
Bull. Environ. Contam. Toxicot. (1995) 55:893-900 
�9 1995 Springer-Verlag New York Inc. 

Mercury and Polychlorinated Biphenyls in Suspended 
Particulate Matter from the European Arctic Seas 

C. R. Joiris, N. Laroussi Moatemri, L. Holsbeek 

Laboratory for Ecotoxicology and Polar Ecology, Free University of Brussels 
(VUB), Pleinlaan 2, B-1050 Brussels, Belgium 

Received: 27 December 1994/Accepted: 16 July 1995 

During the last few decades with the increase of pollution of the hydrosphere by 
xenobiotic compounds, scientists in general and ecotoxicologists in particular are in 
~arch of "pristine" areas to determine background concentrations for those residues 
being both of natural origin and anthropogenic. Real backgrounds are difficult to 
establish since older environmental data often seem to be affected by contamination 
either during field collection or during analytical procedures (Patterson et  al . ,  
1976). To establish such background pristine levels in the marine environment, the 
polar regions provide ideal areas where the human activity is very low. Of the two, 
Arctic is recommended: unlike Antarctic, it forms a closed basin; the Antarctic is 
more open and it is subjected to intense pollution as a result of the activities of 
developing countries (Joiris and Overloop, 1991). In spite of regular intrusions of 
polluted air masses known as "Arctic haze", the Arctic region could be proposed to 
evaluate background concentrations (Mackay and Wania, 1993). 
The aim of this study is to determine the concentration of mercury and 
polychlorinated biphenyls (PCBs) in suspended particulate matter from the Arctic 
region and to discuss their contamination mechanisms. 

MATERIALS AND METHODS 

Samples were collected between June and October 1991 from the European Arctic 
region, during three cruises of RV Polarstem in the Greenland Sea, Barents Sea 
and the Arctic Basin (ARK VIII 1, 2 & 3). Particulate matter was collected by 
continuous centrifugation (see details in Joiris mad Overloop, 1991). The water was 
pumped from under the hull of the ship, at a depth of about 11 meters; continuous 
centrifugation for a period between 36 and 120 hours was necessary to obtained 
sufficient material for determination of mercury and PCBs. The map (Figure 1) 
shows the different sampling transects. 

Total mercury (]~Hg) was determined with atomic absorption spectrometry: the 
method was already described in detail (Joiris et  al., 1991). The mercury content 
was calculated using an external standard curve, and the values expressed in ktg 
Hg/g dry weight. To test the reproducibility of the method, a homogeneized fresh 
sample of particulate matter, was divided into five identical parts. Each was 
mineralized separately and analyzed for total mercury. The results show a mean and 
median values of 0.29 ~tg Hg/g dw, with a standard deviation of 0.01 (n = 5). 
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Figure 1. Map showing the route of RV Polarstern during cruises ARK VIII/l, 2 
& 3. Transects (thick line) were sampled for particulate matter by continuous 
centrifugation (see text) 

Since the mean and the median are equal and all measurements fall within 1.96 
standard deviation from the mean, and the coefficient of variation (cv= standard 
deviation/mean) is very low (0.03) a normal distribution is assumed and the test of 
reproducibility is considered as satisfactory. Another means of testing for 
reproducibility is by comparing the standard deviation of the measurements with the 
theoretical error calculated from the error on the measuring instrument used (in this 
case a analytical balance and spectrophotometer). Since the mean calculated 
theoretical error of 0.01 ~tg/g dw corresponds precisely with the standard deviation 
of the measurements, it further confirms the high reproducibility of measurement 
for total mercury. In order to test the representativity of determination for the whole 
particulate matter sample, a test of homogeneity was carried out as well: total Hg 
was measured in 10 different sub-samples of the same sample of suspended 
particulate matter. The results showed a good homogeneity: mean = 0.29 ~tg Hg/g  
dw, median = 0.29, standard deviation = 0.06 (n = 10). Since all measurements fall 
within 1.96 standard deviation from the mean, a normal distribution is assumed and 
the test of homogeneity is considered as satisfactory. A test was conducted to check 
for the possibility of any interaction between mercury and biological material in 
which it was analyzed (matrix effect). One sample of suspended particulate matter 
was homogenized and divided into five identical parts. Sample 1 was prepared for 
analysis as usual; known quantities of inorganic mercury were added to samples 2 
through 5 before mineralization (internal standard: 0.1, 0.15, 0.3 and 0.4 ~tg). 
Measured concentrations increase linearly with quantity of mercury added; 
measured Hg (y) is bound to added Hg (x) by equation y = 1.006 x + 0.015 (n = 5; 
r 2 = 0.99; p < 0.01), so that no matrix effect had to be taken into account. 
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Organic Hg was determined by gas chromatography with electron capture detector, 
as already described in details (Joiris et al., 1991). The organic Hg detected is 
mainly methylmercury CH3Hg +. 

