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THE DETERMINATION AND DISTRIBUTION OF 
COPPER IN SEA WATER 

PART I. THE SPECTROPHOTOMETRIC DETERMINATION 
OF COPPER IN SEA WATER 

BY 

TSAIHWA J. CHOW AND THOMAS G. THOMPSON 

Oceanographic Laboratories 
University of Washington, Seattle 

ABSTRACT 

The spectrophotometric determination of copper in sea water has been studied 
with sodium diethyldithiocarbamate as the color forming reagent. This reagent, 
compared with the frequently used dithizone, affords simpler operation, less inter-
ference from other metallic ions, higher sensitivity, and greater accuracy. Xylene 
has been found to be most desirable for extracting the copper diethyldithiocarbamate. 
Factors studied in some detail include the effects of varying the extracting time, 
concentration as it affects the coefficient of extraction, amount of reagent, hydrogen 
ion concentration, salinity, concentration of oxidizing and reducing agents, and the 
stabilities of the diethyldithiocarbamate reagent and the colored copper diethyldi-
thiocarbamate. The composition of the color complex has been determined by the 
continuous variation method. Procedures for minimizing the effects of interfering 
substances have also been discussed. Samples of coastal sea water have been ana-
lyzed for copper content by this method. 

INTRODUCTION 

Copper occurs in sea water in an extremely small concentration, 
but, simila,r to the nutrient salts, it plays an important role for certain 
marine organisms. Some invertebrates, oysters in particular, concen-
trate copper to a considerable extent. It appears in the blood of some 
invertebrates in the pigmented respiratory compound, hemocyanin, 
and serves as an oxygen carrier in a role somewhat analogous to that 
of iron in hemoglobin in the blood of mammals. It is present in the 
proteins hemocuprein and hepatocuprein in mammalian liver. It 
occurs in marine plants, and appreciable quantities are found in certain 
enzymes where it acts as an oxidation catalyst. 

The lack of a convenient and accurate method for the determination 
of small amounts of copper has retarded a true understanding of its 
role in the sea, in sediments and in marine organisms. The primary 
purpose of this investigation was to develop such a method. The 
secondary objective was to determine the copper concentration and its 
variation in the waters of Puget Sound and the San Juan Archipelago, 

( 124) 
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paying attention to season, tide, location, depth, and other physical 
or biological changes. 

DISCUSSION OF LITERATURE 

In Table I is given a summary of the copper determination obtained 
by previous investigators and of the methods used by them for anal-
yses. Some of the results may be questioned because of the analyti-
cal technique employed and because of the apparent lack of precautions 
to prevent contamination of samples. 

The results of Atkins (1932, 1933) and of Kalle and Wattenberg 
(1938) indicated that the copper content tended to increase at the 
greater depths. Prytherch (1934) found that the highest concentra-
tion of copper in coastal waters existed during low water periods. This 
was attributed to river discharge, because copper concentrations in-
creased in the proximity of river mouths. He studied the role of 
copper in the setting of oysters and found correlations between the 
vertical and horizontal distribution of oysters and of dissolved copper 
in different coastal regions. Riley (1937) showed that the greatest 
concentration of copper in the Gulf of Mexico occurred in low salinity 
coastal waters, with some indication of concentrations decreasing 
seaward; he also showed that copper is not a limiting factor in the open 
sea to those organisms which require it for the synthesis of hemocyanin. 
Noddack and Noddack (1939) determined the extent to which the 
heavy metals, including copper, are accumulated by several marine 
organisms. Galtsoff (1943) reported on trace metals in sea water, 
describing seasonal variation, physiological roles, and accumulations 
by marine organisms. No systematic fluctuation of copper was found 
within one-half a period of tidal cycles. Black and Mitchell (1952) 
found that no change in the trace metal concentration resulted from 
diatoms adhering to the glassware or from surface adsorption of trace 
elements on the glass. In a recent paper Morita (1950) concluded that 
the copper content of sea water is probably less than 0.015 µg-at/1, 
and he attributed higher values hitherto reported to defective analyti-
cal procedures. 

CHEMICALS AND EQUIPMENT 

All chemicals used in this investigation were analytical grade and 
were tested for traces of copper. The distilled water employed in the 
preparation of solutions was redistilled from an all-glass still. 

