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POLLUTANT FLOW
THROUGH FOOD WEBS

Public apprehension regarding the accumulation of pollutants in seafood is
based largely on the assumption that food chain magnification of organic and
inorganic contaminants, which has been demonstrated in certain terrestrial and
fresh-water systems, also occurs in marine ecosystems. However, in recent
years, there have been an increasing number of reports that contradict this
assumption, at least in part. The objective of the research described here was
to determine the degree to which marine food webs are "structured,” i.e.,
composed of species with distinct feeding relationships that can cause
successively increased concentrations of some pollutants. The evidence
obtained to date indicates that there is measurable structure to the coastal
marine ecosystems of the Southern California Bight. Despite this structure,
concentrations of most trace metals of present concern decrease with increase
in presumed trophic level. An important exception is organic mercury; this
trace constituent, and the high-molecular-weight chlorinated hydro carbons—
total DDT and PCB 1254, appear to increase in concentration with increase in
trophic level.

BACKGROUND

An unstructured food web is composed primarily of opportunistic,
multidirectional feeders; under this condition, differences in pollutant
concentrations in member organisms are not necessarily related to feeding
relationships. Evidence supporting the unstructured food web hypothesis was
obtained by Young (1970) in a comparative study of the distribution of two
alkali metals, cesium (Cs) and potassium (K), in marine organisms from the
Salton Sea in southern California and the Gulf of California. Potassium, an
essential electrolyte, must be maintained at fairly constant levels in tissues;
this is not the case for cesium, which is usually found in trace quantities.
Amplification of the ratio of cesium to potassium over known food chain steps
can be expeeled because cesium has been found to have a biological half-life
that is generally two to three times that of potassium. Thus, the relative values
of the Cs/K ratio in organisms in a given ecosystem should give indication of
the degree of trophic structure in that ecosystem, and thus indicate the
potential for food chain magnification of pollutants within the system.

The Salton Sea is a large saline lake with a very specialized and simplified
food web (Walker 1961) that resembles the classical food chain situation.
This structured ecosystem provided Young (1970) and Isaacs (1972, 1973)
with an opportunity to measure cesium and potassium concentrations in the
muscle tissues of widely differing marine fishes and compare the Cs/K ratios



for the fishes with those for their food. The results indicated median
predator/prey amplification factors of 2.2 for cesium and 2.5 for the Cs/K ratio
(Table 1). These values are in good agreement with those reported previously
for various terrestrial and fresh water organisms (Anderson et al. 1957;
McNeill and Trojan 1960; Green and Finn 1964; Pendleton 1964; Hanson et
al. 1964; Pendleton et al. 1965; Hanson 1967; and Gustafson 1967). In
addition, cesium concentrations and Cs/K ratios in muscle tissue of a given
fish species were found to increase regularly with the number of trophic level
steps in the food chain leading to that particular species (Table 2). The values,
on the average, doubled with each step between the bottom (Level I1) and the
top (Level 1V-V) of the trophic structure; these factor-of-two increases are
consistent with the median predator/prey amplification factor.

Subsequently, Young and Isaacs compared the Cs/K ratios for Salton Sea
fishes with those for the same species in the marine food web of the Gulf of
California, and found that the latter did not show any major differences with
increase in presumed trophic level (Table 3). This suggested that, in contrast
to the Salton Sea community, the part of the food web sampled in the nearby
Gulf of California was "homogeneous™ in nature and unstructured, rather than
characterized by structural feeding or trophic levels. (It should be noted that
the absolute values for cesium and Cs/K ratios in the specimens from the
Salton Sea and Gulf of California (or other truly marine ecosystems) are not
comparable because of the different levels of cesium and potassium in the
waters of these two saline environments. Rather, it is the relative values for
specimens within a given ecosystem that should be examined in evaluating the
degree of structure in the food web.)

On the basis of these and other findings, Isaacs (1972, 1973, 1976) has
proposed that marine food webs are generally unstructured and has developed
mathematical models applicable to such situations. However, since the
limited investigation in the Gulf of California, no further field work has been
done to test these models or the assumptions behind them. In view of the
concern over bioamplification of marine pollutants, particularly in the "food
chain™ leading to man, it is important that such uncertainties be resolved.
Therefore, with the support of the National Science Foundation, the research
program described here was initiated.

