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ORGANOCHLORINE ANLD METAL CONTAMINANTS IN TRADITIONAL FOOLYS
FROM ST. LAWRENCE 15LANL, ALASKA

Cirelchen Wellinger-Smith', Judith L. Minhols, Sam Byrne', Vi Waghivi', Jesse Grlogergen?,
lane Kava*, Morgan Apaliki®, Eddie Lingnl1®, Pamela K. Miller?, John G, Arnasen?,
David ©. Carpenter’

Hnstitute for Health and the Environment, University at Albary, Renssclacr, New york
{Department of Earth and Atmospheric Sciences, University at Albany, Albany, New York
Aalaska Cornmnily Aclion an loxics, Anchonage, Alaekis

INative Village of Savoonga, Alaska

MNalive Village of Cambell, Aliski, LsA

Marinc mammals (bowhecad whale, walrus, and various scals) constitute the major component
of the dict of the Yupik people of $t. Lawrence Island, Alaska. St. Lawrence Island residents
have higher serum concenlralions of polychliinaled biphemls (PCH) than in the general
LLS. population. In order to determine potential sources, traditional food samples were col-
lecled vom 2004 (o 2009 and analyeed v POBS, Theee chlorinaled peslicides, and seven
heavy metals (mercury, copper, zinc, arsenic, selenium, cadmium, and lead). Concentrations
of PCB in rendered oils (193421 ppb) and blubber (73-317 ppb) from all marine mammal
samples were al levels thal Irigger advisories for severely resiricled consumplinn, using LLS.
Environmaental Protection Agency (EPA) fish consumption advisorics. Concentrations of pesti-
citdes were Iower, bul were slill elevaled. The highesl PCB concenlralions were [vund in polar
bear (445 ppb} and the lowest in reindeer adipose tissue (2 pph). Marine mammal and polar
bear meat in general have PCE concentrations that were 1-5%, of those in rendered oils or adi-
pose lissue, POR concenlralions in organs were higher Than meal. Concenlralions of melals in
oils and meats from all species were relatively low, but increased levels of mercury, cadmium,
capper, and sinc were presenl in some liver and kidney samples. Mercory and arsenic were
found in lipid-rich samples, indicating organometals. These results show that the source of
the clevated concentrations of these contaminants in the Yupik population is primarily from
comsumplion of marine mammal blubber and rendered ails.

637100 N lalilude and 1729127 W lungitude
and 240 miles south of the Arctic Circle,
SL Lawrence Island s subject Lo long-range

S Lawronce Island, Alaska, b= loculed in
the northern Bering Sca, closer (67 km) Lo
the Chukolkan Poninsula of northorn Bussia

than to the Alaska mainland at Nome, which
lies 322 km to the east of the community
of Gambell. The sland is home to approxi-
mately 1600 Yupik penple whe reside in the
villages of Cambell and Savoonga. Situated at

Fewcieod & Ted vy 2007 accezed b tay 2007,

ransporl of  semivolatile pollutant:  throush
whill has bocome known as the “srasshopper”
clicet. This reflects the fact that semivolatile
compounds, such as polychlorinuled biphenyvls
iIPCE) and chlorinaled pesticides, are carried
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vl almuspheric ransport W the cold Arctic,
whore they condense Trom the eapor phise
and deposit (Wania and Mackay 1995; Guuin
et ol 2004), Because PCB are persistenl and
lipophilic, these compounds bicaccumulate in
the Tood supply. There also are Lo jormerly
used delenze sites on the ieland that corneti-
Lule local sources ol exposure W conlaminanls,
including metals, which are also tansported via
pretrliculatios coming frome Asiz, Carponter el al,
i2003) previously reporled thal serum coneen-
trations ol PCE wre higher in the Yupik than the
general US, population. The mosl important
route ol expuostre Lo the 5L Liwrence [sland
Yupik people is almoest cortainly dictary inlake,
Cherelore, the wim of the prosent study wils Lo
determine levels of PCB, three chilorinated pos-
licides, and soven hewey mctals ina varicty ol
traditional fuods.,

Che Yupik people of 50 Lawrence l=land
are beavily reliunl on subsistence Joods, par-
lcularly miarine mammials, darine mammizls
twalrus, seal, and bowhead whalel make up
01 and &8% of the total subsistence har-
vest at (lambell and Savoonga, respectively,
while fish and olher agqualic organisms midke
up only 1 and 2%, respectively {Amasuk and
Trigg 20071 Traditional diets high in marine
Al dned fish are major sources of per-
sistent organic pollutants and heasy metals for
many Arctic Indigenous Peoples (Kuhnlein and
Chan 2000; (OOdland et al. 2003, and also for
other indigennus populations (Stewart et al.
20111 Fven plants have been documented o
accumulate POR (Hermanson and Hites 10900;
Davan and Koch 2002; Lovett ef al. 1997], and
therefore were also included in this study as
plant consumption 15 also part of the subsis-
tence diet on St. Lawrence Island.

Subsistence  hunting of traditional food
animals s necessary in most rural Arctic
Indigenous communities, and contributes to
the overall health of these communities in
numerots wavs Villages rely on harvesting
available foods to ensure care for all commu-
nity members in need. Cash economies are
often tenunus or nonexistent, and opportu-
nities for local emplovment are scarce. Even
when available, imported foods are often not

G, WELFINGER-5MITH ET AL

an coonomically [easible option. Communal
Barvosting and sharing praclices are contral Lo
the spirilual and cultural vitality of a village,
Chose praclices reinjoree interdependence of
communily  memboers and weerall comnu-
nity  scli-reliance (AMAR 20021 [radilional
icods  provide  hencficial nutrients such  as
omesa-3 Llly acids and lat-=oluble vilaming
ivan Qostdam ot al, 1999, When the -
ditional dicl is replaced by imporled  Toods,
numorous adverse hoalth offocts are observed,
including increases in obesily, diabeles, ane-
iz, and dental problens, wae well as decreases
in physical aclivity and resistance W discuse
iSul ctal. 2004),

