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A pharmacokinetic model to study the excretion
of trichloroethylene and its metabolites after an
inhalation exposure

AK10 SATO, TAMIE NAKAJIMA, YUKIKO FUJIWARA, AND
NINZO MURAYAMA

Department of Hygiene, Shinshn University Faculty of Medicine, Matsumoto, Japan

ABSTRACT For a better understanding of absorption, distribution, excretion, and metabolism of
trichlorocthvlene the time-course of blood concentration of the vapour and urinary cxcretion of its
metabolites was examined using a pharmacokinetic model. After a single experimental exposure in
which four men inhaled 100 parts per million (ppm) of trichloroethylene for four hours an elimin-
ation curve showed three exponential components, that js, x = 1:005e~5"t 4 0-449¢-1-710¢
0-2535¢c-%2027 where x is the blood concentration in mg/ and t the time in hours from 0 to 10. The
overall rate constant for the disappearance of trichloroethylene was found to agree with the theo-
retical one. estimated by means of a mathematical model for the blood concentration data. A
D. — Xp plot, developed from a mathematical model for urinary excretion, could also give a
good estimate of rate constants for the transfer of trichloroethylene in the body. The rate constant

thus estimated from urinary excretion was consistent with data on the blood concentration.

As industrial exposure to trichlorocthylene vapour
is lable to vary, air analysis does not necessarily
give a real indication of the true exposure. A quanti-
tative index of a worker's exposure can be estimated
according to the amount of trichloroethylcne being
absorbed in his body (Roach, 1966; Elkins, 1967).
Monitoring trichloroethylene levels in blood or ex-
pired air and measuring urinary metabolites of tri-
chiorocthylene are currently the most common
techniques for determining the body burden of the
vapour (Ahlmark and Forssman, 1951; Stewart ef
al  1962,1970, 1974; Morgan et al., 1970; Nomiyama,
1971; Ogata er al,, 1971; Ertle et al., 1972; 1keda
ef al, 1972; Miller er al, 1972, 1974; PfiafMi
and Backman, 1972; Kimmerle and Eben, 1973;
Lowry er al,, 1974). Estimation and prediction of the
body burden of trichloroethvlene, however, require
precise information on the absorption, distribution,
excretion, and metabolism of the vapour i the human
body. Such information, obtained from a single
experimental exposure, would lead to knowledpe of
the transfer of trichlorocthylene in the body in
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chronic exposure, which is a common situation in a
work place (Sato and Nakajima, 1977).

In the current study a maihematical model was
devcloped to simulate the processes of absorption,
distribution, excrection, and mctabolism of tri-
chlorocthylene, the rate constants for each pro-
cess being estimated from the time-course data of the
vapour concentration in blood and the urinary
excretion of its metabolites.

Experiments

SOLUBILITY OF TRICHLOROETHYLENE IN
TISSUES OF RATS

The blood/air and tissue/blood partition coctlicients
were determined according to the method of Sato
et al. (1974) with minor modifications. Tissue ex-
cised from a freshly killed rat was stripped of
capsular and vascular copnective tissues and weighed,
The tissue was then homogenised with a known
volume of 09" saline. Five vials of equal size,
each 16-5 ml on average and containing 1 ml of the
tissuc homogenates, were used as test vessels, 0-1 mi
of a trichloroethvlene solution in saline containing
10 pljl was put into the vials on which rubber and
aluminium-foil stoppers were placed as quickly as
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A pharmacekinetic model 1o study the excretion of trichloroethylene and its metabolites 57

possible. Five other vials were treated in a similar
manner to act as controls except that in these, there
were no tissue samples, Both the test and control
vessels were kept at a temperature of 37°C in a
thermoregulated water bath with a shaker for about
two tn six hours. After cquilibration of trichloro-
cthylene vapour between the test material and over-
lving air was achicved, I mi of the gas phase was
extracted by an air-tight syringe through the stopper
and was introduced into a gas chromatograph. The
tissue/air partition coefficient, which equals (con-
centration in tissue)/(concentration in air) by defini-
tion, was calculated from peak heights on the chro-
matogram in the same way as reported by Sato er
al. (1974). The tissuc/blood partition coefficient was
expressed as the ratio of the tissuc/air partition co-
efficient to the blood/air partition coefficient,

EXPERIMENTAL HUMAN EXPOSURE TO
TRICHLORDETHYLENE

Four male Japanese medical students, 20 to 2i-
vears-old, and weighing on average 616 kg, served
as volunteers for the experiment in which they in-
haled 100 ppm of trichlorocthylene for four hours.
Afier cessation of exposure the concentration of
trichloroethylene in blood and exhaled air and the
amount of its urinary metabolites, that is, trichloro-
acetic acid {TCA), trichloroethano! (TCE), and total
trichlorocompound (TTC), was measured and the
time-course of these data was obtained.

