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Srvdies with different avian species h<Ne reveahd that StJrfoce appficotions of micro/ita 
amount! of some crud~ and fuel oils that coat le;s lf!an 10% of the egg wrfoce result in 
considerable reduction In hatching with teratogenicity (lr;d stun/Y!d grolvt/1. Otller studies 
have shown thai the etllbryotoxicity Is dependent on the aromatic hydrocarbon co/1/<nt, 
iurrher suqgestin9 that the toxlt:ity i.> dve to causes other than asphyxia. In the present 
study th( dfects of thre( pol;- cyclic aromaric hydrocarbons ideotified /rl petroleum wue 
examined on mallard ( A~as pl;nyrhynchos) embryo det•tdopment. Addition of benzol a/­
pyrene (BoP), chrysene, or 7, 12·dimethylbenz/ a/ anthracene (DM BA) to a ~ynthetlc 
petrol~um hydrocarbon mt~rtun! of known compo;ition and relatively low embryo­
toxicity resvlted in nnbryotoxicity that was enhanced or equal to that ;)f crude oil when 
/0 Ill wo; appli<d externaffy to eggs at 72 II of development. The order of ability to 
enhance em/;ryotoxicity was DMBA > BaP > chrysene, The tempor,;:/ pattern of 
embryonic death was similar co !hal reported after exposure to cmde olf, with additional 
mortalitY oco.;rring after outgrowth of the chorioallantois. Retarded growt/1, as reflected 
bY embryonic body weigh!, crown·rump length, and bill letJgtiJ, was accompanied by 
teratogenicity. Abnormal embryos ~xhihited extreme stunting,- ey<>, brain, and bill 
defects; or1d incomplete ossification. Gas chromatr.Jgraph/c-mas; spectral analysis of 
externally treated eggs showed the passage of aromorlc hydrocarbons including chrysene 
through the shell and shell mcmbmnes to th« developing ~mbryos. These findings .wgpest 
that the presence of polycy(.lic aromatic hydrocarbons in pnrolwm, inclvding BaP, 

chrysene, and DMBA, significantly erL7ances the overall embryotoxicity In aviotJ 5pecies. 

' . I INTRODUCTION 

~~;h/;1 During the breeding season, sublethal amounts of oil on breast fe<J.thers, 
: ii.~~et. or nesting materials of adult birds may be readily transferred to the eggs 
· (Ri.ttinghaus, 1956), and low hatchability of eggs of various species of birds 
·that have beeh contaminated by crude or refined oil has been reported 
(Gross, ·1950; Hartung, 1965; Birkhead et al., 1973; Kopischke

1 
1972). Oil 

ernbryotoxicity was often attributed to blockage of pores over rnuch of the 

. · We thal'lk E. H. Dustrnan, W. C. E:astin, and S. 0. Ha:;e(tine for reviewing a prelil"1inary draft of 
_-this PiPer and P. A. Kreshin and L. j, Thomas for technical assistance . 
. :·. ·:. Req~.Je>ts for reprints shoulo be s.~nt to David J. Hofiman, [n,Jr·onmental Physiology and 
:'Toxicology Section, Patuxent Wildlif• Res~arch Cet>tcr, Laurel, ~laryl31'7d 20811. 
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shell surfiH::e a.nd subsequer~t interference with the 0 2 supply required for 
normal development However, recent studies in this lJboratory (Albers 
1977, 1978: Dieter, 1977; Szaro and Albers, 1977, Coon ct al., 1979j Whit~ 
et al., 1979) showed that as little a.s 1-10 ]11 of various crude or r~fined oils 
applied to the surface of fertile eggs of different species results in ~c.rly 
crnbryonic death. This quantity of oil covers 1.3-11.5% of the ourfa.ce of a 
mallard egg (,<\lbers, 1977). Species stu:Jied included rmliards (;.lnas 
platyrhynchos), chicker.s {Gallus gal!us), eiders (Soma£eria mo!lisima), Br'eCJ.t 
black-backed gu lis (L arus rnarirws), laughing gu lis (Larus atrici!lo), and 
sandwich terns (S terr1a sandvice nsis). Embryonic mort<!\ i ty, grcwth re\:arda­
tion, and teratogenicity occur if exposures are during the first 3 d of 
er-nbryonic dcvelopr~1e11t (E<J.stin and Hoffman, "!978; Hoffman, 1978a, 
1978b, l979a). Th2 effeus of over 50 different rnajor aliphatic hydra­
carbons, aron1atic hydrocarbons, and cornbini\tions of these similar in d<J3S 
composition to South Louisi.:~na crLce oil, <W Amuican Petroleufll ln:;ticute 
(API) referenc~ oil, have been cx2rnincd in milliards; the ~tudies li<tve 
shown that embryotoxicily is d.;pendent on aromati(: h-rdro\:a.rbon cont8nt 
and i5 enhanced by the presence of polycyclic a.rom<Jtic hydro-:;a:bom 
including chrysenc (Hoffmw, 1979b). 

