa found that the
concentration of copper decreased fto about 60=70% of its
- araginal value on storage in polythene for seven days. '

o The concentration of iranxln samples kept at room tem-
- perature showed ‘a steady aeerease over the emtire period.

A puzzlzng feature was that the frozen samples were
notlceahly lower in cannentratxon that the original aamples.

84/ X
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The manganese samﬁles Stored at room.temperature showed
,littie variatica with time, but the frozen sample appeared
%o have a alightly higher concentration. (The sea water
- panmple- kept frogzen for forty days for manganese deterzination
was unfnrtunately SPGilt).

The Bcatter @bserved between identical samples was dis- B
appainting. All the polythene bottles were carefully fllled
%o avoid contamination.. All ‘bottles had been in use for
some menths and were thoroughly cleaned before the experiment. 

Ihe dbserVed loases of metal may be brought abcut by

(L) Bacterial utilization
“(i4) ?recxpitatian processes
(iii) Sorpti@n on the wall of “the vessel

A large increase in bacterisal yopulaticn oecurs on o
‘confining sen water in a container, as the bacteria mnltiply '
on the inside surfaces, Relatively little is known about -
the marine bacheria.(ﬁa)bnt ecertain fresh'Water bacteria

are known to utilige ionic manganese and iron in their ,
'metabolie proceqses,(37)and the final product 48 the metal
oxides certaxn fungl also utilize traces of metals(53)and
it is possible that fungal forme in sea water may have
similar requirements. Organically boundumetalsiin‘the bacteria
would most probably‘EE‘releaeed during the process of deter-
mination. In the case of iran, the sample cohtainer was
-_,well-shaken pefore removing the 100 ml semple in arder to
- gollect any particulate material which might have settled.
fBaeterial colonies might well be locsened in this procedure,
. and on tqbtment with aeid, release their iron. The manganese
procedure should likewise relemsé these bound metals in the
.process of d1ssoiving the grecipitate. In the case of
copper, where reagents were aa&e& ‘directly to the sample _
-'eontainer Whlﬂh was then shaken for an hour, it is possible

. 6 5/ el
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that the bacteria may only release some copper on exﬁragtion
with diethylﬂithzocarbamateou :

_ Xt is, hawever, difficuit to believe that bacterial
'aetiun,will‘accannt for mach of the observed concentration
‘changes, and evidence for this view appears in Pigs. 11 snd
12. Bacteria multiply extremely rapidly, and if bacterial .
~ action were the cauge of the loss, one would expeet an
initial rapid decresse in metal concentration followed by ,
" a constant level. of concentration when the surface was
"saturated®™ with bacteria. This is not apparent in the _
figure. Manganese concentxatlon doee not change apgreciably
‘&t all, and the copper and iron results show a steady decrease.

A slow precipitation of iron as the hydrated oxide may
. ogeouxr en.atan&iﬁg,'asAa large surface arca is exposed on
‘which resctions may take place. The precipitate may carry
down some copper as weil. The process of shaking semples
well before removing an aliquot for iron and mangenese
determination seems %o rule out the possibility of losses
due to yrecipztation.

The process of shaking should suspend all the precipitated
material which would then either be brought into solution
in thefiron determination, or precipitated in the ususl way
with magnesium hydroxide in the manganese procedure. FPre-
cipitation processes may, however, account for the losses of -
copper as the reagent does not react with particulate copper.

The most likely éouree of removal of ions is by sorption
on the walls of the polythene container. The eentainers

‘used bad an internal surface area of about ZOQQ exposed
%o the sample.

In ﬁkeAfoiiowing discussion, ﬁhe sca%ter4in the experi-
mental results made it difficult to reach accurate conclu-

86/.4.
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_si@na.as $a;%he proeeQSgcancerned.

| Appﬁicatian'bf %he Freundlich adsorption isotherm(57)
showed that the decrease in concentrat;onﬁ of copper and iron

~ ioms apyarenﬁly did not obey the empirical equation. This
in&icated that a simple sorption.proeess waa not likely.

Eext, the rate ef’decrease 1n concentration af copper
anﬂ iron was tested to see whe%her 1st or 2nd order kinetic: 57»
were followed (Figa. 19, 21). It was uncertain whether the
rate of deerease followed either lst or 2nd order &;netics. ’

The sorption of ians on polythene may, to a first
lapproximatxon. be regarded as an ion exchange process.. The .
polythene may be analogous to. a highly cress~lankeﬁ ion ff
exchanger of very low exchange capacity. Possible sites(8T)
_Jin the polythene where ”exehange“ m:ght pnsszbly ocour are - _'

:§i};.PoLyethner liﬂkages fermed from the moleeular oxygen
‘ »gueed to . initiate polymerizatlon. o

'yﬂ(#i) ‘Trayped oxygen aﬁams, from the initzatien reaetlon,
o “bound in the lattice. ' ' e

(iii) Bouble bends, resultlng from aispr0portionation durlng
~ the. ethylene polymeriaatian.