EXPOSURE CHAMBER

Air for inhalation containing 100 ppm of trichloro-
ethylene was prepared by passing it through liquid
trichloroethylene in a gas-washing bottle at a known
rate and diluting this saturated air with fresh air,
flowing in with a metered volume of ventilation.
Several preliminary tests showed that this simple
mcthod of atmosphere generation was satisfactory,
The experimental exposure was as follows: The
volunteers entered the exposure chamber of 12:5 m3
capacity in which there was no trichlorocthylene,
To achieve a rapid build-up to the required con-
centration, a predetermined amount of liguid tni-
chioroethylene was injected through a rubber stopper
attached to the monitoring window of the chamber
at a sheet of gauze hung behind the window. The in-
jected trichloroethyvlene was vaporised and mixed
thoroughly by an electric fan, Several minutes after
injcction when the concentration had reached the
recuired level, the air stream saturated with tri-
chiorocthylene (2 1/min) was introduced into the
chamber, accompanied by a constant rate of ventila-
tion which had been adjusted beforehand so as to
maintain the desired concentration, 100 ppm, of
trichloroethylene, An clectric fan mounted on the

<y

chamber ceiling recirculated the air thus providing
the homogenous exposure mixture. The atmospheric
concentration was monitored by gas chromato-
graphy every 20 minutes during exposure.

DETERMINATION OF TRICHLOROETHYLENE

IN BLOOD AND EXHALED AlR

The examiner entered the chamber towards the end
of the four hours' exposure and collected blood
samples from cubital veins of each subject when his
cxposure had ccased. [mmediately after leaving the
chamber the subjects exhaled the end-tidal air into a
100 mi glass syringe through an air tube attached to
the end of the syringe. They held their breath for 10
seconds at a normal expiration, and then exhaled
the residue into the syringe. Thereafter, blood and
end-tidal air were collected at predetermined in-
tervals for 10 hours. The concentration of tri-
chloroethylene in blood was determined by a gas
chromatographic equilibration method (Sato et af,,
1975a). The concentration in exhaled air was
measured by injecting a portion of the sampled air
directly into a gas chromatograph with an air-tight
syringe (Sato, 1968).

DETERMINATION OF URINARY METABOLITES
OF TRICHLOROETHYLENE

The subjects had to collect all urine excreted at
preselected intervals after exposure. TCA, TCE, and
TTC were determined according to the method of
Tanaka and lkeda (1968).

Results

SOLUBILITY OF TRICHLOROETHYLENE IN
BODY TISSUES OF RATS

The partition coefficients of trichloroethylene for
various body tissues are shown in Table 1, as well as
those for triolein, cholesterol, lecithin, human blood,
and human fat. The solubility coefficicnt of the
vapour for fat is much higher than for other tissues:
the tissue/blood partition cocfficient was about 70
for fut, and 1-3 for most other tissues. The high
solubility of trichloroethylene in fat compared with
blood was also confirmed with human fat and blood.
The fact that triolein has an extremely high affinity
for trichloroethylene compared with lecithin and
cholesterol suggests that fat content in the form of
ncutral fat in any tissue is a primary determinant
for the level of solubility in that tissue, Fat tissue
can be said therefore to play a very important role in
the processes of absorption, distribution, and elimi-
nation of trichloroethylene. As in the case of other
fat-soluble vapours such as benzene (Fiserova-
Bergerova et al., 1974; Sato ¢t al.,, 1974), toluene
(Sato et al., 1974), and tetrachloroethylene (Guberan
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WPreserved hlood from blond bank was used
2The human fat tissue was obtamed {rom a 23-year-old woman who
dred of acute myclord leukaemia.

and Fernindez, 1974). a three-compartment model
can be applied to the transfer of trichloroethylene in
the body, which is composed of (1) the tissue of the
vessel-rich group (VRG) for example, brain, liver,
kidney, etc.; (2) low perfused tissue of the muscle
group (MG) for example. muscle and skin: and (3)
poorly perfused tissue of the fat group (FG) for
example, fat tissue and yellow bone marrow (Eger,
1963).

