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SUMMARY 

Methods were developed for the analysis of 16 hydrocarbons in avian tissue. 
Mechanical extraction with pentane was followed by clean-up on Fl+ksil and 
Siikar. Residues were determined by gas-liquid chromatography and gas-liquid, 
chromatography-mass spectrometry. The method was applied to the analysis of liver, 
kidney, fat, and brain tissue of mallard ducks (Anas plrafyr&tzchos) fed a m&tire 
of hydrocarbons. Measurable concentrations of all compounds analyzed were p&sent 
in all tissues except brain. Highest concentrations were in fat. 

IN?GCODUC’lTON 

Pollution of coastal arcas by petroleum hydrocarbons has become a serious 
threat to waterfowl in recent years. Oil spills have caused the Ioss of large numbers 
of birds’. Less well-documented are the toxic eB2ct.s of the chronic ingestion of 
petroleum hydrocarbons. . 

An important aspect of the elucidation of the toxic effects of petroleum is the 
development of methodology for the analysis of petroleum hydrocarbons in atian 
tissue. Methods for the analysis of petroleum in water+ and in marine organisms3 
have been developed. Methods for the determination of petroleum residues in ducks 
also have been reporMV_ 

Initial attempts to adapt the Warner procedure6 to the analysis of hydro- 
carbons in marine organisms to avian tissue resulted in the production of intractable 
emulsions. A procedure developed in our Laboratory for the extraction of pesticides’ 
from avian tissues was therefore adapted for use with hydrocarbon residues. 

We have developed methods for the extraction and quantification of petroleum- 
type hydrocarbons in avian fat, brain, liver and kidney tissues. Unlike methods 
depending upon total area integration, OUT method involves individual quantic&ion 
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of 16 speci& compounds found in petroleum and in a mixture compounded to 
resemble petroleum. Coristituents of tbis mixture are listed in Table I_ Ethybnzene 
was not and@ because it coeluted from the gas chromat;Ograph with the solvent_ 
Three o*&r compounds (2,3,3&raethylindolenine, 2-methylbenzotbiazole, and 
2,64imethylquinoline) were not analyzed because of problems discussed below. 

TABLE I 

COMXlTIJENTS OF MIXTURE FED TO DUCKS 

Aromati& fReconstructed Aromatic Mixture or R.4hf) 
2,3,3-Trimet~ylkdoknine (2,3,3-Th*B- 
2-R&thylbenzothiazaIe (2-MBT)’ 
2JSDknethylqukoEne (zEi_DMQ)’ 
EXhyibcnrene* 
-ra 
Dimethylnaphthakne (DNN) 

zzzgzEe 
D~benrothiophene @B-I’) 
Phenantbmne 

Reagents 
@entzme, dichloroomehne, hexane, diethyl ether, and benzene (distilled in 

glass grade) &re obtained from Burdick & Jackson Lab. (Muskegon, Mich., 
U.S.A.). Hydrochloric acid, sodium chloride, potassium hydroxide and sodium sulfate- 
(anhydrous, g&m&r) were .\CS reagent grade. Siliczxr (CC-4) was obtained from 
Ma&&r&& (St. Louis, MO., U.S.A.). Rorisil(60-100 mesh, Grade-A, activated at 
650”) was-obtained from Floxi& Co. (Berkeley, W. Va., U.S.A.). Pre-tre&ment of 
Florisil and Silicar were described previously7. Deuterated internal standard8 were 
obtained from Merck Isotopes (St. Louis, MO., U&A.). 

Apparutus 
Gas cbromatographic analysis &s perfo_?ned with a Hewlett-Packard Model 

5711 gas-liquid chromatograph equipped with a Model 18740 flame ioniz&ion 
detector, a g+ss czpillzy inlet system, and a Model 38528 laboratory data system. 
Gzs-Iiquid chromato&aphy-mass spectrometry <GLc-MS) ~8s petiormed using 
a Fiigan Model 3200 GLC-MS instrument interfaced to a Finnigan Model 6100 
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data systez.u. The GLC inlet was a Grab injector (Finn&n)_ The GLC instrument was 
interfaced to the mass spectrometer directly_ Tissue was homogenized using a Polyt~on 
with a PT2OST probe (B ’ l )_ Soknt volume was reduced on a Buchler rotary 
evaporator. 