(iv) | ﬁs polythene is 80*85% erystalllne. surface “exystal”
‘ _ defects’ may be present and theae mlght ‘sory iona,

- ;(v}~ Eydroxy1 graups may be yresent zn small quantitzea 1n.'
the polymer., :

- The prelimina:y washing of the containers with acid
" would most probably attach hydragen ions to theae active
. Sites, and it may be expected that theae 1ons would only
- ;partially e remaved by the rznsing process, due %o slow ,
‘- diffusion through the lattice. (The containers were allowed

‘ 87/--.
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to soak in acid for some tlme, whereas rinsing enly oeeupzed
a few mlnutes) ' :

N It wae posalble, therefore, that an exchdnge of hydregen
ions for ions of copper and iron took place. The results
for iron were tested by the procedure of qud et al.,(l?) o
which was originally &eveloped to investigate the- rateadeterb
mining step in ion exchange sorption. Film diffusion through
& Hernst film was not expected to be limitzng here as the
reaction was.slow, The' form of the plotted function N
 (Pig. 22) indicated that diffusion through the "particyle™
(in this case, one large "particle® - the container wall)
was agparently the rate determlning step. This 9racedure
assumed that the chemical process of exchange was almost
instantaneous and that the rate was only limited hy physieal
,dlffusion processes, These assumptions would also appxy to
;the case of polythene, it the sites ment;oned above were re-

Sponsible for exchange.

The acatter of  the results for copper made & plot for
checking the rate determznlng atep quite lnconclusxve and
,this was nod drawn. '

Carrying the assunption of .ion exehange proyertzes ef
polythene further, it is to be expected that the affinlty
of the polythene for ione would be dependent on the relaﬁ1Ve
siges of the ions and their ability to form covalent ‘bonds.,
Fron seetzan 3. 3.2; it may be pre&icteﬁ that copper should .
be taken up more readily that iron, which again has & higher
: affinzty than manganese. Divalent manganese ions are larger
than either ¢upric or ferroue and ferric ions. On an 1oa
~ezchange affinity basis, thcrefare, copper would readily »
be meccepted, iron less so, and manganese wau;ﬁ,enly be taken
up in lesser amounts,

'88/0,0 o, » |
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Examiﬁatzon of the results (Figs. i1, 12) shows that the
manganese concentration remains fairly constant, and so
nanganese was apparenily not taken up by the polythene.
Comparing the meaﬁ,xaﬁelofiéhange of the copper and iron
concentrations over thé first three days shows that for
copper the decremse was g. 2.8 pg/day whereas for iron a
decrease of £. 2.1 pg/aag wae observed. The copper decreased
more rapid&y durzng ﬁhe first two days, whereas the iron ;
concentration decreased ateeﬂily during the first three days.

Ehe experimenxal results approxzmate to pred1cted results'
on the assumptien of ion exchange properties of the poly thene,
and 1% i3 reasonable fo assume ‘that a diffusion of ions
thyough the sea water to the polytheﬁe surface, followed by
sorption and fon’ exchange on 1mpuritiea and defects in the
polymer was largely reapans;ble for the &ecrease in concen=-
tration observed.

Ereez;ng would prevent aorptian of metals, as the ions
‘cannot then diffuse through the solution to the polythene
sarfaﬁe. but the foct that freezing preserved the samples
better would 2180 be true if bacterial or precipitation '
,proeessee were r95ponsnble fbr the 1039@9..

- The large scatter of the copper results required
explanatlon.. If the copper was strongly held on. the poly-
thene, it is pessible that variatians in the structure of
the polymer in xnaividual conxainers may have a large
- effect on the rate of exehanue of cmpper. On adding
éiethyldithlocarbamate reagent,capper is extracted as the
complex from those exchange sites which are readily avazlable,
and the number of available sites mey well vary between
different containers made from different batches of polgthsne.
~ The overall effect would be to prcduce,variable;results,--

89/ees
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when the same batch of sces water was stored for a day or o
in different containers,

Fo ready explanation can de offered for the decresace
of iron in the frogen samples. The samples froze about
3 hours after they were placed in the refrigerator,
and were thawed within 4 hour. It is highly unlikely that
sorption losses could occur to any extent in this short
time, and it is dAifficult tc see how losses could occur
in the frogen samples. The determination of iron was
carried out by the normal procedure in which losases were

neclik ible.

