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O? GOPPEH. IN SEA \{~ TER
I

J

PART I--
'fHE f)PECTHOPi-iO'IOHET'I~IC :)h~EH.HINA 1'IOl'l

OF COPPEH IN -SEr'~INrER --,

The speut,rophotometrio detenninatioll of copper in sea wat.e:r

has been. studied USii'1f, sodium diethyldithiocarbaroate -as the C0101" forming

reagent 0 This reagents co:npar~d. with the frequently' used dithizones;

affords simpler oporationJ/ less in'terference from other meti!.llia ions,

higher sensitivity a.nd great.er aacura.cy~ Xylene 'has 'been found to be

most desirable for extracting 'the cop~)r dietQyldithioaarb~~Aten ractors

studied :tn some deta.il include t.·he effects of varying the extracting time»

cbncentratioll as it affects 'the coefficient of extraction, amount of re..··
1

agent, hydrogen ion concentratir.)n~ salini.ty:, concentrat:i.on of oxi.dizing .

and reducing agents s and the ~~tabUities of the diet~·ldithiocarbamate

reagent and the oolored copper diethyldithiocarbamatec The composition
I

of the color complex has been determined by the contimlous variati.on

methodo He"thods fOl" minimizing t.h.e effects of interfez~L'1g substances

have been discussed,} Samples of coastal sea water have been analy'zed for

copper by this method'J



l'HE DETERl\fINATION AND DISTRIr:UTION OF COPPER IN SEA t'iATER

PART I

TP~ SPECTROPHOTOMETRIC DETE&\fIliATION
bF COPPER IN SEA ~IATER

INTRODUCTION

Copper occurs in sea water in ~i. extremely small concentration

butjl similar to the nutrient salts~ it pla.ys an important role for cer­

tain marine organisms 0 In1rertebrates!J oysters' in particular ~ concentrate

copper to a considerable exten'to It appears in the blood of some inver-

tebratee in the pigmentod respiratory compound,p hemocyanin~ serving as

an oxygen carrier in a role SOm61'That analogous to that or iron in hemo­
I
!

g~obill ll'1 'the blood of mammals 0 It is present in the proteins hemocuprein
I

I
a*d hepatocupI'ein in mmmna.lian livero It occurs in marine plants and

appreciable quantities are found :in certain enzynies where :l:t performs as

an oxidation catalyato

The lack of a convenient and accurate method for the determina-

tion of small amoun'ts of copper has held up a true understanding of its

role in the sea" sedit'llents and marine organisntSo The primary purpose of

this investigation was to develop such a methodo The secondary ob=

jective was to determine the copper concentration and .its variation in

the waters of Puget Sound and the San Juan Archipelago» paying attention

to season" tide» looation and depth, and other physioal or biol.ogical

cltangeso



....

DISCUSSION OF I!ITEHATJRE
• :&I ......~~

Dieulafait (18'79) repea,tedly de'~eoted uopper qualitatively in

sea water b:~,r means of a spectroscope, -t,hEJ sea wa.ter beil1g concentrated

by fJvapora'liion and the copper pl"ecip:i.iiated tlS i:l sulfide~ Hiltn.er arId

~'liahrnan:.1 (1919) reported a t:.('ac(~ of coppe:-:- :1.n ae}l v.mter ta.1<an one mile

off~shore !'rom Wesi.~ Sayvllle,i> Ne'-1 Y'ork.,

Ilose and Bodansk]r (1920) made sea 'W'atel'" ammoniacal and 'Used a

color:tmot.r:ta rae"thod to esi;,irnate the coppe;-." directly as t.he a,'nmonia aomplm...,

fi.'heir sam.ples ware taken thirty feet frOl.i'i tthe bea(~h near Galv'eston, 'rexas '.)

Severy' (1923) used. Rose and RodansJG'vs me"iihod 'l:.o determine the copper

oonten'{; in mar...ne animals bu.t found none :J..n sea waj~er s~mples taken from

the Pacific Ocean. near Pescadero Islando

Orton (1923) concentrated sea 't.;a.ter '~)y ev.;.~porationjl acidified

the solution" saturated it w~th hydrogen B1u.fide and compared it turbi....

d:iJnetric~v with similar t_ubes containing knO\ffi amounts of ooppero His

findings for English Channel wa-ter are high $I 200 micrograms of copper

par liter-, attributed to conta.m.1nation from a copper bolt found ill the

sa-rnpl1ng bottle Cl

l1eu1.en (1931) found copper Li the residue obtained £rom the

evapora:!i1.on of sea watero The copper in this resid~le vIas precipitated

a.s su.lf:I.de, disso1.1red in nitric aoid a.."'ld ,~s1~ilUated a.s the copper ammonia

complex"

Atkins (1932 ~ 1933) concentrated 't.ihe copper in sea wa:ter b~r

electl·olyt,ic deposition on a platinum gau.~~e cathodeo The deposited.



