Henry A. Schafer, G. Patrick Hershelman,
David R. Young' and Alan J. Mearns?

CONTAMINANTS IN
OCEAN FOOD WEBS

A marine food web is composed of a great many animals who are imagined to be living at vari-
ous levels on a pyramid made of frophic steps. A few large animals at the pyramid’s apex, such
as sharks and swordfish, prey on those of the level immediately below them. These in turn eat
large numbers of smaller fish on the next lower step, who themselves eat still smaller and more
numerous creaturas on lower levels.

The energy of numerous small creatures at the bottom is thought to flow upward to the few
large animals at the top (see Mearns, this report). A much debated question is whether contam-
inating materials, such as metals or hydroecarbons that may bicaccumulate above natural con-
centrations in the lower level animals, also flow upwards, being biomagnified with each trophic
step until they reach potentially toxic concentrations at the top of the food web.

Previous studies by this Project (Young ef al., 1975, 1978) show that most metals of concern
do not biomagnify in marine ecosystems off southern California, but some scientists felt that
these results were based on insufficient data. Therefore, in 1978, with the support of the Na-
tionat Science Foundation, we set out to make a new set of measurements of irace metals and
chlorinated hydrocarbons in high and low trophic level animals from several food webs. Our
goal was to determine whether there is biomagnification of contaminants in the muscle tissue
(the part consumed by humans) of sea animals.

The study included measurement of the cesium/potassium ratio, shown to be a useful indicator
of the “structure” or biomagnification potential of food webs (Young 1970; Isaacs 1972;
Young etfal. 1980).

We found the answer mixed. Most metals (chromivm, copper, cadmium, silver and zinc) do
notincrease with trophic level (are not biomagnified) either in open water or in a contaminated
coastal region. Nickel and lead concentrations are generally below detection limits (less than
0.05 and 0.1 mg/wet kg, respectively) except in zooplankton. The metalloids, arsenic, seleni-
um, and antimony were also measured. All antimony concentrations were below the detection
limit of 0.001 mg/kg, wet weight. Selenium showed no trend toward biomagnification; arsenic
values weze highest in sharks at higher trophic levels, but showed no trend when sharks were
excluded.

1Dames and Moore, Marine Services, 1100 Glendon Ave., Los Angeles, CA 90C24.

2Pacific Office, Office of Marine Pollution Assessment, National Oceanic and Atmospheric Administration, 7600 Sand
Point Way NE, Seattle, WA 98115,
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Synthetic organic chemicals (DDT and PCB) and organic mercury do increase with trophic
level; however, at the top trophic levels, animals from both control and contaminated areas
have about the same concentrations of mercury. Unlike mercury, DDT and PCB concentrations
were higher in animals from a contaminated ecosystem. Despite the elimination of the principal
source of DDT (the Los Angeles County Qutfall system, on the Palos Verdes shelf) over 10
years ago, 3 of the 4 species of fish examined from this region still had DDT levels greater than
5 mg/wet kg. Typical levels for chlorinated hydrocarbons in animals from the remote Eastern
Tropical Pacific ecosystem are less than 0.01 mg/wet kg.

LIMITATIONS

Many factors in addition to trophic levels can alter or control the accumulation of contami-
nants. If our efforts to assign a precise trophic level value to each animal are successful, there
could still be deviations in accumulation due to: (1) different physiological requirements of in-
vertebrates, elasmobranchs, teleosts, and mammals; (2) different metabolic rates affecting the
amount of prey consumed; (3) the age and life span of different organisms, and (4) variations
in migratory ability that might subject animals to contaminant sources for differing amounts
of time. The Project is presently studying other factors that may affect fissue concentrations;
for example, the ability of the liver to accumulate and regulate some contaminants so that ex-
cesses are not found in muscle tissue.

Despite these uncertainties we believe the elevated concentration of DDT’s, PCB’s and organic
mercury can be attributed principally to trophic structure.

SELECTION OF FOOD WEBS

Qur previous food web studies have focused on ecosystems in protected and inland waters: Los
Angeles Harbor, Newport Bay, and the Salton Sea (Young and Mearns 1978; Mearns and
Young 1980; Young ef al. 1980; Mearns et al. 1981). This report deals with both coastal and
open ocean food webs. We selected organisms for sampling that not only represent a range of
trophic levels, but which also are significant components of a given ecosystem.