Organochlorines (PCBs) were determined by liquid gas chromatography (Shimadzu 
GC-14A) with capillary column and electron capture detector and "total" lipids after 
extraction with an hexane/acetone solution (90-10%) (see descriptions in Delbeke 
et al., 1990). PCBs were recognized on the chromatograms as a standard mixture 
Aroclor 1254 and as nine individual congeners. 95% (+ 9) of PCB congeners 
added to suspended particulate matter prior to analysis were recovered. 

The determination of chlorophyll a and the organic carbon content in suspended 
particulate matter were performed by high performance liquid chromatography 
(HPLC) and coulometric titration, respectively. 

Remark: the results discussed here do not show a normal distribution; this is why 
median values are presented instead of mean, and the significance of differences 
was tested with a non parametric Mann-Whitney. 

RESULTS AND DISCUSSION 

Within the suspended particulate matter, a linear relationship was found between 
suspended particulate matter and particulate organic carbon (POC) concentrations (y 
= 3.78 x + 0.03; r 2 = 0.75; n = 25; p < 0.01), as well as between POC and 
chlorophyll a, with a POC/chlorophyll ratio of 80 (y = 79 x + 0.03; r 2 = 0.74; n = 
25; p < 0.01). These data allow to consider that phytoplankton constitutes the most 
important component of suspended particulate matter. Determination of opal content 
in the same samples confirms the marine origin of suspended matter, with very 
limited lithogenic influence only (D. Niirnberg, pers. comm.). 

Total mercury concentration, on a dry weight basis, is higher in the Arctic water 
compared to the Mixed and the Atlantic water masses (Table 1), and this difference 
between the Arctic and Mixed water masses is statistically confirmed (p < 0.01). 
For the Atlantic water mass, there is one transect only, and no statistical test was 
applied. In comparison with the North Sea and Antarctic ecosystems (Table 1), the 
concentration of Hg in suspended particulate matter from the Arctic region is of the 
same order of magnitude as taht of the heavily polluted North Sea and slightly less 
than the Antarctic. Such a direct comparison of concentrations (in fresh or dry 
weight or on the basis of carbon content) is however misleading: data should first 
be normalized before any discussion; this is why the main factor(s) affecting the 
transfer and accumulation of the stable residues should be identified first. A 
negative correlation is observed between the mercury concentration and the 
concentration of particulate organic carbon, becoming linear on logarithmic scales 
(Figure 2). The high correlation coefficient for the Arctic and the Mixed water 
masses respectively, suggest that the concentration of suspended particulate matter 
in seawater is the main factor explaining the variability of total mercury 
measurements. Irmer et aL (1985) made a similar observation: a negative correlation 
between phytoplankton biomass and mercury content of suspended particulate 
matter. Such observations reflect the existence of a direct contamination from water 
to particulate matter, basically to be understood as an adsorption phenomenon (see 
further: PCBs). Similar correlations are observed between total mercury and 
particulate matter, and chlorophyll a, with r 2 ranging between 0.65 and 0.82 (all p 
< 0.05) for the different regression curves. 
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Figure 2. Correlation between total mercury and particulate organic carbon (POC) 
concentrations in suspended particulate matter (logarithms): 
Arctic: y= -0.464 x -1.116; r2: 0.695; p < 0.01 
Mixed and Atlantic: y= -0.389x -1.17; r2: 0.624; p < 0.05 