copper was then dissolved :in sulfuric acid" the resulting solution

neutralized and the copper estimated calorimetrically as dietlv"ldithio­

carbamate0 In a later work he extraoted the copper diethyldithiocarbamate

complex directly from sea water by shaking with chloroform. ldentical­

values were obtained by both methodso His results indica1ied more copper

in the deep water than at the surtaceo

Pz7t;herch (1934) used the carbamate method to determine copper

removed £rom sea water by precipitation nth hydrogen sulfide and sub­

sequent tiltrationo The highest copper concentration in coastal waters

was found during low water periods and attributed to the effect of

river disobargeo Concentrations increased in the proximity of'river

mouths indicating river effluent as a source of coppero He studied the

role at copper in the setting ot oysters and round correlation between

the vertical and horizontal distribution ot oysters and ot dissolved copper

in different coastal reg1onso

RU87 (1937) concentrated copper by the extraction method ot

Atkins employing iso-amy1 aJ.cohol instead of chlorof'orm, and compared

the color to that of' 00001 normal potassium dichromate solutiono Experi­

ments on filtered sea water shoved much of' the -copper associated with

the solid particles present in colloidal suspensiono He round the greatest

concentration ot copper :In the Gulf of Mexico in lev 88] in1 ty coastal

water with some indication ot concentrations decreasing seavardo Be

sta'ted that copper is not a limiting tactor in the open ocean 'to those

animaJ 8 which require it for the s,nthes1s ot heJllOC78.Dino

Bardet. e1;, 810 (1938) concentrated 60 liters of sea TiRlter by

-3-
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evaporation and found c~pper amon.g the trace metals detected spectro­

graphically0

Meyer (1938) suggested a variation in -the diethyldithiocarba-

mate procedure to eliminate the initial concentrating of the oopper0

The samples of sea water were analyzed directly in an acidified solution

by means or a Pul:f'rich photometer0

Kalle and Wattenberg (1938) using Meyer\s photometric method

determined copper in water from the north Atlantic Ocean and found a high

concentration at the bottomo They stated that the copper content could

not affect the color of the sea watero

Woodbridge and Thompson (19.38) analyzed Puget Sound 'Vlatera

tn.th their modification of Atkins t electrolyliic deposition method and.

14eported the 10liest copper content in October and the highest in December 0

The authors questioned their resul.ts because of possible contamination.

from the sampling deviceo

Noddack and Noddack (1939) using a spectroscopic method

determined 21 heavy me°tals including copper in marine anima] s and sea

llatero The metals were concentrated from sea water using hydrogen aul....

£1deo 'rhey calculated the concentration factors or extent to 1'1hich the

heavy metals were accumu:Latad by several marine animals, comparing these

concentrations to those found in sea. water0

Isibasi, at 810 (1940) added nickel to sea water, precipitated

it along with the copper as the sulfide in an almost neutral solution»

dissolved t..l1e sulfides in nitric acid~ made the solution ammoniacal#

and reprecipitated the copper with benzoin oxime in alcoholic solutiollo



Brown and Thorr;pson (1942) using Meyer's diethyldithiocarba­

mate and Pu.lf'riah photometer method found no seasonal variation in

copper content in Puget Sound and adjacent waterso

. Galtsofr (194.3) reported his earlier work (1934) on trace

metals in sea water describing seasonal nuctuations, physiological

roles, and accumu1ations by marine organisms. For the determination

of copper he used Atkins' electrolysis-carbamate method examining the

chloroform extract ld.th a Duboscq colorimeter0 No systematic fluctuation

of copper was found within one-hal! a pe:riod or tidal oycleG Near the

river mouths somewhat higher concentrations were found t~'"1 elsewhereo

Buch (1944) analyzed waterS from the Baltic Sea using dithizone

as the colorimetric reagent. Copper and other metals were extracted

from sea water with dithizone into chloroform at a pH value of 4, the

copper and zinc being determined separately by regulating the pH of the

solutiono Koroler! (19$0) studied this method with respect to extraction

equilibrium, salt effect" solvents and extraction timeo

Barnes and Rothschild (1950) determined the copper content in

sea urchin semen and in sea water using the carbamate extraction method

with chloroform solvento The color intensity was measured photometrically

and compared with a prepared calibration grapho

Morita (19.50) on the basis of an improved dithizone method con­

cluded that the copper content of sea water ~ probably less than one

microgram par liter11 and attributed higher values hitherto reported to

defective analy-cical procedure~

In studying trace elements in brown algae and sea water, mack
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and Hitchell (19,2) tlsing a speotrosoopic method found much high(~:r '::on­

centra:tii~ of copper in sea we.tar -than reported by oth{-)r il1"ll'estigat.:>rso

11h...eir method of B2:.11pliJlg was not g:iveno 'rhey also faund thr-.t. no e h.1.nge

ill the heavy metal I,}.l)uaentrati,oI1~ resulteu from di.e~t(.)rl1S adhering to

t.h.e glassware or frOIn surface adsorption of '':,race eleIllt:!flta on the glasao

Heslllts of the above investigatol's are sUl1mtarizad in Table 10



TABLE I
!

