
Table 60. Methyl mercury concentration in
Mediterranean mussels

Sampling sites Methyl mercury (ppb dry weight)

Sete 43
Grau du Roi 182
Port St. Louis 136
Marseille 148
Toulon 81,90, 94
Cap Camarat 16
St. Tropez 39
St. RaphaSl 46
Cannes 232
Antibes 83
Monaco 125
San Remo 84
Savona 47
Genoa 37
Diana (Corsica) 24
Urbino (Corsica) 18, 22

Of the five locations yielding samples with relatively high

methyl mercury concentrations, two (Grau du Roi and Port St. Louis) were
near the mouth of the Rhone river, one (Marseille) was within a large
industrial port and two others (Cannes, Monaco) were near sewage outfalls.
Relatively low values were found in samples from Corsica (Diana, Urbino)
and Cap Camarat. The low value found in mussels from Cap Camarat correspond
to similar observations made previously for PCBs, DDT and certain trace
metals in mussels, and for PCBs in sea water collected from the same area.

197In general the values are lower than those previously reported by Thibaud
for samples collected from five locations between Sete and St. Tropez in
1971-72.

6.9 Chlorinated hydrocarbons in a pelagic community

D. Elder and S.W. Fowler

For several years data have been accruing on the distribution
of chlorinated hydrocarbon pollutants in marine ecosystems. An overall
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picture of ambient levels in biota, water and sediments is now emerging
however, despite the vast amount of data collected to date, questions still
arise as to whether certain pollutants such as chlorinated hydrocarbons are
indeed magnified through the marine food web. Evidence both for and against

198,199
trophic concentration of PCB and DDT compounds has been cited . The
answer to this question remains unclear due to lack of adequate knowledge

on the relative importance of food and water in the uptake of these compounds
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as well as the fact that conclusions are often confounded by comparing
pollutant concentrations in successive links in the food chain sampled at
different geographical locations and/or at different points in time. The

situation is further complicated by complex prey-predator relationships that

exist in many marine communities. In the present study we have tried to
eliminate some of these problems by examining PCB and DOT concentrations in
species belonging to a relatively well-defined pelagic food chain sampled
at one point in space and time.

A second question of equal interest is to what extent marine
biota effect the downward vertical transport of chlorinated hydrocarbons.
There is evidence that vertically migrating zooplankton play an important
role in the downward transport of radionuclides and trace metals in many

51
oceanic areas . Furthermore, several studies suggest that rather than
transport of incorporated radionuclides and stable isotopes through
vertical migration of the animals themselves, released particulate products,21,22,33,5ii,55
in fact, account for the majority of the downward flux
Although some data suggest that chlorinated hydrocarbons may be transported
downward by association with biogenic particulate matter , direct
evidence for this possible vector is still forthcoming. To test the hypothesis
that zooplankton and their particulate products could play a role in
transporting chlorinated hydrocarbons to depth, we have analyzed euphausiids
and their particulate products for PCB and DDT compounds in addition to the
organisms sampled for the food chain studies. Use of previously developed

21,5«f
flux models will allow an estimation of the importance of euphausiid
excretion products in effecting the downward vertical transport of chlorinated
hydrocarbons in the sea.

All organisms were collected on three separate occasions at
the same station approximately 5 km off the coast of Villefranche, France.
Macrozooplankton and nekton were fished by making several short oblique

tows with an Isaacs-Kidd midwater trawl between 100 m and the surface.
Microplankton was sampled by simultaneously towing a 1 meter plankton net
(76 pm aperature) at the same depth as the Isaacs-Kidd trawl. Pre-cleaned
glass and metal implements were used to sort species in order to avoid
contaminating the samples with PCBs. Euphausiid fecal pellets and molts
were collected on board and in the laboratory by methods described else-

24,25,61
where with the exception that all containers were either glass or
metal.

Although extreme care was taken to avoid unnecessary contact
of the samples with plastic materials, some contact inevitably occurred
between the organisms and the nylon plankton nets. Cross contamination of
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PCBs between plankton and nylon nets can occur ; however, extraction of

the netting used in our study indicated that PCS contamination from this
material would be negligible.