g S e T+

From the above discussion it appeare that the preliminsry
determinations of iron (Table 5) must be treated with some
caution, o8 samples were frozen until analysed, and the result%
pay be low. In the case of copper and manganese, freesing
apparently preserved the samples quite well,

It 18 of interest to note that in the determination of
copper, iron and manganese in sea water by atomic absorption
sgectroacoyy,(eg)the_agthorﬂ_attributed a large scatter in the
reoults to experimental error. They further stated that
no 1oss of metals on the polythene storage vessels (unfrozen)
were observed. It is considered that the variadble losses ;
of elements on the containers would account. for a large part |
of the experimental scatter.

o wye gy gy e Sommetrml -ty S sy imw:

Glass vessels are not suitable for storing sea water
samples as sorption of ions occura(BG’as)(up to 234 of the
maetal precent in solution may be sorbed on the walls).

Glass further releases metels such as aluminium and iron f

into anmplos.(za)
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6, APPENDIX,

E 6 . 1 Washing Proeedure.

AL glassware used, with the exception of sintered

glase filters, was rinsed with agueous detergent ("Teepol®)
golution and then with water to remove grease etc. The
- articles were then soaked in hot {(50° to 6000) hydrochloric
acid (76%, v/v)( 4)f0r & few minutes %o remove traces of metals
- and thoroughly rinsed with water. . Subsequent washing was
carried out by rineing with the 70% acid followed by re-
peated rinses (at least £ix) with water. This procedure was
‘-6afrie&'dﬁ%”ﬁefoﬁe“eaéh'éxgerimén% to ensure freedom from

metailie conﬁamination. ‘Precoutions were taken to prevent
‘dust from entering tlean glassvware, Pipettes were stored

in the 70# scid end washed with water when required.
H'Separatiﬂg funuels were cleaned between each batch of

 samples by shaking vigorously with three seperate anounts

of water, allawzng to drain @ad then rinsing well wi th

;_'_acetane to remove the last traces Qf organic reagents and
,::solvents., antered glass filter plates used for filtering

s8ilver. halidea were washe& with concentrated aqueous
. ammonic and rlnsed wzth water. Thzs was followed Yy a
"wash.w1th.concentrated nitrie acid, and repeated rinsed with
ater. %oaking in chromie acid followed by repeated rinses
with water wes used to clean the sintered,glass filters
uwed for filtering Sea water samples. a

. .  Polythene articles were soaked 1n hat 70% hyarochloric
acid for about 30 minutes With frequent shakzng and were
then repeate@ly rinsed wzth water. The sea water sampler

..Jwas eleanea by soaking in cold ?G% hydrochlorie acid for

.‘.about l@ minutes and was ﬁhen washed thoroughly with water,
Rubberware was heated briefly to about 6600 in the 70%.
‘acid and was then boiled 1n water to remove traces of
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- dnpurities and finally rinsea well,

6.2 Procedure for cogper determznation.

6.2, i Four hupdred ul samples af sea.water;

Plame 400 ni sen water (measuring cylinder) in'a poly-
thene bottle and pipette in 2 ml EDG reagent (6.1@) and 5 ml
xylene. Secrew the bottle cap on tightly end shake o mix’

- contents, Shake on an automatic shaker for one hour, then

let the bottle stand in the absence of strong light for
about an hour. Transfer the contents of the bottle iato &
separating funnel, discard the aqueocus layer and run the

~ xylene layer into a 1 ¢m yéth31ength-sé%ctraphotemeter |
cuvette, HNeasure the optical density of the xyleme layer
against the pure solvent at a wave length of 435-mp.

Carry ount & reagent blank by shakzng 2 ml DG reagent wzth”
5 ml xylene. '

Note (1) EMﬂlsioﬁsiS@metiméS form in sea water and
:are prQbab1y due %0 the presence of organic
matter. These may usually be broken by running
off the aqueous layer and geatly swirling the

o xylene’solutzon in the separating funnel.
(2) ZXylene may dissclve tap grease from the separating
© funnels and this causes cloudiness.
{3) The cuvettes should be rinsed with dilute hy dro=
. ~chloric acid between each set of samples in order
- $0 remove the film of copper d;ethyldiﬁ}ocarhamate
formed on the glass. :

6.2.2 Strongly aclu copper samples.-

444 about 50 ml water %o an aliquot of the topper
solution and add 10 ml (pipette) of citrate reagent (6.10).
_Add.ammonia solution until the Ph lies in the range 8.2 to
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8.5, transfer quantitatively to & 100 ml volumetric flesk