COPPER CONTENT OF SEA \vATER FOUND BY VARIOUS INVESTIGATORS.~~~_~~~~~~_~~~_m~_~~~_~_~____~__~~__~~____~~~___~~~~~_~
Investigators Source of Water

Noo ot Microgram.."
Date Samples atom/liter•
~_~~~~~~~_~~~_~m~_~.~_~~~_~~~_QADM__~~_~~~ __~___~d_. .~~m~_~g~

1819 DieuJ.atait (a) . Mediterranean Sea 1 O.16-0et19
.,j 1919 Hiltner and West Sayville 1J N.Yo 2 Trace

~iichmann (1) and Keyport, N.J 0
1920 Rose and Bodansky (b) Galveston" Texas 1 20 20
1923 Severy' (b) Pacific Ocean No trace
1923 Orton (h) English Channel ~ 301$
1931 Meulen (b) Roso~.fr (Britt8.l'JY) 1 0095
1932 Atkins (d) English Chatmel 1 0016
1933 At1dJ:t.s (e) . Rivers entering 6 0-0060

English Channel
1933 Galtsof£ Cd) Woods Hole, Mass 0 9 Otll3-0054
1934 Pryt.r..erch (c) New Haven" Black PloOck 30]$-9050

and Southport Harbors
1937 Riley (e) Gulf or Mexico (surface) 20 00016-0024
1938 Bardet3 et alo (j) Roscof'f (Brittany) 1 1042
1938 Meyer (g) Baltic Sea and NChCth Sea 16 Oo09,-OoU
1938 Kalla and North A'lilantic (surface) 10 Oo04?e>Oo19

~ Wattenberg (g) Di·t;·GO (great depth) 1 series 0016-0041
1938 \eloodbridge and Puget Sound., Washo 70 0011..·0(;28

'rhompson (d) and Bering Sea .
1939 Noddack and Zoology stat,ion 1 00063

. Noddack (a) F.:eistineberg, Sweden
1939 Ga.ltsoff (e) Bahamas 6 00016-00 13
1940 Isibasi" at al,. (t) Japan Sea 1 0047
1942 GaJ.taofi" (e) Long Island Sound, N.Yo 18 0-1050
1942 Brown and Thompson (g)Friday Harbor.,. Washo 60 00047
1944 Buch (i) Baltic Sea 00 032-0013
1950 Barnes and Millport Marine Station" 3 00095

Rothschild (e) Scotland (surface)
19.50 Morita (i) Tokyo Bay., Japan- 21 00016-00095
1952 Black and Mitchell (j)Plymouth" England 4 0-4700
19$2 Thompson and ltriday Harbor and 100 0,,012-00030

Chow (k) Seattle.. W'aeho (surface)
~~_co..oCOCZloCQeofaoa~5IiICXllH:lCED.lUIQt~"~a:f"~~__"""~"____IDGl_-=a_ QIiD_~~CS~

.. . (a) Spectrosoopic
(b) .Ammonia colorimetric
(e) Hy"drogen sulfide precipitation and carbamate
(d) Electrolysis and carbamate
(e) Extraction as carbamate
(l) Hydrogen sulfide precipi-tation and benzoin oxime
(g) Direct estimation as carbamate"
(h~ Turbidimetric

!:' (1 Dithizone colorimetric
(j) Spectrographio
(k) Direct spectrophotometric
(1) Hydrogen sulfide precipitation

-1c:>
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CHEr·lIe !-,LS r~ NU K~U IPMENT

All chemicals used in this ulv'estigation 'w-ere analytical

grade and tested for traces uf coppeY."o The water employed for tho

solutions and u'sts owns redistilled f'rom an a.U glass stUlo In the

preparation of all reagents special care was used to avoid contnmination~

One per cent (w/v) sodium diethyldithiocarbamate reagent was

prepared every few weeks using pure sodium dietlvldithiocarbamate

(Eastman Kodak Coo) J) and the reagent solution stored at a pH value 01­

101)

The sodium chloride solution was prepareu by dissolving 30024

grmns of the salt in redistilled water and diluting to one litero The

ohlorinityot 18 0/00, of this solution is approximately equal to that of

coastal sea water.)

A stock solution containing 10 microgramcoatoms of copper per

mlo was prepared by dissolving 20505 grams of analytical grade CUS04~

5H20 in redistilled water and diluting to one litero A solution

containing 0025 microgram-atom of copper par mlo was made by forty fold

dilution with redistilled water C) other standard metallic ion solutions

were prepared by a similar methode

Polyethylene containers were used whenever possible in order

to minimize cont~\:'nation from glasswareo The extraction was carried

out in polyethylene bottles tht',roughly washed with xylene as !lEN bottles

sometimes gave an e.11IU1sion with xylene during the extract1ono A wrist

action Burrell mechanical shaker was employed for uniform agitation



•

during the extraction process. In order to avoid contamination from

metal sampling bottles, surface sea water was collected by immersion or

a sea.soned Pyrex glass bottle and transferred immediately to polythylene

storage bottles. The absorbency * (optical density) readings lfere

measured with a Beckman ]J[J spectrophotometer using corex glass cells of

1 cm. optical path.

