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ABSTRACT 

A tissue extraction procedure was developed which minimized loss of readily volatilizable compounds for subsequent quantification 
by headspace gas chromatography, and evaluated for perchloroethylene (PER), l,l,l-trichloroethane, 1,1,2,2-tetrachloroethane, and 
1,1,2-trichloroethylene. Of the procedures evaluated, joint isooctane and saline tissue homogenization had the most efficient recovery, 
ranging from 73 to 104% for the four halocarbons from seven different rat tissues. PER concentrations were also determined in tissues 
of rats following in vivo halocarbon administration. Recovery did not appear to be tissue-dependent, but did vary somewhat with test 
chemical, with the least volatile, most lipophilic compounds exhibiting the highest recovery. 

INTRODUCTION 

Short-chain aliphatic halogenated hydrocar- 
bons (halocarbons) are a class of volatile organic 
compounds (VOCs) of increasing concern, due to 
their widespread occurrence as environmental 
contaminants and the potential risks they pose to 
health. Exposure to halocarbons can result in 
toxic injury of a number of organ systems in ani- 
mals and humans. Central nervous system (CNS) 
dysfunction results from overexposure to most 
halocarbons and other VOCs [1,2]. CNS depres- 
sant effects have been directly correlated with the 
concentration of hydrocarbons in the brain [3,4]. 
Significant liver and kidney damage can be 
caused by certain halocarbons [5-71, while some 
members of this chemical class are carcinogenic 
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in different organ systems in animals [&lo]. 
Pharmacokinetic studies of halocarbons are 

needed in order to elucidate target organ uptake, 
deposition, and elimination of the chemicals. The 
magnitude of toxic effect in an organ is, of 
course, dependent upon the amount of chemical 
present in the tissue. Pharmacokinetic studies 
conducted to date have primarily involved mea- 
surement of concentrations of halocarbons in 
blood and exhaled breath [l l-l 51. The limited 
(i.e., at a single time-point) tissue measurements 
conducted in some of these studies employed 
14C-labeled halocarbons. Measurement of total 
radioactivity does not delineate between the par- 
ent compound, metabolites, and 14C which has 
entered the body’s carbon pool. There have been 
a limited number of investigations, in which time- 
courses of tissue deposition of inhaled hydrocar- 
bons have been delineated [3,4,16-181. In these 
studies, the tissues were extracted with a solvent 
and the parent compounds quantified by gas 
chromatography (GC) or GC-mass spectral 
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analysis. No reports of the time-course of uptake 
and elimination of halocarbons in tissues were 
found in the literature. 

A variety of approaches have been used for 
analysis of VOCs in blood and tissues. One tech- 
nique is to simply inject blood and tissue homog- 
enates directly into a GC apparatus [ 16,19-211. 
Major drawbacks of direct injection of biological 
materials are that the materials cause matrix in- 
terferences and that contamination markedly 
shortens the GC column’s lifetime. Solvent ex- 
traction is a widely used approach for measuring 
concentrations of VOCs in blood and tissues. An 
aliquot of the solvent may be directly injected in- 
to the GC column [ 17,18,22,23]. Since this meth- 
od typically involves a one-step extraction of the 
VOC with the solvent, limited sensitivity and in- 
terference by other lipophilic compounds can be 
problematic. In order to circumvent these diffi- 
culties, more complex procedures have been em- 
ployed. One entails evaporation of the solvent ex- 
tract and trapping of the VOC analyte on a Te- 
nax column [24]. Another involves heating bio- 
logical samples within a purging device [25-291, 
with subsequent retention of the analyte on an 
adsorbent such as Tenax. Such approaches are 
technically difficult and time-consuming. Head- 
space analysis has proven to be a sensitive and 
more efficient means of measuring VOC concen- 
trations in blood samples [14,15,30,31]. No one, 
however, appears to have reported a suitable 
technique for quantification of halocarbons or 
other VOCs in tissues. 

