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Empirical Relations Predicting Human and Rat Tissue:Air Par-
tition Coefficients of Volatile Organic Compounds. Meulenberg,
C. J. W., and Vijverberg, H. P. M. (2000). Toxicol. Appl. Pharma-
col. 165, 206–216.

Based on the hypothesis that tissue partitioning of volatile
rganic compounds (VOCs) is due to lipophilic and hydrophilic
nteractions with tissue components, empirical relations are estab-
ished between olive oil (Poil:air), saline (Psaline:air), and tissue partition

coefficients (Ptissue:air) for human and rat tissues. Reported values of
partition coefficients of a wide range of VOCs with distinct chem-
ical structures (n 5 137) have been compiled from the literature.

ilinear regression analysis shows that partition coefficients of
OCs in human blood, brain, fat, liver, kidney, and muscle tissues
re well described by a linear combination of Poil:air and Psaline:air with
issue-specific regression coefficients. The regression coefficient
ssociated with the hydrophilic component of VOC partitioning in
at tissues is systematically higher than that of human tissues. For
he human model, tissue concentrations calculated from predicted
artition coefficients are generally within a factor 4 of tissue
oncentrations calculated from experimentally observed partition
oefficients. These results demonstrate that, without prior knowl-
dge of tissue composition, it is possible to obtain estimates of
uman tissue partition coefficients of VOCs with an accuracy that

s in the same range as that commonly used in risk
ssessment. © 2000 Academic Press

Key Words: Organic solvents; tissue partition coefficients; hu-
an PBPK modeling.

Knowledge of the distribution of chemicals over differ
body compartments contributes to the understanding of th
of toxic effects. Ambient exposure to volatile organic co
pounds (VOCs), particularly in the occupational setting,
cause adverse, neurotoxic effects (reviewed by Mikke
1997; White and Proctor, 1997). Despite their neurotoxic
tential, only a few studies have addressed the relation bet
exposure and brain concentrations of VOCs, which constit
large, heterogeneous class of chemicals. Alternatively, p
ologically based pharmacokinetic (PBPK) models have
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used to describe the relation between inhalation exposu
and tissue concentrations of VOCs (Andersen, 1991; Kris
and Andersen, 1994; Gargaset al.,1995). However, a specifi
brain compartment is often lacking in PBPK models.
detailed modeling of brain concentrations is hampered
general lack of knowledge of brain tissue partition coefficie

Partitioning between blood and a specific tissue depen
the relative affinities of a compound for blood and for
tissue. For volatile substances it is more convenient to d
mine tissue:air partition coefficients (Sato and Nakaj
1979a), and blood:tissue partition coefficients are define
the ratio of the blood:air partition coefficient (Pblood:air) and the
tissue:air partition coefficient (Ptissue:air). Since the relative pro
portions and the basic composition of tissue constituents
among tissues, the prediction of tissue partitioning on a rat
basis requires detailed knowledge of tissue composition (
lin and Krishnan, 1995a,b). However, a simplified appro
supposes that tissue partitioning of nonreactive chemica
determined completely by lipophilic and hydrophilic inter
tions of compounds with tissue constituents. It has been s
before that such a simple approach successfully applies to
of 12 volatile anesthetics. ThePtissue:air of these volatile ane
thetics in human tissues can be described as linear com
tions of Psaline:air andPolive oil:air (Droz, 1978).

Demonstration of the applicability of this approach to tis
partitioning of VOCs in general would provide a basis
predicting tissue partitioning without prior knowledge of
tissue composition. Despite the neurotoxic potential of VO
human tissue partition coefficients for industrial impor
organic solvents, e.g., the alkylbenzenes, appear to be la
in the literature and, in general, brain tissue partition co
cients have been reported for a limited number of compo
only. Since brain concentrations may be a key issue for the
assessment of VOCs, detailed knowledge on VOC partitio
in brain tissue is required.

