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ABSTRACT 

embryoto.t:icfty of an artificial mixture of 18 polycyclic aromatic 
vurnn'""'""' ( PAHs} was tested by ill}ection into the yolk sacs of eggs of 

avian species: chicken Gallus domesticus, turkey Meleagris gallopavo. 
duck Anas platyrhynchos l1l1li common eider .Somateria mollis-

,._..._.,.,, .. ,.,.,~.f>/ 2·0 mg kg tgg':; 1 of. J.he P A H mixtur.e:.i1zcr.ean4 ffle mortality 
the embryos of ali/our species. In the domestic duck, but not in the 

nN•,P.nl'h,_"~ species. there was a significantly increased embryonic mortality at 
of 0·2 mg kg- 1 of tlti.s mixture. All 18 individual compounds in the 

were tested for embryotoxicity i.n the chicken. The compound mos1 

to chick embryos wa.s benzo[k]jluoranthene. This substance ais(J proved 
,. be highly e,mbr~>otoxic ilz tlze three other species. Preoious studies have 
~ .. , -: >~J: .. 1. ·. . · .•. '., , , I. 1'~:. ·L{,_,~ .. ~ ·,-·';1,.,l ·;;.· i ,,,; ~J· , , 

CQna~ndence sbou:ld· be addrestled. , ' ' . t .(1_; .c .... '?· ... _: .,; , ~;.,;.,, ,. 

-~-·· ,!:-"t~HJ~.-,,;:· .. -:, i "··r~ ~~ j:·. '"· ... , i33· ~-~\.·>-~H···".,'·~·~:.:·.~t::·~-·~ .. !if~~~~--~:'-· 
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shown coplanar polychlorinated . biphenyls ( PCBs) to be muc,'h 
embryoto~ic in tM chicken tluJ.n in other avian :rpecil!s atudied.ln act~art.rdi 

- .. ,,. wit~ this, eider duck embryos proved to be co11$iderahly less .w>n~fifi~ 
· \';:,./!;t~~4,~;~e~r~~;~IJJ?r.pbip/J,~f}J't1 ,fl!',d l!f.f~1'1~-:f~111ac,hlotp.biphenyl 

,, ;prevtousl;/for:nd/or ch.!~~ ~tn~rJio,~- For,.~~lf~·-~owever! c~kk · hot have a ~lgher· :sensmvlty ~han the other species tested. 

INTRODUCTION 

Polycyclic aromatic hydrocarbons (PAHs) are widespread 
contaminants. Some of them; e.g. benzo[a]pyrene (B[a]P), are 
mutagens and carcinogens. The ultimate carcinogenic metabolites 
PAHs have been ideriti.fied as the bay.region diol-epox.ides (Levin 
1982). Among the PAHs are compounds which bind to the Ah r~....,.·""'··· 
which induce certain cytochrome P-450-dependent enzyme activities,. 
aryl hydrocarbon hydroxylase (AHH) activity (Bigelow & Nebert, · 
Piskorska-Pliszczynska et af_, 1986). PAHs are formed when 
material is incompletely combusted, fossil fuel combustion being the 
source in urban areas. Thus, atmospheric transport constitutes the 
important input of PAHs to most ecosystems. Birds are ex:posed to 
directly through the respiratory uptake of atmospheric PAHs in 
particulate phase or the vapour phase, or indirectly through ttl~:.' 
consumption of PAH-contaminated food. A recent study (Broman et li/;~(: 
1990) on the common eider Somateria mo/lissima suggests that the latter, ·, 
input route strongly predomJnates. In an organic extract derived from 
airborne particulate matter, the fraction containing PAHs was found to be 
highly embryotoxic to chick embryos (Matsumoto & Kashimoto, 1986) .. 
Persistent lipophilic substances, such as polychlorinated biphenyls (PCBs);_, 
are excreted into the eggs by laying birds. However, biotransformation by . 
the adult birds probably makes th.is route of excreti?n less prominent for ,., PAHs . ..,->1" . 

