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Exposure to trichloroethylene

ll. Metabolites in blood and urine
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Fifteen men were exposed to trichloroethylene (TRI) in three different ways with
regard to the concentration of TRI in the air as well as exercise on a bicycle ergo­
meter. The total amount of TRI supplied and taken up by each person was meas­
ured. The concentrations of trichloroethanol (TCE) and trichloroacetic acid (TCA)
were determined in blood and urine. In spite of large differences in uptake, there
were only small differences in the concentration of TCA in blood during the day of
exposure. There was a large scatter for the values of TCA in urine within each
group. The concentration of TCE in arterial blood increased during exposure. There­
after the concentrations were almost constant for 2 h and differed among the groups.
These results can be interpreted as being due to balanced rates of the formation and
elimination of TCE. The levels mentioned were related to the uptake of TRI. The
same was found for the rate of excretion of TCE in urine when calculations were
made from the morning sample obtained the day after exposure.
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The metabolism (biotransformation) of
trichloroethylene (TRI) has been studied
previously in both animals and man (11,
15, 18). It is accepted that the metabolites
are trichloroacetic acid (TCA) and
trichloroethanol (TCE). The following
pathway has been suggested:
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Several studies have shown that chloral
hydrate is formed rapidly and is there­
after transformed to TCA and TCE (4, 6,
9). A review of the biotransformation of
TRI has recently been published (8).

Both TCA and TCE can be found in the
blood after exposure to TRI. TCA can
be excreted directly in the urine, while
most of the TCE is first converted to the
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Fig. 1. The experimental exposure conditions, work load, and sampling times for blood and
urine for the different groups.

corresponding glucuronide, which in turn
is excreted in the urine. The concentra­
tion of TCA in the urine has been the
accepted measure of exposure to TRI (3,
15). Several authors have attempted to
establish the relationship between the
concentrations of TCA and the concentra­
tion of TRI in the inhaled air (7, 16). Still
other authors have suggested that the
amount of TCA and the total TCE in the
urine give the best estimates of TRI
exposure (10, 20). It has recently been
suggested that TCA and total TCE should
be measured separately (16).

It seems as if earlier publications have
not taken into account the fundamental
relationship between the amount of TRI
taken up and the rate of both the produc­
tion and the excretion of the metabolites.

The uptake of a solvent is determined
partially by the work load experienced,
which in turn determines the amount of
air inhaled (1). In addition there are
substantial differences between individu­
als. Earlier publications are incomplete
because the analysis of TCA and TCE in
the blood as well as the accurate assess­
ment of the amount of TRI taken up has
been difficult. These problems indicated
a need for a careful analysis of the TCA
and TCE found in the blood and urine
after exposure to TRI under varying
work loads when the uptake of TRI is
also determined.

MATERIALS AND METHODS

Experimental conditions

Fifteen healthy men were divided into
three groups which inhaled different
concentrations of TRI and worked at
different work loads as described earlier
(2). Each participant was exposed to TRI
at rest and during exertion on a bicycle
ergometer (fig. 1). During the course of
the experiment blood samples were taken
directly from an arterial catheter (from the
arteria brachialis) into a test tube contain­
ing 0.1 ml of a citrate solution.2 Each
sampling consisted of double samples of
seven drops of blood each. The exact
amount of blood in each sample was deter­
mined by weighing. The day after exposure
capillary blood samples were drawn from
the subjects' fingertips. Fig. 1 gives the
blood sampling schedule. Urine samples
for the analysis of TCA and TCE were
collected as shown in fig. 1. The rates of
excretion of these metabolites were deter­
mined from the times given by the exposed
persons.

2 ACD solution: a water solution containing
0.48 0J0 citric acid, 1.32 0J0 sodium citrate
and 1.47 0J0 glucose.
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Analytical methods

TCA and both TCE and TCE-G were
analyzed in both blood and urine samples
by gas chromatography according to a
recently described method of Vesterberg
et al. (21).

The concentration at each sampling is
given as the average of the determinations
in two blood samples and two urine
samples, respectively.

RESULTS

Trichloroacetic acid in the blood

TCA was found in the blood after 30 min
of exposure. The amount increased almost
linearly for a considerable number of
hours after exposure (table 1, fig. 2). The
individual differences within each group
were relatively small (table 1 and fig. 2).

By comparing data in fig. 2 and table 2,
one can conclude that the greater the

exposure and the uptake, the faster the
blood levels of TCA increase with time.
The comparatively small differences be­
tween the groups indicate that even at
the lowest exposure level'S (group II), TCA
approaches the maximal rate of produc­
tion and elimination.

Trichloroacetic acid in the urine

The results of the TCA in the urine are
shown in table 3. The variation within
the groups is the least when the results
are given as the amount excreted per
minute because in this way the influence
of individual differences in urine output
per time unit is reduced. The TCA con­
centrations have also been corrected for
the creatinine levels.