Here we have compiled published values of partition c
ficients for a large number of VOCs in olive oil and saline
well as partition coefficients in rat and human blood, fat, br
liver, muscle, and kidney tissues. Using linear regression
ysis, empirical relations are established between the part
ing of VOCs in tissues, olive oil, and saline, based on
77;
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207TISSUE PARTITIONING OF VOLATILE ORGANIC COMPOUNDS
approach used for volatile anesthetics before (Droz, 1978)
results demonstrate that VOC partitioning into tissues ca
described by a linear combination of the saline and oil part
coefficients with tissue- and species-dependent coefficien

METHODS

Partition coefficients. Values ofPolive oil:air, Psaline:air, andPtissue:air for human
nd rat blood, fat, brain, liver, muscle, and kidney were compiled from va
ources. The reported values are compiled in Table 1. Values forPolive oil:air,

saline:air, and humanPblood:air for various organic solvents were first reported
roz (1978) and by Sato and Nakajima (1979a,b). Stewardet al. (1973)
ompiled human tissue partition coefficients for various anesthetics. Pa
nd Mackay (1989) compiled water solubility values for some compo
xtensive data sets containing partition coefficients for various human t
nd a large number of compounds were reported by Fiserova-Bergerovet al.
1984), Perbelliniet al. (1985), and Fiserova-Bergerova and Diaz (19
ome sources contained values of humanPblood:air for a few compounds onl

These values were included when the correspondingPoil:air and Psaline:air were
reported as well (Johanson and Dyne´sius, 1988; Ja¨rnberg and Johanson, 199
Nihlén and Johanson, 1995). A large set of rat tissue partition coefficient
corresponding values ofPoil:air and Psaline:air for various VOCs published b

argaset al. (1989) was included and extended with rat tissue part
oefficients for ethylbenzene (Tardifet al., 1997). Kanekoet al. (1994)
eported rat data for alcohols and esters, which were compiled and s
ented with additional values for ketones by Poulin and Krishnan (199
ierceet al. (1996) reported partition coefficients of aromatic hydrocarbo
uman and rat fat tissue. Values for human and rat tissue partition coeffi
f volatile anesthetics and related compounds, e.g., fluorinated alkan
cattered over various references (Eger and Eger, 1985; Coburn and
986; Fassoulaki and Eger, 1986; Lermanet al., 1986, 1987; Eger, 198
trum and Eger, 1987; Yasudaet al.,1989; Taheriet al.,1993; Chortkoffet al.,
994; Egeret al., 1994; Liu et al., 1994; Fanget al., 1996, 1997a,b). Tw
ompounds with extremely low water, oil, and tissue partition coeffici
erfluoropropane and perfluoropentane (Egeret al., 1994), were not include

n Table 1. In general, reported partition coefficients have been determiin
itro by headspace gas chromatography at 37°C in a vial equilibration
ique (Sato and Nakajima, 1979a) or by a modification of this method (G
t al.,1989). In the compilation of saline partition coefficients it was noted

n many cases partitioning in saline and in water is considered to be ide
lthough Psaline:air may be slightly lower thanPwater:air (Stewardet al., 1973;

Lerman et al., 1983), they are considered equivalent here. When valu
partition coefficients were available from multiple sources, the mean
calculated and used in this study.

Regression analysis. Ptissue:airis described as a bilinear function ofPolive oil:air

andPsaline:air (Droz, 1978) according to:

Ptissue:air5 aoPolive oil:air 1 asPsaline:air1 c. (1)

he coefficientsao andas in Eq. (1) represent the tissue-specific contribut
of the lipophilic and hydrophilic interactions to the solubility of the compou
in tissue. The constantc was included in the equation to avoid errors in
slope of the regression plane, which occurred in fitting the same equatio
zero intercept. Althoughc has no specific physical meaning it may be requ
to compensate for systematic errors in tissue, oil, or saline partition c
cients. Tissue partitioning according to Eq. (1) was fitted using weig
bilinear regression; i.e., each tissue partition coefficient value was divid
its own value to ensure equal weights of individual compounds in the re
sions. Estimated values of the regression coefficientsao and as and of the
onstantc are reported with their coefficients of variation (CV, %),
egressions are presented with their correlation coefficients (R2). Cross-cor-

relation between fitted parameters was also monitored to judge the qua
the regressions and possible redundancy of parameters. To analyze th
he
be
n
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cability of the estimated regression coefficients for the prediction of t
partition coefficients, the ratio of predicted and observed values was p
logarithmically against logPoil:air and against logPsaline:air, and the mean valu
and 2.5 and 97.5 percentiles were determined for each tissue. All regr
analyses were performed using SigmaPlot 3.02 software (Jandel Sc
Software, SPSS Inc., Chicago, IL).

