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Abstract, The uptake of persistent polychlorinated hydrocar-
bons (PCHs) by four avian species was investigated at upper
trophic levels of two aquatic food chains of the lower Fox River
and Greea Bay, Wisconsin, Accumulation of total and specifie
planar polychlorinated biphenyls (PCBs), polychlorinated
‘dibenzofurans (PCDFs), polychlorinated dibenzo-p-dioxin
(PCDDs), and HAIE mt hepatoma cell bioassuy~derived
2,37 ,8-teurachlorodibenzo-p-dioxin  equivalents (TCOD-EQ)
was evaluated in Forster's tem (Sterna forsterd) and common
tem (Sterna hirundo) chicks, and in tree swallow (Tuchycineta

bicolor) and red-winged blackbird (Agelaius phoeniceus) nest

lings from colonies nesting in several locations within the wa-
~ tershed. Concenteations of the PCHs were preutest in eggs and
chicks of the two tem species, less in the wee swallows and
* least in the red-winged blackbirds. Young of all four species

accumulated total PCBs, PCB congeners 77, [0S, 126, and

169, and TCDD-EQ. The young birds also accumulaicd small
concentrations of several 2,3,7,8-sbustituted PCDF and PCDD
congencrs. Uptake rates for certain of the PGHs for the For-
ster’s tern chicks were: 15 pg/day for total PCBs, 70, 200, 6.5,
and 0.14 ng/day for PCB congeners 77, 105, 126, and 169,
respectively, and 270 pg/day for TCDD-EQ, Principal campo-

. nente analysis revealed that the patterns of PCH congenteations -

in the samples were influenced by specics of bird, their age (or
length of exposure) and nesting location. Collectively, our find.
ings demonstrate that expasure of avian species 1o contaminants
derived from aquatic food chains can be characterized and
quantified for the purposes of ecological risk assessment.
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Persistent  bioaccumulative  polychlorinated  hydrocarbons
(PCHs) continue to be of concemn in the Great Lakes ecosys-
tem, Because of their denfonstrated toxicity and potential {or
additive effects, PCHs of particular consequence are planar non
ortho- or mono ortho-substituted polychlorinated biphenyls
(PCBs) and 2,3,7,8-substituted polychlorinated dibenzofurans
(PCDFs) and dibenzo-p-dioxins (PCDDs) (Poland and Knutson
1982; Tanabe ¢! al. 1987; Safe 1990). These PCHs have been
suggested as a causative agent in adverse effects observed in

. several Great Lakes fish and wildlife populations including

“mink (Aulerich ¢f al. 1973; Wren 1991), lake trout (Mac 1988;
Walker et al. 1991) chinook salmon (Ankley ezal. 1991). and 2
number of colonial fish-eating bird species such as Forster's

_tem and double-ceested cormorant (Kubiak e al. 1989; Gilbert-
son er al. 1991; Tilliwt er al. 1992).

Y

g
Because of atmospheric deposition and internal recycling, %
PCHs are ubiquitous contaminants of sediments throughout the E;.'-"
Great Lakes ecosystem (Eisenreich e1 al. 1981); however,asz ¢
result of point-source inputs, concentrations of these contami- $
nants are particularly great in sediments in Areas of Concern ¥
{AOC) identified by the International Joint Commission, such
28 the Saginaw River and Bay, Michigan and the lower Fox 3,‘:
River and Green Bay, Wisconsin (Hileman 1988; Michigan ’
Department of Natural Rasources 1988; Ankley et al. 1992). ¢
- Despite general clevation of concenrations of PCBs, PCDFs, %
and PCDDs {n biow from various AQC sites, it can be difficult -
to characterize exposure of fish and wildlife for the purposes of 3¢

ecological risk assessment and the subsequent design of effec-  «
tive remediation strategies. For example, because some avian
species migrate, it often is difficult to define the extent o which %
observed concentrations of contaminanty are derived from the
system of concern. This is particularly true when the exposure 3%
history of a group of animals is compietely unknown, such as in "g‘ﬁ
the case of birds that migrate hundreds or thousands of kilome- ™
ters and overwinter in South Americi. ' T