Trichloroethanol in the blood

TCE was found in the blood already after
30 min of exposure. The concentration
then increased linearly with time until 30
min after the conclusion of exposure

Table 1. Concentrations of trichloroacetic acid
in blood; averages of each group (n = 5) ± the
standard error of the mean are given. (Fig. 1
shows information on intensity of exposure and
work load.)

TeA
mg/kg
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0 0 0 0 ! •
30 0.4 ± 0.05 0.6 ± 0.09 0.7 ± 0.06 • 1-'--;1-+--<

1.1 ± 0.12 1.4 ± 0.12 1.6 ± 0.12
50 '00 150 200 250 300 540 780 1000 1400 minutes

80 -exposure-
08 time110 1.7 ± 0.14 2.3 ± 0.09 2.3 ± 0.11

09 14

140 2.8 ± 0.28 3.0 ± 0.14 3.0 ± 0.16
170 3.6 ± 0.27 3.5 ± 0.17 3.9 ± 0.27 Fig. 2. Concentrations of trichloroacetic acid200 3.9 ± 0.32 3.7 ± 0.21 4.5 ± 0.28
230 4.5 ± 0.29 4.1 ± 0.31 5.3 ± 0.27

(TCA) in blood during and after exposure to
260 5.2 ± 0.52 4.5 ± 0.30 5.4 ± 0.38 trichloroethylene; the average values of each

1400 13.6 ± 2.22 13.3 ± 1.15 17.8 ± 1.29 group are shown. (Symbols: '* = group I, 0 =
group II and • = group III)

Table 2. Total amount of trichloroethylene supplied and taken up; averages of each group
(n = 5) ± the standard error of the mean are given.

Group

I
II

III

214

Amount supplied
(mg)

1,681 ± 26
1,348 ± 41
3,907 ± 151

Amount taken up
(mg)

702 ± 31
565 ± 8

1,402 ± 307

Uptake in % of the
amount supplied

45 ± 2
44 ± 1
42 ± 3



TabLe 3. Concentrations of trichloroethanol (TCA) and trichloracetic acid (TCE) in urine and
the excreted amount of TCA and TCE of the three groups; averages of each group (n = 5)
± the standard error of the mean are given.

TCA TCE

Time from Concen- Concen-
beginning tration Excreted tration Excreted

Group of expo-
sure

(mg/kg) Amount Amount Amount Amount
(h) (mg) (flg/min) (mg/kg) (mg) (ug/kg)

I 0- 5 4.3 ± 2.5 0.4 ± 0.0 1.5 ± 0.2 125.3 ± 39.9 20.2 ± 4.0 67.2 ± 12.9
5- 9 10.6 ± 2.8 1.8 ± 0.5 6.ll ± 1.6 236.2 ± 67.6 40.4 ± 8.1 154.1 ± 22.3
9-13 22.2 ± 8.7 3.4 ± 1.0 13.6 ± 3.9 136.5 ± 36.3 24.0 ± 4.4 96.4 ± 16.6

13-22 a 24.9 ± 8.1 5.5 ± 1.5 10.2 ± 3.1 131.2 ± 39.9 33.7 ± 6.6 61.3 ± 10.9

II 0- )) 6.6 ± 2.2 1.4 ± 0.4 4.2 ± 1.3 157.5 ± 29.7 35.0 ± 7.8 106.1 ± 19.7
5- 9 14.2 ± 5.2 2.6 ± 1.6 12.1 ± 7.4 161.4 11.2 25.4 ± 10.3 120.8 ± 45.3
9-13 15.6 ± 6.3 4.1 ± 1.6 15.8 ± 7.2 79.7 ± 18.9 18.9 ± 5.0 67.3 ± 15.0

13-22 a 21.1 ± 9.0 6.4 ± 2.6 12.2 ± 5.0 65.3 ± 8.4 20.2 ± 4.3 34.7 ± 8.5

III 0- 5 3.0 ± 1.8 0.7 ± 0.4 2.3 ± 1.5 185.6 ± 83.2 51.2 ± 20.1 167.5 ± 59.6
5- 9 14.2 ± 7.4 5.2 ± 3.4 17.9 ± 9.7 258.3 ± 48.8 82.4 ± 17.9 316.6 ± 47.0
9-13 22.9 ± 10.7 4.6 ± 1.6 21.3 ± 10.6 154.0 ± 31.2 36.6 ± 7.3 144.0 ± 22.2

13-22 a 26.7 ± 12.8 11.8 ± 5.6 15.5 ± 8.1 167.5 ± 24.8 63.8 ± 7.9 113.4 ± 12.2

a Night urine.