Chere is evidence Lhal Alaska Nalives and
spocilically the Yupik poople of St Lawronce
leland are disproporlionately cxposed o recal-
ciranl pollutant=. Previous sludics  demon-
straled  Lhal the S Lawrcence Island Yupik
poople hive cleviled serum concentrations ol
MCB comparcd to the average LS, populu-
lion iCarpenter ot al 200530 Similar studics
of Yupik women from the Yokon-Kuskokwim
River Delta reporred elevated serum concen-
trations of hexachlorabenzene (HOR)L TIDE,
and PCR, as well as palvbrominated diphemd
ethers (PROE] (AMAP 200910 An earlier study
(1980-1989 of Aleut women reported serum
PCR concentrations even higher than throse
in St Lawrence lsland Yupik people (Rubin
et al. 200170

In comparison fo o other Arctic regions,
there is a paucity of data on concentrations
of recalcitrant pollutants in fraditional foods
from Alaska. Lnlike the situation with food
consumed by the [nuit in Eastern Canada
and Creenland, where contaminants originate
primarily from North America, marine mam-
rrdls in the northern Pacifics are likely 1o be
affected maore by contaminants coming from
Asia. Im many regions of the Arctic, recal-
citrant pollitants reach concentrations that
produce adverse health effects in food ani-
mals (Letcher et al. 20101, and by implica-
tion are likely to also produce adverse health
effects in humans whe consume these animals.
Furthermare, there is reason for concern that
the situation will berome worse in the era of
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global warming of the Arctic (ens=scn 2006,
Ford and Pearce 200700, Increasing temper-
Lures associaled with clinmate chanpe may alloct
contaminant (luxos into Arctic ccosvatoms,
and release previouslh sequestered  contam-
inant= inlo the environmenl, compounding
this cffecl iNoves ol all 2009, The multiple
henelicial propertics of traditional loods and
their inteural role in the vitality of northern
Indigenous communitics make iU cssontial Lo
understand the current extlent of contamination
in these food sources and W [ollow changes in
Lthe julure,

hwere has been a wreat deal ol past doc-
umenlation indicating the Tood supply Trom
stibistence lifestvles o be a source of con-
Lermiination o Nalive American groups (Harris
and Harpor 1997 Hockstra oL al, 2005; Burger
et all 2007)0 AL the same time, all oo oiten
the caposcd populations are unwdveare of their
crposure andsor ol ways Lo reduce their oxpo-
stre Lo conlaminants, This is rue nol onby Jor
native populations, but for the LLS. population
as a whaole (urger and (lochfeld 20091, mak-
ing it that much more important for the results
of this tvpe of research to he made available for
pubslics hesalll officials.

In this study a diverse set of traditional foods
harvested by the inhabitants of St Lawrence
lsland  was analvzed at their request  for
four emvironmentally persistent organochlorines
I —POR, the pesticides HOR, mirex, and
p.=N0E, a breakdown product of the insec-
ticide DNDT—and seven heaw metals: arsenic
tAsl, cadmium ], copper {Cul, lead (Phi,
mercury (Hal, selenium (5el, and zinc Zn.

MATERIALS AND METHODS

Sampling

Sampes wore collected Trom 2005 t 2009
b cammunity lield rescarchars iram the vil-
liges of Gambell and Savoonua ws well as the
Mortheast Cupe, one of the jormer delense
siles, The Northeast Cape is near spring hunt-
ing campes u=cd by multiple Yopik Lmilics, It
iz abso wn important location used throushout
the vear s o drinking-weatior source Jur ravelers

1197

and = o refuse doring inclement weather,
radilional Tood samples woere collected at
the timwe ol Butchering, while proparcd Jood
and rendered oil samples wore collecled Trom
houscholds as available, Plant samples were
collecled sca=onally. In lotal, 327 samplos woere
collected fat keast 10w ree ol jur and bone)
for PCB and pesticide anabesis, and 276 sam-
Hes weere collecled Tor metal analvsis, using a
Tellon-coated knilz, All liquicksfoiks were col-
lected uxing a clean plas Paslour pipetle or
cye droppor, Knives, pipetles, and cvedroppers
wore wushod Lhoroughly with soap and waler
and rinscd with distilled waler prior W sampling
and botween samples, Samples Jor PCE and
posticide anabesis wore placed in clean glues
jars wilh lined lids and labeled with a orarker.,
Sumples Jor melals analvsis wore placed inscp-
ardte plastic bags, labeled, and then placed
intw second plastic baps, Feld Blanks were col-
lected during cach sampling event, All samples
wore [roson as soon as possible, Sumples woere
shippod on icepucks Lo the University al Albany
for analsis.

PCEB and Pesticide Analysis

wlethods Jor PCB and pesticide analvsis
wore proviously  published (DeCaprio ol al,
20001, In bricl, OC were extracled and ana-
lvzed using a dual-column wus chromatograph
wilh clectron caplure detection, wilh analysis
ol 101 PCB congeners 83 individual con-
geners and 18 conueners & pairs or riplels)
and 3 posticides (0DE, HCB, and mires).
Che method detection limil (VDL Jor individ-
val congeners ransed rom 007 1o 003 ppb
imedian 0.02 ppb, whore 1 ppb = 1 ngdul
All resulls were calculaled with values below
the MDL set Lo sero, Calibralion standards
and QA/QC method: w=cd wore proviously
published (DoCaprio el al. 20000

Tissue Sample Extraclion  Exlruaclion
methods for meal and skin tssue samplos
have been published (Hardell el ale 20740
Adipose Lissue and  blubbor samples wore
crlracted uxing thi= method, but with o =ample
ol approximately T g, while planl samplos woere
approximately 104,
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Rendered Oil Exlraction Kendered wil
i0.2 g wa added woa clean T0-ml gluss
le=t lbe, The method Blank wuas an omply
Cloun gluss lest tbe, carricd through the entire
calraction  process,  wethod  controls woere
propared using 1 ml ol the standard solution
1200 ngsml) carried through the extraction pro-
cese, Hoxane (2 mill and 10l surrogate =tan-
durd weere added with T ml H,504. Samples
werr vortoxed Tor 1 min, and 1 ml was Lrelnes-
ferred o a Horsil-packed column Tor sample
clowanup.