ANALYTICAL PROCEDURES

The major problem facing us in the initial stages of this program was the
development of a procedure for measuring, with sufficient precision, the very
low concentrations of cesium that occur in marine organisms. Typical levels
of this trace alkali metal in wet fish muscle are 10-50 yg/kg, or parts per
billion (ppb); this is near or below our detection limit for other metals of
interest (e.g., chromium and nickel) using atomic absorption spectrometry
(AAS) without chemical concentration following sample digestion. Thus, it
was necessary to develop a procedure by which cesium could be separated
from the host of interfering compounds found in tissues and concentrated



sufficiently to permit AAS analyses that could clearly resolve two-fold
differences in values at the 10-ppb level. This was accomplished by
modifying a procedure that had been developed by Folsom and Sreekumeran
(1970) and used by Young in the Salton Sea program described in the
preceding section.

Basically, the technique involves digestion of wet tissue (6 to 10 grams) in
nitric acid for about 5 hours. The digested material is then split into two equal
portions, and enough cesium standard is added to one of the two replicate
solutions to approximately double its estimated concentration. This
technique, known as the method of standard additions, corrects for incomplete
recovery of the target element and for "matrix" effects (biases introduced by
the presence of other elements in the sample). Next, the solubilized cesium
atoms are concentrated on microcrystalline ammonium-12-molybdophosphate
(AMP). This step separates the cesium from most of the other elements in the
tissue, including much of the sodium and potassium, which greatly interfere
with analysis. The AMP is then dissolved in ammonium hydroxide, and 2.5 to
5 microliters of this solution are injected into the carbon rod (Model 63) of a
Varian Tectron AAS (Model AA6) equipped with a background corrector
(Model BC-6). We have found it necessary to first condition the rod by firing
and then injecting a procedural blank solution. To overcome problems of
matrix effects and nonlinearity, an alternating series of aqueous cesium
standard, sample, and cesium-spiked sample is then injected, and subsequently
reinjected in reverse order. Replicate procedural blanks (including internal
standards) are analyzed with each set of samples.

Potassium is analyzed by aspirating into an air-propane flame both
unspiked and potassium-spiked aliquots of the tissue digestion solution, which
has been diluted by a factor of 250 in deionized distilled water. Additional
details of these analytical procedures will be reported elsewhere.

To test the accuracy of our procedures for cesium and potassium analyses,
we have analyzed the Standard Reference Material No. 1571 (orchard leaves)
of the National Bureau of Standards (NBS) for these metals. The uncertified
cesium value listed by NBS is 0.04 mg/dry kg; in our triplicate analyses, we
obtained mean and standard deviation values 0f0.048 + 0.0067 mg/dry kg,
suggesting agreement within about 20 percent. Our corresponding values for
potassium were 14.4 + 0.15 mg/dry kg, which agree within 2 percent with the
NBS certified potassium values of 14.7 + 0.03 mg/dry kg.

The precision of our cesium and potassium measurements was evaluated
by making five blank determinations and analyzing six replicates of a
composite sample of muscle tissue from 10 albacore caught off San Diego in
summer 1978. The results, summarized in Table 4, indicated coefficient-of-
variation values for cesium and potassium in fish muscle of about 14 and 3
percent, respectively. The uncertainty associated with the cesium blank
correction is £2 ppb, which corresponds to an uncertainty of approximately 5
to 20 per-cent in the net values presented in this paper. Recently, we have
obtained AMP with no detectable cesium (less than 5 ppb). This reagent is
now being used in our study.



We have previously reported other analytical procedures used in the work
described here: Methods for analysis of nonvolatile trace metals are given in
Young and Jan 1979; analyses for total and organic mercury are described in
Eganhouse 1975 and Eganhouse and Young 1978; and procedures for
analyses for chlorinated hydrocarbons are given in Young et al. 1976. Lipid
content determinations were made using the procedures of Bligh and Dyer
(1959).

ECOSYSTEMS INVESTIGATED

To date, four different marine food webs have been investigated using the
Cs/K ratio as a trophic step indicator. In March 1978, we participated with
Mr. Glen Black, California Department of Fish and Game, in a sampling of
the North Shore region of the Salton Sea. Specimens of most of the



same fish species collected there by Young in 1967 were obtained by gill net
and beach seine. These included orange-mouth corvina (Cynoscion
xanthutus), Gulf croaker (Bairdiella icistia), sargo (Anisotremus davidsoni),
and threadfin shad (Dorosoma petenense). However, striped mullet (Mugil
cephatus) were not obtained; therefore, we collected specimens of sailfin
molly (Poecilia latipinna), which—Ilike the mullet—feeds near the bottom of
the food web. All specimens were wrapped in plastic bags and frozen under
dry ice in the field.