Forty-eight mallard drakes (Anas pZ~~r&zcIzos) were randomly assigned to 
one of four treatment groups, as described previouslyg. Liver, brain, kidney, and fat 
tissue Corn drakes in Group I, which had received breeder mash and served as the 
control, and Group IV, which had received a 1% mixture of 0.600% (6OW ppm) 
paraf3in and 0.40% (4OQO ppm) aromatic hydrocarbons in the breeder ma& were 
analyzed for the presence of hydrocarbons. The individual compounds that com- 
prised the pan&in and aromatic mixtures are Gstkd-in Table I. 

-_ 

Extraction and c?ean-up procedure 
The sample tissue was cut into small pieces, put into a 250-d centrifuge jar 

and weighed. Typically, the following quantities were used: fat, 2 g; iiver, 15 g; 
kidney, S-7 g; and brain, 3-5 g. It was necessary to pool two brains to obtain the 
required sample size. Pentane (SO ml) was added and the sample was extracted in the 
Polytron. The Polytron probe was riused with pentaue (20 ml) and this rinse 
solution was added to the centrifuge tube. After centrifugation, the extract was 
decanted into a 3OU-ml &I&. The residue was then extracted twice more as described 
above. The combined extract was reduced in volume to 150-200 ml on a rotary 
evaporator. The nitrogen heterocycks were extracted with HCl (three extractions of 
5 ml, 3.0 &_f FOCI). Quantitation of these compounds is not reported here because of 
difkuhy encountered in obtaining reproducible recoveries. 

Extracts from fatty tissues (fat and brain) were saponified following extraction 
of the bases. The pentane solution was placed in a 250-ml flask and the solvent was 
careftiy removed on the flash evaporator. Methanol (135 ml) and 13 M KOH (15 
ml) were added and the sample w2s refiuxed 5-7 h. The saponification mixture was 
extracted with hexane, and the hexane soh~tion was washed with water and brine. 
After being concentrated on the rotary evaporator to 5 ml the saponifkation 
product was subjected to Florisil clean-up. 

Extracts of tissues with a lower fat content (liver and kidney) were subjected 
to Florisil clean-up directly, without saponikation. The Florisil cohmm was prepared 
by adding 21 g of FlorisiX to a glass column, topping with anhydrous sodium 
sulfate, and prewashing with pentane (100 ml). The extract then was placed on the 
column and eluted with 200 ml of 6% diethyl ether in pentane. 

The volume of the eluate was reduced to 5 ml on a rotary evaporator and 
the aromatic and ahphatic fractions were separated on a cohmm consisting of silicic 
acid (20 g, deactivated with 3% water) prewashed with pentane. Ahphatics were 
eluted with 100 ml pentane; aromatics with 100 ml benzene. Volumes were carefully 
reduced under a stream of air and the fractions were analyzed by GLC and/or 
GLC-MS. 

GLC 
The sample was introduced via splitless injection to a 50 m x 0.75 mm LD 
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gJ.ass capiliary column; OV-101 (Applied Science Labs., State College, Pa., U.&A.). 
A f.Iovv-rate of 1.5 ml/n& of helium was maintained through the cohmm with nitrogen 
make-up gas added to produce a flow-rate of 51. ml/mm through the detector. The 
temperature of the cohunn was held at 70” for 2 min following injection and then 
programmed to 220” at 4”/min. Quantikation was by comparison of the peak 
areas with those of au internal standard (perdeuterote tmcosene). Peak integration and 
c&xIations were done using the software package of the Xewlett-Packard 3352 
laboratory data system. One GLC run represented an injection of 100 mg of tissue. 
The lower limit of detection by GLC was approximately 1 ng for all compounds. 

