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Abstract—Tvee swallow (Tachycingta bicelor) and house wren (Trog : pFrfd chicks were collected near a refinery
itz on the North Platte Rivey, Casper, Wyoming, USA and at a reference site 10 Kt upstream, Total polycyelic aromatic hydrocarbon
(PAH) concentrations in swallow and wren chicks were highet at the refinery site than at the reference site. Polycyclic aromatic
hydrocarbon concentrations in sediment and chick dietary samples were consistent with these findings. The genetal lack of methylated
PAHs jn sadiment, diet, and bird carcasses suggested that the PAHs were derived from combustion and not from petrotenm. The
predominance of odd-numbered aliphatic hydrocarbons and the Jow ratios (=0.23) of pristane:n-C,, and phytane:n-C g in chick and
djet samples ajso suggested that swallow and wren chicks were not being chronically cxposed to petrolsum. Mean sthoxyresorufin-
()-dealkylase and benzyloxyresorpfin-O-dealkylase activities in tree swallow livers averaged nine times higher at the refinery site
thao at the reference site and were probably induced by exposure to PAH:, Trace element concentrutions in eggs and livers of
swalluws and wrens were similar or greater at the reference site than at the refinery site. Selenjum, strontium, and boron concentrations

M

were elevated in eggs and livers of swallows and wrens at both the refinery and reference sites.

Keywords—Aliphatic hydrocarbons Ethoxyresorufin-Q-dealkylase actjvity Metajs Polyeyelic aromatic hydrocarbons

Aree swallows

INTRODUCTION

Oil seepage into the North Platte River adjacent to a former
petrolenm refinery near Casper, Wyoming, USA (Fig. 1), was
documnented by the U.S. Environmental Protection Agency [17.
Sediment samples from the river where oil seeps occutred
contained high levels of polycyclic aromatic hydrocarbons
(PAHs) [1]. Whether current levels of PAHs in river sediments
were elevated and being accumulated into the aquatic food
chain was unknown,

The composition of individnal PAHs ard aliphatic hydro-
carbons (ALHS) in biotic and abiotic samples cap be used to
determine whether these hydrocarbons originated from petro-
leum, combustion, or natural sources. Samples with s high
proportion of methylated PAHs are indicative of a petroleum
source, whereas the lack of methylated PAHs is indicative of
a combustion source [2}. Blevated (>>1.0) ratios of sclected
ALHs, such as pristane:n-C,, and phytane:n-C,,, are indicative
of chronic exposure to pettolenm [3]. Pristane and phytane,
which occur frequently in petroleum, ate apparently metabo-
lized ]ess readily than n-Ci; and #-C,; and thus they tend to
accumulate in tissues when the exposure to petroleum is chron-
ic [3]. Because odd-numbered ALHs are more prevalent in
plants than ALHs found in petroleum or produced as a result
of combustion, a preponderance of odd-numbered ALHs is
indicative of recent biological origin. In contrast, a more even
distribution of odd-to-even ALHs is indicative of petroleum
or combustion [2,3].

* To whom correspondence may be addressed
(tom_w_custer@usgs.gov).
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In birds, PAH and trace clement concentrations io tissues
and the induction of hepatic moncoxygenase activity may be
indicators of PAH exposwre. Although PAR3 are rapidly me-
tabolized in birds (4], PAHs have been detected in bird tissucs
in relation to sources of petrolewn [5) and combustion {6].
Trace element concentrations in soil and small mammals were
bigher at sites treated with petrochemical waste compared to
reference sites 7). Induction of hepatic monooxygenase ac-
tivity after exposure to PAHs has been docurmented in birds
in both the laboratory [8-11] and the field [12].

Cavity-nesting birds, especially tree swallows (Tachycinera
bicolor) are being widely used as indicators of jocal contam-
ination {13-16]. Tree swallows readily use nest boxes, so study
sites can be established at specific locations of interest. They
feed near their nest box [17] on emergent aquatic insects [18];
therefore, residues in the tissues of twee swallows reflect sed-
iment contamination for those chemicals that transfer into the
biota [19].

The objective of this study was to determine whether corn-
centrations of PAHs wete present and elevated in cavity-pest-
ing birds breeding near a tefinery on the North Platte River
compared to a reference site upstream. If PAHs were present,
we wanted to determine whether their source was petroleum
or combustion. We also wanted to determine whether hepatic
monooxygenase activities were induced or trace eletnent con-
centrations were elevated in birds nesting near the refinery.

