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ABSTRACT

Reported data on the concentrations of trace chem cal
contam nants in surface sedinents and animal tissues are
reviewed for the greater St. George Basin area of the
sout heastern Bering Sea. The tabular data from origina
reports are conpiled in an appendix, summarized
statistically, and conpared anong investigations.

Thirty reports from sixteen investigations were found
for the area. These include hydrocarbon concentrations for
sediment from one investigation and for animals from two
ot her studies. oOrganochlorine residue data are exam ned
fromfour investigations of fur seals and one report on
seabird eggs. Concentrations of elenents, including trace
metals, are reviewed from three investigations of surface
sedinent. Seven other research efforts, including five
investigations of seals, provide data on netals
concentrations in aninals.

The reports vary in their usefulness for nonitoring
contam nant levels. Many sanples are constrained by |ow
testing power and by frequency distributions which violate
assunptions of parametric nethods. However, other
investigations report large sanples, examne them for
normality of distribution, and acconpany them with measures
of auxiliary variables. These |atter data offer nore robust
estinmates of trace contamnant levels for nonitoring and
further anal yses.

Keywords: Bering Sea, hydrocarbons, nmarine contaninants,
Pribilof |slands, seals, sedinments, trace metals.
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| NTRODUCTI ON

The nmonitoring of marine pollutants in the southeastern
Bering Sea will beconme increasingly inportant as the area is
| eased for oil and gas devel opment. To evaluate pollution
changes in the area, scientists and regulators are likely to
rely on past reports of contam nants. However, sone of
these past research efforts may be nore useful than others
for detecting trace chemcal trends and anomali es.

This review indicates the availability of data on trace
contam nant concentrations in surface sedinment and organi sns
of the greater St. George Basin according to area, sanpled
material, and chem cal analyte. The report also
characterizes contamnant |evels statistically, conpares the
results of various investigations, and indicates features of
sanples which affect their usefulness for statistical
I nf erences.

MVETHODS

Tabul ar data were extracted from available reports of
trace elenment and organic contam nant concentrations in
surface sedinment and animal tissue in the St. George Basin
| ease pl anning area.

These extracted data are presented in a:series of tables
in the appendi x of this report. A though the data in the
appendi x are rearranged for clarity, they are otherw se
unchanged and uncorrected from the original reports. The
calculations and figures in this review are based solely on
data in the appendix tables.

All the data reviewed here were taken at face value from
original reports. No assunptions were nade regarding the
appropriateness of collecting, storage, or |aboratory
net hods. Furthernore, the accuracy of the data was not
eva:uated and data were not selected on the basis of

uality.

| Thg/appendix tables were witten as Lotus electronic
spreadsheets to include variables of interest fromthe
original reports. The appendix tables reflect the
information, |abels, and conventions of expression as found
in the original reports.

For statistical calculations and histograns, data
matrices were inported to Conplete Statistical System (css),
produced by SoftStat, Inc., Tulsa, Cklahona. Each sanpl e
was tested for departure fromnormal skewness and kurtosis.
Sanples significantly different from normal were transfornmed
to Iog-nornal val ues for ﬁaranetric treatment. The 95%
confidence intervals of the mean were calculated as plus or
mnus two standard errors of the nean, and they were
determined only w th sanples indicating a nor nal
distribution. Significance tests were at probability |evel
alpha=.05.
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Power of t-tests for the significance of the difference
between two neans was determned from Table E-1 in O L.

pavies (cd.) 1978. The design and analysis of industrial
experiments. Longman G oup Ltd., New York. 63épp.

H st ograns of expected, normal frequency distributions
are based on calculations of areas under the normal curve
carried out wth a Clanguage program witten by Ra% Vaa

Lines of equal concentrations were interpolated by eye
for the contour nmaps of trace chem cal-concentrations in the

St. George Basin lease planning area.

As illustrated in the frontispiece, the planning area
i ncludes the pribilof |slands and unalaska and Umak
Islands. It is bounded on the south by the southern shore
of the Aleutian Island chain, on the east by 165 degrees
west |ongitude, and on the north by 59 degrees north
|atitude. The western boundary is 174 degrees west
| ongi tude near the pPribilof Islands and 171 degrees west
| ongi tude sout hward of those islands.

RESULTS

Sedi nment _hydr ocar bons

Concentrations and ratio indices of hydrocarbons in
surface sedinment were reported for the greater St. George
Basin by Kaplan, et al #1977) and Venkatesan, et al (1981).
They anal yzed sedinent from fourteen |ocations within the
St. George Basin lease planning area. Unsummarized tabul ar
data from these specinmens presented in the original reports
are repeated in the appendix. Figure 1 shows the |ocations
of the sanpling stations.

CGeographical variation in four measures of hydrocarbons
within the |ease planning area is depicted by lines of equal
quantities in Figures 2 to 5. These isolines are
interpolated for 12 to 14 sanpling |ocations.

The regional trends suggested by the contour maps,
however, are valid only if It is assuned that variation is
actually small within localities. Because localities are
represented by single grab specinens, |ocal variation and
regi onal variation cannot be distinguished.

In the statistical sumaries of the data for this
review, station 35 is omtted. As Venkatesan, et al (1981)
poi nted out, hydrocarbons were anonmalously high in the grab
speci nen. I ndeed, the concentrations of the aliphatic
fraction, the aromatic fraction, and total hydrocarbons each
exceeded their respective regional neans by nore than three
standard deviations at this station.

Table 1 lists the neans and confidence intervals for
hydrocarbon indicators and a normalizing variable. None of
the variables was found to be significantly different from
an expected normal distribution, on the basis of two-tailed
t-tests of skewness and kurtosis (P>.05).
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Percentage organic carbon accounts for a significant
part of the variation in the concentrations of total n-
alkanes and total hydrocarbons. These two dependent
variabl es show significant sinple linear regressions on
per cent age of organic carbon (P<.0026, P<.0002,
respectively) . The coefficients of determ nation, based on
the adjusted R-squares, indicate that 72% of the variation
i n n-alkanes, and 90% of the variation in total hydrocarbons
can be “explained” by variation in organic carbon. No other
hyd{)ocarbon measure shows a significant affect by organic
car bon.

The sanples of this investigation provide a noderate
power to detect differences in nmeans representing the
region. The four estimates of hydrocarbon concentrations
shown in Table 1 have sanples of size 13 and coefficients of
variation in the narrow range of .48 to .58, where
coefficient of variation is the sanple standard deviation
divided by the nean. Sanples with these neans and
di spersions will reject a null hypothesis of no difference
bet ween nmeans about 65% of the time when the neans differ by

Table 1. Summary of the concentrations (ppm, dry weight)
of hydrocarbons in upper 10 cmof sedinment in the greater
St. Ceorge Basin. Based on data in Kaplan, et al (1977)
and Venkatesan, et al (1981). N-alkanes are carbon
chain lengths 15 to 34.

The 95% confidence interval of the mean is two
standard errors about the mean. The 95% confidence
interval of the sanple is two standard deviations about
t he nean and neasures "precision."

95% confi dence interval

_ Arith.
Vari abl e n  nean of nean of sanple
N-alkanes, ppm 13 1.198 .7758-1.621 O 2.663

Aliphatics, ppm 13 6.523 4.464-8. 582 0-13. 66
Aromatics, ppm 13 5.992 4.082-7.903 0-12.61

Total hydro- 13 12.52 9.079-15.95 .6120- 24. 42
carbons, ppm

Og. carbon, % 12 . 5300 .4272-.6328 . 1891-.8709
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an anount equal to the standard deviation.

Sedi nent _netal s

The small surveys

Three OCSEAP regi onal reconnai ssance surveys of trace
metal concentrations in surface sedi ment provide small
sampl e sizes for the St. George Basin planning area.

Concentrations of nine netals in surface sedi ment of
t he sout heastern Bering Sea were determ ned by Burrell
(1977, 1978) using a weak acid-extraction nmethod. Figure 6
shows the |ocations of the fourteen specinen cores obtained
within the St. George Basin planning area. In this area,
Burrell shared eight | ocations with the investigation of
Kapl an, et al (1977) and venkatesan, et al &%981), and four
| ocations wth Robertson and Abel (1979). wever,
Burrell's “acid-extracts" determnations are not directly
conparable to concentrations fromthe "whole-rock" fraction
measured by ot her investigators.

Robertson and Abel (1979) report “whol e-rock” mnean
concentrations of elements in the surface sediment at eight
| ocations in the St. George Basin planning area (Figure 7).
Table 2 lists sumary statistics of the nmean concentrations
for 10 elements. None of the sanples of nmeans is
significantly different froma normal distribution.

Excl uded fromthe sunmary statistics is one nean each for
the al um num vanadi um and arsenic sanpl es which exceeded
three standard deviations. Robertson and Abel (1979) did
not provide original, unsummarized concentrations of

el ements in their sedinment speci nens nor indicate sanple
si ze.

The Gardner survey

Statistical summaries

Gardner, et al (1978a, 1978b) reported the |argest
collection of sedinment sanples of elenmental concentrations
in the southeastern Bering Sea. The authors neasured 31
el ements, grain size, total carbon, and mneral conposition
at 65 stations, but did not neasure organic carbon. Their

reports provide summary statistics and analysis of variance
for log-transformed data. They also illustrate "contour"
di stributions of netals, grain size, mneral, and carbon
normal i zi ng vari abl es.

Gardner, et al (1978a, 1978b) estimated the variation in
analyte concentrations wthin stations, as well as regional
variation anong stations. After neasuring local variation,
they concluded that differences between stations showed real
regional trends and were not sinply a result of sanpling
error within collecting |ocations.

Figure 8 shows a chart of the collecting l|ocations. The
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Tabl e 2.

Sunmar

of the concentrations $

el enents in the whole-rock fraction o

in the greater St
Robert son and Abel

Ceor ge Basin.
(1979: Tables c¢.1 and c.2).

dry weight) «
surface sedi nent
Based on data in

of

95% confidence interva

of Mean of

Vari abl e means neans of mean of sanple
Alum num % a 4.851 3.726-5.976 1.875-7.828
Calcium % 8 2. 366 2.182-2.847 1.391-3.638
Manganese, ppm § 441. 1 371.9-510.3 258-624.3
Vanadi um ppm 38 87.50 79.53-95.47 66.41-108.6
Arsenic, ppm 7 3. 000 2.138-3.862 .8888-3.056
Barium ppm 5 644. 0 298.4-989.6 0-1,335
Cobal t, ppm 7 8.871 8.189-9.554 7.195-10.54
Chrom um ppm 7 71.57 53.11-90.04 26.34-116.4
[ron, ppm 7 2. 657 2.320-2.794 1.831-3.483
Antinony, ppm 7 . 5900 .5310-.6490 .4454-.7346

| atitude and |ongitude points for

Figure 8 are based on

unpubl i shed data received from Gardner (pers. comm., 1988) .

Gardner, et al (1978a, 1978b) transfornmed their origina
values to log values and then summarized the data (Gardner,
et al, 1978b: Tables 6 and 7). Using their sunmmary
statistics for eight selected elenents, | calculated the
confidence intervals shown in Table 3.

Ef fect of collection nethods

Gardner, et al (1978a, 1978b) col |l ected sanples by
different methods according to the coarseness of the
sedi ment. Coarse sediment was collected with a van Veen
grab and yielded the undisturbed top 3 cm for analysis.
Finer sediments were collected with core devices and the
anal yzed material was representative of the honogenized top
30 cm The variation anmong specinens in percentage silt and
clay (dry weight) is graphed in Figure 9. The horizonta
axi s 1s labelled With the upper Iimts of the frequency
I ntervals.

| tested the possibility that the use of various
collection instruments led to differences in estimtes of
el ement concentrations which are not solely the result of
grain size variation. The cal cul ations bel ow show that,

with one exception? estimtes were not biased by sanpling
device differences.

~Initial Kol nogorov-Smrnov tests show that the frequency
distributions of sonme of the elenent concentrations are
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significantly different between collection techniques. Such
di fferences between techni ques, however, are expected if
grain size affects the concentrations. Indeed, | evel s of
mercury, zinc, chromum copper, nickel, vanadium silt-
clay, and total carbon differ significantly between the
gravity core sanple and the van Veen %rab sanpl e (P<.05).
Barium and arsenic, however, do not differ between the two
met hods.

The van Veen and piston core techniques differ
significantly for mercury, zinc, copper, and vanadi um but
do not result in significant differences for barium
chrom um and ni ckel

Differences are not significant between the gravity core
and the piston core sanples for any variable.

To further determne the affect of collection nethod
w thout the affect of area, 1 conpared gravity cores and van
Veen grabs obtained within the same area. Table 4 shows the
results of t-tests of normalizers over that area near St.
Ceorge Island. Wthout area affects, collection nethods are
seen to yield significant differences in the neans and
variances of percentage silt and clay and percentage tota
carbon, as expected.

Table 3.  Summary statistics for concentrations (dry weight)
of elements in surficial sediments of greater St. Ceorge
Basin.  Pool ed sample cal culations are based on the
sanmpl e sizes, logarithm variances and geonetric means
reported for 103 grab specinens at 65 stations by
Gardner, et al (1978b: Tables 6 and 7). The

confidence intervals shown with geonetric means

are the antilogs of the confidence limts of the

Iog val ues and are calculated for this review  The

un er£y|ng lognormal frequency distributions may not be

nornms 1.
Arithmetic means and intervals are cal cul ated

from sanpl es, pooled for 1976 and 1977, having skewness

and kurtosis not significantly different

fromnormal. The original data were presented in

appendi ces of Gardner, et al (1978a, 1978b)

and are in the appendix of this review

Geom 95% confidence interva
Met hod & mean of nean of sample
analyte n
All nethods pooled
Barium ppm 103 570 547-594 371-875
Chrom um ppm 103 50 45, 92-54. 45 20-123
Copper, ppm 103 30 26. 49- 33. 96 8. 6-105
Mercury, ppm 103 . 041 .0387-.0435 .022-.076
Ni ckel;, ppm 103 20 18. 49-21. 63 8. 8-46
Vanadi um  ppm 103 130 121.6-139.0 64- 262
Zinc, ppm 103 80 75. 68- 84. 53 47-135




Table 3. con't

Arith.
mean
Gravity core
Silt-clay, % 41 58. 31 49.52-67. 09 2.749-113.9
Tot. carbon, % 41 . 5493 . 4626- . 6360 .0013-1. 097
Zinc, ppm 81 85. 22 80. 58- 89. 86 43.71-126.7
Copper, ppm 98 36. 73 32.81-42. 66 0-75. 38
Vanadi um ppm 98 138.2 129. 1-147.2 49. 39-226.9
van Veen grab
Silt-clay, % 15 7. 805 6.219-9. 392 1.870-13.74
*Tot. carbon, 15 . 2640 .2160-. 3120 .0842-. 4438
Mercury, ppm 15 . 0333 .0301-.0365 .0213-. 0453
Arsenic, ppm 9 5.616 4,.92-6.311 3.648-7.584
Barium ppm 27 651. 9 591.1-712.6 342.2-961.5
Vanadi um ppm 27 99. 63 85.86-113. 4 29.4-169.9
Piston core
Mercury, ppm 6 . 0517 .0351-. 0683 .0145-, 0889
Zinc, ppm 6 103. 2 90. 05-115.7 75.18-131.2
Barium ppm 8 700.0 553. 6- 846. 4 312.7-1,087
Chrom um ppm 8 98. 75 45.97-71.53 24.93-92. 57
O_opEer, ppm 8 58.75 43.9-73.60 19. 46- 98. 04
Ni ckel , ppm 8 23.75 18. 84-28. 66 10. 76- 36. 74
Vanadi um ppm 8 156. 3 134.2-178. 3 96. 30- 216. 2
Geom
mean
van Veen grab
Chrom um ppm 27 78.52 67.77-90.97 37.07-166.3
Ni ckel, ppm 27 29.8 24.32-36.51 10.57-83.99

*Estimat ed kurtosis=2.69 > Critical
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Table 4. Tests of differences between gravity cores and van
Veen grabs for two normalizing variables in surface
sedi nrent collected by Gardner, et al (1978a, 1978b)
between 168 and 170 degrees longitude in 1976 and 1977.
The variabl es percentage silt and clay and percentage
total carbon are normally distributed. Dry weight.