It w:~s the purpose of the p>cscnt study to examine the eff2ct~ Oil 

mall ~rd d evelopmcnt of three pel yc:ycl ic aroma. tic hydrocarbons c;.dr.J(~d to a 
synthetic petroleum hydrocarbon mixture. The synthetic mixture was ba.sed 
in composition on South Louisiana crude oil (Pancirov, 1974; E2stin and 
Hoffman, 1978) and had been used in previous studies (Eastin and Hoffman, 
1978; Hoffman, 1979b). Embryonic survival tin~e. teratogenic potential of 
the hydrocarbons, and growth of embryos w;;1·c evaluated along with gas 
chromatogrilphic-nnss spectral (GC,MS) ar-ralysis of the petroleum hydro­
carbon content of treated eggs. 

METHODS 

F'crtilc mallard duck (A. p!otyrhynchos) eggs were obtained frarn a 
com mere ial h a.tchery 1 within several days of collccti on a ncl on arrival wore 
placed in a Peter·sime incubator maintained at 37,5°C and 70% re\ati·~e 
hi.im idity All eggs were candled before treatment and infertile ones and 
those with dead embryos wer<~ discarded, Malla.rd eggs were randomly 
assigned to 5 tr"e<ttmcnt gtoups of 80 eggs pe.r treatment, including untreated 
controls. Eggs were incubated ar1d then treated at 72 h of devc:opm£:nt, 
whkh is a critical period with respect to organogenesis and comparab:e ~o 48 
h ir1 the chick embryo (Hafllhurger and Hamilton, 19)1; HaJiSOn, 1954; 
Caldwell a.nd Snart, 19'14). Previuus studies with either uuck oil or :trom.1tic 
hydrocarbons showed high <ornbryotoxicity with treatment at this st:;Jge 
(Hoffman, 1978a, 19 78b, 1979a, 1979b). 
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Petroleum hydrocarbon mixtures 2 were prepared in this la.boratory, and 
10 pi per egg was applied by microliter pipette to the egg~hell surface jwst 
below the air space of upright eggs and permitted to spread freely according 
to the method of Albers (1977). The petroleum hydrocarbon mixture 
consisted of aromatics (26% wjw) and aliphatics (74% w/w). The general 
composition was based on that of South Louisiana crude oil (Pancirov, 1974; 
Eastin and Hoffman, 1978). The aromatic portion of the mixture had the 
following composition by weight: rnonocyclk aromatics (1 0%), including 2% 
each of ethylbenzene, pentamethylbenzene, 1-phenylhexane, 1-pheny!· 
tridecane, and tetralin; dicyclic aromatics (10%), including 2% each of 
dimethylnaphthalene 1 acenaphthylene, acenaphthene, dibenzofuran, and 
fluorene; tricyclic aromatk (2%), phenanthrene; tetracyclic aromatic (0.5%), 
pyrene; thiopheno aromatics (1.5%), including 0.75% each of behzo· 
thiophene and dibenzothiophene; other heterocyclic aromatics (2%), 
2,3,3-trimethylindolenihe. Tile aliphatic mixture included the following in 
equal proportions ( w /w): pentadeca ne, hexadeca ne, heptadeca ne, oc ta­
der.ane, nonadecane, 2,2,4,6,6-pentamethylheptane, 2,2,4,4,6,8,8-hepta­
m ethyl nonane, 2,6, ·1 0, 14-tetramethylpentadecane, and decahydronap­
ththalene. 