MATERIALS AND METHODS
Sample collection

On April 16-17. 1998, tree swallow boxes werc positioned
on metal posts along the North Platte River near Casper, Wy-
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Fig. L. Two sites on the North Platte River (an upstream reference
and downsircam refinery site) near Casper, Wyoming. US4, where
tree swallows. house wrens, and sediment were collected in 1998,

oming (Fig. 1), ncar a refincry (42°51'58"N, 106°15'49"W: p
= 20 boxes) and 2 refercnce site, the Wyoming Game and
Fish headquarters (42°49’ 18N, 106*22’ 50/ W: 5 = 14 boxes).
The boxes were checked once 4 week until eggs hatched and
chicks had fledged. The species and number of €ggs or young
present was recorded at cach visit. Tree swaliow eggs and
chicks were collected from the refinery (four egg samples and
four chick samples) and reference site (three eggs and two
chicks). House wrens (Troglodytes aedor) also used the boxes
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Platte River from the top 20 cm of sediment within_ ! m of
shore near each site. Sediment samples from five to six lo-
cations along the river at each site were combitied in a stainless
steel bowl and mixed. A stainless stee! spoon, rinsed in de-
ionized water and hexanc between samples, was used to make
the collections. For petroleum hydrocarbon apajyses, one sed-
iment sample and a duplicate were placed in chemically
cleancd amber glags jars and frozen. For trace element anal-
yses, a second sediment sample and a duplicate wote placed
in plastic bags and frozen.

Chemical analysis

Egg contents, chick livers, and sediment were analyzed (or
trace elements by Research Triangle Institute (Reseacch Tei-
angle Patk, NC, USA). Samples were freeze-dried, weighed,
and then homogenized in a blender, Subsamples of freeze-dried
livers were digested in stages with heat agd nitric—perchloric
acid and then analyzed for selenium (Se) and arsenic (As) by
graphite furnace atomic absorption spectrophotometry, and for
aluminum (Al), barium (Ba), beryllium (Be), boron (B), cad-
mivm (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb),
magnesiurn (Mg), manganese (Mn), molybdenum (Mo), njckel
(Ni), strontium (St), vagadium (V), and zine (Zn) by induc-
tively coupled plasma-atomic emission spectrophotometry.
Separate subsatples were digested by nitric acid reflux and
enalyzed for tots] mercury (Hg) by cold vapor atomic ab-
sorption spectrophotometry. Nominal levels of detection (ne/
g dry weight) were as follows: A = 8, Ay = 1.0, B = 3.0,
Ba=10Be =20,Cd =01, Cr = 1.0, Cu = 1.0, Fe = 20,
Hg = 02, Mg = 20, Mn = 0.5, Mo = 1.0, Ni = 1.0, Pb =
05,5e = 10,8 = 0.5, V= 1.0, and Zn = 2.0. The number
of spikes, duplicates, and blanks was 10% of the total number

es at these sites and house wren eggs and chicks were collected of samples analyzed. Concentrations were not adjusted for
be from the refinery (three eggs and thres chicks) and reference recovery, which averaged 91% overall for the various trace
€- site (three eggs and three chicks). elements. Concentrations of trace elemerts are reported on a
es A sample consisted of two or three eggs per box and one dry-weight basis; approximate wet-weight values can be cal-
1. to three sibling 12-d-0ld chicks. Based on datc of egg laying, culated by using percent moisture values of 80.2% for eggs,
re the estimated date of batching, and morphologic features, the 70.3% for livers, and 34.0% for sediment from this study.
to tree swallow chicks were estimated to be 12 = 1 d old and Aliquots of ¢hick carcasses, chick diet, and sediment were
¢ house wren chicks were estimated to be 12 + 2 d old, The analyzed for PAHs and ALHs by Mississippi State Chemical
I day of hatching was considered as day 0. Egg contents wete Laboratory (Mississippi State University, MS, USA). Samples
pooled by nest, emptied into chemically clean jars, and Jater were digested in 6 N aqueous potassium hydroxide for 24 h
fa unalyzed for trace elements. Within 2 h of collection, chicks at 35°C. Digestate wag cooled and then neutralized with glacial
- were weighed (20.1 g) and decapitated with a sharp pair of acetic acid. The mixture was then extracted three timmes with
.ly SCiS5078. methylene chloride and the extracts were combined and con-
y Immediately after death, the liver was removed from tree centrated to near dryness before reconstituting in petroleum
f swallow chicks, weighed (£0.1 g), and about 0.3 g from ove ether for transfor to a 20 g 1% deactivated silica gel column
. chick per brood was placed into a cryotube for measurement topped with 5 g of neutral alumina. Polycyclic atomatic hy-

of 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 teansferred from the liquid
nitrogen to ap vltracold freezer (—80°C} for storage until pro-
cessing. Monooxygensse activity was not measured in wrens
because of u lack of baseline information for this species,
For chicks of both species, the livers and carcass remainders
were each pooled by nest and each placed in chemically clesn
Jars; contents of the upper gastrointestinal tract were pooled
by species and site. All samples were frozen until transported
o the Upper Midwest Environmental Sciences Center (La
Crosse, WI, USA) for storage in a freezer, The gastrointestinal
tract contents and carcass reimuinders wore analyzed fur PAHs
and ALHs; livers were analyzed for trace elements.
Composite sediment samples were collected frotn the North