In the preparation of all reagents, special care was necessary to 
avoid contamination. A 1 % (w/v) sodium diethyldithiocarbamate 
reagent was prepared every few weeks by using pure sodium diethyl-
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TABLE I. COPPER CONTENT OF SEA WATER FOUND BY VARIOUS INVESTIGATORS 

Date Investigators Source of Water No. of µg-at 
Samples Cu/l 

1879 Dieulafait (a) Mediterranean Sea 1 0.16-0.19 
1919 Hiltner and West Sayville, N. Y. and 2 trace 

Wichmann (1) Keyport, N . J. 
1920 Rose and Galveston, Texas 1 2.20 

Bodansky (b) 
1923 Severy (b) Pacific Ocean no trace 
1923 Orton (h) English Channel 1 3.15 
1931 Meulen (b) Roscoff (Brittany) 1 0.95 
1932 Atkins (d) English Channel 1 0.16 
1933 Atkins (e) Rivers entering 6 0-0.60 

English Channel 
1934 Prytherch (c) New Haven, Black Rock 3.15-9.50 

and Southport harbors, 
Connecticut 

1937 Riley (e) Gulf of Mexico (surface) 20 0.016-0.24 
1938 Bartlet, et al. (j) Roscoff (Brittany) 1 1.42 
1938 Meyer (g) Baltic Sea and North Sea 16 0.095-0.41 
1938 Kalle and North Atlantic (surface) 10 0.047-0.19 

Wat ten berg (g) Ditto (great depth) • 0.16-0.47 
1939 Noddack and Zoology Station 1 0.063 

Noddack (a) Kristineberg, Sweden 
1940 lsibasi, et al. (f) Japan Sea 1 0.47 
1943 Galtsoff (d) Woods Hole, Mass. 9 0 .13-0. 54 
1943 Galtsoff (e) Bahamas 6 0.016-0.13 
1943 Galtsoff (e) Long Island Sound, N. Y. 18 0-1.50 
1944 Buch (i) Baltic Sea 0.032-0.13 
1950 Barnes and Millport Marine Station, 3 0.095 

Rothschild ( e) Scotland (surface) 
1950 Morita (i) Tokyo Bay, Japan 21 0. 016-0. 095 
1952 Black and Plymouth, England 4 0-47.0 

Mitchell (j) 
1952 Thompson and Friday Harbor and 100 0.012-0.030 

Chow (k) t Seattle, Wash. (surface) 
• One series 
t Unpublished data 

Legend: (a) Spectroscopic 
(b) Ammonia colorimetric 
(c) Hydrogen sulfide precipitation 

and carbamate 
(d) Electrolysis and carbamate 
(e) Extraction as carbamate 
(f) Hydrogen sulfide precipitation 

and benzoin oxime 

(g) Direct estimation as carbamate 
(h) Turbidimetric 
(i) Dithizone colorimetric 
(j) Spectrographic 
(k) Direct spectrophotometric 
(1) Hydrogen sulfide precipitation 
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dithiocarbamate (Eastman Kodak Co.). This solution was stored at 
a pH of 10. 

The sodium chloride solution was prepared by dissolving 30.24 g of 
the salt in redistilled water and diluting to one liter. The chlorinity of 
this solution, 18 ° I oo, is approximately equal to that of coastal sea water. 

A stock solution containing 10 µg-at Cu/ml was prepared by dis-
solving 2.505 g of analytical grade CuSOc5H20 in redistilled water 
and diluting to one liter. A solution containing 0.25 µg-at Cu/ml was 
made by forty-fold dilution with redistilled water. Other standard 
metallic ion solutions were prepared by a similar method. 

Polyethylene containers were used whenever possible in order to 
minimize contamination from glassware. The extraction was carried 
out in polyethylene bottles thoroughly washed with xylene, since new 
polyethylene bottles sometimes gave an emulsion with xylene during 
the extraction. A wrist action Burrell mechanical shaker was em-
ployed for uniform agitation during the extraction process. In order 
to avoid contamination from metal sampling bottles, surface sea water 
was collected by immersion of a well-seasoned Pyrex glass bottle below 
the water surface by means of a weighted rope, and it was transferred 
immediately to polyethylene storage bottles. The absorbancy1 (opti-
cal density) readings were measured with a Beckman DU spectro-
photometer using Corex glass cells of 1 cm optical path. 