The Eastern Tropical Pacific is a center for tuna fishing and tuna research. At our request, the
Inter-American Tropical Tuna Association sampled seven pelagic groups of animals in the area
70-800 kilometers off Central America (Table 1). This remote, offshore region is not known
have any point sources of contaminants,

The nearshore area off southern California is a great source of commercial fishing that makes
Los Angeles one of the largest fresh fish ports in the United States. The eight species of bony
fish, four species of sharks, and market squid sampled from this ecosystem constitute over
80%,by weight, of commercial landings in the Los Angeles area. We also sampled other mem-
bers representing widely different trophic positions: zooplankton, 2 species of mammals, and 2
uncommon species of sharks (Table 2) (figure 1).

Much has been learned about the ecosystem off Palos Verdes Peninsula through monitoring
and research efforts, because this soft bottom region is the site of a major wastewater outfall
system. The kinds of fish and invertebrates in this food web have been extensively studied
(SCCWRP Annual Reports, 1974-1981; LASCD, 1980-81). Although this region is of limited
importance as a commercial fishery, some of the species found there are commercially import-
ant in other areas. In this area there are great numbers of mysids and small decapod shrimps
which live on, and just above, the bottom that are important prey items for many animals. The
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Figure 1. Sampling regions for the Ceastal Pelagic and Palos Verdes Benthic food webs
off southern California. The remote Eastern Tropical Pagific food web sampled was cen-
tered approximately 500 kilometers off Costa Rica, 5° North and 90° West.

organisms sampled to represent this region are listed in Table 3. This area is unique because
past discharges of pesticides and trace metals have left in the sediments some of the highest
concentrations reported for an open coastal region.

Methods of collection and trophic level assignments for the animals sampled from these three
ecosystems are discussed by Mearns in this Biennial Report.

TISSUE SELECTION AND PREPARATION
Under some circumstances it may be best to use whole organisms when studying predator-prey
relationships, but this is impractical when working with large animals. In the larger animals,

muscle was selected as the representative tissue for the following reasons:

1. Of all the body tissues, muscle generally constitutes the highest proportion of an or-
ganism’s mass.

2. Pollution concerns usually are greatest for the edible portion of an organism.
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3. Because of the early emphasis placed on radiometal accumulation in muscle tissue
by radioecological and health physics studies, more is known of the cycling characteristics of
such metals in muscle than other tissues.

For very small organisms such as plankton and microcrustaceans, we analyzed the entire organ-
ism.

In order to achieve an adequate statistical base, we attempted to obtain five composites of
each species selected. Each composite was composed of ten individuals where possible. Very
large or rare species had fewer analyses and fewer individuals per compeosite. Composites of
small organisms had many more than 10 individuals per sample.

Generally, samples were immediately frozen upon collection; then dissected in the laboratory
while partially thawed: Mysids and decapod shrimp samples were hand-sorted to remove debris
before freezing. Muscle tissue from large fish and mammals usually was taken from the dorsal
region just behind the head and then frozen as soon as possible, Samples for metals were kept
in plastic containers and samples for organics were kept in cleaned, foil-covered glass jars.

CHEMICAL METHODS

The concentrations of most metals in this study were determined by atomic absorption spec-
troscopy. For silver, cadmium, chromium, copper, nickel, lead,and zinc, 1 to 2 grams of sam-
ple were dissolved in hot nitric and hydrochloric acids, filtered and diluted, and analyzed on a
Varian Techtron (model AA-6) spectrophotometer. Internal standard addition and blank cor-
rections were made. Analytical details for the above metals are reported in Young and Jan
(1978).

Cesium, which occurs at very low levels in tissues, required a special digestion using a larger
sample size of 5-10 grams, followed by a concentrating step. The cesium in a 100 ml sample
solution solution was collected on ammonijum- | 2-molybdophosphate microcrystals, which were
then separated by filtration. The crystals were then redissolved in a small volume {4 ml), there-
by concentrating the cesium so that it could be readily detected by carbon rod atomic absorp-
tion spectroscopy. Potassium concentrations were determined by atomic emission spectroscopy
by aspiration into an air-propane flame. Analytical details for cesium and potassium are report-
ed by Young et al. (1980).