Samples were analyzed following the procedures outlined in the
pesticide analytical manual . All samples were frozen, lyophilized and

pulverized in preparation for extraction. The relatively abundant
*

samples such as microplankton (0.1-1.5 g ), euphausiids {- 1-8 g),
shrimp (- 7-12 g), and fish (6.3 g) were subjected to extraction with
hexane in a Soxhlet extractor (8 hours @ 4 cycles/hour). Less abundant
samples - fecal pellets (a 15-90 mg), molts (= 50-150 mg) - were batch
extracted by shaking with hexane in sealed, conical-bottomed, centrifuge

tubes. Extracts were removed by centrifuging to settle the sample residue
and by transfering the supernatent solvent with the aid of a Pasteur

pipette. Each sample was extracted ten times. When necessary, extracts
were reduced in volume in a Kuderna-Danish concentrator. Interfering
substances were eliminated from the hexane extracts by chromatography on
Florisil and by treatment with concentrated H_SO,. It was not necessary

to remove fatty substances by acetonitrile/hexane partitioning. Hexane
extracts were then further concentrated to a convenient volume (usually

0.2-0.5 ml) in a Kuderna-Danish concentrator, and analyzed by gas chroma-
tography (Figure 34). The presence of p,p'- DDD and p,p' - DDT was confirmed
by dehydrochlorination in methanolic KOH. Precautions were employed to
ensure that contamination from chemicals, apparatus and glassware was
negligible. Routine procedural blanks were run concurrently with samples;
the results were always less than 10% of the sample values. Samples
containing residues in concentrations lower than 0.5 pg/kg are reported as
not detectable (N.D.). Quantitation was carried out by relating strip
chart peak heights produced by samples to those of standard solutions. In
the case of PCBs the calculation was done using the sum of the heights of
6 major peaks. Where a peak was missing it was included as zero in the
summation. During the November 1974 collection, a surface water sample was
also collected and analyzed for PCBs. The analysis was carried out according

169
to the method of Harvey et al. . The PCB concentration (DP-5) was 2.5 ng/£,

167
a value which is considered representative for these waters (Section 6.6).

In general, our values for zooplankton and nekton do not differ

significantly from those reported for similar species in the Atlantic and
199,202,203

Pacific oceans (Tables 61 and 62)

All samples are in terms of dry weight.
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In November 1974 five species which form part of the pelagic
food web were sampled on the same night. Microplankton serve as food for the
omnivorous euphausiid, Meganyetiphanes noTVeg-Laa, which in turn is preyed

upon by the carnivorous decapod shrimp Sevgestes arcticus and Pasiphaea
sivado. M. norvegica and other pelagic crustaceans make up the diet of the
fish, Myatophus glaciale. Concentrations of PCBs as DP-5 and p,p' -DDE in
these organisms are given in Table 61. The compounds p,p' -ODD and p,p' -DOT
were not detectable. Inspection of the data shows that considering concen-
trations on a whole organism basis, biomagnification does not occur in this

S H R I M P
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Figure 34. Gas chromatograms of PCB standards and extract of the
pelagic shrimp, Pasiphaea sivado. The arrow indicates the peak (d)
which is diminished relative to standard PCBs. GLC conditions:
Varian 2100 gas chromatograph; Nitrogen carrier gas (flow rate 40ml/min)
^3Ni BCD detector. Oven temperature: 200°C. Injector and detector
temperature 250°C. Column: 2mx4m id, glass; 10% DC 200 on Gas Chrom. Q.
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Table 61. Chlorinated hydrocarbons in pelagic organisms
collected off Villefranche, France, November 1974

Organism

Microplankton
Meganyotiphanes
nowegica

Sergestes arcticus
Pasiphaea sivado
Myctophus glaciate

Wet wt./
dry wt.

10.4
5.0

-
4.0
4.2
3.2

P»P'- DDE
(yg/kg dry weight)

N.D.

26

15
5
1

PCB
(yg/kg dry weight)

4500
620

470
210
50

Table 62. Chlorinated hydrocarbons in euphausiids (Meganyctiphanes
norvegiaa),their particulate products, and microplankton which serve
as the euphausiids' food

Sample

November 1974
Whole animal
Molts
Fecal pellets
*
Microplankton

January 1975
**
Whole animal

Molts
Fecal pellets

March 1975
Whole animal
Molts

**
Fecal pellets
Microplankton

p,p'-DDE p,p'-DDD p,p'-DDT

ug/kg dry weight

4
N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

DP-5 DP-6

26
N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

620
1400
16000
4500

U.S.

800
13000

2500

36,29
N.D.

N.D.

17,10
N.D.

N.D.

30,15
N.D.

N.D.

260,290
170
4800

N.S.

N.S.

N.S.

38 N.S.
N.D. N.D.

11000, 38000 N.S.