ANALYTICAL PROCEDURE 

If the sea water sample contained much plankton, an emulsion 
would form with the xylene during the extraction. The plankton 
should be removed by filtration through a sintered glass plate before 
extraction of the sample. 

500 ml of sea water were measured into a polyethylene bottle and 
2 ml of 1 % diethyldithiocarbamate reagent were added. The sample 
was then extracted with 5 ml of distilled xylene for one hour by means 
of a Burrell shaker. The xylene layer was pipetted out with a medi-
cine dropper and transferred to the absorption cell. The absorbancy 
of the xylene extract was read in the Beckman DU spectrophotometer 
at the wave length of 436 mµ with a 0.05 mm slit width. Distilled 
xylene was used as a reference. 

The copper concentration in the sea water sample was then obtained 
by reference to a calibration graph based on known amounts of copper. 
A corrected absorbancy reading of 0.005 was found to correspond to 
0.0030 µg-at Cu/I of sea water. The molar absorbancy index (molar 

1 According to the National Bureau of Standards, Letter Circular LC-857 (1947). 
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extinction coefficient) of the copper complex in xylene was calculated 
to be 16,800 I/mole/cm. 

EXPERIMENTAL 

Selection of Reagent and Extracting Solvent. Dithizone (diphenyl-
thiocarbazone) has long been considered as a sensitive reagent for 
copper. It is a violet-black crystalline material which yields charac-
teristic colors with a number of heavy metallic ions. Separation of 
these colored complexes has been achieved by regulating the pH of the 
solution to be extracted, by adding masking agents that form com-
plexes with interfering ions, and by varying the extracting solvents. 

Since dithizone is a sensitive but not specific reagent, it is difficult 
to avoid contamination that leads to errors in the determination of 
copper. The reagent itself is very unstable and is easily oxidized to 
form an inactive yellow product. The process involves two colors 
with uncertain reproducibility. Furthermore, the equilibrium point 
of the extraction is dependent upon the hydrogen ion concentration, 
and complete extraction is sometimes difficult to obtain. 

Sodium diethyldithiocarbamate was introduced by Delepine (1908) 
as a reagent for detecting traces of copper. In order to increase the 
sensitivity of the determination, the colored copper complex is concen-
trated by extraction. Factors to be considered in the selection of the 
extracting solvent are its extractibility, solubility in water, volatility, 
and specific gravity. Amyl alcohol, iso-amyl alcohol, iso-amyl acetate, 
amyl acetate and chloroform are sufficiently soluble in water to give a 
serious error in the determination because of the large volume of sample 
required. Carbon tetrachloride and bromobenzene, which are less 
soluble in water, have been used as extracting solvents. Xylene, how-
ever, was found by the authors to be much more satisfactory. The 
colored complex in xylene did not show any change in the maximum 
absorption wave length. Xylene in water is quite insoluble, nonpolar, 
comparatively nonvolatile, and it is readily separated from water be-
cause of its lower specific gravity. 

Optical Absorption Spectrum of Copper Diethyldi thiocarbamate. 0.25 
µg~at Cu was extracted as diethyldithiocarbamate with xylene from a 
solution having a chlorinity of 18 °loo and a pH value of 8. The 
absorbancies of the colored xylene solution were measured at different 
wave lengths, the results of which are shown in Fig. 1. Maximum 
absorption was observed in the curve at the wave length of 436 mµ. 
Absorption decreased sharply when the peak was passed and it reached 
the minimum at 370 mµ. The increased absorption shown toward the 
ultraviolet region was due to the excess reagent. 



1952] 

0 .8 

0. 7 

>-
(.) 

z 

o. 6 

0. 5 

~o. 4 
a: 
0 
(/) 
CD 
<l 

o. 3 

0.2 

0. I 

Chow and Thompson: Copper in Sea Water 

I 

\ 
\ 
\J 

4 00 

4 3 6 'M,LJ 

\ 
\ 

\ 

\ 
\ 
I\ 

r---__ 

500 
WAVELENGTH , M)J 

600 

129 

-
700 

Figure 1. General absorption spectrum of copper diethyldithiocarbamate in xylene. 
0.25 µg-a t Cu extracted fr om pH 8, 18°/oo Cl solution. 