Sample Cleanup  Sumple oxtracls wore
cleanced up according o methods proviously
pablished (Herdell el al, 207405,

Metal Analysis

Sample  Preparalion  |hawoed  =amples
wore homosenizod with astainkess-=teel immoer-
sion blender The blender wues cleancd aller
cuch =ample by wiping with a paper owel,
washing wilh Citranox in deionized waler, and
rinzing with 18, 3-W82 deionized water, For cach
sample, & 0,23 £ 0,07y dwel weishth aliquot
was digestor] according o a madified LS,
Ereronmenlal Proleclion Agency (EPA) method
3052 in a CEM MARS-3 microwave wven. bor
this method, o weighed sample was aced
in a Teflon liner; 1 ml ol laboratory-gracs
30% hvdrogen poroxide (EMC Corporalion,
ultrapuret and 2 mil ol high-purity nitric acid
iAll-Aesar Environmoental Srade) were added,
and the sulution was heated sradually Lo a Llem-
porature of 180°C and held there Tor 10 min.
Arcagont blank and NIST Cartiliond Relcrence
Material was digested with cach bateh ol 10
simples, Alter digestion, the solulion was quan-
Litalively translerred twoa 50-ml Digilube; 0.7
ml of inductively coupled plasma—mies spec-
roscopy (ICP-MS) internal standard conlaining
30 ppm ol Bh, In, and Biin 5% nilric acid was
added, and the =olution was diluled Lo 50 mil
wilh 18.3-M52 doionized water, [he digesled
solutions wore slored Jor o period ol davs Lo
sivveral months, For Hy analyeis, samples wore
mcasurcd directly Irom 50-ml tubes, For 1CP-
M5 analysis, a T-ml aliquol wus transicrred o oa
T4-ml pulv=tyrene lest tube and diluled 1o 10

G, WELFINGER-5MITH ET AL

ml Wotal volume with 18,3 ME2 deionized waler
a duy or Lwo prior W analysis,

Calibration  Slandard and  Qualily
Assurance/Qualily Conlral Melhod Dlanks,
duplicales, and malrix spikes woere included
in cach zumple balch for gualily assurance,
Standard  relerence malerials, NIST 15660
ayster tissue, DOLT 3 doglish liver, and G2RM
3 lish protein, wore measured  with cach
sample balch Lo asese method precision and
accuracy. Tor g, the cocllicionts of varia-
Lion, capressod de relative standard devialion
BRSO [or nunograms por sram (ppb) anadlvsis
ol NIS11566L, DOLD 3, and DORM 3, wore
8, 3. and 13%, respectively. The average
moasured concenbrations ol the NIST 13660,
COLL 3, and DORM 3 =Lindards wore not
signilicanthy dillorent rom the cortilied valucs
within a $5% conlidence intarval, NIST 156tk
was used Jor guality control with 1CP-p5,

Mercury Analysis  Morcury analyvsis was
carricd oul by cold vapor alomic absorplion
spectrometry with a Leeman Labs Hwdra Aa
automated Hg analyzer. HC rinse selutions
(Fisher. trace metal gradel. SnCls reductant
(Fisher, Hg analysis gradel, and calibration stan-
dards were prepared from high-purity reagents
immediately  prior to  analysis.  Calibration
curves were generdled  using four or five
afuenus HC calibration standards (0201 to
20 pgil. Hg for each  analytical batch.
method blanks, sample duplicates, and cer-
Lifieed reference malerials (NIST 1566h aysler
tissue [0.037 pgdg Hol, [200RM 3 fish pra-
tein [0.409 pgdeg Hyl, or DCIT 3 dogrish
liver |3.37 pgfg Hgo were included in each
analysis batch for quality assurance. The limit
of detection and limit of quantitation reported
were 1 and 10 standard deviations of replicate
analyses of the hlank, respectively.

(Mther Trace Metal Analysis  Trace metal
analysis (other than Hgl was conducted hy
inductively coupled plasma-mass spectrome-
try (I P-4151 on a PerkinElmer /Sciex Elan 6100
DRC. lsotopes analyvzed were (0, ¥ 7n, & As,
{525& .I.Mf-.d, zr.]h 2(]:'5|:1h} 2er"|:1hJ and 2fJ{i|:1hJ
with "™ Rh, “**In, and “™Ri as internal stan-
dards. Due to the natural isotopic variation of
Ph, the sum of three Ph isotopes was used o
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determine Lotal Ph concentration, Blank and
standard =olutions wore proparcd al the tme
ol analesis Irom high-purity reagents. Che limils
ol detoction and limits of quantilication wera
caleulaled as already described Tor He,

Data Analysis

Sumimiary statislics woere calcululed using
Microsult Excel (7,00, Samples jor PCB and poe-
licides with no deteclable levels were leated
as coro, Gonerdly, samples that are non-
delect: have kevels boetween zero and  Lhe
limit ol detection; therelore, by reating the
non-detects us sero likely resull inoreported
concentrations beiny lower than actual con-
cenlralions. Woe chose o reporl conscrvatively
due o the low =ample sizos Jor many =amphe
sy, bor slalistcul caleulations, metals concen-
trations below the method detection limil were
assigned o value of the delection limit divided
[y the square root of two.