In light of the foregoing, it is apparent that 
there is a need for a rapid, sensitive analytical 
procedure for reliably measuring the concentra- 
tions of halocarbons and other VOCs in different 
tissues. The overall objective of this project was 
to adapt the headspace technique previously used 
for analysis of blood samples for measurement of 
CZ halocarbons in different tissues. A major fo- 
cus of the work was development of a procedure 
for conservation of the analyte (i.e., minimiza- 
tion of loss by volatilization) during preparation 
and extraction of the tissue samples. Two CZ ha- 
loalkananes and two CZ haloalkenes were em- 
ployed, in order to assess the utility of the proce- 

dure for extraction and subsequent analyses of 
VOCs with different physicochemical properties. 

EXPERIMENTAL 

Test chemicals and apparatus 
1,1,2,2-Perchloroethylene (PER), of 99% puri- 

ty, and 1,1,2,2-tetrachloroethane (TET), of 97% 
purity, were obtained from Aldrich (Milwaukee, 
WI, USA). 1, 1, I-Trichloroethane (TRI), of 99% 
purity, 1,1,2-trichloroethylene (TCE), of 99% 
purity, and isooctane, of 99.98% purity, were 
purchased from J. T. Baker (Phillipsburg, NJ, 
USA). A Sigma Model 300 gas chromatograph 
equipped with a HS-6 headspace sampler (Perkin 
Elmer, Norwalk, CT, USA) and a Model 5890 
gas chromatograph equipped with a 19395A 
headspace sampler (Hewlett Packard, Avondale, 
PA, USA) were used for the analysis of halocar- 
bons. Both the gas chromatographs were 
equipped with an electron-capture detector. 
Analyses were carried out on stainless-steel col- 
umns (182 cm x 0.317 cm I.D.) packed with 
10% FFAP (Alltech Assoc., Deerfleld, IL, USA), 
3% SP 1000 (Supelco, Bellefonte, PA, USA), or 
3% OV- 17 (Alltech Assoc.). Tissues were homog- 
enized using the Ultra-Turrax SDT homogenizer 
(Tekmar, Cincinnati, OH, USA). 

Tissue homogenization and extraction procedures 
Twelve-week-old male Sprague-Dawley rats 

were obtained from Charles River Labs. (Ra- 
leigh, NC, USA). After two to three weeks, 
groups of four or eight animals (body weight = 
325-375 g) were anesthetized with diethyl ether. 
Blood samples (1 ml) were withdrawn by closed 
chest cardiac puncture. Portions (OS-1 g) of liv- 
er, kidney, brain, heart, lung, perirenal fat, and 
skeletal muscle were removed and placed onto 
ice. Each tissue was spiked with PER, TET, TCE, 
or TRI, by injection of 4 ,ul/g tissue of a solution 
containing 1 mg halocarbon per ml isooctane. 
Two homogenization approaches were evaluated 
using PER. In the first, the tissues were immedi- 
ately transferred after halocarbon injection to 
previously chilled 20-ml glass vials containing 4 
ml of ice-cold saline. The tissues were allowed to 
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remain in the tightly capped vials for approxi- 
mately 30 min, before being homogenized for an 
established time interval with a Tekmar tissue 
homogenizer. These times were kept as brief as 
possible in order to minimize volatilization of the 
halocarbons. Brain, liver, and fat were the most 
easily homogenized, requiring only 3-4 s. Kid- 
ney, lung and heart required 5-8 s. Skeletal mus- 
cle was the most difficult to homogenize, in that it 
required 20 s. Isooctane (8 ml) was added to the 
homogenates, which were then vortex-mixed for 
30 s and centrifuged at 1800 g for 10 min at 4°C in 
capped vials. An aliquot of the isooctane layer 
was transferred to capped vials for headspace 
analysis. In the second approach, tissues were im- 
mediately transferred after halocarbon injection 
to previously chilled 20-ml glass vials containing 
2 ml of ice-cold saline and 8 ml of isooctane. 
Each tissue was then homogenized, vortex- 
mixed, and centrifuged as before. An aliquot of 
the isooctane layer was taken for headspace anal- 
ysis. Only the latter approach (i.e., isooctane ho- 
mogenization) was subsequently used for deter- 
mination of TCE, TRI, TET, and PER in tissues, 
except in the aliquot volume study. 