* According to the National Bureau or Standards, Letter Circular LC ­
aS7 (1947)~

-9-



ANALYTICAL PROCEDURE

On sea water containing much plankton this growth was first

removed by tiltering through a sintered glass plate to avoid an emulsion

with xylene which might otherwise form during the extraction process o

In most cases 500 role of the original Bea water (pH 705-900) was measured

directly into a polyethylene bottle, two mlo of 1% diethyldithiocarbamate

reagent added, and the sample extracted with 5 mlo of distilled xylene

for Olle hour using a Burrell shakero The :xylene layer was pipetted by

a medicine dropper, transferred to the absorption cell, and the absor­

bency read in the Beckman DU spectrophotometer at the wave length of

436 ~tl using a slit .width of 0 0 0, llDllo Distilled xylene was used as a

ref'erenc8o

The copper content of the sea water sample was then obtained

using a calibration graph based on known amounts of copper0 A corrected

absorbency reading of 0000, was fmmd to correspond to OrOOlS m)..Cl'cgr£Jn­

atom of copper per 500 mlo or sea water 0 The molar extinction coeffi­

c~ent or copper diethyldithiocarbamate in xylene at this wave length was

c~culated to be 16,800/cmo/moleo

Although this method was developed for determining micro­

quantities ot copper in sea water, it is believed that the procedure

is ot general applicationo

-10-



EXPERIMENTAL

Selection of Reagent and Extracting Solvent

D1thizone (diphenylthiocarbazone) has long been considered as a

sensitive reagent for coppero It is a violet-black crystalline material

which yields characteristic colors with a number of heavy metall.ic ionso

Separation of these colored complexes has been achieved bY' regulating the

pH ot the solution to be extracted, adding masking ~gents that torm

complexes with interfering ions and varying the extracting solvento

Since dithizone is a sensitive but not specific reagent, it i~
'oJ

ditficult to avoid contamination leading to errors in the determination

of coppero Zinc is relatively abundant and gives the most ditficul'tyo

The reagent itself is very unstable and easily oxidized to form an inactive

yellow producto The process involves two colors ,,11th uncertain reproduci­

bilityo Furthermore, the equilibrium point or the extraction is dependent

~
upon the acidity, and complete extraction o9tid not be attained at the

equilibrium0

Sodiwn dietq1dithiocarbamate vas introduced bY'Delepine (1908)

as :Q reagent tor detecting traces ot copper0 In order to increase the

sensitivity of the determination, the colored copper complex is concenQO

trated bY' extractiono Factors to be considered in the selection of the

extracting solvent are its extractibUity, solubUitj in water, volat:Ui'ty

and specific gravit;vo AD\Y1 alcohol, iso-aIlijTl°alcoholg iso-aIl\Yl acetate~

arql acetate and chloroform are au.ffic1entl.y soluble in water to give a

serious error in the determination because of the large volume of sample

requiredo Carbon tetrachloride and bromobenzene which are less soluble

-11-



have been used as extracting agentso Xylene~ however~ was found by the

authors to be mu.ch more satisfactory. It is quite insoluble in water"

non-polar" comparatively non-volatile and readily separated from water

because of its lower specific gravityo The colored copper complex in

:xylene did not shoW' any change in the mnximum absorption wave lengtho

Optical Abso!=ption Spectrum of Copper Diethyldithioearbamate

Copper diathyldithiocarbamate was extracted with xylene from

SO].ution; containjng 0025 microgram-atom of coppero The solutio~ had a

chlorinity of 18 0/00 and a pH value of 80 The absorbencies ~- the

colored xylene solution were measured at different wave lengths over a

range from .300 Jl9l to 100 Il91 and results of't1hich are shown in Figure 1Q

J.!aximu.m absorption was observed in the curve at the l'Tave length or 436 Rgl0

Absorption deoreased sharply when the peak was passed and i'eached the-

~ at 370 m}lo The increased absorption shown tmJard the ultra­

violet region. was dne to the excess reagento

The absorption of various copper concentratio~at 436 1J91 with a

OoOS mm. slit width was reproducible and followed Beerts Lawo Unless noted

absorbency was made at this wave length and slit width throughout the

investigationo

StabUity of Sodium Diettvldithiocarbamate Reagent,

Sodium diethyldithiocarbamate reagent in solution decomposes

slmrly with the formation of carbon disulf'ideQ Murakami (1950) suggested

various methods for stabilizing the reagent, by adding chloroform or
~

hydroxylamine on the basis that the instability was due to oxidation and
bacterial acti0110 It was observed in this irrv'estigation that the pH. val.ue ·



