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CH“RIM^^“^SFS“f“LSI^-™NcWEAfINGro^
hIN POLLUTANT RATIOS

John Calambokidis

ABSTRACT
Concentrations of pcb DDF hprsamples collected from 36 harbo? norlo? exara^ned ln 51 blubber 

coasts of Washington, egon and mnC°UeCted al°ng the purpose of the study was to test l ™!3, The Primary
concentration of contaminants and ,regional patterns in the the feasibility of using containi^ ? ^ ratl°? and to evaluate 
the degree of intermixing of harbor ™ t0- g31n lnformation about of North America. Strong Regional S°1S6 al°ng the west coast 
the concentrations of DDE^nd^he ratio^f^ WSre found in both 
Contaminant ratios were far less SlrfabT^1^5 Contaminants. 
contaminant concentrations and were thpr?f individualexamining regional patterns ThJ ere/ore more useful forshowed the most dramatic differencesbv°loDDE/PCB and HCB/DDE 
significant differences hv by location with highly
correlation (p<0.001) between the ratin’ P<°-001) and a strong samples were collected6 WSWithin latitude thab the
subregions showed significant dif-flrf^1 f • samples from 3 
though sample size was limited The uJleS f:ln containinant ratios, 
gam information on geographic  contaminant ratios to appears promising, especially in ̂arteJat  clba51!?e of harbor porpoise presence of pollutant^ in theY marine Callfornia where the
location. rme environment varies widely by

J£?centrStioM by year collect^ in Contaminant
hickness. Replicate samples of the S den9th, and blubberlocations on the bodies oftwo SjbPr n taken from deferent

variation. Only samples from the dnrS P01f showed minimal
porpoise deviated from values obtained P pedancle area of the body. uiues obtained from other parts of the

INTRODUCTION

dob including pcb, DDT), and HCB have been' dccunantad °f the Pesticide 
system in the last 2 0 years si the global eco- contaminants has been restricted f° gh use of “any of these 
including the D.S., their stablllfv VMe P«ts of the world food chains rnahe them some of tSe mStf arir"Hati0n into marine found in marine organisms Sit Pr®vaient contaminants 
occurrence and impacts o? pollutants ?U? (1978) revi«»ed the 
shore marine mammals such as pinning lni"arine mammals. Near- 
mos susceptible to accumulating high cSncen^at^sTf" i”'"of
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these stable chlorinated hydrocarbons because they: 1) are Iona lived, 2) feed high on the food chain, and 3) have blubber layerl
co'nta^ts.93 ^ these lipophillic

Harbor porpoise (Phocoena phocoena) are a primarily near-
vShjfiH sp®cles- , I-tS sma11 size' wary nature, and undramatic 
behavior has made it a difficult animal to study and consequently
T-Jjjrf® are_ man^ aspects of harbor porpoise biology that are not 

. ‘ In Particular there is little information on long-
movements or presence of different population stocks. 

Concerns over human-induced mortality in certain portions of the 
harbor porpoise's range has made these questions important for management of harbor porpoise. P

_ Harbor seals in Washington State were found to have distinct
?r^TLOSH°^i5-CB and °DE that Were unic2ue to different regions 
(Calambokidis et al. 1984). Calculations of the total body

°f PCJ.and DDE m harbor seals and their prey indicated 
ratlos Jeflected accumulations from years of intake

fnl tnt l°re WOlild +.remain reasonably constant in an individual 
for some time. Contaminant ratios may therefore be useful in
other am lng thS degnree of geographic intermixing that occurs in other marine mammals.

The purpose of this study was to determine the
Wa^hinlt 10nS °f PCB' DDE' and HCB in harbor porpoise from 
df^r 9t ' ■ 0r4.1g°n' and California and to test for regional 
differences m these contaminants and their ratios.

METHODS
Fifty two harbor porpoise samples were tested for 

concent rations of PCB, DDE, and HCB in this study, of these 14
twoSharhnrCate samples taken from different parts of the body of
the SouthwpPq0tPrShS' and WaS 3 blind duplicate provided by the Southwest Fisheries Center. Without duplicate samples
blubher samples from 36 different harbor porpoisefrom

hington, Oregon, and California were examined in this study.
Sample collection

Samples for analysis were received from a wide variety of 
The study would not have been possible had it not beenresearchers"00?!;,nea,ted = °°e«atrcn and help of these othe?