drocarbons and ALHs were separated by eluting ALHs from
the column: with 100 rl of petroleum ether; PAHs were eluted
using 100 ml 40% meylene chloride:60% petroleun ether
{v/v) followed by 50 m! methylene chioride. The ALH eluate
was then concentrated 1o ap approptiate volume for quantifi-
catlon by capillary column flame ionization gas chromatog-
raphy (GC). The silica gel eluate contaitiing the PAHs was
concentrated and reconstituted in mathylene chloride o be
subjected to gel permeation chromatography cleanup before
quantification by GC and fluorescence high-performance liquid
chromatography. Polycyclic aromatic hydrocarbor analytes
included 1,2,5,6-dibenzanthracene; 1,2-benzanthracene; acen-
uphthalene; acenaphthene; antbracene; benzolalpyrenc; ben-
zol[b]fuoranthene; benzolelpyrene; benzolg, 4, ilperylene; hen-
zolk]fluoranthene;  biphenyl; Ci-.C-,Cy-,Co-chrysenes;
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C,-,Cy-,Cy-dibenzothiophenes; C,-fluoranthenes and pyrenes;
C-,C,-,C;-fluorenes; C,-,C,-,Cs+,C -naphthalenes; C-,.C»,Cy,C
phenanthrenes; chrysene; dibenzothiophene; fluoranthene; flu-
orene: indeno[l,2,3-cd]pyrene; naphthalene; perylene; phen-
anthrene; and pyrene. Aliphatic hydrocarbon analytes included
n-C, through n-C,, alkanes, phytane, and pristane. All ALHs
and all named PAHs were run against standards of the same
material. All the other C,-,C,-,C;, or C,- compounds were cal-
culated against either 8 C;-,C;-,Cy-, or C,- compound that was
in the standard run or against the parent compound (e.g., C;-
naphthalene against 2,6-dimethyl naphthalene; C,-chrysene
against chrysene).

Minimum detection limits for PAHs and ALHs were 0.01
wg/g wet weight. For the calculations of the pristane:n-C,, and
phytane:n-C; ratios, one half of the detection lirnit (0.005 g/
g wet weight) was assigned to pristane or phytane, if the con-
centration was below the detection limit. The number of spikes,
duplicates, and blanks was 9% of the total number of samples
analyzed. Concentrations were not adjusted for rccovery,
which averaged 78% and 71%, respectively, for the various
PAHs and ALHs. Concentrations of PAHs and ALHs are re-
ported on a wel-weight basis. Total PAHs and total ALHs are
the sum of the individual PAHs and ALHs, respectively.

Monooxygenase activity

Hepatic microsomes were prepared from homogenates of
thawed liver samples by differential centrifugation. The
11,000-g supernatant was centrifuged at 40,000 rpm for 60
min to obtain the microsomal pellet. Each 100,000-g pellet
was resuspended in 2.0 ml/g of tissue weight of 0.05 M Na/
KPO,, 0.001 M disodium cthylenediatninetetraacetate, pH 7.6.
Benzyloxyresorufin-0-dealkylase (BROD) and ethoxyresoru-~
fin-O-dealkylase (EROD) were assayed by the methods of
Burke and Mayer [20] as adapted to a fluorescence microwell
plate scanner [21]. The 260-pl total assay volume contained
microsomes cquivalent 1o 0.65 mg liver, 2.5 pM substrate, and
0.125 mM NADPH in 0.066 M Tris buffer, pH 7.4, Protein
concentrationy were determined by a 50% reduced-volume
Lowry assay [22]. Both BROD apd EROD activities were
calculated as pmol product/min/mg microsomal protein.

Staristical procedures

Measures of PAHs, ALHs, tracc cloments, and mongoxy-
genase actjvity were log-transformed (using base 10 loga-
rithms) to satisfy the homogeneity of variance assumption of
analysis of variance (ANOVA), Two-way ANOVA (site, spe-
cies, and interaction) was used to compare PAHs, ALHs, and
trace elements berween sites and species. If the overall two-
way ANOVA was gignificant, then p values in text and tables
are p values for the main variables. If not, the p values in text
and tables are for the overall mode). The ANOVAs were used
if =50% of samples had detectable values; one half of the
detection Limit was assigned to samples below the detection
limit. When less than one half of the PAHs and ALHs were
detected, only the range of values is presented. When less than
one hall of individual trace clerments were detected, the number
not detected is prescnted. Becausce higher concentrations of
PAHs were measured at the refinery site, we used one-tajled
¢ tests to determine if monooxygenase activities were greater
al the refinery than refersnce site.
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RESULTS
Aromatic and aliphatic hydrocarbons

Twelve different PAHs were detected in trec swallow and
house wren carcasses and diet samples at the refinery site-
(Table 1). In contrast, only one PAH, 1.2-benzanthracene, was 1
detected in one wren carcass at the reference site, The profiles §
of PAHs in sediment samples were qualitatively similax be- 4
tween the refinery and the reference site (Table 1). Except for !
the 2-methylnapthalene detected 1n the swallow diet and C- ‘
phenanthrenes detected in the house wren diet, all of the PAHs 1
in carcasses, diet, and sediment wete not methylated (Table
1). Total PAHs were significantly higher at the refinery than
at the reference site and higher in wrens than in swallows, but |
no significant interaction was found (overall £, , = 3.5,p |
= 0.02; site F,y = 9.6, p = 0.01; species F,; = 5.8, p = 0.04; 1
site X species Fi g = 1.6, p = 0.24; Table 2).