·,)j~ P AHs are also present in crude oils and refined petroleum products. Thc+i}-
overall envirorunental contamination with PAHs from these products is of 
less importance than that with the combustion-related PAHs. However, 
seabirds are frequently exposed to oil spills, and several studies on avian 
species have dealt with the embryo toxic effects of different types of oils. For 
example, Albers and Szaro ( 1978), Hoffman (1978) and White eta/. (1979) 
have shown that experimental contamination of eggs of various avian 
species WJth crude or refined oils leads to increased embryonic mortality. 
The aromatic hydrocarbons seem to be the most embryotoxic and 
teratogenic components of the oils (Hoffman & Gay, 1981; Ellenton, 1982; 
Walters et a/., 1987). 
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In the study described here, we tested the embryo toxicity of a mixture of 
18 PAHs in the chicken Gallus domesticus, the turkey Meleagris gallopavo, 
the domestic duck Anas platyrhynchos and the common eider Somareria 
mollissima. In addition, the toxicities of all 18 individual PAHs in the 

'"' mixture were tested in chick embryos. Benzo[k]fluoranthene, which was 
to be the most toxic in chick embryos, was also tested in the other 

\'Spc~c::~. In egg injection experiments, chick embryos have proved to be 
considerably more sensitive than embryos of other avian species, including 

· ~;rturk:ey and domestic duck, to a coplanar chlorobiphenyl, 3,3',4.4'
tetrachlorobiphenyl (TCB) (Brunstrom, 1988; Brunstrom & Lund, 1988). 

: Because information about the sensitivity of the embryonic eider duck lO 
• coplanar chlorobiphenyls is lacking, the embryotoxicities of TCB and 

3,3',4,4',5-pentachlorobiphenyl were tested in the eider duck in the present . :study. 

MATERIALS AND METHODS 

. : The 18 PAHs tested are all commercially available and were purchased 
,.i from Aldrich·Chemie, Steinheirn, Gennany and Radiant Dyes Chemie, 
, Wennelsk:irchen, Gem1any. The compositioo of the mixture is given in 

· \~able 2. The amount of each substance in the mixture was similar (4·6---{;·5% ~ 
. f total, W/W). 

;:·· ;J,.~ Hens' eggs (White Leghorn, Shaver) were obtained from Linkopings ·~ .~ontrollhonseri, Linkoping, Sweden, while turkey eggs (BUT, Triple 5) were 
Kronfagel AB, Degerberga, Sweden. Eggs from the domestic duck 

duck) were purchased from ESF-produkter, Estuna, Sweden. 
laid eider duck eggs were collected from nests in the archipelago of 

in the northern Baltic proper. The eggs were incubated at 60% 
ve humidity and 37·5-38·0°C, and they were turned every 6 h. The duck 
were sprayed with water once daily. 

substances, dissolved in an emulsion of peanut oil, lecithin and water, 
injected into the yolks of the eggs using the technique previously 

(Brunstrom & Orberg, 1982; Bruostrorn & Darnerud, 1983). The 
eggs were preincubat~ for 4 days prior to injection;· and the volume 

was O·llp..l. The eggs from the other species used have longer 
,uv ........ , .. periods and are larger than hens' eggs; they were, therefore, 

... ~u ... u~JGted for 5 days and the volumes injected were 0·15 or0·2ml (eider). 
The t07>icity of the PAH mixture was £ested at a concentration of0·2 and 
mgkg- 1 in eggs of all four species. Chicken eggs were injected with 

kg- 1 of all the individual components i.n the mixture (0.5 mg kg- 1 of 
due to its low solubility). In the case ofbenzo[k]fluoranthene and 
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indeno[ 1 ,2,3-cd]pyrene lower doses than 2·0 mg kg- 1 were also 
embryotoxicity ofbenzo[k]fluoranthene was also tested in the 
species. Single doses of TCB (1·0 mg kg egg- 1) and 3,3',4,4',5-pen 
biphenyl (0·1 mg kg egg- 1) were injected into eider eggs for comparison previous data on the toxicity of coplanar PCBs in the three other 

Following injection, the eggs were candled every 2 to 3 days, an<,l containing dead embryos were opened in order to make a gross 
of the embryos. At the end of the experiment, on day 18 of incu 
chick embryos and day 24 of incubation for the other species, the 
rates were noted and all embryos were grossly examined for 
macroscopic malformations and oedema. Thereafter, the embryos 
dissected and macroscopic hepatic lesions and pericardia! oedemas . noted. 

