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During the past year, we conducted an intensve study of the extent of metds
enhancement in flatfish collected from contaminated and control sediments. This study
was a continuation of our initid investigation into meta's concentrations in liver tissue
from Dover sole. We had concluded earlier that specimens known to have lived in highly
contaminated sediments showed no evidence of contamination by eeven trace eements.
However, that study had involved only liver tissue and did not cover chromium, nicke,
or lead three of the dozen or more trace metas of greatest interest. Also, the control
specimens available a that time were congderably smdler than the outfal specimens,
rasng the possbility that our results had been biased by this sze difference. Therefore,
we continued our studies on the Dover solein an attempt to fill these gaps, usng a
different method of |aboratory andysis, which provided independent data, and new
collections whenever possible.

Over 10,000 measurements of gpproximately 25 e ements were made on a specid
emission spectrometer developed by George Alexander a Univergty of Cdifornia, Los
Angdes. In thisarticle, we will discuss seven trace metals that are wastewater
condtituents of great concern at present: These are silver, cadmium, chromium, copper,
nickd, lead, and zinc. Four of the more volatile eements of interest (arsenic, mercury,
antimony, and salenium) were not measurable by this method, but in our previous study,
they were not found to be concentrated above background in livers taken from outfall
gpecimens. Anadlysis of intercdibration samples provided by the National Bureau of
Standards generdly were within +10 percent of reference vaues for those eements
detected (chromium, copper, lead and zinc). Detailed descriptionswill be reported later in
atechnica memorandum.

The Dover soleisa particularly gppropriate organism for this study because it iswiddy
distributed aong the southern Cdifornia coast and can usualy be obtained by trawl in
relatively large numbers from the bottom sediments around submarine outfdls. In
addition, thisflatfish is affected by fin erosion disease a a high frequency around the
largest discharges, and gppears to exhibit the detrimental effects of the diseaseto a
greater degree than any other species from these discharge sites that we have examined.

Because we have found that Dover sole from uncontaminated control regions are often of
adifferent sze than specimens collected around the outfals, we first conducted an
investigation into the importance of this parameter in comparing tissue concentrations.
We looked at three Size classes, sdlected on the basis of preliminary information relating
age and length: 280 mm (“"adults"). To obtain a sufficiently large number of Specimensin
each of these classfications, we used data on al Dover sole collected during 1971 73
from areas of negligible or only minor contamination (Santa Barbara Channd, Port
Hueneme, Zuma Beach, San Pedro Canyon, Newport Beach, and Dana Point).



Application of the Wilcoxon rank sum test reveded no saiticaly sgnificant differences
at the 95 percent confidence level between the metd concentrations in pregjuveniles and
those in ether the juveniles or the adults.

Thislack of any detectable effect of 9ze onmeta concentration permitted us to obtain
larger sample sizes for other comparisons. As discussed above, one question of
condderable importance is whether or not flatfish living in contaminated sediments
around mgor outfals concentrate these metds above normd tissue levels. To invedtigate
this matter, we compared concentrations of the seven metals in flesh, gonads, and livers
of Dover sole collected from the Palos Verdes shdf and from the Santa Barbara Channel.
The Palos Verdes samples congisted of tissues from up to sixteen individudstakenin a
sngle bottom trawl a one highly contaminated station near the outfall (Station T4 450) in
March 1973; the channd samples were obtained from up to ten individuals collected
during November 1972 from severd trawlsin this control region. Estimated metd
enrichment factorsin the surface sediments of the outfdl sation (relative to control
sediments), and median concentrations of the saven metas in the three tissues of outfall
and control specimens, are presented in Table 1.

Of the metals for which we have quantified median concentrationsin tissuesin
specimens from both areas, we found no large enrichmentsin the outfal samples.
Although the median slver concentration in the flesh of the outfal specimensistwice
that of the controls, the difference is not Satigticaly sgnificant at the 95 percent
confidence level. However, the difference is Sgnificant at the 90 percent confidence
level. Thisisdso true for the nickd concentrationsin liver tissue. Only for chromium in
liver tissue is the higher median vdue for the outfal specimens satisticaly sgnificant.
Thereis a corresponding gpparent enrichment of chromium in the gonad tissue of these
gpecimens. This enrichment is not significant at the 95 percent confidence leve, dthough
it isa the 90 percent leve. Because of the limitsin our ability to detect chromium in the
control liver tissues (median

In contrast to this Sngle case where the outfal specimens exhibited adtaidicaly
ggnificant enrichment, there are two cases where these specimens exhibited statistically
sgnificant depressons of metds, relative to the controls. These are cadmium in liver
tissue and silver in gonada tissue; the depression factors are somewhat |ess than two, and
greater than three, respectively. In our previous study, we observed such depressons for
severd trace metadsin outfal specimen livers. We do not yet understand the reasons for
these gpparent depressions in concentrations or whether or not they have any ecologica
ggnificance.

