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Uptake of I%mir Polychlorinated Biphenyls and 2,3,7,8-Sub~titute<k Polychlorinated 
Dibenzofunm and Dibenzo-pdioxins by Birds Nesting in the Lower Fox River and 
Green Bay, Wisconsin, USA 

Abstract. The uptake of pcrskmnt polychlorinaicd hydrwnr- 
bons (PCHs) by four avian species was invesiigakd at upper 
trophic levels of two aquatic food chains or the lower Pox River 
and Green Bay, Wisconsin. Accumulation of tont~l and specific 
planar polyctdorinatcd biphenyls (ITBY), polychlorinaicd 
dibanzofurans (PCDFS), polychlorinntcd Jibenm-pdioxin 
(PCDDs), and H4IIE mt hepatoma ccll bionstuyJleriv,ed 
2,37,8.teuechlorodib6nzo-~-dioxin equivalents (TCDBEQ) 
was evaluated in Porster's tern (Qerna jonieri) and common 
tern (Srena himndo) chlcks, and in tree swnllow ( 'khyclnrra 
blcofor) end rcd-winM blackbird (Agcloirts phoenicru) nest- 
lings from colonieb riesling in MVeral locations within the wa- 
tttshed. Concentralions O f  the PCHS were greutcvt In eggs and 
chicb of rhe WO tam species, less in the m e  swallows and 
least in ~ h c  r~d-wi~~ged blackbirds. Young of all Four s p i e s  
accumulald to& mB6, P f 3  congeners 77, 105. 126, and 
169. and TCDD-EQ. Tho young bifds nlso accumulated small 
concenhtions of Several 2,3,7,8-sbustiwtcd PCDP and PCDD 
congcncm. Uptake nlcs for certain of [he PCH3 lor cht For. 
sltr's tern chicks wen: IS pg/day for total PCBs, 70,200.6.5, 
and 0.14 ngday for PCB congeners 77. 105. 126. pnd 169, 
respectively, and 270 p&lday for TCDD-EQ, Principal compo- 
nents analysis rcd,"d that the pattans of PCH conccnimtions 
m the samples wtfc influenced by specics of bird, lhcir egc (or 
lmgth of exposure) and ncsting localion. Collectively, our find- 
ings demonstrate tha( CX~OSUR of avisn apedm IO conlnminants 
derived from aquatic food chains can k characterized and 
quantified for the ~ U ~ I S  of ecological risk assessment. 

. I  

Penistent bioaccumulative polychlonaated hydrocarbons 
(PCHs) continue to be of concern in the Cleat Lakes CCOS~S- 
tem, Because of their dcnionstracd toxicity and polcntid for 
additive effects, PCHs of particular consequence arc planar non 
ortho- OT mono ortho-substituted polychlorinated biph&1y16 
(PCBs) and 2,3,7,8-substiNttd polychlorinated dibknzofufans 
(PCDFd and dibenzo-p-diarim (PCDDs) (Poland and Knuwn 
1982: Tanabe el a&. 1967; Safe 1990). These PCHs have been 
suggcstcd & a causative agiint in d v e n c  eKects observed in 
~ ~ v e r a l  Great Lskes fish and wildlife ppulslions including 

'mink (Auldch et af. 1973; Wren 1991), lake mut (Mac 1988: 
Walkeret al. 199I)chinooksalmon 1:Ankley ctal.  1991). and a 
number of colonial fibeating bird species such as Foatcr's 
tun mddoublecnstedconwant (Kubink era/. 1989; Gilbert- 
wnetaf. 1991;Tillitt cral. 1992). 