Frequencies of mortality were compared statistically with the 
ing control value using the Chi-square test of heterogeneity or, 
smallest expected frequency was less than 5, the Fisher ex_act prc1babtJtt~ 
test. 

RESULTS 

In Table 1. the mortality rates after treatment with 0·2 and 2-Dmgkgegg-~.or the PAH mixture are shown for the four species studied. At a dose of2.0 Irig kg -l, mortality was significantly increased in all four species. The mo~' . pronounced effect was found in the domestic duck, in which all embryos 
at this dose, whereas in chick embryos the mortality rate was 40%. At 
lower dose tested, 0-2 mg kg- 1

, a significant effect on survival was 
in the domestic duck, but noc in the other species .. Several of the 
embryos surviving a dose of 2·0 mg kg" 1 exhibited abnormalities, u· tcl\ll~J£:~~1{,;,. 
degenerative hepatic lesions (6/12), pericardia! edema (5/12)) 
phthalmia (2/12) and subcutaneous oedema (1/12). Severe edema (subcutaneoUs· 
and/or pericardia!) was noted in three embryos which had died between days 
16 and !8 of incubation. One of these embryos also had a shortened upper beak. In the turkey embryos, three cases of microphthalmia (in two dead:~,, embryos and one living one) and two cases of shortened upper beak (in dead embryos) were noted at a dose of 2·0 mg kg- 1. In the eider and dom~tie:/~;. 
duck only occasional abnormalities were uoted. •!·~t~k 

!-.1' Toxicities in chick embryos for each of the 18 individual compounds in the PAH mixture are shown in Table 2. The most toxic of the PAHs in the mixture was benzo[ k]ftuoranthene, followed by indeno[ 1 ,2,3-cd]pyrene. These compounds severely affected the survival of the embryos at a dose of 2·0 mg kg- I, while benzo[a]pyrene also significantly reduced survival atthis 
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fABLE I 
Mortality in Embryos of the Chicken. Turkey, Domestic; Duck and Common Eider Treated 
with a Mixture of 18 Polycyclic Aromatic; Hydrocarbons. The Mixture was Injec:ted into the 
Yolks of Chicken Eggs Preincubated for 4 Days, and Mortality was Measured on Day 18. for 

the Other Species th<: Corresponding Periods were 5 and 24 Days., Re$peclive!y 

,,.·.,. Speries Dose Embryonic mortality 

~~.t;\. (mg kg egg- 1) 

Number of dead embryos/ % 
Tozal mLmber 

iNci~'Ch· k · ·· 1C en 0 1/20 5 
02 1:'20 5 
2·0 8/20 40** 

Turkey 0 4/18 22 
(}-2 4/18 22 
2·0 15/18 83··· 

0 0/22 0 
Q-2 7/22 32'"* 
2·0 22/22 100*"'* 

·Eider 0 0/17 0 
Q-2 3/17 18 
2·0 16/17 94 ... " 

*~ Significantly different from the corresponding control value (Fisher exa.;:t probability 
test, P < 0·0 l ). 

... *** Significantly different from the corresponding control va}ue C~-~·test, one-tailed, 
p <(H)()!). 

dose. Many of the embryos treated with these more toxic components 
"bited abnormalities similar to those noted in embryos exposed to the 

Although no significant increase in embryonic mortality was found 
bryos treated with benz[a]anthracene or chrysene, more than 50% of 
embryos had some fonn of lesion. 

Also in the turkey, domestic duck and eider, benzo[k]Huoranthene was 
,,·~~:O:re toxic than the complete PAH mixt.ure- (Table )). Three cases of 

m ..... rr"~"thalmia and shortened upper beak (in two dead embryos and one 
........... ..,. ...... ,were observed in the turkey embryos exposed to 0.·2 mg kg~ 1 of 

tluoranthene. No such malforma.tions were noted in the control 
of any species or in the benzo[k)fiuoranthene.treated ducks and 