Total mercury concentrations were determined by a hot acid digestion in a closed reflex appa-
ratus. After cooling, ionic mercury in the sample solution was reduced to elemental mercury.
Quantification was done by purging the volatile metallic mercury through a Laboratory Data
Control cold vapor atomic absorption spectrophotometer. Organic mercury was measured in a
similar manner, but a sample was first subjected to a benzene extraction, followed by a cysteine
back extraction. Analytical details are reported by Eganhouse {1975).

Chlorinated hydrocarbon analyses employed an acetonitrile/hexane extraction procedure, fol-
lowed by a Florisil clean-up step. The extract is injected into a Tracor MT 220 gas chromato-
graph equipped with a Nickel 63 electron capture detector.

Quantification is based on external standards by comparison of peak heights. Analytical details
are given in Young ef al. (1976).

Arsenic, selenium, and antimony concentrations were determined by nuclear activation analysis
at the TRIGA Mark 1 nuclear reactor facility at the University of California, Irvine. For analyt-
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Figure 2. Examples of contaminants that increase with increasing trophic level. Species
for various trophic level assignment are given in tables 1-3.

ical details see De Goeij ef al. (1974),

Dry weight and lipid determinations were done by freeze drying followed by a chloroform/
methanol extraction, according to the procedures of Bligh and Dyer (1959).

RESULTS
Eastern Tropical Pacific

The chemical results are presented in Table I, and bar graphs for some chemical concentrations
are shown in Figures 2, 3,and 4.

Most of the DDT and PCB measurements were at or near deiection limits. Because so many of
the PCB values were below detection, no relationship to trophic level could be determined.
The quantifiable DD'T values did show a trend of increasing concentration with trophic level.
There was at least a factor of 10 increase (<C0.00t to 0.011 mg/wet kg) between low trophic
level fish and invertebrates and top trophic level sharks and tuna.

Total mercury concentrations ranged from 0.010 mg/wet kg for the lower trophic level organ-
isms to over 1.2 mg/wet kg for the higher level fish, This increase with assigned trophic level is
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values are for vertebrates listed in tables 1-3.
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Figure 4. Arsenic concentrations showing high ievels in top trophic ievel sharks.

statistically significant at p<{0.05. Generally, organic mercury is the major component of total
mercury measurements, especially in higher trophic level organisms.

Trace metal samples for this food web are currently being stored for future analysis. However,
at this time, in view of the following results from a highly contaminated region, we have no
reason to believe that the {race metals measured will accumulate with increasing trophic levels.

Southern California Coastal Pelagic

The chlorinated hydrocarbon data are given on a wet weight and lipid weight basis due to their
affinity for lipids and the lipid content variation among organisms.

Wet weight values ranged from <C 0.005 to 24.8 mg/wet kg for DDT and <{0.003 to 1.22 mg/
wet kg PCB. Excluding the sea lion data, both DD'T and PCB are significantly correlated to
trophic level assignments (p<C0.05; lipid basis). Our sea lion samples were of young, ill animals
collected by the L.A. County Veterinarian at various beaches in the county. These animals
were yearlings, thus the anomalously high values may reflect nursing on lipid rich milk and
their physical condition. Values in non-ill adult sea lions may be very different. With the excep-
tion of sea lions, none of the DDT or PCB values exceeded | mg/wet kg.

Based on trophic level assignment, chlorinated hydrocarbon concentrations in some animals
deviated from expected values. Squid, a mid-trophic level organism, had very low values on
both a wet weight and lipid weight basis. Also, swordfish concentrations on a lipid weight basis
were equal to, or lower than, their chief prey, Pacific hake or anchovy (as determined by this
study). We speculate that this could be due to migrations from areas with less contamination.