The effects of adding 3 concentrations of benzo(a] pyrene (BaP), 
chrysene, or 7,12-dimetllylbenz[a]anthracene (DMBA) to the petroleum 
hydrocarbon mixture were examined. All three of these polycyclic 
aromatic hydrocarbons have been identified in crude, refined 1 or waste oil 
(Pancirov, 1974; Pancirov and Brown, 1975; Eastin and Hoffman, 1978; 
Payne et al., 1978). The mean concentration of total tricyclic through 
hexacydic aromatic hydrocarbons in 11 samples of crude oil was 2.8%, 
with a r·ange of up to 7.4% and a total aromatic content of 7.4-34.3% 
(Gilchrist et al., 1972). The chryserre content was reported to be as high 
as 0.5% in South Louisiana crude oil (Eastin and Hoffman, 1978) and to 
be approximately 0 2% in Kuwait crude oil and lower in other oils 
(Pa.ncirov, 1974). Three dose levels of chryseno:: were selected within this 
range and spaced in approximately geometric multiples. These included 
0.05, 0.15, and 0.5% chryselie after addition to the synthetic petroleum 
hydrocarbon mixture. Levels of BaP and benzanthracene in oils have been 
generally lower than those of chrysene where reported (Bingham et al,, 
1980); 0.02% BaP in oil-contaminated soil near refineries has been 
reported_ However, samples of synthetic crude oil produced by coal 
liquefic~tion have an even higher polycyclic aromatic hydrocarbon content 
[7. 7-14.6% (Woodward et al., 1976)], and a BaP content higher than 

llndividual aliphati(: and arom~tic hydrocarborls were obtJined from Aldrich Chemical Co., 
Metucnen, N.J., except bcnzo[o) pyrene arod 7 ,1:2-<limethvlb~nzfo] anthracene were obt~ined from 
E<~.stman Orgat<ic Chemicals, Rochester, N. \'.The purity of chrys~ne and DMBA wa> greate.- than 95% 
and that of BaP was grc<~ter than 98%. The synthetic petroleum hydrocarbon mixture was prepared 
at our laboratory. 
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0.5% was reported in coal tar pitch (Wa.llcave et al., 1971 ). Therefore, . 
dose levels for BaP and DMBA were selected within this range and spaced',<· 
in geometric multiples. These dosages included 0.02, O.l 0, and 0.5% BaP . 
and DMBA after addition to the synthetic petroleum hydrocarbon · 
mixture. 

All eggs were candled daily to determ!ne mortality and dead 
were removed and examined. All remaining eggs were opened on d 1 
incubation and embryonic weights, crown-rump lengths, and bill I ., · 
were recorded. Ali embryos were examined for external mt1.lform 
Half of the embryos were examined for malformation:; of soft tissu 
the sectioning technique of Wilson (1965) and by di:;section. The 
half w~re cleared and stained with Alizarin Red S as descr 
Karnofsky · (1965} for skeletal examination. Embryonic weights, 
rump lengths1 and beak lengths were compared by one-way anal 
variance and Duncan's multiple range test (Duncan, 1955). Survivi.:J.I 
and numbers of embryos with one or more defects were compared · 
chi-square analysis {Kirk, 1962). ' 

The contents of control eggs and of eggs treated with the 0 , , . 
chrysene-petroleum hydrocarbon mixture were analyzed for aromatio,,;),' 
hydrocarbons. Egg contents were rEmoved at a time of peak embryo;}:,_-:'''''\ 
mortality (d 9). Two 5-g portions were tak~n from each egg · ah ; 
mechanically extracted 5 times by homogenizing with 20 ml pentane ii{a'h,,:l~ 
Brinkmann Polytron. After separation of the organic layer by centrifuga,~((~(: 
tion, pentane extracts were reduced in volume to ·1 0 ml on a flash :t, 
evaporator and passed through a Florisil coh.Jrnn (Cromartie et al., 1975)/ ;~i:i 
Aromatic compounds were isolated by column chromatography on Silic~rY~!) 
CC-43 (Gay et al., 1980). Eluates from each ep,g were combined and~,;:;~:::'. 
reduced in volume to 0.1 mi. Aromatic hydrocarbons in treated and./:~:') 
control eggs were analyzed by GC-MS on a Finnigan model 3200 GC.f•!IS;(:. 
interfaced io a Finnigan model 6000 data system. Gas chromatography,<i;;,~;::, 
was by splitless injection onto a glass capillary column (SP·2100, 30 m)4 ~i:A;:.; 
A flow rate of He of 8.5 ml/min was maintained. The column was held a(f~: 
room ter1i"perature for 2 min and then programmed from 160 to 200"C at''··.· 
2°C per minute. Further details of the procedure are provided by Gay et 
al. (1980). 