. and make up to the mark with water. Pour into a polythene
,battle and proceed a8 from the addition of 2 ml DIC resgent
 in62 1, :

5 3 .§roceduré'for ifan ae%érmination;

6.3.1 One hﬂnﬁ&red ml. samplee of sea water.'

~ Flace $00 ml sea water (measuring cylinﬁer) in a
separating funnel and pzpet%e in’ 10 ml dilute hydroehlorié
. seid (6;1@) and 2 ml hydraxylamlne reagent. Sheke '
%o mix the vontents and allow to stand for 5 minntes.if
'Pipette in 2 ml acetate,reagent and 5 ml ‘bathophenanthroline

. - raagent, shake and allow to stand for 10 minutes. Heasure

out 15 ml iscamyl alcohol into a dxy, etoppered 50 ml
measuring ¢ylinder, drain this into the separating funnel
‘and restopper the cylinder. Extract the contents of the
funnel vigorously for one minute and then allow the 1ayerﬁ
%o separate for at lesst 15 minutes. Discard the agueous
layer, run the alcolhol layer back into the cylinder and
adjust the volume to exactly 15 ml by adding acetone. Swirl
gently to mix (Note 1) and allow to stand for a few minutes

%o allow any large water dropiets to séttle out. Transfer

the alcohol extract to;a’S'em‘pathilength spectrophotone ter
‘cuvette and measure the optical density of the alechol
extract against water at & wavelength of 533 m. Run a

. reaghet blank on 100 ml waters .

Hote .

(1) Excessive agitation of the mixtire entrains water
droplets in the selvent and these impart a turbidity
to‘th@ organic layer. 1If the solution is not ab-
'@cluﬁely clear5 allow %o gtand for ahout~36 minutes
to enable the water to settle outs ‘ S
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,6%3;2 3trongly aeid;iron samples.

¥ake an aliquot of the irom solution up- tc 100 ml .

' with water in a volumefric flask. Pour into a separating.

~ funnel, pipette in 2 ml hydroxylemine reagent, shake and

- allow to stand Lfor 5 minutes, Pipette in 5 mi acetate
reagent and adjust the pH to between 4 and 4.5 with sodium
‘hydroxide solution. Add 5 ml (pipette) bathophenanthroline
reagent and proceed as from the addition of bathophenan- ‘
‘throline 1n63.1 above‘ _ :

*anese determinatlon.

6.4 ~Ereeedure for mar

' Add 50 ml aqueous 0.2N patassium hydroxiﬁe, slowly and
 with stirring, to a 1000 ml semple of sea water in a beaker.
. A1low the preclpitate %o settle for an hour, and then stir
thoroughly once again. Allow $0 settle for at least 15 |
hours (usually ov@rnlght). Siphon off the supernatant
1iqu1d and diacard.v Transfer the precipitate quantitatlvely
to 100 ml centrifuge tubes withrwater. centrifuge at 4. 00&

- rpm for 10 minutes. ﬁiscard the supernatant liqai& anﬁ

2dd 1 ml (pipette) concentrated sulphnrie aeid to dissolve
the precipitate. Hash the solution intc a 100 ml beaker

- with water and eva@erate gently down %o & volume of about .
" 12 ml or less. Add aqueous 2N silver nitrate to grecipitate
the halides, and add a slight excess (12 0.1 @) af silver
nitrate. Warm and stzr the aoluticn to coagulate the

.sllver halides, and then ailow it o atanﬁ in the dark for
at least one hour. Filter off the preeipitate with a slntered
glass «filter (5 %o lﬁ.micropores) and wash with the minimum
volume of dilute aqueous nitric acid (1%, v/v)‘ Transfer the
aolution t0 a 20 mi pyrex test tﬁbe, and add 0.5 ml

" syrupy. orthophosphoric aeid (88%) followed by‘about 30 mg
'potassium metaperiodate. Heat the salution to near boiling
and maintaan it at 100 ¢ on & b0111ng water bath for lé
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hours, Cool the solution in ice and encourage precipité-
tion of silver subphate by frequent stirring and *scratching®

~ the sides of the tubes with & glass rod. After cooling

- for about 30 minutes, eentrifuge the sanmple at 2000 rpn

for 5 minutes. Measure the solution volume (measuring ,

cylinder) and trqgfer rapidly to & 5 om path length sPectroﬁ

photemeter cuvette. .Head the optical density of the solu~ -

tion immediately at 2 waveleqﬁh of 525 mp against water,
Reduce the optical ﬁensity value to that of a 10 ml sample

for the purpose of- eomparison.