1800 N.S.

*
**
N.D.
N.S.

principally copepods, phytoplankton and detritus
two separate samples

= not detectable
= not significant, i.e. chromatogram has no resemblance to PCB mixture
indicated
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particular food chain. In fact, an approximate 100-fold reduction in PCB

concentration is noted between microplankton and myctophid fish. The fact
that p,p' - DDE was not detected in the microplankton is not immediately
evident however, fecal pellets produced by M. norvegioa which were feeding
upon this population of microplankton also contained no measurable p,p' - DDE
(Table 62). It is possible that the 26 ppb measured in bodies of the
euphausiids had been incorporated into internal tissues at an earlier time.

There is some evidence that P. sivado may selectively absorb,
excrete or metabolize certain PCB isomers. Chromatograms for all samples
closely resembled Phenochlor DP-5 or Phenochlor DP-5 plus Phenochlor DP-6.

In the case of P. sivado however, at least one peak (peak d, Fig. 34) was
definitely diminished in height relative to both DP-5 and DP-6. A similar

203
observation was made by Claeys et ai. for extracts of the pink shrimp
Pandalus jordani.

Concentration of chlorinated hydrocarbons in euphausiid bodies,
molts and fecal pellets as well as in the microplankton upon which they feed
are given in Table 62. Fecal pellets contained the highest levels of PCBs
in all samples examined. Furthermore, the concentrations in feces ranged
from 3.5 to 21 times higher than those in the food organisms which formed
the feces. A similar concentrating process in the same species has been
found to occur for several trace elements21»22>60.

The relationship between the PCB concentration in whole bodies
and molts was not consistent for the three collections (Table 62). In
November 1974 PCB levels in molts were relatively high. Molts represent about

8% of the euphausiid's dry weight; therefore, it can be calculated that
approximately 18% of the euphausiid's PCB body burden was associated with the

outer surface of the animals collected at that time. On the other hand, the
fraction associated with molts collected in January 1975 was only about 5%.
The fluctuation in the relationship between the concentrations in whole
animals and molts may be due to PCB adsorption to the outer surface of the
euphausiid. If this is the case, then significant short-term changes in
PCB concentration in the surrounding waters would be more closely reflected

by PCB concentrations in the molts than those in whole bodies which include

tissues not in direct contact with the water. Whole animal concentrations
should be more representative of long-term integrated levels of PCB concen-
tration in the water mass and/or in the food.

We have attempted to examine the flux of PCBs through
M. norvegioa using a model which has been generated for studying trace metal

21-23
and radionuclide flux in the same species (Section 1.2). The principal
term in the model is an elimination term which takes into account all losses
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of a compound from the euphausiid. The elimination of the compound from the

euphausiid plus that which is incorporated into tissue during growth is
balanced by an uptake term in order that a certain equilibrium is maintained.

In our case, if total loss of PCBs plus the amount accumulated in euphausiid

tissue can be balanced by measured PCB levels in the organism's food, then
the food chain will be most likely the predominant route for PCB uptake.
Unfortunately, as yet, we have no data on the fraction of total PCB

elimination represented by soluble excretion processes. Nevertheless, if

we assume a turnover rate of soluble PCBs of about 10%/day, a value which
21,22 23

approximates those found for certain metals and radionuclides , it can

be calculated that the amounts of PCBs needed to compensate loss plus that
accumulated in tissue do not differ by more than a factor of two from levels
actually measured in the organism's food. As fecal pellet excretion becomes
the predominant term in the model's equation due to the relatively high PCB

levels contained in this material, large changes in the soluble excretion

rate will have little effect on the total elimination term. Hence, the data
we have to date suggest that most of the PCBs taken up and passed through

Af. norvegica is derived from that in the animal's food.

It has been calculated that the fecal pellet production rate
21

is higher than either the production rate of molts or the rate of production

of carcasses formed through the process of natural mortality in a euphausiid
51*

population . Coupling this fact with the high PCB concentrations found in

fecal pellets (Table 62), it becomes clear that fecal pellet deposition is

quantitatively the most important vector in removing PCBs from a euphausiid
population.

Deep sea sediments collected from abyssal plains in both

the North Atlantic and the Mediterranean Sea contain significant concen-
177

trations of PCBs (Section 6.6). It has been suggested that penetration of

PCBs to depth is probably due to some form of particulate transport.
25

Euphausiid fecal pellets have been found to sink at rates as high as 800m/day
5k

and to remain intact for several days . If these characteristics are typical
of zooplankton fecal pellets and those of other pelagic species, then it is
conceivable that such biogenic particulate matter could be an important

component in the overall downward transport of PCBs to bottom sediments.
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