% Silt & clay % Total carbon
gravity core van Veen gravity core van Veen
nmean 51.63 . 7. 805 . 8375 . 2640
n 12 15 12 15
SD 31.6 2.97 . 5153 . 0899
2-tail t value 5.2 4.1
test probability <.001 <.001
HO F val ue 33.8 33.5
test probability <.001 <. 001

Al though total carbon differs significantly between
collection nmethods by t-test (Table 4), this difference
becomes insignificant when adjusted for silt and cl ay.
Gardner, et al (1978b:28) noted that concentrations of total
carbon generally show a negative correlation with grain size
in fine-grain marine environnents. Analysis of covariance
(ANCOVA) in this review indicates a significant covariance
bet ween these two normalizing variables (F=14.2; df=1, 24,
P=.001) near St. George Island. The adjusted means of
percentage total carbon are .589 and .463 for gravity cores
and van Veen grabs, respectively, and the affect of
collecting method on percentage total carbon becones
insignificant after this adjustnment (F=.592; df=1,

24; P=. 455).

- O the elenents examned, only arsenic remains
significantly different between collection nethods after
adj ustment by the covariate of percentage silt and clay
(F=20.23; df=1, 8; P=.0024). None of the other seven
elements listed in Table 3 denonstrate a significant
difference in neans after adjustnment using percentage silt
and clay as the covariate. Hence, except for arsenic,
coll ection nethods cannot be said to introduce differences
unaccounted for by grain size.

Effect of year

Six variables exam ned in this review are significantly
affected by differences between sanpling years (Table 5).
Kol nogorov- Smrnov tests using data in the appendi x
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indicate significant differences between 1976 and 1977 for
percentage total carbon and for the concentrations of
arsenic, chronmium copper, nickel, and zinc. Consequently,
t hese sanpl es cannot be conbined between years.

In contrast, year differences are not significant for
percentage silt and clay, or for concentrations of barium
mercury, and vanadium  Thus, the year sanples for these
four variables may be conbined for stronger estimtes.

Table 5. Kolmogorov-Smirnov tests of differences between
1976 and 1977 for selected el ements and normalizers
sanpl ed by Gardner, et al (1978a, 1978b). Dry weight.

. 1976 1977 Max. absol.

Vari abl e n mean n mean di fference Signif.
Silt &clay, % 56 39.9 12 45.5 .40 NS
Tot. carbon, % 52 .52 13 1.21 .85 s
Arsenic, ppm 42 5.9 8 16.5 .33 s
Barium ppm 132 614 18 744 17 NS
Chromi um ppm 132 60.0 18 41,4 .38 s
Copper, ppm 132 34.2 18 81.4 e s
Mercury, ppm 102 .044 18 . 046 .28 NS
Ni ckel, ppm 132 24.6 18 35.3 .52 s
Vanadi um ppm 132 132 18 182 .33 NS
Zinc, ppm 103 82.8 16 101 .46 s

Normality of the distributions

Hal f of the variables examned in this review have
frequency distributions for 1976 which exhibit significant
skewness or kurtosis (Table 6). The mpjority of the
speci mens of Gardner, et al (1978a, 1978b) was collected in
1976. The sanple for 1977 was snall, offers poor testing
power, and is omtted fromtests for nornmality. Testing for
skewness and kurtosis in the 1976 data shows that arsenic,
barium chromum nmercury, and nickel are not from normally
distributed statistical populations. Furthernore, |og
normal transformation of the original values for these five
el ements does not make their distributions normal.
Consequently, these five elenents in 1976 do not neet the
assunption of normality necessary for paranetric statistical
met hods. Because paranetric methods of statistical analyses
are sensitive to departures from zero skewness, and sonewhat
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affected by departures from zero kurtosis, they shoul d not
be apﬁl|ed to the five sanples. _

T e_frequenc¥ distributions of the five elenents found
to be different fromnornmal in 1976 are graphed in Figures
10 to 14. Each histogram conpares the observed nunber of
specimens to the nunber expected if concentrations were
normal Iy distributed in the sedinent.

Tabl e 6. Skewness and kurtosis of selected elenents and
normalizers sanpled in surface sedinment of greater St
George Basin in 1976 by Gardner, et al (1978a, 1978b).
Dry weight.

Vari abl e n Skewness Signif. Rurtosis Signif.
Silt and clay, % 56 27 NS -1. 49 NS
Tot. carbon, % 52 . 509 NS -1.23 NS
Arsenic, ppm 42 3.24 s 12. 8 s
Barium ppm 132 1.74 s 7.01 s
Chrom um ppm 132 1. 60 s 3.88 s
Copper, ppm 132 . 765 NS -, 27 NS
Mercury, ppm 102 2.06 s 5.22 s
Ni ckel , ppm 132 4.01 S 22.7 s
Vanadi um ppm 132 404 NS -.069 NS
Zinc, ppm 103 .272 NS -. 905 NS

Ef fects on vari ances

Coll ection method affects variances for four variables
measured in 1976 (Table 7). F-tests, on sanples between 168
and 170 degrees |ongitude indicating no significant
departure from zero skewness and kurtosis, show
significantly |arger variances for the cores than for van
Veen grabs wth regard to silt and clay, log nornal tota
carbon, arsenic, and log normal nercury. Refer to Table 4
for F-test results on the two normalizers pool ed between
years. Such differences anong grain-size categories
probably reflect a correlation between grain size, mean
concentrations and variance of the concentrations.

Such differences violate the assunption of equal
variances which underlies parametric nethods, and thus
preclude multivariate analyses for percentage silt-clay,
percentage carbon, arsenic, and nercury.

However, the variances of the |og-normal values of
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barium chromum and vanadium are not significantly
affected by collection method and thus may be used in
mul tivariate anal yses.

Table 7. Tests for differences in variances between
cores and van Veen grabs for the area between 168 and
170 degrees longitude, 1976, based on data in Gardner, et
al (197/8a, 1978b). F-tests are conducted only on pairs of
sanpl es showing no significant departures from nornma
distribution. Dry weight.

Core G ab Test

Vari abl e SD SD F prob. Signif.
silt and clay, % 17.1 2.97 33.8 <. 001 S
in tot. carbon, % .42 .19 4,93 .013 S
Arsenic, ppm 5.2 .98 29.5 <.001 S
in Mercury, ppm .40 .19 4.3 .009 S
in Barium ppm .25 .19 1. 64 . 229 NS
I N Chromium, ppm .34 37 1.16 . 709 NS
I n Vanadirum ppm .33 31 1.06 . 889 NS

Effect of the normalizing variables

_ Copper, mercury, zinc, and vanadi um concentrations
Increase significantly with percentage silt and clay and
with percentage total carbon. Chrom um and nicke
concentrations, however, decrease significantly wth
increases in either normalizer. Arsenic and barium are not
significantly correlated to either normalizer. Table 8
shows the results of Spearman's rank order non-paranetric
tests of correlation from which these trends are inferred.
The correlations indicate that the two normalizers can
reduce the variance of five of the el enents, thereby
increasing the power of tests and the precision of estimated
means.

In Table 8, coefficients of determ nation (R-square)
indicate the part of the variation in the concentrations of
el ements which is "explained" by nornalizing variables.

Ti ssue hydr ocar bons

Hydr ocar bon concentrations in aninmals in the greater St.
Ceorge Basin are not well docunented. Two research
Eroiects, sponsored by the Quter Continental Shelf

nvironmental Assessnment Program exam ned |evels of
hydrocarbons in small sanples of aninals.
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Table 8. Spearman rank order correlations for elenent
concentrations (ppm, dry weight) wth normalizing _
vari ables neasured in 1976. Calculations for this review
are based on data from surface sedi ment specinens
collected in greater St. George Basin (Gardner, et al
1978a, 1978b), and repeated in the appendix of this
rev iew

Test
Vari abl es Spearman R R-square Z prob. sSignif. n
$ Silt and clay with: *
Arseni c -.073 .309 .75 NS 19
Bari um -.20 1.48 .13 NS 56
Chr om um -.42 .18 3.09 .0025 S 56
Copper .75 .81 5.57 .00001 S 56
Mercury .52 27 3.27 .003 S 56
Ni ckel -.28 .078 2.08 .035 S 56
Vanadi um .57 .33 4.25 0001 S 56
Zi nc .74 .55 5.50 .00001 S 56
% Total carbon
Arseni c . 050 .201 . 821 NS 17
Bari um -. 149 1. 065 . 287 NS 52
Chrom um -. 358 . 128 2. 560 . 0102 S 52
Copper . 715 .511 5.11 . 0002 S 52
Mer cury . 564 . 318 3.99 .00022 s 51
Ni ckel -.226 1.61 . 103 NS 52
Vanadi um . 496 . 246 3.54 . 0007 s 52
Zi nc . 713 . 508 5.09 . 00002 s 52

For one of these projects, Boersma (1984) reported
n-alkanes in the regurgitate of pelagic birds at rookeries
including two Aleutian Islands. The geonetric nean of the
quantity of n-alkane peaks in 32 specinens collected in 1981
i's 207 rig/m (Boersma, 1984: Table 24) . “Dirty’ specinens
are consi dered those regurgitates which contai ned n-alkane
peaks matching a prudhoe Bay crude oil standard. Frequency
of occurrence of dirty specinmens is shown in Table 9.

Shaw (1977, 1978) surveyed fish and invertebrates in
the Bering Sea for tissue concentrations of hydrocarbons.
He concludes that, "None of the plankton analyses show
evi dence of petrogenic hydrocarbons,” and that, .None of
the [fish] materials analysed shows evi dence of petrogenic
hydrocarbons," (Shaw, 1977: 43, 44). He further states
t h a 'tAll the hydrocarbons. . .'jdentified in the biota of the
Bering Sea are biogenic and probably algal in origin,”
(Shaw, 1978:65). Table 10 shows the hydrocarbon
concentrations reported by Shaw (1977, 1978) for the St
CGeorge Basin planning area.
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Tissue netals

| nvert ebrates

Robertson and Abel (1979) reported estimates of netals
in small sanples of invertebrate aninals collected in 1976.
Their data are repeated in the appendix for eight nmetals and
four animal taxa. Table 11 summarizes the authors' data
pertaining to king crab mercury |evels.

Table 11. Mean level (ppm, wet weight) of mercury in king
crab tissue in St. George Basin, based on three neans
presented in Robertson and Abel (1979). Sanpl e sizes of
t he original nmeans were not reported.

Arith. nmean 95% conf i nt Geom nean 95% conf. int.

.30 .19-.41 .29 . 20-.43

Burrell (1978: Tables 52 and 53) reported heavy netal
concentrations in soft body tissues of blue nussels and
seaweed in the intertidal zone of three islands in the
southern part of the St. George Basin area. Table 12
presents the original data, in addition to sunmmaries
calculated for this review

Table 9. The number of Aleutian Island seabird regurgitate
sanpl es havi ng n-alkane peaks which match the peaks of a
Prudhoe Bay crude oil standard and thus scored as "dirty,"
(Boersma, 1984:Table 7). Specinmens were collected from 24
fork-tailed stormpetrels and 8 Leach's stormpetrels at
Egg Island and Eneral d |sland near unalaska |sland in the
St. George Basin planning area in 1981.

No. % total samples

Sanples with 9

mat ched peaks between 7 22
G20 and C-28

Sanples with 21

mat ched peaks between 1 3
C-n and C 32
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Table 10. Hydrocarbon concentrations (ppm, Wet weight)

animal tissues in the St. George Basin planning area
reported by Shaw (1977, 1978). Fraction 1 represents
hydr ocar bons eluted by hexane and consists of saturates
and sonme ol efinic hydrocarbons. Fraction 2 has larger
unsaturates, aromatics, and some non-hydrocarbon organic

conpounds.

in

e data are taken from Shaw (1977: Table 2, p. 21) and
Shaw (1978: Table 8-3, p. 66), except geonetric neans

which are calculated for this review

Geom Geom
1975, 1976: Fr. 1 nmean Fr. 2 nmean
Chionocetes opilio, entire 0.2 . 499 2.1 80.1
3.1 3300.
1.0 330.
0.1 18.
Hippoglossus stenolepis, gills 6.6 130.
[iver 6.9 1.9
Pleuronectes quadrituberculatus <. 01 3.4
Theradra chalcogramma, Qills 1.0 9.1
i ver 1800. 59.1 300. 329.2
19 . 170.
17. 300.
470.
21. 590.
skin 7.3 30.
skin/fl esh .12 . 0952 2.3 10.4
.12 47,
.06
Tot al Tot al
1977: satur. GM unsatur. GM Pri stane GM
Medusae 2.3 7.5 2.3
Parat henm sto pacifica 70 20 70
Chaet ognat hae 60.2 24.56 10. 3 60.2 24.56
53.1 2.3 53.1
33.6 8.9 33.6
7.5 0.6 7.5
11.1 < .01 11.1
Euphausi acea 52 14. 83 31 44.47 52.5 11.22
66 150 57.5
58 100 49
3.6 34 1.2
1.0 11 1.0
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Table 12. Concentrations (ppm, dry weight) of heavy netal
contents in intertidal benthic tissues in St. George Basin
pl anning area, collected in sunmer of 1976, reforted as
means of duplicate determ nations by Burrell (1978: Tabl es
52 and 53). The geonetric means with confidence intervals
are added for this review

Location  Lat/long Cadm um Copper N ckel Zinc

Mytilus, bl ue nussel:

Eider Pt. 53d 58m, 166d 35m 4.0 9.8 1.3 122
Qter Is. 57d 3m 170d 24m 4.6 6.0 1.8 156
Makushin Bay 53d 44m 166d 46m 6.0 6.0 1.4 81
Geonetric mean 4.8 7.1 1.5 116
95% confi dence interval 3.8-6.1 5.1-9.8 1.2-1.8 79-169
Fucus , seaweed:

Ei der Pt. 5.5 1.5 4.9 17
OQter Is. 3.1 5.0 5.1 8
Makushin Bay 3.8 0.8 7.1 10
Geonetric mean 4.0 1.8 5.6 11
95% confidence interval 2.8-5.6 1.0-3.4 4.4-7.1 7-17

Seal s

Burrell (1979) reported the concentrations of heavy
metals in tissues of three seal species collected in the St.
CGeorge Basin planning area in 197/. The original data from
that report are repeated in the appendix of this review.

Kruskal-Wallis non-paranetric tests show there is no
significant affect of species on levels of the netals, wth
one exception. Cadmumin liver is affected by differences
associated with species (P=.0445). Nearly significantly
different anong species is cadmumin nuscle (P=.0671),
Frequency distributions of concentrations pool ed anong all
three species do not depart significantlr from normal ,
therefore the data are conbined as single sanples. Table 13
shows the means and confidence intervals for the four netals
reported in spotted, ribbon, and bearded seals.

Four other investigations have reported netal
concentrations in northern fur seals on the Pribilof
I'slands. None of these research projects was sponsored by
the Quter Continental Shelf Environmental Assessnent
Program  Results of the four investigations are conpared in
Table 14 for those elenments sanpled by nore than one
i nvestigation.
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Al though E. J. Skoch and his associ ates have produced a
series of reports on netals concentrations in northern fur
seals, only the nost recent data, summarized in Skoch and
Metzger (1988), are reviewed here. Earlier reports contain
data which are "off by a certain factor" (Skoch, pers.
comm., 1987). These earlier reports, available at the
Al aska office of NOAA, are conprised of Skoch, Hoste, and
Bral (no date), Hoste, Skoch, and Grills (1984), and Richard
and Skoch (1986). _

Statistics in Table 15 summarize the raw data in
unpubl i shed | aboratory records acconpanying the report by
Skoch and Metzger (1988). For calculation purposes, | first
substituted the data labelled "re-do's" in the laboratory
records for several initial determnations. The
concentrations of each analyte in each of the three tissues
were then tested for skewness and kurtosis. Only those
sanples or their log-normal transformed values which were
not found significantly different from normal are summarized
as nmeans and confidence intervals in Table 15.