Note
(1) A precipitate of calcium sulphate (formad from the
| action of sulphuric acid on calcium carbonate precipi-
tated from the sea water by the alkali treatment) may
form on adding Bulphhric acid %o the preeipitate. |
~ This disappears on w&mming and does not interfere.
(2) If the optical density is not read quickly, further
' preeipitatian‘of.silver sulphate may take place in
the cuvette and the apparent optical density increases.

' 6.5"Treatment of frozen sém\leSe‘

» Frozen samples in 400 .m1 polythene containers were
'brcughx to room temperature as rapidly as possible by ehaking
well in hot tap water. Before opening the container,
the mecessible underside part of the cap was rinsed with

a gtream of water to prevent tap water reaching the
'samgle on opening. Care was taken not to heat the samples
appreciadly above room temperature, as this might hasten
~ the loss of metal by sorption or bacterial metion. a

Samples at -18°C could generally be brought to within a
degree or two of room temperature in 20-minute$. The
camples were analysed as soon as possible after thawing.
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6 6 Proeedure for determiaing laases on_storage in @o;gth €.

Known amoants of standard cﬂpper, iron and manganese.

selution were added to 18 1 filtered (20 to 30 micron@ore
_szze sintered glass filter) gea water in & large pelythene eon—
. tainer to give approximate;concentratlons of 20 pg Cw/l, 20
‘pg Fe/l and 10 pg ¥n/l. The stock solution was well mixed
‘ by shaking. Samples {three of 400 ml, three of 100 ml and
~one of (28 900 ml) were taken xmmedlately for determination of :
copper, iron ana manganese - regpectively. As soon as
' possible, twelve approximately 400 ml samples in polythene
containers were taken from the stock solution and placed in
a refrigeration at ~18° c., .Pwenty four more approximately B
400 ml samples in polythene containers were allowed to stand
at room temperature (200 + 290) in the gbsence of strong
light,v_ﬁll_storage sample containers were filled within
one houﬁi Af#er one dayg,a set;cf six samples was taken
from those stending at room temperature and analysed for
copper, iron and manganﬂae. Three spproximately 400 ml
samples were used for the deternination of copper, and 100 mi
. - samples were taken from each of the three remaining samples

,(after shaking) for iron determinatmon. The volume of sea
water useﬁ for the determination of ¢copper was measured (after
extraction) with a measuring cylinder, and the results
esrreeted'tb ng cOpper/i. The remaining 700—800 ml sea water
- was cambined for~detemminaticn of manganeses

_ - The volume was measure& by measuring cylinder. Morning
and afternoon room air %emperatures were ncued daily during
the experiment. '

A similar set of analyses were completed after two, three
and seven days. Similarly, sets of frozen samples were
thawed (6.5) and analysed for copper, iron and manganese
after eight and forty days respectively. The results were
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tabulated in Table 11.

6.7 Ion exchange column procedures,

6.7+1 Preliminary work, |
o Qrdinany burettea of 1 em internal ﬁlameter were used -
as columns, A glass wool plugh was used %o ‘support the
resin, The glass wool was cleaned by the standard glass-
 waré précednre”{ésl)w’ Approximately 6 g amounts of dry
sodium form IRC50 resinvere slurried into the columns
'»with water, and allowed to moak avernight.(ls)' The resin
 bed was about 90 mm in length and 10 mm in diameter, aeereasw
ing to about 75 mnm in length when converted to the hydrogen
form. The tolwumns prepared a8 above hed a theoretical
. exchange capacity of 40 %o 50 meq (Total cagacity of dry
‘sodium form resin is 8.4 meq/g. ~

4@0 ml (measuring cylinder) samples of sea water ‘of
'known metal eancentra%ion were filtered through the
columns from polythene constant-head devieces at,flow rates
of 2 to 4 m}/min, (The eolumns decreased in length during
sorption as sodiam exchange took place). The effluents
} _were coilected in 400 ml. polythene containers, and the
-metal present‘was determlned by the usual praeedure.

Elmtion waﬁ performed with i5 m1 (yipette) hydroehlorie
acid (6.10) in the case of the copper samples, and with
5 ml {pipette) nydroahlorze acid followed by 5 ml (pipette)
water in the case of. iron, Eanganese wae not determined
in the eluted salut;on as the chlorxée ion eomcentratian
wag too high (2 466)0 '

In the prelimlnary exgeriment, on eopper. the eluted ions

were collected in 400 ml sea water of known copper eantent.