Risk-hased consumption limits were calou-
lated for PCR and for PCR, .p-DOE, and HCR
combined using LLS. EPA-derived methodolegy
foar fishy (L LS. FPA 20000,

The equation used for cancer health end-
points is based on the cancer slope factors for
each compound (Table 21, and calculated to
prevent 1 excess cancer in 100000 cver a
70-vr exposure:

CRjy = ARL % BW/CSE x C 11)

where (R, s Lhe maximum allowable fish
consumption rate (kgidi, ARL is the maximom
arreptable individual litetime risk level 010 4,
unitless), BW is the consumer body weight
(70 kg, used here for this purpesel, (4 s the
measured concentration of a chemical con-
laminanl moin & given species of fish (rmgfkal,
and (5F is the rancer slope factor (2.0, 1.6,
and 0.3 imgskg-d] T foor PCR. HCR, and NDDE
(using Total DOT CSFIL respectively .

To calculate the allowable number of meals
af 4 specified meal size thal may be consumed
over a given time period, Eq. {21 was used:

Chirur, = CRiim % |a|;|."'M5 (2

11949

whore CRaq s the maximum allowable Tizh
consumption rale (meaks per vear), CRig, s
the maximum allowable lish consumption rate
thu/di, [ae the Ume aecraging period (36525
divve poroweard, and M5 s the meal =iz
i0.227 kg lish/mcal size uscd).

Equation (3] was used o caleulate CRj,
lur carcinouenic bealth endpoins Tor the mis-
ture of all the analvzed contaminants in cach
spocios, assuming additive carcinouenic effecls
ol the contaminant=. Equation (21 was Lthen
applicd w calculate the mcal consumplion
limits Jor the mixtures of carcinogens,

(Rim = ARLIBWI Y 8 ColC8Fy) (3]

RESLILTS

PCEB and Pesticides

Seal, Whale, and Walrus Blubber and
Polar Bear and Reindeer Adipose Tissue
bl 1 shows lovels of PCE, ODE, HCB, and
miircx in blubber and adipose tssue samples
ubtained Jrom bearded, ringed, and spolled
sizatls, buwheud whale, walrus, polar bear, and
reindeer, Al samples contained detectible PCB,
and most conlained deteclible DOE and HCB,
although  at considerably lower levels than
wore Jound for PCB. Mirex wae nol found
ab high levels inomost samples, The high-
sl PCB concentration wae obscreed in polar
bear adipose tssue, which wae expocted sinee
polar bewr Jecd prinmarily onscals and consti-
lule the apes predator of the Arclic coosye-
ey, Notable lovels woere prosent in all throe
spocios of seal (bearded, rinued, and spot-
Led], Buwhead whale, which joeds low on the
lwod chain, had a surprisingly clevaled amount
ol PCB in Blubber Walrus Dlubber samples
contained intormadiate but significant lovels
ol PCB. Reindecr, which jeed on panls and
lichens, had low concentrations of PCB but
did show concentration: of DDE and HCB in
adipose Lissue sumples thal were at concen-
trations hisher than thosc jor PCB, althuuush
lner thian Lhal in the miarine mamimil adipose
Lizsue,

Rendered Ol Samples Rondered il
samples (lable 21 contained  the  grealest
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TABLE 2. PCG ard Peslicides ippl, o i Rerde ed il

appcies 3 sampoe ype HOHs I PR (NI H Mirex
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concenfrations of PCR, ranging from a sam-
ple average of 1936 ppb in walrus 0 = 8
te 1211 ppb oin ringed seal (n = 21 The
highest individual rendered il sample was
08 ppb in bowhead whale 1 = 1,
range = 128.9-560.8 ppbi. The rendered oils

unifsrmby had higher concentrations of POR
than did blubber and adipose tissue samples.
This was alsa the case for mnost, hot not all,
of the pesticides. The ringed seal oil had bath
the largest individual sample and average con-
cenfrations of DDE at 1072 and 61.9 pph
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respoctively. Onby one rendered il fwalrus)
smple wils & non-detect INDY jor DOE. The
highest individual sample concentration of HCB
was in il bearded scul sample, 27.5 ppl, and
the hishesl averaped concenlralion was mci-
stred in the bowhead whale, 16,9 pph, The only
HCB ND was ina walrus oil samiple. Averaged
sample mires concentrations ranged Jrom ND
e 4.2 pph, with 2 NDe, one bowhead oil and
one ringed scal ol The ringed scal samples
contained much larser concentralions of DOE
Lthin the other oils, with an averase concentra-
Lo ol 849 ppb comparcd W the spolted =cal
which showoed the lowesl concentrations with
an wdverape ol 6.3 pph. Mirex concenlrations
wore markedly lowoer.

TABLE 3+ PO arid Fedticicles ia Mea Saah, wias

121

Meal Samples  [uble 3 shows PCE and
posticide concentralions in 90 meat =amplos,
lolal PCE averases ranged Trome 0.1 ppb in
reindeer rump meat o 38,7 pphin huir scal
Yupil term Jor young ringed scal) meat. Only
one meal sample fwalrus? wie o non-detect jor
MCB. Walrue meat samples ranged jrom ND
w137 pph, n = 28, A buwhead meat sample
bad the highest individual total PCE concen-
ration ol 102.8 ppb, with bowhead samples
ranging from 1.0-102.8 ppb, =4

Pesticide concentralions woere low over-
all, with zumple averages ranging rom ND Lo
6.8 ppb, NOw 1.4, and ND Lo 0.4 ppb, rospec-
Lively, for DOE, HCB, and mircs, [horewere 23
MO Tor DDE, with the hishest individeal sample

Suerivs A sanle tvoe P e it -THAE 4G (NIWH tliex
G ded seal diicd meal i — 23 A L0 Al LT 004 10604 I —n
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concentration in reindeer meat (8.4 ppbl, HCB
analysi= had 31 NDs, with average concen-
rations ranging Irom ND ppboin snow goose
i =21 W 8.3 ppb in hair scal meal in = 10
Lhe highest individual concentration wie ko
the hair =cal mcat sample. Several samples had
no detectable mirex, wilth average mirex resulls
ranyging jrom NO w 0.2 pplb, The highest indi-
vidual sample resull was inwalrus meal O pph).
Bowheud whale meal Lolal PCB concentrationg
wore among Lhe highest averaging 272 ppb,
HCE concentrulions averased 0.6 pphb. Eider
el sampes ranged lrom 1.7 w 2.4 pph,

