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Abstract-Tl'ee swallow (Tachycinuta b1color) and hous" wren (Tm;; o nd chich were U(lllected near a re!in~ry 
~it~ (ll\ tlle ;-.l'orth Platte River, Casper, Wyoming, USA ~nd ;,t a referenc~ site 10 km up~tre~rn. Total polycyclic aromatic hydrocarbon 
(PAH) concentrations in swallow and wren chicko were higher ~t tne •·efine.ry r.ite than ~(tho;, ~efet'ence site. Polycyclic aromatic 
hydrocarbon concentrations in sediment and chick dietary •ample~ were co11sistent with the>;e findings. Tbe general lack of meth>' l"tr.(! 
PAH' in s~diment, di<>t, ~n<l bird CAr\.asses su&:giOstec! t)lat the l'AHs were derived from combustion ~nd not from petroleum. The 
predominance of odd-numbered aliphatic hydrocarbon~ and the low ratios (~().25) of pristane:n-C, ~nd phytane:11-C11 i~ '~hick and 
cliet ~ample~ also suggnt~d that ~wallow :md wreo chkks were not ~eing chronk>1.Jly cxpo~cd to petrol~l•rn, Mean ethoxyr:esorufi:t· 
0-dealkylH•e and ben>.yloxyne~orulin-0-dealk.)'lnse activitie• in tr"e swallow livers averaged nine timeH higher at the re!inery site 
thao ••1 the i'~.l'ere.o~e ~it~ ~nd were pl'vbably int.luced by ~Xposure to PAl·h. Trace element <::Oncentrations in eggs and livers ot' 
""'llU\% and wrens were oimilar or greater at the reference site than at the re[Jnery sit~. Selenium. strontium, aile) boron concentration~ 
WHe elevate<.! in eggs ancl livet'c· of swallowr. and wrens at both the refinery and reference sites. 

l<tyworch-Aiiphatic hydrocarbons 
Tree ~wl\llows 

Ethoxyrcsorutin-0-dcall<ylase activity Polycyclic aJ·omatic hydrOci!•·hons 

lNTROnt:CTlON 

Oil s~epage into the North Plane Riv~;:r adjacent to a former 
petmleum refinery near Casper, Wyoming, USA (Fig. I), was 
t.locumented by the U.S, Environmental Protection Agency [I]. 
Sediment sample~ from the river where oil seeps occurred 
contained high levels of polycyclic aromatic hydrocarbons 
(PAHs) [ 1]. Whethet current levels of PAHs in river sediments 
were elevated and being accumulate-d into the aquatic food 
chain was unknown. 

The composition of individnal PAHs ar,d diphatic hydro­
carbons (ALl-Is) in biotic and abiotic samples can be used to 
determine whether the~c hydrocarbon~ originatt::d fmm petro­
leum, combustion, or natural source$. Sampl"s with a. high 
proportion of methylated PAHs are indicative of a petroleum 
~ourcc. whereas the lack of methylated PAH$ is indicahve of 
a combustion sourc.:: [2]. Elevated (> 1.0) ratios of sekcted 
ALHs. such as pristane:n-C 17 and phytane:n-C 1s, arc indicative 
ot chronic exposure to petroleum {3). Pristane and phytane, 
which occur frequent.ly in petroleum, are appat·enrly met.abo­
li7,ed lese readily than n-C 1 ~ and n·C,~ a11d thus they tend to 
(\coumul.ate ill tissues when the exposure to petroleum is chron­
ic [3]. Because ot.ld-numbered ALHs are more preY alent in 
plants than ALHs fout1d in petroleum or produced as a result 
of combustion. a preponderance of odd-numbered ALHs is 
indioative of recent biological origin. In contrast, a more even 
distribution of odd-to-even ALHs i~ i.ndicati ve of petroleun1 
or combuslion [2,3]. 

• To whon\ correspondence may be nddress~d 
(tonLw_cuscer@u~gs.gov}. 

In birds, PAH and trace element conct:nt{a\ions in ti&sues 
and the induction of hepatic rnonoox:yg~nasc activity may be 
indicators of PAH exposure. Although PAHs arc rapidly me­
tabolized in birds [4], PAHs have been d~::tectcd in bird tissues 
in relalion to sources of petroleum [5] and combustion [6]. 
Trace element concent.tations iJ1 soil and small mammals were 
higher at sites treated with petrochemical waste compared to 
reference ~\t.es [7). Induction of hepatic monooxygenase ac­
tivity after exposure to PAHs has been documented in birds 
in both the laboratory [8-11] and the field [12). 

Cavity-nesting birds. especially t1·ee swallows (Tochycineta 
bico/or) are being widely used as indicator~ of local contam­
ination [13-16]. Tree swallows readily use nest boxe~. so study 
sites ca:1 be esta.blish~d at specific locations of irlteresr. They 
feed near their nest boll [17) on emergent aquatic insects [18]; 
therefore, tc~idues in the tissu~s of tree swallows retiect sed­
iment contamination for those chemicals that transfer into the 
biota [19]. 

The objective of this study was to detenni11e whether con­
centrations of PARs were present and elevated in cavity-nest­
ing birdo breeding near a refinery on the North Platte River 
compared to a reference site upsh·eam. If PAHs wen: present. 
we wanted. to determine whether their source was petroleum 
or combustion. We also wanted to determine whe.th"r hepatic 
monooxygenase activities were induced or trace cletnent con­
centrations were elevated in birds nesting near the refinery. 