In July 1978, we collaborated with Dr. Michael Horn, California State
University at Fullerton, in collecting fishes with gill net, beach seine, and
bottom trawl from Newport Bay. This is a major backbay of southern
California that harbors a fauna not unlike that of the Salton Sea and also
provides an important breeding area for coastal marine organisms. The
inclusion of this second study area provided an opportunity to examine
fundamental aspects of food web structure and corresponding bioamplification
of pollutants. The species taken from the backbay were striped bass (Morone
saxatilis), spotted sand bass (Paralabrax maculatofasciatus), yellowfin
croaker (Umbrina roncador), topsmelt (Atherinops affinis), and large and
small striped mullet.

The third ecosystem investigated was that exposed to the submarine
discharge of primary-treated municipal effluent off Palos Verdes Peninsula by
Los Angeles County Sanitation Districts. Over the last 2 to 3 decades, this
discharge zone has received large quantities of trace metals, chlorinated
hydrocarbons, and other wastewater constituents, which have caused
extensive contamination of the bottom sediments (Young et al. 1975). Thus,
inclusion of this region as a study area provided opportunity to investigate the
degree to which toxic trace metals and high-molecular-weight chlorinated
hydrocarbons from a major wastewater source are distributed through a
coastal marine food web whose structure we had evaluated. The species
selected were important seafood organisms that had been collected from the
discharge zone during 1975-77 and maintained under frozen storage; these
included bocaccio (Sebastes paucispinis), California scorpionfish (Scorpaena
guttata), Pacific sanddab (Citharichthys sordidus), ridgeback prawn (Sicyonia
ingentis), yellow crab (Cancer anthonyi), black abalone (Haliotis
cracherodii), and purple-hinged scallop (Hinnites multirugosus).

Finally, we obtained samples of pelagic fishes taken by commercial
fishermen from relatively uncontaminated sections of the Southern California
Bight. The fishes thus obtained included several top carnivores such as
albacore (Thunnus atatunga), swordfish (Xiphias gladius), blue shark (Pr-
ionace glauca), soupfin shark (Galeorphinus zyopterus), and common
thresher shark (Atopias vulpinus). Also sampled were several primary
carnivores, including market squid (Loligo opalescens), Pacific mackerel
(Scomber japonicus), and Pacific bonito (Sarda chiliensis), as well as two
plankton feeders--northern anchovy (Engraulis mordax) and Pacific herring
(Clupea harengus pallasi). The size of the animals selected varied by four
orders of magnitude, ranging from 5-gram northern anchovy to 79-kg



swordfish. Small specimens were frozen whole and returned to the laboratory
for dissection. Larger fishes were weighed; a 1-kg sample of white muscle
tissue was then taken and frozen in a clean plastic bag for subsequent analysis.

Dissections were carefully performed according to an established protocol
for trace contaminant analyses (Jan et al. 1977). White muscle tissue was
excised and analyzed for cesium, potassium, chlorinated hydrocarbons (total
DDT and several PCBs), and all or part of a suite of trace metals (silver,
cadmium, chromium, copper, iron, total and organic mercury, manganese,
nickel, lead, and zinc). If the individuals of a given species were large, we
analyzed one sample from at least three specimens of similar size; for smaller
organisms, three composites from a large number of individuals of the species
were used. In a number of cases, additional analyses for total and organic
mercury were conducted.

There are a number of reports on the feeding habits of many of the
organisms used in this study. To begin the work of assigning trophic
positions, we examined this literature as well as our records of the gut
contents of individuals of each species; we then attempted to assign each
organism to one of five trophic categories:

I Plants including phytoplankton

Il Herbivores, zooplankton

11 Primary carnivores, including some infaunal feeders

IV Secondary carnivores (many fishes)

V Tertiary carnivores (e.g., large predatory fishes and sharks)

Most organisms and samples did not fit this scheme well and were then
assigned intermediate positions. For example, Salton Sea detritus, which is
food for several fish species considered, was composed of dead phytoplankton
(Level I) and zooplankton (Level I1) and therefore was assigned Trophic
Level I-11; fish feeding primarily on the detritus were as-signed to Level I1-11I.
Similarly, we found algae (l), suspension-feeding bryozoans (l1-111), and
amphipods and small crabs (perhaps Level I11) in the stomachs of yellowfin
croaker; as there is no evidence that this species is able to digest the algae, we
assigned the fish to Trophic Level 111-1V.

The resulting trophic level assignments are not meant to imply that specific
organisms at a certain trophic level are necessarily prey for those placed at the
next higher level. The assignments are mainly used as indicators of broad
differences in food preference.