RESULTS 

Application of the petroleum hydrocarbon mixture alone (Tables 1-3; 
Fig. 1, a-c) had a minimal effect on survival. The presence of 0.02% SaP 
resulted in a significant reduction of embryonic growth and an increased 
incidence of abnormal survivors (Table 1 ). Addition of 0.1% BaP resulted 

'Mallinkrodt Inc., St. Loui~, Mo. 
'Supelco Inc., 6eildonte, Pa. 
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in a large and slgt1ific1n1: reduction in sut·v)vctl; fewer than 40% of the 
cmbrvos were alive by 18 d of dcv~lopment and ther·e -.vas a high 
incidence of mortality bctwc~n c1 9 and 10 (Table 1). The 0.1% BaP group 
h<'ci n10re abnorn1<tl surv1vo:s than the 0.02% group. W1th 0.5% BaP there 
was 100% mortality, over 75% occurring within 3 d of treatment 

!CO -----o--o----0---~-0- "0-·- 0-·~:-::_::Q:-_:=- ~::_--::_ -)(-··-o--c-····0---Q 
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.... 
z 
w I \ ~ . 
~ .o\o.-oco~JaoL 

-& f>f rROltuM HC 

~-/, PHROlf:LIM f-1!'>0.027.> 3<:JP 

20 k--t.PUR()Lf\.IM HC • 0 1~. SoP 
Jt--;1: PfTROlEUM H( + 0 5% Baf 

CON TRot 
PHROL~UM H C 

PHI<OWJM H 1;+0.05'>1 CHRYSeNc 
PtrROL~lJM H ( +0 I~XCH!WSENE 
PnROLWM H C + 0.5)1 CHRYSfNE 

11,.._~~-~---J. .. _.JJ, .. "-A,.- . ..j. 
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DAYS Of INCUaAT/01~ 

(b) 

FIGUR(o L Eff~~ts on ~all~rd ernbryo survival of a petrokt•rn hvdroc<~•bon (HC) mL~rure w:th Ia) 
ben~o[oJ pyren~ and (C.) chry;e"~- Trcat"1Mt5 were on d J of devclopm<:ht, 
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(cl 

FIGURF. I (continued). Effect; o:-n mo:lard crr·bryo ;urvival of 3 petroleum hidroc;;rbon (HC) m!~\:1re 
with (c) 7.12-dimethylb~.nc[aJa~tiH3Cene. Treatrtlen[s were on d 3 o! cl~ve!opmML · 

Abnormal survivors included stunted embryos with incomplete f:::r.ther 
formation and ones with eye and brain defects including anophthalrnia. i.\nd 
exen(cphaly. Other embryos had bill defects, gastroschisis, and incomplete 
ossification. Some had incomplete liver deve!oprr1ent. 

Chrysene was less toxic than BaP. Addit:ion of 0.05% chrysene ~o 1·he 
mixwre did nc.'t resuit ir1 a fllr·ther r"t:~Juction in survival (Table 2; Fig. 'lb). 
Addition of 0.15 and 0.5% chryscne r·csulted in significantly gtr;rl:(x 
deueas\~s ir. embryor ic survival by 18 d of development; only 41% of ~he 
embryos in the group treated vvith 0.5% chrysene survived. There w;::;. a 
high incidence of mortality between d 8 and "10. Addition of 0.15 ;,;1d. 
0.5% chry~ene resulted in reduced embryonic growth as reflected by 
c~mbryonic weight, crown·rump length, and bill length. There was a 
significant increase in the percent of survivors that were abnormal. 
Abllorrnalitics \.Yer'2 similar to those after treatment with 8aP. 

DMBA was more embryoto:dc than either chrysene or BaP. The 
presence of 0.02% DMBA resulted in a decrease in survival of 24% by 13 
d of development (Table 3; Fig. 1 c). With 0.1% DMBA there wa5 over 
90% mortality by 18 d of development, and with 0.5% DMBA there ~v~tS 
100% morta.lity. DMBA concentrations of 0.02% and greater resulted in a 
significant r·cduc::Uon in ernbryonic g!'owth as wei! as an increase in the 
percent of abnormal sL;r.,.-:vors. Anomalies were similar to those Jfter 
treatment with BaP and ch ryscne. 