RESULTS

Oil and Saline Partition Coefficients

All values ofPoil:air andPsaline:air of VOCs, obtained from th
literature and compiled in Table 1 (n 5 137), aregraphically
presented in Fig. 1. From the clustering of points near
origin in Fig. 1 it is clear that many of the VOCs ha
relatively smallPoil:air and Psaline:air values. Compounds whic
are highly lipophilic or highly hydrophilic always have sm
correspondingPsaline:air or Poil:air, respectively. Only a few com-
pounds, e.g., 2-butoxyethanol (Fig. 1, compound 112), c
bine intermediate lipophilicity and hydrophilicity. Due to t
inverse relation between oil and saline partition coefficie
points are found in a region of the plane limited by a hyperb
curve. Although water-soluble VOCs are underrepresent
the total set of data, the scatter of the data (see Fig. 1,
indicates that the correlation between oil and saline par
coefficients is small for the data compiled and thatPoil:air and
Psaline:air are largely independent descriptors of VOC proper

Human Tissue Partition Coefficients

Experimental values of partition coefficients of VOCs, av
able from the literature, in human blood (n 5 109) andhuman
fat, liver, brain, muscle, and kidney tissues (n 5 28–41; se
Table 1) were used in regression analysis. For each o
human tissues the relation betweenPtissue:airand the correspon-
ng Poil:air and Psaline:air was evaluated by bilinear regress
according to Eq. (1). The regressions forPfat:air, Pbrain:air, and
Pblood:air are plotted in three-dimensional graphs in Fig. 2.For fat
tissue and blood the slopes of the regression planes are m
determined byao andas, respectively. Although the slope
the regression plane of brain tissue partition coefficien
intermediate between those of blood and fat tissue par
coefficients,as appears to be the main regression coeffic
for brain tissue partitioning. PredictedPtissue:airvalues for huma
muscle and kidney are within planes with an intermed
orientation similar to that for brain (not shown). The result
the regressions for human tissue partition coefficients (Tab
show that, except for fat, tissue partitioning is mainly predi
by thePsaline:air, according to large values ofas over small value
of ao. For all tissues, except liver, the regressions yielded
correlation coefficients (R2 5 0.92–0.99), and thecross
correlation between the estimated values of the parametas

andao was very small (,0.04). For human liver, onlyao has
been determined. Partition coefficients available for hu
liver were strongly biased toward more lipophilic compou
(see Table 1 and Fig. 3). Therefore, a reliable estimateas
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could not be obtained and a linear regression was perform
P liver:air and Poil:air values to obtain estimates ofao and c for

uman liver (R2 5 0.88). With theexception of fat tissue, th
estimated values of the interceptc were all smaller than 1. Th
ntercepts showed large coefficients of variation and a
ross-correlation with the other regression parameters (#0.22),
llustrative of the minor contribution of this parameter to tis
artitioning.
The equations fitted to tissue partitioning of VOCs h

een internally validated from plots of the logarithm of
atio of predicted and observed values. Figure 3 is a do
ogarithmic plot againstPoil:air and againstPsaline:air. For all
tissues, the data points are scattered around zero and

FIG. 1. Scatter plot ofPoil:air vs Psaline:air for all compounds presented
Table 1 (n 5 137). Thenumbered points refer to specific compounds in T

. The inset shows the scatter of data points in a log–log presentation.