Collections of individuals of each species have been archived for detailed
gut contents analyses.



RESULTS AND DISCUSSION

Salton Sea Study

The results of our 1978 Salton Sea survey are presented in Table 5. Because
unrecognized contamination or losses are likely to occur in trace contaminant
analyses, we have taken the median as the most representative result from
each set of analyses. Also listed are the median values obtained for percent
dry weight and percent lipid weight of the wet muscle samples analyzed.

The data show a distinct relationship between the estimated trophic
position of the fishes surveyed and their muscle tissue concentrations of
cesium and potassium. For example, the median Cs/K ratios for the
molly/shad group (Levels II-111), the sargo/croaker group (111-1V), and the
corvina (IV-V) are 12.2, 19.8, and 32.0 x 10-6, respectively. Thus, there was
an approximate three-fold increase in the ratio over two trophic level steps.
Although this increase is not as large as that observed by Young in 1967
(Table 2), these results nevertheless show a substantial structure in the part
of the Salton Sea food web under study.

The manner in which the trace metals and chlorinated hydrocarbons of
concern are distributed through this structured food web is of particular
interest. As shown in Table 5, there is no evidence of generally increasing
muscle tissue concentrations of most of the target trace metals with increase
in trophic level or Cs/K ratio. For example, when we compared the median
values for seven metals in the highest and lowest trophic levels sampled (the
corvina, representing Level 1V-V, and the molly, representing Level II-111),
we obtained the following "amplification factors” for the two trophic level
steps:

Silver <15 Iron 0.4
Cadmium <15 Manganese <.1
Chromium 0.5 Zinc 0.6
Copper 1.0

All values for two other metals, nickel and lead, were below the limits of
detection and could not be compared.

Similar amplification factors were obtained by combining, where possible,
the shad and molly data for Levels I1-111 and comparing them with the Level
IV-V data. Overall, the results of this survey provide a substantial argument
against food web amplification of these particular metals in marine organisms.

The results for a tenth metal--mercury—were very different. The median
values for the total concentrations of this metal in the molly (Level 1I-111),
sargo/croaker (I11-1V), and corvina (IV-V; Table 6) suggest that
concentrations increase with trophic level. Application of the nonparametric,



one-sided Mann-Whitney U-Test indicated that the difference between the
corvina and sargo/croaker concentrations of total mercury were statistically
significant (p < 0.01). We therefore sought additional information by
analyzing these samples for organic mercury. There appeared to be a
systematic error in our results in that concentrations of organic mercury were
often slightly higher than those for total mercury. However, the same general
relation-ships between median concentration and trophic level were observed
(Table 6). Again, the difference between values for Level I11-1V and Level
IV-V was found to be statistically significant (p <0.01). Thus, these two sets
of independent analyses indicate that, on a wet-weight basis, muscle tissue
concentrations of mercury increase threefold with a presumed two-step
increase in trophic level in this ecosystem.

The data listed in Table 5 show no apparent relation-ship between the wet-
weight concentrations of total DDT and PCB 1254 in the muscle tissue of the
study organisms and their assumed trophic levels. However, these synthetic
organic compounds are often found in higher concentrations in lipid-rich
tissues. Therefore, we normalized these parameters on a lipid-weight basis
and obtained the median concentrations given in Table 7. With one exception,
the muscle tissue concentrations of total DDT and PCB 1254 on a lipid-weight
basis increase both with increase in Cs/K value and with increase in estimated
trophic level.

Newport Bay Study

In contrast to the situation observed in the Salton Sea, the alkali metal results
obtained from the Newport Bay survey (Table 8) indicated that there was
considerably less structure in the food web of this marine ecosystem. The
median Cs/K ratios for small mullet (Level 1), topsmelt/yellowfin croaker
(Level I11-1V), and spotted sandbass/striped bass (IV-V) were quite similar:
3.6, 4.6, and 5.2 x 10 6, respectively.

We have excluded the large mullet from this comparison because the
median weight for these specimens (2.7 kg) was an order of magnitude above
those of the other species. However, a comparison of the cesium and
potassium data for the small and large mullet does provide useful information
regarding the effect of specimen size on the results. Be-cause mullet are
primarily herbivorous and do not appear to change their diet as they grow,
they are useful organisms with which to evaluate the effect of size alone on
muscle concentrations of various trace chemicals. Although the large mullet
were four to five times as heavy as the small mullet, the median cesium
concentrations and Cs/K ratios for the two groups of fish were similar (Table
8). This suggests that, in the absence of differences in food at different
growth stages, values for cesium and the Cs/K ratio in muscle tissue of a fish
species are not strongly dependent on size. Concentrations of most of the
other metals analyzed also did not increase greatly with increase in mullet
size; however, the median cadmium concentration for the larger mullet was



ten times the value for the small mullet, and the copper and iron values for the
larger fish were twice as high.