Tabl e 16 conpares the arithnmetic nmean | evel s of those
el enents which have normal distributions and which were
measured by nore than one investigation.

The high nmean concentration of nercury in liver is anmong
the salient features of the four studies. Smthfs (1986)
sanpl e provides an estimate that the nmean |evel of mercury
in livers of the young male fur seals on St. Ceorge Island
in 1986 has a 95% chance of |ying between 50 and 84 ppmdry
wei ght (Table 15). Goldblatt and Anthony (1983) report a
simlar level. Their dry weight estimates, re-calculated by
dividing wet weight by their factor of .21 g dry/g wet,

Table 13. Mean concentrations (ppm, dry W .) of heavy
metals in seal tissues in St. or%g Basin planning area
cal culated from data in Burrell (19/9: Tables 3 an :
Data are pooled for spotted, ribbon, and bearded seals.

n Arith. mean  95% cont. i nterval

Ki dney:

Cadm um 9 29. 84 21.97-37.72
Ni ckel 6 . 2000 . 0845-. 3155
Copper 9 22.41 14.02- 30. 80
Zinc 9 110. 2 88. 48-131. 96

Liver:,

*Cadmium 10 12.54 5. 057-20. 02
Nickel 7 1.543 . 8817-2.33
Copper 10 22.09 15.57-28. 52
Zinc 10 121.6 90. 85-152. 35

Muscl e:

Cadm um 10 . 4090 . 1803-. 6377
Nickel 8 3.175 1.317-5.034
Copper 9 5.533 4.293-6.773
Zinc 0 67.20 40.91-93. 49

*Tncludes significant Speci es difference
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Table 14. Statistical summaries of netal concentrations in
northern fur seals collected on Pribilof |Islands by four
i nvestigations. Cal cul ations are based on data in
appendi x Tables A, A7, Al2, and Al4. The summaries do
not include skoch's | ab determ nations marked "no
det ect abl e anount.” Except zinc in kidney and liver, the
sanpl es of skoch show significant skewness and kurtosis.
Q her investigations’ sanples do not indicate non-nornal
distributions. n = no. seals.

DRY VEI GHT BASI S:

Goldblatt Skoch Smth

KI' DNEY : n=36- 37 n=72 n= 4
mean SD mean SD mean SD

Mer cury 5.458 0.903
Cadm um 266.9 97.7 235.1 178.5 249.3 128.9
Zi nc 277.9 60.5 77.39 27.9 55.23
Lead 0.27 0.22 40.03 46.76 - -
Copper 32.37 15.71 22.50 4.12
Ni ckel 0.556  0.57 7.559 4.887 - -
LI VER : n=36-37 n=58-59 n=4
Mer cury 61. 09 23.08
Cadm um 55.63 27.8 88.20 90 67.25 48.7
Zinc 233.7 38.8 69 24.35 209.8  53.02
Lead 1.13 2.42 41. 3 49. 49 - -
O_op[()er 104.1 77.28 32.50 13.38
Ni ckel 0.411 0.32 7.227 7.818 - -
MUSCLE : n=38- 39 n=56-57 n=4
Mercury 1.387 0.742
Cadm um 0.9 0. 641 27.55 64. 55 0.633 0.666
Zinc 139.15 38.4 67 29.3 89.67 11.85
Lead 0.26 0.48 54.6 71.92 -
C_opﬁer 15. 48 26. 94 -
N ckel 9.383 7.504 -
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Tabl e 14.

con't

VET WEI GHT BASI S

KI DNEY :
Mer cury
Cadm um
Zi nc
égad

er
Nigﬁm
LI VER :
Mer cury
Cadm um
Zi nc
égad

er
Nigﬁm
MUSCLE :
Mer cury
Cadm um
Zi nc

Goldblatt n=37

mean SD range

56. 05
58.36
0. 057

0.117
10. 74
16. 13
67.76
0.328

0.119

6.53 4.09-42.94

0.271
42.16

Anas n=29

mean SD

10. 8

range

3.0-19.0

0.1-0.4
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Tabl e 15. Means and confidence intervals for elenments in
tissues of male northern fur seals, aged 2 to 4years,
at five rookeries in the pribilof Islands. Oidinal
data are single determnations per tissue per animal,
except 6 kidneys, 1 liver, and 1 muscle for
which 2 determnations were recorded. Geonetric neans
and confidence intervals are back-transformed from the
log normal values. Based on data from Skoch and Metzger

(1988) repeated in appéredi x "0f "this review
Ti ssue & Arith. Geonm.
sanpl e size Elenent mean  mean 95% conf. int,

Ki dney 23 Ti tani um 64. 3 37.6-110.1
60 I ron 461 378- 562
72 Zinc 77.4 70.8-84.0
72 zZinc 72.1 65.7-79.1
66 Chrom um 1. 34 1.13-1.59
72 Lead 26. 8 22.1-32.5

Liver 19 Ti tani um 70.6 36.2-137.6
56 lron 1567 1306- 1828
59 Cadmi um 58.3 46.2-73.4
56 Sel eni um 167 146- 189
58 Ni ckel 4.58 3.52-5.96
58 Copper 85.8 73. 3-100
58 Zinc 69.7 63.2-76.1
52 Chrom um 1.33 1.07-1.64

Muscl e 16 Titanium 95.5 55. 8- 163
54 Sel enium 224 192- 256
56 Nickel 6.77 5.37-8.52
56 Zi nc 62.1 55.6-69.5
56 Aluminum 1.22 1.16-1.29
56 Al um num 1.20 1.14-1.26
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Tabl e 16. Sel ected arithnetic means and confidence

intervals for elenments in tissues of northern fur seals,
Pribilof | sl ands. Based on the data of the four

I nvestigations represented in Table 14.

Sanmpl es which depart from normal in tests of
skewness and kurtosis are omtted. Values are
rounded for ease of conparison. Ppm dry weight.

Arith. 95% confid.

Ti ssue El enent Author mean i nterval
Kidney Cadm um Goldblatt 267 234-300
Smth 249 120- 378
Copper smith 22.5 18.4-26.6
Lead Goldblatt 0.27 .203-.349
Mercury Smith 5.46 3.65-7.26
Nickel Goldblatt 0.556 .366-.746
Zinc Goldblatt 278 258-298
Skoch 17.4 71-84
Smith 237 182-292
Li ver Cadmium Goldblatt 55.6 46. 3-64. 9
Smith 67.3 18. 6-116
Copper Smith 32.5 19.1-45.9
Lead Goldblatt 1.13 .32%. 94
Mercury Smth 61.1 38.0-84.2
N ckel Goldblatt .411 . 304-.518
Zinc Goldblatt 234 221- 247
Skoch 69.7 64- 75
Smth 210 157-262
Miscl e Cadmi um Goldblatt 0.9 .69-1.1
Smth 0.6 0-1.3
Lead Goldblatt 0.26 .10-.42
Mercury Smth 1.4 .53-2.2
Zinc Goldblatt 139 126- 152
Smth 90 78-102
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yield a nmean_of 51 ppm, With a 95% confidence interval of 41
to 61 ppm The wet wei ght mean of Goldblatt and Ant hony
(1983) is alnost identical to that of Anas (1973, 1974).
However, Anas reported no sanple dispersion and thus the two
means cannot be tested for significant difference.

Assuming that the statistics of Goldblatt and Anthony
(1983) are froma nornally distributed statistical
popul ation, sanples of mercury in liver with the size and
standard deviation of theirs can detect a significant
difference in means of 5 £pn1met wei ght (less than the
standard deviation of 6.53 ppm about 90% of the tinme.

Cadmium |l evels (dry weight) in kidney are simlar and
hi gh anong the three investigations reporting the el enent.
Cadm um i n kidney has anong the highest concentrations of
the trace elenents reported in fur seals and is similar to
the levels of zinc in kidney and liver (Table 14).

Goldblatt and Anthony (1983} conpared cadm um levels anong
pinniped species and al so tested for the affect of animal
age on cadmum levels in fur seals.

Unli ke cadmium |ead concentrations (dry weight) vary
wi dely anmong the studies (Table 14). The unpubli shed
| aboratory records of Skoch and Metzger (1988) indicate mean
levels from40 to 55 ppm anong three tissues, which are
val ues far greater than those of other investigators.
Goldblatt and Anthony (1983) found |ead |evels of
approximately 1 ppmand lower. Smith (1983) did not detect
| ead at all above the lower detection linmt .034 ppmdry
wei ght. He suggests that the higher concentrations reported
by the older investigations are either representative of
different aninmal populations or “inaccurate due to sanple
and anal ytical contam nation.”

Zinc in kidney and liver was neasured at |ower
concentrations by Skoch and Metzger (1988) than nmeasured by
Goldblatt and Anthony (1983) and by Smith (1986), as shown
in Table 16.

These four investigations offer |ittle opportunity for
obt ai ni ng nore robust estinates of analyte concentrations by
combi ning sanple data. Significant differences in the mean
| evel s for several analytes, as well as the absence of the
original |aboratory determ nations in two reports preclude
cal cul ations of neans and confidence intervals from pool ed
sanpl es.

Neverthel ess, these four studies indicate that fur seals
carry greater burdens of cadm um and zinc than the three
Phoci dae species sanpl ed by Burrell (1979). A conparison of
the nmean concentrations of the metals listed in Tables 13
and 16 shows this difference. Zinc nmean concentrations
appear twice as great in the fur seals of Goldblatt and
Anthony (1983) as in the earless seals of Burrell (1979) for
three tissues. Differences in cadmum |levels are even nore
pronounced between the two sets of species. However, the
confidence intervals of copper concentrations in kidney and
liver overlap, suggesting that nean |evels are not
significantly greater in fur seals than in the phocids.
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Table 17. The quantity of non-proprietary data on
organochlorine concentrations in animal tissue in the
greater St. Ceorge Basin. Analytes are the chemica
speci es analyzed. Specinmens are the northern fur
seal s and seabird eggs sanpled. Tissues
are the types sanpled within specinens. The nunber of
concentrations in the table includes those attenpts
which neasured no quantities of the analyte.

NUVBER OF LAB DETERM NATI ONS

Gtation ‘Analytes Speci nens Tissues Concentrations
Anas 1970 4 8 2 64
Calambokidis 1987 5 1 4 20
Calambokidis 1985 2 4 2 16
Kurtz 1976 8 7 2 112
Kurtz no date 7 18 4 504
Ohlendorf 1982, 88 12 47 1 564
Wise 1988 35 2 4 280

censoring of data bel ow | ower detection 1imit precl udes
testing of assunptions about frequency distributions. These
constraints and the small sanple size of two may limt
conpari sons anong such inportant factors as year, age,

pl ace, and species. Nevertheless, conparisons with other

I nvestigations reviewed here indicate that some nmeans, such
as for congeners and dieldrin in |iver and bl ubber, are
so nmuch lower that statistical tests of differences with
other reports are unnecessary.

For northern fur seals, the only tissue-chem ca
conbination with testable sanple sizes in nore than one
investigation shows significant variation in concentrations
anong | nvestigations. DDE concentrations in liver of
subadult nales, uncorrected for percentage recovery, are
significantly different according to a Kruskal-Wallis rank
test using sanples of Anas and Wl son (1970), calambokidis
and Peard (1985), and Kurtz (no date) (test statistic
H=11.4; df=2; P=.0037). Figure 15 illustrates the variation
in mean levels of DDE in livers anong the four studies.

Because the data on DDE in |iver of calambokidis and
Peard (1985) and Kurtz (no date) are simlar, they may be
conbined to “increase sanple size. Their |og-transforned
val ues have neans and variances which are not significantly
different between studies, according to t-test and F-test.
The resulting pooled sanple of 22 has a geometric nean equa
to .201 ppmwet weight, with a 95% confidence interval of
162 to .249 ppm Figure 16 shows the frequency
distribution of the untransforned concentration val ues for
t he pool ed sanpl e.
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Seabird eggs

ohlendorf, et al (1982) surveyed organochlorine resi due
concentrations in the e?gs of Al askan seabirds from 1973 to
1976. Al of the data fromthat report regarding the four
species and three islands studied in the greater St. Ceorge
Basin are repeated in the appendix. The appendix also
i ncludes a table containing unpublished, unsummarized data
recei ved from ohlendorf (pers. comm. , 1988) .

The values are not corrected for percentage recovery,
which ranges from 83% to 104% The lower limt of detection
was .02 ppm for toxaphene and PCB's, and .005 ppm for the
ot her pesticides (Ohlendorf, et al, 1982:4).

Table 18 shows the arithnetic nmeans of DDE and PCB's in
eggs collected in the St. CGeorge Basin area, based on the
unpubl i shed data of ohlendorf (pers. comm., 1988) . These
two chemcals are represented by the |argest sanple sizes
and the highest concentrations in the data set. Their
sanple distributions do not differ significantly from normal
according to tests for skewness and kurtosis. Figure 17
illustrates the variation in the nmean |levels of DDE and
PcB's anong bird species shown in Table 18.

The eggs of %Iaucous-mﬂnged gull' s on Bogoslof |sland
exhi bit the highest organochlorine residue quantities

neasured for St. George Basin area eggs.  This sanple
includes an egg with 11.0 ppm DDE,_ wet weight, and another
with 6.3 ppmPCB's, wet weight. See the appendix.

Table 18. Mean concentrations (ppm, wet w.) of selected
organochlorines in eggs of seabirds on Pribilof |sl ands
and Bogoslof | sl and. Based on data from oOhlendorf (pers.
comm. , 1988) .

DDE: PCB's:

. 95% 95%
Speci es n Mean conf. int. Mean conf. int.
Nort hern fulmar 6 .312 .216-.408 .400 . 223-.577
d aucous-wi nged qul | 3 6.37 .938-11.8 3.90 1.28-6.52
Bl ack-l egged kittiwake 10 .033 .023-.043 .481 . 375-.587
Common nurre 7 .119 .111-.127 .126 . 098-.155

National Status and Trends

The National Status and Trends Program of NOAA has
devel oped several hundred data on trace contam nants in
bottom fish and surface sedi ments at Dutch Harbor in 1986
and 1988 (varanasi, et al, in prep.) . A prelimnary view
of the 1986 data indicated that the data include
concentrations of 38 organochlorines, 16 netals, severa
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cl asses of polynuclear aromatic hydrocarbons, in addition to
auxiliary variables from the sanpled material and quality
assurance docunentation. The sanpled material and the
analytes of 1988 are simlar to those of 1986.

The Ns&T Program nakes its data available to other users
two years after the collection. Hence, the first set of

data in this series will becone available after October
1988.

DI SCUSSI ON
Availability of data

Data on trace contamnants in sedinment of the St. George
Basin area are available from several OCSEAP reconnai ssance
surveys. For three surveys, a small number of collecting
stations fall in the area of the St. George Basin. O these
surveys, one neasures hydrocarbons and percentage organic
carbon, an inportant normalizing variable. The other two
studies sanple netals concentrations, unacconpani ed by other
speci men measur enments. In contrast, the survey of Gardner
et al (1978a, 1978b) provides a large collection of netals
determnations as well as measurements of grain size and
carbon nornalizers.

Tissue data for the St. George Basin were found in a
wider variety of sources, including both reconnai ssance and
monitoring research. Concentrations of hydrocarbon
fractions are provided for snmall sanples of a large array of
taxa in surveys by Shaw (1977, 1978). In addition, snal
sanples of metals concentrations in several species of
invertebrates at a few |l ocations were determ ned by Burrell
(1978) and Robertson and Abel (1979). ohlendorf (1982)
surveyed organochlorine residues in bird eggs. I'n contrast
to these studies, designed to characterize contam nant
levels within taxa, Boersma (1984) used hydrocarbon peaks as
a tool for monitoring changes in oil pollution over tine.