Isooctane aliquot volume study 
An experiment was conducted to determine the 

effect of aliquot volume on the linearity of halo- 
carbon quantification. As in other in vitro experi- 
ments, a Hamilton gas-tight syringe was used to 
inject the chemical into the center of the tissue 
cubes. A 4-~1 volume of PER was injected into 
samples of blood and each of the seven tissues. 
The tissues were homogenized in saline and sub- 
sequently extracted with isooctane as described 
previously. Aliquots (5-100 ~1) of isooctane ex- 
tract were withdrawn with a pipet and trans- 
ferred to 8-ml headspace vials. These vials were 
capped immediately with rubber septa and a 
spring washer and crimped to insure an airtight 
seal. Each sample vial was then placed into the 
autosampler unit of the gas chromatograph. 

Headspace gas chromatographic techniques 
For all the experiments with PER, the GC op- 

erating conditions were: headspace sampler tem- 

p&Wire, WC; injection port temperature, 
200°C; column temperature, 110°C; detector tem- 
perature, 400°C; column packing, 10% FFAP; 
flow-rate for argon-methane carrier gas, 60 ml/ 
min. Operating conditions for TET were: head- 
space sampler temperature, 100°C; injection port 
temperature, 200°C; column temperature, 150°C; 
detector temperature, 400°C; column packing, 
3% OV-17; flow-rate for argon-methane carrier 
gas, 60 ml/min. Operating conditions for TRI 
and TCE were: headspace sampler temperature, 
55°C; injection port temperature 150°C; column 
temperature, 60°C; detector temperature, 400°C; 
column packing, 3% SP 1000. Except for the 
isooctane aliquot volume study, all analyses were 
conducted using a 20+1 aliquot of isooctane in 
the 8-ml headspace vials. Each sample vial was 
heated thermostatically for 10 min in the GC au- 
tosampler unit, pressurized for 30 s with the car- 
rier gas, and injected automatically by a sole- 
noid-controlled mechanism into the GC column. 

The aforementioned conditions resulted in va- 
porization of the halocarbons in the sample vials, 
since each VOC was heated to a temperature 
slightly below its boiling point, and the vial sub- 
sequently pressurized and vented into the GC. 
An experiment was conducted to assess the influ- 
ence of heating time on quantification of PER. 
Heating sample vials 5 min or longer resulted in a 
constant GC detector response (i.e., area under 
the curve) for a series of known quantities of 
PER (data not shown). 

As saline was utilized in the tissue homogeniza- 
tion procedures, an experiment was conducted to 
determine whether the presence of saline influ- 
enced standard curves. PER was incorporated in- 
to four different solvent systems: 8 ml isooctane; 
2 ml saline + 8 ml isooctane; 4 ml saline + 8 ml 
isooctane and 4 ml saline + 8 ml isooctane ho- 
mogenized for 30 s. Each solution was vortex- 
mixed for 30 s. Aliquots of l-25 ~1 of the isooc- 
tane layer, equivalent to l-25 ng PER, were sub- 
jected to GC headspace analysis. Standard curves 
were generated on the basis of the GC peak area 
plots. The slopes, intercepts, and correlation 
coefficients of the curves were compared. As de- 
scribed in the Results section, the standard curves 
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did not vary significantly from one solvent sys- 
tem to another. Therefore, the simplest system 
was subsequently employed for preparation of 
standard solutions of PER, TET, TCE, and TRI 
(i.e., an appropriate amount of halocarbon was 
dissolved in isooctane alone). Standard curves 
for each compound were generated the same day 
that sample analyses were performed, using the 
same analytical conditions. 

The limit of detection of the GC assay was de- 
termined by the method described by MacDou- 
gall and Chummett [32]. A signal-to-noise ratio 
of 3 or greater was considered as the limit of de- 
tection. The presence of background noise and 
any interfering peaks was assessed in air and in 
isooctane samples. Neither was observed, as the 
detector baseline was consistently stable. The 
limit of detection for TRI, TCE, PER, and TET 
was found to be 1 ng. This amount is equivalent 
to 8.4, 8.5, 6.7, and 6.6 parts of chemical per bil- 
lion parts of air for TRI, TCE, PER, and TET, 
respectively. 