MATI!:RlALS A-ND !VIETHOD.S 

Sample collection 

On April16-17. 1998, t(ee swallow boxes we1·e positioned 
on metal oosts along the North Platte River near Casper, Wy-
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PAHs in bird~ nc~llng on the Noft)l PlaUe River. WY. USA 

North Platte River----._ t ......_ _ _____.., 

Reference 

Tree swallow 
and house wren 
collection sites 

A_ o~----~---15 V km 

Fig. I. Two sites on tbe No!!h Pl~tte Rlver (an upsln~am reference and downstream refinery site) r1enr Casper, Wyoming. USA. where tree swallow!. hou~e wreno. and ~ediment were collected in I 998. 

oming (Fig. 1), ncar a refinery (42°5!'58"N, 106°15'49"W; n 
= 20 boxes) and a reference site, the Wyoming Oa.m<:: and 
Fish headquarters (42.49'18"N, l06°22'50"W; n = 14 boxes). 
The boxes were check<::d once a week until eggs hatched and 
chicks had fledged. The ~pedes and number of eggs OJ: young 
present wa3 recorded at each visit. Tree swa!tow eggs and 
chick.s Were collected from t11e refinery (four egg samples and 
four chick samples) and reference site (three eggs and twv 
chicks). House wrens (Troglodytes aedon) !llso used tl:le boxes 
at these sites and hou~e wren eggs and chicks wer<:: collected 
from the retinery (three eggs and three chicks) and reference 
site (three eggs and three chick5). 

A sample consisted of two or three eggs pe< box. and one 
to three &ibling 12-d-old chick5. Bs.&ed on date of egg laying, 
the e~timated date of hatching, nnd morphologic features, the 
tree swallow chick8 were estimated to be 12 ± I d old and 
house wren chicks were estimated to be 12 :!: 2 d old, The 
day of hatching was considered as day 0. Egg contents were 
pooled by nest, emptied into chemically clean jars, and later 
analyzed tot trace element~. Within 2 h of collection, chicks 
were weighed (.:!:0.1 g) and decapitated with a sharp pair of 
scissors. 

Immediately <tfter death, (be liver was removed from tree 
swa.lhlw -.hkb, weighC'd (±0.1 g), and about 0.3 g from OIJe 
chick per broQd was placed into a cryotube for measurement 
uf monooxygenase activity. A few drops of glycerin were add­
ed to the cryotube and it was immediately placed into liquid 
nitrogen. The cryotubes were later transferred from tl1e liquid 
nitrogen to an ultracold hcelzer ( -80"C) for sto,age until pro­
cessing. Monooxygenasc activity was nor measured i11 wrens 
because of a lack of baseline information for this spe<;ies. 

For chlcks of both species, the livers and carcass remainders 
were each pooled by nest and each placed in ch~;:mically clean 
jars; contents of the upper gastrointestinal tract were poolod 
by species and sij<!. All samples were frozen until transported 
to the Upper Midwest Environmental Sclences Center (La 
Crosse, WI, USA) for storage in a freezer. The gastwiotestinal 
tnwt contents atl(( carcass r~ma.indcn wc!'r:. ;.maly~ed fur PAlls 
anu ALHs; livers were analyzed for trace elements. 

Composite sediment $atuples were collected from the North 
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Platte River from the top 2.0 em of sediment within. 1 m of 
shore near each site. Sediment samples from five to siJ<. [o, 
cation$ along the river at each site were combined in a st<llnless 
steel bowl and mix.ed. A stainless steel spoon, rinsed in de­
ionized water and hexane between samples, was used to make 
the collections. For petroleum hydrocarbon analys.:s, one sed­
iment sample and a duplicate were placed in chemically 
c)ean~d amber gla~s jars and frozen. For trace elemeru anal­
yses, a second sediment sample and a duplkate wcte plac~d 
in plastic bags and frozen. 

Chemical analysis 

Egg contents, chick livers, and sediment were analyzed for 
trace elements by Research Triangle Institute (Research Tri­
angle Patk, NC, USA). Samples were freeze-dried, weighed, 
and then homogenized in a blend<::r. Subsamples offreeze-dried 
livers were digested in stages with heat and nitric-perchloric 
add and then analyzed for selenium (Se) and ars~~nic (A~) by 
graphite furnace atomic absorptiol'l ~pectrophotomet(y, and for 
aluminum (AI), ba,rium (Ba), beryllium (Be), b(>rQn (.13), cad­
mium (Cd), clu:omium (Cr), copper (Cu), iron (Fe), lead (Pb), 
magnesium (.Mg), manganese (Mn), molybdenum (Mo), nickel 
(Ni). strontium (Sr), vanadium (Y), and zinc (Zn) by indue, 
tive!y coupled plasma-atomic emission spectt'ophotometry. 
Separate subsamples were digested by nitric acid reflux .md 
analyzed for tot11! mercury (Hg) by cold vapor atomic ab­
sorption spectrophotometry. Nominal levels of detection (l.l-g/ 
g dry we.ight) were as follow~: AI ;;;; 8, As = 1.0, B "' 3.0, 
Ba = 1.0, Be = 2.0, Cd = 0.1, Cx = 1.0, Cu = 1.0, Fe = 20, 
Hg "" 0.2, Mg = 20, Mn = 0.5, Mo = 1.0, Ni "" 1.0, Pb = 
0.5, Se = L.O, Sr = 0.5, V = l.O, and Zn , 2.0. The number 
of spikes, duplicates, and blanks was 10% of the total number 
of samples analyzed. Concentrations were not adjuoh:d for 
recovery, which averaged 91% overall for the various trace 
elements. Concentrations of trace elements are reported on a 
dry-weight basis; approximate wet-weight values can be cal­
culated by using percent moisture values of 80.2% for eggs, 
70.3% for livers, and 34.0% for sediment from this .~tudy. 