The acid Ses water was then titrated %o pH 8-85 by sodium
hydraxz&e solution (6.10), and’ the copper in the sample
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determined in the usual way. The increase in copper eon~
tent was assumed to be due to the eluted copper. This
proeedure was adopted since st this 8tage a suitable

' copper~free btuffer knd not been developed. Sea water was
adcordingly wed as & natural huffer solution low in
copper. In latsr wark, ammonium eitrate buffer solution .
wae u&eé (see 2.2.6).

Iron sorbed on the columns was eluted in%a 1@@ ml beakera,
. and the contents of these were made up %o 100 ml (gra&uated :
‘ilaak) and ﬂe%ermin@ﬁ as in seation 2. 3.6. '

VA.SQM§13 ﬁf‘ﬂé&_ﬁat&?’ﬁﬁﬂ&&iﬂiﬁg Known amounts of
both -copper and iron wes corbed ou the resin as above.
The cﬁlumns were vluted with 10 ml hydrochloric acid {6:1@)
and 10 ml woter. ﬂliquata of thaagid effluen% were analyze d
. for copper and iron. :

Formally, ®ix columns wore operated. Four were used

 for eamples, and two columns wore used ac blanke. In theme,
400 ml of water were filtered through the resin and the
metal in the effluent was determined. This valueb was
eubtracted from the sample effluents obiained during the

sorption process, and represented the amounts of metal

. impurity introduced durimg the ion exchange process.

The blank eclumns wore eluted in tho same way as the
‘aampleﬂg and the effluents analysed. The maverage vaine
obtained from the 4wo Llanks was aubﬁraotad from the
 eluted sanple values %o allow for impuxitles introduceﬂ by
the procedure, including traces of metal present in the
columns. . '

In the 1n1t1a1 tests on sopper, %1aak determinatzﬁns

 _ wore only carried out for the elution stoge 88 1o praeeﬁuxe

had heen develeoped at this stage for determining copper in
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‘distilled water (mgain as no suitable buffer had been
developed). Later work showed that the effluent blank
after sorption of copper was equal to the reagent'blank,
20 omission of this determination in the prellminaxy work
would not alter the results obtained.

The pereentage of metal retained by the resin. and the
percentage of metal recevered were ealeulated from the_
results, - |

P 3

' Regeneratiaa was performed by passing 20 mi sodium
hydroxide solution (6.10) through the hydrogen form resin
at & rate of about 1 ml/min. . The column wae then washed
with about 30 ml water {(see 3.3.2).

B6.7:2 ,Experimentai‘teatvof’%he ion exchange method,

 Two emall columns (about 110 mm long by 20 mm diemeter)
were cleaned snd fitted with clean glass wool plugs. 18 ml
‘ hyarogen form resin (g. 63 meq. cayacity)(48)were slurried
in with water, and the columns allowed to stand overnight. (18)
 The resin beds were about 90 mm long in the sodium form
- and 65 mm 1ong in the hydrogen form. -

The resin beds were well washed with 20 ml dilute

" hydrochloric acidf(ﬁ;lﬁ)vfgllowe& by 20 ml water to remove
the last traces of metals from ﬁh#resin and apparatus.

90 ml 2F sodium hydroxide solution (obtained by diluting
the 4N solution made up a6 deseribed in 6.10) were passed
through the column at a rate of about 3 ml/min to convert
the resin to the sodium form (see 3@3&2)1 The column was
then washed with 90 ml water {at the same flow rate) before
use. '

;'The filter apparatus, (3;3s2)“column.and samplexr were
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set up as sketched in Fig., 18, The air apace between the top
of the resin bed and the millipore filter was partially
filled with water to prevent the resin bed rummning dry

_when filtration started. The tap of the sampler was well
"ransed wzth water before attachxng the clean plastic tube. .

Gne litre of a. ‘stook hateh of filtereﬁ sea water was  ' -
'“epikeﬂ“ ‘to ‘the requizred levels of capper and Lren by addzng o

-“f'standdrd metal solutionﬁ, and was well stirred. 500 ml -

were then rapidly transferred to the sampler by measurlng

© eylinder, and the filtraticn started hy openang the screw

“elip.’ The flow rate was aajusted t0 2«3 ml/hin.. (Frow

" rates were estimated by eqptzng the nnmber of‘drogs falling

©'dn & given time, and were checked by meaauring ‘the oversll
rate). AS soon as posszble, the remaining 500 ml of spiked
- sea water was aivided into 400 and 100 ml 9amples whiich were
u;then used for copper and iron determinatian respectiveXy. ‘

_ " The flow rate was maintained at 2—3 ml/min by the flow
’ through the filter under gravity and ﬁuctian was not

S Vnecessa:y

After 500 ml had passed tnraugh (measureé on the
graduated receiver), the flow was stopped and the millipore
 £11ter was remaved and stared. folded face te faee, between
filter paper., The last few ml. of aample were NOwW run threugh
the. resin at 2-3 ml/min, The wet column was then stered
‘in>an upright poaition until eluted.