Taking into account the concentration of suspended particulate matter, the data must 
be normalized as total load per seawater volume (~tg total Hg/m3), by multiplying 
the total mercury level per unit of particulate matter present per seawater. No 
difference than appears to exist between the Arctic and mixed water (Table 1, right 
column; p > 0.10). Total mercury in Atlantic water with a low mercury 
concentration on a dry weight basis, becomes very high compared with the others 
transects. Comparing with data obtained by the same team and techniques, the 
mercury concentration per cubic meter in the North Sea (Table 1) is strikingly 
higher than in polar regions, but the low concentration of suspended particulate 

Table 1. Median total and methylmercury concentrations in suspended particulate 
matter expressed in different units (dry weight and per seawater volume) for 
different regions (note different units) 

Water mass 

Arctic 

mixed 

Atlantic 

North Sea 

Antarctic 

total Hg 

n ~tg/g dw ref ~tg/m3 

19 0.30 a 0.05 

8 0.17 a 0.05 

1 0.18 a 0.17 

8 0.16 b 2.20 

0.14 d 

22  0151 e 0.30 

lef n 

a 12 

a 3 

a 

c 

e 

MeHg 

ng/gdw 

4.0 

4.0 

ref 

a: this study; b: Decadt, 1986; c: Delbeke & Joiris, 1984; d: Van Alsoney et al., 1989; 
e: Joiris & Holsbeek, unpublished. 
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matter in polar regions (Gordon and Cranford, 1985, Joiris and Overloop, 1991) is 
the reason for the high value of mercury concentration expressed per dry weight. 

Mercury in suspended particulate matter is mainly inorganic, MeHg represent less 
than 2%. This result confirms observations by Gadner et al. (1978) and Topping 
and Davies (1981). No significant difference is found between the Arctic and mixed 
water masses on dry weight and lipid basis (p > 0.05). The median values for all 
region are 4 ng MeHg/g dry weight and 285 ng MeHg/g lipid weight (Table 1). 

The identification of PCB residues was based on two types of standardization: 
comparison with the standard mixture Aroclor 1254 (close to the PCB pattern found 
in marine samples), and comparison with nine congeners: IUPAC nrs 52, 101, 
118, 153, 138, 156, 180, 170, 194. For both water masses, these congeners 
account for 32% of 'total' PCBs. There was a similarity in PCB pattern when 
visually comparing the chromatograms of particulate matter samples with the 
standard Aroclor 1254, confirmed by comparing the mean relative contribution of 
the most important congeners 101 to 170 in suspended particulate matter with 
Aroclor 1254 versus 1260 (Table 2). Moreover, there is a strong relationship 
between the concentration of sum of nine congeners and 'total' PCBs (as Aroclor 
1254) on one hand and the most important congeners considered individually and 
'total' PCBs, on the other hand (Table 3), reflecting the absence of important 
heterogeneity in the PCBs patterns of the various samples. 

Table 2. Relative mean contribution (expressed in % of the sum of congeners) of 
five individual congeners in suspended particulate matter and the standard 
mixtures Aroclor 1254 and 1260. 

Congener 
(UJPAC m 

101 
118 
138 
153 
156 
170 

Particulate matter 
(n= 24) 

21 
18 
17 
23 
3 
4 

Aroelor 
1254 

26 
18 
18 
12 
5 
2 

Aroelor 
1260 

8 
2 
17 
23 
5 
9 

Table 3. Correlation between 'total' PCBs (expressed as Arochlor 1254), sum of 
congeners and individual congeners in suspended particulate matter*; n = 24 

Correlation coefficient (r) 
Y~ cong 101 118 138 153 156 

'total' PCBs 0.94 0.83 0.83 0.89 0.80 0.82 
* Correlation coefficients based on logarithmic (In) Ixansformations 
Y~ cong: sum of PCB congeners 52, 101, 118, 138, 153, 156, 170, 180 and 194 