Aliquot& of chick c;ucasses, chick diet, at1d sediment were 
analyzed for PAHs and ALHs by Mis~i~sippi State Chemic~tl 
Laboratory (Mississippi State Un~versity, MS, USA). Samples 
wen~ digested in 6 ::-l' aqueous potassium hydroxide for 24 h 
at 35°C. Digestate was cooled and thenneutralized with glacial 
acetic acid. The mixture was then extracted three times with 
methylene chloride and the extracts were combin"d <~nd con­
centrated to neat· dtyness befor~ reconstituting in petroleum 
ether for transfer to a 20 g 1% deactivated silkot gel ~:olumn 
topped with 5 g of neutral alumina.. Polycyclic aromatic hy­
drocarbom and ALHs were sepurnted by e1Llting A.LHs from 
the columr. with 100 ml of petroleum ether> PAH~ were eluted 
usil'lg 100 ml 40% m<'lbylene chloride:60% petroleum. ether 
(v/v) followed by 50 ml methyl<::ne chloride. The ALH eluate 
was then concentrated to an appropriate volume for quantifi­
cation by capillary column flame ionization gas chromatog­
raphy (GC). The silica gel eluate containing the PAHs was 
concenrntted and r~?.constiluted in methylene chloride to be 
~ubjected to gel permeation chromatography cleanup before 
quant.ific~.lion by GC and fluorescence high-performance liquid 
chromatography. Polycyclic aromatic hyd<ocarbon analytes 
included 1,2,5,6-dibenzanth-racene; 1,2-benzonth!'accnc; a<;en­
uphthalcne; acenaphtl1~ue; anthracene; benzo[ a]pyrenc; ben­
zo[b ]tluoranthene; benzo[e]pyrene; benzo(g,h, i)perylene; hcn­
zo(k]fiuorantllene; biphenyl; C 1 -,C~-,C\- ,C,-chrysenes; 
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CnC2-,Cl·dibenzothioph,:nes; C,-fluoranthme:s and py:r:enes; 
C,-,CnC,-lluorenes; C1-,C~-,c,-,C.,-naphthalenes; C,-,C2-,CnC4-

phenanthren~s; chrysene; dibem:othiophene; fluoranthene; flu­
orene: indeno[l ,2,3-cd]pyrene; naphthalene; perylene; phen­
llntlm:ue; aod pyrene. Aliphatic hydrocarbon analytes included 
n-C 10 through n-C34 alkanes, phytane, and pristane. All ALHs 
and all named PAHs were run against. standards of the Game 
mutedal. All the other C 1 -,C~-,c~,, or C4- compounds were cal­
culated against either a C,-,c.-,C:1-, or c.- compound that was 
in the standard run or against the parent compound (e.g., C,­
naphtbalene again~! 2,6-dimethyl naphthalene; C,-chrysene 
against chry~ene). 

Minimum detection limits for PARs and AL.Hs were 0.01 
~J.g/g wet weight. For the calculations of' the pristane:n-C 11 and 
phytune n-C 1s ratios, one half of the de(ection limit (0.005 11g/ 
g wet weight) was assigned to prlstane or phytane, if the con­
centration was below the detection limit. The number of spikes, 
duplicate~. and blanks was 9% of tile total number of samples 
analyzed. Concentrations were not adjusted for r<;covery, 
which averaged 78% atld 71%, l'espectively, for the various 
PAHs and ALHs. Concentrations of PAH8 and ALHs a.·e re­
ported on a weHveight basis. Total PAHs and total ALHs are 
the sum of the individual PARs and ALHs, respectively. 

Monooxygen.ase a(;:livity 

Hepatic microsom"s were prepared ftorn homogenates of 
thawed liver samples by ditferet~tial centrifugation. The 
11.000"1? supernatant was centdfugr;:d at 40,000 rpm for 60 
min 1o obtain the microsomal pellet. Ea.ch 100,000-g pellet 
was resuspended in 2.0 ml!g of tissue weight of 0.05 M Na/ 
KPO., 0.001 M disodium ethylenediatninetetraacetate, pH 7 .6. 
Benzyloxyresorul'in-0-dealkylase (BROD) and ethoxyre~oru­
fin-0-dcalkylase (EROD) w"'re assayed by the methods of 
Burke and Mayer [20] as adapted to a fluorescence microwell 
plat.e scanner [21]. The 260-p..l total assay volume contained 
microsornes equivah,nt to 0.65 mg liver, 2.5 ~LM ~>Llb$trate, and 
0.125 mM NADPH in 0.066 M Iris buffer, pH 7.4. Protein 
concentrations were determined by a 50% !'educed-volume 
Lowry assay [22]. Both BROD and EROD activities were 
calculated as prnol prodtlct/min/mg microsomal protein. 

Srarisrical procedures 

Melloures of PAHs, ALHs, trace. clome:nts, and mondoxy­
g~na~e activity were log-transfo1·med (using base 10 loga­
rithms) to satisfy the homogeneity of variance assumption of 
analysis of variance (ANOVA). Two-way ANOVA (site, spe­
cies, and intetactiorl) was used to compa1'e PAHs, AL.Hs, and 
trace elements between sites and species. If the overall two­
way AN OVA was 8ignificant, then p values in text and tableo 
are p values for the main variables. If not, the p values in text 
and tables are for the overall rnodd. The ANOV As were used 
if ;,:50% of samples had detectable values; one half of the 
detection limit was assigned to ~amplcs below the detection 
limit. When le~s tha.n one half of the PARs a.nd AL-H~ we{<:: 
detected, only the range of values is presented. When less Lhan 
On<:: lntlf uf imlividuiillral;~:; dam:nt~ were ddc:clt:<l. lhc number 
not detected is presented. l:!ecausc higher concentrations of 
PAHs were mca~ured at the refinery site. we used one-tailed 
t tests to determine if monaollygenase activities were greater 
al lhe refinery than reference site. 
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Twelve different PAHs were detected in tree swallow and 
house wren carcasses and diet samples at the refinery site 
(Table 1). In contrast, only one PAH, I.2,benzai1Ehracene. was· 
detected in one wren carcass at the reference site. The profiles 
of PAHs in sediment samples were qualitativdy &imilax be­
tween the refinery and the reference site (Table 1 ). Except for i 
the 2-methylnapthalene detected in the swallow diet and C1-