Bccause of atmosphmk doposititin and internnl recycling, 
PCHS BTC ubiquitous contminanls of scdiments throughout the 
Gmat Lakes ecoarystcm (Eisuueich rt d. 1981); however, as n 
result of point-swmc inputs, concentrations of these contami- 
nants arc particulnrly great in sediments in Areas of COIU~CU 
( A X )  identified by the International Joint Commisrion, such 
03 the Saginaw Rivur and Bay, Michigan and the lower FOX 
River and G m n  Bay, Wisconsin (Hileman 1988; Michigan 
Departmimt of Natural Rssources 1988; Aakley et d. 1992). 
Dcspite general ciovation of conccnmtiom of X E S ,  PCDF8, 
and PCDDs h biom from various A X  sita, it can ba difficult 
tO chamaCtdW Cxpomrc of fish end wil&lfe fOr the p W R S  Of 
ecologic?l risk assessment and the subsequent design of effec- 
tive rcmcdiacion muegia.  For example, becsuee some avian 
specits migrate, it often is difficult to defme the extent to which 
observed conccntrntiona of contaminants am &rived from the 
dy6tcm of c011ccrn. This iar particularly me when the UCpoSUn 
history of a p u p  of animals is compittdy unknown. such as in 
the cape of btds that migmte hmdruls or rho~sands of kilome- 
ten and owwinter in South Americr. 
In quantifying 6itc-SpeCifiC e x p ~ ~ n .  it h desirable to d U -  
the life stages that are expected to exhibit the greek&.. 
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potential for contaminant uprakc: in most birds this is tho rnp 
idly growing young. By focusing efforts on monitoring during 
the neeting season and by comparison of concentrations of 
chernicnls in eggs and prcfledgc young, mtcs of contaminant 
upnke rrl specific sites cw bc calculacod (Niemi et d. 1986; 
CusLcr et al. 1991; Schartnberg 1991). An added benefit of 
rnonitwing young bird is that this is a highly sensitive life 
vtage with regard to toxiciry of PCHs such 86 PCBs and PCDDS 
(Higginborham et ai. 1968; Brunstdm 1988; Brunstram and 
Anderson 1988)- 

?he objective of our study was to quantify site-specific PCH 
exposure of four avian species npesenting at least two differ- 
cnt aquatic food chains. UpraLe of PCBs, PCDFs and PCDDs 
was evaluated in the young of four species of birds nesting 
dong tho lowcr Fox River and Green Bay, Wisconsin: Forsteer's, 
tern IStcmaJorstrrt], mmmon km (Sterna hiruridu), tree swal- 
low (Tuchycinetn blrolor), and red-wingcd blackbird (AgcId4E' 
phocniceus). These species all have the potential for significant 
exposure to PCHs via aquatic food chains. Both of thc tc,m .I 

spedes arc pfimnnly piscivms, while tret swallows and hd- 
winged blackbirds an ins~ctivorcs whose diets can conskt of 
emergent aquatic Insects such as chironomids or odonates (On- 
;Ins 1961; Wilson 1978; Quinney and Ankncy 1985; a h e n  and 
Dymcrskl 1986). Also, the samc Forskr's tern colony invcsti- 
gated in this srudy has had documentcd adverse reproducfive 
impacts lhar were comlated with cxposun l o  planar PCBs , 
(Hoffman et ol. 1987; Kubidc er a!. 1989). In oddition to 
quantifying rho rrptek of PCBs, PCDF3. and PCDDs in young 
birds, wc utilized the H4UE rat hepatoma cell bioassay to 
evaluate the relative toxic potency of the entirc PCB/PCDF/ 
PCDD mixture i n  the samplcs (Joncs e/ 01. 1993). This enablyl 
an integrated memure of thc potcntial toxicity of the mixture 
expressed as 2,3,7,8-~~achlorodibcnzo.p-dioxia equivalents 
(TCDP-EQ) (Snfe cf al. 1989; Tillitt et ol. 1991a, 1991b), 
Finally, to charactcrizc patterns of PCBs, PCDFs, and PCDDs 
observed in eggs and young from the four d i f fcmt  s p i e s .  
concentrations of the PCHs were a~bjectcd to principal compo- 
nenur analysis (Wold et d. 1984; Niemi el al. 198G). 

Mattrials and Methods 

eggs And young of the four species were collcctod in the spring and 
summerof 198E from s e d  locarions in the low Fox Rircr and Green 
Bay system (Pigurc 1). Forarer's and common tcrns wcrc colleckd 
from coloniea nesting on a dredfl scdimcnc confined d i s p a l  fscility 
KDP) at the mouth of h e  Iowa Fox Riva nmcd Rtnuni (or Kidney) 
Island (Huri5 et a/. 1993). Smplcs of swallows were collccrcd 
thorn attidcial WKL boxes placed on the CDF and nf sius dong thc 
lower FOX River (Beaver Md M e  1989). Red-winged blackbids 
wcw collected fmrn lhne s l w  d i m l y  adjaccnl LO G m n  Bay. u well 
b Tmm ihnc lnlnnd wednnm rccmote fmn the river or thc bay 
(Rothsuln CI al. 1989). 