GLC-MS 
The sample was introduced via sphtiess injection onto a 30 m x 0.75 mm I.D. 

high-performance glass capillary column, SP-2100 (Supeko, Relkfonte, Pa., U.&A.). 
The flow-rate was 8.5 ml/mm of helium. The column efHuent was introduced directly 
into the mass spectrometer source. The cohunn was held at room temperature for 
2 min and then programmed from 160” to 200” at 2”/min. Ionization was at 70 eV. 
Operation of the mass spectrometer in the mass fragmentography mode was con- 
trolled by the data system, Quanti&ation was by comparison of peak areas with those 
of an internal standard following establishment of relative response factors for the 
compounds to be quantified. For quantication of aromatic compounds perdeutero- 
methylnaphthalene was used as the internal standard. Perdeuterohexadecane was used 
as the internal standard for the aliphatic compounds. Mass peaks and relative reten- 
tion times for ahphatic and aromatic compounds are presented in Tables IT and III. 
Typically for a 10-q; tissue sample, one GLC-MS run represented an injection of 20 
mg of tissue. The lower limit of detection by GLC-MS uas 0.05 ng for aromatic 
hydrocarbons and 0.1 ng for aliphatk hydrocarbons. 

TABLE II 

MA!SS PEAKS AND R?5LA-fXVE RETENTIGN TIMES OF AJJPHATIC COMPOUNDS 

AIiphtzks Ma-=@ Rekzti9e retstioil rime’ - 

tnzm-m 66,138’ 0.53 
CiS-m 66.138’ 0.55 
n-c, 57,113’ 0.66 
5r-G 57,113’ 0.70 
n-c, 57,113’ 0.87 
.z-G5 57,113’ 1.04 
n-G 57,113: 240 126 
R&me 57,113: 183 1.29 
@& 57, 113’. 254 1.54 
n-G9 57,113 -, 2f58 1.87 

Recoveries 
Recoveries were determined for all compounds analyzed in alI tissues. Spiking 
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Terralin lU4Q: 132 0.84 
DMN 141’, 156 1.19 
Accnaphthykne 152’ 1.24 
Acenaphthene 155 154’ 1.32 
Diithiophene L3?, 1st. 184’ 219 
Phewn&rene 152,184’ 231 

* Xdkaes peaks wed for quantitation again& m/e 152 in the mass spedrum cf the deuterated 
st2nda-d or by comparison with external standard. 

** Retention times r&rive to penieutero-l-methyl naph&akne which has a retention time of 
7.07 min. 

was done at lower levels than those actually encountered in the tissues. Although 
recoveries varied from 27-100%, most were between 40 and 80% (Exbles IV, V, VI, 
VII). High losses (and therefore low recoveries) were observed for tie ‘more volatile 
compounds_ High, non-reproducible interference with the determination of dimeth- 
yinaphtbalene was observed in liver sampks. Ethylbenzene was not analyzed be- 
cause it coeluted with solvent. 

Although quantification by GLC was much more convenient than by GLC- 
MS, the latter method is much more speci&. Because of high levels of interference 
in liver, GLC could not be used. Some interference also was encountered in the 
analysis of fat, but the residue levels were also very high and t&e GLC results are 

TABLE IV 

RESIDUES (PPM, WET WEIGHT) IN LIVERS OF MALLARD DRAKES FED PETROLEUM 
HYDROCARBONS FOR SEVEN MONTHS 

Fed: 4NWppm RAbf’ Coriok 

Average -e Avertzge he 

% Recovery’” GLC-MS 

Terrah 
DMN 
Acenaphthylene 
Acenaphffiene 

izzia.n~ 
J&3 
brG6 

JG. 
&a 

0.59 0.07-l .4 
0.97 0.12-2s 
1.7 0.31-3.9 
2.3 0.28-5.3 
1.51 0.81-23 
1.7 0.29-3.4 
0.75 0.02-2.0 
091 0.03-2.2 
1.4 0.05-3.2 
1.1 0.0&24 
0.77 o-03-I -7 
3.7 0.38-9.7 
0.65 O_O%lS 
0.76 o.Oa-1.7 

0 
0.02 
o-01 

:*5 
0.06 
0 
0 
0.06 
0.04 
0.03 
0.03 
0.01 
O-03 

o-o 
o-O.07 
a-0.02 
Q-o.02 
U-O.11 
u-o.13 
O-0.02 
(Fo 
O-O.19 
M-14 
O-0.08 
0-0.08 
O-0.03 
(3-0.05 

fz 
68 
61 
52 
98 
73 
41 

102 
44 

2 
82 
90 

- Based on four determinations. 
** Average of tsu~ defsrninatians amected for background. 
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RESIDUES (PPM, WET-WEIGHT) XN KIDNEYS OF~MALLARD DRAKES FED PEFROLEUM 
HYDROCARBONS FOR SEVEN MOWSS 