Odd-numbered ALHs were more predominant than even- |
pumbered ALHs in the chicks of swallows and wrens, the diet
of swallows and wreus, sod the sediment at the refinery (Fig.
2) and reference site. Concentrations of n-C,,, n-C 3, n-Cy,
and n-C,; were significantly higher in tree swallow than in
house wren carcasses (p = 0.001, 0.01, 0.004, 0.003, respec-
tively: two-way ANOVA overall p < 0.05): »n-C,5 was also
bigher at the reference than at the refinery site (p = 0.03).
Concentrations of n-Cy, n-Cy, n-Cy,, and #-Cy; were signif-
icantly higher in wren than in swallow carcasses (p = 0,03,
0.004, 0.002, 0.007, respectively; two-way ANOVA overall p
< 0.05). Other ALHs were not significantly different (two-
way ANOVA overall p > 0.05) between sites ox species and
all site—species interactions were not significantly different (»
> 0.05).

Total ALHs were not significantly different between sites
or species (overall |3 = 2.2, p = 0.17; Table 2) and mo
consistent trend was found in total ALHs in the pooled diet
samples between sites or species (Table 1). Small sample sizes
may have contributed to these nonsignificant findings. The
pristane:n-C 4 1atio was <0.2$ in carcags, diet, and sediment
samples (Table 1). The pristane:n-C,; 1atio in carcasses did
not vary between sites, but was significantly larger in wrens
than swallows; no significant interaction was found (overall
}TL',.!.B = 87, P = 001; site F(‘g = 19, p= 0.20; SpCCiCS Fi.li
= 23.5, p = 0.001; site X gpecies Fi; = 0.3, p = 0.59; Table
2). The phytane:n-C,g ratio was =<0.25 in carcass and diet
samples (Table 1), The phytane:n-C,, ratio did not vary be-
tween sites, but was significantly larger in swallow than in
wren carcasses; 1o significant interaction was found (overall
Fiog=47p=004;site Fiy = 1.6, p = 0.24; speaies F,
= 89, p = 0.02; site X gpecies F 5 = 0.9, p = 0.38; Table
2). The phytane:n-C, ratio was =1.0 in sediment collected at
the refinery and =0.45 in sediment collected at the reference
site,

Trace elements

Arsenic, Be, Cd, Cr, Mo, Pb, N3, and V concentrations were
not detected in eggs;, Al was detected in one swallow 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), St (p = 0.27),
and Zn (p = 0.27) concentrations in eggs did not differ between
sites or species (Table 3). Barium (p = 0.04), Cu (p = 0.009),
and Mg (7 = 0.003) concentrations were higher (two-way
ANOVA overall p < 0.03) in wren than in swallow eggs: Hg
concentrations were higher in swallow than in wren eggs (p

PAHs

Table

T
cOr
[ofe])
cal

Al
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Table 1. Range of po.lycyclic aromatic hydrocarhon and alipbatic hydrocarbon concentrations in tree swallow and house wren carcasses. pooled
diet sariples, and sediment from two sites on the North Platte River near Caspex, Wyoming. USA, in 1998

Concentration (jg/g wet wt)