EXPERIMENTAL HUMAN EXPOSURE TO
TRICHLOROETHYLENE

Elimination kinctics of trichlorocthylene in blood
The decrease of trichlorocthylene concentration in
blood and exhaled air with time 1s shown in Fig. 1.
Each decay curve was resolved into three exponen-
tiul components, using the gencral expression as
follows:

X = Aie™®t 4+ Age®t + Age*t (1)
where x is the concentration in mg/l, t the time in
hours. and the values for Ajand ai (i = 1, 2, and 1)
are shown in the figure,

Sato e al. (1974) reported that when a solvent
reaches an apparent equilibrium throvghout the
entire body after a sufficient time has elapsed, the
transfer of the vapour in the body can be simulated
by the model in Fig. 2, where the whole body is
treatéd as a single body mass. When this model is
applied to trichlorocthylene, its intake and output
to and from the entirc body can be expressed in the
following differcntial equation:

dx

Va—7-_= ~ (Aaa + b)x, )
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Table 1 Parrtition coefficients of trichloroetiiylene for o
various body tissues of rats gy Exnired oy

Mean Standard deviation
(o )
Five rats
Blood ‘air 25:R2 {70 oo
Lung/bload 103 017 4 xere e
Heart/blood 10 03 A
Kidney/blood 155 048 N .
Liver/blood 169 037 oo K‘H\&*r*k A0 Ql2be® 1T
Muscle/blood 063 009 L e &
Brain/blood 129 028 e P R .
Testis/blood 07 012 — e X=O N3 —t
Spleen/blood 1S 020 3 o xT0 098" A
Fat/blood 25-59 108 £0 oo
£ p——— —— ™ y
Fie determinations 2 o 1 2 3 4 5 & 7 [} 9

Blood/mr (human)? 992 063 2
Fatfarr (human)? 674:40 3408 H x
Lecithtn/air 38790 2797 g Bload
Cholesterol/air 5215 9 59 N
Cholesterol oleate/air 261 93 3520
Triolein/arr 848:24 31-33

"‘*5—&,&:“\‘ e () 7550 101

o1

2
o ‘.4_,‘_-—_,_1"I QCpet ™ \

o
J— 4496 not
L]

o0

o 1 2 3 & 5 6 71 8 9 o
Hours

Fig. 1 Elimination curves of trichloroethylene.

where V is the distribution volume of trichloro-
ethylene and r equals the time elapsed after the
trichloroeths lene has reached apparent equilibrium
period: In the equilibrium;:

V = AVi + AzV2 + M3Va. 3)
Solving (2) for x,

Aaa + b

X = Xe€ — — T, “@

i

where X is the concentration of trichloroethylene in
blood just when it has reached the equilibrium, that
is, = 0. From equation 3, the rate constant for
disappearance of trichloroethylene, (Aaa + b)/V,
becomes (A + b(A1VL + A2V + A3Va).
Assuming that the eventual rate constant, as in (1),
is equal to this rate constant, we have
Aaa+b s
3= AVI F AV + AgVa® ©)

Since AaVa » MVi, AaVz for trichloroethylene,
equation § c¢an be reduced to

Aaa+ b :
aa=*éx;\7;-— (6)

The metabolic clearance for trichlorocthylene was
unknown. Substituting the value m lable i for as,

a, Ax, Az and Vi in (6) resulted in b = 104.
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Ara bx

Fig. 2 A madel for transfer of trichloroethylene in
the body.
a ; Alveolar ventilation, 1/hour.
b : Metabolic clearance, I/hour,
[Cy] : Compartment composed of VRG.
[C,) : Compartment composed of MG.
[C4] : Compartment composed of FG.
¥y : Concentration in {C,], mg/l,
X, : Concentration in [C,], mg/l.
Xy : Concentration in [C,), mg/l.
A\ 1 Air/blood partition coefficient,
A, ; VRG/blood pattition coeflicient.
A; 1 MG, blood partition coeflicient.
Ay : FG/blood partition coefficient.
V, : Volume of VRG, 1. -
V, : Volume of MG, 1.
V, : Volume of FG, 1.
Broken lines with arrows show blood llow through
each compartment,

Table 2 Values used in the present model

Vil 8
Vaul m
A\ 100

a, 1/hour 336t

b, t/hour 1044

Ax [T L
A 1-5*

Ay 10t

M 68 0¢

ay, hour=! 02027

ICited from Sato er al. (1974).
Results obrained in the current investigation.