An important put of Ihe: ovenll srudy dcsiga WM to evaluata n p  
dwiw succas of tho fwr apccisr; chow nsuh PI well an further 
information oomrrning umpkcollcction M given elsewhere ( & w a  
and Ldule 1989; Radrulsin rf a/. 1989; H m a  cr ai. 1993). Fo~sta'r 
rem eggs hitially wcrc cdle*e4 from aix ncsb for Ihc insWmcnlil 
quantificadon of Ihc FCHa urd tha H A W  osuys: htse snmc nem hen 
were sampled for chicka nt vlviws utagcs of fledging. A tot41 of I 1  
cbickr, ranging in up fm 3 10 27 days. were collected. Because of 
pndstion. sampler of common tern CbgS were colla?~ed only from rour 
nub; lourchuks ranging inagc Cmm 5 IO 16 days w m  collcclcd from 

fiyme nesw. Them wan rufficient mam of a11 the tern eggs md 

chicks to enable instnmreetal quantificstion and H41E a w y s  to be 
performed on individual nonpooled samples. However, in rhe esse of 
h e  h e  rw~llowr and rd-wlnged blackblrL, egg'eamplcs were p l e d  
by sire to pmvide a sufficient mass of mtdd for all of he w l y w .  
For the tree rwdlow, I composilo of even  eggs WBI collecld fmm 
the CDF, whit B compo~lc of 19 eggs was collected ihm the nw 
sik. We also paold the We ~Jlowr ncrilinga to provide dquw 
sample mas. From ihe CDF, h e  nestliner aged 9. 13, and 17 days 
wcrc poled. while b e  mnposites OF four neatling cach were tal. 
Icckd 4. 8. m d  16 dhys plhatchlag from thr river sire, Compi l e  
samples of thc d-winged blnckbird eggs confiiiiled of 10. 4. and 5 
c g g ~ f r o m ~ ~ i n l n n d f i l ~ . e n d 3 , 8 , a n d 8 e g ~ s f m m ~ b o y ~ i c e r .  
Individual red-winged blackbird msdlngs, apprvximkly I O  drys in 
age. also wen collected from crch of the. study 5 t h :  each rmlling 
provided enough biomass to k analyLcd individndly, 

Shells of ssgr were mmovcd opon collection and the conccna placed 
in solvcnt-rinsed glass eondncrs: the young birds were sutbnnasizcd 
and placed in solvent-rinsed glAS3 condnors or -ped in foil. All 
sampla w a z  weighed to the naarcst 0.1 g and Qorsd frurcn until 
homogtnizbd. Chick or nestling smplcs were pnnially rhsmd and 
homogenized in a Waiing blcndcr, whik thc egg samples were hawed 
and homogenized with a nrinbl~spced drill Med wilb b Teflon* 
mixing tip. Bclorc homogenization, stomach mtenls, beaks. f d h m  
and feet wcw removed from the young birds, and h e  samples E- 
wcighcd. A b  homogenimion umpks WEIS split and stod in rol- 
vent-rinsed $8 condncrs. One ponion WUI Dcnt 00 Michigan Stale , 
Univcmity for the H4IIE b i u y  (Joncs cr 4. 1993). while the rc- 
maindcr yas mined  at tho Dulurh U.S. Envhnmcntal Prolcction 
Agency (EPA) lsborhh fmchsmicnl nnalyses. 
I A brief description of thc inrrrumcntd Mllysis b prrscnted here; 

detailed dadpt iom of Ihe methods and specific f d i t y  ~(~~urance nnd 
qualitycantrolppmcedurrs f o r t h e F T X . P C D F . a n d ~ D ~ y 6 u b ~  
givcn clscvhne (US Enviromnral RoDcclion Agency 199oa 
1990b; KueM ut al- IWI). Tirue rampks (gcml ly  20 s) wcre 
blcndcd with 80 g of sodiumaulfata. The mixtart then was ptcLad into 
a soxhlei thimble and spiked with m v c  standards. b PCDDs nnd 

compounds. o e  for each homologw saicr. cxcept In WOW where 
the C"-lab&d hcptwhlorodibenzepdioxin ~ 1 3 5  used for the hep- 
kchlomdibcnmfunn and the C"-labclcd odnchloradiWpdioxin 
wns used for tho octschlorodibcmfunn. Similsrly, C''-~Sbdod PCB 
c o n p m s '  77.126, and 169 w u c  uscd IC mfiv staaQrd~ for rhc 
plnnu PCB8. PCB cong-ra 14, 65, and 11% were employed 811 
recovery stlnduda for thc n o n p l w  PCBs. 

