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Determination of toxicologically important partition
coefficients of carbon disulphide by means of the vial
equilibration method
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The knowledge of the partition of dissolved vapour
between the air and arterial blood and between the
blood and the different physiological compartments
of the body is essential to the mathematical modelling
of the respiratory uptake and elimination of toxic va-
pours.

Mathematical models have already been described
for several organic vapours' and have been adapted
to digital computing methods. The knowledge of the
blood/air partition coefficient of organic vapours has
been used on theoretical grounds to explore the possi-
bilities of alveolar sampling as a valid index of the
partial pressure in mixed venous blood and thus of
whole body exposure.2 The mathematical model of
Fiserova-Bergerova for the uptake and clearance of
inhaled vapours and gases is described by a set of five
first order differential equations linear to the first ap-
proximation.' These five differential equations de-
scribe the course of the tissue concentrations in five
compartments differing from each other in their indi-
vidual blood perfusion rates-that is, their percentage
of the cardiac output-and tissue/blood partition
coefficients as follows.

(I) The tissue of the vessel rich (VR) group (liver,
kidney, heart) which is characterised by a high blood
perfusion rate and a relatively low tissue/blood par-
tition coefficient.

(2) The brain tissue (BR) group which is part of the
VR group but which is treated separately because of
its biological importance and the toxic effects ofmany
vapours on the central nervous system.

(3) The tissue such as muscle and skin, known as
the muscle (M) group.

(4) The lung tissue, functional residual air, and ar-
terial blood form the central compartment in which
pulmonary uptake and clearance takes place and
from where the partial pressure equilibrates with the
other four (peripheral) compartments.
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(5) The adipose tissue and white marrow form a
compartment (FG group) characterised by a low
blood perfusion and a high tissue/blood partition
coefficient for most organic solvents.

Materials and methods

The partition coefficients of carbon disulphide were
measured by means of the vial equilibration method
as described earlier by Sato and Nakajima.3 The prin-
ciple of the method is described in more detail
elsewhere3 but may be summarised as follows.
A given amount of the test material-that is, dis-

tilled water, blood, olive oil, or tissue homogenate-is
pipetted in a glass vial and a small amount of solvent
is added. The glass vial is made airtight and kept at
37°C to establish equilibrium between the concen-
tration of the solvent in the air phase and in the liquid
phase. After equilibration, a sample of the head space
phase is withdrawn from the vial content and the con-
centration of the solvent in the air phase is measured
by means of gas chromatography. As the total
amount of the solvent added to the vial is known and
the concentration of the solvent in the head space is
measured, the liquid/air phase partition coefficient
may be calculated.
When measurements are performed in two glass

vials that contain different samples (in one vial the
aqueous solution of the solvent and in the other vial
the solvent solution and the test material), the mea-
sured air phase concentrations in these vials relate to
each other as the partition coefficients of the solvent
for both media.
Use was made of an AID gas chromatograph

equipped with a photoionisation detector, in which a
10 eV ultraviolet lamp was installed. The column was
a stainless steel internally glass lined tube packed with
Chromosorb N-DMCS coated with 15% SE 30. The
carrier flow (nitrogen) was set at 27 ml/min; the col-
umn temperature settings were: at the oven 81°C, at
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the injector 70°C, and at the detector 72*5°C. The nitude is similar and as these values are dependent on
peaks were recorded (Kipp and Zonen) and inte- factors such as blood lipid content and haematocrit,
grated using a Varian CDS 101 electronic integrator. one can conclude that the solubility of carbon disul-
Animal tissues were obtained from pig and were phide in blood is low and lies in the range of values for

deep frozen immediately. The tissue/human blood carbon tetrachloride: 24 and 1,1,1 -trichloroethane:
partition coefficients for carbon disulphide are calcu- 3-.33
lated as the ratio: The saline/air partition coefficient and the olive
Tissue/air partition coefficient for carbon disulphide oil/air partition coefficient were 095 and 186-7 re-Human-blood/air partition coefficients for carbon spectively.
Human blood/air partition coefficients for carbon

disulphide

Results

DETERMINATION OF THE EQUILIBRATION TIME
The time necessary to reach equilibrium between the
concentration of carbon disulphide in the air phase of
the glass vial and the concentration of carbon disul-
phide in the liquid phase is about 90 minutes at 37°C.
For blood, a small non-significant decrease in the
head space concentration of carbon disulphide oc-
curred after about four hours at 37°C.

DETERMINATION OF THE PARTITION
COEFFICIENTS BETWEEN AIR AND BLOOD, WATER
AND OLIVE OIL
The blood/air partition coefficient of 2-68 is in accord-
ance with the results of McKee who found a value
between 2 and 3.4 Nevertheless, as the order of mag-

Tissue homogenate/air partition coefficients ofcarbon
disulphide

Partition coefficient m s No

Brain tissue/air 11-83 1 43 5
Liver tissue/air 11 07 1-39 5
Kidney tissue/air 8 05 0 73 5
Heart tissue/air 8-94 1 36 5
Muscle tissue/air 6-54 0-66 5
Fatty tissue/air 145 52 17 96 5

DETERMINATION OF THE PARTITION
COEFFICIENTS FOR DIFFERENT TISSUES
The results of the determination of the tissue/air par-
tition coefficients are given in the table. The
tissue/blood partition coefficients of carbon disul-
phide were measured for liver, kidney, brain, heart,
muscle, and fatty tissue homogenates and established
as 4 13, 3-00, 4-41, 3.34, 2-44, and 54-3 respectively.

Using these values one can calculate the time (rate)
constants for the uptake of carbon disulphide by the
different tissue groups described in the introduction.
These constants have been defined by Fiserova-
Bergerova' and may be used to construct the mathe-
matical model of the respiratory uptake and the
elimination of carbon disulphide.
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