The absorption of various copper concentrations at the wave length 
of 436 mµ with a 0.05 mm slit width was reproducible and foll owed 
Beer 's law. It was chosen as the working wave length. 
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Stabilities of Sodium and Copper Diethyldithiocarbamates. Sodium 
diethyldithiocarbamate reagent in solution decomposes slowly with 
the formation of carbon disulfide. Murakami (1950) suggested various 
methods for stabilizing the reagent by adding chloroform or hydro-
xylamine on the assumption that the instability was due to oxidation 
and bacterial action. In this investigation it was observed that the 
pH value is the main factor that influences the stability. The reagent 
solution decomposed immediately if it was stored at pH values of less 
than 7. The stability increased with increase in the pH value. At a 
pH of 10, about 30% of the reagent (original concentration 0.5 µg-at/ 
ml) decomposed in 45 days. 

The stability of copper diethyldithiocarbamate in xylene was ex-
amined by treating samples containing 0.25 µ.g-at Cu with a slight 
excess of diethyldithiocarbamate and by extracting the colored copper 
complex with 5 ml of xylene as described in the procedure. After this 
sample stood for 48 hours in darkness, the absorbancy reading at the 
wave length of 436 mµ. showed no change. The color intensity, how-
ever, showed fading if the xylene extract was exposed to strong light. 
Also, fading was manifested if an excess of the reagent was not used. 

The molar ratio between copper and diethyldithiocarbamate was 
determined by the continuous variation method to measure the ab-
sorbancies for mixtures of varying proportions of copper and the re-
agent. The proportion giving maximum absorption indicates the 
composition of the complex, if only one product is formed. If more 
than one product is formed, measurement at various wave lengths give 
different results. From the spectrophotometric study of copper di-
ethyldithiocarbamate, it is concluded that the complex has a definite 
composition and that only one compound is formed with a molar ratio 
of copper to diethyldithiocarbamate of one to two, regardless of 
whether it is formed from equivalent amounts of copper and diethyl-
dithiocarbamate or with one in excess. 

Influencing Factors on Color Intensity of the Copper Complex. The 
effect of excess reagent on the color intensity was studied, and it was 
found that the color intensity in xylene is not affected even by a thirty-
fold increase in excess of reagent. 

Since the hydrogen ion concentration varies in sea water, the effect 
of the change of pH value on the color intensity of the copper complex 
in xylene was examined. The results showed that the color intensity 
is a linear function of the copper concentration at given pH values. 
The deviation in slope of the lines due to the change of pH value was 
about 2% per unit pH. 

The effect of salinity on the determination. was also studied. A 
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line~r rela~ionship was found between absorbancy and copper concen-
trat10n, with slopes deviating about 1 % for a change of 10 °loo Cl. 
The seasonal fluctuations of salinity, therefore, would not affect the 
determination. 

The reducing and oxidizing substances in sea water have been shown 
to have no interference in the copper determination. 

Di stribution Coefficient of Extraction. The shaking time of extrac-
tion played an important role in the determination. Solutions each . . ' 
contammg 0.25 µg-at Cu, were shaken for varying time intervals, 

TABLE II. COEFFICIENT OF EXTRACTION 

Copper Added Absorbancies Coefficient of 
µg-at 1st Extraction 2nd Extraction Extraction 
0.00 0 .048 0 .026 
0 .10 0.325 0.031 0 .98 
0 .20 0.667 0 .042 0.97 
0.30 0 .928 0 .058 0.97 
0.40 1.202 0.068 0.96 
0 .50 1.528 0.067 0.97 

after which the absorbancies were determined. The absorbancy in-
creased linearly in the first ten minutes of shaking and then leveled off 
and reached an equilibrium after 40 minutes. 