Ihc spiked mnples w a s  e x m o d  owmight with 300 ml 0 l 1 : I  
(v/v) pcstiilde pk'hexandmuhyluic chloride. n e  e x h a  w u  n- 
d u d  LO D coMLant volume u 85°C In I Kudem-Dmirh w c c n m o r  
h d  wilhnSnydetdumn. Thsquantityollipid presmlintheertract 
was &tormined gmvimtaically. Thc cxtrrct vvd tt8durad La & 
to a column of uid Celitc ( I O  g Bukcr Cclirc 545, S ml amcentwd 
sulfudc acid) and pounriurn rilicatc(2 g on h e  bottom, ~pvrtd hom 
h e  acid (Mite by sodium dfstc) .  The Celile co11Imn WYU eluted with 
100 ml of hexane. A b  reddon  lo rppmumatdy I ml, d l h  kooe 
tnne a8 a kccpcr, th erVsd w8s nMlfcned to a &n column (hnl 
consisted of appmximitdy 0.2 g of I mixtun 2Q1 (w/w) of dim gel 
and A m  FX-21 carbon in I dispor~ble Putnur p i p e .  urbon 
column was f i t  eluted wilh 20 ml of W (us &fined Ihe "fob 
wad' direction);\dh fraction contained prcdomhnUy aonplinar 

' 

I 

PCDFS, the ncawy mnderde v m  c' 7 -1abclCd 2~,7,8-bubl( i~ted 

'k IUPAC numbring #plea for h e  PCB cxqenm is u w i  
lhroughouc 3,Sdichlorobipbcnyl, PCB 14: 2,4.6-trichlorob;yl, 

biphenyl, PCB 77; 2,3,3'4.r'-ptnlachla~1biphfnyl, PCB 105; 
3,3'.4.4',5-pcntrehlorobiphtnyl, FCB 1 2 6 , 2 , 3 . 4 . 4 ' , 5 , & k ~  
biphenyl, PCB 166; 3,3',4,4' ,5J'-huwfibrat~~yl,  PCB 169; 
2.2',3.4.4',5.6,6'-oc(Pchlorobiphenyl. PCB 206. , 

PCB 30; 2 . 3 , S . b ~ c h l O r o b i ~ 1 1 y l ,  PCB 65; 3.3'.4.4'-t- 
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PCBs. The carbon column wps rhen eluted wilh 25 ml of 1:I (Wv) 
bcnzcndmethylene chloride io h e  f a w d  dirccrion: rhis fmciion con- 
tained pradominmlly planar PCBs including Lhc nan onho-subrtilukd 
congeners 77, 126, and 169, snd mono ortho-substituted congeners 
such 105. The carbon column wld f i ~ l l y  clulad in tho nvem 
direction wilh 21 mL of tolwns to obtrrn a rncllon containing PCDDs 
and PCDFs. Toluem w u  EM IO the planar PCB fction, and both 
tho planar PCB and PCDWPCDD fnccions were rcduced ID 100 4. 
IsoociMc w u  add4 to [ha naplrnlr PCB fraah. which h e n  was 
nducod to 1 d. 