Excretion kinetics of nrinary metabolites
The time-courses of urinary excretion of TCA, TCE,
and TTC are shown in Table 3. The cumulative
amount of each metabolite was plotted against time
as shown in Fig. 3.

The major metabolic pathway of trichloroethylene
in a living body is generally considered to be as

shown in Fig. 4 (Williams, 1959; Danicl, 1963;
Byington and Leibman, 1963), where all the rate
constants are assumed 1o be first-order rate con-
stants Let X4, Xp, Xe.and Xy, be the amounts of
A, B, C, and D. respectively, at time t which equals
the time that has clapsed after the cessation of the
exposure. We then have for the model in Fig. 4,

dXa

rTalalbe (ki + ka)Xa, ¢))
dXe

ac
dXc¢
dt

dXp
and il kaXe . (10$)

= kiXa — (ke + ki + kp)Xa, 8)

fl

kaXp ~ kaXe, 9

Solving (7) for Xa,
Xa = Age™, (11

where A, is the amount of A att = 0, and ks =
ki + ki. (k4 is the ~verall rate constant for loss of A
from the body, and it has already been mentioned
that ka will be equal to (Asa + b)/V, when tri-
chlorocthylene will have reached an apparent
equilibrium.)

From (8), (9), and (1) we obtain

TXe o= Que Wt~ Qe kot + Quekat, (12

where kn = ke + ki + k; tkp is the overall rate
constant for loss of B from the body.), By and C,
the amount of B and C at t = 0, respectively, and
where

3 kika A
Q= T ) ka = k9 Ao
ke ki1
Q2 = y— k:;(Bo + Py knAo),
k2
and Q3 = G, +——~~~-—kB — k3B° +
kikz

(kn — ka) (ka — ka) Ao .

Substituting Xc¢ in (12) into (10),

dX
S0 = kaQue Rt — kaQueknt + keQuekat  (13)
Solving (13) for Xp,
X = D ¢ sz kika A
D= Do + 'n+ku °+k‘\kn 0
k: k
—_ ()ne'kﬂ + EE ()2e_kn\ _.izi (Qlc—kAt' (]4)

where Dy is the amount of D at t = Q.
Let De be the total amount of D, that is, the total

W Ty Y At
. ¥
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amount of any one of TCA, TCE, or TTC excreted
in urine, we have

o ko kikz
szka xcdt=Do+Co+—Bo+__"—Au-
. kn kakn
The equation (14) can thereivore be reduced to

k k
ch — Xp = Qse—kd — éQge-knt + }Z:!;Qle_-k“ .

(135)

Since ka <€ ka or ki, we can see that when Dy, — X1
is plotted on a logarithmic scale against time. the
slope of the line drawn through the second half of
the points will be —ks. When this linc extra-
polated to t = 0 and [Qae"** — (Do; — Xp)| is re-
plotted, the siope of the line drawn through the
points at the tail end of this plot will give an estimate
of the smaller one of the two rate constants, ka and
kn. and the slope determined from the residual points
an estimate of the larger one (Fig. 5).

The Dy, — Xp plots for TCA, TCE. and TTC
resulted in the expressions as follows:
Do — Xp(TCA) = 113-56¢-0-0177t . 59.30e-0-0618t

+ 16-89e-0-21301
Do — Xp(TCE) = 216-23e-0-0283t 1. 75.23¢~0-00611
Do — Xp(TTC) = 303-2:4e-0:0224t — 39.44¢-0-80091
+ 79-34e-0-18901

The estimates of k. thus obtained from TCA- and
TTC-plots agree generally with the eventual rate
constant, az in (1), which was more directly deter-
mined from the time-course of blood or exhaled air
concentration of trichlorocthylene. The reason why

for TCE is indircctly estimated, being expressed as
the dilference between these values for TCA and
TTC.