? summarizes the organizations that provided samples for analysis and the time period and regions in which the 
mpies were collected. Samples provided were stored either in 

glass, aluminum foil, or plastic bags. Samples were stored 
frozen after collection, except those provided by the California 
Academy of Science, which had been preserved in formalin.
te.tJ°?Perating-0f?anizati°nS als° provided information that was 
SlS-Hn association with contaminant concentrations including: 
collection location, date, sex, length, and blubber thickness.
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Locations were used to determine latitude where all samples were 
collected. Specific locality information was not available for 
the two southernmost California samples analyzed. Latitude of 
these samples was estimated from general information on the 
locations they were from.

Because of variations in sample collection and storage 
subsamples for analysis were generally taken from the unexposed 
interior of the samples, except for a few cases when samples were 
too small to allow this.
Sample analysis

Analyses for concentrations of PCB, DDE, and HCB were 
conducted as described in previous reports (Calambokidis et al 
1979 1984, Mowrer et al. 1977). The analysis was conducted by 
Cascadia personnel using the Environmental Analysis Laboratorv at The Evergreen State College. y

Approximately 5 g of sample was digested in 50 ml BFM 
solution (glacial acetic and perchloric acid) over a steam bath 
for several hours (Stanley and LeFavoure 1965). Samples were 
extracted four times with 20 ml aliquots of 'pesticide quality' 
hexane. Lipid weights were determined by evaporating a portion 
of the hexane-lip id extract to dryness. A 10 ml portion of the 
hexane iipid extract was cleaned up with 1-2 ml concentrated 
sulfuric acid (Murphy 1972). After centrifuging 1-9 ul was 
injected on a Hewlett-Packard electron capture (63Ni) eras
m°St,°nnaph equipped with a 1/4" x 6' glass column packed with 
10* DC-200 on Gas Chrom Q, 80/100 mesh. The column also had a 1" 
alkaime (KOH and NaOH) precolumn to reduce interference from 
otuer compounds and to convert any small amounts of p,p'DDT to p.p'DDE (Miller and Wells 1969). P P

Contaminants were identified and quantified based on 
comparison of elution times and peak areas to PCB, DDE, and HCB

«Xl3eCt(ld da}lY- PCBS <a fixture of compounds) were 
by lndlvadaal homolog analysis using mean weight 

percent figures reported by Webb and McCall (1973). Minimum PCB 
values were calculated using only the later eluting more 
chlorinated PCB homologs for quantification. This peaks 
correspond to the PCB components present in the commercial PCB 
mixture Aroclor 1260. Though additional less chlorinated PCB 
homologs were present they were not included in the total because 
they may have included some additional interfering compounds and 
results based on these peaks did not appear as consistent. The 
minimum PCB values were used because for the purposes of this 
study a reproducible minimal value was considered more important 
than a more variable estimate of total PCBs. The magnitude of 
this downward bias is approximately 25-40%.

Typical chromatograms from two samples and a PCB standard 
are shown in Figures 1-3.
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RESULTS
Results of sample analyses are presented by state in Tables 

2-4 and locations where samples are fro, shown in e
values ranged from0.2a t0 ^ sJ5d above, the estimated true
values are minimums as d (wet wt.). DDE values
maximal values were l^sr. ^ y0o+. \ HCB values were
also ranged wl,de1^/ 0099 to 1.7 8 ppm. ' concentrations are
much lower and ranged fr • lit,id weight basis because no

by lipid or wet weight.
Ratios of contaminant concentrations were found to be far 

, ■ +-v,Hraf the individual sample concentrations. This 
rfflected^il ong collation between the concentrations of the thrive contaminants (p<0.05 for all combinations).

Differences by location

between states, 2) testing _onoral reaions (2-3 regionstesting for differences among eight general regions ^ y
within each state, see Fig. 4).