In quantifying sitc-specific exposure, it is desirable to evalu- b,
ate the life stages that are expected to exhibil the greatest .
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potential for contaminant uptake: in most birds this is the rap-
idly growing young. By focusing ¢fforts on monitoring during
the nesting season and by. comparison of concentrations of
chemicals in eggs and prefledge young, rates of contaminant
uptake al specific sites can be calculated (Niemi ef al. 1986;
Custer er al. 1991; Scharenberg 1991). An added benefit of
monitoring young birds is that this is a highly sensitive life
stage with regard to toxicity of PCHs such as PCBs and PCDDS
_ (Higginbotham et al. 1968; Brunstrém 1988 Brunstrdm and
Anderson 1988),
- 'The objective of our study was to quantify site-specific PCH
" cxposure of four avian species representing at least two differ-
ent aquatic food chains. Uptake of PCBs, PCDFs and PCDDs
was evaluated in the young of four species of birds nesting
along the lower Fox Riverand Green Bay, Wisconsin: Forster's
tem (Sterna forsteri), common ter (Sterna hirundo), tree swal-

low (Tachycineta bicolor), and red-winged blackbird (Agelaius

phoeniceus). These species all have the potential for significant
exposure to PCHs via aquatic food chains. Both of the tem
species are primarily piscivores, while tree swallows and red-
winged blackbirds are insectivores whose dicts can consist of
emergent aquatic insects such as chironomids or odonates (Ori-
ans 1961; Wilson 1978; Quinney and Ankney 1985; Cohen and
Dymerski 1986). Also, the same Forster's temn colony investi-
gated in this study has had documented adverse reproducfive
impacts that were correlated with exposure to planar PCBs

(Hoffman er al. 1987; Kubisk er a/. 1989). In addition 10

" quantifying the upteke of PCBs, PCDFs, and PCDDs in young

birds, we utilized the H4UR rat hepatoma cell bioassay to-

_evaluate the relative toxic potency of the entirc PCB/PCDF/
PCDD mixture in the samplcs (Jones er al. 1993). This enabled
an integrated measure of the potential toxicity of the mixture
expressed as 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents
(TCDD-EQ) (Safe et al. 1989; Tillitt et al. 1991a, 1991b),
Finally, to characterize pattems of PCBs, PCDFs, and PCDDs
observed in eggs and young from the four diffcrent species,
concentrations of the PCHs were subjected to principal compo-
nents anglysis (Wold et al. 1984; Niemi et al. 1986).

Matérials and Methods

Eggs and young of the four species were collecwd in the spring and
summer of 1988 from sevenl locations in the low Fox River and Green
Bay system (Figurc 1). Forster’s and common terns were collected
from colonies nesting on a dredged sediment confined dispesal facility
(CDF) at the mouth of the lower Fox River named Renurd (or Kidney)
Taland (Harris er al. 1993). Samplcs of tree swallows were collected
from antificial nest boxes placed on the CDF and at sites along the
lower Fox River (Beaver and Lederle 1989). Red-winged blackbirds
were collected from three sites directly adjacent to Green Bay, as well
as {rom three Inland wetlands remote from the river or the bay
(Rothsteln ¢ al. 1989).

An important part of the overall study dcsign was to evaluate repro-
ductive succeas of the four specics: those resulls as well as further
informalion conceming sample collection are given else where (Beaver
and Lederle 1989; Rothsisin ez al. 1989; Hams er al, 1993). Forster's
tem eggs initially werc collected from aix nests for the Instrumentsl
quaatification of thc PCHs and the HAIIE aasays) these same nests then
were snmplw for chicks at various stages of fledging. A total of 11
chicks, ranging in nge from 3 10 27 days, were collected. Because of
predation, samplcs of common tem cggs were collected only from four
nests; four chicks ranging in age from 5 to 16 days were collected from
these sume nests. There was sufficient mass of all the lem eggs and
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chicks to enable instrumenta) quantification and H4IIE assays to be
performed on individual nonpoocled samples. However, in the case of
the tree swallows and red-winged blackbirds, epg zamples were pooled
by site to provide a sufficient mass of material for all of the analyses,
For the lrec swallows, a composne of seven eggs was collected from
the CDF, while 8 compositc of 19 eggs was collecled from the river
site. We also pooled the tree swallow nesilings o provide adequate -
sample mass. From the CDF, three nestlings aged 9, 13, and 17 days
were pooled, while three composites of four nestlings cach were col-