FIG. 2. Three-dimensional representation of the bilinear regression b
to Eq. (1). The grids represent the fitted planes of predicted partition co
in the horizontal and vertical planes. Note that the orientation of the plan
tissue partitioning. Vertical lines are drawn from the horizontal plane to
on

e

e

e

le

eir

distributions do not deviate from normal (p . 0.10). The
eans of the logarithmic ratios do not differ from 0 stat

ally, with the exception of blood and fat (p 5 0.03 and0.02,
espectively). These deviations are caused by a few ou
.g., ethylene for fat (Fig. 3, compound 8). In order to as

he reliability of the predicted values, the 2.5 and 97.5 per
iles of the ratios of predicted and reported partition co
ients were calculated for each tissue. The resulting
onfidence range is indicated in each panel of Fig. 3. T
oncentrations were calculated from the quotient of pred
nd from the quotient of experimentalPtissue:airandPblood:air. The

tissue concentrations predicted by the model are within a f
of 4.0 from the tissue concentrations calculated from ex
mental data for 95% of the compounds for human b
muscle, kidney, and fat tissue. The results indicate tha
partitioning of VOCs in human tissues can be calculated o
basis of saline and olive oil partitioning according to Eq.
with a good predictive power.

Equation (1) was also applied to data on the partitio
of four terpenes (Falket al., 1990) and four gases (Stewa
et al., 1973) in human blood. Both chemical classes are
included in the data of Table 1. The ratios of predic
versus experimentalPblood:air were 1.4 fora-pinene, 1.4 fo
b-pinene, 1.1 for 3-carene, and 1.0 for limonene. For
gases, the ratios of predicted versus experimentalPblood:air

were 1.3 for Kr, 0.9 for Xe, 2.9 for nitrogen, and 1.0
nitrous oxide. These results provide support for a m
general applicability of Eq. (1) to blood partitioning
volatile organic compounds. Partition coefficients of
gases in other human tissues are very small (Stewardet al.,
1973) and are in the same order of magnitude as the
interceptc (Table 2). This results in overestimation of
human tissue partition coefficients for gases.

eenoil:air, Psaline:air, and reported values of humanPblood:air, Pbrain:air, andPfat:air according
ients and the dots represent experimental values. Identically spaced grids are given
tted for brain tissue partitioning is intermediate between that fitted for blood and fa
icate the position of the data points.
etwP
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212 MEULENBERG AND VIJVERBERG
Rat Tissue Partition Coefficients

For rat blood, fat, liver, and muscle, large numbers (n 5
76–92) ofpartition coefficients of VOCs are available fro
the literature (Table 1). However, data for rat brain (n 5 19)
and kidney (n 5 16) appear to be less abundant. The reg
sion planes obtained by fitting Eq. (1) to the data forPfat:air,

brain:air, andPblood:air are plotted in three-dimensional graphs
Fig. 4. Qualitatively, the results are similar to those obta
for human tissue partition coefficients (see Fig. 2). The sl
of the planes describing fat tissue and blood partitioning
determined mainly byao and as, respectively. For brain an
other tissues intermediate slopes withas as the main regressi
coefficient were obtained. The results of the regression
summarized in Table 3. The quality of the regressions fo
tissues was not as good as that for human tissues, as ind
by slightly lower correlation coefficients (R2 5 0.82–0.93)
The cross-correlation between the fitted parametersao andas

was,0.03. The estimated values of the intercept were ge
ally small, with the exception of the value for rat fat, which w
estimated to be 9.4 and the coefficients of cross-correl
between the values estimated for the intercept and for the
other regression parameters ranged from 0.06 to 0.11. F
kidney and brain, the intercept could not be determined
ably, because of the lack of data on VOCs with smallPoil:air and
Psaline:air values (see Table 1 and Fig. 5).Despite the qualitativ
resemblance of the regressions of rat and human data, T
shows a marked quantitative difference in the estimated v
of as. Estimates ofas for rat brain, liver, muscle, and kidn
are all in a narrow range and are approximately twofold
corresponding values ofas obtained for human tissues (s
Table 2). Double logarithmic plots of the ratio of predicted
observed values show that the data points are scattered a
zero for all tissues (Fig. 5), and their distributions do
deviate from normal (p . 0.10), except for rat fat (p 5

.03). Themeans of the logarithmic ratios do not differ fro
statistically with the exception of blood (p , 0.0001), fa