As was the case in the Salton Sea results, trace metal values for Newport
Bay specimens did not generally increase with increase in presume trophic
level. Comparison of median concentrations for the highest and lowest
comparable groups (sandbass/bass. Level V-V, and small mullet, Level II)
yields the following amplification factors for this presumed two-to-three-step
increase in trophic level:

Silver 15 Iron 1.0
Cadmium >1.5 Manganese 1.0
Chromium >0.6 Zinc 1.4
Copper 11

Because the concentrations of silver and cadmium were very low, the
significance of the factors listed for these metals is questionable. Nickel and
lead concentrations in Newport Bay specimens also were low, as they were in
Salton Sea samples. Another similarity between the two sets of data was that
distinct increases of total and organic mercury with increase in presumed
trophic level were found in both areas (Table 6). Over the two-to-three step
increase in trophic position between Levels Il and V-V, total and organic
mercury concentrations increased by about a factor of 20.

As was the case with Salton Sea specimens, there is no apparent
relationship between the wet weight concentration of total DDT or PCB 1254
in Newport Bay samples and the presumed trophic levels of the specimens.
However, a more distinct pattern is revealed when the data are normalized on
a lipid-weight basis, as shown in Table 7. The Group IV-V fishes contained
distinctly higher lipid weight concentrations of total DDT and PCB 1254 than
did the fishes at lower levels. In view of the apparent increase in chlorinated
hydrocarbon concentrations with mullet size (Table 8) and the fact that the
median weight for the small mullet was two to five times higher than the
corresponding weight for the other two groups, the correlation with trophic
level might have been clearer if fish specimens of approximately equal weight
had been available for analysis. Palos Verdes Study The results of our survey
of the benthic/epibenthic marine ecosystem in the wastewater discharge zone
off Palos Verdes Peninsula are presented in Table 9. The median Cs/K ratios
for specimens at Trophic Levels lI-111, 11I-1V, and IV-V are 6.5, 11.2, and 15.1
x 10™, respectively. This represents an increase in the ratio by a factor of 2.3
over the presumed two trophic level steps. Again, with the exception of total
mercury, there was no apparent increase in levels of toxic trace metals with
increase in trophic level or Cs/K ratio. Comparison of median concentrations
for specimens at Level 1V-V and those at Level I1-111 yields the following
"amplification factors":



Silver 1.0 Copper 0.08

Cadmium <0.01 Nickel 0.3

Chromium <0.04 Zinc 0.3
However, as in the previous two studies, there was a correlation between wet-
weight concentrations of total mercury and trophic level, as shown in Table 6
(organic mercury was not measured in these samples). There also was some
indication of a relationship between total DDT and PCB 1254 concentrations
and trophic level and Cs/K ratio (Table 7).

Study of Pelagic Fishes

The survey of the pelagic food web beyond the known influence of point
source pollutant inputs to the Bight is not yet completed. To date, only the
alkali metals have been analyzed; results are summarized in Table 10, in the
same format used to present the 1967 Salton Sea survey results (Table 1). The
data for both ecosystems indicate distinct structure in the food webs sampled.
Increase in Cs/K ratios for hypothesized predator/prey relationships in the
pelagic food web range from 1.6 to 3.2, with a median value of 2.3. This is in
agreement with the corresponding median value of 2.5 (range was 2.0 to 5.5)
obtained by Young in the 1967 survey of the inland, quasi-marine ecosystem
of the Salton Sea.

CONCLUSIONS

The results of the studies reported here suggest that Cs/K ratios in organisms
from a marine ecosystem can indeed pro-vide a useful indication of the degree
of trophic structure in the food web of that environment. Although
physiological differences between individual species or groups of species
considered may cause distinct variations, the information obtained to date
suggests that, in a structured situation, this ratio should approximately double
over a single trophic level step. The fact that an increase of this magnitude
was not observed over the presumed trophic level steps of the two nearshore
marine ecosystems studied to date (Newport Bay and Palos Verdes shelf) is
consistent with the hypothesis that such systems experience considerable
"homogenization™ of energy flow as a result of the opportunistic (i.e., un-
structured) feeding patterns of member organisms.