. lected 4, 8, and 16 days posthaiching frary the river site, Composile

samples of the red-winged blackbird eggs consisted-of 10, 4. and §
¢gg3 from the three inland sites, and 3, 8, and 8 egyis (rom the bay sites.
Individual red-wmged blackbird nesdings, appmx:mauly 10 days in
age, ajso were collected from each of the study sties; each nesmng

’ provided enough biomass to be analyzed individaally,

Shells of eggs were removed upon collection and the contents phu:ed '
in solvent-rinsed glass containcrs; the young birds were suthenasized
and placed in solvent-rinsed glass conuiners or wrapped in foil. All
samples were weighed to the nearcst 0.1 g and storcd frozen until

» homogenized. Chick or nesiling samples were paniially thawed and
" homogenized in a Waring blender, while the egg samples were thawed

and homogenized with a variable-speed drill firted with a Teflon®
mixing tip. Before homogenization, stomach contents, beaks, feathers
and feet were removed from the young blrds, and the samples re-
weighed. Afer homogenization samples were split and stored in sol-
vent-rinsed glass containers. One portion was sent to Michigan Stale
University for the H4IIE bioassay (Jones ef al. 1993), while the re-
mainder was retained at the Duluth U.S. Environmemal Protection
Agency (EPA) labaratofy for chemical analyses.

+ A brief description of the instrumental analysis is presented here;
detailed descriptiona of the methods and specific cuality assurance and
qualuy control procedures for the PCB, PCDF, and PCOD snalytes are
given clscwhere (U.S. Environmental Protection Agency 1990a,
1990b; Kuchl er af. 1991). Tissue samples (genemlly 20 g) were
blended with 80 g of sodium sulfate. The mixture then was packed into
a soxhlet thimble and spiked with movc? standards. Fer PCDDs and
PCDPFs, the recovery standards were C'%-Jabeled 2,3,7,8-substituted
compounds, ofi¢ for each homologue serics, cxcept in two cases where

the C'Jabeled hepiachiorodibenzo-p-dioxin was used for the hep-

tachlorodibenzofuran and the C'?-labeled octachlorodibenxo-p-dioxin
was used for the octachlorodibenzafuran, Similatly, C'?-labeled PCB
congeners® 77, 126, and 169 were used us recovery standards for the
plamar PCBs, PCB congencrs 14, 65, and 166 were employed aa
recovery standards for the nonplanar PCBs.

The spiked samples were exiracted overnight with 300 ml of 1:1
{viv) pesticide grade hexanc/methylene chioride. The extract waa re-
duced 10 & constant volume at 85°C In a Kuderna-Danish concentrator
fiteed with a Snydet column. The quantity of lipid preseat in the extract
was determined gravimetrically, The extract was transferned in hexane
to a columnn of acid Celite (10 g Raker Celite 543, 5 ml concentrated
sulfuric acid) and potassium silicate (2 g on the bottom, separated from
the acid Celite by sodium gulfate). The celite column was eluted with
100 ml of hexane. After reduction to approximately | mi, with isooc-
ane as a keeper, the extract was tansferved to a carbon column that
consisled of approximately 0.2 g of & mixture 20:1 (w/w) of silics gel
and Amoco PX-21 carbon in & disposable Pasteur pipette. The carbon
column was first eluted with 20 m! of hexane (lnis defined the “for-

