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In a previous report, we described the results of a 1971-72 Bight-wide survey of chlorinated 
hydrocarbons in Dover sole. During the past year, we made a new collection of Dover sole from 
around southern California's five major outfall systems and off Dana Point and Santa Catalina 
Island to determine if there had been any decrease in the levels of total DDT and PCB in this fish 
over the past 3 years.  In conjunction with this survey, we investigated the distribution of these 
chlorinated hydrocarbons in the tissues of Dover sole as a first step in assessing the physiological 
significance of the contaminants to the fish. 
 
 
BIGHT-WIDE SURVEY 
 
Table 1 presents data on 1971-72 and 1974-75 levels of total DDT and PCB in muscle tissue of 
Dover sole.  The values shown are medians and ranges of the concentrations at stations in seven 
regions.  Station values were obtained by taking the median of all analyses performed on fish 
obtained from trawls at that location. 
    Using the Wilcoxon signed-rank test (a test that deter-mines the differences between sample 
sets with data points that can be paired because of a common variable—in this case sampling 
location), we found no statistical difference between the 1971-72 and 1974-75 Bight-wide levels 
of total DDT or PCB.  However, the 1974-75 values show a decrease in the upper limit of total 
DDT concentrations for both Palos Verdes and Santa Monica—the two most highly contaminated 
sites—to about 50 and 25 percent of the 1971-72 values, respectively.  In contrast, the data on 
Orange County and Dana Point fish showed increases in the upper limit of total DDT levels by 
factors of 6 and 9, respectively.  Similarly, there was an almost five-fold increase in the median 
value of total DDT found in Dover sole from around Orange County. 
    The total PCB data in Table 1 indicate changes similar to those for total DDT—although not as 
great—in the upper limits of the total PCB ranges for 1974-75.  Using a combination of 1974 
discharger monitoring data and the results of analysis of final effluents made in our laboratory, 
we estimated total PCB mass emission rates for JWPCP, Hyperion, Orange County, and Point 
Loma to be 1,270, 960, 2,100, and 1,050 kg/yr respectively.  On the average, 80 percent of the 
total PCB being discharged was 1242 PCB (values ranged from 54 percent at Hyperion to 90 
percent at San Diego).  In contrast, an average of only 35 percent of the total PCB in fish was 
1242 PCB (values ranged from 22 percent around Hyperion to 52 percent near San Diego).  As 
input of this lower molecular weight hydrocarbon increased, uptake in the fish increased, but the 
increase was by no means comparable. The dominant PCB we observed in the muscle tissue of 
Dover sole was 1254 PCB. 
 
 



TISSUE DISTRIBUTION OF 
CHLORINATED HYDROCARBONS 
 
Previous studies indicated that levels of DDT and PCB compounds are considerably lower in 
muscle tissue of marine organisms than in various other tissues.  During February 1975, cruises 
were conducted off Palos Verdes and Orange County; 20 Dover sole were collected from each 
region and randomly subsampled into four composites of five fish each. Compositing was 
necessary to obtain 3 to 5 grams (wet weight) of each tissue analyzed.  In this study, we analyzed 
the muscle, liver, gonadal, heart, and kidney tissues of Dover sole from each region for their 
chlorinated hydro carbon content.  The results of the analyses for total DDT  and total PCB are 
presented in Table 2. 
     The total DDT concentrations in tissues from the Palos Verdes Dover sole were higher than 
those in tissues of  Orange County fish, by factors ranging from 7 for the kidney  to 80 for the 
heart.  Both the muscle and gonadal tissue of  the Palos Verdes fish had higher DDT levels by a 
factor of approximately 20; the liver was higher by a factor of 60. On the average, the liver level 
of this chlorinated hydro- carbon in Palos Verdes samples was 10 times higher than the values 
found for the other four tissues. 
    The Palos Verdes samples had levels of total PCB in the muscle that were lower by a factor of 
2 than those in the Orange County samples, but the levels in the liver, gonadal, heart, and kidney 
tissues of the Palos Verdes specimens were, on the average, two times higher.  Again, as with the 
regional comparison, there was no large-scale difference between the total PCB levels in Palos 
Verdes and Orange County Dover sole. 
    The liver-to-muscle ratio for both total DDT and total PCB concentrations in the Palos Verdes 
samples was 20; for Orange County samples, the ratio was 8.  To obtain liver and muscle tissue 
burden ratios for the Palos Verdes Dover sole, we applied the median concentrations from the 
multi-tissue test to the average wet weight of each tissue; we obtained respective tissue burdens 
for total DDT of 0.4 and 0.2 mg; for total PCB, 0.04 and 0.02 mg.  Similarly, for Orange County 
specimens, we found the respective tissue burdens for total DDT to be 0.006 and 0.009 mg; for 
total PCB, 0.02 and 0.03 mg.  The liver-to-muscle tissue burden ratio for both total DDT and 
PCB in Palos Verdes Dover sole was 2; for Orange County Dover sole, 0.7. 
 