pher•anthrenes detected ill the house wren diet, all of the PAHs · 
in carcasses, diet, and sediment were not methylated (Table 
1). Total PAHs were significantly highel' at the refinery than 
at the reference site and higher in wrens than in swallows, but · 

no significant interaction was found (overall F~.~.,.~ = 5.5, p 
= 0.02; site F~. 3 = 9.6, p = 0.01; species F, 1 = 5.8, p = 0.04; 
site X species F,,8 "" 1.6, p "" 0.24: Table 2). 

Odd-rlutnbercd ALHs were more predominant than even· • 
numbered ALHs in the chicks of swallows and wrens, the diet 
of swallows and wrens, and the &ediment at the refinery (Fig. 
2) and reference site. Concenu·ations of n-C 1,, n-C,, n-C,, 
and n,C 17 were significantly higher in u·ee swallow than in , 
house wren cat'ca,;;ses (p = 0.001, 0.01, 0.004, 0.003, respec­
tively; two-way ANOVA overall p < 0.05); n-C 15 was also 
higher at tbe reference than at the refinery site (p = 0.03). 
Concentrations of n-C20 , n-C,, n-Cj, and n-C", were signif­
icantly higher in wren than in swallow carcasses (p = 0.03, 
0.004, 0.002, 0.007, respectively; two-way ANOVA ove(a!lp 
< 0.05). Other ALHs were not significantly different (two­
way ANOVA overall p > 0.05) between sites or species and 
all site-species interactions were not significantly different (p 
> 0.05). 

Total ALH> we.·e not significantly c.lifferettt between sites 
or species (overall FI.I.I.S = 2.2, p = 0.17; Table 2) and no 
consistent trend was found in total ALH~ in the pooled diet 
samples between sites or species (Table 1). Small sample sizes 
may have contributed to these uonsignifi.cant findings. The 
pristane:r1-C ,7 ratio was <0.25 in carcass, diet, and sediment 
samples (Table 1). The pristane:n-C" ratio in carcasses did 
not vary between ~ites, but wa$ significantly larger in wrens 
than swallows; no ~ignificant interaction was found (overall 
F •. :.t.i = 8.7, p = 0.01: site F1 .~ = 1.9, p = 0.20; species Ft.t 
= 23.5, p = 0.001: site X species F;.~ = 0.3, p = 0.59; Table 
2). The phytane;n-C 1 ~. ratio was s0.25 in carcass and diet 
samples ('Iable 1). The phytane;n-C11 ratio did not vary be­
tween sites, but was significantly lat'ger in swallow than in 
wre1l carcasses; no significant interaction was found (overall 
F 1•1,1,8 = 4.7, p = 0.04; site F,,. = I .6, p = 0.24; ~pE'leies F,, 
= 8.9, p = 0.02; site x species F~,, = 0.9. p = 0.38: Table 
2). The phytane:n-C 1 ~ ratio was ~1.0 in sediment collected at 
the refinery and :=:0.45 in ~ediment collected at the reference 
site. 

Trace elements 

Ar:;eoic, Be, Cd, C1; Mo, Pb, Ni, and V concentrations were 
not detc<:tcd in eggs; AI was detected in one &wallow egg at 
the reference site. Boron (two, way ANOVA, overall p = 0.49), 
Fe (p = 0.79), Mn (p = 0.97), Sc: (p = 0.33), Sr (p = 0.27), 
3!1d Zn rp = 0.27) concentrations in eggs did not differ between 
sites or species (Table 3). Barium (p = 0.04), Cu (p = 0 005), 
and Mg (p = 0.003) concentrations were higher (two-way 
ANOVA overall p < 0.0:5) ln wren than in swallow eggs; Hg 
concent,ratJons were higher in swallow than in wren eggs (p 
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Table l. Range of polycyclic a•·omatic hydrocarbon and aliphatic hydrocarbon concentrations in tree swallow and house wren ca.rcas,es. pooled diet 8llll·tples, and sediment from two si·,e~ on t.he North Pl~tte. River 11ear Casper, Wyoming. USA. in 1998 

Concentration (>J,g/g wet wt) 

Retinery 
Reference 

Carc~s> Diet Carca.s~ Diet 
----~--Tree liouse Treo House Sedi- Tr~e 1-{ouse Tree Kou~e $e,h-swallow wren swallow wren ment swallow wren swallow wren ment An;dyte (11 = 4) (rt = 3) (n = l) (~ = l) (r! ~ !) (11 = '2) (n = 3) (/J = 1) (t!- l) (n- I) 