The completeness of extraction at equilibrium was also studied at 
various copper concentrations. The colored copper complex formed 
in 18 ° / 00 Cl solution with a pH of 8 was extracted with xylene by the 
normal procedure. The aqueous solution was separated from xylene 
by using a separatory funnel and it was again extracted with another 
5 ml of xylene. The absorbancies of these two portions of xylene, 
measured separately at the wave length of 436 mµ, are shown in 
Table IL The completeness of extraction at equilibrium was calcu-
lated from the absorbancy readings. An average value of 97% com-
pletion was achieved after the first extraction. 

Effect of Possible Interfering Substances. Individual solutions of 
various metallic ions, equivalent to 0.25 µg-at/ml, were prepared 
(Ni+2, Co+2, Bi+3, Mn+2, U02+2, Fe+s and Fe+2) in order to test the 
reaction of the diethyldithiocarbamate at various pH values from 
5 to 10. 

Throughout the range from pH 5 to 10, copper ion formed a brown 
precipitate with the reagent. Ferric and ferrous ions gave purple 
precipitates from pH 5 to 7, but no precipitate or color occurred in 
more basic ranges which include that of the sea water. The uranyl 
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group produced a yellow color from pH 5 to 8, but no coloration was 
observed in more basic solutions. The uranyl diethyldithiocarbamate 
was insoluble in xylene. Manganese diethyldithiocarbamate, which 
precipitated in solutions of pH less than 9, dissolved readily in xylene 
and gave a purple color which faded rapidly to a colorless solution. 
None of these substances interfered with the determination of copper, 
no increase in absorbancy readings being noted at the wave length 
of 436 mµ. 

Nickel, cobalt, and bismuth gave pale green precipitates with the 
reagent. The concentration of these substances in sea water is so 
minute that no interference with the copper determination occurred. 
For analyses of marine products and of bottom sediments, these ele-
ments may be present in sufficient quantities to interfere, and therefore 
their effects on the copper determination were examined. The optical 
absorption spectra of the respective complexes of these three elements 
formed at various pH conditions were studied. The nickel complex 
shows maxima at wave lengths of 325 and 390 mµ and was not affected 
by changes in pH value. The complexes show a maximum absorption 
at 325 mµ for cobalt and at 305 and 365 mµ for bismuth. The wave 
lengths of maximum absorption of cobalt and bismuth complexes did 
not change with pH value, but their magnitudes were depressed con-
siderably with increasing pH. A series of standard calibration graphs 
of bismuth, cobalt and nickel complexes at the wave length of 436 mµ 
are shown in Fig. 2. From the graphs in Fig. 2 the appropriate cor-
rections to be applied to the absorbancy at the wave length of 436 mµ 
are calculated as follows: 

Wave length Element Corresponding to Cu 
mµ, 1 µ,g-at µg-at at 486 mµ, 
436 Bi 0.16 
436 Co 0.21 
436 Ni 0.14 
365 Bi 0.77 
325 Co 1. 85 
325 Ni 2.32 

Since cobalt and nickel showed serious interferences if appreciable 
amounts were present, methods for eliminating the interference of 
these substances with dimethylglyoxime were studied. Diethyldi-
thiocarbamate reagent was added to the solution containing 0.25 
µg-at Ni in the presence of dimethylglyoxime. Absorbancy of the 
xylene extract was measured by the normal procedure. Nickel 
dimethylglyoxime was sparingly soluble in xylene, showing a pink 
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Figure 2. Calibration graphs for bismuth, cobalt and nickel diethyldithiocarbamates. 

Extracted from pH 8, 18°/oo Cl solutions. Slopes: At 436 mµ, BiDDC = 0.52, CoDDO 
0.70, NiDDC = 0.47; at 325 ID µ, CoDDC = 6.17, NiDDC = 7.74; at 365 m µ, BiDDC = 
2.44; at 305 m,., BiDDC = 2.78 units absorbancy/µg-at. 
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color. The absorbancy of the saturated solution at the wave length 
of 436 mµ corresponded to 0.05 µg-at Cu. 