( p 5 0.01), andmuscle (p 5 0.02). These deviations a
caused by outliers, e.g.,n-ethane,n-butane, andn-decane fo
blood (compounds 1, 2, and 7, respectively). Outliers fo
and muscle tissues are 1-nitropropane, 2-nitropropane (

2
OCs into Human Tissues Fitted According to Eq. (1)

CV (%) c CV (%) R2

98 2 0.03 2094 0
75 33 6.59 88 0
80 3 0.94 69 0

nd 0.79 47 0.
84 3 0.94 64 0
00 3 0.69 77 0

fficientsao andas, and the constantc together with their coefficients of variati
indicated. nd, not determined.

i-

wo
e
nes)
ue.
TABLE
Results of Bilinear Regressions for the Partitioning of V

Tissue n ao CV (%) as

Blood 109 0.0072 18 0.8
Fat 41 0.447 6 0.0
Brain 35 0.020 16 0.3
Liver 28 0.028 8 nd
Muscle 35 0.014 20 0.3
Kidney 34 0.011 22 0.4

Note.The number of compounds used in the regression (n), the regression coe
(CV) are tabulated. The correlation coefficients of the regressions (R2) are also
FIG. 3. Double-log representation of the ratio of predicted and ex
mentally determinedPtissue:airagainstPoil:air and againstPsaline:air for human blood
fat, brain, liver, muscle, and kidney as indicated. Results are presented
dimensions for a clear insight into the distribution of all points relative to
fitted regression planes. The 2.5 and 97.5 percentiles are drawn (dashe
and the values of the percentiles are indicated at the right for each
Outliers are identified by their compound numbers.
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213TISSUE PARTITIONING OF VOLATILE ORGANIC COMPOUNDS
pounds 69 and 70), and several esters (compounds 127
The 2.5 and 97.5 percentiles of the ratios of predicted
reported partition coefficients were calculated. The resu
95% confidence range is indicated in each panel of Fi
Predicted concentrations in liver, muscle, kidney, and fat ti
were within a factor of 5.0 from concentrations calculated f
experimental values for 95% of the compounds.

DISCUSSION

The present results show that it is possible to predict t
partition coefficients of VOCs from a simple linear combi
tion of olive oil and saline partitioning, which is very similar
the method used before to predict partitioning of anesthet
human tissues (Droz, 1978). Regression coefficients are
mated from data on a large set of VOCs, selected onl
availability in the literature and not by the chemical natur
the compounds. The good quality of the regressions an

FIG. 4. Three-dimensional representation of the bilinear regression
to Eq. (1). The grids represent the fitted planes of predicted partition co
in the horizontal and vertical planes. The orientation of the plane fitted
partitioning. Note that the regression of ratPbrain:air depends more steeply oP
from the horizontal plane to indicate the position of the data points.

TAB
Results of Bilinear Regressions for the Partitioning

Tissue n ao CV (%)

Blood 92 0.0054 19
Fat 76 0.594 4
Brain 19 0.054 27
Liver 77 0.026 11
Muscle 76 0.010 17
Kidney 16 0.097 21

Note.The number of compounds used in the regression (n), the regression
(CV) are tabulated. The correlation coefficients of the regressions (R2) are a
0).
d
g
5.
ue

ue
-

in
sti-
y
f
he

reliability of the predictions made by the model, particula
for human tissues, show that this approach is applicab
volatile compounds in general. In addition, the evaluatio
VOC partitioning in six different human tissues and in
homologous rat tissues allows for making comparisons
tween tissues and between the two species.

Other studies describing empirical relations between tis
oil, and saline partition coefficients, e.g., for chlorinated
kanes in human blood (Sato and Nakajima, 1979b) an
VOCs in several rat tissues (Gargaset al., 1989), have pe
formed regressions on logarithmically transformed data u
equations for tissue partitioning similar to Eq. (1). Howeve
major problem with the use of logarithmic equations of
type logPtissue:air5 a logPoil:air 1 b log Psaline:air is that the tissu
partition coefficient is implicitly assumed to be proportiona
the product of water and oil partition coefficients (i.e.,Ptissue:ai

} Poil:air * Psaline:air, or Ptissue:saline} Poil:air). The meaning of suc

weenPoil:air, Psaline:air, and reported values of ratPblood:air, Pbrain:air, andPfat:air according
ients and the dots represent experimental values. Identically spaced grids are given
brain tissue partitioning is intermediate between that fitted for blood and fat tissue

e:air than the regression of humanPbrain:air (see Fig. 2). Vertical lines are draw

3
VOCs into Rat Tissues Fitted According to Eq. (1)

CV (%) c CV (%) R2

31 4 1.16 87 0
85 46 9.40 116 0
32 6 nd nd 0.
8 5 2.36 96 0.