Regional ^tlStfon 'OfSfomO
=?“.nts. DDE was the only cant..:Lnant^that, varied 
significantly among s ^heSDDE/pcB' and hCB/DDE were highly

ana mes t ^ nnr /ppr ratio wb.s h 1 crh©st inCaDllfo0rnnTantarndtllowest in Washington, with intermediate bat
variable values in Oregon. HCB/DDE ratios were lowest in 
California and highest in Washington.

_ . a o'ffprppres were also apparent within states (Table

single excepuio ratio from the other three samples from
JhT^area wasalso the only sample examined that was
collected"prior to 1980. Since this sample was from 1971, the 
collected prior ed prior to the banning of DDE use m the
S£it«! Stales, it is not unexpected that it deviates from the
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regional pattern.
Unlike California samples, no patterns within state were 

apparent in the samples from Oregon. Samples from Oregon showed 
the greatest variations in contaminant ratios. DDE/PCB ratios of 
Oregon samples overlapped those from California but were 
generally higher than samples from Washington. HCB/DDE ratios of 
Oregon samples, however, were similar to those from Washington but generally higher than those from California.

Washington samples were fairly consistent in the ratio of 
DDE/PCB. With one exception all of the Washington samples had 
the lowest DDE/PCB ratios of all the samples tested. Within the 
state there was also an increasing ratio of DDE/PCB with decreasing latitude.

ionship with .lengthy sex± collection date, blubber thickness, and lipid content
Contaminant concentrations and ratios were tested against a 

variety of other variables to identify other factors influencing 
the data. These tests were complicated by the broad geographic 
regions sampled and the lack of a large sample size of 
consistently collected animals from the same area. Significant 
correlations between contaminants (and contaminants ratios) were 
not found with month of collection, sex, or percent lipids of the 
sample (p>0.05 in all cases, by ANOVA or correlation analysis, as 
appropriate). Some significant patterns were found with year, 
length, and blubber thickness. The significance of these 
associations (or lack of association) should be viewed cautiously because of the limited sample size.

Several significant relationships were found with year collected. There was a weak but significant positive correlation 
between year collected and the HCB/DDE and the HCB/PCB ratios 
(p<0.05,. both cases). When Oregon and Washington samples were 
tested independently from the California samples there was a 
strong negative correlation between year and PCB, DDE, and HCB 
concentrations (p<0.002 in all cases).

Several weak correlations were found with length of animals. There was a positive correlation between PCB concentrations and 
animal length (p<0.05). Similar positive correlations between 
length and both PCB and DDE were found when limiting the data to the California samples only (p<0.05).

Blubber thickness was significantly positively correlated to 
PCB concentrations (p<0.05) in the entire data set. Significant positive correlations were also found when the analysis was 
restricted to Washington-Oregon between blubber thickness and 
PCBs (p<0.005), DDE (p<0.05), and HCB (p<0.02). A negative 
correlation was found between blubber thickness and DDE/PCB ratio 
(p<0.05) again in the Washington-Oregon sample.
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Differences by blubber location

Samples used in this study were collected from different 
locations on the body of the animals. To test for possibleci^^!Uinatr£dUCed by Sample location, we tested blubber^ samples 
ollected from seven locations on the body of two different 

harbor porpoise. Each group of samples were run together 
separately from the analysis of other animals, to try to limft 
he variations caused by the analysis procedure.

7 Results of these multiple samples are shown in Tables 6 and 
. Overall there was good agreement in both contaminant concentrations and ratios between the different samples, m b^th 
^s°f samples, however, the sample from the dorsal peduncle had 

l0Westl concentrations. in only one of these two cases were 
contammant ratios for the dorsal peduncle also outside the ranqe 
of the other samples. Body location does not appear to be^
ma c°nceri? ln sample collection though the dorsal peduncle should be avoided if possible. peauncie

DISCUSSION
Other reports of contaminants in harbor porpoise

Concentrations of chlorinated hydrocarbo ns in harbor porpoise have been reported by a variety of authors including:

Author no Samples Location
Clausen et al. 1974 
Otterlind 1976 
Duinker & Hillebrand 1979 
Harms et al. 1978 
Alziew and Duguy 1979 
Alzieu et al. 1982 
Taruski et al. 1975 
O'Shea et al. 1980 
Calambokidis et al. 1984 
Gaskin et al. 1982
Gaskin et al. 1983
Gaskin et al. 1971 
Holden & Marsden 1967 
Koeman et al. 1972 
Gaskin 1982
Anderson & Rebsdorff 1976

2
18
1
3
1
1
1
1
2

115
102
36
4
7
4

Greenland
Sweden
Netherlands
North Sea & Baltic Sea
France
France
Rhode Island
California
Puget Sound
Bay of Fundy (DDT results 

only)
Bay of Fundy (PCB results, 

as above)Bay of Fundy
E. Scotland
North Sea
Bay of Fundy
Danish coast

In 9fneral contaminant levels found in this study fall in 
the middle of the wide range of values reported in harbor

fro?" °t1her areas\ Unfortunately there are relatively 
few data available on previous analyses of harbor porpoise along 
the west coast of North America. O'Shea et al. (1980) reported
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on PCB, DDT, and HCB concentrations in one harbor porpoise from 
California though the date or location of collection was not 
specified. Schafer et al. (1985) reported concentrations of PCB 
and DDT in coastal bottlenose dolphins from Southern California. 
Concentrations were much higher than those found in harbor 
porpoise. The DDE/PCB ratio found in the bottlenose dolphins was 
also higher than found in this study, though this is consistent 
with our finding of increasing DDE/PCB ratio at decreasing latitudes approaching Southern California.
Relationships with sex, length, date, blubber thickness, and percent lipids ~

The negative correlations between contaminants and year 
collected would be expected since PCB and DDT have been banned 
from commercial use and recent reports have indicated a general 
pattern of decrease in PCBs and DDE in fish and invertebrates 
along the U.S. west coast (Matta et al. 1986). Positive 
correlations between length and contaminant concentrations are 
consistent with observations of higher contaminant concentrations 
with age in other marine mammals (Calambokidis et al. 1984, 
Addison and Smith 1974, Addison et al. 1973, Donkin et al. 1981). 
Gaskin et al. (1982, 1983) found concentrations of DDT and PCBs 
increased with age in male harbor porpoise but decreased with age 
in females, probably as a result of loss through reproduction. 
Duinker and Hillebrand (1979) reported on the transplacental 
transfer of chlorinated hydrocarbons including PCB, DDE, and HCB in harbor porpoise.

It was surprising that a positive correlation was not found 
between concentrations of contaminants and the percent lipids. 
This association would be expected to be present since 
chlorinated hydrocarbon contaminants are stored in the lipids of 
the blubber layer. Any significant leaching out of oil would be 
expected to decrease the contaminant concentrations by wet weight. Significance may not have been found in this case 
because most samples were in good condition with greater than 50% lipids and other factors contributed far more to the variation 
between sample concentrations.

The positive correlations between blubber thickness and 
contaminants found in this study is somewhat surprising and 
probably spurious because a negative correlation has been 
reported in other marine mammals (Calambokidis et al. 1984, 
Donkin et al. 1981, Addison and Smith 1974). Aguilar (1985) 
postulated that when blubber is mobilized in cetaceans a portion 
of the contaminants present is also mobilized but another portion is not and would therefore result in a higher concentration of 
contaminants in the remaining blubber. This alteration in 
contaminant concentrations led Aguilar (1985) to conclude that 
testing of blubber tissues from stranded cetaceans that may have 
metabolized some or all of their blubber layer during the period 
prior to death might give biased results of the true contaminants 
present in the healthy population. This problem is important 
when comparing contaminant concentrations between stranded and
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consequence'" in c^rLg^cn^lnanV ra'wos^ be °f «Jor