* ward” direction);this fraction contained predominantly nonplanar

Mhe IUPAC numbering system for the PCB congeners is used
throughout: 3,5-dichlorobipheny), PCB 14; 2,4 6-lrichlorobiphenyl, -
PCB 30; 2,3,5,6-tctachlorobiphenyl, PCB 65; 3,3’ ,4,4’-tetrachloro-
biphenyl. PCB 177; 2,3,3'4,4’'-pentachlorobiphenyl, PCB- 105,
3,3',4,4',5-pentachlorobiphenyl, PCB 126; 2,3.4.4,5.6-hexachlaro-
biphenyl, PCB 166; 3,3',4,4',5,5'-hexschlorobiphenyl, PCB 169;
2,2',3,4,4',5,6,6'-octachlorobiphenyl, PCB 204.
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PCBs. The carbon column was then eluted with 25 mi of 1:1 (V/v)
benzene/methylene chloride in the forward direction; this fraclien con-
tained predominantly planat PCBs including the non ortho-substituted
congeners 77, 126, and 169, and mono ortho-substitured congeners
such a5 105, The carbon column wai finslly ciuted in the reverse
direction with 21 mL of toluene to oblain a action containing PCDDs
and PCDFs. Toluenc was added to the planar PCB fraction, and both
the planar PCB and PCDF/PCDD fractions were reduced to 100 wl.
Isoociane was added to the nonplinar PCB fraction, which then was

reduced to | ml.

Fractions conaining the PCDDs, PCDFs snd plonar PCBz were

-subjected 1o gas chromatographic scparstion wsing 8 30-m DB-S capil-

lary columa, and were quantified with 8 Finnigan-MAT 8230 double~
focusing mass spectrometer. Calibralion provided the relative response
factor of the native analytes and C'-labcled congeners (recovery stan-
dards) within each homalogue series, from which concentrations of the

N
.-"
Q ’ '
Southern Green Bay
ﬁolnt au Sable

Forster's Torn
Common Tem
Teag Swallow

Flg. 1. Sampling sites for For-
ster’s tem, common larm, tree
swallows, and red-winged black-
birds along the lower Fox River/
Green Bay, Wisconsin

amalytey were culeuluted, Extraction efficicncies (recoverics) were
measured using the relative regponses of internal reference (added w
extracts beforn gas chromatography) and recovery standards, Selectivs
ion monitoring provided for confirmation of certsin analytes (/.e.,
2,3,7,8-substituted PCDDs and PCDFs, and PCB congeners 77, 126,
and 169) by comparing relalive retention times of native to the come-
sponding C'*-labelcd ions, Ratios of signals for two principal jont (ion
ratios) Rso were used for confimation. PCB 105 (for which ne C'*-
labeled isomer was avallable at the time of this study) was quantified

" by comparison to the recovery of C'X-labeled PCB 126; therefore,

estimates of concentrstions of PCB 108 in the samples may be low
because a cartnin quantity of (his congencr could elute in the nonplanar
PCB fraction (P, Cook, U.S. EPA, Duluth, pers. comm.),

For the nonplanar PCBs, quantifications were performed with 3
Hewlen-Packard 5710 gas chromatogruph equipped with a 30-m DB-5§
capillury columa and an electron capture t!emnori Before chromato-
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graphic analysis, two intemnal standards, PCD congeners 30 and 204,
were added to all samples. Quantifications against un internal standand
were performed on each sample and response focters for each chro-
matographic component delermined by analyzing 2 niixiure of
Aroclors® 1232, 1248, and 1262 (25:18:18 (U.S. Environmenta! Pro-
tection Agency, 1988)]. Tolal concentrations of PCBs were calculuted
hy summing the concentrations of the individual congeners.

Sumples for the H4IIE bioassay were extracted after the method of
Ribick et al. (1981) &5 modified by Tillitt ¢r o/, (199)a). General
procedurss and ealculations used for the H41IE bioassays are described

in detail clsewhere (Ankley er al. 1991; Tillitt ¢/ a/. 1991a, 1991b; -

loacs ez al, 1993). :

A total of 48 cgg and chick samples were cvajuatcd using the H4IE
bipassay, while a subset of 25 of these samples was unsiyzed for PCBs,
PCDFs. and PCDDs. For a number of reasons, .. Forster's lem
sample set reccived the most altention. First, there wus adequate sam-
ple mass for all analyses. Second. the Forster's tem samples provided
the most nearly complete data in tesms of cvaluating contaminant
uptnke over lime. Finally, there was a historical databosc of PCB,