Fmtim eunlrining the PCDDs. FCDFs and p l w  PCBE wen 
iubjcctcd to gas chtomrtognphic ~pamtion wing a 3D.m DB-5 C3pib 
luy column, ad wxc quandkd w ~ t h  8 Finnigan-MAT 8230 double- 
focusing mur spscuomecU. Cnlibrpljon provided the rtlativc  pone 
fDClOr Of Lhc d V C  BlldytCS M d  C’’-lUbclcd C M g C r U l S  (ICCOVUy S t M -  
dwda) wilhin each hmologuclonu, from which conccnbafionr of lhG 

Common Tern 
Trae SWWJW 
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orpnahlorino Bi~ntcumulntion by Rirdi 

griphlc analysis, two inkrnal standards, PCD ctmgcncrs  30 and 204, - 
wcrc added 10 all samplcs. Quantifications ugninst on .nlcrnal r~andard 
were prl'omcd on each narnple and rwponse foctorr for each c h w  
malographic component deicrmincd by ana lyz i ry  J m i x t u n  of 
Aroclma 1232, 1248, and 1262 [25:18:18 (U.S. Er:3!ronmentnl Ro- 
iwtion Agency, 198B)l. Total conccnlrationr or PCBr were cnlculuted 
hy summing the concentrations of the individual congeners. 

Samples Cor the WIIE bioassay were extractcd ancr the moth& of 
Hibick el al. (1981) u modif!cd by Tillin C I  o!. (1991a). General 
p r m d u p s  and cdculoti~no uecd for the H411E biousays we described 
in detail clxwhere (Anldey et al. 1991; Tillitt < /  i i i :  199la, l991b; 
JoaC.5 e1 4, 1993). 

A told of48 cgg nndchicksnmples wncmlunic:f Using IIH H4UE 
(rioassny. whilcasubsotofZ5ofth~esamplcs W A Y  w i l y z e d  for PCDs, 
PCDFS. and PCDDs. For a number of RWIU, . I C  Fmtcr'J tern 
.rmple SCI ntcivcd thc most stlention. Firs[. them y.35 adcquaie sam- 
PIC mnss for all analysts. Secothd. Ihe Forsicr's tcm jrmples provided 
h e  most nearly complcic data in  t m s  of cvaludng contrminant 
uptake over time. Finally. hcrc was I historical tintebntc of PCB, 
PCDF. and PCDD miduo conccnlrstions for this pdicular Fomer's 
tcrn colony, and n suspicion that these classes o f  (:ompounds werc 
responsible for reproductive impairmcnr in Ihe bird!: in 3 1983 study 
tKubiakrral. 1969). [Harrir cr 01. (1993) provide s ,j,:u;led cornpan-' 
son of the biological nnd chemlcel rwulix from L! 
:hoe of I4oIYm.n rr af, (1987) and Kubiak t i  01. ( 

To Bccouni fur gmwth.dilution when essafilng 
nnnis by t h e  birds, PCB. PCDP. PCDD, and TCD 
wcrc muldpled by the initid samplc weight (eggs) or rrirnmcd sample 

+ on E total m a s  

I#n somplcs, this w a  dons on I near-by-nes! haw, t i s .  ihc msS9 o€ 
cenlaminont pmrent in rhc egg was rubtrsctcd fmm !L:: m w  plrscnt in 
ihc chick fmm the  me nest. Becnusc aludics h i y e  shown thnl among- 
nest variution in concentmiions of COIllAminMll i r i  birds i x  grratcr lhpn 
within-neat variation (Beckcr cr at. 1989; Cushr cr ol. 1990). ii was 
:'ell that this approach was m m  nppmpriarc rhon IO U Y  a colony mean 
value for contaminant rnm,in Ihs sggs. For the rcl! wingcd blackbird 
and tFcc swrllow SarnplCS ihia n p w h  could not tr ; ~ t d ,  ill rhc tg88 
had lo k p l e d  tbr thc miduc end bioarsay anrtly:L. 

Uptake data wcrc analyzd using MtNlTAB' (it !:I c f  n! !PES). 
Data lnitinlly wen tesred and vcrificd To! n a m . !  . .  usins n o d  
probability plorr. The ~ull~hyporhcsis, thsr ~ I A ! c  . :s no signlicnnt 
u p ~ c o f P C B t ,  PCDFs, PCDDs a d o r  TCDD.Er), .YJS rvaluorcd for 
Rtettr's terna by using f-IcsIs to cornpan thc I ~ R I  : r i m  of coiiumi- 
nant6 In e&@ to total rmus in Ihe chicks. Wc d;ea calculnkd upuke 
mlcs for the PCEs. PCDFs. PCDDr, and TCDD-F.i) by ihc Forsicr'r 
rem chicks by regmising chick age. renus 1001 rrintnr:iinmni mass 
pnscnt in the chicks (minus the maSs prucnc in 
MStr). Whcn the conlaminant m u  In h e  tag W:I 

