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E!l!J :;urface applications of microliter quantities of crude and refined oils of high 
aromatic content are embryo/oxic to mallards (Ana.? platyrhynchos) and other avian 
species; appfications of aliphotic hydroc(lr/:;ons /1ave virtually no effect. 

Mallard egqs at 72 h of development were exposed to o mixture of aromatic 
hydroc!lrbons or ro aromatic compounds representative of those present in crude oil 
to asse~s their toxicity. The class compositlorl of the mixture was similar to that of 
South Louisiana crude oil, on American Petrol~um institute reference oil. Application 
of 20 JJl of tfJc mixture reduced embryonic sun'li'ai by nearly 70%. The temporal 
pattern of embryanic death w·as similar lo that after exposure to South J..ouisiaruJ 
crude oil. Embryonic growth was stuni·ed, os reflected by weir:;hl, crown-riJrfiP length, 
and bill length, and there was a significant Increase in the inciden'e of (10normol 
survivors. When individual classes of oromotic hydroca>'bons were tested, ttuacyclics 
caused some embr)'Dnlc death at the conc~ntrQ/ions In the mixtun:. Whe,7 classes were 
tested lrt all possible combinatlorrs of two, no combination appeared /o be as to,Y/C as 
the eflrire mixture. Addition of the tetracycl/c compound chrys~ne to the aromatic 
mixwre considerobly ~nhanc:~d embryotox:iclty, but could not completely account for 
the toxicity of the crude oil. The presence of addllior.al unidentified polycyclic 
aromatic hydrocarbons as well as mtWJy!oted derivoth·es of polycyclic aromatic 
compounds 5uch c1s chi').• sene may further account for the r:mbryotoxicity of the crude 
o/1. 

INTRODUCTION 

Eggs of various species of birds that were contaminated by crude or 
rdil'led oi\ showed low hatchability (Gross, 1950; Rittinghaus, 1956; 
Hmung, 1965; Birkhead et al., 1973; Kcpischke, 1972). Oil embryo· 
lrnkity was often attributed to interference with the oxygen supply 
R'qt!ired for normal development by blockage of pores on the eggshell 
swbce. Recent studies (Albers, 1977, 1978; Szaro and Albers, 1977; Coon 
tl a.L, 1979; White et al., 1979) showed that only microliter amounts of 
U1lde and certain refined oils, when applied to the surface of fertile eggs 
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of differer1t spec1es 111 the laboratory and field, resulted in considerable 
reduction in hatching. Applications of only 1-5 J .. d of South Louisiana 
crude oil were quite embryotoxic to mallard (Anas p/atyrhynchos) eggs 
but coated at most 5% of the egg surface_ Aliphatic hydrocarbon mixtur~s 
that were allowed to coat equivalent or greater surface Meas of the egg 
were not ernbryotoxic (Albers, 1977), which indicates that the embryo
toxic effect of certain petroleum products probably results from direct 
toxicity of the aromatic fraction of the oil rather than oxygen deprivation 
by blockage of shell pores. Further studies (Hoffman, 1978a, 1978b) 
revealed growth retardation in mallard embryos with some teratogenic 
effects. Various aromatic hydrocarbons are lethal to embryos and cause 
malformations in mammalian and avian species (Mclaughlin et al., 
1963; Pushinka et aL, 1968; Currle et aL, 1970; Lambert and Ne.bert, 
1977), and aromatic hydrocarbons are important components in {(uto" 
motive exhaust that dre embryotoxic to continuously exposed chick 
embryos (Hoffman and Campbell, 1977, 1978). 

The purpose of the present study W<l.S to identify classes of aromatic 
hydrocarbons in crude and refined oils t:ha~ adversely affect avia,l develop· 
menL 