Examina.tion of rnajor pe<Jks in the total ion current (TIC) tl"ilcc from 
the control and treated eggs indicated that aromatic hydroqrbons r.ad 
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TABL.E 1. Effects of Benzofo)Dyrene on Mallard Duck Embryos 

Measuremcrlt Control 

1'11Jn1ber treated 80 
Percent SLirvival 

(d 3-18) 100 
Embryonic body 

16.7 ! 1.6Gb weigh: (g) 
Crown-rump 

length (mm) 87.7 ± 6.54 
Bill length (mm) 13.1 ~ 0.66 

.· P~rce.nt abnormal 
survivors 

.~~-, 

0 

80 

94 

16.2 ! 1.85 

86.9 :t 4.00 
13.2±0.61 

4 

Perc~-nt BaP add<d to petrol~ urn 
hydrocarbon mixture ('I 0 J..tl) 

002 0.1 

80 80 

93 36° 

14f:2.00 1 4.6c :: 3.22 

82 6( : 3.39 79.9c ± 6.62 
12.9 :t 0.50 12.1c ± 1.70 

14° 31° 

0
Sig,nlkafl!ly differ·ent from control and 0% groups by x' test (p < 0.01 ). 

bMean ± 50. 

80 

0 

CSignificantly different from control and 0% groups by o~e-wav ar.alysis of variance (p < 0.01) and 
Dur:can's multiple range te't (p < 0.05). 

·'·/rABLE 2. Effects of Chrysene on Mallard Duck Embryos 

Percent chrysene added to petroleum 
hydrocarbon mixture (1 0 IJI) 

-··'' ------ . ..,- ... ~----

Control 0 0.05 0.15 0.5 

80 80 so so 80 

98 87° 85° 7la,b 41o,b 

15.0 ± 1.45c 15.2±1.24 14.3 ± 1.27 14.'1d,<' ± 1.42 1 -ud,e t 1.42 

&4.9 ± 3.:20 83.0 ± 4.44 85.2 ! 302 81.81 ± 3.75 7&.6d,e! 3.99 
1 3,0 I 0.62 12.1d±0,70 12.7±0.65 11.5d ± 0.64 11.0d,e 1 0.7 5 

6 11 13 2&a,b 37a,b 

--'-""--""~--~ 

· 
0
Signifkantly different from control group by x2 te5! (P < 0.0·1 ), 

bSignificantly different from 0% group by x' test (p < 0.01 )_ 
cMe~n:!: SD. 
dSignificantly different from control group by one-way analysis of variance (p < 0.0·1) and Duncan\ 

tnultlpl~ range test (p < 0.05). 
eSignificantly different from 0% group by one-way analysis of variance (p < 0.01) and DU11\.3n's mul­

t!pie rang~ test (p < 0.05), 
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P·u<;ent IJMBA ;;deed to (·~lroleum 

hdro~;.rbon rTliX!ur< (iO ;.<I) 

Control Q 0.02 

Number lrcHcd 80 30 80 
Pe;-.::~nt $vr1..1val 

(d 3-1 8) 98 92 75a,b 

Embryonic body 

,.,~igi't (g) 17.4 :<: 1.94c 16.8 : 2.56 I 5 ld,r ±2.66 
CrowrH~IliP 

82.9d,e ~ 5 03 lengtl' I r.>m) 87.9 ,. 4.56 86.5 :': 't.98 
13illleng~h (mrn) 1'3.5:<:054 13.5 .: 0.67 Hl ! 0.82 
Per nil :d>r.ormal 

5dl/·\ivors 3 15° 

0
Sig11ificontly different from co11trol group by x' te5t (p < 0.01 ). 

b5ignificJntly different frol1' 0% ,;roup bv x' (~;! (p < 0.01). 

~Mon ~ S 1). 