In vivo tissue measurements 
The concentration of PER was determined in 

tissues of rats following intra-arterial administra- 
tion of the compound. Male SpragueDawley 
rats of 325-375 g from Charles River Labs. were 
surgically implanted with an indwelling carotid 
artery cannula. The cannula exited the body be- 
hind the head, so the animal could not disturb the 
cannula, but have freedom of movement. Food 
was withheld during an 18-h recovery period be- 
fore PER administration. PER was incorporated 
into undiluted polyethylene glycol 400, and a 
dose of 10 mg PER/kg body weight injected as a 
single bolus into the arterial cannula. Each ani- 
mal was anesthetized with diethyl ether 1 h after 
dosing, and blood taken by closed-chest cardiac 
puncture. Portions (1 g) of liver, kidney, brain, 
heart, lung, perirenal fat, and skeletal muscle 
were excised within 2.5 to 3 min from each ani- 
mal and immediately placed into chilled vials 
containing 2 ml of saline and 8 ml of isooctane. 
The samples were processed for PER analysis us- 
ing the isooctane homogenization procedure de- 
scribed previously. 
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Statistics 
Comparisons of the percentage recovery of 

PER from tissues and blood, using the two ho- 
mogenization procedures, were made using Stu- 
dent’s t-test. A two-way analysis of variance was 
utilized to assess the significance of variances 
among standard curves for the different saline- 
isooctane mixtures. Values were considered sig- 
nificantly different at p < 0.05. The inter-assay 
variation had a coefficient of variation that did 
not exceed 12%, and the intra-assay coefficient of 
variation was less than 10% for all compounds 
tested. 

RESULTS 

Results of the study on the effect of isooctane 
aliquot volume on the linearity of halocarbon 
quantification are presented in Fig. 1. A very sim- 
ilar pattern was observed for all tissues studied. 
The quantity of PER increased linearally with in- 
creasing aliquot volume up to 25 ~1. Use of larger 
aliquots of isooctane (i.e., 50 and 100 ~1) did not 
result in any further increase in the amount of 
measurable PER. 

Recovery values (%) obtained using the saline 
and isooctane homogenization approaches for 
PER are contrasted in Table I. Recoveries were 
quite good with both procedures, in that values 
ranged from approximately 72 to 104%. Recov- 
eries of PER from kidney, fat, lung, muscle, and 
brain were significantly higher when the tissues 
were homogenized directly in isooctane. Recov- 
ery of PER from liver, heart, and blood did not 
dilfer significantly for the two procedures. 

Recoveries (%) of PER, TET, TCE, and TRI 
from spiked tissues, utilizing the isooctane homo- 
genization procedure, are tabulated in Table II. 
Recovery of TET was generally higher than was 
the case for the other three chemicals. Recovery 
of TCE was generally the lowest of the four 
chemicals, with no mean values exceeding 88% 
for any tissue. Indeed, the lowest recovery of 
TET (i.e., from fat) was greater than the highest 
recovery of TCE (i.e., from muscle). The mean 
recoveries of PER, TET, and TRI from fat were 
quite similar (within 2%). TCE recovery (73%) 
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Fig. 1. Effect of &octane aliquot volume on linearity of PER content in samples from heart and lung (A), fat and blood (B), brain and 
muscle (C), and liver and kidney (D). Aliquot volumes of 5, 10,20, 25, 50, and 100 fl were withdrawn from the organic phase of the 
tissue homogenate and analyzed by GC headspace analysis. 

from fat was the lowest for any chemical from 
any tissue. The range in values for the different 
tissues was the smallest for TRI (i.e., less than 
6%) and the largest for TCE (Le., 14.9%). The 
recovery of the four volatile chemicals from tis- 
sues with the shortest homogenization time (i.e., 
liver, fat, and brain) was not substantially differ- 
ent from that from other tissues. Unexpectedly, 
there was relatively high recovery of all four ha- 
locarbons from skeletal muscle, the tissue requir- 
ing the longest homogenization time. No tissue 
consistently exhibited higher or lower recovery 
values for any of the four chemicals. 