Organ Samples  lable 4 provides PCB

and pesticides resulls oblained lrom the major
orsan: o =cal, whale, walrus, reindeer, and

G, WELFINGER-5MITH ET AL

cormorant brain, Skin and liver samples had
some ol the hishest concentrations ol Lotal
MCB und pesticides amwng the orsan sam-
Hes. Liver not only had higher PCB levels than
uther oruane, but wl=o had =ome ol the higher
concenlrations of HCB and DDE. PCB concen-
trations mcasured inoringed scal liver ranged
rom 2.2-13.4 pph. Intestines also had higher
concenlrations of Lotal PCB as well we HCB and
DDE. Bowhead whale skin had markedly cle-
vated concentrations of PCB, DDE, und HCB,
A with the meal samples, the reindoer organs
showed the lowest concentrations of PCB and
the three pesticides.

Fivure T illustrales the relative distribution
ol PCE in the various Lssucs Trom ringed scals,

TAELE 4. FUIS ared Pedtiriddes ipph, et (9 varioos Mamnaliar Croars
appcies 3 sampoe ype HOHs it -TH =55 T MAiren
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032 d.06 das A RO AR Y | I
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B Blubber (n=2) B Heart {n=2)
O Liver in=2)

OLlung {n=1)

Olntestine (n=2) O Kidney {n=2)
A Meat (n=4)

B Rendered Dil {n=2)

FIGLIRE 1. Ceislrilnatior ot percenldge of botal B inodifferenn Bepaes ot ringeel sedl sampales iooboe tigure availabile online,

Che hivhest concentration was found in the
renclerad oil, which is signilicanths highor than
thal in bBlubber, The olher organs bive relatively
leww concentrations, consistent with the fact that
their lipid content s much lower.

Bird, Plants, Berries, and Marine
Invertebrate Samples Table > presents
PCR and pesticide levels in other samples,
altheugh for mest only a few were analyzed.
The glavcous gull meat in = 11 had one of the
highest total PO concentrations, 761 pph
Arctic loon and pelagic cormorant adipose
tissue and brain were also high.

Fourteen plant samples of several species
were analvzed. Results ranged from 02071 ta 1.3
ppb for PCR, ND to 0.06 ppb for DDE, 0.01
tey 01.27 ppb for HCR, and O to 0.06 pph for
mirex. The prepared reseract had more than
twofold greater POR concentration compared
tey the second highest plant sample, salmaon
berries, and contained an almeost 10-fald higher
concentration of DDE than the other sam-
ples. The higher concentrations in the prepared
plant samples are likelby & result of contami-
nant confributions from the cooking oils used
tey prepare them.

While there were relatively few samples
of invertebrates and seaweed analvred, PCR

concentrations were low, ranging from 0.4
le 3.7 pphb Udpa (sea peaches, o tunicale
spoecios]l wore the only invorlehbrate samplos
[ound o contain mirex, wilth an average con-
centration of 0.03 pph, and had the highest
concentration of POR (262 ppli and HOR
.03 ppbl of all the invertebrate and seaweed
samples. seaweed had the second highest con-
cenfration of PCR among the invertebrate and
seaweed samples (2.1 pphl, vet the second
lewwvest concentration of HOCR (0.0 ppbl, equal
with the roncentration in the shelled clam.

Metals

Blubber, Adipose Tissue, Rendered Qil,
and Alumguk  Results jor blubber, adiposc Lie-
ste, and alumgulk and rendered oil samples
are given in lubke 6. Blubber, adiposc tsud,
and rendered il were uniformly low in Cu,
Zn, Se, Ca, und Ph, with the vast majorily of
mcasurcment: for these clements boelow the
it o delection. In conbrasl, As oweas Tound
in all Blubber and rendered il samples wilh
moan concenbralions of 2.3 i = 39 and 2.7
psu i = 14, respectively, Arsenic wae also
pre=ent in aboul hall of the adiposc Lissue
samplos with a mwean of 0.43 puse (n = 8,
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TABLE 5. PCG ard Peslicides i Bids, Plar, Ge vies, ard CUFe o Seoood

G, WELFINGER-5MITH ET AL
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TABLE 6. T oce tdeals Resa e, pede el i1 Blebbe | adipose Ties e, Alamech® ol Reede od Oils
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Moereury was detectable inomore than hall of
the blubber, oil, and adipose tssue samplos
wilh w moean of 017 pedg. Alumguk {reindeer
=kin wilth adipose Lesue; o= 21 showed no
delectable As und clevated mean £Zn (13 pgsul,
Hu 0.2 pusol, and Pl (035 podul, relative o
the Blubbier, adipose lssue, and oil =amples,
A sample of minke whale skin had &1 pgig
Zn, suggesting Zn in Alumguk is in the skin.
Ne» mungtak thlubber and skin of the howhead
whale] samples were measured for metals. In
general, As and Hg concenfrations of seal and
walrus rendered oils were equal to or quanti-
tatively elevated with respect to concentrations
in corresponding blubber samples.

Meat Results for meat samples are given
in Tahle 7. Copper concentrations in meat were
higher in reindeer (1.7 £ 3.1, n = &1 and bhirds
(x.8 £ 1.7, 1= 121 than in walrs (1.1 = 0.4,
= M oand seals, whales, and polar bears
(1.6 = 140, n = 31 Average 7n concentra-
tions were lowest in hirds (16.7 = 5.3 pgigl
and highest in walrus (25 £ 20 pgfg. with

considerable overlap among individuals Trom
all spocics.