boay o^cetaceans^have^bee^ “r “ Afferent pants of the 
concludes that there are 1 ikelvAguilar (1985). £e 
contaminant concentrations in differpn^^lcant differences in
2?rataanS; This in = ^ded both part"M^he ?5 blubb« of 
strata at a particular locaHnn mi the and blubber
primaniy the result of dif ferences * in il63®. dff f erences were 
different parts of the blubber Thi^^n llpid composition in 
seem to be a problem in this studv^L ampling Problem does not 
concentrations found in differ/?? be3ause °f the similarity in
Of the entire depth of blubber in the^anti/sis*!6 b°dy ab<i the use

of regional differences

of chlorinated hydroJJrb^c^eSrati literature regarding use
n09V7«rntS, and intermixing in Sa?ine mamLT rati°S to exa*ine 
(1978) included differences in pcbInd nnT Wlnn and Scott
of the evidence for seDarat-o fnd DDT concentrations as oart western North AtlanticP Gaskin i °f, humpback whales in^he 
in DDT concentrations ?n harW no *** (1982) noted differences 
the B of Fundy_ c“ah«bordPotpoise from inside and outsit
differences in the PCB/DDT r-a-t-i • ad" (1984, 1977) reported its usefulness in eva!ua”„gar°ionalharbor —1= and 
There was minimal or no overlap in th! and int'erchange.
harbor seal blubber samples fl he ratl° of PCB/DDE in 7 3
= ta‘e- This technique w« esnecia!!va r^l°ns « Washington
and ® b®cause °£ the extreme different -1 6 in Washington
and ratios that exists betwpcn +-k ences ln contaminant levels 
Sound and the Hood Canal and the w ® Pr°tected waters of Puget seal body burdens of contain?. ££Li" T« “ast. Harbor 
Metabolism, and excretion were ^prey sPecies,
indicated contaminant concentration/3^?16'1. These studies 
represented the accumulation over prolong harbor seal blubber 
tr/n?13™ °r excretion, except th-r peri°ds with minimal 
ransplacental transfer (Calambokidiset al?°il?8) lactation or

strongly correlated to HCB concentritio PCB concentrations were 
the Bay of Fundy, and suggested IhTt S5® f harbor P^poise fro3 
metabolism were likely siS or w/ dynamics of uptake anS 
he did not report comparisons to dot /P°UndS- Unfortunately 
study. Clausen et al. (1974) reported co"centrations in that 
between DDE and PCB in Arctic marine the lack ,of a correlation 
porpoise. The lack of correlat-i mammals including harbor that marine mammals ^Te able St^gesbed to. these'authors 
hlorinated hydrocarbons. An alternate hv 6 Vv/0* 12 6 dlfferent 
their data, however, is that the dif f e^en?^313 that exPlains
results™b 1 a 1 -°d ou ^
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Interpretation of the significance of contaminant ratios 
requires several conditions or assumptions:

Contaminant concentrations are reasonably stable j_n an 
individual animal and would change ver^ gradually Tf an 
animal moved and was exposed to different contaminantsr~This 
is supported by the high contaminant concentrations in 
harbor porpoise and other marine mammals and the 
accumulation by age that has been seen. Both indicate 
contaminants are accumulated over long periods and therefore 
could not change rapidly.
A gradient in contaminant concentrations and the ratios of 
different contaminants exists in the environment alonq the 
species range being examined: If no gradient in the ratio 
of contaminants exists then they would not serve as useful 
indicators of possible movement. This appears to be the 
case in California where a strong gradient exists with PCB 
and DDT because of the heavy DDT contamination in Southern 
California. There may not be as strong a gradient along the 
coast of Oregon, however, making interpretation of within 
Oregon results more difficult.
Harbor porpoise in different areas don't feed heavily on 
migratory fish coming from outside the area: Contaminant 
concentrations and ratios reflect those in their prey. 
Harbor porpoise feeding on prey that have migrated from 
outside the locality will not reflect the local contaminant 
concentrations or ratios. This problem would likely result 
in a greater variation in results from a given area and 
suggest movement of animals even where it is not occurring.
Animals sampled include all possible age/sex classes that 
might be involved in movement: With many species of marine 
mammals movements and/or dispersals occur differentially 
between different sexes and age classes.
Not all of the above conditions can yet be met and sample 

size is limited. The preliminary results from California, 
however, are consistent with a hypothesis of limited regional 
interchange between harbor porpoise populations in the three 
regions of California examined. The strong gradient in 
contaminant ratios that occurs along the southern and central 
California coast makes it an ideal area to employ contaminant 
levels and ratios to examine interchange of animals between regions.