Standard curves for PER standards, prepared 
using four different solvent and saline mixtures, 
are shown in Fig. 2. The linear regression equa- 

tions were determined to be y = 25.9x - 13.3 for 
8 ml isooctane, 25.9~ - 8.4 for the 2 ml saline8 
ml isooctane mixture, y = 25.8x - 8.0 for the 4 
ml saline-8 ml nonhomogenized isooctane mix- 
ture, and y = 25.2~ - 3.6 for the 4 ml saline-8 
ml homogenized isooctane mixture. For all of the 
data considered together, the linear regression 
equation was y = 24.3x - 6.9. Thus, there was 
no statistically significant difference between the 
regression equations for the four solvent systems. 
Therefore, neither the presence of saline nor ho- 
mogenization significantly affected standard 
curves for PER. 

Concentrations of PER, measured in tissues of 
rats 1 h following intra-arterial administration of 
a single 10 mg/kg dose of PER, are shown in Ta- 
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TABLE I 

EFFECT OF HOMOGENIZATION PROCEDURE ON THE 
RECOVERY OF PER 

Each value represents the mean f S.E. for recovery of 1,1,2,2- 
tetrachloroethylene (PER) from tissues of eight rats for isooc- 
tane homogenization and four rats for saline homogenization. 

Sample Recovery (%) 

Saline homogenization Isooctane homogenization 

Liver 95.5 f 9.9 89.6 f 3.1 
Kidney 69.0 f 4.% 86.7 f 1.4’ 
Fat 13.8 f 4.9” 88.2 f 2.7” 
Heart 75.8 f 10.3 81.2 f 1.2 
Lung 78.8 f 7.1* 99.1 f 2.3* 
Muscle 80.3 f 6.3” 98.5 f 2.9” 
Brain 72.3 f 5.7* 88.6 f 2.0* 
Blood 104.8 f 5.5 95.4 f 4.1 

0 Significant difference between procedures at p < 0.05. 
* Significant difference between procedures at p < 0.01. 
’ Significant difference between procedures at p c 0.001. 

ble III. PER levels in the fat were an order of 
magnitude or more higher than in any other tis- 
sue sampled. The concentrations of PER mea- 
sured in the liver, kidney, heart, and lung were 
relatively consistent (i.e., within 25% of each oth- 
er). Brain levels of PER were approximately two- 

TABLE II 

fold higher than in these organs, while the blood 
and skeletal muscle exhibited the lowest concen- 
trations. 

DISCUSSION 

GC techniques are routinely used to determine 
levels of VOCs in environmental and biological 
samples. Wallace et al. [33] utilized GC purge- 
and -trap techniques to conduct large-scale sur- 
veys of human exposure to VOCs in drinking wa- 
ter, indoor and outdoor air. GC purge- and -trap 
techniques have also been used successfully to 
measure concentrations of VOCs in human 
blood [27,29,30,34], milk [26,27], and urine [271. 
These assays are precise and quite sensitive, as 
many of the investigators employed GC-mass 
spectrometric computer analyses. Other investi- 
gators have used static GC headspace methods to 
quantify halocarbons and other VOCs in blood 
[14,15,30,31]. Such headspace analyses offer the 
advantages of speed and simplicity, such that 
large numbers of samples can be assayed daily 
using a gas chromatograph equipped with an au- 
tosampler. Although each of the aforementioned 
techniques generally work well for air and 
liquids, little attention has been devoted to 
adapting them for measurement of VOCs in solid 
tissues. 

RECOVERY OF C, HALOALKANES AND HALOALKENES FROM BLOOD AND TISSUES 

Values represent the mean f SE. for measurement in spiked tissues taken from eight rata. Each spiked tissue was homogenized in 8 ml 
ice-cold isooctane and 2 ml saline, vortex-mixed, centrifuged at 4”C, and an aliquot of the isooctane assayed by headspace GC as 
described in Experimental. 