 PCDF, and PCDD residue concentrations for this particular Forster's
tern coloy, and n suspicion that these classes of compounds were
responsible for reproductive impairment in the birds in a 1983 study

fKubiak er al. 1989). [Harris er al. (1993) provide : v21ailed compari=’

son of the biological and chemical results from the prosent study with
those of Holfman et al, (1987) and Kubiak es.al. (15:7).]
"~ To account for growih dilution when assessing uptuke of contamis,

nanis by the birds, PCB, PCDF, PCDD, and TCDD-EQ concentrations *

were multipled by the initial sample weight (eggs) or immed sample
weight (chicks or nestlings) to express the varizbles on a total mass
basis. When samples had been pocled, the mean weight of the eggs or
chicks constituting the sample wis used for these daia manipulations.
Accumulation of the PCHs and TCDD-EQ was cvsivated by compar-
ing the total mass of contaminants present in the chiv i or nestlings to
the towl mass of contaminants peesent in the cgps | ihe case of the
tern samples, thiy was done on a nest-by-nest basis, - .tis, the mass of
contaminont present in the cgg was subtracted from e mass present in
the chick from the same nest. Beeause studics have showa thet among-
nest variation in concentrations of contaminants in birds is greater than
within-nest variation (Becker er al. 1989; Custer er al. 1990), it was
{elt that this approach was more appropriate than to usc a colony mean
value for contaminant mass in the eggs. For the red- winged blackbird
ond tree swallow samples this approach could not tx used, as the eggs
had lo be pooled for the residuc and bioassay analy:e:

Uptake data were analyzed using MINITAB® (R i er ol [98S),

- Data Initially were tested und verified for norm: .+ using normal
probability plots. The null hypothesis, that (pere - s no signficant
uptake of PCBs, PCDFs, PCDDs andior TCDD-EQ, wvas evaluated for
Forater's tems by using f-1ests to compare the total mass of contamie
nants in eggs to otal mass in the chicks. We then calculaied uptake
rates for the PCRs, PCDFs, PCDDs, and TCDD-£(} by the Forster's
tern chicks by regreasing chick age. versus total contaminant mass
present in the chicks (minus the mass prescnt in 253 from (he same
nests). When the conlaminant mass in the ¢gg wa sler than in the
chick (as wan the case for the 3-day-old Forsier's te; o wee Table 1), 0
value of zevo was assigned [or the regression saniys.. The uptske rate
waz defined as the tlope of statistically significant He2at relationships
between age and contaminant mass. Samplc sizes wore too small 1o
permit & comparable stalistical evaluation of the upiake of PCHs in the
other three test specics; however, there were adequate numbers of

. aumples w utilize analysis of variance to evaluate sivong-specirs vari-
ation in TCDD-EQ concenirations.

For data evaluation by principal componenis i
clasxification, we used SIMCA-3B (Soft Indepe
Class Analogy; Principal Data Components, Coto Missous). For

" computational purposes, concentritions which were . s than (he limit
of quantification (LOQ) or delection (LOD) were axcumed to be onge
half the LOQ of LOD (Do Vaulkt e/ al. 1939). Other combinations of

atysis (PCA)Y and
1« Modeling of
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quantification or detection limits, such as using zero or the limit itself,
had only a minor affect on PCA results and interprétation. Lipid-
normalized concentrations of contaminans were used for the PCA.
However, because the uptake analysis was based upon total mass of the
contaminants in the various samples, il was not necessary 10 use lipid-
normalized data before statistical manipulations, Rsults of all compar-
isons were considered significant atp < 0.0,

Results and Discussion

- PCH Concentrations -

Several of the 23,7,8-substituted PCDFs and PCDDs were not
quamiﬁ%%l: or not detectable in cggs or young from the four
species (Tables 1 and 2)..Concentrations of total PCBs, PCB
congeners 77, 105, 126 and 169, TCDD, and 1,2,3,6,7.8-
hexachloredibenzo-p'lioxin (HxCDD) were detectable in all