 
SUMMARY AND CONCLUSIONS 
 
We found no statistical difference between the 1971-72 and 1974-75 Bight-wide levels of total 
DDT and PCB in Dover sole.  However, it appears that the level of total DDT contamination in 
muscle tissue is beginning to show less variance at sampling sites throughout the Palos Verdes 
region, although the overall median concentration level is still more than twice the U.S. Food and 
Drug Administration's limit of 5 mg/wet kg for DDT in seafood.  The Santa Monica Bay and 
Canyon sampling sites showed a similar decrease in variance for the range of total DDT levels in 
this region. The reductions in both local station variance and overall upper limit concentrations 
imply that dispersion of DDT from the Palos Verdes shelf is occurring.  Other indications of 
dispersion were (1) the increases in the upper limit levels of total DDT for sampling regions to 
the south of Palos Verdes and (2) the five-fold increase in the 1974-75 median value of DDT 
found in Dover sole around Orange County.  It seems unlikely that the increased levels are the 
result of increases in the total DDT input in this region, as the mass emission rate of this 
constituent has remained relatively constant over the last 4 years (1971: 65 kg/yr; 1974: 54 kg/yr).  
The mechanism of dispersion could be either bio-logical (caused by animals moving) or chemical 
or physical  (caused by the sediment degrading or moving). 
    Total PCB levels indicated changes similar to—although not as great as—those for total DDT.  
The smaller variances are due to the lack of a strong focal point of PCB contamination.  



Although, on the average, 75 percent of the total PCB being discharged during 1974 was 1242 
PCB, the dominant PCB observed in Dover sole muscle tissue was 1254 PCB.  This could be due 
to the ability of the fish to eliminate 1242 PCB to a greater extent or to a higher level of volatility 
for this PCB in the environment.  This discrepancy should be studied further. 
    The level of total DDT in all tissues analyzed (muscle, liver, gonadal, heart, and kidney) from 
Palos Verdes Dover sole was significantly higher than that in tissues of Orange County fish.  This 
indicates that, although the point source of DDT at Palos Verdes appears to be undergoing some 
dispersion, it is still the dominant focal point for this contaminant.  In Palos Verdes samples, the 
total DDT concentration for the liver was 10 times higher, on the aver-age, than levels found for 
the other four tissues.  This would be expected, as flatfish of the order Pleuronectiformes (such as 
the Dover sole) predominantly store fat in the liver, and chlorinated hydrocarbons are associated 
with fatty tissues. 
     The median ratio of total DDT to total PCB for the five  tissues was 20 times higher for Palos 
Verdes samples than for Orange County specimens.  This again reflected the relative dominance 
of DDT off the Palos Verdes Peninsula.  The liver-to-muscle tissue burden ratio for both 
chlorinated hydrocarbons in Palos Verdes Dover sole was 2; for Orange County Dover sole, the 
ratio was 0.7. 
    There are two possible explanations for the high chlorinated hydrocarbon liver-to-muscle tissue 
burden ratio observed for the Palos Verdes specimens.  A review of the literature indicated that 
(1) in metabolic disturbances, the lipid (fat) content in liver tissue may significantly increase, and 
(2) chlorinated hydrocarbons, which are hepatic poisons, produce fatty livers.  As chlorinated 
hydrocarbons are associated with lipids, if either one or both of these situations had occurred in 
the Palos Verdes Dover sole, it would have resulted in an increase in the total DDT and total PCB 
levels in the liver and a higher liver-to-muscle tissue burden ratio.  The lipid content of these 
tissues is being studied, and further work on the physiological and ecological implications of 
these tissue burdens is underway. 
 
 
Table 1.  Chlorinated hydrocarbon concentrations (mg/wet kg) in muscle tiddue of Dover sole.  1971-
72 and 1974-75. 
 

 



Table 2.  chlorinated hydrocarbon concentrations (mg/wet g) in tissues of Dover sole,  1975. 
 

 
 