MATERIALS AND METHODS 

Major classes of aromatic hydrocarbons were ~elected on the basis of 
occurrence in South Louisiana crude oil, an American Petroleum lmtitute 
(API) reference oil that is extremely toxic to and has teratogenic: effects in 
mallard 2.nd chicken embryos (Hoffman, ·1978a, 1978b). A mixture of 
aliphatic hydrocarbons that occur in crude oil served as a vehicle for the 
aromatic compounds. Aliphatic and aromatic compounds were obt~ined 
from Aldrich Chemical Co., Milwaukee, Wis. The aliphatic mixture .. 
included the following in equal proportions (w/w): pentad~cane; hexa· 
decane; heptadecane; octadecane; nonadecane; 2,2,4,6,6-pentamethyl
heptane; 2, 2,4, 4, 6, 8, 8·heptamethylnonane; 2,6, 1 0, 14-tetramethy!penta
decane; and decahydronaphthalene. The final mixture was 52% aromatics 
by weight and had the following composition by weight: monccyclic 
arom~tics (20%). including ethylbenzene, pentamethy!benzene, 1-phenyi
hexane, 1-phenyltridecane, and Tetralin at 4% each; dicyclic Mornatics 
(20%), including dimethylna~·hthalene, acenaphthene, acenaphthylene, 
dibenzofuran, and fluorene at 4% each; tricyclic aromatic (4%), 
phenanthrene; tetracyc!ic aromatic (1%), pyrene; thiopheno .aromatics 
(3%), benzothiophene and dibenzothiophene at 1.5% each; other heter
ocyclic aromatics (4%). 2,3,3·trirnethylindolenine. 

Fertile mallard (A. p/otyrhynchos) eggs were obtained within sevt>ral 
days of collection from a commercial hatchery (Whistling Wings, Hanover, 
Ill.). On arrival at the Patuxent Research Center they were placed in a 
Petersirne incubator maintained at 37 . .5°C and 70% relative hurnidity . .All 
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eggs were candied before treatment to remove infertile and dead ones. 
Egr_;; were randomly assigned to treatment groups and all eggs were treated 
at 72 h of development, which is a critical period with respect to 
organogenesis and comparable to 48 h ir· the chick embryo (Hamburger 

• and Hamilton, 1951; Hanson, 1954; Caidwell and Snart, 1974). The 
aliphatic vehicle mixture or the aromatic mixtut·e was applied to the 
eggshell surface just below the air space of upright eggs by microliter pipet 
and pe:mitted to spread freely. The aliphatic mixture served as a control 
component and coated the eggshell in about the same manner as the 

i.; aromatic mixture or crude oil (Albers, 1977}. · 
:;ff Studies were conducted to (1) compare the effects of exposing mallard 
/?i>eggs to 5, 10, or 20 1d of the aromatic mixture, (2) determine whether 
:[-any single class of aromatic hydrocarbon was a key embr·yotoxic factor, 
~~!",and (3) test for possible synergism among classes of aromatic<; by exposing 
~:_mallard eggs to 20 t-tl of the individual classes of the aromatic mixture and 
;::;, all possible combinations of two classes. The effect of adding 0.5% 
.-~ chrysene to the aromatic mixture was also examined since the chrysene 
'. yontent is as high as 0.5% in South Louisiana crude oil (Eastin and 
1 .~Hoffman, 1979} and 0.2% in Kuwait crude oil (Pancirov, 1974). All eggs 
){;Were candled daily to determine mortality; dead embryos were r~moved 
\si', ~nci examined. All remaining eggs were opened on d 18 of incubation; sex 
1.)~'htios, embryonic weights, crown-rump lengths, and bill lengths were 
::/record~d; and all embryos were examined for malformations. Soft tissue 

·. examination was done by the sectioning technique of Wilson (1965) and 
by d!ssection. Skeletal rreparations and staining were done by the method 
described by Karnofsky (1965). 

,,, Embryonic weights, crown·rump lengths, and bill ler\gths were com· 
::~·,. pf.lred by one· way analysis of variance and Duncan's multiple range test. 
.n:iSurvival data and numbers of embryos with one or more malformations 
'::'}t{'Were compared by chi-square analysis. 

·~~~~~~.' 
d~: ... 
h[~;/ RESULTS 

;~i,': Application of 5 ;Ji of the aromatic hydrocarbon mixture on d 3 of 
;::1

1i'aevdopment caused a small but significant reduction in survival of mallard 
·'"embryos on d 4-11 (Fig. 1 }. Increasing the application to 10 ~LI reduced 

survival by more than 35% and 20 Ji.l by almost 70% (Fig. 1 i Table 1 ). 
Applications of 10 or 20 }11 of the aromatic mixture resulted in rapid 
decreases in survival during the intervals d 4-6 and d 7-9. Application of 
the aliphatic mixture alone rlad little effect on survival. Mean weights of 
surviving 18-d-old embryos treated with the aromatic mixture were 

·.significantly lower than those of untreated controls and aliphatic: hydro· 
:carbon-treated controls. In the S-1-d treatment group, statistical comparison 
of the males and females separately with the corresponding controls did 
not reveal any significant differences, but comparison of the combined 

.(1.''1 
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DAYS OF INCUBATION 

FIGURf. 1. Effect> of aromatic hydroqr!)ons on survi·,al of mallard embryos. T~•e aromatic mixture 
was 52% aromatics (wlw), as described in the text, with or without 0.5% chrysene. Applications were 

made on d 3 of development. 