- the Forster’s tern “samples, and 2,3,7,8-tetrachlorodiben-

zofuran (TCDF), 1,2,3,6,7,8-hexachlorodibenzofuran (Hx-
CDF), 1,2,3,4,6,7,8-heptachlorodibenzofiran  (HpCDF),
1,2,3,7,8-pentachlorodibenzo-p-dioxin (PeCDD), 1,2,3,4,6,
7,8-heptachlorodibenzo-p-dioxin (HpCDD), and octachlorod-
ibenzo-p-dioxin (OCDD) usually were detestable (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 congeners 77 and 105 were
quantifiable In all of the red-winged blackbird samples (Table
2). PCB congeners 126 and 169, as well as TCDF, HxCDF,
HpCDF, TCDD, and OCDD were not quantifizble or not de-
tectable in several of the red-winged blackbird nestling and egg
samples. Total PCBs, PCB congeners 77, 105, 126 and 169,
TCDF, TCDD, HxCDD, and HpCDD were quantifiable in all
the tree swallow samples (Table 2), Unlike the other birds, the
tree swallows consistently contained quantifiable concentra-
tions of 1,2,3,7,8-pentachlorodibenzofuran and 1,2,3,4,7,8-
hexachlorodibenzofuran; moreover, concentrations of TCDF in
the trec swallow samples were greater than in the ather specics
(Table 2).

With the exception of TCDF, the general trend of concentra-
tions of PCBs, PCDFs, and PCDDs from greatest to least was
Forster's tcrn -~ common tem > tree swallow > red-winged
blackbird. The similerity in concentrutions of PCHs between
the two tern species was expected given their similar Jife histo-
fes and the close proximity of the two colonies, The greater
PCH concentrations in the trec swallows than in the red-winged
blackbirds was somewhat uncxpected given the presumed sim-
ilarity in diet between the two species. In addition, the tree
swallows colonizing the nest boxes likely were first year fe-
males that had not previously been exposed o the lower Fox
River and Green Bay system. In contrast, at least some of the

‘red-winged blackbirds likely hag inhabited the associated wet-

lands in previous years. [t is possible, however, that red-
winged blackbirds foraged more on relatively uncontaminated
upland food sources than did the tree swallows, which may
have gained their food primarily from insects {presumobly chi-
ronamids) emerging in the river and bay (pers. obs. of G.J.N.;
Quinney and Ankney 1985). Part of the difference in residue
concentrations between the species also may be related to the
fact that the tree swallows had about twice s much lipjgl as the
red-winged blackbirds,




Table L. Cooceatrations of total PCBs, PCB congencr 77, 105, 126 and 169, und 2,3.7,8-subslituted PCDDs and PCDFs in eggs and chicks from a Forsier's tem colony on & CDF in the Jower Fox River/Groen
Bny walushcd Total PCBs are m ng!g, while other concentrations are in pg/g. PCB congeners are given by I[UPAC numbers, while substitution pastemns are used to indicate PCDDs and PCDFs.  Also indicated
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Table 2. GnmﬁiomotlomPCBs,PCB cbngmus‘ﬂ. 105,
;- the Jower Fox River/Green Bay watersbed. Total PCBs are in np/g,
PCDDs and PCDFx. Also indicated for each sample arc percent lipid and weight. For

masses described in the iext, multiply sample weight by the contaminant concentration of interest.

(26and 169, and 2,,7.8-substituted PCDDs und PCDFs in ggs and young
while other concentralions are in pg/g. PCB congencrs are given by
pookad sarples the mean weight of the cggs or young comprising

Sample identification numbers are indicated in parentbeses

of common terus, red-wingoed blackbirds, and tree swallows nesting
IUPAC oumbers, while substitution patterns are used to indicate |
the sample is indicated. To obiain the total cootaminant .
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PCH Aﬁcwnularlon Rates

Evaluation of the total mass of cowdamin . . aceu.
Forstcr's tern chicks was conducted far th e PC
PCDD congeners which were ususity ;. . &y guaraisble
concentrations in both the egg and chicl: s There were
significantly greater masses of total 70 PCH cores
105, 126, HxCDF, PeCDD, HxCD -,
than in eggs from the same nest (Tul'-

congener 169, the total mass in the ¢
60% greater than in the eggs; ho
statistically significant (p = 0
contarninants by the Forster’s t=v
linear models for total PCBs, =1 . -
169, and HXCDF (Figures 2 and ;. 7 s
PCBs was approximately 15 pz'k