Sample 

Liver 
Kidney 
Fat 
Heart 
Lung 
Muscle 
Brain 
Blood 

Recovery (%) 

PER 

89.6 f 3.1 
86.7 f 1.4 
88.2 f 2.7 
81.2 f 1.2 
99.1 f 2.3 
98.5 f 2.9 
88.6 f 2.0 
95.4 f 4.1 

TET TCE TRI 

96.1 f 2.1 86.0 f 1.3 91.3 f 4.0 
97.9 l 1.5 86.9 f 1.6 88.4 f 4.9 
89.9 f 1.4 73.0 f 1.5 88.7 f 2.2 
98.1 f 1.4 85.9 f 3.5 89.6 f 2.4 
96.1 f 0.8 80.0 f 0.7 89.7 f 1.9 
97.4 f 1.1 87.9 f 1.7 87.6 f 4.9 

100.3 f 3.1 80.7 f 2.8 87.6 f 4.6 
91.3 f 2.1 85.9 f 2.0 85.5 f 3.7 



205 X. M. Chen et al. / J. Chromatogr. 612 (1993) 199-208 

0, I I I 8 

0 5 10 15 20 25 

AMOUNT OF PER (ng) 

Fig. 2. Standard curves for PER using four solvent and saline combinations and homogenization: (0) 8 ml isooctane; (*) 8 ml 
isooctane + 2 ml saline; (A) 8 ml isooctane + 4 ml saline and (A) 8 ml isooctane + 4 ml saline, homogenized for 30 s. The detector 
response, presented here as area under the curve (AUC), is plotted against amount of PER. The regression equation for the data 
presented here is y = 24.3x - 6.9. 

A practical technique for processing and ex- 
tracting Cz halocarbons from tissues for subse- 
quent GC headspace analyses is reported here. 
Several approaches for determination of VOCs in 
tissues have been employed previously, with lim- 
ited success. Direct injections of tissue homog- 

TABLE III 

TISSUE CONCENTRATIONS OF PER IN RATS FOLLOW- 
ING IN VZVO EXPOSURE 

Each animal was sacrificed 1 h after intra-arterial administration 
of 10 mg 1,1,2,2-tetrachloroethylene (PER) per kg body weight. 

Tissue PER concentration” 

&g/g) 

Liver 2.4 f 0.5 
Kidney 2.7 f 0.4 
Fat 48.1 f 4.1 
Heart 3.0 f 0.2 
Lung 2.3 i 0.2 
Muscle 1.9 f 0.2 
Brain 4.7 i 0.4 
Blood 1.3 l 0.1 

’ Values represent the mean f S.E. for four rats. 

enates or solvent extracts of homogenates have a 
number of inherent problems, including loss of 
the VOC by volatilization, GC column contam- 
ination, interference by biological matrices and 
lipophilic macromolecules, and limited sensitiv- 
ity. One method for measuring toluene in blood 
and tissues involved extraction with methanol, 
selective adsorption onto Tenax, and desorption 
from the Tenax with heat into a gas chromato- 
graph [24]. A significant problem in measuring 
VOCs in solid tissues is volatization of the ana- 
lyte during tissue processing. Peterson and 
Bruckner [24] attempted to overcome this diffi- 
culty by crushing the tissues with a rod under 
methanol within a closed container. This *tech- 
nique was reasonably successful (e.g., 73 and 
92% recovery of toluene from liver and brain, 
respectively), but recoveries from other tissues 
were limited by incomplete maceration and es- 
cape of toluene from the maceration-extraction 
container. This technique was also labor-inten- 
sive and time-consuming, as was a purge- and 
-trap method described by Lin et al. [28] for mea- 
suring 1 , 1 - and 1 ,Zdichloroethylene (1,2-DCE). 
The procedure of Lin et al. [28] involved thermal 
desorption of halocarbons from previously 
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minced tissues within a purging device. The 
chemicals were subsequently trapped on a Tenax 
column and desorbed with heat into a gas chro- 
matograph. Mean recovery values for 1,ZDCE 
from liver, kidney, brain, and adipose tissue were 
60, 53,63 and 93%, respectively [28]. The purge- 
and -trap technique of Pellizzari and co-workers 
[27,35] also resulted in low recovery (i.e., 13- 
80%) of a series of halocarbons from adipose tis- 
sue. The method involved transfer of 5-g portions 
of frozen adipose tissue to a 100~ml round-bot- 
tom purging flask maintained in an ice bath, ad- 
dition of the halocarbon dissolved in distilled wa- 
ter, and maceration with a Virtis tissue homoge- 
nizer. The flask’s contents were then heated to 
5O”C, stirred and purged with helium for 30 min, 
in order to transfer the analyte to a Tenax col- 
umn. These researchers [27,35] attributed their 
low recovery values and marked inter-sample 
variability to halocarbon losses during tissue 
maceration and transfer, as well as retention of 
the analyte by complex matrices arid lipophilic 
compounds. In contrast, the technique presented 
in the current paper is quite efficient, in that it 
involves a homogenization-extraction step and 
the relative ease and speed of GC headspace 
analysis. The method was also sensitive (i.e., limit 