Figure l~ General Absorption Spectrnm of Copper

Dietlwldithiocarbamate in Xylenec Oc.25 microgram­

atom of copper extracted from pH 8» 18 0/00 C1 so­

lutiono

1
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The stability' o£ the :reagentl) stored Lll differan't hydrogen ion

conoentrations:> 'was studied, dQ1;'ing 45 oonsecutive days of observationo

1YO mlo of the diethy'ldithiocarbamate reagent (original concentration 0 0 ,

millimole) were treated with a slight excess of copper in 100 rolo of Cl

18 °/00 aolutiono The colored complex was extracted by the normal
I

procedure 0 The rates of decomposition -are indicated in. Figure 20 The

r.eagent decomposed rapi~ if it was stored in solutions of pH less than

s~veno 'fh.e stabil:i.t,y increased wit.h increase of. pH va.ltleso A't, a pH. ot

10 ,about 30 per cent of the reagent decomposed in forty-five dayso

It is oonolud.ed that the decomposttion of diethyldithiocarbamate
I

I

ls
i due chieny to the hydrogen ion concentrationo
1

'the reaction is

I'

I'

The reagent should be kept 81ightl;;~ alkal1nes controlled preferably with
I

I
ardnioniwn hydroxidao

sJabUitl of COpPer Dietb,yld.ithiocarbamate

I The stabP.ity of copper dietlvldithiocal"bamate in xylene was

~ed bY' treating a sample containing Oca25 microgram....atom of copper

nth dietbyldithiocarbamate .in. sJJ.ght excess and extracting the colored

I
cqpper complex ~1ith 5 mlo of di8tUl~d xylene as described in the

procedure0 Ai'ter standing 48 hours in diffused light the absorbency

reading showed no changeo The color intensitYg however» diminished if
I

the solution was exposed to strong lighto It'ading oocurred in absence of

excess or the reagent"



Figure 23 Stability of Sodium. Diethyldithiocarbamate

Reagento Original concentration OoS millimoleo Two

mlo of diet~lditirl.ocarbama·t;ereagent extracted .from

18 0/00 01 solution at various pH valuesn

•
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Composition and Structure of COpP8r D1ethlldithiocarbamate

The molar ratio between copper and dietb3'ldithiocarbamate was

determined by measuring the absorbencies for mixtures of varying pro­

portions or copper and the reagento It only one product is tormed.. the

proportion giving m.a.xi.Jnum absorption ind1.cates the composition ot the

aomplexo It more than one product 18 formed, measurement at various

wave lengths gives different results 0

In the experiment the amounts ot copper and reagent were varied

.from zero to one microgram-atom and dUuted to 100 ml. with a pH 8, 18 0/00

01 solutioDo The resulting absorbencies are shown in Figure 30 A maximum

absorption at the ratio copper to dietb1ldithiocarbamate of 00)) to 0067

waS observed at all wave lengthso

,Pram the speotrophotometric 8tu~ or copper dietby'ldith1ocarba­

mate, it is concluded that the complex has a def'1nite composition and on1)r

one compound is formed with a molar ratio of copper to dietbrldithiocarbac:a

mate ot one to two., regardless or whether it was formed trom equivalent

amounts ot copper and dietlv'ldithiocarbamate or with one in excesso

The chelate compound probabl3' has the following structure

in which copper has replaced two sodium atomso The tvo b1dentate groups

are presumed to OCCUPY' the four coordination positions of the metal through

electron pairs fUrnished by the nitrogen ato11!8o



Figure 3~ Composition of Copper Dietb;rldithi.ocarbamate

Complsxo Extracted trom pH 8, 18 %0 01 solutionso
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Effect of .~mount of Reagent on Color Intensity

The affect of excess reage."lt on the color inten.s ttY' is shC7dI1

in Figure 40 Different amounts or sodium diethyldith:tocarba.ma.te solution

and Oo2S microgram-atom of copper were added to 18 0/00 G1B pH 8 solution

and the copper ·~omplex was extracted dth xylene :for ten mlnuteso The

observed absorbency increased sharp4" with increasing amount of reagent up

to the equivalent pointo The color intenaity1n :qlene was no't affected

even by a thirtY' fold increase in excess ot reagento

Effect of Time on Extraction

The shaking t1nle of extraction played an important role in the

detenuination with considerable at/eet on the equUibrium of extraction

as shown in Figure 50 Solutions, each containing 0025 microgram-atom of

copperJ were shaken tor varying time intervals and the absorbencies were

determ1nedo The absorption increased in the first ten minutes of shaking

then leveled otf and reached an equUibrium point a.rter forty minuteso

Effect of' Conoentration on the Coefficient of Extraction

The completeness of extraction of copper at equilibrium was

studied over a range of concentrationso The colored oopper complex formed

b\ pH 8, 01 18 0/00 801ut1on was extraoted into ~lene by the normal.