and
site Refinery Relezence
was .
fles i Careags . Diet Carcass Diet
be-~ Tree House Tree House  Sedi- Tree House Tree  Homse  Sedi-
- for swallow wren swellow  wren ment swallow wren swallow  wren rent
C,- Analyte (n=4) =13 =1 (n=1) a=1) (1=2 (=3 (a=1) (=0 (=1
\Hs Polycyclic aromatic hydrocarbons
1ble 12-Benzantheacene  3ND-0.03 IND-004  ND 006  ND ND IND-0.02 ND ND  ND
ban 2-Methylnapthalene ND ND 0.02 ND ND ND ND ND ND ND
but Benzo(alpyrens ND ND ND 0.06 ND ND ND ND ND 0.01
5, p Benzo[b]fluoranthene ND ND ND . 0.04 ND ND ND ND ND 0.01
04 Benzo(e|pyrenie ND 2ND~0,04 0.07 0.14 ND ND ND ND ND 0.01
R Benzolg, A, flperyienc ND ND ND 0.02 ND ND ND ND ND ND
Benzo[k|Avoranthene ND ND ND ND 0,02 ND ND ND ND 0.0l
en- C-Phenanthrenes ND ND ND 0.02 ND ND ND ND ND ND
djet Chryyene 3IND-0.02  2ND-0.0] 0.12 0.18 0.02 ND ND ND ND 0.02
Fig. Fluoranthene ND ND ND 0.02 0.01 ND ND ND ND 0.03
c Naphthalene ND ND 0.01 ND ND ND ND ND ND ND
15 Perylene ND ND ND ND 0.05 ND ND ND ND 0.05
1 Phenanthrene ND 2ND-0.02 0.02 Q.16 0.01 ND ND ND ND ND
wee- Pyrene ND 2ND-0.01 0.04 0.07 0.02 ND ND ND ND 0.01
150 Tota! aromarics ZND-0.03  0.04-006 028 077 0.1l ND 2ND-0.02 ND  ND 003
J3). Aliphatic hydrocarbons”
nif- n-C,, 0.22-1.1 0.02-0.03 2.2 0.14 0.06 0.76-1.2 0.03-0,88 1.8 0.1 0.04
.03, n-C 0.02-0.08 0.07~0.16 0.64 0.04 0.02 0.05-0.08 0.07-0.2] 0.04 0.04 0.01
1 Pristane IND-0.02 ND ND 0.02 ND ND-0.02 ZND-0.01 0.02 0.02 0.01
4P Phytane 2ND-0.01 ND ND ND  0.0! ND ND ND ND ND
wo- Total aliphatics 3.0-8.1 3.6-8.1 74,6 18.7 1.48 3.1-9.5 6.3-9.3 5.6 352 0.97
and Prstane:2-C;; ratio 0.01-0.02 0.15-0.22 0.002 0.16 0.08 0.01-0.01 0.01-0.18 0.01 0.20 U.21
L(p Phytane:n-C,, ratio 0.06-0.25 0.03-0.2 0.08 0.12 0.94 0.06-0.10  0.02-0.08 0.13 0.13 0.41
. * The number before ND (not detacted) is the nusmber of samples below the detection limit.
1tes * The range i concentrations of #-C,q to 7-C,, and 1-Cys to n-Cy, are pot presented.
no
diet = 0.03). Barium concentrations in eggs were also higher (p in livers did not differ by site or species (Table 3). Molyb-
(zes = 0.02) at the reference site (7.7 pg/g dry weight) than at the denum concentrations were higher (0.03) at the reference (2.6
The Tefinery (3.8 pg/g dry weight) site. No significant site~species pg/g dry weight) than at the refinery (1.8 pg/g) site (two-way
1ent interactions were found for any of these two-way ANOVAs. ANOVA overall p < 0.05). Boron (p = 0.004), Fe (¢ = 0.01),
did Arsenic, Ba, Be, Pb, and V concentrations were not detected and Mn (p = 0.004) concentrations were higher in wren livers
ons in livers. Aluminum, Cd, Cr, Hg, and Ni were detected in five than in tree swallow livers {two-way ANOVA overall p <
rall or fewer livers and wete not compared between sites or species. 0.05). No significant site-specics interactions were found (or
Fiy Copper (two- way ANOVA, overall 2 =0.58), Mg (p = 0.42), any of these two-way ANQVAs,
Lt_'l" Se(p = 0.13), Sr (p = 0.12), and Zn (p = 0.16) concentrations Mercury, Mo, and Be were not detected in sediment sam-
diet ples at the refinery and reference sites (Table 3). Trace slement
be- Table 2, G wie ‘o) polycyclic aromatic hydrocarb coticentrations in sediment were of a similar magnitude at the
3 a ) COometlc mern tota yclic araratic hydrocarbon .
{ ;ﬁ COmCERUAtion (ig/g Wwet wt), total aliphatic bydrocarbon refinery and reference sites.
T concentration, pristane;n-C,, tatio, and phytane:n-C,y ratio in .
Fix carcasses of tree swallow and house wren chicks at two sites along Monooxygenase activity
fle the North Platte River, Casper, Wyoming, USA, in 1998 Mean EROD and BROD ectivities in tree swallow livers
at Geometric mean were significantly higher at the refinery than at the reference
ace site (EROD p = 0.04, BROD p = 0.048; Table 4). Mean EROD
Species . and BROD activities were each more than nine times higher
T Site in swallow livers from the refinery than from the reference
Tree House -
swallow wren Refinery Reference site.
ere Analyte (n = 86) (n=6) =7 (n = 5)
Cat . DISCUSSION
9, Total aiomatics  0.01A*  0.02B 002B* 0014 o .
,7§ Total aliphatics 7.1 7.1 6.4 8.3 Aramaric hydrocarbons
7, : e :
sen ;;l';[:;::;:_'((:” gj? ;Q g.r[)ji 8'83 ggg Analysis of our results suggests that tree swatlow and house
13), - - i ‘ wren chicks were more exposed to PAHS nesr the refinery than
/ay * Species nat shaving the same lettex for each snalyte are significantly upstream at the reference site. "[welvo individual PAHs were
Hg different. Abgence of & letter indicates no significant difference. detected in swallow and wren carcasses and diet near the re-
® * Sites not sharing the same letter for each analyte are significantly finery and only one PAH was detected jn a wren carcass at

