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A number of methods of varying complexity have been used for 
the isolat ion and analysis of polycyclic aromatic hydrocarbons 
(PAH) in a i r  (LUNDE and BJORSETH 1977, LAO et al. 1973), water 
(ANDELMAN and SUESS 1970, SCHWARZ and WASIK 1976), soi l  (SHABAD 
et al .  1971, HITES et al. 1977) and biological samples (TOMINGAS 
et al.  1976, GRIMMER and HILDEBRANDT 1972). These methods range 
from very simple ones, involving extraction and spectrophotometric 
analysis, to highly complex computerized gas chomatrographic-mass 
spectrometric (GC-MS) analysis (LAO et al.  1973, SCHWARZ and 
WASIK 1976). For analysis of biological samples, a large number 
of investigators rely upon lengthy manipulative and time-consuming 
procedures. In addit ion, without adequate pur i f ica t ion the isolated 
extract may contain su f f i c ien t  impurit ies to warrant additional 
steps. The need for a simple nonradiolabeled method is i l lus t ra ted 
by continued use of these methods in biological studies (HENRY and 
KAUFMAN 1973, CRESIA et al.  1976). The present paper describes a 
method that is rapid, precise and avoids a number of the manipula- 
t ive steps of other methods. 

MATERIALS AND METHODS 

All organic solvents and chemicals were analytical reagent 
grade and were used without any fur ther pur i f icat ion.  Fr i t ted 
glass thimbles were used with the Soxhlet extractors. 

Male Fisher-344 rats,  8 to 10 weeks of age were used in this 
study. For the deposition of pyrene in the lungs of animals by 
intratracheal i n s t i l l a t i o n ,  animals were anesthetized with halothane 
and placed on special boards designed to hold thei r  mouths open at 
the correct angle for i ns t i l l a t i on .  After posit ioning of the 
animal, pyrene (1 mg/kg), in a s te r i le  gelat in-sal ine suspension, 
was i ns t i l l ed  d i rec t ly  into the lung. The animals were kept on the 
board for  a few minutes to avoid regurgitat ion of the suspensions. 
The animals were sacri f iced by CO e asphyxiation short ly af ter 
i n s t i l l a t i o n  of pyrene and the lungs were removed, blotted free of 
l iqu id and weighed. The lungs were transferred to tubes containing 
acetone and homogenized using a Tissumizer 0 (Tekmer Co., Cincinnati, 
OH). The homogenate was transferred to Soxhlet thimbles (85 x 25 mm) 
and extracted for 2 hours using acetone. Following extraction, the 
acetone extract was evaporated to dryness at 35~ using a rotary 
evaporator. The residue was taken up in one to two ml of acetone 
and pyrene was quantitated spectrof luorometrical ly at an emission 
wavelength of 387 nm and excitat ion wavelength of 323 nm. These 
wavelengths gave a maximum fluorescence reading of the pyrene 
standard which was used for i ns t i l l a t i on .  
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An additional modified procedure was used for the quantitat ion 
of pyrene following i ns t i l l a t i on .  This procedure is as fol lows: 

Lung 

Homogenize with 15 ml of hexane and shake for 30 
minutes 

Lung homogenate 

I a r t i t i on  5 ml of hexane (from homogenate) with 
5 ml of 25% dimethylsulfoxide-H20 (V/V) 

Hexane 

Wash hexane two times with 5 ml of d i s t i l l ed  H20 

Hexane 

Record f l u o r e s c e n c e  
Ex X 323 nm 
Em I 387 nm 

Calculate Pyrene (t issue) by comparing to pyrene 
standard carried through the extraction procedure. 

Distr ibut ion of Polycyclic Aromatic Hydrocarbon in 25% DMSO-H20 
V/V Hexane Phases . . . . . . . . . . . . . . . . . . . . . . .  