Seal s have received nore attention than any other taxon
in the St. CGeorge Basin area. Seal organochlorines and
metal s have been sanpled in five species and eight tissues
by nine sets of investigators over a period of twenty years.
Nevert hel ess, the small sanples do not necessarily offer a
basis for detecting increases and decreases in trace
contam nant |evels.

Adequacy of data

Some trace contam nant analytes in the St. George Basin
area are well-characterized by robust sanpling. Chi ef anobng
these analytes are the elements in sedinent studied by
Gardner, et al (1978a, 1978b), and in the fur seal tissue of
Goldblatt and Anthony (1983). Both investigations offer
| arger sanples, attenpt to account for variabilitY In
contam nant concentrations using auxiliary variables, and
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are explicit about assunptions of normality. Consequently,
both sets of results may be used in detecting noderate
differences in metals concentrations w th other

i nvestigations.

Mbst available data sets for the St. George Basin area
do not neasure geographical trends in trace contam nant
concentrations. ly the research of Gardner, et al
(1978a, 1978b) neasures the variation in analyte
concentrations within localities. Because the other studies
of sedinent and tissue do not partition total variance into
its local and regional sources, they can offer for each
analyte only a single nean which represents the entire
sanpl ed area.

Several characteristics of the data sets detract from
their usefulness in nmonitoring tenporal changes as well.
First, small sample sizes for individual tissues and areas
restrict testing power for detecting differences. Secondly,
sone results are presented as summaries, wthout the
original determnations, precluding nost further
mani pul ati on and requiring meakl¥ supported assunptions
about frequency distributions. n addition, non-normal 1y
distributed sanples do not allow confidence limts of the
mean or nulti-variate analyses, although differences can be
tested with non-parametric nethods. For these reasons, nost

ast sanpling efforts in the St. George Basin area are of
imted help in measuring trends and noderate changes in
| evel s of trace contam nants.
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Fig. 2. Isolines of the concentration (ppm, dry weight) of
fotal n-alkanes fromc-15 to_C-34 in surface sedinent’ of
greater St. Ceorge Basin. Based on 13 grab specinens in
1975 reported by Kap| an, et al (1977) and Venkatesan,
et al (1981).
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Fig. 3. Isolines of the ratio of total
organi ¢ carbon x 10,000 in surface sedi nent of greater
St. CGeorge Basin. Based on 14 grab specinens in 1975

et 'al (1977) and Venkatesan, et a]

reported by Kapl an,
(1981) .
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Fig. 5. Isolines of the odd-to-even ratio for alkanes
c-15 to G 34 in surface sedinment of greater st. George
Basin. Based on 13 grab specinens in 1975 reported Dy
Kapl an, et al (1977) and venkatesan, et al (1981).
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Appendi x

Tables of data from the original reports
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Table Al. Concentrations of pesticides in liver and brain of
subadult nale northern fur seals (ppm, wet wei ght basis) at
Pribilof |slands, July 2, 1968. Based on Anas and W/ son
(1970: Table 1).

Concentrations are not corrected for percent recovery.
Recovery rates are as follows: p,p'-DDE, 80-85% p,p'-DDD (TDE),
82-95% p,p'-DDT, 91-95% and dieldrin, 85-90% PCB's were not
in the sanples. ND means not detected at |ower limit of
sensitivity <0.010 ppm dry weight. Concentrations
are unsummarized, single determ nati ons.

Tissue &
field no. Age

(years) DDE DDD DDT dieldrin
Liver
R- 6683 3 0.075 ND 0.025 ND
R- 8317 3 0. 083 ND 0.038 ND
R- 9514 3 0. 042 ND 0.031 ND
Q 17766 4 0. 044 ND ND ND
Q 19800 4 0. 30 ND ND ND
Q 21025 4 0. 068 ND 0. 025 ND
Q21777 4 0.061 ND ND ND
Q 24993 4 0. 054 ND 0.021 ND
Brain
R- 6683 3 0.019 ND ND ND
R- 8317 3 0. 029 ND ND ND
R- 9514 3 0. 017 ND ND ND
Q 17766 4 0.015 ND ND ND
@ 19800 4 0.079 ND ND ND
Q 21025 4 0.019 ND ND ND
Q21777 4 0.023 ND ND ND
Q 24993 4 0.018 ND ND ND
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Tabl e a2. Mercury concentrations (ppm wet weight)
in northern fur seals in 1970 and in harbor seals on
Aug. 17, 1971, at Pribilof |sl ands. Concentrations
are means of four replicates from each tissue specimen.
Recoveries were over 90% Based on Anas (1973, 1974:
Tables 1 and 3).

Age No. Ppm, nMercury
(years) Sex seal s Tissue mean range
Fur seals: _

0.3 Epupsg m xed 10 liver 0.20 0.1-0.3
0.3 (pups m xed 5 nuscl e 0.06 0.05-0.11
2-3 mal e 29 liver 10.80 3.0-19.0
2-3 mal e 29 muscle 0.25 0.1-0.4

Har bor seal s:

mal e 1 liver 0.6 -
femal e 1 liver 3.2 -
mal e 1 liver 0.9 -

Table A3. Concentrations (ppm, dry wei ght) of heavy
metal contents of the soft tissue of legs and claws
of tanner crab and soft tissue of Neptunea snails in
the St. CGeorge Basin planning area. Collected in April,

1976, from M|l er Freeman vessel. From OCSEAP report
by Burrell (1977: Tables 25 and 26).
Cd Cu Ni Zn
Sanpl e no
Tanner crab:
16 <1.3 30.3 <1.3 138
29 <1.3 25.0 <1.3 182
33 <1.3 27.5 <1.3 169
37 3.8 20.4 <1.3 158
48 <1.3 21.4 <1.3 155
Neptunea:
15 13 215.9 <0. 63 72.8
31 <1.3 111.2 0.7 56. 8
50 2.5 155.8 0.63 84.8
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Tabl e A4.
netal s
ning a
vessel .
(1979:

expressed plus or

n=2 fr

determ nati ons.

Speci nen
Muscl e:

Concentrations (ppm, dry wei ght) of heavy

in seals collected in St
rea, March 31 to Apri

27, 1977,

Based on OCSEAP report by Burrell

Tables 3 and 5).

om duplicate determ nations.

Latitude Longi t ude

4 58deg 45.6mM N 172deg 55.4min

30
28

N
O~NF ONWO

Li ver:

N W

N
O~NFPONWOHOO P~

Ki dney:

N W

N
O~NF,ONWOOOP~

58deg 34.8nmi n 169deg 28.8min
58deg 54.2min 169deg 13.6min
58deg 53.0min 173deg 7m n
58deg 56m n 172deg 40m n
58deg 51.0min 173deg 8.0min
58deg 54.2min 169deg 40.3m n
58deg 51.0min 173deg 8.0min
58deg 43.9min 169deg 32.9min
58deg 48.5min 169deg 41.3min

58deg 45.6m n 172deg 55.4nin
58deg 34.8min 169deg 28.8min
58deg 54.2m n 169deqg 13.6min
58deg 53.0min 173deg 7mn
58deg 56m n 172deg 40mn
58deg 51.0min 173deg 8.0min
58deqg 54.2m n 169deg 40.3m n
58deg 51.0min 173deg 8.0min
58deg 43.9mM N 169deg 32.9min
58deg 48.5m n 169deg 41.3min

58deg 45.6m n 172deg 55.4mn
58deg 34.8m N 169deg 28.8min
58deg 54.2m n 169deg 13.6min
58deg 53.0min 173deg 7nin
58deg 56m n 172deg 40m n
58deg 51.0min 173deg 8.0min
58deg 54.2m n 169deg 40. 3m n
58deg 51.0min 173deg 8.0min
58deg 43.9m n 169deg 32.9nmin
58deg 48.5min 169deg 41.3min
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Speci es

Spotted
Spotted
Spotted
R bbon
Ri bbon
Ri bbon
Ri bbon
Ri bbon
Bear ded
Bear ded

Spotted
Spotted
Spotted
Ri bbon
Ri bbon
Ri bbon
Ri bbon
Ri bbon
Bear ded
Bear ded

Spotted
Spotted
Spot t ed
R bbon
Ri bbon
Ri bbon
Ri bbon
Ri bbon
Bear ded
Bear ded

Ceorge Basin plan-
from surveyor

Concentrations which are
mnus 1 SD are for sanple sizes of
b=duplicate

c=single determ nations.

Sex
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Tabl e A5. Concentrations (ppm, dry weight) of heavy metal contents in
extracts of surface sedinent in the st. George Basin planning area.
Col | ected with HAPS corer from D scoverer vessel in 1975. ased on

OCSEAP report by Burrell (1977: Tables 34, 38, 39; 1978: Table 43).
nd=not det ect ed.

Mud % Sep. 25
Lat. Long. silt& June 2-19: -Gt L3

Sta. Deg/Min Deg/Min cl ay Cd cu Ni Zn Fe Mh Cd cr A Se
30 55 59 166 53 <0.25 2.5 17.3 23.9
31 23.1 0.25 <2.5 <2.5 7.1 637 9.0
35 56 12.4 168 20.4 0.4 102 0.09
43 58 42.5 166 16.0 14.7 0.25 <2.5 2.5 6.3 1.7 55 nd
44 14.9 0.25 <2.5 ¢c2.5 5.9 1040 16.2
46 57 34.5 168 4.5 1.7 0.5 84 nd
51 55 49 170 47 0.9 122 nd
54 56 56.4 170 54.8 0.3 211 .02,.0
56 58 6.5 169 5.4 37.6 0.25 9.9 8.2 19.3 60 nd
57 19.2 0.25 <2.5 <2.5 6.8
63 49.5 0.25 <2.5 <2.5 13.3 1756 27.3
64 58 1.5 171 17.0 43.5 0.25 <2.5 <2.5 12.0 1350 20.9 2.8
65 57 24.9 172 4.6 40.4 0.25 <2.5 <2.5 10.5 915 18.8 2.9 1.9 138 nd
69 41.9 0.25 <2.5 <2.,5 12.5 985 21.3



Table A6. Concentrations (ppm dry weight) of heavy
metal contents in intertidal benthic tissues in the
st. George Basin planning area, collected in the
sunmer of 1976.  Expressed as the neans of
duplicate determ nations. Based on Burrell
(1978: Tables 52 and 53).

Eider Pt. Qter Is. Makushin Bay
53d 57.5m N 57d 3m N 53d 44m N
166d 35.1m W 170d 23.8m W 166d 45.8m W
Mytilus
(bl ue nussel)
Cd 4.0 4.6 6.0
Cu 9.8 6.0 6.0
Ni 1.3 1.8 1.4
Zn 122 156 81
Fucus
(seaweed)
Cd 5.5 3.1 3.8
Cu 1.5 5.0 0.8
Ni 4.9 5.1 7.1
Zn 17 8 10
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Tabl e A7.
fur

seal s collected on St.
of 1975 (Goldblatt and Anthony, 1983).

Concentrations (ppm) of metals in northern
Paul Island in the summer
‘The authors

state that the means for each metal which share a

common letter are not significantly different
Student-Newman-Keulf's t est,

(P>.05) by
and that they transformed all

data to common | ogarithms for statistical analysis
to ensure honopgeneity of variance.
Li ver Kidney Muscle Bone

Dry weight:

Cadnigm ,
Mean 55. 63a 266.92b 0.90c 0.09c
Range 22.50-153.72 127.0-567.76 0.372-3.70 0. 035-0. 26
SD 27.8 97.7 0.641 0. 045
n 37 37 39 39

Zi nc
Mean 233.67a 277.91b 139.15¢c 119.894
Range 183. 80-331.68 187.74-420.45 60.57-221.99 92.34-142.81
SD 38.8 60. 5 38.4 12.9
n 37 36 39 39

Lead
Mean 1.13a 0.27b 0.26b 1.78¢c
Range 0.23-14.76 0.02-0. 97 0-2.44 0. 15-10. 30
SD 2.42 0.22 0.4% 2.24
n 36 36 38 38

Nickel
Mean 0.411a 0.556b 0.530b 1.220c
Range 0.0-3.38 0.10-2. 45 0- 3. 3%$3 0.47-1.65
SD 0.32 0.57 0.63 0.27
n 36 36 38 39
Wt wei ght:

Mercury
Mean 10. 74
Range 4.09-42.94
SD 6.53
n 37
Cadm um 16. 13 56.05 0.271 0.08
Zi nc 67.76 58.36 42.186 108.38
Lead 0. 328 0.057 0.081 1.61
Nickel 0.119 0.117 0.161 1.1
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Table A8. Proportion of the variation in cadmi um and nercury
concentrations anong 37 northern fur seals which is accounted
for by age of seals (Goldblatt and Anthony, 1983: Table 3).
The squared correlation coefficients (R-square) are
calculated fromthe significant (P<.05) regressions of
concentrations wth age.

Meta 1 Ti ssue R-square
Cadm um 1 iver 0. 4516
Cadm um nmuscl e 0.6593
Cadmium bone 0.8724
Mer cury l'iver 0. 8427

163




Table A9. Concentrations of selected el ements and auxiliary vari abl es
in sanples of surface sedinment in the St. George Basin, from OCSEAP
report by Gardner, et al (1978a: Appendix A and B) and personal
communi cation of latitude and longitude (1988). The investigators
state that the upper 30 cm of cores were honogenized by mixing with
sea water as a result of the coring operations, and consequently,
anal yses from cores represent an average value for the upper 30 cm of
sea floor. Sanples collected by Soutar van Veen were undisturbed and
representative of surface sediment to within a few centineters bel ow
the sedinment-water interface (Gardner et al, 1978b). Values were
determ ned by x-ray fluorescence (SRF or X) , atonic absorption
spectroscopy (AAS or A) , instrunental neutron activation (N) , and
em ssion spectroscopy (S) techniques. Percentage carbon is
mean of three determnations of total carbon.