procedurSo The aqueous solution was separated from XTlene using a

separatory f\umel and was again ex1iractied with anotJler , :nlo of xyleJ190

The absorbencies of these two portions of Jq'lene measured separately 8.1'8

shown in Table IIo Calculation based on absorbency data showed the first
@M.

extraction at equilibrium to be .. average 97 per cent campleteo

-18-



Figare 4: Effect of Amount of Reagent. on Color

Intensit70 0025 microgram-atom of copper extracted

from pH 8, 18 %0 01 solutions.,
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Figure S: Effect of Time on Extraction. 0.2,

microgram-atom ot copper extracted tram pH 8,

18 0/00 01 solutionso
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TABLE II

Coefficient or Extraction

Copper Added
Microgram-atom

Absorbencies
1st Extraction 2nd Exotraction

Coe£ficient
of Extraction

0000 00048 00026

0010 00325 00031 0098

0020 00661 0.042 0.97

0 0 .30 00928 O~OS8 0097

0,,40 10202 00068 0096.

00,0 10528 00067 0097

Effect or Hydrogen Ion Concentration on Color Intensity

Various amounts of copper ranging £rom 00 0 to 002$ microgram­

atom were diluted to 100 mlo with'18 0/00 C1 solution, and buffered to

pH values ot 700~ BoO, 900 and 100 0 respectivelyo The measured absorbencies

ot the copper complex in ~lene showed the color intensity at given pH

values to be a linear f'unction. ot the oopper c.oncentrationo The straight

lines were parallel within two per cent per uni1i of pH, less than the

experimental error" The' solution with the lowest pH value showed the

largest b~o The slight change of pH in sea water as it occurs llatura1J.T

vould not· affect the determinationo ' .

Effect ot Sallnite on Color InteDsitl

This effect was determined by buttering solutions containing

varying amounts of copper to pH B. adjusting their chlor1nities from 0

t4? 18 %0 and measuring the absorbencieso

-21-



A linear relationship was found between absorbency and copper

concentration ldth slopes deviating about one per cent tor a change of

10 0/00 010 The seasonal f'luotuatiom of salinity of' sea. water are in

general less than this and therefore would not affect the aocuracy of the

determi.nationo

Effect or OXidizing an~ Reducing Agents on Color Intensity

Reactions Vel°e carried out by the normal procedure in the pH 8,

01 18 0/00 soJ.utions with various amounts of coppero POur mlo of 3%

h;rdrogen peroxide in one case and four mlo ot 3% ~droxylamine in another

were introduced reapectivel,y as oxidizing and reducing agentso Absorbencies

plotted against copper conoentration 'flare linear with a deviation in slope

of approximately two per cent for both the oxidizing and reducing agentso

Effect ot Interfering Elements

Individual solutions of various metallic iODS~ eaoh with a

concentration of 002, microgram-atom per milliliter, were prepared in order

to test the react.ion of the diethTldithiocarbamate at various pH value4

from , to 10. The reactions obtained are summarized:
-m~~~~~~~__~____~~~~______~___~____~____~_______~~~_~__~__~~~____~~__~~~