chick (PS w8a thc case for rhe 3day.old Foniet': 
value of zero WLB assigned for thc ragrcsslon zr,?.-iyi 'Ihc upcrk; rate 
WBB defined LE the slop: of btmtiatically signific!ji,t ! 75; rcla!io!:ihips 
betwccn agc and conturninant mass. Sompk .,i.ccs , % L I Z  I W  rrnc!l to 
p m i t  a mrnpmblt  stalisticd ovalustion of 9ic \.I?J:C oTPCIT., i r i  the 
othcr three tcLt speciw; howcvcr. thcn wit 

, iumplcs P utilizs rnslysia of vuiancc IO e v n i t ~ n t  
ittion in TCDD-eQ concentrations. 

For data svnluarion by principal ampownu 
clwitication. we used SIMCA-38 (Soh l n t k  
clars Analogy; principal t k i a  Components, Coi 
computational purposct, eonccnu-ntions which w 

of quanlificalion (LOQ) or delection ( M D :  w?, 
halrlht LOQ of LOD (Do Vault e/ d. 1999>. Oihc: zornbinalicns of 

335 

quantification ordeut ion limicb. such as using w m  or h e  limit itself, 
hud only P mlnor allccr on PCA m u l u  and intapntation. Lipid- 
normalized conceamiionr of Conurninam w u e  used for thc I T A .  
Howcvcr, k a u s c  the up&c analysis w u  based ulm iorol mass of the 
eontuminan(e in the varicua esmplcs. i1.W.s not necessary IO use lipid- 
nomolitcd dsta bcroomstatieticul mnnipul.lionr. R ~ u l u  o l  all campar- 
isons wen considmd crignifKant at p ~.0.05.  

Results and DLscuasion 

PCH Concentrations 

S e v p I  of the 2 ' , 3 , 7 , 8 - ~ ~ b s r i ~ ~ i  PCDFS and PCDDs we= not 
c or not detectable in eggs or young from the four 

!~?~#!ablcn 1 aqd Z),..ConFntnuions of total PCBs, PCD 
conpencrs f l , , ' l o5 ,  126 and 169, TCDD, and 1,2.3,6,7.8- 
hcxachlorodibcnzo-pioxin (HxCDP) were detectable in all 
the Forstej's tern 'samples, and 2,3,7,8~tetra~hlorodibcn- 
zofuran (TCDF). !.,2,3,6,7,6-hc~achlorodiben2duran (Hx- 
CDR', ,2,3,,4,6,7,8-hep~achlorodibenzohvan (HpCDF), 
1,2,3,7,8-pcntachlorodibenzd-~dioxin (PeCDD). I ,2,3,4,6. 
7,8~hephchlorodibenzo-p-dioxin (HpCDD). and octachlorod- 
ibcmo-pdioxin (OCDD) usually were detcetable (Table 1). 
These same PCB. PCDF, and PCDD congeners also generally 
were present in tho common tern samples (Table 2). Total 
concentrations of PCBs and PCB congcncrs 77 ahd 105 were 
quantifiable In all of the red-winged blackbird samples (Table 
2). PCB congeners I26 nnd 169, aa well AS TCDF, HxCDP, 
HpCDF, TCDD, and OCDD were not quantifiable or. not de- 
rcctablc in several of he red-winged blackbird nestling and egg 
samples. Totnl PCEs. PCB congeners 77, 105. 126 and 169. 
TCDP, TCDD, HxCDD, and HpCDD were quantifiable in all 
the tree swallow samples ("able 2), Unlike the olher birds, the 
me swallows consistently conreined quantifiable cmentm- 
tions of I ,2,3,7,6-pmtachlorodihtnzofursn md l.2.3,4,7,8- 
h e x a c h l d i b e n z o k  moreover. cornnuations of TCDP in 
the trtc swallow samples were grcatcr than in the orher spccics 
(Table 2). 