0.1 

80 

9d,b 

I ~.5:1:.' :<: 2.73 

79.3d,e '' 5 S9 
11.4d,e ~ 1,44 

25o,b 

0.5 

80 

v Signi(•cd~tly diffcr~nt fro;n c.;;ntro! ;sroup by ,one-way <1r1alysis of v.ric•.ll•;o (p < 0.01) ~nd D•J~can's 
rn\rlli;:>lc r~~ge test (p < 0.05), 

fsrenifiqntly different from 0% grocp ov one·'""" anJiysis of nriance (p < 0.01) a~d D<.Jrtc:ac'> r,".ui· 
tirle range test (p < 0.05). 

entr;red the eggs past ci1e shell membr3.nes, with expmurc to thr:: embryos 
(Fig. 2). MaiN peaks were identified by their moss spectra as Morn.'l.tic: 
con~tituents of the 0.5% ::hrysene-petroleurn hydrocarbon mixture appli,~d 
to the shell surface. Chrysene, rep:·esenting the !e<tst concer.uated corn­
pound in the arom~tic mixture, w.iS 1Wt observed in the -nr= trilcc but W3s 

identified on the basis of its :ct8ntion time and r~·:ar:ve tTHS5 !Jf:4k 
i!ltensities (Fig. 3}. Relevant portions of the mass fragrn<:ntosr<~mS cf a 
chryscne standard and the aromatic fraction of the egg extract that (lre 
shown do not indicate such a peak at their retention time in the rnc.s5 
frogmentograrn of the contl'ol egg. Cornparison of areo.s under the m/e ;!2R 
peak of the standard aild treated eggs indicated the presence of 1 .. 2 Jtg 
chrysene in the eggs. 

DlSCUSSION 

Addition of BaP, chtf'>cne, or DM BA to a petroleum hydrocYbon 
mixture of rcl<1tively low embryotoxicity resulted in a 1emporr:l po.n<:rn of 
enhanced embryonic death th2t was simil,u to that reported after trc>Jt­
rnent with crude oil (Hoffm<tn 1978a, 19._78b); there wa~ often ;u1 

increased in·::idence of embryonic (d 8-·1 0) death just after the growth of 
\he chorioall<?.ntoic membrane (d 6· .. 8). Since the a.dditional emb~"yonic 
death often occurred just afte1· the time of rapid outgrowth of the 
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1 chorioallantoic membrane over the surface of the inner shell membrane, it 
is pos~ible that there was further uptake of aromatic hydrocarbons by the 

~ , highly vascular network. 
Previous studies repeatedly showed that surface applications of up to 

50 pi aliphatic hydrocarbons found in crude oil do not result in 
embryonic death or teratogenicity (Albers, '1977; Eastin and Hoffman, 
'] 978; Hoffman, '1979b). Equivalent amounts of crude oil or aliphatic 

·')' hydrocarbons coat approximately equal areas of the egg surface in the 
same manner when Oil Blue N stain is used as an indicator (Albers, 1977)_ 
Furthermore, embryotoxic amounts of crude oil (1-5 pi) coat at most 5% 

.. ,,:~ of the egg surface. Refined oils such as kerosene, which are relatively low 
._.,\. '• 
. t:!·:';ln aromatic hydrocarbons, are not very toxic to avian embryos, bi.Jt other 
0 {[Jefined oils such as No. 2 fuel oil and crude oils, which are high in 
'' .aromatic hydrocarbons, are highly embryotoxic. Polycyclic aromatic 

hyd:-ocarbons including BaP, DMBA, and methylcholanthrene are embryo­
toxic and teratogenic to rats and mice (Rigdon and Rennels, 1964; Cwrrie 
et al., 1970; Lambert and Nebert, 1977) and probably are a major factor 

embryotoxicity when chick embryos are exposed continuously to 

(a) 
~ 

i~ 
T~! .I~Jjlft'j'"I,~Jjiiijii"T'"'T .... f•P'll J-. f"''l""1"'"1'PfFrPiJ"i "j Iii 1LfltjP?*¥ lfi ~ 

z~ li~ lC('I 16tl 2eo :Ge 3CICJ 36!1 4m 4GI:I ~ 
S(Oh n.vtnbor 

Scan niJrnbt~r 

:;·; ~IGURE 2. Reconstructed gas chromatograms of extracts from (o) control eggs (untre;lted) ar>d (b) 
treated with a 0.5% chrvsene-petroleum hydrocat·bon rrliJ<.ture. Compounds in (b) w~re Identified 

(1) tetralin, (2) benzothiophene, (3) n·hcxylbenzene, (4) penramethylbenzene, (5) dimethyl­
tho.lof!e, (6) acenaphthene, (7) dibenzofuran, (8) fluorene, (9) diben<othlophene, (1 D) phcn­

' and (11) pyrenc, 
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(a) 

FIGUR.E 3. Re!~vant portions of mJss fragnlentograrlis of (a) 0.5% chryser,e-retrolel,m hyc';o;:,,,-bon 

mixture and (b) chry;ene 5t<lncl.;rd. 

automotive exhaust {Hoffm::m and Campbell, 1977, 1978). Em~··yos and 
fetuses have microsomal enz.ymcs that can metabolize polycyclic aror·r-"tk 
hydroo.rbons to more highly toxic forms (BI<th et al., 1978; Dc.vls et al., 
1978; Nebert, 1978), and avian embryos have a greater opacity to do this 
than rnammals (Jellinck and Sn:ii.h, 1973). 