pH Ou+2 N1t2 Co+2 Bit) Mn+2 U02+2 Fe+2,,+)

~~~~~~-~--~~-----~~~~-~~~~-~--~-~~~---~~------~-----~--

S Brown Pale green Green Pale green Pink Yellow Purple
ppto ppto ppto ppto ppto color ppto

•
7 tt It II " 1'f U n

8 II " " " II II No ppto

9 n " n II n No color No ppto

10 n n 11 n No ppt" n He' ppto

-~~-~--~~~~~--~~-~-~-~------~-~~--~~--~~~~------~--~



Fen"ic and ferrous ions ga.ve purple precipitates with sodium

cU.ethyldithiocarbamate in ~J::id solution bu.t not in the pH range of sea

water0 Ura.rql dietbyldithiocarbalJ1ate showed a yellowish color tmich did

not dissolve in :xylencc Manganese formed a p:l.11k precipitate with the re.....

~ent and it was extractible in ~lena to give a. purple solutiono .A
I

~ quantity of manganese did not interfere in the determination be-

c~e the purple color was very unstable in xy-lene and faded quicklyo
I

Up to 0025 miorogram...,atom of iron,p urani.wn and manganese did not cause

arrs- appreciable increase in absorbency-o

In alkaline solution, but not in acid, cyanide 10m formed an

extremely stable copper cyanide complex preventing the reaction or copper

with dietbyldithioearbamatel) The cyanide ion does not occur in sea watero

I ' Bismuth» cobalt. and nickel occur :In sea' water in insufficient.

cbncentrationa to interfere with the determination of copper f} but may-
I .

possibly interfere with the analyses of marine organisms and bottom
'I

I
sediments 0 The optical absorption spectra. of the respective complexes

I

o~ these elements in xylene extl-acted from solutions or 01 18 %0 and
I

dU'rerent pH value are shown in Figure 609 1:J and 80 The nickel complex

shows maxima at wa:~ lengths of 32, 1i1J1 and 390 Jn1.1 and'tfas not affected by
I

!

c~ing the hydrogen ion concentrationt' The complexes show ma.xinmm.

apsorpt10n at 325 • for cobalt and 30$ and 365 mp. for bisnmtho The wave

~ of max:I.Illum absorption of these complexes 'did not change with pH

~t their magnitudes vere depressed considerably with increasing pH value~

A series of standard ~ibration graphs of bisnmth,p cobaJ.t and
I

nickel complexes at the wave length of 436 Dgt1 and a1so at their maximum
I .



Figure 6: Absorption Spectrum of Nickel Diethyl­

dithiocarbamate in Xyleneo 0025 microgram-atom of

nickel extracted from 01 18 %0 solution at various

pH valuesc:

-24-
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Figure 7: Absorption Spectrwn ot Cobalt Dietbyl­

dithiocarbamate in Xyleneo 0025 miorogrmn-atom of

cobcdt.extracted from 01 18 %0 solution at various

pH valueso
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Figure 8: Absorption Spectrum of Bismu.th Diethy'l­

dithiocarbamate in Xyleneo 0025 microgram-atom of

bismuth extracted from 01 18 0/00 solution at various

pH valueso

:",
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~.'

absorption peaks were preparedo Varying quantities of each of these

el~ants ranging from 0 0 0 to 002,5 miorogranFatom were treated with sodium

diethyldithiocarbamata reagent by the described prooedureo The resulting

~ absorbenoies plotted against the concentrations of the respective elements

a.rr shown in Figure. 90 The linear graphs obtained enable the application
I

o.f1 correction for these interfering substances in the copper detenninationo
I

, .'rne conoentrationa of bismuth:) oobalt and nickel can b e ascertained by'

no1;:l:ng the absorbencies at the respective max1trmm absorption wave lengthso
I

I .
'l'he appropriate corr6"e:tions to be applied to the absorbency at the wave

length ot 436 !TlJ1 are as follows:

I . . .
~Cii::tCD~....c::PC:t~C;Hl;ClIID4D~COc:aC':).CScocaa:aa:a~CDCD_QI2=C3Ci1'l::I3a:1CDCDG:lcm~c:D~~c;JIC2~.o.m,-.M:atCDC8C:tCt~~._c=lQe::t

W I len~th Element Corresponding to au
~ 1 microgra.nF&tom Microgr8.Jnc'atom at 436 IIJU

436 Bi 0016

436 Co 0021

i 436 Hi 0014
I

36S Bi 0017

:!l$ CO 108S

,32S Hi 2032

Cobalt and nickel serious4r interfere w:th the determination of

oopper it present in appreciable amounts o D1metbylg4roxime was added in

J attemp1; to m:inimize these interferences. ~ldithiooarbamate:re=
agent was added to solutions conta.in1ng varying quantities of nickel

ranging from 000 to 002S m1crogr~tom in the presence of dimetlv"lglJox1meo

Absorbencies ot these xylene axt\racts were measured by the normal. procedureo

I



Figure 9: Calibration Graphs tor Bismuth,p CobaJ:&

"

-.

and Nickel Dietb71ditbiocarbamatasoExtracted from­

pH 8s 18 0/00 01 solutions 0

Slopes: At -4)6 ~"BiDDC 'OoS2

CoDDO 0070

NinDe 0047

At .325 llUlJ) CoDDO 6CJ~:1

NiDDC 7074

At 36, ~J) BiDDC 2044

At 305 JT¥ls BiDOO 2078 units absorbency

per microgram-atOll1o
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Nickel dime1i~lglyoxilne is sparingly soluble- in xylene showing a fain1i

:pink coloro The absorbency readi.Dg of the saturated solution at the

vave length of 436 JI!J1 corresponded to 000$ microgram-atom ot coppero

The solubility of the yellowish cobalt d1methylg17oxime is far

less than that ot nickelo The increase in absorbency at the wave length

lot 4~ • due to the presence of 10 microgram-atoms of cobalt corresponded

ito 0003 microgram-atom ot coppero

The validit,. ot the method ot correcting tor intertering elements

was tested on mown solutions containing 002S microgram-atom ot copper

and equal amounts of bismuth, cobalt and nickel in 100 11110 solutions with

,pH 8$ 18 %0 Clo The absorbencies at the xylene eXtract measured by'