Wat er Top of
Sanpl e Sampling dept h I nt erval
| abel method (m Lat . Long. (cm
1976 cruise S4-76:
g2 gravity core 248 54.736 165.883 1
g5 gravity core 118 55.037 165.486
g6 gravity core 118 55.037 165. 48
g8 gravity core 109 55,281 165.129
g9 gravity core 109 55.279 165.125

glo gravity core 101 55.504 164.835
g1l gravity core 101 55.501 165.837
gl2 gravity core 101 55.498 164.839
gl3 gravity core 109 55.899 165.701
gl4d gravity core 109 55.900 165.703
gl5 gravity core 108 56.226 166.441
glé gravity core 108 56.227 166.448
gl7 gravity core 91 56.700 166.921
gls gravity core 91 56. 698 166. 92
gl9 gravity core 90 56.789 166.921
g20 gravity core 95 56.786 167.836
g21 gravity core 95 56.789 167.803
g21 gravity core 95 56.789 167.803
g27 gravity core 98 56.789 168.605
928 gravity core 98 56.794 168.601
929 gravity core 98 56.792 168.599
929 gravity core 98 56.792 168.599
g32 gravity core 107 56.605 168.285
g33 gravity core 111 56.530 167.977

= =
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g34 gravity core 111 56.528 167.976
g34 gravity core 111 56.528 167.976
g36 gravity core 111 56.527 167.983
g41 gravity core 115 56.452 167.672
g42 gravity core 121 56.332 167.447
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g43
946

948
g4

050
950
g51
g52

go4
g55
go5
g56
g57
g59
g60
g61
g62
g63
g64
g65
g66
g67
g69
g7 o0
g71
g75
g75
Q77
g8o0
g9o0
g9l
glo5
gl o7
glog
gllo
gill
gll2
gliz
gll3
gll4
gll5s
glls
glile
gll?y
glis
glloe
gl2o0
gl20
gl21l
V2
V3

gravity core 123

gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core
gravity core

gravity core
gravity core
gravity core
gravity core
van Veen (gra
van Veen gra

128
129
129
126
126
120
120
120
114
122
122
127
127
128
128
130
131
135
135
133
134
134
157
157
122
400
400
125
125
113
108
105
110
320
411
135
135
132
133
133
138
138
140
140
140
144
144
145
145
145

57

75

74

165

. 327
. 148
. 982
. 982
. 800
. 800
. 668
. 668
. 667
. 917
. 289
.291
. 432
. 432
. 432
431
. 996
. 992
. 795
. 798
. 949
. 106
.107
.316
. 328
. 090
. 105
. 105
. 405
. 405
. 620
. 690
. 486
371
. 134
.131
. 790
. 800
. 616
. 616
. 616
. 449
. 450
. 289
. 289
291
132
. 139
. 984
. 983
. 983
132
. 013
<121

167. 451
167. 116
166. 746
166. 757
166. 332
166. 332
166. 027
166. 027
166. 027
165. 701
165. 984
165. 985
166. 351
166. 351
166. 351
166.351
166. 669
166. 678
1675023
167. 029
167. 402
167. 776
167. 769
168. 293
168. 289
170. 05
170. 559
170. 558
170. 972
170. 972
170. 669
170. 563
170. 067
170. 148
169. 543
169. 544
168. 214
168. 208
167.84
167. 833
167. 833
167. 481
167. 483
167. 111
167. 111
167. 111
166. 76
166. 76
166. 431
166. 423
166. 423
165. 748
168. 265
168. 558
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%) van Veen aqra 82 56.884 168.903 0
V7 van Veen gra 122 56.097 170.048 0
V7 van Veen gra 122 56.097 170.048 0
V9 van Veen gra 60 57.024 169. 548 0
v1l van Veen gra 68 56.937 169.414 0
V12 van Veen gra 68 56.861 169.521 0
V14 van Veen gra 126 56.232 169.827 0
V14 van Veen gra 126 56.232 169.827 0
V15 van Veen gra 145 56.326 169.693 0
V17 van Veen gra 85 56. 707 169. 18 0
v18 van Veen gra 100 56.569 168.907 0
vis van Veen gra 110 56.569 168.907 0
V21 van Veen gra 101 56.536 168. 79 0
v28 van Veen gra 57 54.130 165.744 0
p3 pi ston core 120 55.661 166.016 3
p5 pi ston core 135 55. 790 167.015 0
p5 pi ston core 135 55.790 167.015 0
p6 piston core 133 55.944 167.415 6
p7 piston core 110 56.376 170.154 5
p8 pi ston core 320 56.121 169.554 3

S4-76 Msc. Seals., pribilof Islands; EMonly

g30 gravity core 107 56.638 168. 637
g31 gravity core 108 56.635 168.637
g37 gravity core 107 56.579 167.904
g37 gravity core 107 56.579 167.904
938 gravity core 107 56.607 167.862
939 gravity core 107 56.607 167.862
g40 gravity core 100 56.678 167.774
g4 o gravity core 100 56.678 167.774
g72 gravity core 300 56.252 171.203
g/2 gravity core 300 56.252 171.203
g/8 gravity core 111 56. 666 170.6
g79 gravity core 111 56.664 170.598
gsl gravity core 103 56.745 170.483
982 gravity core 97 56.807 170.399
989 gravity core 96 56. 564 169. 94
g94 gravity core 123 56.379 169. 624
gl 03 gravity core 125 56.361 169.041
V4 van Veen gra 80 56.997 168. 738
V5 van Veen gra 81 56.995 168. 805
v1o0 van Veen gra 60 56.951 169. 638
V19 van Veen gra 110 56.562 168. 748
V20 van Veen gra 102 56.556 168. 766
V22 van Veen gra 102 56.504 168. 837
V22 van Veen gra 102 56.504 168.837
V23 van Veen gra 103 56.491 168. 857
V23 van Veen gra 103 56.491 168. 857
V25 van Veen gra 125 56.362 169. 031
plo piston core 2850 55.634 170.085 107
pl3 piston core 2080 55.513 169.258 25
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1977 cruise S6-77:

gl4
gl6
g19
g20

1977 cruise S6-77 dat a,

V5
V6
)
V7
g/
gl2
gl2
gld
918
gl
g20
g22
g23
g24
925
925
926
929

gravity core 1309
gravity core 825

gravity
gravity
gravity
gravity
gravity
gravity
gravity
gravity

van Veen gra

core
core
core
core
core
core
core
core

1190
2230
2151
2030
2900
2900
3158
2648

166

van Veen gra 76

62
76
76
142
109
154
154
1309
825
1190
2230
2151
2030
2900
2900
2900
3158
2648

167

54. 213
54. 336
54. 376
54. 763
55. 173
54. 839
55. 524
55.514
55. 719
55. 944
56. 200
54. 804

seawat er

55. 041
54. 804
54. 804
54. 478
54. 478
56. 298
56. 298
54. 213
54. 336
54. 376
54. 763
55.174
54. 839
55. 524
55.514
55. 514
55. 719
55. 944

166. 637
167. 515
168. 089
168. 707
169. 332
170.37
170. 02
170. 028
170. 79
170. 673
168. 34
164. 975

corrected:

164. 512
164. 975
164. 975
165. 153
165. 153
168. 235
168. 235
166. 637
167. 515
168. 089
168. 707
169. 332

170. 37

170. 02
170. 028
170. 028

170. 79
170. 573




con't

Mean
%

Tabl e A9.

Pet .
Sanpl e silt
| abel

1976 cruise S4-76:

g2 18.
) 23.
g6

g8 36.
99

glo0

gll 24.
gl2

gl3 ‘57,
gld

glb

glé

gl?

gls8

glo 36.
g20 23.
g2l

g21

927 24,
g

929

g32 18.
g33 26
g34

g34

936

g41 36.
g4?2

943 61.
946 81.
g47

948 86.
949 86.
949 86.
g50

g50

gol 74.
g52 78
g53

g54 63.
g55

055

g56 77.

88
64

02

39

18

61
21

48

09

00

26
83

65
09
09

58

07

37

0.
0.

0.

(@ Y]

O

coco oo o

&clay carbon

39
41

43

.32
.12

.48
.40

.39

.31
.46

.47

.69
.97

.98
. 83
.67
.61
. 56

.75

Parts per million:

Hg-a Zn-a = As- X

.03
.04
.03
04
03
.05
.04
04
03
o
08
.05
04
04

OO 000000000 0000000000000 000000000QOO0000000
o
D

116 4. 065

107.
119
91
97
72
71
71
83
79
14
82
70
68
65
63
63
63
62
58
58
58
58
65
57
61
55
70
85
84
94
101
100
107
98
102
115
106
96
112
108
99
99
99

168

3.773
6.023
4.520
5. 825

5.927
5.612

6. 289
5.719
6. 084

4,697

5.726
4..566

6. 265

5.108
5.843
5.594

5.726

Ba-s Cr-a cu-a Ni-s V-s

150
200
300
200
200
150
150
100
150
100
150
150

70
100
150
100

100
100

70

70

70
100

70
100
100

70
100
150
100
150
150
150
150
150
150
200
200
150
200
200
200
200
200




g57
g59
g60
oo
g

%
g

g65
e
g

g69
g70
g7l
g75
g75
g77

g90
g9l

gl o7
gl109
gllo
gill
gl12
gl12
gll3
gli4
glls
gl1s
glle
g117
gl18
gl19
g120
gl20
gl21l
V2

V3

V6

V9

vil
vliz
vl1l4d
V14
v15
v17
vls
v1s8
V21
v28
p3

80.
71.
79.
36.

13.
15.

79.
23.
23.
45,
62.
75.
75.
12.

32.

52.

44.

58.
66.

=
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87

97

29
46

. 64
.19
.94
. 26
.38

38
14
74
91
76
76

.02
.23
.90
.90
Y

.94
.99

.90

.31
.34

.70
0.00
0. 52
0. 82
0.87
0.91
0.34

0.43

o OO o [ Y e)

(00 0)

oo
o1
o1

COoo0o00000000000
N
({e]

O OO 00000000 0000000000000 000000000000COOOOOOO00000000

101

99
108

102

111

H
N
o
=

A~ PP O

owoor ~ & woo

o U101

(62K erNe)p)

. 048

. 484
. 278

. 945

. 549

. 065

. 049
. 930
. 310

. 995
. 013
. 608

. 816
. 897

191
.419
. 358

. 700
. 984
. 257

. 639
. 959

. 433

500
500
500
500
500
700
500
700
700
500
700
700
500
500
500
500
700
700
700
700
1500
700
500
700
700
500
500
700
500
500
500
500
500
500
500
500
300
500
700
700
700
500
500
700
700
500
500
500
500
700
500
700
300
500
700
500

20

100
70
50
50

200
150
150
150
150
150
100
150
150
100
100
200
150

70
100
100
100
100
150
150
200
100
100
150
150
150
150
150
150
150
150
200
150
200
200
150
200

70

70

70
100

70

70
100
100
100

70
150
100
150
150
100
200
200
150
150




p6
P7
p8

79.

S4-76 M sc.

g30
g31
g37
937
g38
939
g40
g4 o
g72

V23
v23
v|25
plo
pl3

20

0.

Seal s. ,

1977 cruise S6-77:

gl4
gl6
20
g
g22
g23
g24
925
926
g29
V4
V6

32.
33.
39.
39.
37.
33.
41.
42.
22,
43.
89.
91.

17
24
40
04
56
99
16
44
76
40
40
43

1977 cruise S6-77

CORrRRRRRPRPRERER

0.05 96
76 0.05 85

500
700

0.09 130 8.331 700

Pribilof | sl ands,

.46
.13

12
52

.70
. 56

43
22

.15
.45

00
37

EM onl y:

700
700
1000
700
700
700
1000
700
700
500
700
700
700
1000
700
500
700
700
500
500
700
700
500
700
700
1000
700
1000
1000

data, seawater corrected:

170

50
100
70

70
70
50
50
50
100

100

50
30
50

15
20
15
15
20
30
15
20
50
50
15
15
30
30
20
70
20
10
15
10
15
15
20
15
15
15
20
70
100

20
30
30

30
30
20
15
20
30
20
20
50
50
20
20
30
30
50
100
50
15
20
70
30
30
30
30

30
50
30
30

150
150
200

100
100
100
70
100
150
100
70
150
150
70
70
150
150
150
200
150
70
70

70
100
70
100
70
150
200
150
100



V15
V6
V6

z
glz2
glz
gld
glé6
920
g

g22
g23

925
925
926
929

COO0O000000000000000

.04

04

.01

03
04
08
09
01
04
01
04
01
01
08
12
04

.10
.03

135

107
102

56
121
126
101
119
110

95

88

89
83
84
105
99

14. 000 300
0. 000 500
4.600 500
86. 000 500
4.900 700
4.800 700
9. 000 700
0. 000 500
5.200 500
3.400 700
0. 000 1000
0. 000 1000
0. 000 1500
0. 000 1500
0. 000 700
0. 000 700
0. 000 700
0. 000 700
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50
20

30
70
100
70
30
30
30
30
30
30
30
30
50
50
50

20
70
70
70
15
70
70
100
150
150
100
100
70
100
70
70
100
70

30
15
15
15
30
70
70
50
30
30
50
30
30
50
30
30
30
30

300
300
150
300
150
300
150
200
200
150
150
150

100
150
150
150
150




Table A10 Concentrations (ppm, dry weight) and ratio
i ndi ces of hydrocarbons in surface sedinent, 0-10 an of
Bottom was sanpl ed by

et al
et al

Pri stane/
phyt ane

3.97
10. 2
nr
.16
.18
.37
. 26
.90
.49
. 80
93
. 80
.27

| amal
N BN 00 WN NW U

St. George Basin plann|n% ar ea.
steel van Veen grabs in 1975. From Venkat esan,
1981: Table 25-1) and OCSEAP rePort by Kapl an,
1977: Tables 1, 5 7, 9). Total hydrocarbons =
sum of hexane and benzene fractions. nd=not determ ned.
nr=not resol ved.
Wat er
Station _ depth
| abel Latitude Longi t ude (m
17 55deg. 26.4mn. 165deg. 49.1lmin. 119
28 57deg. 10.4min. 165deg. 04.4mn. 70
35 56deg. 12.4min. 168deg. 20.4mn. 160
37 57deg. 05.3m n. 167deg. 00.6min. 75
38 57deg. 40.1min. 166deg. 05.8min. 66
40 ss8deg. 07.3m n. 165deg. 15.6min. 46
43 s58deg. 42.5min. 166deg. 16.0min. 37
46 57deg. 34.5min. 168deg. 04.5min. 70
51 55deg. 49mn. 170deg. 47mn, -
54 56deg. 56.4mn. 170deg. 54.8min. 105
56 58deg. 06.5min. 169deg. 05.4min. 71
58 58deg. 43.5min. 167deg. 21.0min. 44
64 58deg. 01.5min. 17 |deg. 17.0min. 90
65 57deg. 24.9min. 172deg. 04.6mn. 109
Aliphatic Aromatic  Total Tot al % or gani c
fraction fraction hydrocarbons n-alkanes carbon
13 5.2 18.2 1.09 0.76
8.7 4.1 12.8 2.93 0.59
180. 1 60. 8 240. nr 0.41
5.8 4.0 9.8 0.76 0.41
4.9 10. 6 15.5 1. 64 0. 66
1.9 2.6 4.5 0.61 0.32
2. 4 2.7 5.1 0.52 0. 30
4,3 7.5 11.8 0.74 0.42
2.8 0.6 3.4 0.77 nd
7.4 9.9 17.3 2.10 0.68
10.6 8.5 19.1 0.75 0. 47
3.8 2.8 6*6 0. 28 0.31
12. 3 9.8 22.1 1.79 0.77
6.9 9.6 16.5 1. 60 0. 67

172

16. 43




Tabl e A1O. con't

(Total hydrocarbons/ (Total n-alkanesy Odd/even

Pristane/ Phytane/ organi ¢ carbon) organi c carbon) for C 15
G 17 G 18 X 10exp4 X 10exp4 to c-34
18.1 0.41 23.9 1.4 3.43
2.16 0. 26 21. 7 5.0 4.09
nr nr 587.6 nr nr
1. 45 0.36 23.9 1.8 3.28
2.21 0.30 23.5 2.5 4. 41
0.93 0. 32 14.1 1.9 3.41
0.97 0.48 17.0 1.8 3.08
10. 3 0.41 28.1 1.8 3.59
2.14 0.49 25.4 nd 2.56
3.06 0. 36 25.4 3.1 2.57
3.34 2.71 40. 6 1.6 3.78
1.26 0. 32 21.3 0.9 3.33
0.96 0.96 28. 7 2.3 2.75
7.74 7.74 24. 6 2.3 3.77
Table AIl. Trace elenent concentrations (dry weight) in surface sedi nent
col l ected by HAPS corer from Di scoverer vessel, June 12-19, 1975.
From OCSEAP report by Robertson and Abel (1979: Tables C. 1 and c.2).
The aut hors did not provide |abels for dispersion estimates
acconpanyi ng each nean, nor the sanple sizes.
Wat er Al umi num Cal ci um Manganese
Station depth ercent per cent ppm
(MB | abel ) Lat. Long. (m an Mean Mean
28 (0-3cm) 57d 10m 165d 04m 69 1.05 0.03 2.31 1.03 524 50
29 (0~4cm) 5.90 0.02 2.09 0.33 572 45
30 (0-4cm) 55d 59m 166d 53m 134 6.10 0.03 2.97 1.34 571 43
37 (0-2cm) 57d 06m 167d O m 75 5.50 0.03 2.32 1.00 358 42
43 (0-2cm) 58d 42m 1664 17m 38 5.05 0.07 1.70 0.25 400 13
56 (0-2cm) 58d 06m 169d 05m 71 5.01 0.10 1.73 0.50 341 7
59 (0-2cm) 59d 12m 167d 18m 38 5.10 0.02 2.08 0.47 366 42
64 (0-2cm) 58d Olm 171d 07m 85 5.10 0.03 3.73 1.25 397 48
Vanadi um Arsenic Barium Cobal t Chr om um [ ron Ant i mony
ppm ppm m m m % m
Mean Mean Megre gn l\/legre Mean Mearep
%% %é-s 2.9 0.5 490 170 9 - 63 4 2.67 0.56 0.14
112 24 3.4 0.6 200 190 10 - 38 5 3.55 0.55 0.13
85 23 4.1 0.6 430 190 9.1 - 53 4 2.53 0.61 0.11
90 21 32 05 <420 - 7.0 - 61 5 2.06 0.57 0.1
85 17 0.7 06 <260 - 9 - 86 2.59 0.63 0.08
7 22 4.0 0.4 1070 340 9 - 107 2.52 0.73 0.08
82 24 27 0.8 1030 340 9 93 2.68 0.48 0.09
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Tabl e ai12. Concentrations (ppm, Wwet weight) of

netals in tissues of 62 male northern fur seals,
at 5 rookeries in the Pribilof
| sl ands, 1985 (Skoch and Metzger, 1988).