With the exception of TCDF, the general lrcnd olconcentra- 
tions of PCBs. PCDFs, and PCDDs from grcatcst to least was 
Forster's tcrn - common tern > vtc swallow > red-winged 
blackbird. The similarity in concentrutions of X H s  between 
rhe two tern species wns e.xpecLed given their similar life histo- 
ries and the close proximity of the two m l o n i u ,  The paler  
PCH c o n c e n t d o n s  in the trcc swallows than io the nd-winged 
blackbirds w u  somewhat unexpected given the pneumcd sim- 
ilarity in diet between the two spccia. la addition, the ~ e e  
swallows coloni7jng the nest boxes likely w:n f i t  year Cc- 
males that had not previously k e n  expared ro the lower FOX 
River and G m n  Bay system. Jn conmt, at !cast some of the 
red-wingcd blackbirds likely had inhabited th~ associatad Wet- 
lands in previous years. 11 is possible, however. hat d- 
winged blackbirds foraged more on relatively UnCOnlamLBIed 
upland food souma than did the me SWIIII~WS, which may 
have gained their food primarily from inreds {prcpumbly chi- 
ronomids) emcrging in Ihri river and bay (pers. obs. of G,J.N.; 
Quinney and Ankney 198s). Pmt of Ihe d i f f m o  in midue 
concentrations between the spcciur alsu may bs d a t e d  to the 
fact h a t  t h e  tnc wallow5 hnd about twice od much Iipv ss the 
red- winged blackbirds e 

.. . ... _.., 
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concentrations in both the 

169. Contaminant concentrations and totsl rnassc~ in eggs and 
nestlings tended to be higher in red-winged blackbbirds from the 
bay sites than from the inland site (Table Z), a result consistent 
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F1g. 4. Accumulsdon of TCDD-EQ by Fmtcr's teem chicks nesting 

FIR. 3. Ac~mulation~PH%CDF by Fonrrr n chi< icsr on P on n CDF In ihe lomr Fox River 
CDF in lhc lower FOX River 
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Multivariak Analysis 

To furthcr evaluate chc, SUC t' 
species, we applied PC e') the 
All concentration data L t n n  
influence of unusually 1 
different sample marricc 
1984). Aftcrlipid-nomx.iu: I lot 
was calculakd on the 2P sar- +)ks x I' 
PCDD congeners mensnrt$ n I . sa 
pxincipal components I F 3  7 d for 
in the original 21 varisb.; fnliC) 

m y :  determine that all thrcc r 
significant (Wold 1978, a yr 
for the firat two PC and 
give a gr~phlcal imagc 
samplos (FiguF 5 ) .  D 
chemical analyses art r 
rcplicab analysis of a F 7-1 tc, :hif 
common tern chick (sa 1 :  
blackbird tBg sample fw, .j 018 

Chemical conantrat::> , .,- 
swaIIows, rcd-wingcd bl ,I ' , .  

and common terns form 0 
othcr (Figure 5). The disf 

I 

. 

4 .Ibckbird 

8 ' l a y  

+ 
RC 

RE 
RC 

FAX NO, 5123381331 

TE 

CE 

PC 

TC CE 
TC cc 

. CDD, Y(nd .TDF deu from bird eggs wd young 

P, 10/14 - 

eggs in tree s~dlows. mi-winged blackbirds, and common 
terns was difficult lo quantiratively assess because sample sizes 
were limited. Howtvcr, #it is apputnt that qudilalive differ- 
ences in the PCH profiles txisl betwctn chicks or nestlings and 
cggs of these species. The qualitative separations abservcd in 
the FTH pmfiks of young versw egg samples within a 6peCieS 
may k a nflcctioa of dietary exposutt dirfcrurcea w may be 
relstai to diffmccs in xenobiotic metabolism between the 
adulu and young of a species. The most illustnuive exdmple of 
PCH profile d i h t n w s  basd on geographical loccation is in the 
red-winged blackbird eggs and nwlings coUacted Zmm two 
locarions. Onc p u p ,  wllccted from one of h e  inland sita 
(samples 19-21) had a PCH profile that was mark+ly difPennt 
from another p u p  cbllecre4 neai the river (snmplw 22-25), 
which suggcstsIh~Iherwopopul~ion8 nreexpbeedtodaferrnt 
SOUSFCS of PCHa. 11 is unlikely lhal mcrabolie differenced would 
account for thtss different PCH prnrr!~ ,  however, the Hkt of 
differential exposurr on metabolism cannot he i g n d .  
To determine which PCB. PCDF, and PCDD congcaus was 

rwponsiblc for Ihe dustednp of samples in ngurt 5, thc 21 
measured congeners w m  plotted in the rams PC twrdinele 
system as the samplee (Fiyn 6). Politiona d the chemicalg in 
!he coordinalt system indicate the d i d o n  and mranituda drat 
thcir prtscnce has. on rhe positions of the samplos & PEgure 5.. 
For example, Ihc four PCB congansm and TCDD in the Iowa 
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right quadrant pullcd samples 
the lower tight quadrant. Similar I 
h e  y-axis was strongly influent 9 