Nevertheless, all four types of "marine” ecosystems investigated (saline
lake, back bay, benthic discharge zone, and coastal pelagic community)
exhibited measurable food web structure. In the Salton Sea, the Cs/K ratio
increased by about a factor of 3 over two presumed trophic level steps. This
ratio increased by only about a factor of 1.5 over two to three presumed
trophic level steps in upper Newport Bay, and an intermediate increase of 2.3
was observed over two presumed steps on the Palos Verdes shelf. This latter



value was also the median increase factor measured for several specific
predator/prey (single-step) relationships in the coastal pelagic food web of the
Bight.

We have completed analyses of trace contaminants in specimens from
three of the four study areas. The degree of structure in the food webs of the
three systems varied. However, we found no evidence of increase in
concentrations of nine of ten trace metals with increase in trophic level within
any system. In fact, in the benthic/epibenthic sys-tem within the wastewater
discharge zone off Palos Verdes Peninsula, concentrations of these metals
were considerably lower in the high-level predatory fishes than in the lower-
level infaunal and filter-feeding organisms. Thus, although the large point-
source input of metal wastes from municipal wastewater discharge has
previously been shown to result in elevated levels of metals in certain of the
invertebrates that occupy the lower trophic levels (Jan et al. 1977), we did not
find that this contamination is passed up the food web to fishes situated at
higher trophic levels.

In contrast, there were very distinct increases in mercury and total DDT
and PCB 1254 concentrations with increase in trophic level in the three
ecosystems. Independent measurement of total and organic mercury verified
this finding and suggested that a large majority of the mercury in the muscle
tissue of the fish specimens investigated was in an organic form.
Concentrations increased from the lowest to the highest trophic levels sampled
by up to a factor of 20.

The clearest relationship between total DDT and PCB 1254 concentration
and trophic position usually was obtained when the concentrations in wet
tissue were normalized to a lipid-weight basis. Order of magnitude increases
were observed in several cases.

The increases in mercury, total DDT, and PCB 1254 concentrations with
trophic level may well be the result of relatively long biological half-lives of
organic mercury and the synthetic organics in muscle tissues of the species
analyzed. If a substance has a sufficiently long half-life, the existence of any
structure in a food web will result in an increased concentration of the
substance with increase in trophic position. Because the resulting
amplification factors are dependent on the degree to which equilibrium has
been reached in any one step and the effect of growth and physiological
conditions (such as percent lipid), we are not yet able to quantitatively relate
increases in the Cs/K ratios with corresponding increases in the concentrations
of trace pollutants that biomagnify through feeding. However, we believe
that the results reported here represent a significant increase in our
understanding of trophic position and the problem of food web amplification
of pollutants in marine ecosystems.
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Ratio, Cansantralion in
Organizm 1o Caneaniraiion

K
il Major Food ::m
Organksm Major Food Casinm Patisgiuen x 108
Corvdna Cranker 2.2 1.0E 20
Croaker /oo Pile warm 5.5 1.00 8.6
Shad Zonoplankian 2.0 4.7 2.7
Biulblet Al vrast 2.3 1.02 2.3
Mo ian 2.2 1.1 2.6
B e sk
Trophis Food Chain 1o Casbum Potassium Ratio
Qrganim Launl Organism lenfknl Inflegl %1
Corving 1y Cranker: pile a2 3.52 57.4
worm: docrims®
Crankar [H% Pile wormn detritus®* B3 343 .4
Sargo [[HLN Plle worm: dedritus® E4 -] 234
Shad 1] Zooplankion: L1 2.07 16.0
ahyiaplankiai
Blullet 11 Algal et 30 3.4 3.8
*Compased primarily of phytaplenkian and zaoplankion (Trophic Levels | and 10,
respectively ]
Assumed Gl
Trophic Cagium Potassium Ratio
CIrganizm Przition [uafkal {ofkm) x 1078
Carvina Hizh b 4,70 83
Cranker Intermexdiate B4 4,2 1003
Sanga Incermediate 36 4,10 ea
Mller Low 51 4,03 126
Casium Potassium
[piesst kgh |zfwnt gk
Fish muscle iissun
fedian 480 167
lean 404 265
Stancard deviation 6.7 0.0
Cosliicssnt of variaticn 14% 2.6%
Frcesndural Elamks
Modian 1140 003
Maan 0.8 0,03
Lzanclard devintion 18 -

Caoetficient of variatinn

18% o

Tabde 1. Predatar-to-prey
arplitication of cesium in
arganidms from the Saltan
Sea, After Young 1970

Tuble 2. Variations in mus-
cle tizue concentration: of
cespum and potassium amd
Csfi ratlas [on & wer-welght
basls) with differences in
the traphic positions of ar-
ganisms from the Balton
Sra, Aftar Young 1370,

Table 3. Variations in mus-
cle tissue concentrations of
ceslum and potassium and
s/ ratios lon a wet-walght
biasis) with differences in
the trophle positions of or-
qanieme from the upper
(nearzhore) Gulf of Califar-
nia, Adter Young 1970,
Young and Folsam, in press.