'the normal procedure are summarized as tollows:

078S 078S

0917 0790

0964 079S

089S 0786

lct20S 0797

10 2$ 000 ClOO 000

02, 02, 000 000

02, 000 02$ 000

02S 000 000 02S

02, g2$ 02S 02$

f~-~--~---~-~~----~-~--~--~------~-----~-----~-~-~-~-----~-~~-~--~
I Elements Added I Absorbencies at 436 l!91: M1crogr~atam ~~~~~~G ~~~ ~__~ ~__~ ~__~ ~ _

1- 4 Corrected for Corrected tor

I Cu Bi Co Hi I Observed Blank Interfering Ions
! t
~~---~~---~--~-------~--~~----~----~----~----~---------------
:000 000 000 000 00>0 0000 0000
I

083$

0967

10014

094,

lo2S,

•)

..
Calibration Graphs for Sea Water

A sea water surface sample sharing a pH value ot 70 8 and a sali....

nity or ,3009 0/00 was taken during high tide a1; Pridq HarborD Washington on

Ju17 19, 19510 A standard oalibration graph vas prepared by' adding various

-29-



quantities of copper ranging from 000 to 0020 microgram-atom to 500 mIo

of sea water0 The absorbency readings mes.sured as previously described

using an absorp'l;ion cell of 1 cmo optical path are plotted against copper

concentrations in Figure 100 The slope * of' the line was found to be

3035 units absorbency reading per one microgram-atom of copper o A

corrected absorbency reading of 0000, was crJ.culated to correspond to

000015 microgram-atom of copper in a 500 mlo s,-'a water sampleo The

blank varied with the particular sea water used &'1d corresponding

correction should be made when reading the copper c~'ntent directly trom

the caJ.ibration grapho

In studying the possible presence of elements \:hi.ch would inter-

fere in the determination of copper in sea water, a sample \~as extracted

by the normal procedure and the absorption spectrum measured a'~ different

wave lengths over the range from 300 IJ1'!l to 700 1Il)lo These results, shown

rin Figure ll, exhibit maximum absorptions at 436 J19l and approximate~

300 llJ)1 due respectively to copper and. excess of the reagento The spectrl.L,

showed no evidence ot bismuth~ cobalt or nickelo

An examination has been made of more than 100 samples or surface

sea water colleoted periodically near Friday Harbor and Seattle, Wa.~hingtono

The average concentration at copper in these waters, expressed in microgram-

atom per liter, was found to be 00020 with a range from 00012 to 000300

Several fresh water lakes examined showed about 00010 microgram-atom per

liter

* The molar extinction coefficient of the copper complex in xylene
is calculated to be l6,BOO/cmo/molao

-30-



Figure 10: Copper Calibration Graph for Sea Water 0

July- 19.. 1951 High T:tde, pH 1tJ8s. Salinity 30,,9 %00

Slope:mm· .3\'135 'mits absorbency per
microgram....atom of copper 0

00005 absorbency me 000015 microgram-atom of copper
1n 500 rill o' saa wa.ter samplao
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F"lgure 11: Gen.e:c·~l Absorption Spectrum for Sea ~later

Extracted ld:lihDiatl4rlditihioearbamate and Xyleneo

Jul.v 19, 19$1 High Tide~ pH 708, Salinity 3009 0/00

.OIl:
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The authors are now investigating the copper content in lakes

4d rivers of Washington State J sea sediments, and marine organisms ~ and

its seasonal fiuctuationat different depths in the sea, in coastal and

o~£shore localitieso T'ns .f'1ndingsobtained will be given in Part II of

Itijis reporto
t .
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SUML'WtY AND CONCLUSIONS

lQ Sodium diethyldithioaarbamate has bean studied spectro~

photometrically as a reagent to determine copper in sea water and found

to be preferable to diphenylthiocarbazone (d1.thizone)o

20 Increased sensitivity has been attained by extracting the

oolored copper complex with xyleneo The useful lower liri1it of t,h1s method

is approximately 00002 microgram-a.tom of copper.

30 The effects of amount, of reagent., hydrogen ion concentration,

salinity, oxidizing and l"eduaing ~gents on the color system have been ex....

amined and shown to have no infiuence on the accuracy of the determinationo

The coefficient of extraction has also been atudiedo

.4~ The diethyldithioaarbamate reagent has been .found stable in

ammoniacal solutiono The cC'lored copper complex in xylene shows 'no change

after standing in diffused light for 48 hours, and is far more stable than

the color produced with dithizoneo

So The composition of the copper complex has been determined by

the continuous variation methodo It is a definite compound with a molar

~a.tio of copper to diethyldithiocarbamate of one to twoo

6 0 The general absorption spectrum or sea water extract with

the reagent in xylene has been examined showing an absence of interferlng

metals/)

10 Bismuth,p cobalts iron, manganese, nickel, uranium and crd.!lio.e

have been shown to interfere in the copper determinat~onbut not at the

concentration 'of these substanoes found in sea watero A procedure has been

devised for minimizing tnt:! interference 9 should the method be applied to the

-34-
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I

~es of marine organisms, bottom sediments or other materialso

80 A calibration graph for sea tiater has been preparedo A

corrected absorbency reading of 0.,005 has been found to correspond to

ObOO3Q microgram-atom of copper per liter in sea lmtero The molar extiinction
I

coefficient of the copper complex in ~lene at the wave length or 4.36 Jl9t
I

h4s been calculated to be 16J>800/cmo/moleca
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