Discussion

The quantitative study of the time-course of absorp-
tion, distribution, excretion, and metabolism of
toxic substances is a uscful tool in studying the
characteristics of toxic effects induced by them (Levy
and Gibaldi. 1972; Sato et al., 1975b). The processes
of uptake and washout of organic solvent vapours in
a human body have recently been studied using an
analogue or mathematical model, which simuiates
the processes and gives an adequate prediction
(Fiserova-Bergerova et al, 1974: Guberan and
Fernandez, 1974),

With few cxceptions, most pharmacokinetic
models have been built on the assumption that
blood perfusion alone is an effective medium of
transport for all tissues in a living body (Kety, 1951).
The mathematical model based on this perfusion-
limited assumption, failed to simulate the time-course
of elimination of inhaled benzene and toluene in men
(Sato e¢ al., 1974). For the transfer of fat-soluble
compounds direct diffusion between neighbouring
tissues. each having different perfusion/partition
propertics and hence being filled and emptied at a
different rate, was found to be a significant pathway
in addition to perfusion (Perl er al., 1965). Taking
account of this intertissue difTusion, we have assumed
that it takes no longer than three hours after exposure

the TCE-plot alone did not result in a three-exponen-
tial expression has not yet beca fully elucidated, but
may be due to the fact that the plotted values for
TCA and TTC are directly measured but the value

has ccased for trichloroethylene to reach an !
apparcnt  equilibrium  and then to be distri-
buted throughowt the body according to its
partitioning characteristics between blood and

Table 3 Urinary excretion of TCA, TCE, and TTC

|
Interval of measuremnemts Mudtnne (hour) Awmount measurcid (ing) mean + SD I
(hours) |
!
.
|
i

TCA TCE rrc

0-1 05 021 + 018 1303 & 325 1324 £ 312

1-2 5 025 1 0-08 1100+ 466 1124 + 473

2.4 30 057 + 027 2046 4 10-34 2203 + 1044

4.8 60 237 + 157 36-28 + 555 3865 & 635

312 100 1:32 + 061 345 + 715 3277 £ 730

12-18 140 093 + 026 2670 & 764 2163 £ 433

16-24 200 215 L 074 31358 + 575 3573 1+ 556 |
24-36 30-0 432 + 131 3970 + 1099 4402 4 11°01

36-48 420 817 + 308 2257 & 176 3074 + 876 :
48.60 540 7719 + 184 1703 & 376 482 & 228 |
60-72 660 783 + 148 1150 + 495 19:33 4. 628 !
72-84 78-0 695 + 2:64 652 £ 462 1347 4 410

84.96 90-0 434 4 091 388 + 158 822 &£ 236

96-108 1020 456 £ 122 600 & 139 1056 + 244
108-120 114:0 332 +£ 093 314 4 185 645 £ 26
120,132 1260 323 1118 247 & 129 541 + 188 i
132-144 138-0 400 + 230 165 + 054 566 £+ 283
144156 150-:0 244 + 032 088 1 070 332 + 069
156-168 1620 144 + 053 108 + 080 252 + 099
168-1 30 1740 255 L 032 117 & 083 N x 076

T - impreyr ek & a4 - T e
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A pharmacohinetic model to study the excretion of trichloroethylene and its metabolites

400 1
iC -—
d¥Xo/dt e
/ r""ﬂrﬂ
’4"‘
3001 ~ < S
P
- i
g :/ aXofat
£m1 ‘«.
1004
A e
‘_I—‘H_‘_"F_
2
.b‘_‘——._-."-
O etk — - v r —
O 2 4 .72 sh 10 (44 W 192
Houry

Fig. 3 Cummlative amount of metabolites excreted in
urine.

tissues, The value of 104 l/hour for metabolic
clearance was estimated by treating the whole body
in the cquilibrium as a single body mass. So far there
is no proof for these assumptions, but they would be
supported indirectly if the gquantities predicted
agreed with the quantitics mceasured by other
methods. About 70-80% of the absorbed trichloro-
ethylene was reported to be excreted in urine as
metabolites and the remaining 20-30% to be
eliminated unchanged 'in expired air (Bartonidek,
1962; Nomiyama and Nomiyama, 1971: Qgata er
al., 1971). Assuming that the loss of trichloro-
ethylene absorbed in man through other pathways is
negligible, the ratio, p, of the amount metabolised to
the total amount absorbed is given as follows:

Table 3 Urinary excretion of TCA, TCE, and TTC

P

s el o cend

61
amount metabolised bx
P = fotal amount absorbed (Aad + b)x
__b_
Asa + b (16)

Substitution of b = 104 for b in (16) resulted inp =
0-75, which is not very ditferent from the one
measured more directly by other investigators.
Therefore, the assumptions that trichloroethylene

7]

-

O~Q=0+0

Fig. 4 Mectabolic pathways of trichloroethylene.