The solubility of the yellowish cobalt dimethylglyoxime was far 
less than that of nickel. The increase in absorbancy at the wave 
length of 436 mµ was obtained with 10 µg-at Co which corresponded to 
0.03 µg-at Cu. The validity of the method of correcting for interfering 
elements was tested on known solutions containing 0.25 µg-at Cu and 
equal amounts of bismuth, cobalt, and nickel in 100 ml of pH 8, 18°/00 

Cl solutions. The resulting absorbancies of the xylene extract were 
measured by the normal procedure. The results obtained were very 
satisfactory. 

Calibration Graph for Sea Water. A standard calibration graph was 
prepared by adding various quantities of a copper solution ranging 
from 0.0 to 0.20 µg-at to 500 ml of sea water. The absorbancy read-
ings, measured as described in the procedure with an absorption cell 
of 1 cm optical path, are plotted against copper concentrations in 
Fig. 3. The slope2 of the line was found to be 3.35 units absorbancy 
reading per one µg-at Cu. A corrected absorbancy reading of 0.005 
was found to correspond to 0.0015 µg-at Cu in a 500 ml sea water 
sample. The blank varied with the particular sea water used and a 
corresponding correction should be made when reading the copper 
content directly from the calibration graph. 

In studying the possible presence of elements which would interfere 
in the determination of copper in sea water, a sample was extracted 
by the normal procedure and the absorption spectrum was measured 
at different wave lengths over the range from 300 to 700 mµ. The 
absorption spectrum has shown maximum absorptions at the wave 
length of 436 mµ and approximately 300 mµ due respectively to copper 
and excess of the reagent. The spectrum showed no evidence of 
bismuth, cobalt or nickel. 

An examination has been made of more than 100 samples of surface 
sea water collected periodically near Friday Harbor and Seattle, 
Wahington. The average concentration of copper in these waters, 
expressed in µg-at/1, was found to be 0.020, with a range of 0.012 to 
0.030. Several fresh water lakes showed about 0.070 µg-at/1. 

The authors are now investigating the copper concentration in lakes 
and rivers of Washington State, as well as that in sea sediments and 
marine organisms; they are also investigating its seasonal fluctuation 
at different depths in the sea, both in coastal and offshore localities. 
The findings obtained will be given in Part II of this investigation. 

2 The molar absorbancy index is calculated to be 16,800. 
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Figure 3. Copper calibration graph for sea water. July 19, 1951 High Tide, pH 7.8, 
17.1°/oo Cl. Slope = 3.35 absorbancy/µg-at Cu; 0.005 absorbancy = 0.0015 µg-at Cu in 
500 ml sea water sample. 
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SUMMARY AND CONCLUSIONS 

l. Sodium diethyldithiocarbamate has been studied spectrophoto-
metrically as a reagent to determine copper in sea water, and it has 
been found to be preferable to diphenylthiocarbazone (dithizone). 

2. Increased sensitivity has been attained by extracting the colored 
copper complex with xylene. The useful lower limit of this method is 
approximately 0.002 µg-at Cu. 

3. The effects of the amount of reagent, the hydrogen ion concen-
tration, the salinity, and the oxidizing and reducing agents on the color 
system have been examined; it has been shown that they have no 
influence on the accuracy of the determination. The coefficient of 
extraction has also been studied. 

4. The diethyldithiocarbamate reagent has been found stable in 
ammoniacal solution. The colored copper complex in xylene shows no 
change after standing in diffused light for 48 hours; it is far more stable 
than the color produced with dithizone. 

5. The composition of the copper complex has been determined by 
the continuous variation method. It is a definite compound with a 
molar ratio of copper to diethyldithiocarbamate of one to two. 

6. The general absorption spectrum of sea water extract with the 
reagent in xylene has been examined; it has been demonstrated that 
no interfering metals are present. 

7. It has been shown that bismuth, cobalt, iron, manganese, nickel, 
uranium, and cyanide interfere in the copper determination but not at 
the concentration of these substances found in sea water. Procedures 
have been devised for minimizing the interference of these elements, 
should the method be applied to the analyses of marine organisms, 
bottom sediments, or other materials. 

8. A calibration graph for sea water has been prepared. A corrected 
absorbancy reading of 0.005 has been found to correspond to 0.0030 
µg-at/1 of sea water. The molar absorbancy index of the copper com-
plex in xylene at the wave length of 436 mµ has been calculated to be 
16,800 1/mole/cm. 
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