different. Absence of a letter indicatcs no sigrificant difference.
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Tree swallow House wren Table 4. Geometric meéan cthoxyresorufin-O-deatkylase and tree
1.5 15 benzylokyresoruin-O-dealkylase activities (pmol product/min/mg nest!
. microsomal protein) in livers of wee swallow chicks from two pone
E, 16| Chicks & " Chicks locations along the North Platte River, Casper, Wyoming, USA, in wren
g " g 1998
! § 5 sults
o 06 P 03 Mean activity (range) tain
? | r | ( g n This
eference Refinery
ob bt L Loy u»v-ﬂ‘-vhl-}lll- e =4 T
S =2 7Y (<0.
8.0 4 8.0 Ethoxyresorufin-O-dealkylase 16.7A% 151.4B porte
E i £ (8.9-31.4  (30.1-325) finis
g Diet g’ g Otet Benzyloxyresorufin-O-dealkylase 57A 54.0B 0.16
g oo g @8-115)  (82-171) colle
~§ 2 * Means berween sites that do not share a letter are significantly dif- istan
' i L ES L L ferent. weig
RV RS A ° Jﬁ'_'_'?'fﬂkukza A mon
n-glkanaos a-alkanes the reference site. Additionally, total PAHs were significanty were
higher in swallow and wren carcasses at the refinery than at T
M[ the reference site. Polycyclic aromatic hydrocarbons are not hous
% Sediment commonly found in the tissues of birds from noncontaminated the F
E’ edimen sites and, when they are, tend to be present in very small SHte
§ o amounts [3), Onee ingested by animals, PAHS are rapidly me- Addi
P tabolized. For example, 94% of PAHs injected into chicken sie
E eggs on day 4 of incubation were metabolized within 14 d [4]. wren
alquLpLLu.l The general Jack of methylated PAHs in all scdiment, diet, expe
" ",, a|k2:"ﬂ B 3 and bird carcasses suggests combustion and not petrolfeum as comj
A N ) the source of these PAHs [2]. Only two methylated PAHY were Alipl
Fig. 2. Aliphatic hydrocarbon concsmratlzms (“;“)’a;‘ Ke/g wet “"’;glg) detected in samples and both of these were in the diet, The "
in ree swallow chicks (1 = 4) and dist {n = ), house wren chicks ) N A
(n = 3) and diet (n = 1), and sediment (r = 1) collected near a absence of methylated PAHs in }_":’ng gull (Larus argentatus) numl
refinery site on the North Platie River, Cagper. Wyoming, USA, in eggs and adults from the Canadian Great Lakes also suggested tane:
1998. Odd-numbered uliphatic hydrocarbons arc identified with ver- a combuostion-related source rather than petroleum hydrocar- 4
tical tick marks on the x axis. bon contamination [6]. let"
. . . . to oi
The higher concentration of PAHs in house wrens than in odd
odd
Table 3. Trace clement concentrations in cggs and livers of tree swallows, eggs and livers of house wrens, and sediment at two locations along (>1.
the North Platte River, Cesper, Wyoming, USA, in 1998. Except as noted, sll trace elements were detected in all samples hydr
Geometric mean concentration (ug/g dry wt) scat.l
Concentration Indi:
Eggs Livers (wg/g dry wi) Hart
in sediment n-C,
Tree House Tree House lat
Trace swallow wren swatlow wren Refinery Refetence piat
element? n="17 (n = 6) (4 = G) n=06) (n=1) n=1 B3],
‘ mau
Aluminur —" ND» —_ — 8 440 7.870 dout
Atsenic ND ND . ND ND 5 5 it
Barium 444 7B ND ND 173 211 (27
Boron 58 59 16A 36B 6 5
Cadmivm ND ND — ND 1.1 1.1 Ci
Chromium ND ND — ND 13 10 sQut
Copper 2A 3B 26 23 12 10 1
Tron 140 140 2904A 2,300B 12,430 11,530 n-C
Lead ND ND ND ND 16 8 .
Magncsium 330A 4708 800 830 6,700 6,220 carc
Manganese 3 3 5A 6B 239 209 ALl
Mercury 0.38 0.14 02 — ND ND tree
Molybdenwn ND ND P2 3 ND ND Ap
Nickel ND ND — ND 14 12 droc
Selenium 7 6 21 19 1.0 1.0
Strontium 14 23 0.4 0.5 84 63 tree
Vavadium ND ND ND ND 23 Al num
Zinc 57 60 88 106 51 43 ' plan
“Beryllium was not detected in eggs, livers, and scdiment. Mereury was detected in one wren egg and four swallow livers. Strontium was tebr
detected in five swallow livers. Tre
" Dushed lines (—) indjeate that one sample bad 3 detectable covcentration,
“ The Jetters ND :ndicate that none of the sumples had a detectable concenération. . 1
® Meags between species within eggs or livers that do not share the same letter are significantly different. Absence of a letter indicates no nigh
significant difference.
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tree swallows may relate to the types of investebrates fed to
nestlings. Aquatic jnsects are typically a more important com-
ponent of nestling trec swallow diets (18], whereas house
wrens usually specialize on terrestrial insects (23). Thesc re-
sults suggest that terrestrial invertebrates near the refinery con-
tain higher PAH concentrations than do aquatic invertcbrateg.
This hypothesis needs to be further explored.