TABLE l. E mbryotoxlc Effocts of External Application of Aromatic Hydrocarbor>s on Ma'lard Eggs 

on d 3 of Development 
~-----

Survival 
tr.rough Crown-rump Bill Abnormal 

Treatment d 18 Sex Weight length length survivors 
(n ""50) (%) ratio Sex (g) (mm) (mm) (%) 

Controls 98 45:55 Male 16.7 ± 1 50° 87.9,2.58 14.1 ± 0.50 
Female 16.2 ± 2.08 85.9±4.17 13,7=0.60 
Combined 16.4 ' 1.85 86.7 ± 3.68 13.9 ~ 0.58 2.5 

Aliphatic 96 52:48 Male 16.1 :!: 1,00 87.7 ± 1.96 14,2 "'0.37 
hydrot::arbonsb Female 16.0 ~ 2.04 86. I ~ 4.63 14.0 ± 0.54 
(20 ,u!) Combined 16.1 ± 1.58 86.9 t 3.57 14.1 = 0.47 5.1 

Aromatic S6" 49:51 Male 15.4:!: 2.16 86.2 ! 3. 72 13.1 ± 0.66d 
hydrocarbonsb Female 15.2 ~ 1.98 87.2 ± 2.87 12.6±0.71d 
(5 ~I) Combined 15.3:!: 2,13d 86.7 :!: 3.44 12.9 t 0.70d 4.5 

Aromati~ 63.5c 45:55 Male 14.2 :!: 2.34~ 83.4 1 6. 29 12.8±0.61d 
hydrocarbons Female 15,1 :t 2.02 82.3:! 2,22 13.0 t 0.45d 
(1 0 J.tl) Combined 14,7 ~ 2.23rf 83.2 t 4.50d 12.9 = 0.51d 16.1'/ 

Aromatic 30.6c 32:68 Male 13.4 ± '2.40d 80.ll~6.01d 12.8 ± 1.06d 

hydro,arbons Female 14.2±1,98~ 84.1 l: 4.29 13,1 ±0.65d 
(20 pi) Combined 14,0 t 2.09 83.3.t4.73d 13.0 ± 0.76d 18.0c 

0
Mean ± SD. 

0The composition is described in the text. 
cSignificantly different from control ;,nd aliphatic-treated groups by chi-square test (p < 0.05), 
dSignificantly different from control and aliph.nk·treated groups by one-way analysis of varian~e 

(p < 0.01) and Dun(.an's multiple range test (p < 0.05). 
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5exes did. In the 1 0· and 20"J11 treatment grot;ps, both sexes had 
significantly lower mean weights and bill lengths than corresponding 
controls. The mean crown-rump lengths of the 10- and 20-Jll treated 
ernbryos were :;ignificantly shorter than those of the controls when 
compared with the sexes combined. The percentage of surviving embryos 
that were abnor·mal was significantly greater than controls in the 10- and 
20-.ul treatment groups but not in the 5-.ul treatment group. Abnormal 
sur'livors included embryos with brain and eye defects, bill defects, visceral 
defects including gastroschisis, incomplete ossification, and stunted growth 
with incomplete feather formation. 