, The column was washed with about 20 ml Water to dis-
,Vplaoe the solutian in the resin bed, and was then eluted with
10 ml (pipette) hydruchloric acid (6.10) followed by 10 ml
(pipette) water, both at & flow rate of 0.2 to 0.3 ml/min.
' The acid.effluent wae collected in a 100 ml beaker'and
~aliquots were taken for‘determinatlon of copper and iron.
The total volume of the effluent was measured. = The total
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concentration of metal present in the effluent was then
caléulateﬁ. ‘ ' ‘

: ‘g‘blank value for fhe procedure was determined'hy
eluting 8 eelumn.of sodium. ferm resin, prepared a8 abave.

" “The ccnsentratians obtaaned were aarreeted fcr blauks
anﬂ tabulated in Table 14. Qheae eencentratien'values :
: were then plotted against the amount of metal added (Fzg.24)*l5

‘ A 500 ml quantity of water was run through the pro-=
»cedure exactly a8 above tc obtain the value for establishF'
-_.ing the zero on he ”me%al added" scale. ' ' '

‘The columns were washed with 20 ml dilute hydrochloric
acid and 20 ml water and were regenerated 2s descrlhed
above for converaion to the soaium.farm.<

6.8 Treatment of mieroEcre filters.(84)

The fllter (millipore HA leter, 0.45 micron pcrea)
was placed in a 3t09pered 50 ml measuring cylinder contain-
~ing 11 mi dilute hydrochloric acid reagent solution. -
~ Cléaned perspex~tipped forceps and z clean glass rod were
used for handling the filter to avoid the introduction
of metallic contaminatzﬂn. The filter was completely
immersea in the acid; by use of the glass rod. - The loosely
stoppered cylinder was then placed in & boiling water bath
for ten minutes and then allowed %0 ool Sfmlbaliquotsv
were pipetted out and treated as deseribed for “écid" c0pper
andvirhn,samples, (6.2.24 6.3.2). A blank determination
was made by extracting cleen filters from the packet in
triplicate and ecalculating a mean blank value for the copper
‘and iron contributed by the filter. This smounted to about
3 pg copper and 1 pg iron respectively.




208

6.9 Instruments.

Gptical denaity measurements were aarr;ed out on a o
Unicam SP 600 speetrophotometer, using matched 1 om’ glass
cuvettes, and on & Zeiss M4Q specirophotometer usiug matched
1 and 5. cm. glass cuvettes. A Photovolt Model 180 |
omni-range glass electrode pH meter was used.

6,10 Reagents.

A1 chemicala used were af reagent grade quality and
were not specially purified anless otherwise stated.
Double glass distilled water was used throughout. Ses
water used for calibration purposes wos collected in poly-
thene containers from flushing rock pools, filtered through
& porosity 3 (20 to 30 micron) sintered glass filter to
‘remove Seaweed, plankton aﬂa aetritua, and then stared in
polythene vessels.

DDe reagentz 2 g sodium diethyldithiacarhamate (B.ﬁ.ﬁ.)

. was made up t0 200 ml with water, ¢. 100 mg anhyﬂreus
godium carbonate were added and the solution letered
 (Whatman 40) in order to remove copper impurity as
inscluble copper dlethyldxthioearbamate. This re=

agent ic unstable below & pH of seven{2.2.1), but with
the addition of sodium carbonate, the solution was
Stable for up %o two weeks. The solution was discarded
when & strong. unyleaﬂant odour developed.

_.Xylene: Iylene was rediatilleé in an 511 glaas apparatuﬁ.

 Hydrochlorie acids About 750 ml of concentrated acid was
~diluted with about half ite volume of water and
slowly distilled from an all glass apparatus. The

- first lOO‘ml‘and_the‘;ast'400[ml were rejected. fﬁhe
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acid was atan&ardizeﬁ gravimetrieally as 811ver
chloride.(93) The laboratory facilities were such that
this method was rapid and more conveﬁant than the '
standard volumetric grocedure, |

Sodium hyédroxide solution°' Approximately 4R aqueous. aaﬁium
- mydroxide was passed at about 5 ml/min through a
‘eolumn (330 mm longj 25 mm diexeter) of sodium .
form IRC 50 resin (0.3 %o 0.5 mm bead size) to re=

_ move metal tranes, and was %hen stored in yolythene. ‘

‘Btandard copper aulphate solution: A salution af'hyd:ated

| ‘cupric sulphate (B.D.H. miero—analyti&ai.reagent grade)
“of approximate goncentration 50 g capﬁér%ﬁi'was pre=-
pared and diluted as required. The solution was standar-
dized by the thiecyanate methad.(93) -

, ﬁilute.hydrochloric aczd solution: 30 nl of the.rédistilled'
 nydrochloric aecid reagent (sec above) were made up
%0 400 ml. This solution was g. 0.55 N.