Fd: 4LXMppm RAM’ Cbntral - % Riiroven-es”’ 

GLC GLC-MS GLC" GLC-MS' GLC GLGMS 

Average Range Avenge Range Awzoge Average &urge 

0.54 
0.86 
1.6 
2.2 
1.1 
15 
0.03 
0 
0.78 
1.4 
1.5 
2.2 
1.6 
7.4 

0.49-O-63 0.48 
C-67-1.2 0.139 
15 -1.6 1.6 
1.8 -2.4 23 
0.7~l-4 0.92 
1.4 -1.8 l-1 
0 -0.10 0.03 
0 -0 0.03 
ossO.91 0.67 
0.57-2.3 1.4 
1.3 -1.6 13 
1.4 -3.6. 1.0 
1.4 -1.7 096 
4.: -13 5.3 
1.3 -z_o 1.0 
1.6 -3.0 13 

0.16-024 - 0 
0.40-1.6 - 0 
o.scL25 - 0 
1.1 -39 - 0 
0.21-12 - 0 
0.43-1.3 - 0 
0 -0.08 - 0 
0 -0.07 - 0 
0.30-030 - 

0.33-22 - 0” 
0.65-l 9 0.10 0.01 
0.69-l .6 - 0.01 
0.60-1.5 - 0.01 
3.0 -12 - 0.01 
0.58-l .5 - 0.01 
0.88-1.8 - 0.01 

o-o 
O-0.01 
o-c 
0-a 
043 

ii2 
o-o 
0-0.0s 
o-o 
u-O.03 
O-0.02 
O-0.03 
o-o.02 
O-0-02 
O-0.03 

76 
71 
55 
63 
73 
75 
s 
f 

46 
43 
58 
62 
70 
70 
75 
72 

67 
71 
63 
M) 
77 
91 
I 
s 

2 
45 
51 
60 
56 
58 
63 

* Based on three determinations. 
l - %assd on two determinations. 

l -- Average of two detemkations corrected for background. 
‘ rlserrll. 

TABLE VI 

REsfDUJZS @‘PM, WET WEIGHT) IN FAT OF MALLARD DRAKES FED PETROLEUM HYDRO- 
CARBONS FOR SEVEN MONTHS 

i=cd.- rnPP?n RAiw c0mr01 % Rccovefies”’ f -- 
GLC GLC-MS GLC” GLC-MS’ 

sron&rddr 

Average Range Average &znge Avenge Average &urge GLC GLC-MS 

TetraEn 6.0 3.3-10 20 28-3.8 02.5 
DMN 4-2 
Aamap hthykne 7.1 ?I, 

7.0-i; 
;< 

0.87-4.6 0.05 
l-7-10 0_06 

Acenaphthece 9.4 9:6 24-14 
DBT 21 1.5-3.1 21 U-3.7 0.2 
Phe~~~~threne 6-B 5.5-10 7.4 39-13 0.55 
=ci3 9.8 &s-l2 10 0_5-18 o-03 
brC.s 13 95-m 14 1.5-23 0.01 

17 12 -20 24 6.3-51 0.05 
zz :t 10 9s1.5 -17 22 19 7.8-38 1.445 0.19 0.08 

Psstane 42 26-60 80. 35 -130 0.11 
2 1.5 11 10 U-13 -18 -21 17 13 a-35 -%2 0.05 0.26 

‘Based on five detszmiaati~ . 
-- Based on two d-tions CXXIVX& for bzckgrormd. - 

l -* Average of eight detmminations corrected for backgound. 
‘merfeLxmce_ 

- 
- 

0 -0 
- 

O-02 
- 
- 

0.06 
0.06 
0.07 
0.06 
0.07 
0.10 

0. 4mt3 ’ 53 * 1.5 
0. -0.17 16 1_ 11 41 f 23 
0 -0 55 f5 &f 13 
50 3 5 54f14 
o-o * 65 f 10 
0.02-0_04 71 f 19 76 f 12 
0 -0.05 67 524 40*1s 
0 -0.02 55 f 22 54 f 28 
0.01-0.11 75 2 24 65 f 16 
0_02~.08 88 f = 76 c 15 
O&W?_13 63 &23 79i 15 
0.0%X15 72 f21 82&6 
o.O.wI.17 82 +29 73 & 11 
0.05-0.17 70 f28 76 f I8 
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TA.Bl.E VE 