Tahle 4, Pracision of casium
andd potassiom masunm
mhints as indicated by five
blank determinations and
analyses of six aliquois of
hormogenized fish musele,



Table 5. Meadian concentrations of ceslum, petassium, troce metals, total DDT,

Mo. of specimens
median welght (k)
Cezium {uaikpk
Patassium Inn'leg'l_
Cadk ratin x 10°F
ther rrace metals
Imafkal

Silvar

Cadmium

Chromium

Cappar

lram

Marczres

Wizkul

Lizd

Zire

Rt ey

Drgamic
Toaal

Chiarinated hydro-
carbars {mplkp)

Teaal DOT

PCE 1264
Wieight of samples

% diry welghi

% lipld weight

and PCE 1254 in wet muacle tlasue of organisms collected from
e Salean Sea food wab in March 1573,
Crganzam g Extimated Trogplise Loal

*Comprezite al mary individuals.

**Mar analyred.

Table 6. Variations in mus-
cle tisswa concantration:
Ippm) of marcury lon a
wint-wigight basis) with
differences in trophic posi-
tion of arganisms fram
three marine ecosystems.

Carvine, Crasker, Sargo, Shad, Moy,
Level -4 Lewnl 111-1% Laual 111-1% Lavid 001 Lowel 1111
4 k| 3 1 3
.54 018 045 0031 0.0a%
116 4.8 TE.a 5.4 43.7
163 .05 407 .54 a0a
3za o ] 128 10.0 4.3
<0032 0ua02 Qo2 0,007 nanz
<002 ouam oo .0au 000z
<0016 DOdE 0028 0,010 Ryl
0.20 DAg nLE2 1.2 0,30
21 4.4 EA 17 52
0.046 nal 033 1.0 0,7
<004 ot rh =002 <0.04 =002
<004 <004 <03 <0.06 <004
31 3.7 ) 30 I
0,030 0.009 ooz Mass 0.00E
0016 0.00% 0.C0& MA 0008
0.20 0084 0149 0,48 0,040
0.014 .00z 0,008 0.02g 0,00
264 23,7 20 o 25
20 i3 7.0 L1 ES
Sgmamed
Trophic Qrganic Toial
Aren and Species-Group Lesnl Marcury Mareury
54 LTON SEA,
Ceorvina (LT nEve]i] D016
Zarnofcroaker -4 o010 0007
Mally -1 0.008 0,005
MEWPOAT BAY
Sarnlbrisaks 11 032 0.z
Topsrmelyforoakes 11-1%r 3,073 0,060
Small mullet 1 o014 0.7
PALOS VERDES
Scarmonfishbesnein I4r-A¢ LI .26
Crab/prawnsan dlnk 11-1% LY Q.0
Abslennissiing 11-401 A 003
*fot analymad,




Table 7, Variations in muscle tiasue soncentrations of chlarinated hydrocarbons, on vwet-

Argy and
Spacies-Group
SALTDMN SEA
Corwing
Ceankur
Saran
Shiad
Moy
NEWPORT may
Sandbass/bass
Tapsmulifcroaker
Sinall iwllet
PALDS WYERDES
San piglighy
[ETERIE]
Crabiprireny
sancklala
Analonsfieallog

and lipid-welght bazes, with increase in trophic position of

arfanisms fram three marine acosy stame.
Tartul BT {ppmb

Assumed
Trapghic

Lavel

-1
-1
-1
n
1111

[RTAN
LIRS
[}
-y
Hni-1%

Cs/K
Ratia

J:'IllrG

230
208
8.8
0.0
14.2

5.2
4.6
pAH

161

G

Wiat
Weight

0,20
0,054
[:R1:]
:EE]
(LR

o.g2
PR L
1.ao

Lipid
Weight

10
a8
24
=5
0,7

(2]
20
a5
20
0

11

PCE 1254 {ppm]

VRt Linid
Waaghe Waighi
0014 il
040z AR
0408 C.10
D42E 028
DAaod etilv]
034 Z5
0.0449 4.7
iz ano
023 Hal
®19 a7
¢t 1.1