Polycyclic aromatlc hydrocarbons 
I ,2-Benzantbr:a.cene 3ND"-0.03 !ND-0.04 Nl) 006 ND ND 2ND-O.Q:2 ND ND ND 2-MetiJylnapthaleoe ND ND o.oz ND ND ND ND ND NJ) ND Benlo[a]pyrene ND ND NP 0.06 ND ND ND ND ND 001 Eenzo[b Jfluoranthcne ND ND ND 0,04 ND ND ND ND ND 0,0) Benzo[e IPYtelle ND 2N0-0.04 0.07 0.14 NO NP NO NP ND 0.01 Benzo[/l,h. i]perylene ND ND ND om ND NO ND ND ND ND Benzo[k]fluorantbe.nr;, ND ND NO ND . 0.02 ND ND ND ND 0()1 C 1 -Phenaoltbr~ne:; ND NO ND o.oz ND ND NO ND NO ND Cilry~ene 3ND-0.02 2ND-O.QJ 0.12 0.18 0.02 ND ND ND ND 0.02 Fluoranr!Jene ND ND ND 0.02 001 NP l"D ND ND 0,03 N3pbthalene NO ND 0.01 ND ND ND ND ND ND ND Pcrylenc ND ND ND ND 0.05 ND ND ND NO 0 05 Phenanthr~ne ND 2ND-0.02 0,02 0.16 O.Dl ND ND ND ND ND Pyrene ND 2ND-O.DI 0.04 0,07 0.02 ND ND ND Nb 001 Total aroma~it:s ?.ND-0,03 0.04--{) 06 0.28 0.77 0.11 ND 2ND--0.02 ND NO 0.!3 Aliphatic bydroqtbons" 

n-C 17 O.Z:Z-1.1 0.02-003 2.2 0.14 0.06 o 76-L2 0.03-0.88 l.8 0.1 0.04 n-C,, 0.02-0.08 0.07~0.16 0.64 0.04 002 0.05-0.08 0.07-0.21 0.04 004 001 Pri~tane 3ND-0.02 ND ND 002 ND ND--0.02 ZND-0.01 O.D2 0.02 0.01 Phytarle 2ND-O.Ol ND ND ND 0.01 ND ND ND ND ND Total aliphadcs 5.0-8.1 .;.6~8.1 74,6 1~.7 148 8.1-9.5 6.8-9.3 j,6 35.2 0 97 P1'ist~ne:n-Cn r"tio 0.01-0.02 0.15-0.~2 0.002 0.16 0.08 0.01-0.01 O.o!-0.!8 0.01 0.20 U.2l Phytane:n-C 1 ~ ratio 0.06-0.25 0.03-0.2 0.08 0.12 094 0.06--{ll 0 0.02-0 08 0.13 O.IJ 0.41 
"Th~ number befora Nb (not detected) is the number of •amples below the: dotectlon limit. ~The range Jll concentratiOn5 of n-C 10 to n-C 16 and 11-C 19 to n-C,, affl not presented. 

= 0.03). B~Uium concentrations in eggs were also higher (p 
= 0.02) at the reference site (7.7 IJ.g/g dry weight) than at the 
refine!')' (3.8 !J.g/g cb'y weight) site. No significant 5ite-.species 
interactions were found for any of these !wo-way ANOVAs. 

Arsenic, Ba, Be, Pb, and V concenttations were not detected 
in livers. Aluminum, Cd, Cr, Hg, and Ni were detected in five 
or fewer livers and were not compared between sites or species. 
Copper (two- way ANOVA, overal!p = 0.58), Mg (p = 0.42), 
Se (p o:: 0.13), Sr (p = 0.12), and Zn (p = 0.16) concentrations 

Table 2, Oeom~!lic mean tOtlo) polycyciJc aromatic hydrocarbon 
concentrHtioo (iJ.glg w~t wt). tot31 aliphatic hydrocao·botl concentr:a.tion, pristal\e;n-C 11 ~atio, and phytane:11-C,! flltio in 
carcasses of tree ~wallow atld hou~c wren chicb at two site~ along 

the Nona Platte Rivt!.(, Casper, Wyomlng, USA, m 1998 

Species 
SHe 

Tree Hou~e 
swallow w~n Refineq R-eference 

Analyte. (•1 ~ 6) {n c 6) (>1 c 7) (11 ""5) 

Total al'omar.ics O.OJA' 0.02B o.oza~ O.O!A 
Tot~( aliphatics 7.1 7.] 6.4 8.3 
Pri~t·n~.··•-C, O.OlA 0.!2.B 0.04 O.QJ PhylHnc:n-C,l 0 Ul:l 004A 009 00~ 

"SpecJes not shadng the same letter for each analyte are sisnitlcar>tly diff.,rent. Absence of li letter indicate~ no >ignificaut difference. 
~Sites not ~haring the same letter for each analyte ~re significantly 

different. Absence of a Jetter indiGa'e' no sigr,lflc;ant differ<~nce. 

in livers did not differ by site or speci'ils (Tablt: 3), Molyb­
denum concentrations were higher: (0.03) at the reference (2.6 
f!-g/g dry weight) than at the refinery (1.8 f!-g/g) ~ite (two-way 
ANOVA ovt=rallp < 0.05). Boron (p = 0.004), Fe (p = 0.01), 
and Mn (p = 0.004) concc::.ntrations were higher in wren livel'S 
thatt in tree swallow livers (two-way ANOVA overall p < 
0.05). No significant site-species interactions were found for 
~ny of these two-way ANOVAs. 

Mercury, Mo, and Be were not dc::t.eGted in sediment sam­
ples at the refinery and reference sites (Table 3). Tmce 0lement 
concentrations in ~ediment were of a similar magnitude at tile 
refinery and reference sites. 

1'110110o~:ygenase ar.tivity 

Mean EROD and 8ROD activities in tree swallow liver~ 
were signiflcaully higher a! the refinery t.han at the reference 
site (EROD p = 0.04, BROD p ~ 0.048; Table 4). Mean EROD 
and BROD activities were each more than nirre times higher 
in swallow livers from the refinery than frotn the reference 
site. 