A second study was conducted to assess the embryotoxic potential of 
individual classes of aromatic hydrocarbons comprising the mixture l!Sed in 
the first study. The individual classes tested were prepared at the 
concentration found in the aromatic mixture and were mixed with a 
similar aliphatic vehicle. The nine treatment groups included untreated 
controls; aliphatic: hydrocarbons; the entire aromatic mixture; and 
monocyclic, dicyclic, tdcyclic, tetracyclic, heterocyclic, and thiopheno 
representative aromatic hydrocarbons. All treatments consisted of 20 J.ll of 
test compound administered on d 3 of development Of the individual 
cl<~sses of aromatic hydrocarbons tested, the tetracyclic (pyrene) caused a 
small but significant decrease in survival, but other ctasses had virtually no 
effect on survival (!able 2). None of these compounds resulted in a 
significantly lower mean embryonic weight or shorter crown-rump length. 
Treatment with 20 J.ll of the entire aromatic mixture resulted in effect-; 

: compar2.ble to those in the first portion of the )tudy, which included a 
reduction in sur-vival to 42%, significantly reduced weight, significantly 
reduced bill length, and a crown-rump length that appeared shorter but 
not significantly so. Monocyclic and thiophene aromatics re-;ulted in a 
significantly shorter bill length. None of the individual classes r·csulted in a 
significant production of abnormal survivors. lt was r,;onc.luded that no 
single class of aromatics could account for the embryotoxicity of the 

:;:entire mixture. 
'' The classes were then tested in all possible combinations of two., All 
·combinations were prepared at the cor.cenY:ration found in the entire 
:'.aromatic mixture and were mixed with an equivalent aliphatic vehicle. No 
·combination of two classes reduced survival to the same extent as the 
·~ntire mixwre. However, 7 combinations of 2 classes reduced survival by 
7~13%, inci,.Jding 4 containing pyrene (Table 3). No combination of two 
classes resulted in a significantly lower mean weight or in a significant 
production of abnormal survivors, although many resulted in lower mean 
weights and increased incidences of abnormal survivors. 

In addition, the effects of chrysene were examined. Addition of 0.5% 
chrysene to the above aromatic mixture even at half the concentration 
[26% aromatic mixture (w/w)] resulted in considerable enhancement of 
embryotoxicity (Table 4). It was not possible to test chrysene alone since 
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TABLE 2. Ernbryotoxic Eff~ct5 of l~diviclvol Cl3sscs of Aromatic 1-lydrocarbom or'l lvbtlard E'gg~ on 

d 3 of De'lelopn.ent 

----~-~~-· 

________ ,......,,...__, ______________ . ...,_.,. ___ , ""'·-

Survinl 

through Crown-rump Bill ,j._~;norrnttl 

Tre:;tmcnt d 1 g Weight length l(f\~th S:Jrvlvors 

(~"'• =50) (%) (g) (mn") (rnm) l'hl 
~...-,-~,,, __________ ...._.,.,, ____________ ~--,.~------------ ···----···· ---------
(;ontroi 98 16.6 ~ 1. 'J3a 370::3.38 13.7' o.so. 4 

A~~~~ ~~i~a rbom b 

(:LO 1.d) 98 16.3 ! 1.57 87.4 ± 3.51 I 3.8 :: 0.49 
A.romatic 

~yd1 oorb?nsb 

( 20 }.II) 42(" 14.5 ! 1 .94d 83.7 .± 2.11 12.6 1 0.85d iSc 
Mon<xyclic · 

12.6 ! 0.8 5d (20 ;tl) 98 1 5.8 i 1.69 84.5 t 4,"19 4 

Dicfclic 
(20 ).d) 96 16.4 :!: 1.6a 85.8! 3.53 12.9! 0.84 2 

Tricyclic 

(20 !'I) 98 16,5 ! 1.44 87.2 ~ 2.68 ) 2.9 ' 0.51 2 
Te(r,lcyrtic 

(:20 ,ul) S6c l 5.9 ! 1.53 81 5 ± 3.28 13.3 0 0.60 6 
Hetcrocyc ic 

{20 J;l) 100 16.4±1.47 84.4 ~ 3.52 12.7 l 0.45 2 
Thiopher<o 

(20 J.tl) % 16.0 I 1.49 8 7.1 ! 3.34 12,6! 0.63d 6 

0 ~•1coc l SO. 
0Tr.c composition of the mixture is giv~r. in tile text. 

c~ignificantly dif~''elOt f;orn c()ntroi and alipha~ic i'~'drocarborHreated groups D\' -:hHq•;;re !~.it 
[p < 0.05). 

dSignificar>tly different frorr. contra• ~nd ;l!iph<•.tic nvo:-ocarbon-~re;;tetj gro•.1ps by vne-way ;,n,lv;;, 

of v;,riancc (p ·~ 0.01 \ md Dlii1Cin 's rn Ill tiplc range le~\ (p <~ 0.0) ). 