72 5 0.29 532 0
26 6 nd nd 0.

fficientsao andas, and the constantc together with their coefficients of variati
indicated. nd, not determined.
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214 MEULENBERG AND VIJVERBERG
a proportional relation between tissue:saline and oil:air p
tion coefficients is not clear. Fitting power functions to
nontransformed data of Table 1 by nonlinear regression,
alternative for logarithmic transformation, did not result i
significant improvement of the fits, generally yielded expo
values close to 1, and caused a marked increase in
correlation between the fitted parameters, indicating tha
addition of the exponents in the equation caused redunda
the parameters.

Inclusion of the constant termc in Eq. (1) did not improv
he linear regressions and did not cause significant chang

ao andas. With the exception of fat tissue, the magnitude
the fitted constant was consistently small and its CV value
consistently large (up to over 1000%). The constantc in Eq. (1)

FIG. 5. Double-log representation of the ratio of predicted and ex
mentally determinedPtissue:airagainstPoil:air and againstPsaline:air for rat blood, fat
brain, liver, muscle, and kidney as indicated. Results are presented
dimensions for a clear insight into the distribution of all points relative to
fitted regression planes. The 2.5 and 97.5 percentiles are drawn (dashe
and the values of the percentiles are indicated at the right for each
Outliers are identified by their compound numbers.n-Ethane (compound 1
which lies beyond the borders of the graph, has been indicated by a
together with the value of the ratio (11.5).
ti-

an

t
ss-
he

in

in
f
as

appeared to be redundant to a certain extent, because it c
one order of magnitude increase in the cross-correlation
ficients of the fitted parameters and failed to improve
correlation coefficients of the fits. However, neglecting
constant resulted in the underestimation of the mean t
partition coefficients by up to 20%. Although the phys
meaning of the constant is unclear, it may compensat
small systematic deviations in tissue partitioning or for s
systematic errors in the values of reported partition co
cients. The relatively large values estimated for the interc
for human and rat fat (Tables 2 and 3) cannot be explain
present. It should be noted, however, that the fat part
coefficients of compounds included in the regressions are
erally large.

For the majority of compounds (.80%)Psaline:air values wer
collected from the literature. For the remaining compou
either Pwater:air values were reported (;10%) or it is unclea
whether the published values representPwater:air or Psaline:air

(;10%). For volatile anesthetics, it has been shown
Psaline:air 5 0.87–0.97Pwater:air (Stewardet al.,1973; Renzi an
Waud, 1977; Hallidayet al., 1977; Lermanet al., 1983). The

agnitude of the difference is similar to that of the experim
al error in the determination of the partition coefficient (e
ee Sato and Nakajima, 1979a,b). The small difference
weenPwater:air and Psaline:air and the minority of compounds
which this applies indicates that the error introduced by ig
ing the difference will not affect the results significantly.

In an alternative approach, VOC tissue partitioning is
posed to involve partitioning into specific tissue compone
i.e., water, phospholipids, and neutral lipids (Poulin and Kr
nan, 1995a,b, 1996a,b). The solubility of compounds in
various tissue fractions, estimated from partition coefficien
n-octanol or vegetable oil and in water, is used to calcu
tissue partitioning. Reversible interactions with proteins
hemoglobin included in a study on blood partitioning
supposed to be due to the presence of hydrophobic bi
pockets and the contribution of covalent interactions to V
partitioning is considered negligible (Poulin and Krishn
1996b). The more detailed approach may contribute to u
eling processes and mechanisms involved in tissue part
ing. However, the more complex equations used (Poulin
Krishnan, 1995a) can be reduced to the simple form of Eq
This shows that, for the prediction of VOC tissue parti
coefficients in practice, prior knowledge of tissue compos
is not required. Advantages of the simple approach are t
considers partitioning in tissues as a whole and that very
assumptions are required for the determination of regre
coefficients from experimental data. A disadvantage is tha
dimensionless regression coefficientsao and as, despite thei
relation to the relative proportions of hydrophilic and hyd
phobic tissue constituents, are not associated with a sp
process or mechanism.