These data have been entered by hand from tables
of original |lab determnations provided by the

aged 2 to 4 years,

authors in a persona

Met zger (1987).
bl ank spaces.

l=1liver, nda=no detectabl e amount.

Rookery & _
ani mal | abel Ti ss.

North East Point West

14 m
14 k
14 1
10 1
10 k
10
21
21
21
24
24
24
24
28
28
28

5

5

5
5
32
32
32
20
20
20
25
25"
25
31
31
31
31
31

3
3
3
42
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174

~communi cation from
Mssing data are represented by
Codes are m=muscle, k=ki dney,

Parts per mllion:
Titan.” [ron
Rookery
nda 2100. 50 17. 14
nda 5230.84 259.56
nda 1350.69 163.68
nda 1085. 81 56. 80
nda 406. 25 331.56
30.72 1066. 27 4.76
13.86 2453.18 56. 37
13.45 1098. 65 7.31
35.11 336.41 138.85
10. 44 1097.64 52.29
nda 1725. 81 24.72
nda 432.31 343.80
3.04 585.55 261.94
nda 192.31 105.00
5.77 1282.05 52.85
nda 1150. 49 98.79
nda 255.32 159.57
9.64 2358.82 124.38
nda 1981.98, 337.12
nda 1524. 75 10. 64
nda 3651. 38 2.94
nda 2526. 98 58. 70
nda 896.00 331.84
nda 1317.16 166. 04
nda 1661. 65 4.81
nda 813.13 339.39
nda 1581. 56 10. 50
nda 613.73 674.68
nda 3244.87 215.71
nda 2607.73 70. 77
nda 1286. 38 1.07
nda 1632. 43 0.76
nda 1026.92 173. 85
nda 915.32 196. 37
nda 1323. 08 96. 86
nda 1222.41 217.74
nda 1896. 71 15. 45
nda 5655. 17 20. 23

237.
192.
191.
184.
382.
386.
258.
286.
565.
235.
358.

Cadm um Sel eni um

nda

119.
171.
108.
187.
160.
140.
329.
201.
378.
137.
183.
179.
393.
276.
312.
227.
180.
330.
130.

111.
114.
104.
121.
177.
214.



42 Kk
42 1

Polovina Rookery

Gor bat ch Rooker

19 k
19 k
19 m
19 1
36 k
36 1
36 1

nda
nda

nda
nda
nda

15,
36.

30.
65.

nda
nda
nda
nda
nda
nda
nda
nda
nda

45.

nda
nda
nda

11.
68.

67.
13.
56.
18.
56.
36.

72.
20.

nda
nda
nda
nda
nda

nda
nda
nda
nda

nda

44
78

82
39

45

92
15

25
09
06
67
07
48

50
66

175

1159. 29 443. 66
2245.17 202.80
1953. 61 10. 26
1087.14 324.90
3931.25 371.13
1007.72 271.01
2990.41 290.41
2731.66 323.94
743.93  343*77
2851. 08 55. 55
1967. 36 90. 79
791.67 242.08
3650. 79 5.89
1164. 31 5.95
597.74 373.99
577.35 351.46
1182.52 156. 30
1273.15 313.60
1097. 56 8.76
567.69 247.27
376. 17 2.23
520.45 234.94
1248. 01 28. 75
685.19 202.59
1672.28 114.71
1822. 13 3.15
737.53 30.79
408.91 821.86
1969. 70 58. 26
307.23 556.63
549. 13 18. 03
435.32 130.60
673. 26 24.91
1368. 23 40. 86
625. 00 21.92
506.85 218.68
340. 43 67.28
334.19 35.58
689. 53 97.95
1836. 96 59.54
1821. 55 60. 20
785. 05 10. 33
2188. 17 57.20
399. 40 54. 65
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125.
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187.

84.
142.
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91
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. 63
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.23

185.
81.
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93
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182.
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200.
174.
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152.

195.
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198.
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176.
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nda 1642. 86
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118. 94 642.02
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29.
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35.
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227.
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235.
414.
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144.
245.
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346.
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69

36
12




Gorbatch Rookery

30
22
22
22
28
36
26
26
24
24

AXAXSIXxXPXXXxgPXXPFPxr3x
3 3 3

North East Point \West

32 k
32
32
14
14
14
14
14

I

Tolstoi Rookery

U101 01 OO O
?\—p—oggz—l—‘

ol

150.
nda
nda

1526.

nda
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80.
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271.
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733.98 70.33 29
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1109. 94 33.00 nda
11 118.97 196.92 nda
136.89 217.55 37.
637. 39 49. 47 42.
14 nda 17. 24 108.
125.66 755.45 nda
10 121.48 616.79 19.
19 186.17 596.92 nda
211. 95 71. 27 23
.83 113.07 53.18 nda
255. 77 40. 87 nda
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47 520.18 161.21 59
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34 296.22 134.28 nda
12 1331. 33 2.39 nda
49 22.64 nda
303.50 377.47 nda
.24 306. 82 14. 20 nda
23 nda 3.30 113.
1513. 08 22.00 nda
55 1540. 39 21.94 93.
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1087. 40 3.05 31.
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91.
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.28
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74.

7.52 48.

181

.34 101. 83 118.
.08 144.59 67.

56
17
66

52
95

25
95
28
61
45
13
02
61
77
42
18
93
96
55
19

05
38
79

64
38
32

49
97
50
23

69

93
95
22
92

57

wW N W

AR wpwpApPOPRNDNODDNDNWWEDNMNDO©O

N )

.69
.40
.30

.27
.82
.12
.85
.33
.34
.92
.75
.92
.25
.05
.54
.75
.16
.42
.55
.07
47
i

.19
.09

2.23

N W

o, P, NOO

= N - O

.29
47
.28

.94
.60
.92
.92
.12
.64

.64
.31
.29
.45

.87

25.
18.
22.

38.
12.
13.
12.
17.
17.
20.
16.
24.
12.
24.
51.
22.
13.
15.
31.
14.
17.
20.

12.

10

00
87
92

61
92
72
93
08
13
16
16
10
85
31
00
93
32
99

8.

67.
52.

47.
56.
21.
11.
40.
53.
19.
17.

75
75
77

30
77
55
39
00
47
66
77

85. 20

16.
36.
210.
15.
34.
31.

00 62.

44
69
07

04

9.31
18.
14.

14.
9

13.
18.
23.
11.
12.
16.

94

46
45
95

65
37
33
87
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87.
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25 k 1. 36
25 m 3.33
251 1.11
111 1.16
11 k 2. 88
11 m 3. 54
2 m 2.73
2 k 2.57
21 5. 14
19 m 2. 84
19 k 2.13
19 1
18 k 1. 66
18 1 1.27
18 m 1.09
13 m 1.24
13 k 1.84
13 1 0.90

32 1 3.51
32 m 2.43
32 k 1.68
19 1 0.87
19 m 1.61
19 k 1.42
19 k 0. 85
5m 9.10
5k 0.98
51 0. 48
12 k 0. 26
12 1 3.95
12 m 6.23
14 m
14 k 4. 43
14 1 3.61
14 1 5.50
17 k 5.27
17 m 5. 66
17 1 4,17
151 4. 05
15 k 1.88
15 m 2.79
28 k 3.03
28 m 2..48
28 1 1.97
2 k 2.09
21 1.03
2m 0.99
29 m 3.07
29 1 0. 85
29 k 2.18
311 0.75
31 k 7.32
m

28

92.
72.
20.

28.
201.
24.
27.

11,
65.

21.
73.

113.

.21 110.
.45 111.
21 73.
67 88.
89 88.
.05 75.
.82 67.
01 98.
61 75.
88 114.
08 92.

42 82.
.22
.83 76.
.12 64.
63 97.
90 64.
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33
77
58
52
70
27
21
63
68
71
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41

96
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.11 11. 96
.42 33.33
.16 nda
.56 nda
. 83 9.32
.21 9.89
.82 nda
.02 nda”
.54 nda
.91 nda
.00 nda

.61 nda
.04 31.51
.59 nda
.18 22.35
.40 nda
.78 5.58

. 74 nda
61 36.27

.14 16.13
.40 nda
.67 nda
.34 nda
.09 23.50
.29 nda
.96 10.26
. 75 nda
.92 nda

.65 nda
.59 nda

.46 nda

.51 nda

. 14 nda
.31 nda
.49 nda
.35"  0.41
.33 nda
.92 8.11
.79 nda
.86 nda
.81 nda
.54 nda
.54 nda
.09 nda
.17 nda
.40 nda
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.32 129.
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.71 24,
11 6.

.18 191.
.46 34,
.10 24.

.84 69.
.96 26.
.45 39.
.26 400.
42 37.
73 36.
.23 31
48 34.
53  23.
47 100.
27 102.
.12 36.
.03 75.
.93 24.
.94 32.
.76 117.
.45 331.
.16 31.
15 36.
.85 10.
.96 115.
.28 59.
.48 11.
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33  91.
.88 10 .

.43 32.
.75 61.
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97

97
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61 18.66 112.47 3.
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99 78.82 115.31 1.
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49. 40 nda
65.70 0.78

72.22 0.80
28.70 0. 43
94.35 1.65
60. 55 8.47
38.67 0.72
67.68 0.26
38.50 nda

79.28 2.34
40.95 0.65
83.11 0.37
92.10 4. 23
105.71 2.24
45.61 0. 20
62.42 0.56
38.71 0.76
141.49 1.65
35.14 0.38
56. 40 nda

110.09 1.77
49. 94 nda

60.37 1.63
90. 10 2.95
40. 39 0. 89
23.68 1.38
129.64 1.24
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7.
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58.
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137.
14,
16.
.09

.55

nda

nda
nda
nda

17.
19.

.13
. 56

nda
nda

nda

nda
nda

nda
nda
nda
nda

68
28

. 69
.04
. 96

71
58
89

91

18
54
69
40

12
67

42
68

. 36




Nort h East Poin
32
32
32
14
14
14
14
14

Tolstoi Rookery

G1U101© OO
~=337xF

el

JXXIINPXRIXNIPRX

t

PR3 gxXP3 X

West

27.74 110.

7.83

9. 64
27
.71
3.87

.17
5. 41
6. 28

3.26
10. 26
4.57
6.15
27.03
15.70

.37 59.12
75 50.11
43 58.20
.04 92.98
.10 49.81
.98 41.84
.39 50. 45
.31 53.083
.77 39.91
22 46. 34
82 101. 23

73.94
nda 56. 23
nda 64. 82

1.13 180. 57
nda 54.12
0.45 44.97
nda 55. 26
nda 61. 31
0.50 42.42
0.55 52.91

7.62 277.40

nda

26.84 43.36 0.78 49.78
16. 61 30.66 87.00 0.79 106.52
15.66 19.35 73.19 0.63 104.52

16. 80
21.94
65.72
22.91
10. 23

5.77 52.84
37.48
37.84

98. 15
99. 97

97.63
28.05 95.31
7.62 58.51

31. 97

27.94
50. 77

55. 92
66. 56

41. 08 nda

70 34.02
42 360.12
21 137.62
35 30.21
77 60.80
0.06 116.31
68 67.78
28 87.48

0.
0
0

0.

0.

0.
0.

50. 37
0.37 128.65
nda 108. 37

6.96 38.16 0.46 63.01

84.36 103. 89
29.32 93.80
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0.79 260. 40
1.16 145.13

nda
nda
nda
nda
nda
nda
nda
nda
nda
nda
nda
nda
nda
nda

nda
nda
nda
nda
nda
nda
nda

nda
nda
nda
nda
nda
nda

.37



Tabl e A13. Concentrations gppm dry weight) of elenents
in tissues collected in St. CGeorge Basin planning area,
April, 1976, from Freeman M|l er vessel. ~ From EAP
report by Robertson and Abel (1979: Tables A9, G 1 and G.2).
The authors did not |abel the dispersion estimtes
acconpanyi ng the means, nor provide sanple sizes.

Vat er Ag As
dept h ppm ppm
Station Latitude Longitude (m Taxon Mean Mean
MF 3 54d 47.3m 165d 18.3m 161.9 king crab  0.82 0.03 <0.25
MF 5 54d 43.6m 165d 17.2m 167.9 rock sole <. 034 21
MF 25 54d 50.4m 166d 35.8m 183.8 pollock <. 015 11
MF 27 55d Om 166d 15.2m 112.8 rock sole <.011 19
MF 29 55d 9.3m 166d 2m 134.6 king crab 0.93 0.01 34
M- 31 55d 32.1m 165d 26m 114.3 Neptunea 8.6 10
MF 39 56d 1.6m 166d 19.2m 124. 2 pollock 0.032 0.01 4.6 O.
M- 48 55d 18.3m 167d 28.9m 151 k. crab leg 1.20 0.02 57
MF 49 55d, 15.4m 167d 37.7m 178. 3 pollock <. 025 7.3 0.
Oter Is. 57d 3.om 170d 23.8m Mytilus 0.12 0.02 6.2 O.
Makushin Bay 53d 44.om 166d 45.8m Mytilus 0. 075 003 44
Eider Pt. 53d 57.5m 166d 35.1m Mytilus 1.0
Ccr Fe Hg Sb Se Zn
m m m m m m
I\/Oaarﬁ)p I\/bgrrw) I\/egrﬁ) gn I\/bgre I\/barqp
<0. 10 17 8 0.31 0.20 0.028 0.006 10.7 0.2 134 -
5.60 0.20 19 5 0.47 0.10 0.010 0.007 3.4 O°1 36 -
0.24 0.08 6 2 0.15 0.04 o0.019 0.002 0.97 0.01 18 -
0.30 0.05 15 2 0.27 0.03 0.030 0.001 1.7 0.1 30 -
0.44 0.05 26 3 0.20 0.01 0.009 0.003 13 1 136 -
0.69 0.06 1130 10 0.61 0.03 0.110 0.005 3.7 0.1 870 -
<0.6 8 2 0.04 0.03 0.012 0.002 1.15 0.03 31 -
<0.06 <7.5 0.39 0.03 0.087 0.004 4.45 0.03 83 -
<0.10 14 2 0.16 0.04 0.008 0.005 1.5 0.1 27 -
1.60 0.10 230 10 0.12 0.03 0.008 0.006 2.3 0.1 77
4.70 0.20 530 10 0.31 0.05 0.084 0.010 2.5 0.1 77 -
1.20 010 150 10 0.19 0.04 <.009 2.5 0.1 170 -
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Tabl e Al4.

in subadul t _
st. George Island in late summer,

Concentrations of netals (ppm, dry weight).,

mal e northern fur

seals collected on
1986. Based on

Smth (1986: Tables 1 and 2). ND neans not
detected, i.e., below lower detection limt.
Lower detection limts are <. 005 ppm for
Ag, and <.034 ppm for Pb. Concentrations are
single, unsummarized determinations.
Ani mal  Age %
| abel (yr) moist. Ti ssue Cd Zn Hg Ag Cu
1 1 68.6 1iver 118 276 50.73 0.37 46
74. 4 heart 3.2 105 0.64 0.07 13
75.7 kidney 410 278 4.95 0.01 28
2 2 76.5 neck nuscle 1.4 97 0.89 0.01 4.5
69. 1 liver 99 229 89.76 0.56 35
78.9 heart 2.9 174 0.63 0.02 26
75.1 kidney 297 291 5.59 o0.01 22
3 1 76. 2 neck nuscle 0.3 76 2.24 ND 5.6
69.6 | iver 34 164 36.1 0.44 35
74.8 heart 0.6 111 1.01 o0.01 18
73.6 kidney 146 185 6.67 0.01 22
4 2 74.6 neck muscleo0.2 96 1.03 ND 5.0
68.9 Liver 18 170 67.77 0.34 14
75.1 heart 0.4 105 0.84 0.01 15
75.2 kidney 144 194 4.62 0.01 18
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Tabl e Al5.

on St. Paul

| sland in 1980.