it was not soluble in the 2lipt1atic hydrocarbon mixture. The .Jrorr:J.tic 
mixture (10 ,ul) at half its prt:vious concentration (26%) co;~t3inir.g 
chryst::ne resulted in a mortality similar tc that <.auscd by 20 ,ul of 51% 
aromatic mixture that did not ccnlain chryscnc. There were sigr1ifil.:ant 
decrcas<:s in mean embryonic weight, crowr.-rump length, bill kngth, ;nd 
percentage of ilbnormal survivors. The overall ternporal p:1ttcrn of 
mortality was similar to that of the mixture without chry5cnc, when 0.5% 
chrysenc was added to the 52% aromatic mixture (Fig. 1 J. 

DISCUSSION 

A;JplicJtions of 10-20 pi of a 52% (w/w) mixture:; of 1n,;tjor· cl.b)·eS of 
aroma tic hydrocarbons identifir:;d in South Louisia:1a crude oil re:;L<Ited in 
a Jiw69% decrease in cJYrbryonic survival, with a significantly lowr:r 
embryonic weight, crown-rurnp length, and bill length as wei! ~.5 ~.n 
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~;{,::;:, 
. ::~r-~~7 .. 
\;i~bincreased incidence of abnorrnal survivors. A similar temporal pattern of 
.'f(~~?embryonic death and stunted growth after treatment with crude oil was 
~~lreported by Hoffman (1978a, 1978b) and Eastin and Hoffman (1979), 
··q;:';:~with two major periods of embryonic death on d 4~6 and d 7-9. The 

nd major period of embryonic death occurred during the time of rapid 
rowth of the chorioallantoic membrane over the surface of the inner 

I membrane, suggesting a potential for further uptake of aromatic 
rocarbons by the highly vascular network. 
Surface applications of aliphatic hydrocarbons occun·ing in crude oil 

id not result in embryonic death, stunted growth, or abnormal survivors, 
nfirming the findings of previous studies with aliphatic hydrocarbons 
bers, 1977; Szaro and Albers, 1977; Hoffman, ·1978a, 1978b; Eastin 

Hoffman, 1979). Oils such as kerosene that are relatively low in 
rn;atics are not high I y em bryotox ic (Eastin and Hoffman, 1979), further 

· icating a requirement for aromatic hydrocarbons for toxicity. 
Of the individual classes of aromatic hydrocarbons in the mixture, 

Ill,!; 3. Ernbryotoxlc Effects of Class Combi~3tions of Aromatic Hydr-o.;arbot'\1 on Mallard Egg< on 
. of Developm~nt 

Surviv~l 

through Abnorm~l 

d 18 Weigh; survivor-;;. 
Treatment0 (%) (g) (%) 

100 16.4 ± 1.851; 2.5 
matlc hydrocarbons 

plete mixtllre, 20 IJI) 42.5[ 14.2:!:2.24 1 7.5' 
lcs, dicyclk~ (20 pi) 97.5 16.2•1.23 2.6 
ics, tricyclic (phenanthrene) (20 1-'1) 92.5c 16.6 :!: 1.31 2, 7 

cs, tetracycllc (pyrene) (20 JJI) 87.5c 16.0 :t 1.57 5. 7 
thiophene (20 JJI) 100 16.1!·1.98 5.0 
heterocyclics (20 J.LI) 100 16.1 ± 1.75 2.5 

tricycli' (Dhenanthrene) (20 JAI) 37,5 15.8 :t 1.89 5.1 
t~tracyclic (pyrene) (20 pi) 90.0c 15.9 ± Ui2 5,6 
th iopheno (20 JJI) 87.0c 15.5 :t 1.45 2.8 
tleterocyclics (2r) Jll) 90.0' 1.5.0 ± 1. 77 5.6 

(phenanthrene), 
ic (pyr~ne) (20 J..ll) 90.0[ 15,3 = 1.46 5.6 

(phenanthrene), thiopheno (20 ~I) 9'7 .5 '16,0 ± 1.62 2.6 
(phenanthren~), heterocyclics (20 JJI) 100 15.7 i 2.37 7.5 

(pvrene), thlopheM (20 J.d) 92,5[ 16.0 ' 2.66 2. 7 
(pyrene), heterocyclic~ (20 ~d) 97.5 16.3!1,09 2.6 

rocyclics, thiophene (20 1-<i) 95,0 15.4~1.49 5.3 

composition of the aromatic hydrocarbons (complete miXtlH~) was lhe same~~ that In Table 1. 
the cla>s combinations tested were at the C0f1Centratlon found in the aromatic mixture and were 
Wit.h the aliphatic mixture. 