Six to eight micrograms of anthracene, fluoranthene pyrene and 
benzo(a)pyrene were added to hexane. An equal volume of 25% DMSO- 
H20 was added and the dist r ibutu ion coeff icients were determined 
fol lowing mixing and separation of the two layers. Quantity of 
material was spectrophotometrically determined at the following 
wavelengths (nm): Anthracene, 355; fluoranthene, 358; pyrene, 344; 
and benzo(a)pyrene, 295. 

RESULTS 

A Soxhlet procedure was i n i t i a l l y  used to extract and quantitate 
pyrene and i t  was found that the amount of pyrene detected by this 
procedure was 25-50% of the amount i ns t i l l ed .  Further investigation 
revealed that the low amount was primari ly due to inter fer ing 
substances present in the i n i t i a l  extract. A simple procedure for 
removing the substances was developed. When the acetone extract 
from the soxhlet extraction was evaporated to dryness, and par t i -  
tioned between hexane and 25% (DMSO)-H20 (v/v) the amount of pyrene 
fluorescence in the hexane extract increased with an overall re- 
covery of approximately 92%. Thus the i n i t i a l  low fluorescence was 
apparently due to interferences that quenched pyrene fluorescence. 

Several DMSO-H20 mixtures were used for measuring pyrene in 
hexane (Figure 1). Maximum recovery of pyrene in the hexane layer 
was found when part i t ioned with I0 to 60% DMSO-H20. The separation 
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of DMSO-H20 and hexane layers were sharper at approximately 25% 
DMSO-H20 and thus, this DMSO concentration was used rout inely.  
When higher DMSO-H20 concentrations were used pyrene distr ibuted 
more in the DMSO-H20 layer. At approximately 90% DMSO-H20, the 
pyrene distr ibuted equally between hexane and DMSO-H20. 
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Figure 1. Recovery of pyrene in hexane following ~SO-HgO par t i -  
t ioning; 8 ug of pyrene was added to 0.4 absorbance unit~ of lung 
extract before par t i t ioning.  

In addition to showing the retention of pyrene in the hexane 
extract fol lowing the DMSO-H20 par t i t ion ,  Figures 2 and 3 show that 
the maximum peak wavelengths of the spectrophotometric and spectro- 
f luorometric spectra of the lung extract were essent ial ly identical 
with that of a pyrene standard. 

Although the DMSO-H20 par t i t ion ing was e f f i c ien t  for  removing 
interferences from lung extracts, the use of Soxhlet extractors 
did not lend i t s e l f  to rapid analysis of large numbers of samples. 
Thus the modified procedure as outlined in the materials and methods 
was used for  fur ther analyses. Figure 4 shows the time that was 
necessary to extract pyrene from lung homogenates with this proce- 
dure. After 15 minutes of shaking the lung homogenates, 95% of the 
pyrene added to the tissue was found in the hexane extract. Table 
I shows the accuracy, precision and sens i t i v i t y  of the method for 
pyrene. 
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Figure 2. Absorbance spectra of a lung extract  in hexane fol lowing 
intratracheal i n s t i l l a t i o n  of pyrene. 

Pyrene was used in these studies as a model of how an unaltered 
PAH may be analyzed in biological  samples. To determine i f  the 
present method would be applicable to other PAH, the concentration 
of benzo(a)pyrene (BaP), anthracene, fluoranthene and pyrene was 
measured in the hexane layer fol lowing DMSO-H20 par t i t i on ing  
(Table 2). Of the PAH invest igated anthracene had the highest 
concentration in the hexane layer and BaP had the least,  although 
al l  of PAH had very favorable d i s t r i bu t i on  coef f i c ien ts ,  i . e . ,  
recoveries greater than 85%. The dif ference in the d i s t r i bu t i on  
coef f ic ients  appears to be related to the molecular weight with the 
lower weight PAH being more soluble in hexane. With th is  procedure 
85% of BaP would be retained in the hexane layer. 