of detection = 1 ng) and efficient, in that recov- 
eries of four different halocarbons from a variety 
of tissues were quite high (i.e., 73-104%) and 
consistent (i.e., highest S.E. = 4.9%). 

An important factor in the present procedure 
was the limitation in the volume of aliquot that 
could be employed in the headspace vials. As 
standard curve measurements were no longer lin- 
ear at volumes above 25 ~1, a 20-~1 aliquot was 
selected for subsequent use. There was a statisti- 
cally higher recovery from most tissues when us- 
ing isooctane homogenization than when using 
saline homogenization. It appears that homoge- 
nization of tissues in an aqueous solution (i.e., 
saline), with subsequent extraction into isooc- 
tane, provided more opportunity for loss of the 
volatile chemicals through evaporation than did 
the single step of homogenization in isooctane. 
Isooctane proved to be superior to a variety of 
other organic solvents for extraction of all four 

halocarbons (unpublished data). Other solvents 
that were employed included methanol, ethyl 
acetate, n-hexane, cyclohexane, and toluene. 
Some solvents (e.g., ethyl acetate) worked well 
for one halocarbon, but not for others. Isooctane 
provided the highest recovery without interfering 
peaks for all four halocarbons. 

The applicability of this approach for analysis 
of CZ halocarbons was demonstrated by its use 
with two haloalkanes and two haloalkenes with 
differing physicochemical properties. As would 
be expected, the relative volatility of the chem- 
icals affected the recovery. The boiling points of 
TRI, TCE, PER, and TET are 74,86.7, 121, and 
140.7”C, respectively [36]. TET, the least volatile 
chemical, exhibited the highest recovery from 
most tissues. Recovery of PER was also relatively 
high from each tissue except the heart. It is note- 
worthy that PER is the most lipophilic of the ha- 
locarbons [37], and therefore should be most effi- 
ciently extracted by isooctane. TCE generally ex- 
hibited the lowest recovery values, as would be 
anticipated from its relatively high volatility and 
low lipophilicity. Recovery of TRI was unexpect- 
edly high from most tissues. One would predict 
that TRI recovery should also be relatively low, 
since it was the most volatile and one of the least 
lipophilic of the four compounds studied. 

A basic tenet of toxicology is that of the dose- 
response relationship (i.e., the magnitude of toxic 
effect is a function of the administered dose). The 
concept of dose is now being refined, as it is rec- 
ognized that the amount of chemical absorbed 
systemically (i.e., the internal dose) can vary sig- 
nificantly with route of exposure, dosing vehicle 
and animal species. The blood level over time fol- 
lowing exposure has been accepted historically as 
an index of internal dose, but it often may not 
accurately reflect concentration of chemicals at 
sites of action within tissues. Thus, the most log- 
ical and precise measures of dose are time inte- 
grals of target organ concentrations of bioactive 
chemicals [38]. Unfortunately, there are a paucity 
of tissue level versus time data sets for VOCs, due 
largely to the technical difficulties and the inordi- 
nate time involved in quantification of these 
highly volatile compounds in individual samples. 
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In order to derive appropriate time-course data, 
tissue concentrations must be measured sequen- 
tially during and post exposure in separate 
groups of animals, necessitating analysis of a 
large number of samples. A technique is present- 
ed here, which allows rapid processing and ex- 
traction of CZ halocarbons from a variety of or- 
gans, for subsequent GC headspace analyses. By 
use of such a procedure, it should be possible to 
generate comprehensive tissue dose-time-course 
data to correlate with toxicity data. Recognition 
and utilization of such information can substan- 
tially reduce uncertainties inherent in toxicity 
and carcinogenicity risk assessments of halocar- 
bons and other VOCs. 
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