In marine mammak, As meat concentra-
Liuns were considerably lower than in blubber,
Moean mecal As for walrus, scal, and whale was
approsimately 055 pufe (0 = 581, wilh wide
variation among individual. Birds had lower
mean As levels 027 £ 0.25) than marine
mammals. All polar bear and reindeer sam-
ples were at or helew the detection limit for
As. Selenium was detected in nearly all walrus
samples (2.7 = 1.9 but was not detected in
most other meat samples. Cadmium was below
detection in most meat samples, with notahble
exceptions in king eider (101,82 pg/g and wal-
rus {0.12 pgsgi. For Hg, walrus (0 = 340 ranged
from below detection to 019 pgdg. The high-
est meat Hg concentration occurred in Arctic
lmon (.19 = 0.2 pgig n = 31 lead was
near of helow detection in the wvast majority
of samples.

Trace Metals in Organs, Fish, and
Invertebrates  Metal results for liver, kidnesws,
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TABLE 7. Toce ddeal Reea le, ey o, e feal Samplos

G, WELFINGER-5MITH ET AL
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and heart are viven in lable 8, Compared Lo
uther Lissues, liver and kidneys had the high-
el concentralions of Hy and Cd. Polar bear
liver contained the highest Hy level (635 pofu;
rr =11, lollowed by seal (2,83 £ 2.70; n = 3,
walrus (0,38 £ 0.53% n =14, arctic loon {0.35;
=10 and reindecer (047 = 0013 n = 4],
Liver Cd was highest in walrus (4.2 £ 2], Tul-
loned by seal (3.3 £ 399, polar bear 12, and
pelagic cormorant 10.32; 1 = 1), Reindeer liver
al=0 had consistently clovated P levels 10,29 £
0,80, whoercas iUwes nol delected in ather reer
samples, Kidnevs, which woere only collected
rom reindeor, showed mean He and Cd con-
centrations of 1.4 = 0.8 and 1.7 = 0.4 pusu,
respectively (no = 4]0 Hearl tssue ol walrue,
reindecr, and polar bear displayed similar con-
coenlralions W those of average mcats Jor those
spocios, Kesults from halibut and craby coes
arc alo shown in lable 80 Halibul msche
contained measurable As 2,08 £ 0.00 puso;
rr=21und clevaled Hy 0,496 £ 0007177, a level
that is well ahove the LLS. EPA guideline of (.04
pgde for unlimited consumption. (One sample
each of salmon berries and of plant greens was
analyzed. No metals were detected in either
samiple.

DISCLISSION

Organachlorines in Yupik Foodstuffs

hese results indicale that there are ele-
vated level: of PCB fand o o kesser degree
pesticides! in the blubber and rendered oils of
all of the marine mammals analvzed, compared
Lo the othor sample types, Concenlrations
ol PCB und posticides woere lower (1-10%)
in meat samples than in blubber or ren-
dered wils. Thiz is Lo be expected =ince all
ol our results are reported as woel weisht val-
ues inol lipid adjusted? and these substances
concentrate inadipose lissuc, Organs have
intermediale kevels of conlaminanls, consis-
lent with having o higher lipid conlent than
mcal, Booause consumplion of maring man-
mial blubber in warious Torme is a vital com-
ponenl ol the diel ol the residenls of 56
Livwrenoe  Islund, our obscreation:  provide
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strony evidence that this is the prinary source
ol the elevated blood levels of PCB and pos-
licides reported in Lhis population iCarpenler
et al. 2003). Bjerregaard oL al. (2007 ako
showed a direct correlation between marine
dicls und OC expostre in various Inuil popu-
lattions in Greenland.

b owils anlicipated that animals Jocding
loweer on the Jood chain would have lesser con-
centralions of contaminant=. [he relatively hish
livvels in bowhead whale blubber 3776 ppb)
and rendered oil (3547 pphbloare remark-
able since bowheads are buloen animals that
fred lowy on Lhe Jood chain, Howover, these
livvels are comparable Lo that reported by
Hock=tra oL al. 2003] in Barrow hbowhead
blubbser (343 ppbowet weightl, although the
livvels Jound in Bowhead moat (272 ppbi are
higher than those reported by these investi-
gators (1.8 ppbl O'Hara ot al. (1999 noled
lipid-adju=ted values us the sum ol 17 PCB
congeners in bowheud blubber jrom Barrow
lo be 4385 ppb. Muir ot al, 11999) reported
higher concentrations (932 pph wet weight) in
beawhead blubber from the eastern Canadian
Arctic. The Arctic beluga whales in general
have an order of magnitude higher concen-
tration of PCR. However, they are toothed
whales that feed higher on the food chain
(RBecker 2000; AMAP 2009, Althaugh bow-
head whales feed lower on the foad chain, the
bevvhead whale blubber, rendered ail, and skin
samples contained some of the highest con-
cenfrations of PCR found in our study among
all the samples collected. Bowhead whales”
primary food source is plankton (Regachey
et al. 20081, Plankton and zooplankton were
demaonstrated to fake up PCR (Ko and Baker
19%; ¥Wang ef al. 1998; Harding et al. 1997;
Braune et all 2005]. These invertebrates are
considered to act as a sink for PCR, by bringing
thern to the acean fleor 45 Lhey sellle (Berglund
et al. 20011 The howhead mungrak rupik
for skin plus blubber) was also high in PCR
and pesticides, but lower than in bowhead
blubber. The average mungtak POR concen-
tration was 11261 pph. comparable to con-
cenfrations previously ohserved in the region
(Hoekstra et al. 20021 One factor that may
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crplain why buowheads in our study would have
highor concentralions than =cils or walrs may
b thal thoey live lonwer and therejore have
a longer lime Lo accumulale lipophilic com-
pounds, There was relatively more varialion in
PCB levels among the bowhead samples than
those ol the other mammals, probably reflect-
ing the Jacl Lhal il was nol possible o control
[or age or sender,