In light of the unusudly high incidence of fin eroson disease in Dover sole trawled from
contaminated sediments around the Palos Verdes outfdls, we conducted preliminary tests
to determine if metallic enhancements were associated with this disease. From the Single
trawl at outfal Station T4 450 in March, 1973, eight "obvioudy diseased" specimens
were selected along with eight "apparently undiseased” specimens. We dissected seven
tissues from each fish flesh, gonads, liver, kidney, heart, brain, and gill arches (the tissues



selected were those for which we could obtain a minimum sample without interference
from the highly contaminated sediments from which the fish were teken).

Metd concentrations were determined using the same techniques as for the other
samples. We then gpplied the Wilcoxon rank sum test to the vaues for the "diseased” and
"undiseased” specimens, for al seven metals and al saven tissues. The significant
differences areligted in Table 2.

All of the differences between medians for diseased and undiseased specimens are
sgnificant a the 95 percent confidence leve, except for chromium in liver tissue; for that
comparison, the difference is Sgnificant at the 90 percent confidence level. Because we
conducted dmog fifty Satistical tests, a these confidence levels, severd "sgnificant”
differences could be expected to occur purdly by chance. Thus, for example, one could
conclude that the observed significant difference in the case of lead in kidney tissue
might be a random result of multiple testing. However, it ssems unlikely thet the
remaining four sgnificant differences should al occur for chromium purely by chance: It
is quite possible thet thereisin fact an association between fin erosion disease and
abnorma concentrations of this metal in gonad, heart, liver, and kidney tissue. The gonad
and heart tissues of diseased specimens had depressed chromium levelsrelative to the
controls, while the liver and kidney tissues had enriched chromium concentrations.

Both chromium and lead are known to have an &finity for epithelid tissue. Indeed, in the
tuna, lead has been shown to exist principdly in and on the skin. Also, it gppears that
Dover sole from the Pdos Verdes outfdl region are less "dimey" than those from control
regions, indicating a possible epithelid involvement. In the next phase of this continuing
program, we will prepare skin samples from diseased and apparently hedlthy outfal
gpecimens to minimize sediment contamination before trace metd anayss.

The fact that there is a correlation between abnorma chromium levelsin four tissues and
fin erosion disease of course does not imply a cause and effect relationship. To establish
or disorove that, definitive laboratory experiments would have to be performed. The
Project hopes to begin such experiments during the coming year and a0 to replicate and
expand critical sections of the field program completed to date.

Details of this investigation will be reported during the year in atechnical memorandum
and subsequent scientific publications.



TABLES

Table 1.

Edtimated sediment enrichments and median concentrations (mg/dry kg) of seven metdls
in tissues from Dover sole trawled near the Palos Verdes outfalls (Station T4-450) and
from acontrol region in the Santa Barbara Channdl.

Flesh Gonads Liver
Trace Sediments
M etal Outfall to | Outfall Control | Outfall Control | Outfall Control
Control
Siver 3.2 0.2 0.1 0.3 0.4 0.5
Cadmium 150 3.8 6.4
Chromium 16 0.4 0.4
Copper 20 0.6 05 10.7 12.7 7.4 9.5
Nickel 24 2.6 14
Lead 52 13 5 4.6
Zinc 12 39.4 38.0 214 233 91.8 108
Table2.
Chromium and lead (mg/dry kg) in the tissues of diseased and gpparently healthy Dover
sole from the Palos Verdes shelf.
Chromium |Lead
Gonads
Diseased -
Heslthy 0.9 -
Heart
Diseased -
Heslthy 0.4 --
Liver
Diseased 0.6 -




Heslthy 0.2 --
Kidney

Diseased 0.5 6.0
Heslthy 0.2 3.1




