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recent exposure, whereas that of TCA represents
the accumulation of all earlier exposures.

In order to compare the behaviour of TCA after
isolated or repeated exposure, it is useful to study
the maximum excretion rate reached by the metab-
olite. As is seen in Fig. 8, this occurs about 30 hours
after an isolated exposure to TRI lasting 8 hours.
For repeated exposure (Fig. 11) the urinary elimina-
tion rate continues to increase during the first days,
and begins to decrease from the third day before
the start of the next exposure, that is, the maximum
excretion rate of TCA progressively occurs towards
the end of exposure. The reason for this is the
systematic accumulation of this metabolite in the

body after repeated exposures which induce an
increase in its body burden and therefore in its
elimination rate. The elimination rate rapidly
becomes greater than the quantity of TCA formed
by unit of time, depending mostly on the amounts
of TCE and TRI in the organism which com-
paratively increase very little from one exposure to
another. Hence, the equivalence between the forma-
tion and elimination rate of TCA is reached earlier
after repeated exposures. This considerable differ-
ence between isolated and repeated exposure found
using the model indicates that the results of urinary
elimination of TCA obtained from isolated experi-
mental exposures cannot directly be extrapolated
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for considering industrial situations, due precisely
to the interdependence of these two metabolites.

Figure 12 shows the progression of the daily
quantities of the two metabolites excreted in urine
after a series of repeated exposures at 100 ppm
(5 days, 6 hours/day). The theoretical results cor-
respond significantly with the daily eliminations
obtained experimentally by other authors (Miiller
et al., 1972). Once again, it is remarkable that a
stable elimination rate of TCE is reached quickly,
while in the case of TCA a large increase is main-
tained throughout the week. As certain authors
have already shown experimentally (Nomiyama
and Nomiyama, 1971; Miiller et al., 1972), the
relationship TCE/TCA (mg/24 hours) decreases
from day to day and becomes lower than unity as
from the sixth day.

Conclusion

The mathematical model developed in this investi-
gation has allowed a quantitative prediction of
absorption, excretion, and metabolism of trichloro-
ethylene. As a result, trichloroethylene post-exposure
breath decay curves as well as urinary elimination
curves of TCE and TCA can be regarded as methods
of monitoring time-weighted average exposures.
Nevertheless, it seems that each of these three
biological indicators has a different representativity
for the estimation of the degree of exposure. Con-
sequently, during an industrial exposure to trichloro-
ethylene, the choice of the biological test depends
on the type of exposure and the kind of information
desired, while the timing of the collection of samples
relative to exposure is determined by the kinetics of
elimination of each indicator.
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Appendix

UPTAKE, DISTRIBUTION, AND ELIMINATION
OF TRICHLOROETHYLENE

Pulmonary compartment
The difference between the solvent quantity which
enters the compartment and that which leaves it
during the interval of time dt corresponds to the
variation in concentration of the solvent in the
compartment multiplied by the apparent volume of
distribution:
VaPrdt — VaPadt — PaQruAudt + PyQrudedt =
(Va + TpAp + QuAp) dPa
The partial pressure in the mixed venous blood
Pv represents the mean of the partial pressures in the
different tissues and in the blood weighted by the
respective perfusions (cf. ith tissue and metabolic
compartments):

i
Pv = >PiQi/Q + PaQrQr/Q(Qr + TrAr/Av)
Finally, the relation between P4 and the different
P; is expressed:

1
dPa/dt = AVaPdt + AQLuds > PiQy/Q +
APA[Va + QuuAsQrQu/Q(Qr + TrAL/Ap) — QruAs]
with
A = 1/(Va + TpAp + Qulv)
— it® tissue compartment.
A similar discussion to that applied in the pul-
monary compartment leads to the following
equation:
QiAoPadt — QiApPidt = (Tids + Qidp) dP;
therefore
dPi/dt = QiX(Pa — P1)/(TiAi + Qilp)

We thus obtain four interdependent differential
equations, which give the partial pressures in the
different compartments.

Metabolic compartment

The blood reaches the liver with a partial pressure Pa.
As it is desired to determine the partial pressure Pyy
(venous blood) outside this organ, it is assumed that
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metabolism takes place after equilibrium, according
to the partition coefficient:

Pvi/Pa = Qu/(Qu + TrAr/Av)

FORMATION AND URINARY ELIMINATION

OF TCE AND TCA

The formation rates of TCE and TCA from CH
are determined by the total quantity of TRI metab-
olised per unity of time given by the equations of the
distribution of TRI. The rate of formation of CH
is described by the equation:

Rer = KQuwPall — Qu/(Qr + TrAr/Av)]
with K = constant of transformation ppm — mg/l
(0-00489)

The formation rates of TCE and TCA, Rrcs,
and Rrca respectively, are expressed by the
equations:

Rrce = Rerker/(kce + kca)
Rrca = Rerkea/(kce + kca)

All the metabolic processes are therefore directly
proportional to the partial pressure of TRI in the
blood.

The TCE thus formed is distributed in one single
compartment of volume Vrce. The variations in the
concentration of TCE can, therefore, be expressed
by the following equation:
dCrce/dt = Rrce/Vrce — keuCrce —

keaCrceE — keCrcr

By multiplying by Vrcg, this equation becomes:

dWrce/dt = Rrce — (kev + kea + kg) Wrce
where Wrce = VrceCrce is the quantity of TCE in
the compartment of distribution. Each of the terms
keuvWrce, keaWrcr, and keWrce represents respect-
ively the elimination rates by the urine, in the
form of TCA, and other elimination routes or
metabolic pathways. The elimination by the urine
can therefore be expressed in the following way:
dRev/dt = keu[Rtce — (keu + kea + ke)Rev/kev]
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Similarly, the variations in the concentration
of TCA in the volume of distribution Vrca can be
expressed by the following equation:
dCrca/dt = Rrca/Vrca + Rea/

Vrca — kauCrca — kaCrca
where Res = formation rate of TCA from TCE.
But:

Rea = Revkea/keu

We thus obtained by multiplying by Vrca:
dWrca/dt = Rrca + Reukea/

keuv — kaWrca — kavWrca
where Wrca = VrcaCrca is the quantity of TCA
in the compartment as in the case of TCE we can
express the urinary elimination rate of TCA, Rau:

dRav/dt = kav[Rrca + Revkea/kev
— (ka + kav)Rav/kau]

The mathematical analysis of the absorption,
elimination, and metabolism of TRI leads to six
interdependent differential equations. Using the
Runge-Kutta-Gill method of integration, a program
was written in FORTRAN IV to solve this system of
equations on a IBM 1130 computer.

Table 4 Symbols used in the mathematical equations

Va volume of alveolar gas

Tp volume of lung tissue

Q cardiac output

Qv blood flow through the lungs

Va alveolar ventilation

Ab blood-gas partition coefficient

Ap lung tissue-gas partition coefficient

At ith tissue-gas partition coefficient

T volume of the ith tissue .
Q1 blood volume in equilibrium with the ith tissue
Q blood flow through the ith tissue

Pa partial pressure in arterial blood

Pv partial pressure in venous blood

Py partial pressure in the ith tissue

Pr partial pressure in inspired air

Pvi partial pressure in liver venous blood

L as a suffix refers to liver
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