Since walrus foed primaribe on shelllish it
iz redsonable that they would have lowor ev-
ol than scals, who primarily leed on lish. The
mcan vilues for walrus blubber in this =tudy
i33.9 ppb. n = 29 are lower, however, than
tho=c reported in o provious study (Scagers and
Carlich-siller 20001 of 27 Boring Sca walrus
450 pphy, The diflerence may simph rellect
the ape of the mammal: =ampled. Gender s
al=0 un important variable Jor which there was
no control in our study, Females, as iy the caee
in humans, tanslor a signilicant amaunt of their
body burden Lo offspring throush vestation and
lactation, and thus levels in males are in gen-
eral higher than those in females. Our values
are alsor lower than those reported from the
Canadian Arctic from the 1980s by Muir et al.
(19991, and from CGreenland walrus blubber by
mAnir et al. (20000,

Rearded seal blubber averaged 106 ppb in
tetal PCR, comparable to other bearded seal
PR moncentrations in the area (Hoekstra et al.
20002; Krahn et al. 19971, Ringerd seal tatal PCR
concentrations were lower than those reported
fram other areas of the Arctic (Muir et al. 1999;
Fisk et al. 2002; Cleeman et al 2000; Weis
and Muir 1997; Mallory et al. 20050, This is o
he expected as seals from Alaska were found
tey generally contain lower (30 concentrations
than other seals in central and eastern Canada
(Braune et al. 2005), and levels are even higher
in the European Arctic (Vorkamp et al. 2008;
Braune et al. 2005).

As expected, the highest levels found were
in polar bears, which primarily eat seal blubber,
while the lowest levels were in reindeer, which
are herhivores. The polar bear meat with adi-
pose tissue sample also had a high concentra-
tion of PCR (30%.2 pphi. Verreault et al. (20405]
observed that PCR levels were higher in Alaska

G, WELFINGER-5MITH ET AL

polar bears Lhan athers frome North Amwerica,
Dula showed lipid-adjusted levels of 2980 and
2838 ppb in males and Jemales, respoeclively,
but these values can nol be compared with wet
woinhl vilucs,

Lovels of PCB in the low Tish samples weore
rfatively low, but were higher inosalmon and
balibut than in cod and Dolly Varden., Bolh
sillmwon and halibut are predacious and rela-
tively Tatty lish iMuir ot al. 1994 The lovels
in pink salmon from 5L Lawrence land woere
highor than thos=c reported Jor other wild Aluaskea
nk salmon (Hites clal, 2004, bul much lower
than those Jor sulmon and halibut oblained
rom the contaminaled Aduk lland in the
Adeulians ol Alaslka iHardell el al, 20701, Crabs,
clams, and =cu poaches displayed low lowels of
all conlaminants, Plnt samphes also conlained
lowe concenlrations.

Chere was large variation in the levels jound
in bird samples, e expected based on their
dicl, Glaucous gull mwal wus relalively hish
i78.1 pphl, bul levels in =now goose and cider
rriedl were lowe These findings are cansislent
with previous studies (Braune et al. 2000.] and
reflect Lhe fact Lhal Lhe gulls are scavengers dand
foragers. The few hird adipose fissue samples
contained levels similar to those inthe glaucous
sull meat, but were much higher than levels
in other bird meat samples. 5kin, brain, and
other bird organ samples were not markedly
elevated.

The pesticides in blubber and adipose tis-
sue were found at much lower concentrations
than PO in all samples except for reindeer,
Lut followed the same general pattern of heing
higher in rendered ails, and higher in polar
bear than marine mammals. Concentrations in
walris were less than in seals, and TDE was
present at higher concentrations than HCR,
while mirex was lowest. The walrus mungn-
guna (Yupik term for walrus skin with blubber]
contained lower concentrations of PCR, HOR,
and mirex than the walrus blubber, but double
the concentration of DR There was a large
variation in pesticide concentrations in how-
head samples. Since samples are net separately
based on age and gender, these factors may
play a role in the large variation.
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Melals in Yupik Foodsluiis

Orverall, metal concentrations varicd  hess
tharn OC mcusurements, [his may be bocause
the melal concentralions woere hisher and ana-
lvzed wilh higher deleclion limits than OC,
limiting Lheir deleclable range compered Lo the
OC, Morcury wits the most delected mctal of
tho=c anabvzed, wilth concentrations less than
0.52 ppm cxcepl Tor the bearded scal liver
and reindeer kidney, This concentration in liver
i= lower Lhan the averase Jound in bearded
siaks in Barrow, AK iDehn et al. 2006), Kinged
sal meut Hy concontralions are comprablbe
Lo those jound by Woshner ot al, (2007], but
the Hy mica=urced in the blubber sample was
highor than the averaee in the Woshner el al,
(2007) =tudy.

While the vanous forms of Hg were not dis-
tinguished, it may be assumed that the primary
form of Hg in marine mammals is the fat solu-
ble methvlmercury (MeHgi, since the highest
concentrations were observed in the adipose
tissue samples. The |nint FACOSWHO) Expert
Committer on Food Additives established a tal-
erable intake of 1.6 pgiks body weight per
week for MeHg to protect developing fetuses
from neurological effects (JECFA 20041 The
concentration in hearded seal liver (3.26 ppm)
is sufficiently high 1o pose health concerns,
depending upon level of intake. Zinc and Se
were found to affect Hg distribution and pro-
tect against its toxicity (Rooney 20071, The Hg
in reindeer kidney is likely inorganic Hg, which
does not cross the blond-brain barrier.

Arsenic was the second most detected
metal, found in 22 of 30 samples analyzed. This
analysis onby measured tatal As, bot since some
of the highest concentrations were obsened
in the oil and blubber samples it may be
assumed that this is primarily organoarsenic.
(rganoarsenic, especially arsenobetaine, is the
farm of As mosk commanly found in fish and
seafnd. Unlike inorganic As, arsenobetaine
is known not to be carcinogenic (Sabbioni
et al. 19911 Crgannarsenic is also A commaon
component used in military chemicals and in
herbicides (|.eermakers et al. 2006].