DISCUSSION 

A method is described for the analysis of pyrene in lung 
t issue.  The method is simple, spec i f ic ,  sensi t ive and may have 
appl icat ions in analysis of other unaltered PAH in lung and other 
t issues. The method is also rapid;  a large number of analyses may 
be performed in a short time. Dimethylsulfoxide-H20 was e f f i c i e n t  
for  removing interferences from the hexane ext racts ,  although the 
interferences encountered with hexane extracts were not as numerous 
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Figure 3. Spectrofluorometric exc i ta t ion  and emission spectra of 
a lung extract  in hexane fol lowing intratracheal i n s t i l l a t i o n  of 
pyrene. Exci tat ion was recorded at an emission wavelength of 387 
nm. Emission was recorded at an exc i ta t ion  set t ing of 323 nm. 
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Figure 4. Kinetics of pyrene recovery in hexane from buffer and 
tissue homogenates. 

TABLE I 

Precision, Sensit ivi ty and Accurary of Spectrofluorometric 

Method for Pyrene 

., Accu,racy 
Precision ug of 

range pyrene recovery 
(~g/g) mean S.D.D. a added (%) Sensit ivity 

1.5- 3.5 2.58 0.10 2- 5 85-95 

10.5-17 14 0.42 4-16 90-95 

0.01 ug/ml 

CStandard deviation of duplicates (S.D.D.) was calculated 
according to the following equation: 

S.D D. : 1 / ~  �9 V 2N 

where d 2 equals the squared differences between the duplicate 
samples and N equals the number of duplicate samples analyzed. 
Thirty duplicate samples were analyzed for each range. 
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TABLE 2 

Distr ibut ion of Polycyclic Aromatic Hydrocarbon in 

25% DMSO-H20 (v/v)'Hexane Phases 

PAH Distr ibut ion coeff ic ient  a 

Anthracene 52 

Fluoranthene 16 

Pyrene 18 

Benzo(a)pyrene 7 

aDistr ibut ion coeff ic ient  is expressed as the total quantity 
of material present in the upper phase (hexane) divided by the 
quantity of material in the lower phase (25% DMSO-H20 (V/V)). Six 
to eight ug of PAH was used in each test. Quantity of material was 
spectrohotometrically determined at the fol lowing wavelengths (nm): 
Anthracene, 355; fluoranthene, 358; pyrene, 344; and 
benzo(a)pyrene, 295. 

as those obtained with acetone. DUNN (1976) also found DMSO a 
useful reagent for removing interferences. However, in this la t te r  
study (DUNN 1976), DMSO was used to extract PAH and inter fer ing 
substances from an organic extract followed by d i lu t ing the DMSO 
with water and re-extract ing the PAH with an additional organic 
solvent. The interferences that are encountered in t issue samples 
are variable and thus do not always require an additional pur i f ica-  
t ion of the tissue extract, but because of these uncertaint ies, 
DMSO extraction was adopted for  a l l  samples. This strategy is 
consistent with that of DUNN (1976). The recoveries obtained with 
the present method are in good agreement with others (GRIMMER and 
HILDEBRANDT 1972, DUNN 1976, HENRY and KAUFMAN 1973). 

The specif ic absorption and fluorescence spectra indicate that 
ei ther could be used for  quanti tat ions, although fluorescence was 
on the order of 102 to 103 times more sensit ive. When using the 
present method one person can analyze 120 samples in duplicate in 
one work week. The d is t r ibut ion coeff ic ients of other PAH indicate 
that the method may also be useful for the i r  analysis in tissues. 

Although only data on lung tissues are shown in the present 
paper, other selected t issue, i . e . ,  l i ver ,  kidney and stomach, were 
also used to determine the eff ic iency of the method for  analyzing 
pyrene in these tissues. The amount of interferences that remained 
in hexane af ter  DMSO-H20 extraction were quite variable. The l iver  
contained the highest and the most variable interferences and the 
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stomach the lowest. Thus i t  is recommended that internal standard- 
ization be used when analyzing tissues that contain considerable 
quantities of interfering materials. 

In summary, the present method is simple, sensitive, rapid and 
useful for the determination of unaltered PAH in soft tissues of the 
body. The method should be of part icular value in model systems 
designed to follow the retention, distr ibut ion and fate of PAH in 
tissues. 
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