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The SSL decline concept



PCBs

• polychlorinated biphenyl, any one of a group of 
poisonous chemicals used in industry as electrical 
insulators and in plastics manufacture



Muller, Paul Hermann (1899-1965), a Swiss chemist, won the 1948 
Nobel Prize for physiology or medicine for discovering the insect-killing 
properties of DDT (dichloro-diphenyl-trichloroethane)

DDT first was produced in Austria in 1873, but Muller discovered
DDT's value as an insect killer in 1939.  DDT was used during World 
War II (1939-1945) to kill body lice that carried typhus

DDT



Rachel Carson, a marine biologist, wrote about the destructive 
effects of DDT and other pesticides in her book Silent Spring 

(1962).  She pointed out that pesticides poison the food supply of 
wild animals and could also contaminate the food supply of human
beings.  Beginning in 1972, DDT has been gradually phased out.



Anchorage Daily News, Sept. 21, 2001



California sea lions

• DeLong et al. (1973) concentrations of DDTs in 
cows that experienced premature births was 8 
times higher than animals that had full term births

• Ylitalo et al. (2005) animals that died of 
carcinoma had 85% more PCBs and 30% more 
DDTs than other animals



Steller sea lions

• Baker et al. (2005) separate genetic stock in 
Russian Far East

• Holmes and York (2003) fecundity the problem in 
the 90’s
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OC Samples
• 212 separate blood 

samples were analyzed 
for contaminants from 
free ranging pups

• For Russia n=136 and for 
southwest Alaska n=76

Samples were collected in collaboration with Wildlife 
Consultants Inc., the National Marine Fisheries Service 
(NMFS) and the Alaska SeaLife Center (ASLC) during 
the field season of 2002

There is a sample bias but in this case it helps control for season and age.



Methods
• Organochlorines were measured in blood samples.  All samples 

were analyzed for PCBs and congeners, plus DDT, DDE and DDD

• All samples were analyzed at the NMFS Northwest Fisheries 
Science Center in Seattle, Washington

• The procedure is a HPLC/PDA (high-performance liquid 
chromatography with photodiode array detection) method that was 
developed to rapidly screen for toxic “dioxin-like” CBs and 
congeners



Limitations to this type of study

• Can’t determine causality
• Only statistical association between biomarkers 

and contaminants
• Other contaminants may induce synergistic, 

additive or antagonistic effect
• Cofounders include biological variables (age, sex, 

body condition, disease or other stressors)



Lipid adjusted values
• Assumes that OCs are evenly distributed in the lipid stores of all 

organs within the organism

• Lipids determined in blood at the lower end of detection range by 
Iatroscan instruments

• As lipids near lower limits of detection, the values are less accurate

• If there are nutritional problems and lipid stores in blubber are 
metabolized, OC concentrations could increase



Average OC concentration (wet weight) by area 
in Steller sea lion pups
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OCs by area and sex
Average contam ination concentration by area and sex

in Steller's sea lion pups
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Size and sex
Average w eight over area and sex

in Steller's sea lion pups
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Average sumDDT concentration (lipid weight) by rookery
in western Alaska Steller sea lion pups
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Average sumPCB concentration (wet weight) by rookery
in Russian Far East Steller sea lion pups
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According to AMAP, Gulf of Alaska concentrations are 631 ng/g ww in 
blubber and PWS was 467 ng/g ww



OC concentrations compared to levels associated 
with biological and physiological effects

• Kannan et al. (2000) recommended a PCB 
threshold concentration of 11,000 ng/g lipid 
weight for marine mammal blood

• TEQs measured in the blood of immune-
compromised harbor seals (DeSwart et al., 1994, 
1996; Ross et al., 1995) was 72 pg/g lipid weight



∑PCBs

• western Alaskan pups mean ∑PCBs was 5155 
ng/g lipid weight (below threshold levels) 

• 9 out of 76 pups (or 12%) exceeded the threshold 
concentration 

• Russian pups mean ∑PCBs of 10960 ng/g lipid 
weight (at threshold levels)

• 39 of the 136 pups sampled (or 29%) exceeded 
the threshold concentration



∑PCB TEQs

• western Alaskan pups TEQ averaged 71 pg/g lipid 
weight which is near the threshold

• 30 of the 76 pups (or 40%) exceeded threshold.  
• For Russian pups the TEQ average was 206 pg/g 

lipid weight or almost three times the threshold 
value

• 87 of the 136 Russian pups (or 64%) of the 
animals exceeded the threshold



Koslova Cape ∑PCBs 

• Koslova Cape mean ∑PCBs were 6.94 ng/g wet weight 
and 17831 ng/g lipid weight 

• The average ∑PCBs lipid adjusted at Koslova Cape are 
more than 1½ times that of the 11,000 ng/g lipid weight 
recommended by Kannan et al. (2000)

• 16 of 38 or 42% of the Koslova Cape animals exceeded 
this threshold 

• one individual had ∑PCB concentration of 120000 ng/g
lipid weight



Blood vs Blubber
blood vs blubber for sum PCBs and sumDDTs (wet weight) 
in free-ranging juvenile Stellers sea lions
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Average sumPCBs in blood (lw) in groups of Steller sea lions
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Average sumPCBs (lw) in blubber in groups of Steller sea lions
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mean sumPCBs (lw) in Steller sea lion 
and other marine mammal blood
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and other marine mammal samples
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mean sumPCBs (lw) in Steller sea lion 
and other marine mammal blubber
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Future work

• Contaminants over time in captives

• Biomarkers



sumPCBs (ww) in blood over time 
in three captive Stellers sea lions
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sumPCBs (ww) in blubber over time 
in three captive Stellers sea lions
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sum PCB (ww) vs weight in male Steller sea lion pups
from Koslova Cape, Russia
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SumPCBs (ww) vs retinol in male Steller sea lion pups
from Koslova Cape, Russia
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Summary OCs
• Stellers sea lion pups from Russia had higher loads of 

both sumPCBs and sumDDTs

• Concentrations of OCs in some animals are comparable 
to levels that cause physiological problems in other 
studies and could effect SSL population structure

• SumPCBs change over time in captive animals and show 
a seasonal cycle

• SumPCBs are correlated to both weight and retinol
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