On a dry weight basis, there is no significant difference between Arctic and mixed 
water masses (p > 0.05). The contamination of the Atlantic sample is of the same 
order of magnitude (Table 5). As for Hg (see higher), a negative correlation exists 
between PCBs concentration and amount of particulate organic carbon (Figure 3). 
This relationship has already been noted in the North Sea (Delbeke and Joiris, 
1988) and the Antarctic (Joiris and Overloop, 1991), and also during laboratory 
studies (Biggs et  al., 1980; Brown et al., 1982). The same pattern is observed 
when the particulate is used, or chlorophyll a (r 2 between 0.65 and 0.92; all p < 
0.05). Taking this effect into account, the data should be expressed per volume 
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Figure  3. Correlation between 'total' PCBs and particulate organic carbon (POC) 
concentrations in suspended particulate matter (logarithms): 
Arctic: y= -0.62 x - 2.66, r2: 0.559; p < 0.01 
Mixed and Atlantic: y= -0.645 x - 2.133, r2: 0.722; p < 0.05 

seawater.The PCB level per cubic water in the Arctic is lower (twice) than theMixed 
water (p < 0.05), while the Atlantic water mass with the lowest concentration of 
PCBs per dry weight becomes the highest per cubic meter (Table 4). 

The existence of a positive relationship between PCB levels and lipid contents of 
suspended particulate matter  (Figure 4) indicates that PCB accumulat ion 
mechanisms for suspended particulate matter is more than just adsorption on the 
surface and that absorption and partitioning into the cell constituents (lipids) also 
play an important role. Both mechanisms of adsorption and absorption influence the 
partitioning of PCBs between suspended particulate matter (phytoplankton) and 
surrounding water. The same conclusion was noted by Bruggeman (1982), 
Duursma et  al., (1986, 1989), Delbeke et  al., (1990), Joiris and Overloop (1991). 

Tab le  4. Median 'total' PCBs contamination of particulate matter expressed as 
Aroclor 1254 in different units (dry weight; lipid weight; per seawater volume) 
for different water masses 

water mass ref 
Arc~c a 
mixed a 
Aflan~c a 

North Sea* b 
Antarctic c 
Canadian Arctic* d 

ng/g dw n 
110 18 

157 5 
81 1 

I-tg/g lw 

7.09 18 

7.50 5 
7.61 1 

675 20 

630 32 

26 4 

118.0 20 

16.3 35 

0.12 4 

n t.tg/m3 
22 
52 
74 

8800 
1180 

4.3 

18 

5 

1 

20 

22 

4 

a: this study; b: Delbeke & Joiris, 1988; c: Joiris & Overloop, 1991; 
d: Hargrave et al., 1992 *: mean 

898 



.4, 

.35 

.3  

-o . 25  

 .15i 

.05 

.5 

y = .107x .056, R-squared:  .663 

e 

�9 �9 �9 �9 

�9 = , �9 ~ , | �9 ! �9 

1 1.5 2 2.5 3 
% lipid 

Figure 4. Correlation between 'total' PCBs and lipid content (g/100 g dry weight) 
in suspended particulate matter; p < 0.001 

In order to compare the concentration of stable residues in suspended particulate 
matter between different regions and water masses, it is necessary to identify the 
main contamination mechanisms, e.g. by expressing the results in different units. 
The comparison leads to the conclusion that the accumulation of mercury and PCBs 
in particulate matter is mainly caused by adsorption. One must therefore consider 
the concentration of suspended particulate matter when evaluating mercury and 
PCBs, by presenting the result by volume load. Moreover, the existence of a 
relationship between PCBs and lipid levels of suspended particulate matter indicates 
that the PCB accumulation mechanisms for suspended matter is more than just 
adsorption on the surface, and absorption and partitioning into lipids are very 
important. After normalization for the amount of particulate matter present in the 
different water masses (data expressed per m3), the Arctic zones show clearly lower 
concentrations of Hg and PCBs not only than Atlantic water or the North Sea, but 
also than the Antarctic: Hg - mainly inorganic - level is 80 times lower in the Arctic 
than the North Sea, and 6 times lower than in the Antarctic. PCBs contamination is 
500 times lower than in the Antarctic, and 4000 times lower than in the North Sea. 
Hence, the Arctic can be proposed as close to pristine for Hg levels, as already 
concluded from the study of pelagic fish contamination (Joiris et  al., 1995). 
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