Peard (1985: Table 26).

Ti ssue &

speci nen | abel

Li ver

Mean
SD

Bl ubber

Mean
SD

486
487
491
488

486
487
491
488

%

78.
70.
71.
76.

LW WA O
oo ~NON

lipids

Wk O1WwWo 0o

\et
DDE

0.136
0.197
0. 259
0. 357
0. 237
0. 094

2.69
1.77
7.13
12. 50
7.52
4.01
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wei ght
PCB

0.092
0. 094
0.123
0. 106
0.104
0.014

2.21
2.24
4.00
2.49

Li pi d weight

_ Concentrations (ppm) of organic contam nants
in four subadult nale northern fur seals collected
From calambokidis and

DDE

WNFRPOONDN

.61
.99
.95
. 80
.23
.74

.21
. 89
10.
17.
10.
. 84

10
50
20

PCB

OWWWWHEH

P WOTWN -

A7
.61
.31
.ol
.05
. 86

. 80
.81
.19
. 60
.35
.61




Tabl e Al16. Concentrations (ppm) of organic contaminants

in four northern fur seals collected on
st. Ceorge Island, 1986. Trace |evels of DDD,
DDT, and 1indane Were al so detected but were bel ow
quantifiable levels. Based on calambokidis (1987:
Tables 1, 2 and appendi x data sheets).

Smth (1986) analyzed these four animals for
netal s and categorized them as subadult males.

Dry weight
Sanpl e Age %
| abel  Rookery (yr) Ti ssue noi st. 4-4'-DDE
303 Zapadni 1 heart 74 0.067
304 zapadni muscle 76 0. 220
305 zapadni 1 1iver 69 0.083
306 Northeast 1 nmuscl e 75 0.061
Wet wei ght
Sample
size Tissue DDT PCB dieldrin lindane
1 1 iver 0.026 <.06 <.005 trace
2 nmuscl e 0.034 <.06 <.005 trace
1 heart 0.017 <.06 <.005 trace

—— - — - ——— " 0 . - - T S > GT} S YD s Eme ey W G N G . S S T S R S
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Table Al7. Concentrations (ppm, wet weight) of organic
contamnants in northern fur seals collected at_
Pribilof Islands, July, 1972. From Kurtz and Kim
(1976: Tables 1 and 2).
The range of recoveries of DDT and metabolizes was
55 to 66 percent from seal fat and 56 to 58 percent
from blood. Analyses for all fat residues except dieldrin
and o,p'-TDE were corrected for recovery. TR = trace
(approx. 0.01 ppm). ND = no detectabl e residue, <. 003 ppm

o,p'- o,p'- p,p'- p,p'- p,p'~
Speci nen Aroclor diel- TDE DDT DDE  TCE DDT
1254 drin

Fat tissue:
nursing cow #2 6.8 0.16 0.4 1.5 3.8 1.0 2.2
newborn pup #2 3.8 0.12 0.2 1.0 3.3 0.6 1.4
nursing cow #3 4.7 0.07 0.1 0.6 2.0 0.4 0.9
newborn pup #3 7.2 T 0.3 1.0 3.9 0.6 1.3
mean of cows 5.8 0.12 0.3 1.1 2.9 o7 1.6
mean of pups 55 0.06 0.3 1.0 3.6 0.6 1.4
Two-nonth ol d

pup #13 16 ND TR 0.6 98 4.7 3.1

pup #14 81 TR TR 2.0 70 3.3 3.2

pup #15 1.3 TR ND TR 5.1 0.1 0.1
mean of pups 33 TR TR 0.9 58 2.7 2*1
Bl ood tissue:
nursing cow #2 T 0.02 ND ND ND ND ND
newborn pup #2 T 0.02 ND ND ND ND ND
nursing cow #3 T 0.02 ND ND ND ND ND
newborn pup #3 T 0.02 ND ND TR ND ND
Two- nont h ol d

pup #13 T 0.07 ND ND 2.8 0.2 TR

pup #14 T 0.06 ND ND 0.6 0.1 TR

pup #15 3.4 0.05 ND ND 10 0.3 0.1
nean of pups 0. 06 4.5 0.2

190

Sum

plp'-
DOT 'S

cagiwo N
ONOWWO

106
77
5.3
63

ND
ND
ND

> ow
Do NO




Table A18. Concentrati ons (ppm, Wwet weight) of organic
contam nants in northern fur seals on St. Paul [sland.
Six seals, whose sex is unreported, were
collected in July in each of three years. Collections
were at Northeast Point Rookery in 1975, Reef Rookery
in 1978, and Tolstoi Rookery in 1981. Seals collected
in 1975 and 1981 were 3 to 4 years old. Based on Kurtz
(no date: Tables 2 to 5)”".

Tissue,
ani mal PP PP - p,p'- o,p'- Total Aroclor Aroclor
& year DDE TDE DDT DDT DT 1242 1254
Fat, 1975:
FS-2 5.30 0.27 0.28 0.11 5.96 0.10 3.00
FS-7 4. 17 0.31 0.53 0.29 5.30 0.07 3.29
FS-8 3.33 0.21 0.29 0.11 3.94 0.12 2.94
FS-10 2.83 0.23 0.39 0.16 3.61 0.07 3. 34
FS-12 5.33 0.57 0.67 0.41 6.98 0.14 5.84
FS-14 4.11 0.50 0.72 0.16 5.49 0.15 3. 68
1978:
K78-9 2.51 0.17 0.25 0.10 3.03 0. 06 1.63
K78-11 4. 33 0.40 0.62 0.17 5.52 0. 18 4.62
K78-13 2.43 0.36 0.35 0.33 3.47 0.12 2.31
K78-15 6.70 0. 40 0.51 0.23 7.84 0.11 4.21
K78-17 16. 2 0. 96 1.38 0.72 19.3 0.25 9. 38
K78-19 5.90 0.41 0.50 0.66 7.47 0.08 3.17
1981:
81-M1 1.41 0.19 0.23 0.11 1.94 0. 06 1.29
81-M 2 3.54 0.36 0.39 0.10 4.39 0.09 3.65
81-M 3 3. 84 0. 46 0.54 0.32 5.16 0.10 3.47
81-M 4 3. 26 0.39 0.51 0.24 4.40 0. 09 2.71
81-M5 6. 13 0.58 0. 67 0.39 7.77 0.21 5.14
81-M 6 3.44 0.27 0.33 0.15 4.19 0. 09 3.02
Li ver, 1975: -
FS-2 0.17 0.02 <.01 <.01 0.19 <. 05 0.14
FS-7 0.19 0.04 <.01 <.01 0.23 <.05 0.22
FS-8 0.28 0.02 0.01 <.01 0.31 <.05 0. 39
FS-10 0.32 0.05 <01 <01 0.37 <.05 0. 48
FS-12 0.35 0. 06 <.01 <.01 0.41 <. 05 0.05
FS-14 0.15 0.03 <.01 <.01 0.18 <.05 0.22
1978: _
K78-9 0.12 0.02 <.01 <. 01 0.14 <. 05 0.16
K78-11% 0.19 0.03 <.01 <.01 0.22 <.05 0.29
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K78-13
K78-15
K78-17
X78-19

1981:

81-M1
81-M 2
81-M 3
81-M 4
81-M5
81-M 6

Brain,
FS-2
FS-7
F5-8
FS-10
FS-12
FS-14

1978:
K78-9
K78-11
K78-13
K78-15
K78-17
K78-19

1981:

81-M1
81-M 2
81-M 3
81-M 4
81-M 5
81-M 6

Bl ood,
FS-2
FS-7
FS-8
FS-10
FS-12
FS-14

1978:
K78-9
K78-11

1975:

1975:

QO OOOOo

[ X e

OO OO

OO O O oo

OO OO0 o o

O OO0 o o o

cooocoo

C11
.19
.78
.37

.09
.16
.13
.14
.23
.15

. 06
.06
04
.03
.08
03"

.03
.05
.03
.09
.23
.06

.02
.05
.04
.04
.06
.03

.014
. 008
. 007
. 009
. 005
. 006

. 008
. 012

NNNNNN

N N

.02
.03
.07
.03

o O O o

.02
.03
.03
.03
03
.02

oo ooo

0.01
0.01

g6t
0:01

0.01
0.01
0.02
0.01

.01

0.01
0.01
0.01
0.01

.01

. 0013
. 0013
. 0013
. 0013
. 0013
. 0013

. 0013
. 0013

<.01 < 01"

0.02 <.01
002<.01
<.01 <.01
0.01 «<.01
0.02 0.01
0.90 <.Q1
0,03 ElOl
0.02 0.01
0.01 <.01
<.01 <.01
0.01 0.01
<.01 <.01
<.01 <.01
<.01 «<.01
<.01 «<.01
<01 <01
<.01 <.01
<.01 <.01
<.01 <.01
0.02 <.01
<.01 «<.01
<,01 <.01

< ,
01

<.

<.

<.

<. 0013 <. 0013

<. 0013 <. 0013

<. 0013 <. 0013

<.0013 <. 0013

<, 0013 <. 0013

<.0013 <. 0013

<. 0013 <. 0013

<. 0013 <. 0013

192

OOOCOOO0o

[ X e]

O OO0 o o

OO OO oo

coocooo

cooooo

.13
.24
. 87
40

12
.22
18

.29
18

.06
09
.05
.03
.09
.04

.04
.06
.04
.10
.27
.07

.02
.07
.07
.06
.08
.04

. 014
. 008
. 007
. 009
. 005
. 006

. 008
. 012

<. 05 0.17
<.05 0.15
<. 05 0.50
<.05 0.31
<. 05 0.15
<. 05 0.27
<. 05 0.20
<. 05 0.19
<. 05 0.30
<. 05 0.21
<. 05 0. 06
<.,05 0.10
<.05 0. 07
<. 05 0006
<.05 0.11
<.05 0. 06
<.05 0.05
<.05 0.08
<.05 0.05
<.05 0.09
<.05 0.14
<.05 0.07
<.05 0.03
<.05 0.08
<.05 0.07
<.05 0.07
<.05 0.06
<.05 0.06
<. 013 0.03
<,013 <.013

<. 013 <.013
<. 013 <.013
0.02
<. 013 <.013




K78-13
K78-15
K78~-17
K78~19

1981:
8 1-
81-
81-
81-
81-

-1

2

3

-4
5
81-M-6

zgzzazzgg

0. 012
0. 039
0. 046
0. 028

0.004

0.01
0.009
0.009
0.015
0.006

<.0013

<

<.

N NN N NN

. 0013
0. 002
0013

.0013
.0013
.0013
.0013
.0013
.0013

*Appr oxi mate | osses of

<.0013
<.0013
<.0013
<. 0013

<,.0013
<.0013
<.0013
<.0013
<.0013
<.0013

<. 0013 0.012
<. 0013 0.039
<. 0013 0. 048
<. 0013 0.028

<.0013 0.004
<.0013 0.01
<.0013 0.0009
<.0013 0.009
<.0013 0.015
<.0013 0.006

15% in extracti on.
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013
013
013
013

ANNAN

<.013
<,013
<.013
<,013
<.013
<.013

<. 013
0.03

0.05
<.013

0.02

0.02
<.013

0.02
<.013
<.013




Tabl e A19. Percent frequency of occurrence of
organochlorine resi dues in %P%$ of pribilof | sl and
seabirds, 1973-1976. In addition to conpounds
listed here, DDE was found in all sanples and PCB's
were detected in all eggs. Frequency index is conputed
as total occurrences/possible occurrences. Tota
occurrences = no. times an organochlorine was
present in eggs; possible occurrences = no.
clutches fromthat species. From ohlendorf, et al
(1982: Table 2).

Hepta-
chlor
Speci es N DDD DDT Dieldrin epoxi de Mirex
Nort hern fulmar 6 83.3 100 83.3 50 33.3
Bl ack-1 egged kittiwake 10 0 0 10 50 0
Common nurre 21 52.4 47.6 61.9 95.2 0
Oxy- c¢is- cis-
chlor- chlor~- nona- Toxa -
N dane dane chlor HCB phene
Nort hern fulmar 6 100 33.3 33.3 100 100
Bl ack-1 egged kittiwake 10 100 0 0 100 100
Common nurre 21 100 4.8 9.5 100 81

Tabl e A20. Ceonetric nmeans of DDE and PCB residue
concentrations (ppm, Wwet weight) in eggs of seabirds
at Pribilof |slands. Asterisk denotes species
significantly different (p<.05) within a
compound.  Species were included only if
5 or nore eggs were collected. From ohlendorf,
et al (1982: Table 5).

DDE PCB'S
Bl ack- | egged kittiwake 0.033* 0.472
Common nurre 0. 205 0. 239*
Nort hern fulmar 0.307 0. 387
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Tabl e A21. Geonetric mean concentrations (ppm wet weight)
of organochlorines in eggs of seabirds on islands in
St. CGeorge Basin planning area. Sanples areincluded only
for 5 eggs or nore at each of 2 or nore sites.  Conpounds
were omtted if there were no significant differences
(p>.05) anong sites for a species. For each species, the
means that do not share the sane letter are
significantly different, according to the authors.
Based on ohlendorf, et al (1982: Table 6).

Species, site, & conpound CGeonetric nean
Northern fulmar, St. GCeorge Is.
DDT 0.015
heptachlor epoxide 0.005
oxychlordane 0.067
cis-chlordane 0.001
cis~nonachlor 0.003
HCB 0.055
t oxaphene 0.051
Bl ack-1 egged kittiwake, St. Paul Is.
dieldrin Cool
M rex not determ ned
cis-chlordane not determn ned
HCB 0.043
t oxaphene 0. 025
PCB 'S 0.472
Common nurre
DDE
St. Gee. Is. 0.273 B
st. Paul Is. 0.135 B
Bogoslof Is. 0.119 B
DDD
St. CGee. Is. 0.035 A
St. Paul Is. <. 001 A
Bogoslof Is. 0.001 A
DDT
St. Cee. Is. 0.013 A
st. Paul Is. not determ ned
Bogoslof Is. not determ nedB
dieldrin
St. Cee. Is. 0.009 A
St. Paul Is. 0.005 A
Bogoslof Is. 0.034 A
hept achl or epoxi de
St. Cee. Is. 0.012 A
St. Paul Is. 0.011 A
Bogoslof Is. 0.004 A
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oxychlordane

St. Gee. Is.
St. Paul Is.
Bogoslof |s.
cis-chlordane
St. Gee. Is.
St. Paul Is.

Bogoslof |S.
cis-nonachlor

St. Gee. Is.

St. Paul Is.

Bogoslof |s.
t oxaphene

St. Cee. Is.

St. Paul Is.

Bogoslof |s
PCB 'S

St. Cee. Is.

St. Paul Is.

Bogoslof 1s.

196

0.018 B
0.026 B
0.005 c

not determnm ned
<. 001 B
<. 001 B

not determ ned

0.080 B
0.066 B

0.037 a
0.019 aB
not det erm ned

0.270 B
0.205 B
0.126 B




Tabl e A22.