Total PAH concentrations in chick carcasses in this study
(<0.01-0.06 pg/z wet weight) were intertnediate to those re-
ported in other birds. Total PAHS ip lesser scaup (Aythya af-
finis) from Indiana Harbor Canal, USA, varied from 0.12 o
0.16 pg/g wet weight [$]. Redbead ducks (Aythya americanag)
collected in southern Texas, USA, and Chapdeleur Sound, Lou-
isiana, USA, had mean PAH concentrstions of 0.03 Wwg/g wet
weight {24]. Total PAH concentrations in wild Juvenile com-
mon eider ducks (Semateria mollissima) from the Baltic Sea
were 0.0045 g/g wet weight [4].

The main route of exposure of PAHs to tree swallow and
house wren chicks was probably through the diet, All five of
the PAHs found in swallow and wren carcasses at the refinery
site were present at high concentrations in the dietary samples.
Additionally, the total PAHs in dictary samples at the refinery
site were 28 and 38 times higher than found in swallow and
wren carcasses. The high ratio of dict to carcass PAHs was
expected because of the rapid rate of metabolism of these
compounds by birds [4].

Aliphatic hydrocarbons

The prepondetance of odd-mumbered compared to even-
aumbered ALHs and the low (=0.25) pristane:n-C , and phy-
tane:n-C,y ratios in tree swallow and house wren chick and
diet samples suggest that chicks were not chronically exposed
to oil. Aliphatic hydrocarbons derived from plants are mainly
odd-numbered, wheseas little or no difference is found in the
odd to even ALHS ratios in petroleum {2]. An elevated ratio
(>1.0) of pristane:n-C,, is indicative of chtoaic petroleum
hydrocarbon cxposure [2,25]. The pristane:n-C,- ratio in Jesser
scaup suggested exposure to petroleum hydrocarbons from the
Indiana Harbor Canal; 8 of 17 scaup collected on the Indiana
Harbor Canal had & pristane:n-C,; ratio > 1.0 {51 A pristane:
n-Cq ratio of 3.3 was reported in eggs of mallard ducks (Anas
platyriynchos) fed a diet including crude oil for four months
[3]. The ratic was elevated in westerg sandpipers (Calidris
mauri) collected as oilficld brine discharge sites (2.3 [26]) and
double-crested cormorants (Phalacrocorax auritus) collected
in the Houston Ship Channel, Houston, Texas, USA (1.6-3.6
[27]), localions contaminated with petroleum. The pristanc -
Cyy ratio was not elevated (0.2) in redhead ducks collected in
southern Texas and Louisiana [24].

The higher concenwuations of lower-numbered ALHs (n-C,,,
1-Cis, n-Cys, and n-C,,) in teee swallow than in house wreg
carcasses and. the bigher concentrations of higher-numbered
ALHs (n-Cy, #-Cyy, n-Cy,, and #-Cy3) in house ween than in
tree swallow carcasses ace consistent with their feeding habits,
A preponderance of #-Cyy and #-C; is often attributed 1o hy-
drocarbons produced by aquatic plants such as algac [2], and
tree swallows feed mainly on aquatic insects [18]. Higher-
mmbered ALHs (>n-C,.) are often observed in terrestrial
plants 2], and house wrens feed mainly on terrestrial inver-
tebrates [23],

Trace elements

Trace clement concentrations in eggs or chicks were not
higher at the refinery than at the reference site. In contrast,

Enviran. Toxicol. Chem. 20, 2001 629

Ba concentrations were higher in reference eggs and Mo con-
centrations were higher in reference chicks.

Mercury concentrations in eggs (means = 0.1-0.4 pglg dry
weight, maximum concenuation = 0.48 ug/g dry weight) and
chicks (maximum concentration = 0.2 /g dry weight) in
our study were at background levels. Impairment of repro-
ductive success has been associated with egg concenurations
of 2.5 to 10 pg/g dry weight (assuming 80% moisture [28]).
Barn swallow (Hirundo rustica) eggs in Texas averaged 0.1
1g/g dry weight Hg (maximum value was 071 wgig dry
weight) and no reproductive effects wers noted [13). Metcury
concentratiops in livers of wild birds inhabiting areas of min-
imal Hg contamination ranged from 3.3 to 33 1g/g dry weight
[29] (converted from 1 to 10 ng/g, wet weight, assuming 70%
moisture).

Seclenium was clevated in tree swallow and house wrep eggs
(smeans 6-7 pg/g dry weight, maximum 9 uglg dry weight)
but not to levels associated with lowered reproduction, Back-
ground concentrations in bird eggs sre generally < 5 wglg dry
weight and an embryo viability threshold is estimated at 10
ng/g dry weight [30).