The present findings show the passa.ge of externally ~pplied petrol.-~uro 
arornatir: hydrocarbons through the shell and shell mcrnbr:1ncs ro <:he 
devclo~ing avian embryo. These findings suggest that the prcsen·:e of 
polycyclic aromatic hydro(:arbons in petroleum significantly enhance5 the 
overall embryotoxiclty in ;ovian species_ Any one of the three colnpc,unds 
o.dded could have facilitatrd absorpti0n of other componer,Ts of the 
mrxture. However, the other components and corr1binations of ~h-em d 
doses 2--4 tir;1es greater clid not produce the sarr1e dP.gre"'- of (:mbryo" 
toxicity (Hoffman, 1979b), Conc£ntrations of chrysenc in cn~de o11 
comparable to those in the present study have been rej)oi'lcd (Pwci;·o·v, 
1974; Ea.stin ar.d Hoffmar., 1978). However, chrysenc toxicity (r:c."f b~ 
even greatN in uude oil because of the presence of methylated cleri·.;ati·.;:;:;, 



EM~Jl.VOTO>-:IC Ef'f-ECTS OF POLYCYCLIC AROMATIC HYDROCARBONS IN DUCK$ 78.5 

Alkyl homoiogs <1r·e orescnt in higher· concentrations in crude oils, 
ir·,c!uding South Louisiana cru;!.: oil, than the parent polycyclic ar·ornatic 
hyC::·ocarbons (Youngblood and Blumn, 1975). 

When cor~sid;;ring the overall toxicity of crude oil, additiv~ and 
pos~il:iy synNgistic effects of combinations of polvcyclic ctr"Ornatic hydro­
c:ad)ons must be taken into account. In the present study we examined 
the dose effects of three polycyclic aromatic hydi"Ocar·bons individually 
and found consiclc~1·abk enhancement of embr·yotoxicity. The additive 
eH•xt~ of these compounds together· or in con1bina.tion with others may 
a(:wvnt for the: ove-rall toxicity of crude oil when these a1·e present at 
!ower conccl·ltl"ations. Lighter uom,itic hydrocarbons alone arc not 
embl'yotoxic, even when administered at concentrations scvera.l times 
grec:~er than those in crude oil (Eastin and Hoffman, 1978). However, 
l!ght-::r· a1omat.ic hydrocar·bons, including rnonocyclic benzene der·ivatives, 
are probably needr:cf to keep the heavier polycyclic aromatics in solution, 
fM:!:itat:ing entrance into the egg. The solubility of these compounds, 
including chrysU1i?, is depencknt on the presence; of lighter arom<1tic 
solvents such as benz.ene (Boit, 1965). Loss of lightr~r· ai"Omat.ic hyd1·o .. 
C<Jr<Jons after wcathe!·ing of oil may hinder the entrd.nce of heavier 
polycyclic a10n1atics, which r~:ay account fN the lower emb1·yotoxicity of 
W<!athered oil; 5;gnificant!y lower ernbr·yotoxicity was reported for 
Prudhoe Bay crude oil and No. 2 fuel oil after 14--2 i d of weathering 
outcl.')o~s (S.:.?.ro ct al., "1980). 

Tile pre:.ent fi11dings sho\\· the passage of extemal!y applied petroleum 
<FOI'IO.tic hydroca,i::Jons from tl:e shell surface to developing aviM' embryos 
<li':d suggest that the p1·escnce of a relatively small pcrcenti\ge of the 
arom3tic h\1Cit"Ocar"t!ons that occur· in petroleu111 nny confer much of the 
Ct!·k')'oloxicily r·cported <ift.,:r eggs have been Pxposcd to miuolitcr 
qii<Fititics of poitl!ting oils. 
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