Hydroxylamine reagent: Hydroxylemine hydrochloride (B.D.H.)
was reerystallized 8 from 0.4 times ités weight of
10% v/v hydraehlorie'aniég then again from 0a4\timé$ ite
weight of water. The crystals were washed with &

~ 1ittle cold water and dried at 110°¢ for an hour.
40g crystals were dissolved in 400 nml water, 5 ol
' bathophensnthroline reagent added followed by 10 ml.
isoamyl alcohol and the whole extracted in a sepurating
funnel for 1iminnte, The organic layer was then dig~
* carded, The extraction was repeated until the organic .
“1ager-waa colourless, the organic layer separated ’
’ off,@he reagent stored in polythene.
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B Aéeta%e:reagen%; 300 g hydrated sodium acetate were added
| Yo 400 ml water and 2 ml hydroxylamine reageat added, -

fdlloﬁe&-by 5ml Ea%hcphenanthréline#eagent and 10

ml isoamyl aleohol, and the whole extracted in a separat-

ing funnel for 1 minute. (84
discar&ed. Extraction wae repeated until the organle
layer was c@lonriese, ﬁhe organie layer was separated
off, and the reagent atared in polythene.'g

Eathephenanthroline reagént: 140 g 4,7~diphenyle=.

1,10-phenanthroline (ﬁ.D.H. conmercial grade) was
dissolved in 200 ml absuluﬁe ethancl and 200 ml water
adde&.(84)- The reagent was stored in polythene.

standard iron aolutlon: A solutian of ferraua ammon;um
sulphate (EHQO) (§: Q.H.) contalnlng approximately

The organic layer was then

50 pg 1ron/hl was diluted as required. 2 ml hwdrochlorlc

acid were added to each litre to stabilize the sclup '

tion. The Belution was stanﬁardzzed for total iron
(Fe2* plus Fe3*) by the permanganate method. (93)

Standard msnganeee esolution: Approximately 0.1 N aqueous

potassium permanganate {¢c. 2 N inadphurie ancid)
was standardized by arsenic trioxide, (93) and

approPriate dilutzans were redueed by a slight excess
of sodium sulphzte aad the sulphur dioxide boxled eff(

Ammonia eoluti@nf‘ 200 ml ammonia solution (S.G. 0.88)

‘were isothermally distilled(43)into 100 ml water for .

5 &aya, and the solution stored.

Gitrate reagent. Triammqnlum c;trate,,(“for copper
determinations™, B.D.H.) of stated copper content
‘"jless than 1 ppm", was purified by adding 2 ml
2DC reagent and 5 ml xylene toall aqueous solutzan
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and extracting in a polythene vessel for 1 hour. Two
more extractions were réqaireﬁ'tc reduce the copper
content sufficiently (indicated by a'éOZGurléss

- organic layer), {The salt origlnally eontained

,a. 0.6 ppm eepper)

IRC 50 resin: Am’berlite IRC 50 (hydrogen forn) i ion
exchange resin (analytieal egrade, bead size 0.33
to 0.5 mm) wes eycled from the hy&rogen form to the
.sadznm Torm repeatedly %o remove\polyelectrolytes
and metal traees, and was washed to remove fines.
The final eyele,involv¢d the use of redistilled
mydrochloric acid and purified sodium hydrozide
 solution (both diluted with water to g. 2H) to give
7ecdium'form resin of high'pariﬁy. The resin was
, air~dried at 50°¢ using an infra-ved lamp for 8 hours
a %o pravide a dry weight referéence, The resin was.
' suhsequently allowed te soak overn;ght(lg)mn water
. befare use. ‘ -

61 _Statistics. .
: Qhe etatistzcal terms used were as. followsi

méén value‘xaz ﬁz x@/h - n = number of reaultaf
: . 'xi = individual-results_‘
'”Standarﬁ devzatisn of o %
: sxngle determxnatlon sx-EZ(x -x) /h~1;]
.For a regreasian equatien.yE a 4 bx,y
 a=SxJzy - yix /(Zx) an‘?
b= ZnyinnimV(Zx}'aan

The’ standarﬁ error of estﬁmate, or the standard dev;atlon (21
of the y values aroun& the estimating equation y = a + bx is

31 e
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