CONCLUSIONS
- Contaminant concentrations in harbor porpoise were closely 
correlated with each other and contaminant ratios were far more 
consistent in relation to location than any single contaminant 
concentration.
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Highly significant patterns in contaminant ratios were found bv 
location_both among the three states tested and within 
California. The use of contaminant ratios for examining 
geographic interchange of animals appears promising.
7 G®°?7®Phi<r Patterns in contaminant ratios were most pronounced 
m California and most variable in Oregon.

jmina^y result£f arf consistent with the hypothesis of 
united harbor porpoise interchange between broad geographic 

areas and in California possibly neighboring areas, though sample size is limited.
Significant associations were found between contaminant concentrations and year of collection, length, and blubberthickness. '

7 Posit:i-on on the body from which blubber samples are collected 
is not of major importance. Only minimal variations were found 
^ concentrations or ratios among blubber samples
collected from different areas of two harbor porpoise.

RECOMMENDATIONS
Sample size remains the most limiting factor in 

interpretation of the results from California. Initially this 
contract was intended to include the analysis of 38 samples from 
California with the balance of samples from Oregon and 
lfS^;?t0nV Becaufe difficulties in obtaining samples, only 
15 different animals from California were tested with the balance 
°t conflstin9 of samples from Oregon or Washington,

samples from the same animals. Increasing the sample size of animals from California would be extremelv important to test for the preliminary differences tha£Sere 
revealed in this study.

of snDrne(?eo?i^ti<^n f°°d habits and testing of stomach contents 
of some of the California harbor porpoise would be valuable 
This would determine the degree to which harbor porpoise may be 
feeding on prey that reflect local contaminant concentrations, 
information on contaminant concentrations in harbor porpoise prev 
would also allow calculation of contaminant uptake and 
accumulation dynamics. y

PCB, DDE, and HCB appear to be good choices of contaminants 
for analysis in future samples. It may be fruitful, however to 
experiment with some other contaminants that may also be good 
indicators. The most important criteria for additional 
contaminants to test is that: 1) they be stable and accumulate in 
harbor porpoise, 2) occur in the blubber, 3) occur in varying 
examined ^ th® environment within the geographic region being
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Figure 1. Chromatogram of 5 ul injection of a 1.5 ng/ul PCB standard mix 
consisting of equal parts of the commercial PCB mixtures Aroclor 1242, 1254, 
and 1260. Numbers indicate the retention time in minutes from the start of 
the injection. Column is 6' glass packed with 10% DC-200 on Gas Chrom Q with 
an alkaline precolumn.
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Figure 2. Chromatogram of a 3 ul injection of the cleaned-up extract of the 
blubber of MMP-92, a harbor porpoise from Washington State. The peak eluding 
at 1.99 is HCB and the peak at 6.35 is DDE. All peaks after the DDE peaks 
are from PCBs. Numbers indicate the retention time in minutes from the start 
of the injection. Column is 6' glass packed with 10% DC-200 on Gas Chrom Q 
with an alkaline precolumn.
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Figure 3. Chromatogram of a 9 ul injection of the cleaned-up extract of the 
blubber of LML 85-6, a harbor porpoise from California. The peak eluding 
at 1.99 is HCB and the peak at 6.35 is DDE. All peaks after the DDE peaks 
(except at 8.36) are from PCBs. Numbers indicate the retention time in 
minutes from the start of the injection. Column is 6' glass packed with 10% 
DC-200 on Gas Chrom Q with an alkaline precolumn.
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Figure 4. Map of study area showing locations where harbor porpoise 
were collected. Bars indicate regions clumped for 
statistical tests reported in text.
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Figure 8. Mean and range of DDE/PCB ratio found in harbor porpoise blubber 
by region. (*) - one sample collected in 1971 not included.
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