Cadmium concentrations were highest in
the organ samples, and were found to increase
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up the Jood web, The samplos with high levels
ol Cd correlate with samples that are hish in
Zn. This= may help w reduce Cd-induced Loxi-
city by Torming Cd-mwlallothionein comploeses
iOhla and Cherdan 17997; 1995 and alo
viet non-mclallothionein mechanismes (vlishinm
cboale 19970 The ringed seal had =ubslan-
Ladly lowoer levels than those Tound in Wt
Creenland ringed =cal (Sonne ot al. 2009),
Bearded =cal liver had lovels lower than the
avorape noted in Barrow, AR, and ringed scal
liver showed levels ower than the average
mousured in Homan, Canada (Dehn ol al,
2006). Polar bear and ringed scal 5S¢ concentr-
Lionz wore lower than others ohserved in Alusk
iWoshnoer el al. 2001],

Human Dietary Implications and
Recommendations

e LS. Environmental Prolection Agency
iLPAI has publizhed guidelines for sports Tish
consumption, o prolect lrom cancer and non-
cancer rizk frome ingestion ol PCB and posti-
cidos (U5 EPA 20000, These advizorics pro-
vide recommonded lrequency of consumplion
hascdd on contaminant lovels in the fish. Tor
MCB the US, EPA guidelines indicate o thresh-
ald ior unlimited (ish consumption hasad an
cancer rizk al 1.5 ppb and Tor noncancer rizk
ab 3.9 pph. Bused on those guidelines, cven
siza ant sarmples rigeer a reduced consump-
Lo advisory o reduce cancer risk, with scu-
woed falling into the 16 mcakfmw guideline
and =ca peaches at 12 meuls/mo. Reindeer
micel, wdipose l=sue, and Orgire wore wmong
the leweesl in PCB, with mcat and organ sam-
os viving an unlimiled con=umption adyisory,
Lewels of PCB ercecding 100 pph tivser an
advisory recommendation of “no consump-
Lion,” buscd on cancer rizk. PCB levels in the
rendored wil samples of =cals inged, spot-
Led, and bearded scall, walrus, and bowhead
whitle greatly exceeded Lhis threshold in our
study, us did blubber samples of bearded seal,
spolted  =cal, bowheoad  whale (blubber and
munglak], and polar bear, While the nutri-
ticnal and cultural benafits of taditional lood
are woll doseribed (Sulk ot al, 2004], and
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omesa-3 Jally acids Jound in marine-bascd
radilional foods miay conler cortain health ben-
olitz, although they are not protective against
cancer iMacLean ol all 2006), Lhose resulls
clearly indicule thal the dicl of residents ol
SL Lavwrence lsland would be expecled Lo
significanthy increasa risk of cancar,

Implications for Marine Health

Il iz important Wwoacknowledee that the
health of Arctic marine spocies s also in
jeopardy frum Lhese conlaminanls  (Letcher
et al. 2010) Seal populations with weakened
immune systems resulting rom exposure o O
stich g PCE have boon decimated by discases
that they would normally be able w fight alf
whon their immune svsbome dare nol compro-
miised o Swarl oL al, 19960 and are linked Lo
increascs in the incidences ol other dizcases
iBredhult ol al. 2008). Glaucous gull chicks
al=0 exhibited weakened immune syslems as
a resull of eaposure Lo PCB and other persi-
lent organochlorine pollutants (PO (Savcrup
ctoal. 2009), while polar bears woere shown
L demonstrale a weakenoed humoral immunity
[olloweing exposure o PCB (Lic oLl 2004),

When inlerpreting these results il s crucial
Loy consider the impecls of climate change and
global warming. 1L has been well documented
thal s lemperatures rise, =0 docs the poten-
Lial Tor pollutant mobility Trome local sources
and vlobal migration (va ctal. 20047, with the
Arctic region becoming an increasing =ink Jor
pollutants iMacdonald ot al, 20031, Therelore,
iL ey beoassumed that the concentrations
found in the Arclic marine and wildlife will
al=o rise, Climale chanpe also resulls insevere
sbrose o wildlile, compromising access Lo jood
sources and shelter, and alo compromising
their immune sv=teme, inlum increadsing their
sti=Cepibilily o contaminants (Letchter ot al,
20010; Ford and Pearce 20700 This might lead
Lo a decrease in the availability of subsitence
luods Lo the Yupik poople, with Turther adverse
cileols W their culture and licstvle, The shrink-
ing =ca ice that the marine mammals depend
un will decrease the weailubility of these Toods
further.

G, WELFINGER-5MITH ET AL

CONCLUSIONS

This study of the dietary sources of the
St Lawrence lsland Yupik provides 3 snapshot
net just of the contaminant exposure in their
[owcal subsistence diet, but alsao of the current
contaminant exposure of the wildlife in this
area. The results demaonstrate levels of PCR in
traditional foods at concentrations that pose
clear adverse effects on human health. Levels
of chlorinated pesticides and organic mercury
are also sufficiently high 1o be a reason for con-
cern. Within the context of traditional foods,
the lowest contaminants are founds in plants,
reindeer meat, and the meat of marine species.
Levels of PCR in the hlubbersadipose fissue
all trigoer severe consumption restriction advi-
sories when one applies LLS. EPA guidance
far fish, bul Lhese guidelines need o be bal-
anced by other considerations including culture
and tradition. The primary goal is to preserve
the rulture and lifestvle associated with tra-
diticnal fords, but at the same time provide
the community members necessary informa-
tion too make their own informed decisions.
Hevwever, it is imperative to take measures o
redure exposures where possible and  elimi-
nate sources of PCR, chlorinated pesticides,
and metals through state, national, and inter-
national policy actions.
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