± SD. 
tly different from the control group by chi-square telt (p < 0.05). 
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TAeLE 4. Embryotoxic Effects of External Application of Aromatic Hydrocarbons Cont21ning 

C~rysene or. Mollard Egg; on d 3 of Dnelopment 

Sun;iv41 

r~rough Crown-rump Bill Abnormal 

T~e~ittnent d 18 Sex We:ig1r length length survivors 

(n ""80) (%) ratio Sex {g) (mm) (r'r1m) (%) 
-·---"-------- _____ .. ,_ ... ------M---~----

Controls 98 51:43 ,\lale 15.2 ± J .16° 86.3!: 2.37 I 3,2 r 0_49 
Fe 111~/e 14.5 :: 1.58 83.8 = 3.34 12.9 ± 0.65 
Com~in~d 14.9 t 1.16 8·1.9r3.19 13.0! 0.61 6.5 

,A.romatic 87.: 50,50 "lJie 15A=l.l6 84.6::3.72 12.3:!: 0.66d 
hydrocarbons0 Female 15.0 t 1 29 82.1 t 2.87 11 .9 = ()721 

(1 0 fll) Combined I 5.2 :!: 1,24 83.0 ± <1.44d 12.1 t 0./0d I 0.5 

Aroma lie 4lc 51 :49 Maie I 3.4 ± 0.99d 80.7 ± 2, 74d l 1.4 t OJ58d 

hydro<::iabon> Female 13.0 t 1.66d 77.1:!: 4.17d 10.6 :!: 0.64d 
with 0.5% Co~nbin<d l :u t 1.42d 78.6 I 4.00d 11.0±0,/Sd 37.5c 
chry>ene 
(1 0 JJI) 

------ -------~-~-----·---~---·----"'"''-----..... ---...,-
i1M<JI1:!: SD. 
bThe compositi')n of the mix~ur~ w~s 26% aromatics and 74% aliphatic; by weigh< -Jnd inclu<!eu ;;II 

components listed In the te~t but at half th< concentration In the text. 
csigniflcantly different From lho sontrol group by cl1i-squorr. test (p < 0.05). 
dslgnificantly different from the control group br one-way analysis of variance (p < 0.01) <.nd 

Du11c~n's multipl~ range test (p < 0.05). 

tetracydic (pyrene) caused some mortality; others applied at rhe same 
concentration as in the mixture had virtually no effect on survival. No 
combination of two classes at concentrations found in the mixture was as 
toxic as the entire mixture_ However, ac!ding the tetracyclic MOil'atic 
chry5ene [as high as 0 5% in South Louisiana crude oil (Laqin .1nd 
Hoffman, l979)j to the aromatic hydrocarbon rnixrure resulted i:t 
enhanced embryotoxicity approaching that of South Louisian4 crude 
oil_ 

Other polycyclic aromatic hydrocarbons as well as methylated 
derivatives of polycyclic aromatics such as chrysene rnay be present in crude 
oil. Carcinogens in this category are reported to be embryotox:ic or 
tcratogr::n;c and include benz.o[a] pyrene. methylcholantl'rcnc, and dimcthyl
b.;n;:.anthracene (Rigdon and Rennels, 1964; Currie et a!., 1970; La.mbert 
and Neben, 1977). My pr·elirninary findings have shown thar solutions of 
bcnzo[a]pyrene and dimcthylbenzanthra.cenc are quite cmbryotoxic to 
mallards when applied to the surface of eggs. The presence of polycyc!ic 
aromatics in this catcgo(y may account for additional toxicity of crude 
oil. Recent 5tudies have shown that embryos and fetuses possess 
microsomal enzymes capable of rnetaboliling such compounds tc :Ylore 
highly active forms (Blake et aL, 1978; Davis et al., 1978; NebDr~) 19-i8). 
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