A : Trichloroethylene in the body.

B : A metabolite of trichloroethylene in the body,
possibly chioral hydrate.—3 I & /3

C : A metabolitc of trichioroethylene in the body,
which is to be excreted and applies to any one of
TCA, TCE, and TTC,

D : C excreted in urine {TCA, TCE, or TTC).

k, : Rate constant for the step A—B, which is another

quartity from the metabolic clearance b in Fig. 1.

: Rate constant for the step B—C,

ks 1 Rate constant for the step C—+D.

k. : Rate constant for the loss of A through other
pathways than A—B. (k, corresponds approxi-
matcly to the elimination through the lungs, but
is not identical to a in Fig. 1.)

: Rate constant for the pathways for disposal of B
other than the B—~C step,

s
x

JXn/d4t, mglhour X, mg Dy = Xv.omg 1Que kot — (Do ~ Xv)|, Mg
ICA TCE TG TCA TCE T7C 1CA TCE TrC TCA TCE T7¢
0-21 1303 1324 021 1303 1324 6851 271714 346-25 43-06 67-59 49-73
025 11 o0 1124 043 2402 24 48 68-25 266 75 33501 41 36 6250 4508
029 1074 1102 1-02 45-48 46-53 6769 24529 31298 38-42 52:35 3574
Q60 9:07 9-67 339 8176 85-18 6533 206 04 27433 3325 3684 2036
033 787 819 4.71 113-20 11790 6400 177-56 241-57 2788 23493 933
023 668 69 564 139 91 14553 63 08 150-87 21394 2250 13-78 207
Q27 420 447 779 173 49 18127 6091 ury 17824 1336 813 111
0136 a3 167 12-1}1 21318 22529 56 61 7759 13419

068 1-88 256 20-28 23576 25603 48:44 5502 103-45

065 142 207 28 06 25279 280 85 40065 3799 7564

065 09 1-61 3589 264 29 300 17 3233 2649 59-31

058 054 1-12 42-84 270-81 31364 2588 19-97 45-34

036 032 68 4718 274 68 321-86 21-54 1609 37-62

038, 0-50 083 51-74 230 68 331242 16 98 10 09 2707

0-28 026 054 5505 28382 3387 1366 695 20-61

Q27 018 045 58 29 28599 344 28 1043 478 1521

[1R) 014 047 62:29 287 04 34993 643 313 9-55

020 007 028 6373 28853 315325 19 225 623

012 Q09 o-21 6616 28961 35577 255 117 mn

021 010 031 63-71* 290 T 359 48 0 0 0

'The value 15 equal to Deo.

SL 032824
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SO0

T
sof TCA -,

O=¥o tmgh

14 -

Q 24 48
Haurs

n % 120 144 168

Fig. 5 Semilogarithmic plots of D, ~ Xp.

lOﬂLt

aXofat (mgfhl

of a4

(o).} —- g
o 42 &b 0 4 138 162 18b

Hours

Fig. 6 Semilogarithmic plots of 4 X/t against
midpoint time.

will have rcached an apparent equilibrium through-
out the body in three hours after exposure has
ceased and that the whole body can then be treated
as a single body mass, should not be unrcasonable.
The rate constants for thedisappearance of trichloro-
ethylene estimated from the time-courses of urinary
excretion of TCA and TTC based on these assump-
tions agreed with those determined from the time-
course of blood concentration of trichlorocthylene.

The method of estimating rate constants for
absorption, metabolism, and elimination of drugs
from urinary cxcretion data was reported by
Wagner (1967). The method described above applics
Wagner's method for trichlorocthyiene with several
modi‘ications. As is clear in (13), the plot of dXp/dt
on a scmilogarithmic scale against time is also ex-
pected to give an estimate of ka, ki, and k., The value
of 4Xn/4dt in Table 3, an estimate of dXp/dt, was
plotted on a semilogarithmic paper (Fig. 6). Com-

parison of the Dy — Xn plot (Fig. 5) and 4Xy/At
plot (Fig. 6), shows that the former is clearly more
linear.

TCA accounts for about 20°; of TTC, and TCE
for about 80°; in the present single exposure as is
shown in Table 3. The fact that k3 for TCA is
smaller than that for TCE, however, suggests that
TCA has a longer biological half-lifc than TCE,

which will lcad to the prediction that the pr ion
of urinary metabolites excreted as TCA increases in a °

chronic exposure (Sato and Nakajima, 1977).
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