Selenium was also elevated in tree swallow and house wren
livers (means 19-21 pg/g dry weight, maximum 28 mg/g dry
weight) but not to a level considered toxic. Background hepatic
concentrations are typically <10 pg/g dry wei ght and a thresh-
old for juvenile and adult toxicity i3 estimated at 30 we/g dry
weight [30].

Strontium in tree swallow and house wren eggs (means 14—
23 ug/g dry weight) and chicks (mean 0.2-0.6 welp dry
weight, range not detectable to 0.8) was elevated. Background
concenteations of Sr in chicken eggs (Galus galus) were 2 wg/
g dry weight [31]. Strontium is rarely detected in bird livers,
but concentrations in American coot (Fulica americana) livers
from San Francisco Bay, California, USA, varied between 0,45
and 0.79 pglg dry weight [32] and concentrations in lesser
scaup livers varied from 0.4 to 1.0 ug/g dry weight in western
Lake Erie, USA {33).

Boron conceatrations in swallow and wren eggs (roeans
58-59 ng/g dry weight) were toxic based on pen studics of
mallard ducks. Values for wren eggs were well above a level
of concern for B in eggs (13-20 pg/g dry weight) atid a level
associated with an embryonic toxicity threshold (20 pg/g dry
weight) [30].

The source of Se, Sr, and B in the North Platte River tay
be from itrigation return flow running into the river both above
and below the reference site. Concentrations of Se, S, and B
in biota collected from an upstream major jrrigation project
were elevated 734],

Zine concentrations in livers of swallows and wrens varied
from 70 to 130 pg/g dry weight. These values were well below
levels associated with Zn toxicosis (1,200 pg/g dry weight
[35]). Copper, Mg, Mn, and Mo in livers of swallows and
wrens were within the normal range [31).

Monooxygenase activity

The nminefold induction of hepatic FROD and BROD sc-
tivitics in tree swallows near the refinery likely was related (o
PAIT exposure. Three hepatic monooxygenase activities in
lesser scaup, collected on the heavily petroleum-polluted In-
diana Harbor Canal, Bast Chicago, Indiana, USA, were cach
significantly cosxelated with PAH concentrations in scaup car-
casses [12]. Activity of EROD was induced jn Barrow's gold-
eneye (Bucephala islandica) and harlequin ducks (Histrion-
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tus histrionicus) in Prince Williem Sound, Alaska, USA, six
years after the Exxon Valdez oil spill (Leslic Holland-Bartels,
unpublished data), Numerous laboratory studies have docu-
mented the relationship between cxposure to petroleum and
cytochrome P450 induction. Activity of EROD was induced
in adult Atlantic puffins (Fratercula arctica) after a single
dose of Prudhoe Bay crude oil (36]. Hepatic naphthalene-me-
tabolizing activitics of mallard ducks increased altnost four
times after exposute to food dosed with South Lovisiana crude
oil [37].

Laboratory studies have also demonstrated a telationship
between cytochrome P4350 induction and PAHs. Cytochrome
P450 induction was correlated with PAHs in the chicken em-
bryo (8] and hetring gull [9]). A variety of PAHs injected into
clicken embryos induced cytochrome P435Q activity [10]. Ac-
tuvity of EROD was induced in adult European starlings (Stur-
nus vulgaris) after being administered a synthetic PAH, 7,12-
ditnethylbenz{a)anthracene [11].

Also, BROD and BROD induction could be related to chem-
icals other than PAHs, For example, tonooxygenase activity
was correlated with dioxin [38] and total PCB [39,40] con-
centrations in bird embryos. Additionally, EROD and BROD
activities in tree swallows chicks collected from PCB-contam-
inated Green Bay, Wisconsin, USA, were comrelated with PCB
concentrations {n carcasses [15]. We did not measure either
dioxin or PCBs in this study.

CONCLUSIONS

Aaslysis of our results suggests that oil seepage into the
North Platte River is not contributing (0 significant PAH con-
tamination of the aquatic food chain. Tree swallow and house
wten chicks near a refinery site on the North Platte Rivet fiear
Cagper, Wyoming, USA, were exposed to PAHs. However, the
lack of methylated PAHs in carcasses, diet, and sediment sug-
gests that the source of PAHs on the North Platte River was
from combustion and not from pewoleum. Additionally, the
predominance of odd-numbered ALHs in swallow and wren
carcasses suggests that they were not exposed to petroloum.
Hepatic monooxygenase activities in swallows were induced
nine-fold near the refinery and were probably a result of ex-
posure to PAHs that originated from combustion. Based on
the distribution and concentration of PAHs in dietary sampies,
the main route of exposure to PAHs was probzbly through the
diet. None of the trace elements in tree swallow and housc
wren tissues were higher at the refinery thag at an upstream
reference site. Selenium, S, and B were elevated in eggs and
chicks of both species at both sites.
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