At the doses ofTCB and 3,3',4,4',5-pentachlorobiphenyl administered to 
eider eggs., no significant increase in embryo mortality was detected 
ble 4). 
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TABLE ::Z 
Mortality in Chick Embryos Treated with Each o(the 18 Polycyclic Aromatic 
Constituting the Artificial Mixture. The Relative Concentration, by Weight, ot". 
Substance in the Mixture is Given in Parentheses. The Compounds were Injected into 
Yolks of Eg&s Pre~.~~ubated for 4 Days, and Mortality was Measured 2 Weeks Later (day 

Compo1md Dose Embryonit: mortality 
(mgkgegg- 1) 

Number of dead embryos/ 
Total number 

Fluorene (5·4%) 2-{) l/20 
Phenanthrene (5·7%) 2-{) 0/20 0 
Anthracene (5·3%) 2-0 0/20 0'' l·Methy!phenanthrenc (5·2%) 2·0 0/20 0 
Fluoranthene (5·6%) 2·0 4/20 20 
Pyrene (5·6%) 2·0 0/20 0 

-~ 

H1-iethylpyrene (4·6%) 2·0 1/20 5 
1 :Jj~~1 1-Methylpyrene (5·4'%) 2·0 0/20 0 '"" .. Benzo[g/11]fluoranthene (5·4%) 2·0 3/20 15 "·:;;·. 

Benz( a)anthracene (5·5%) 2·0 2/20 10 
Chrysene (5·5%) 2·0 3/20 15 
Benzo[k]fluoranthene (5·7%) 2·0 20/20 100"' .... 

Q-2 5/20 25 
Q-05 0/20 0 

Benzo[e]pyrene (5·8%) 2·0 0/20 0 ,>,' 

Benzo[a]pyrene (5·6~/.~) 2·0 6/20 30* 
Perylene (53%) 2-Q Oj20 0 . •'• 

lndeno[I,2,3-cd]pyrene (6·0%) 2·0 17/20 85**.il.~ 
',,·} o-5 2/20 to 

.&nzo(glu]perylene (5-8%) 2·0 l/20 5 
Coronenr: (6·5%) 0·5" 0;20 0 

Several experiments were performed, and in each expedment control eggs were injected with 
the vehicle. lrJ all e;.;pcriments, mortality in the controls was 0/20 or 1/20. 
''The solubility of coroncne in the injection medium was too .low to permit a do~ of 2-0mg 

•c.%r. 

kg~·l' ·•/, 
'" Significantly difkrmt from the corresponding control value (Fisher exad probability 

test, P < Q-05). 
•n Significantly different from the corresponding control value (x1 ·test, P < G-001). 



·~.;,, ~ I 

·,.t 

. ~-

Embryowxicity of P A H s in four aviatt sp{!cies l39 

TABLE 3 
Mortality in Embryos of the Chicken, Turkey, Domestic Duck and Common Eider Treated 
witll Benzo[k)lluorantbene. The Substance was Inject~ into the: Yolks after 4 Oavs 
(Chicken\ or 5 Days Preincubation of th~ Eggs, and Mort~lity was Measured on Day i 8 

(Chicko:m) or Day 24 

Spedz:s Dose Embrvonic mortaliry 
(mg kg egg- 1

) 

Number of dead embryos/ % 
Total number 

0 1(20 5 
(}05 0/20 0 
02 S/20 25 
2·0 20/20 !(X)**-

0 1/20 !0 
02 u;::w 65**-

1-0 20/20 100*** 

0 0/20 0 
0·2 20/20 JOOU• 
2-0 20/20 100*""" 

0 2/18 II 
0-{)5 2/18 11 
0·2 8/18 44* 

l-0 16/18 89**• 

.Significantly different from the corresponding control value (X 2 ·test. one tailed, P < 0.0:5). 
· different from tbe corresponding control value (x1-test., one tailed, 

TABLE 4 
in Enlbryos of the Common Eider Treated with 3,3',4,4'~Tctrachlorobipbenyl or 

,5-Pentachlorobipbenyl. The Substances were lnje(.'ted into the Yolks after 5 Days 
Preincubation of the Eggs, and Mortality was Measured on Day 24 

Treatment Dose Embr.vonir morrafiry 
(mg kg- 1) 

Number of dead emhtyO,f/ % 
Total number 

0 4(;20,, •' 20 
1·0 4/lO. ~ 20" 
{}} 7/20 35" 