DlSCUSSlON 

Aromatic hydrocarbons 

Analy~i8 of our result~ suggest~ that tree swallow and hmm~ 
wren chicks were more exposed to PAHs ne.ar the refittery than 
upstream at th~ reference site. Twelve individual PAiis were 
detected in swallow !lnd wre;n carcasses and diet neat' the re­
finery and only one PAH was detected in a wren carcass at 
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Tree swallow House wren 
1.5. 

Diet 

~1t 
11 11 23 ZB 3J 

1;; 0.41 
.!l' Sediment 
~ j 0.2 

.E' 
"' ::i ' 

a ~.L"-~I"-ll+f'-+'+'+'+'-
11 17 2J 

n-~~~~n~• 

Fig. 2. Aliphatic hydrocaJ'IJOrl concent,ations (mean tJ..g/g wet weight) 
in u·"" ,wallow chicks (n = 4) and diet (n - l), hotJse wr"'t chicks 
(11 = 3) ••nd diet (11 ~ 1 ). and sediment (n ~ 1) collected nenr a 
refinery site on the North Ph>He River. Ca~per, Wyoming, USA, in 
1998. Odd·numbered alipnatic hydrocarbon~ arc identified with ver­
tic"! tick marks on the x <txio. 
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Table 4. Geometric rr.ean ethoxyresomfln-0-dea1kyla~c and 
benzyloxyre$OJ'Ufin-O·d~alkylase actjvities (pmol p<odllct/minltng 
mi~ro&omal protein) in liver~ of tree swallow chicks from two 
locations along the r-:orth Platte Rivet'. Casper, W)'oming, USA, in 

1998 

Ethoxyrc•orulin-0-dealkylasc 

Benzyloxyre~oruftn-0-dealkylase 

Mean activity (range) 

Refer~ nee 
(n"" 2) 

16.7A' 
(8.9-31.4) 

5.7A 
(2..8-1 U) 

Refinery 
(n = 4) 

151.413 
(30 1-325) 

::;4.0B 
(8.2-171) 

'Means berween sites 1h~t do not ~hare 11 letter are >ignilicuntly dif­
ferent. 

the reference site:. Additionally, total PAHs were significa.ntly 
higher in swallow and wten ca.-casses at the refinery than at 
the reference site. Polycyclic aromatic hydrocarbons are not. 
commonly found in the tissues of bird~ from noncontaminated 
sites and. when they are, tend to be present in very small 
amounts [3), Once: ingested by animals, PAHs are rapidly me­
tabolized. For example, 94% of PAHs injected into chicken 
eggs on day 4 of incubation were metaboliz:ed within 14 d [ 4 ]. 

Tht:: genc:rallac):. of methylated PAHs in all sediment, diet, 
and bird carcasses suggests combustion and not petroleum as 
the source of these PAHs [2]. Only two methylated PAH~ were 
detected in samples and both of these were in the diet. The 
absence of methylat(;:d PAHs in herring gull (Lams ctrgentatus) 
eggs and adults from the: Canadian Great Lakes afso Sttgge~ted 
a combustion-related source rather than petroleum hydroca1~ 
bon contan1ination [6]. 

The higher concentration of PAHs in house wren~ thatl in 

T<'ble 3. Trace c::lement concentmtion.l in eggs and liver.~ of tree 'w~llow~, eggs and liver~ of hou~e wrens, and sediment at two loc~tiOilS along 
the North Platte R1ver, CHapcr. Wyoming, USA, in 1998. B11;cept as noted, all hw:e el~tnetl1S w~re dcte<:tcd in all sample.> 

Geometric mean concentration (~J.Sig dry wt) 
Concentration 

Eggs Liver6 (!Lg/g dry wt) 
m sediment 

Tree Houoo Tree HOIISC 
Trace swallow wren ~wallow wren Refinery Reference 

element' (tl = 7) (n • 6) (1! ~ (j) (n ~ 6) (~ ~ 1) (11 =I) 

AlL,minurn -
,, 

ND·' 8,440 7.870 
Arsenic ND ND .ND ND 5 5 
B~rium 4A" 7l3 ND ND !73 211 
Boron 58 59 16A 36B 6 5 
Cadmium ND ND ND J.l 1.1 
Chromium ND ND ND 13 JO 
Copp~r 2A 3B 26 23 12 JO 
TrOll 140 1.40 990A 2.300B 12,430 II .530 
Lead ND ND ND ND 16 8 
Mugt\Csiul11 330A 470B 800 880 6,700 6,220 
Manganese 3 3 5A 6B 239 209 
Mercury 0.3B OlA 0). NO ND 
Molybdenlun ND ND 2 J ND ND 
Nickel NO ND ND 14 12 
s~Letlium 1 6 21 19 1.0 1.0 
Strontium l4 23 0.4 0.5 84 63 
Vanadium N:O ND ND ND 23 Zl 
Line 57 60 88 106 51 43 

"BeJ'Yililtm was not detected in eggs, liver~. and sediment. lv!crcury wa.~ detected 111 oae '.vren egg uod ful11· swttllow livcrR. Stmntium war. 
dct~ctc(! in fiv~ swallo'Y livers. 

''Dashed lines (-) indic~te that one sample bad a detectable CO\lccntration, 
., The )etters ND cndicatc thot nt}m:; of tb" ~•rnpk~ h~cl • clot<Oc:t•bl• conccniration. 
'l'Vlean~ between &p~cies within egg! or livers that do not ~hare the same letter arc signl/icamly tliff~l'"nl. Ab~ence of a letter indicates no 

signifkant difference. 
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PAR~ in bird~ ne~ting \)11 the North Platte River, WY, USA 

lree swallows may relate to tho types of inveltobrates fed to 
nestling~. Aquatic insects a!'e typically n more important com­
ponent of ne$tling tree ~w~llow diets [18], whereas house 
wrens u~ual!y speci.alize on terrestrial insects [23). The~<:: re· 
suits suggest that tenestrial invertebrates near lh" refinery con­
tain higher PAH concentrations than do aquatic invertebrates. 
Thi~ hypothesi~ needs to be further e~Cplored. 