PCB congeners 105, 126, 169 =< . % a7
6.5, 0.14, and 0.001 ng/day, rcor - v T o L)
There was a linear rate of upt:' - s T for
approximately 20 days; howeve:. o S w twga
substantial decrease in the total :: . SRS
and 27-day-old Forstet's tern ¢t "_y':",

explanaton for this observation . © :
chicks to efficiently metabolizs < ;
eral, PCB congeners with a fes~ . - .. { %
more readily metabolized and ¢ i
congeners. The accumulation of ™
Porster’s tem chicks resulied in ¢ d o
model with an uptake rate of ab- .
Although there was significur =~ . - Coe s
of the PCDD congeners (PeCy' "7 Tt
Forsler's {ern chicks, this incre . i
able using a linear model with 2 ! .
The lack of a lincar uptake for =~ R
related (o the possible onset of ’
chicks, as may have been the - -
Further research is required to < °°

influence the bioaccumulation ¢+ : 5,
Sample sizes were too smal At el
analysis of PCH uptake in cor -+ v i coad
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Fig. 4. Accumolation of TCDD-EQ by Forster's tem chicks nesting
. on a CDF in the loveer Fox River

blackbird and tree swallow nestlings; however, there was a
clear and consistent pattern of PCH uptake by young of all three
species (Table 2). Uplake based on total contaminant mass

(i.e., concentration X sample weight) was pronounced for total

PCBs and PCB congeners 77, 105, 126, and, occasionally,
169. Contaminant concentrations and total masses in eggs and
nestlings tended to be higher in red-winged blackbirds from the
bay sites than from the inland site (Table 2), a result consistent

with the pattsn recognition analysis describad below, Contam-

inant concentrations and masses in trez swallow nestlings were

" similarin samples from the river and CDPF sites (Table 2).

There were detectable concentrations of TCDD-EQ in all
samples of eggs and young from the four tesi species (Jones e
al. 1993), There were significant among-Specics variations in
TCDD-EQ in both eggs and chicks. The Forster’s and common
terns had the greatest concentrations of TCDD-EQ, the tree
swallows lesser concentrations, and red-winged blackbirds the
smallest concentrations. As was the case for several of the
PCHs, the mass of TCDD-EQ in the Forster's tem chick sam-
ples was significantly greater than in the eggs. Also, the regres-
sion: model of TCDD-EQ mass versus age in the Forsier's tem
chick samples (minus mass in the eggs) was significant, with an
uptake rate of approxinmtcly 270 pg/day (Figure 4), That trends
in TCDD-EQ in the four spcclcs were similar to those observed
for the PCHs was not surprising, given the strong positive
correlations noted by Jones ef al, (1993) between TCDD-EQ
concentrations and concenteations of PCBs und PCB congeners
in these same test samples.

We observed a curious trend in the concentration of PCBs-

and PCDDs in the Forster's and common tem samples. Both

the 3-day-old Forster’s tern chick (sample 12; Table 1) and the-

5-day-o0ld common temn chick (sample 15; Table 2) had smaller
messes of many of the PCHs than the corresponding sibling
eggs. This same phenomenon was noted by Scharenberg
(1991), who also compared contaminant concentrations in tern
€ggs 10 concentrations in young chicks. He hypothesized that
the effect could result from either onset of the ability of the
chicks to metabolize and excrete organic contaminants upon
hatching, or incomplets transfer of all contaminants in egg
contents to the newly hatched chicks. Further studies are neces-
sary to distinguish between those hypotheses,
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eggs in tree swallows, red-winged blackbirds, and common

terns was difficult to quantitatively assess beeause sample dizes -

were limited, Howevek, ‘it is apparent that qualitative differ-
ences in the PCH profiles exist between chicks or nesdings and
cggs of (hese species. The qualitative separations abserved in
the PCH profiles of young versus egg samples within a species
may be a reflection of dietary exposure diffcrences or may be