Forster's tern eggs 8d chicks c 
distinct groups (Figure 5); hov, 
definition. residual or Cooman, 
1984: Vogt et al. 1987; Schu I 

Stalling 1991). In Coornans pi 
stpmte class models iye cal 
axes. In  these plots, the residu 
onPo different classes moy be L ' 7  

inlcrval is calculated from the 
model by using on approximat 
limits (Wold el af. 1984). The re 

was investigated by complcrir. I 
skr's tern eggs and Porsier'. 
besed on two PCs and SlMCA 
mine if tho residue profiles ; I  

cally diffcferent, Sample 12 WB' 
malysis as an outlies (Figurc ' 
cnlculalod, all samples were c13x 
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the r s p :  tive class model to determine if chcmid profiles 
were sratisricslly different. In the resulting classification plot 
(Figure,'7) the area bound by the abscissa& the line p e l  to 
abscissa-axis rqrcsents the 95% codid- level (F-test) for 
class~i~cn~~on samplcs in the egg-model, Tbe accuracy of the 
classification models wrs tested by withholding two samples (7 
and 1 J 1 and reclassifying the remainder. The d t i n g  classifi- 
cations c o m ~ t l y  assigned the withheld samples. Profils of 
PCH h m  eggs or young of common tans,  tree swallow. and 
red-u ' L  d blackbirds indicate that they am not members OF 
either Fm\kr's tem e a -  or chick-classes, niir muggcsts either 
n dif l - rcm in cnviroomental cxposure anb'or metabolism of 
the PCB, PCDF hnd PCDD congeners in the four bpecies. 

Sumlm-y and Conclubiona 

This ~ f y  indicates [he importance Of aquatic food chains in 
PCH 1 fer to avian species at different tmphic levels in the 
lower l'o River and Green Bay CCO&y6km. ?be= was a signif- 
icani .)r;ke o l  iota1 PCBs andspecif~c PCB, PCDPandPCDD 
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systems like the lowe: 
1993). The tree swn' 
regard because of its 
the ability to manipu' 
mcnt contamination. 

Although tht rela~:~*l 
ous Statiblicd compar 
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would be expected ba 
spccies. Fotster'a nn 
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centrations in  ne s 
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?hat funher infomalion is needed to dctcmine wbat fectars in 
'!le life histories of rhe species lrwlt in diffeEnt exposure. It 
hould be noted that of the four sFecies studied, red-winged 
,dckbirds were the only birds that may forage cxlensively in 
'tss far from aquatic food chains ( i -e , ,  in uplands). 

Finally, rho task of obtaining a comparable perspective of 
what rehionship exist in tnvironmcntnl residue datu by exnm- 
t ning the concentration of individual constituents is formidable. 
However. in the p m n t  study it was demonstrared that It is 
vnsibte to UK PCA to compart prufiles of PCB, PCDD and 
iYDP congeners in an snvimnmml context and classify these 
YHs into unique gmups according to v d a b l c s  such ns spe- 

, 

r z s ,  age, matrix, aad gcographical location. 

~ . h w h d ~ m c n r r .  We thurl: the m y  ~CXSOPS Involved In VN~OUS 
iechnicnl lppccts of tkse mdica including Dave Marldund, Sarah 
i:ohlbry, Chris Harpcr, lobn Libal. Arlene Roihrrein, hbisk L#Lcrk. 
1 om Erdrnan, John Newawsted, Md Dave Verbruggo. Lay Borlrhard 
iuvided valuable ndvict in chemiat anlrlynia or rhc sampkr'and 

.JbJcquenl inlcrprrtetion or thc M U I L ~ .  W y r i s  of the dah waa cn- 
:rued by hclplirl dirusslon with John Nichola, Stcvc Bradkvy and 
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