Table 8 Madian concentrations of cesium, potassium, trace metals, total DOT,

Mz, o spesimern
Median waight {kal
Cosium [=a/kg)
Potassium gkl
Calk ratie = 107
Crher trace matals
Ima kgl

Silwer

Cadmium

{nromium

Capgier

Iron

Manganese

ikl

Load

Fing

Rerizury

Dirganin;
Toal

Chiarinaresl hgelrn-
carbans {mplkg)

Toial DT

PCE 1264
Wiainht of samples

% dry woinht

% lipied wagighs

the Mewpart Bay food webin July 1978,
Drganisen angl Estinanad Trophic Level

Striped

Bass,

Leml W=V

k]
0,25
21.7
4. 38
4,404

36
L1

4.75

0.2

24.5
091

Spotted
Sand Bass,
Lowed Iwar

i
0.3
218
410
G6.01

o4a
ER 1]

23,3
1.07

Wallowalin
Craakar,
Lesaal 111-1%

3
o2
18.8
153

L5

0.003
o002
0.003
0.26
24
028
w003
<003
5.6

0,054
b
[k Il ]

no42

4.4
1.2

Topsmalt,
Lavel 11

3
oS
124
336
169

0,00z

0.0az
=0.mn

0.z0

038
=003

=004
11

ekl
o051
315

a.038

248

and PCE 1254 in wot musale tissue of arganisms collected Trom

Muliet, Level 11
Large Smadl
3 3
a7 a0
16.8 16.1
3.4 4%
447 1.5%
.00 0,002
0.0 <0002
Ola L E
L1 0.74
4.2 2.0
.02 DAz
«0.04 <03
.04 =<M04
3 74
0o 7 @014
0010 a.017
44 1.0
0A7 0,92
8.2 203
2.6 4.0



Table 8. Median concentrations of cesium, potssium, trace metals, total DOT,
and PCB 1254 in wet muscle tissue of omanisms collected from
thr Palos Verdes food web, 197577,

Crganism and Extimated Troqmhic Lavil

Scargion: Yollowes
Eneneeia, Tish, Sanddah, Crahb. Prinan, Seallop, Abalone,
Lacaal 10 Lewal Wb Loved L1 Love LHL-1 Lasial 111-1% Lewel 1-11F L=vel 11
Ma. af spucinsrs k] 2 3 2 3 3 ]
Kedian waicht {kal 037 (T 0,073 0,55 0024 0.0335 2,54
Cesium [anikn) T4 044 4E.1 kiR bl 214 24.3
Polazaum lyfkal 4,1 4.1 308 1,24 A3 3.03 119
5K ratio w1078 6.5 13.8 12,1 E5 1.2 5.4 16
Dithar grace mcals
(raz kgl
Satwer QN k0Z32 @005 D096 <0,0a4 =10.003 dze
Cadrmium =003 e[ 2} Qa3 0004 o0.03z 0.605 004
Chramium B Ra b [T R oazE2 LS =0.01% 0.266 n0as
Cograrr DS LR 1 o1n T4 2.0 024 335
ik el uss iR DUSE 0,26 =0.03 045 0,63
Lepd® iTiE] DLE 0Oz 0.0& =001 =04 =012
Zinc .7 Ia B Pl a.8 13 a1
Total mercury oi4 naa o4 0044 Q.080 LusE .01
Chlesinated hydra-
earhons Imglikagl
Tatal DT 0.1 E G 1.6 215 [ER 1] o Eili}|
PCE 1254 an7z 0,23 0.4 0.19 0052 Dasa 0006
Weinhi af wmples
S elry vanight 280 i 210 mn . 0 3.0
% lifaic wearsyng 1.47 L] 08 0,52 1.7 0.4 o4

* EYeasurakile lead valaes may indicale cantaminalean el aampli,

Table 10. Comparison of
the concentrations of

Ratio, Cancaniration in casium and potastivm anc
Diwganism te Conceniration Co Cs/l ratios {on a wet-wsight
Ancxjor Foce Ratic: basisl in the muscle tisue
Dirgenizm Major Fuad Cesium Porassium x 108 of pelanic fishes from the
Facific mackarl Anchowy 1.00 1.18 1.64 southern California Bight
PociMic bonito Anchowy 2,66 1.26 203 with those in their faad,
Alacgre Anchowy, mockensd 1.77 .81 1.94
Elue thark Bonita 2.2 0.65 .46
Blue shark Ietac eral 2.54 047 3.08
Blue shark Anchawy, mackeral, 12 098 3,15

bonia
Aledian 233 .98 2.5