- related to differences in xenobiotic metabolism between the

adults and young of a species, The reost illustrative example of
PCH profile differences based on geographical location is in the
red-winged blackbird cggs and nestings collected from two
locations. One’ group, collected from one of the inland sites
(samples 19-21) had a PCH profile that was markedly different
from anather group collected near the river (samples 22-25),

~ which suggests that the two populations are exposed to different

sources of PCHs. It is unlikely that metabolie differences would
account for thess differcnt PCH profiies, however, the effect of
differential exposure on metabolism cannot be jgnored.

To detérmine which PCB, PCDF, and PCDD congeners were
responsible for the clustering of samples in Figure 5, the 21
measured congeness were plotted in the same PC coordinale
system as the samples (Figure 6). Potitions of the chemicals in

the coordinate system indicate the direction and magnitude that |
their presence has on the positions of the samples in Figure 5. |
For example, the four PCB congenars aad TCDD in the lower
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Fig. 6. Loading plot corresponding . .« -
right quadrant pulled samples . . , the respective class model to determine if chemical profiles '
the lower right quadrant, Similar! hYe “ were siatistically different. In the resulting classification plot 'l
the y-axis was strongly influenc:- {Figure 7) the area bound by the abscissa and the line parallel to '
Forster's tem eggs and chicks - ¢~ & on 2w abscissa-axis represents the 95% confidence level (F-test) for
distinct groups (Figure 5); how . T >+ classification samples in the egg-model, The accuracy of the |
definition, residual or Coomars - i classification models was tested by withholding two samples (7 1
1984: Vogt er al. 1987; Schw . 87, + and 11) and reclassifying the remainder. The resulting classifi- 1
Stafting 1991). In Coomans pio ein b cations comrectly assigned the withheld samples. Profiles of P
separate class models are calo.: o e PCH:; frum eggs or young of common toms, tree swallow, and - 4
axes. In these plots, the residy. :§ red-v.ic;od blackbirds indicate that they art not members of R
onto different classes may be vis: _-:, either Forster's tern egg- or chick-classes, This suggests either
interval is calculated from the - far ¢l 2 diffzcence in environmental exposure and/or metabolism of -
mode! by using an approximar- - - . fery the PCB, PCDF and PCDD congeners in the four species. o
limits (Wold e¢ al. 1984). The r- , : 1 .
was iavestigated by completin; - - . o
ster's tem eggs and Forster’s - Sumnary and Conclusions 4
based on two PCs and SIMCA - wit. g .
mine if the residue profiles in ~ This smdy indicates the importance of aquatic food chains in
cally different, Sample 12 wa: PCH . «fer to avian species at different trophic levels in the N
analysis as an ouslier (Figure = - lower Fox River and Green Bay ecosystem. There wes a signif- . H
caleulated, all samples were clr o ! ican! uptake of iotal PCBs and specific PCB, PCDF and PCDD
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congeners by the yo . “in the  that further information is needed 1o determine what factors in
system, We also deme . g 1of site-  the life histories of the species result in different exposure, It
specific exposurc of av, - o mulated  :hould be noted that of the four sgpecies studied, red-winged

"via aquatic food chai:. .. , onjunc~  -iackbirds were the only birds that may forage extensively in
tion with appropriate = S , could reas far from aquatic food chains (f.¢., in uplands).
prove 1o be useful {z, @, o oule ol oqisk Finally, the task of obtaining a comparable perspective of
assessments, Ultimac! oo : o up sopriate what relationships exist in enviroumental residuc data by exam-
clean-up goals, for cx. nple ntsminated  ining the concentration of individuel constituents is formidable.
systems like the lower & == i visefal, However, in the present study it was demonstrated that ft is
1993). The tree swa!' - ‘inthis  possible to use PCA to compare profiles of PCB, PCDD and
regard because of its B © ots, and PCDF congeners in an environmental context and clnssify these
the ability to manipu! o “nt'sedi-  PCHs into unique groups according to variables such as spe-
ment contamination, ' es, age, matrix, and goographical {ocation.
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