Total PAH concentrations in chick ca!'casses in this study 
(<0.01-0.06 j.lg/g wet weight) were intermediate to those re­
ported in other birds. Tow! PAHs in lesser ~caup (Aythya aj­
finis) from lndiana H11rbor Canal, USA, varit=d from 0.12 t.o 
0.16 p.g/g wet weight (5J. Redhead ducks (Aythya americ:<1na) 
collectc:d in southern Texas, USA, and Chsndcleur Sou ad, Lou" 
isiann, USA, had mean PAH concentrations of 0.03 J.Lg/g wet 
weight [24]. Total PAH concentrations in wild juvenile come 
mon eider ducks (Somateria mollissima.) frurn the Baltic Sea 
were 0.0045 j.l.glg wet weight [4 J. 

The main route of expo8ure of PAHs to tree swallow and 
house wren chicks was probably through the diet. All five of 
the PAHs found in swallow and wren carcass~s at the refinery 
site were present at high concentrlll.ions ir1 the dietary samples. 
Additionally, the tntal PAHs in dietary samples at the t'efl.nery 
site were 28 and 38 limos higher than found in swallow and 
wren carcasses. The high ratio of diet to carcass PAHs was 
expected because of the rapid rate of metabolism of these 
c<..>rnpounds by birds [4]. 

Aliphatic hydrocarbons 
The preponcletance of odd-nun1berecl compared to even­

nLtmber~d ALlis and lhe low (s0.25) pristano:n-C 17 and phy­
tarte:n-C,M ratios in tree swallow and house wr~n chick and 
diet samples suggest that chick~ w~rc not chronically exposed 
to oil. Aliphatic hydrocarbotlS derived from plants are mainly 
odd-numbered, whereas little or no difference is found in the 
odd to ev~n ALHs r·alios in petroleum (Z]. An elevated ratio 
(> 1.0) of pristane:n-C 1, is indicative of cbto(lic petroleum 
hydrocarbon exposure [2,25]. The pristane:n-C 17 ratio in ]csl:er 
$caup suggested exposllre to petroleum hydrocarbons from the 
Indiana Harbor Canal; 8 of 17 scaup collected on the Indiana 
Harbor Canal had a pristane:n-C 17 ratio > 1.0 [5]. A pristane: 
n-C 17 ratio of 3.3 was reported in eggs of mallard duck; (An.as 
platyrhynchos) feel. a diet induding crude oil for four months 
[3). The ratio was elevated in we~tern sandpipers (Calidris 
mauri) collected a~ oilfield brine discharge sit~s (2.3 [26]) and 
double-crested cormorants (Pha.lacrocorax: aurirus) collected 
in the Houston Ship Channel, Houston, Texas, USA (1.6-3.6 
[27]), locations contaminated with petroleum. The pristane:n­
C11 ratio was not elevated (0.2) in redhead ducks collected in 
southern Tex<:~s and Louisiana [24]. 

The higher concentrations of lower-numbered ALHs (n-C,., 
n-C 1 ~, n-C 1 ~, and n-C,) in tree swallow than in house wren 
carcas~es and the higher concentrations of higher-numbered 
ALH& (n-C~0 , n-C~9 , n-C_, 1, and 11.-C_,J) in house wren th<1n in 
tree swallow carca~ses are consistent with their feeding habits. 
A preponderance of n-C1, and n-C 11 i~ often attnbut<::d to hy­
ch·ocarbons produced by aquatic plants such as algae (2], and 
tn::e swallows feed mainly on aquatic insect.~ [18]. Highor" 
numbered ALHs (>n.·C2.~) are often observed in terrestrial 
Jllllnts [2], and house wrens feed mainly on terrestrial itlver­
lebrates [23). 

l'raca elements 
Trace element concentrations in egg8 or chicks were not 

higher at the refinery than at the reference ~;ile. ln conttast, 
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Ba concentrations were higher in reference eggs ~nd. Mn con­
centrations were higher in reference chicks. 

Mercnry concentrations in eggs (means = 0.1-0.4 fJ.g/g dry 
weight, rna~Cimum concentration = 0.48 tJ..g/g dry weight) and 
chicks (rnullimum com:entration = 0.2 fLglg dry weight) in 
our study were at background levels. Impairment of repro­
ductive success has been associated with egg concentration~ 
of 2 5 to 10 )J-g/g d:ry weight (assuming 80% moisture [28]). 
Ba.rn swallow (Hirundo rustica) eggs in Texas avoraged O.l 
J.Lg/g dry weight Hg (maximum value was 0.71 ~~g/g dry 
weight) and no reproductive effects wer!) noted [13). Mercury 
r;oncentratioos in livers of wild birds inhabiting areas of min­
imal Hg contamination ranged from 3.3 to 33 p.g/g dry weight 
[29] (converted from 1 to 10 J.Lglg, wet we;ght, assuming 70% 
moisture). 

Selenium was elevated in tree swallow and house wren eggs 
(m~ans 6-7 !-"gig dry weight, maximum 9 J.Lglg dry weight) 
but not to levels associated. with lowered reprodtiction. Back­
ground concentrations in bird eggs are generally < 5 !J.glg dry 
weight and an embryo viability tlm~shold is estimated M I 0 
J.Lg/g dry weight [30). 