The results (Tables 2 and 3) demonstrate that the regre
of VOC blood partition coefficients is mainly determined
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215TISSUE PARTITIONING OF VOLATILE ORGANIC COMPOUNDS
as, and the regression of VOC fat tissue partition coeffici
is mainly determined byao. The marked differences in t
regression coefficients for blood and fat are coherent
differences in tissue water and lipid contents. The regressi
VOC partitioning in other tissues is intermediate but alw
with a major component determined byas. Differences in
estimated regression coefficients for brain, liver, muscle,
kidney are less prominent than those for blood and fat.
values obtained foras are remarkably constant within spec
and are an order of magnitude larger than values ofao, which
are more variable but also less accurate as indicated by
larger CV values. It is concluded that, within species,
partitioning of the less lipophilic VOCs into brain, liver, mu
cle, and kidney is little tissue-dependent. Partitioning o
pophilic VOCs in these tissues will be moderately tiss
dependent within species, as indicated by 3- to 10
differences in estimated values ofao for human and rat tissue
respectively.

A comparison between the two species shows a large,
sistent difference inas values, which range between 0.380

.400 for human brain, liver, muscle, and kidney and betw

.772 and 0.878 for the corresponding rat tissues. Liter
ources did not always reveal whether fresh or frozen tis
ere used for the determination of partition coefficients. S

resh and frozen tissues were used for both species, and
ystematic differences inao values are not observed betwe
pecies, it seems highly unlikely that the difference inas is

caused by differences in the processing of rat and hu
tissues. This indicates that the factor 2 largeras values for ra
appear to reflect a genuine difference in rat and human t
partitioning. Consequently, caution should be exercised in
changing tissue partition coefficients between PBPK mo
for different species.

It has been reported before that partition coefficients fo
blood are higher than those for human blood (Gargaset al.,
1989; Lamet al.,1990; Kanekoet al.,1994). When the bilinea
model (Eq. (1)) is applied to the data of Gargaset al. (1989),
who measured VOC partitioning in rat and human blood fo
compounds in parallel, the species difference between
experimental values is reproduced. For 29 additional c
pounds the differences in rat and human blood partition c
ficients, collected from various literature sources, are less
nounced and amount on average to a factor of 1.3 compa
1.7 for the data of Gargaset al. (1989). A notable difference
that the compounds investigated by Gargaset al. (1989) are
less hydrophilic than the additional 29 compounds. Apart f
the data mentioned already in this section, we used data
additional compounds for estimating the regression coeffic
for human blood partitioning and on 28 additional, nono
lapping compounds for estimating the regression coeffic
for rat blood partitioning. In the final results of our biline
regressions the species difference reported for the mo
stricted and more homogeneous set of data of Gargaset al.
(1989) is no longer apparent. The variation in the very l
ts
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dataset used for the regressions in the present study
obscure more subtle species differences in tissue par
coefficients. However, this does not detract from the point
the present approach shows that it is possible to obtain a
accurate prediction of tissue concentrations of VOCs wit
prior knowledge of particular properties of the chemical c
and without prior knowledge on tissue composition.

The reliability of the predictions, as assessed from the
of predicted and experimental values, indicates that it is
sible to predict the concentration of VOCs in human tis
with an accuracy of a factor of 4.0 and in rat tissues with
accuracy of a factor of 5.0. Thus, the concentrations of 95
the VOCs considered in this study are predicted with an a
racy that appears to be sufficiently high to be used in hu
risk assessment. Reliable prediction of tissue partition co
cients will enable systematic PBPK modeling of expos
related brain concentrations of VOCs, which is essenti
obtain insight into the relation between brain concentra
and adverse neurotoxic effects.
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