REsfDuE.s(PPywEFwElo~INB~sOF RKumARDDRAKESFEDPETROLEUMHYDRa 
CARBOWS FORSEVEN MONTHS’ - 

F~:4tWOppm~’ Ca.frL7i” % 
Recoveri&*’ 

GLC GLC,‘MS GLC GLCjMS 
GLC GLC/ 

Average Range Avenge &urge . Avewzre me Average Rage MS 

Tetralh 
DMN 0.20 
Acemph- 0.21 
WI== 

Acaiph- 0.33 
thene 

DBT 0.28 
PheOan- 0.32 
IrmLs- 0.01 

De&in 
e&Dazd.in 0.07 

0.16 
hr-cls 0.45 

iig 

0.23 
0.02 
0.24 

PrIsrane 0.20 
em 0.05 
=&I O.il8 

0.05 
0.17-0.27 0.10 
o.tmOs 0.15 

0.14-0.45 0.25 

0.06a.38 0.17 
Ox-O.46 0.20 
0 a.02 0.01 

0 -0.025 - 
0.06a.30 0.08 
O.lsa.71 0.26 
0.11-0.40 0.13 
0 -0.04 0.02 
ox-O_40 0.14 
0.03-0.46 0.06 
0 -0.14 0.03 
0 -0.25 0.04 

0.03-0.08 0.02 0 -0.05 0 0 -0 37 45 
0.07-0.16 0.10 0 -0.32 0.01 0 -0.04 32 54 
0.10-0.23 0 0 a".0 O-O 27 50 

0.18-0.38 0 0 a.01 0 __ O-0 37 57 

0.86-0.26 0 
0.14-034 o.c$ 
0 -0.02 * 

O-O 0.01.' 
0 -0.01 0.01 
0 I 

04 
0 -0.1: zi 
f f 

35 
72 
f 

0 -0.01 * f f f f 

0.03-0.12 0.07 0 -0.15 0 0 -0 37 
0.11-0.42 0 O-O 0 O-0 27 
o.OGo.27 094 0.06-2.3 0.17 0.1 ;0.29 71 
0.01-0.@4 0.11 0_02a23 0.05 0.02-0.10 42 
o_cbwL?7 1.1 O_lO-2.7 0.18 0.12-0.31 90 
0.@l-O_07 0.04 0 -0.11 0.03 0.01-0.05 46 
0_02-0_@4 0 0 -0.02 0.02 0 -0.03 54 
0.02-0.06 0.01 0 -0.04 0.02 0 -0.06 65 

f 

56 
41 
55 
so 

Y5i 
55 
78 

'Twobrainswe~pookdforeacb deb - tion. 
“Basedon four deeirnimtions. 
--- Averzgs of two dete zrmirlations corrected for backgroumi. 
~rzlterference. 

therefore included. The use of one standard for the quantification of several com- 
_pounds of differeat dasses has been reported previously’“_~ In this study relative 
response factors were highly reproducible (relative standard deviation, 3-7x)). Use 
of intemal standards in which the concentration of the standard approximately 
matched the concentration in the sample produced meaningful results. 

It is evident that residues do accumulate ia tissue (‘Fables IV, V, VI, w, 
although large variations were observed among individuals in the same treatment 
group. As expected, highest residues of lipophik compounds were found in fat. 
Lowest residues were found in the brain. Aromatic compounds were accumulated 
in concentrations of 0.05438 ppm_ Reisdue Ievels in kidney and liver were inter- 
mediate. Pristane, a branched aliphatic, accuzmlated in the highest concentration of 
any compound. B-ranched aliphatics also have been shown to selectively accumulate 
in marine ~rgan.isms~~. 

Methodoloa developed in this project wiJ.l be applied to the analysis of 
petroleum hydrocarbons in avian tissue and to the assessment of the impact of 
petroleum pollution on avian species_ 
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