Selenium was also elev~ted in tree swallow 311(! house v.rren 
livers (means 19-21 f.(.g/g dry weight, maximum 28 1-'g/g dry 
w~ight) but not to a level considered tollic. Background hepatic 
con<::entrations ar~ typically <I 0 p,g/g dry wc:ight and a thresh­
old for jtJV=nile and adult toxicity t$ estimated at 30 p.,g/g dry 
weight [30J . 

Strontium in tree swallow and hou~e wren eggs (means 14-
23 J.Lg/g dry weight) and chicks (mean 0.2-0.6 l;.g/g dry 
weight, range not detectable to 0.8) was elevated. Bllckground 
concentrations of Sr in chkken eggs (Galus gal u.s) were 2 }.J.gl 
g dry weight [31]. Strontium is rarely detected in bird livers, 
but. concentration8 in American coot (Fulica americana) livers 
from San Francisco Bay, C~Iifornia, USA, varied between 0.45 
and 0.79 J,Lg/g dry w~ight [32] and concentrations in lesser 
staup livers varied from 0.4 to 1.0 fJ.g/g dry weight in wc;;tcrn 
Lakt= Erie, USA [33). 

Boron concentn1tions in swallow and wren egg~ (mea.n~ 
58-59 !J,g/g dry weight) were toxic based on pen studies of 
mallard duck~. Values fot wren eggs wen:: well above a level 
of conccm forB in eggs (13-:ZO f.lg/g dty weight) attd a level 
associated with an embryonic toxicity threshold. (20 j.l.g/g dry 
weight) [30). 

The source of Se, Sr, and B in the North Platte River may 
be from irrigation return flow running into the river both above 
and below the refetencc sile. Concentrations of Se, Sr, and B 
in biota collected from an upstream major irrigation project 
w~re elevated :34]. 

Zinc concentration6 in livers of swallows and wrem varied 
from 70 to 1:10 !J,g/g dry weight. These: values were well below 
levels nssociated with Zn toxicosis (1,200 J.Lg/g dry \\eight 
[35]). Copper, Mg, Mn, and IV[o it1 liver~ of swallow~ and 
wren> were within the normal range [31]. 

Monoo.tygenase activity 

The ninefold induction of hepati'' EROD and BROD a"­
tivitie5 in tree swallows near the refinety likely wa~ related to 
PAII exposure. Three hepatic rnonnoxygena~c activilit:~ in 
lesser scaup, collected on the heavily petroleum-polltltecl In­
diana Harbor Cana.J, East Chic"'go, Indiana., USA, were each 
significantly correlated with PAH conc0nttaiion.~ in scaup car­
cassc;s (12]. Activity ofEROD was induc~d in Barrow's gold­
eneye (Bucephala islandica) and harlequin ducks (Histnon-
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icus histrionicus) ir1 Prince William Sound, Alaska, USA, six 
years aft~r the Exxon Valdez oil ~pill (Leslie Helland-Bartels, 
unput>lished data). Numerous laboratory studies have docu­
metlted t-he relationship between el\posure to petroleum and 
cyroch!'ome P450 inductiotL Activity of EROD was induced 
ill adult Atlantic puffins (Fratercula arc_·rica) a.ft~r a shtgle 
dose of Prudhoe Bay crude oil (36]. Hepatic naphthalene-me­
tabolizing activities of mallard ducks increased almost four 
time.s aftet exposure to food dosed with South Lot1isiana crude 
oil f37J. 

Laboratory studies have also demonstrated a relationship 
between cytochrome P450 induction and PAHs. Cytochrome 
P45U induction was correlated wilh PAHs in the chicken em­
bryo [81 and herring gull [9). A variety of PAHs injected into 
chicken embryos induced cytochrome P450 activity (10]. Ac· 
tivity of EROD was induced in adult European starlings (Stur­
nus ''lllf?ari~) a.fter being administered a symhetic PAH, 7,12-
dimelhy 1\:>enz( o.) anthracene [ 11]. 

Also, EROD and BROD induction could be related to chem" 
icals other than PAHs. For example, tnonoo"'ygenase activity 
was correla.tod with dioxin [38) &nd total PCB [39,40] con­
centrations in bird embryos. Additionally, EROD and BROD 
a<.:livllies in tree ~wallows chicks collected from f'CB-contam­
inated Green Bay, Wisconsin. USA, were correlated witll PCB 
concentrations in carcasses [15]. We did not measure either 
dioxin or PCBs in this study. 

CONCLUSlONS 

Analysis of our results suggests that oil seepage into the 
North Platte River i~ not contributing to sigrtific:ant PAH con­
talllinatiotl of the aquatic food chain. Tj'ee swallow and house 
wren chicko near a refinery site on the North Platte River near 
Caspe~, Wyoming, USA. were exposed to PAHs. However, the 
lack of methylated PAHs in carcasses, diet, and ~ediment sug­
ge~l8 that the source of PARs on the North Platte River was 
from combustion and not from petroleum. Additionally, the 
pr~dominance of odd-numbe~d ALHs in .swallow and wren 
carcasses suggests that they were not exposed to petroleum. 
Hepatic monooxygenase activities in swallows were induced 
nine-fold near the refinery and were probably a result of ex­
posure to PAHs !hat origirtated from combustion. Based on 
the distribution and concentration of PAHs in dietary samples, 
the main route of exposure to l'AHs was probably through the 
diet. None of the trn~;e elements in tree sw~llow and house 
wren tissues w~re higher at the refinery than n( an upstream 
reference site. Sekrdum, Sr, and B were elevated in egg~ and 
chicks of both sp~cies at both sites. 
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Thompson for accc~s to their propcrtie~; K. TUggle for coordinating 
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for their field o~~i.~la>lce; P Dummer for as$ist.a!lce with data analysis: 
Md J. McCarty and ~m ~nonymous reviewer for comme!1tS On the 
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