J; 
.:': 
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DISCUSSION 

The artificial mixture of 18 PAHs tested appears to be appro 
potent in causing embryolethality and malformations in chick em 
the previously tested tecllnical PCB preparation Aroclo~: 1248 
Orberg, 1982). The various PAHs in the artificial mixture seem 
substantially in toxicity to avian embryos. There are also great 
toxicity to chick embryo$ 'between the individual chloroblDhf~' 
technical PCB mixtures_ Certain non-or tiro-chlorinated chloro 
the most toxic PCB congeners in chick embryos (Brunstrom & 
1988; Brunstrom, 1989), as well as in mammalian species (Safe, 1 
are, in their coplanar conformations, approximate isostereomers of 
tetrachlorodibenzo-p~dioxin (TCDD) and are ligands to an in 
receptor protein, designated the Ah receptor. The toxicity ofTCDD 
congeners is considered to be mediated, at least partly, via binding to 
receptor (Poland & Knutson, 1982). The individual compounds in 
artificial PAH mixture which caused em bryolethality and/or a 
frequency of lesions at a dose of 2·0 mg kg~ 1 (benz[a]anthracene, 
benzo[k]fluoranthene, benzo[a]pyrene and iodeno[l,2,3-cd]pyrene) a)l 
known to bind to the rat or mouse Ah receptor (Bigelow & Nebert, 1 
Toftgard et al., 1985; Piskorska-Pliszczynska et al., l986), and the com· 
pound with highest affinity for the receptor (benzo[k]ftuorantheue) was· 
the most toxic to the embryos, Some of the other substances in the mixture 
also bind to the receptor, although less avidly than the five most toxic 
compounds. This indiGates that a similarity exists between the uJ<;;~u·u~,.,~u 
for the toxicity of the most potent PAHs and that of cop! 
chlorobiphenyls in chick embryos. A common mode of action is 
supported by the similarity in abnonnalities, including liver lesions, OC(Jenw 
shortened beak and microphthalmia, occurring in chick embryos trea 
with coplanar PCBs (Brunstrom & Darnerud, 1983; Brunstrom, 1988) a 
as found in the present study, with the PAH mixture and Jts most toxic . < 
components. 

The turkey has previously been shown to be less sensitive than the chicken "' 
to t~e. embryo toxicity of coplanar P~Bs, and the dome~~ic duck is even les~. ~)PJtt 
sensittve than the turkey (Brunstrom, 1988: Brunstrom & Lund, 1988; ·'· 
Brunstrom, 1989). A low sensitivity to these PCBs was also found for the , 

11
-,,. 

eider in the pr~s.ent study. However,_embryo~ from these species seem to be,!;:~~~£ 
at least as sens1t1ve to the PAHs studted as chick embryos_ In all four species, ~; 
benzo[k]fluoranthene was more toxic than the complete PAH mixture_ If it , 1'' 
is assumed that binding to the Ah receptor is involved in the mechanism by 
which benzo[k]fluoranthene causes toxicity, then it becomes difficult to 
expla1n why the turkey, domestic duck and eider all are relatively insensitive, 
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, .. ~compared with the chicken, to Ah receptor ligands such as the coplanar 
The presence of the Ah receptor was demonstrated in 7,day-old chick 

while it was not detected in 9~day-old turkey embryo liver 
... .,,~r;.;,,., & Lund, 1988). To the best of our knowledge there is no 

"' '""'-'u" about the Ah receptor in domestic duck or eider. 
~}:AHs are more easily metabolized than the halogenated aromatic 
~~yurocarbons. and the bulk of biotransformation leads to less toxic 

... ·· · bolites which are conjugated and excreted. As intennediates tn the 
transformation, however, highly reactive arene oxides are formed 

& Daly, 1974; Canney, 1982). Chick embryos are able to metabolize 
,,....,,.r.,..,, at an early stage of development (Hamilton et a/., 1983; 

1986). However, the basal benzo[a]pyrene hydroxylase activity 
embryos seems to be higher than that of chick embryos at a 

developmental stage (Brunstrom & Lund, 1988). It is thus 
that a higher rate of biotransformation in chick embryos, 

with embryos from the other species studied, compensated for a 
sensitivity of the chick embryos to the PAHs injected in the present 

t. 
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