Total mercury and organic mercury are significantly related to trophic level {p<C0.05). Inspec-
tion of the data reveals that mercury concentrations show few deviations in expected values
based on trophic level assignment. However, white shark values were unusually high, possibly
due to age. Although the concentrations for organic mercury in swordfish appear as expected,
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the measurement for total mercury seems high compared to literature values. Organic mercury
has been shown in other studies to comprise 80 to 90% of total mercury (Officer and Ryther
1981).

There is no evidence of biomagnification of the seven other heavy metals measured. Generally,
squid and zooplankton accounted for the highest concentrations. Some of the higher values
can be attributed to physiological differences, for exampie, copper-based hemacyanin circula-
tory systems in molluscs and crustaceans. Also, for zooplankton, entire organisms, rather than
Jjust muscle tissue, were analyzed.

Selenium concentration did not increase with trophic level, and, although the highest arsenic
value was found in sharks, its relationship to trophic level was not statistically significant.

Palos Verdes Epibenthic

The chlorinated hydrocarbon data from Palos Verdes is complicated by very low values in the
highest trophic level animal, scorpionfish. Possible explanations include: (1) migration from a
cleaner area, (2) feeding on prey with low levels of contaminants, and (3) a greater ability to
keep chlorinated contaminants out of the muscle tissue. We compared DDT and PCB on a lipid
weight basis because of large variations in lipid content (0.60-1 2.2%). With the exclusion of
scorpionfish, both DDT and PCB are significantly correlated with assigned trophic level
(p<<0.05). On a lipid basis, there is at least a factor of ten increase between low and high
trophic level animals. Excluding scorpionfish, concentrations in muscle tissue of the target
fishes exceeded 5 mg/wet kg DDT and spiny dogfish exceeded 5 mg/wet kg PCB.

Both organic and total mercury were significantly correlated to trophic level, if we eliminate
scorpionfish. Mercury concentrations for the mysids and decapod shrimp were the lowest values
(0.006 mg/wet kg) in both the Palos Verdes and southern California coastal pelagic food webs.
The ridgeback prawn, white croaker, and Dover sole, which are about 1 trophic step above the
mysids and decapod shrimps, had concentrations about ten times higher {0.04-0.07 mg/wet kg).
The top trophic level organisms, scorpionfish and spiny dogfish, had the highest Tmercury con-
centrations, 0.25 and 1.53 mg/wet kg respectively.

Cadmium, chromium, copper, and zinc were above detection limits in both the high and low
trophic level animals. Only in mysids and decapod shrimps were silver, nickel, and lead mea-
surable. Generaily, the highest concentrations of metals measured were found in mysids and
decapod shrimps. Again, this may be due to the use of whole organisms in the analysis. When
only muscle tissue is considered the ridgeback prawn had much higher concentrations than the
fish, although cadmium concentrations were approximately egual. There is no significant cor-
relation between these metal concentrations and assigned trophic levels.

CONCLUSION

The concentrations of chlorinated hydrocarbons depend both on exposure {o a source and
trophic position. All three of these food webs have shown an increase of DDT concentrations
in muscle tissue with trophic level. However, concentrations in the top trophic level animals
from the Central America site were equivalent to the lowest trophiclevel animals (zooplankton)
off southern California. The lowest trophic level animals on the soft bottom Palos Verdes out-
fall area are 30 times higher in DDT than the Coastal Pelagic zooplankton.

Although DDT and PCB do accumulate in pelagic seafood species off southern California,

typical concentrations were 10 times less than Food and Drug Administration guidelines for
human consumption.
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Epibenthic animals at Palos Verdes show increased chlorinated hvdrocarbon concentrations
with trophic level, and excessive concentrations of DDT in some mid-and high trophic level
fish.

Of any contaminant measured in this study, mercury showed the closest relationship with tro-
phic level. All three food webs showed about the same mercury concentration (1.5 mg/wet kg)
in their top predators with the exception of the white shark (8 mg/wet kg). Unlike other
metais, mercury concentrations in the low trophic level invertebrates are lower or equal to low
trophic level vertebrates.

The remaining metals measured in the Coastal Pelagic and Palos Verdes Benthic ecosystems
showed no tendency to increase with trophic level. Thus, the resulis of this study of marine
foodwebs support the hypothesis that DDT, PCB, and organic mercury do biomagnify. How-
ever, other metals measured do not.
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