Concentrations of organochlorine residues (ppm,

wet wei ght) in eggs of seabirds in St. Ceorge Basin area,

1973-1976.
not
From Ohlendorf, et al

Northern fulmar No.
St. GEorge | sl and eggs
N6 : 197

DDE

DDD

DDT

dieldrin
heptachlor epoxide
Mirex

oxychlordane
cis~-chlordane
cis-nonachlor

t oxaphene
PCB 's

oo oPpPDOYNV W OoOTOYOTO

d aucous-w nged gul |
Bogoslof | sl and
N=3; 1973

DDE

DDT

dieldrin

M rex
oxychl or dane
HCB

PCB 's

OWLW W LW WN W

Bl ack-1 egged kittiwake
St. Paul |sland
N=10; 1975

DDE 10
dieldrin 1
heptachlor epoxide 5
oxychlordane 10
HCB 10
t oxaphene 10
PCB 'S 10

Common murre
Bogoslof | sl and
N=7 ;1973

DDE
DDD
dieldrin

=~

Chem cal s not
detected. N = sample sSize, i.e.
(1982: Appendix I11).

Ceonetric
mean

.307
.008
.015
.008
.005
.002
.067
.001
.003
.055
.051
.387

O OO OO ODODOO OoOOoOo

5.16
0. 037
0.214
0. 036
0.251
0. 058
3.55

. 033
.001
. 003
. 034
. 043
. 025
472

OO0OO0OO0OOAO

119
.001
. 034

OO

197

listed were not

, NO.

95% confi d.
i nterval

0.19-0.44

0.002-0.013

.001-.029
.003-.013
0-.011
0-*006
.021-.12
0-.004
0-.007
.033-.077
.028-.074
.19-.61

. 022-.044
0-.002
0-.006

. 029-. 039
. 033-. 054
. 021-. 030
. 35-.60

.11-.13
0-.004
0-.073

etected. ND =
eggs.

Range

.14-.45
nd-.015

. 006-. 041
nd-.015
nd-.013
rid-. 008
.007-.14
nd-.005
nd-.008

. 028-.089
. 029-.081
.26.81

1.6-11.0
nd-. 073

. 049-.58
. 025-.042
. 054-. 56
.030- .073
1.8-6.3

. 014-. 066
nd-.006
nd-.013

. 023-.043
. 015-. 060
. 019-. 036
. 23-.68

.10'13
rid-. 008
nd-nlz




heptachlor epoxi de
oxychlordane
cis-chlordane
cis-nonachlor

HCB
PCB 'S

St. George Island
N=11; 1975

DDE

DDD

DDT

dieldrin
heptachlor epoxide
oxychlordane

HCB

toxaphene

PCB'S

St. Paul Island
N=1O 1975

DDE

DDD

dieldrin
heptachlor epoxide
oxychl or dane
cis-chlordane
cis-nonachlor

HCB

toxaphene

PCB' S

~oobrRo b~

H
OO O

10

10
10

. 004
. 005

. 008
. 066
. 126

OQOONOO

273

035
. 013

. 009
. 012
. 018
. 079
. 037
. 270

coo0o0o0O000O

. 135
. 001
. 005
.011
. 026
. 001
. 002
0.08
0. 019
0. 205

ONOOONO

198

. 001

0-.008
.002-.008
0-.003
0-.016
.034-.098
.092-.16

.14- .43
.022-. 047

. 007-.019

.002-.016
.009-.015
.012-.024
. 059-.098
.003-.072
.22-.32

. 098-. 17
0- 0. 002
.001-.008
.005-.016
. 020-. 033
0-.002
0-.004
.062-.098
.008-. 029
.16-.25

nd-. 009
rid-. 009
nd-.005
nd-.020
nd-.096
.08-.18

.084-.79
nd-. 068
nd-.023
nd-.025

. 005-.019
. 004-.032
0.048-0. 16
rid-. 19
.12-.35

. 069-. 26
nd-.006
nd-.015%
nd-.024
.012-.041
rid-. 006
nd-.013
.044- .11
nd-.044
.11-.31




Tabl e A23.

wet weight) in individua

Basi n planni ng area.
of H M ohlendorf (personal _ _
data are published in a summarized formin oOhlendorf,

et al (1982).

Nor t hern

fulmar
St. George Is.

1975

d aucous-w nged
gul |

Bogoslof Is.
1973

Bl ack- | egged

kittiwake
St. Paul Is.

1975
Conmon

murre

Bogoslof Is.
1973

st. CGeorge |Is.
1975

QOO OOCOOCOCOO0O

[elsNololololololelela]

. 028
. 028
. 014
. 033
. 035
. 036
. 019
. 020
. 066
. 052

.13
.12
11

.12
.12
.10

. 180
. 150
. 700
. 410
. 140
. 084
. 790
. 200
. 160
.160

. 220

DDD

o O o o

0.

O OO OO0 O oo

.0052
.0070
.0110
.0080

.0150

0075

.068
.048
.016
.025
.025
.045
.048
.036
.043
.026

DDT

[cleolololeNe]

0
0

o

199

. 0076
. 0086
. 0160
. 0110
. 0057
. 0410

. 073
. 038

. 004

.021
007
. 011
. 081
. 022
. 023
. 014
. 023
. 013

dieldrin

0. 0067
0. 0086
0. 0150
0. 0110

0.0074

0. 580
0. 080
0. 049

0. 0062

. 120
. 012
. 033

. 059
. 011
.011

0. 0250
0. 0210
0. 0055

(= NN O OO

0. 0048
0.0190
0. 0044
0.0190

1988)

Concentrations of organochlorine residues (ppm
eggs of seabirds in St
Based on the unpublished,
communi cati on,

CGeorge
raw data
These

heptachlor
"~ epoxi de

0.

0.
0.

o O o o

o

OO o

0079

0079
0130

.0047
.0048
.0051
.0043

.0130

. 0092

. 0073
. 0057
. 0075

. 0160
. 0190
. 0150
. 0057

0092

. 0052
. 0120
. 0170
. 0120
. 0120
. 0084

Mirex

0.0081
0. 0040

0. 040
0. 042
0.025




Tabl e A23. con't

st. Paul
1975

Is. 0. 150 -

0. 150 -
0. 160 - 0

0. 130 -
0.120 - 0
0. 140 - 0
0. 260 - 0

0. 093 -
0. 087 - 0
0.069 0.0064 0

oxXy- cis~- cis-
chlordane chlordane nonachlor HCB

0. 0074 0. 063
0. 0530 0. 0048 0. 052
0. 1400 0. 0081 0.089
0. 1000 0. 0081 0.028
0. 0600 0.0042 0. 057
0. 0490 0. 041
0. 560 0.030
0.190 0.073
0. 054 0.072
0. 026 0.031
0. 043 0. 044
0.028 0.029
0.036 0. 060
0.038 0. 050
0.033 0. 056
0.023 0. 058
0.034 0. 015
0. 043 0. 045
0. 040 0. 046
0. 0042 0. 0130 0.070
0. 0048 0. 0046 0. 050
0. 0086 0. 0180 0. 096
0. 0042 0. 063
0. 0089 0.0054 0. 0200 -
0. 0044 0. 088
0. 096

200

.0088

.0044
.0082
.0150

.0039
.0062

OO OO O Oo o

o

t oxaphene

0

052

0. 036

[eleoloNe)

[cloleololololelole)e)

. 081
. 075
. 029
. 033

. 028
. 019
. 019
. 020
. 029
. 024
. 019
. 026

036

.0068
.0081
.0064

.0060
.0095
.0170
.0240
.0070

.0230

oooooo
0]
'_\

= Wwo
0o w

coocoocoo000
N
(o¢]

ocoooooo
'_\
N
o




[cleolololololeololoNo)e)

OO OO OO oo

. 0160
. 0320
. 0250
. 0094
. 0160
. 0110
. 0044
. 0320
. 0170
. 0170
. 0190

0377
.0410
.0270
.0270
.0200
.0290
.0310
.0120
.0140
.0260

0. 0064

0. 0025
0. 0130

201

0000000000 00000000000

. 077
. 068
. 078
. 160
. 053
. 081

048
094
074

. 070
. 065

. 100
. 082
. 110

100
062

. 100
. 093

065

. 044
. 044

OO0 0O0O0

OO0 O0OO [oleolel [cleoloNe]

o

. 1900
. 0660
. 0310
. 0071
. 0150

. 0360
. 0150
. 0390
. 0210

. 0340
. 0440
. 0270

. 0110
. 0150
. 0250
. 0061

. 0270

CO00OOL000 00000000000




Tabl e A24a.

Concentrations (ppb,

“wet weight) of PcB's

in two male northern fur seals collected at

Poi nt Rookery St. Pau

Ani mal Nos.

Based on Wse (pers. comm., 1988).
Means of two tissue extracts analyzed in triplicate;

North East
Island, July 29, 1987.
1 and 2 are 3 and 2 years,

Ages of

respectlvely

concentration value is the nean value, and nunbers in
parentheses are one standard deviation. The < val ues
I ndi cate the m ninum detectable |level for a conpound
in a sanple.
IUPAC MM1L013  MM1KO14 ‘MM1MO15
PCB # Li ver Ki dney Muscl e
Ani mal No. 1:
8 (2,4") <1 02 (0.0) 0.1 (0.0)
18 (2,2' ,5) 0.1 (0.0) 0.2 (0.0) 0.1 (0.0)
28 (2,4,4) 0.4 (0.0) 0.9 (0.0) ©O5 go.o;
52 (2,2',5,5") 1.3 (0.0f 1.2 (0.0) 0.8 (0.0
44 (2,2 ,3,5) <1 <1 <1
66 (2,31,3,5 2.7 ?103 1.4 (0.0) 102 (0.0)
101 (2,2 ,4 5,5') 0.4 (0.0) 0.8 (0.0) 0.4 (0.0)
77 (3,3, 4) <1 <1 <1
118 (2,3, e , 5) 1.4 (0.0? 0.9 (0.0) 0.8 (0.0)
153 (2,2',4,4" ,5,5 ) 5.7 (0.1) 5.2 (0.1) 47 (0.3)
105 (2,3,3',4, 4') 0.5 (0.0) 0.6 (0.0) 0.4 (0.0)
138 (2,2',3,4,4' ,5') 4.3 (0.2) 3.6 (0.1) 3.2 (0.1)
126 (3,3 4, 41 5 <1 <1 <1
187 (2,2, 3,4.,5,5, 6) <1 <1 <1
128 (2,2',3,3',4,4" ,) <1 <1 <1
180 (2,2' , 3,4, 4$ 5 51) 1.1 (0.0) 1.4 (0.1) 1.1 (0.0)
170 (2,2, 3,3, ,5) 0.4 (0.0) 0.6 (0.0) 0.4 (0.0)
195 (2,2 3, 31 4 $,5,6) <1 <1 <1
206 (2,2',3,3',4,4 5 5',6) <1 <1 <1
209 (deca) <1 <1 <1
Ani mal No. 2:
8 (2,4') <1 <1 <1
18 '(2,2',5) <1 0.3 (0.0 <1
28 (2,4, 4 ) $- 0.8 E0.0; 2.3 ?0.0 007 (0.0)
52 (2,2', 5,7%) 1.0 (0.0) 1.8 (0.1 0.5 (0.0)
44 (2,2',3,5'> <1 <1 <1
66 (2,3 ,4,4") 5.2 §0.3g 7.8 50.3; 3.1 (0.1)
101 (2,2" ,4,5,5) 0.9 (0.1) 3.0 (0.1 0.8 ((0.1)
77 (3,3 ,4,4") <1 <1 <1
118 (2,3',4,4',5) 6.7 (0.2) 9.0 (0.1) 1.3 (0.1)
153 (2,2',4,4',5,5") 15.8 (0.9)30.8 (0.5) 12.4 (1.0)
105 (2,3,3',4,4") 1.3 (0.1) 3.9 (0.1) 1.3 (0.0)
138 (2,2',3,4,4',5") 10.8 (0.3)20.4 (0.7) 7.1 (0.1)
126 (3,3',4,4',5) <2 <2 <2
187 (2,2', 3,4',5,5',6) <1 <1 <1
128 (2,2',3,3',4,4',) <1 <1 <1
180 (2,2*, 3,4,4',5,5") 3.7 Eo.lg 5.9 éO'lg 2.3 (0.1)
170 (2,2',3, 31 ,4,4',5) 1.4 (0.1) 1.8 (0.1 0.9 (0.0)
195 (2,2, 3 3", 4, 4" ,5,6) <1 <1 <1
206 (2,2',3,3 4 4! 5,5',6)<1 <1 <1
209 (deca) <1 <1 <1

202

MM1BO16
Bl ubber

<3

<3

13.5 (0.4)
12.5 (0.3)
<2

111 (3.7)
8.5 (0.9)




Tabl e A24b. Concentrations {(ppb, Wwet weight) of pesticides
in tw male northern fur seals collected at North East
Poi nt Rookery, stPaul Island July 29, 1987. Ages of
Animal Nos. 1 and 2 are 3 and 2 years, respectively.
Based on Wse (pers. comm., 1988). _ o

Means of two tissue extracts analyzed in triplicate
concentration value is the mean val ue, and nunbers in
parentheses are one standard deviation. The < val ues
I ndi cate the mninum detectable level for a conpound

in a sanple.
MM1LO13  MM1K014 MM1MO15 MM1BO16

Pesti ci de Li ver Ki dney Miscl e Bl ubber
Animal No. 1:
Hexachlorobenzene <1 0.2 (0.0) <1 1.8 (0.0)
Aldrin <1 <1 <1 <1
2,4’ - DDE <1 <1 <1 1.1 (0.1)
4,4'-DDE 36.6 (0.4)34.4 (1.4) 36.0 (1.4) 1330 (46.9)
2,4'-DDD 1.2 20.0)”<1 T <1 12. 1 (0.5)"
4,4'-DDD 3.5 (0.1) 3.0 (0.1) 2.9 (0.1) 118 (4.2
2,4'-DDT <1 <1 <1 <1
4,4'-DDT 2.8 (0.1) 1.9 (0.1 1.8 (0.1 34.8 (2.0)
Lindane _ 1.0 (0.0) 1.4 (0.1 1.0 (0.0 25.7 (0.6)
Heptachlor epoxide 1.1 (0.1) 2.0 (0.1 2.3 (0.1 34.1 60.&
alpha-chlordane 0.2 (0.0) 0.2 (0.0 0.2 (0.0 4.3 (0.1)
Trans-nonachlor 5.9 (0.2) 8.0 (0.2 8.8 ((0.3) 302 (13.6
Dieldrin 0.9 (0.0) 1.1 (0.0 0.7 ((0.0) 26.3 (0.7
Heptachlor <1 <1 <1 <1
M rex <1 <1 <1 <1
Animal No. 2:
Hexachl or obenzene <1 <1 <1 <2
Aldrin <1 <1 <1 <2
2,4'-DDE <1 <1 <1 <3
4,4'~DDE 85.1 (4.3)187 (6.7 72.0 (4.6) 1050 (42.4
2,4'-DDD 0.9 (0.0) 0.5 (0.0 0.2 (0.0) 0.4 (0,0)
4,4'~-pDD 4.2 (0.2) 9.2 (0.4 3.3 (0.1) 19.0 (1.2
2,4'-DDT <1 <1 <1 <1
4,4'-DDT 3.3 (0.1) 7.2 (0.3 2.9 (0.1) 16.5 (0.7)
Li ndane _ 0.4 (0.0) 1.9 (0.1 0.5 (0.0) 2.8 (0.2
Heptachlor epoxide 2.4 (0.1) 4.3 (0.2 1.8 (0.1) 14.7 (0.4)
alpha-chlordane <1 <1 <1 <1
Trans-nonachlor 6.8 EO. 2? 32.7 (0.9) 11.3 ((0.4)64.8 (2.7)
Dieldrin 0.3 (0.0) 0.8 (0.0) 0.3 (0.00 1.2 (0.0
Hept achl or <1 <1 <1 <2
M rex <1 <1 <1 <2

203