50 100 150 200 250 JOO 540 7BO ¥)OO l400 minutes
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TabLe 4. Concentrations of trichloroethanol in
blood; averages of each group (n =5) ± the
standard error of the mean are given.

Fig. 3. Concentrations of trichloroethanol (TCE)
in blood during and after exposure. (Symbols:*= group I, 0 = group II and • = group III)
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(table 4 and fig. 3). Each exposed person
showed relatively constant TCE levels
from the termination of the exposure until
2 h later; a plateau level was established.
We regard this phenomenon as an impor­
tant finding. The plateau can be inter­
preted as a balance between the rate of
production and elimination.

As can be seen in fig. 3, the different
groups had different angles of inclination
of the plateau so that group II, which had
the lowest uptake, had the steepest angle
and the greatest tendency for TCE to
decrease with time. This is a logical re­
sult, because the lower the uptake of TRI,
the shorter the time necessary for the body
to convert TRI and eliminate TCE.

For the determination of the differences
between the groups with reference to
blood levels of TCE after exposure, a t­
test was made on the averages for each
group at four time points on the plateau.
The differences were significant to the
95 % level between groups I and II, and
to the 99.9 % level of significance between
groups II and III. This finding is in total
agreement with the differences in the
levels of uptake (table 2). As can be seen
in fig. 4, a correlation exists between the
average plateau values for TCE in the
blood and the total uptake. These results
indicate that it is possible to determine the
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amount of TRI taken up during preceding
hours with the analysis of TCE in the
blood.

The samples taken the day after expo­
sure showed lower levels than the plateau,
and in those cases where two consecutive
samples were taken for one person the

TeE
in blood
mg/kg

6...-----,.......----,,...-----,---,
•

later value was always lower than the
earlier one. The averages for the first
sample in each group were 1.0, 0.8, and
1.6 mg of TCE/kg for groups I, II and III,
respectively. Even with the variability
between individuals within a group, it is
possible to draw the conclusion that the
TCE level in the blood 1 day after expo­
sure is directly related to the amount of
uptake and to state that the greater the
uptake, the greater the concentration of
TCE in the blood.

oL----"----.......-----''----'
o 500 1000 1500 total uptake

TRI mg

Fig. 4. Concentration of trichloroethanol (TCE)
in blood as the average plateau values calcu­
lated for each individual as an average of four
samples taken at intervals of 30 min during the
time 30-120 min after the termination of expo­
sure and in relation to the total uptake of
trichloroethylene. The equation of the line is
y = 0.002 x + 1.60, and r = 0.87. (Symbols: '* =
group I, 0 = group II and • = group III)

Fig. 5. Rate of excretion of trichloroethanol
(TeE) calculated from the morning sample
(from 22 :00 to 07 :00) obtained the day after
exposure in relation to the total uptake of
trichloroethylene (TRI); average values of each
group as well as the standard error of the
mean is given. (Symbols: -.& = group I, 0 =
group II and • = group III)
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Total trichloroethanol in the urine

The results obtained for total TCE in the
urine are shown in table 3. As with TCA
in the urine, TCE in the urine varied from
individual to individual within each group.
The difference is not much accentuated if
a correction is made for density (12). The
correlation was relatively low between the
total uptake of TRI and the concentration
of TCE in the morning urine specimen the
day after exposure. Using the correction
milligrams of TCE per gram of creatinine
reduces the individual differences and
somewhat increases the differences be­
tween groups. However, there is a good
correlation if the excretion of TCE is
expressed as the excreted amount of TCE
per time unit (fig. 5). The correlation be­
tween uptake of TCE in the urine seems
to be vallid even for the great uptake of
group III.

As can be seen in fig. fl, a correlation
was found between the TCE concentration
in the blood after the termination of expo­
sure (averages of the plateau values) and
the rate of excretion of TCE in the urine
in the morning sample taken on the day
after the exposure.

Trichloroacetic acid and total
trichloroethanol in the urine

The results of the TCA and the total TCE
in the urine are shown in table 5. It is
evident that TCE and, especially, TCA
excretion continued even after the last
sampling. It was already known that
TCA can be found in the urine for more
than 1 week after exposure (3, 9). .There
are large differences in the sum of TCA +
TCE in relation to the uptake within the
groups. Therefore using the sum of TCA +
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TCE as a measure of exposure is question­
able (10, 20). For the different groups
practically the same percentage of the
total uptake was excreted (table. 5). This
result shows that the excretion is propor­
tional to the uptake and therefore also
speaks against using the sum of TCA +
TCE as a measure of exposure.
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Fig. 6. Concentration of trichloroethanol (TCE)
in blood after the tennination of exposure as
the average of the plateau for the time 30-120
min in relation to the rate of excretion of TCE
in urine, calculated from the morning sample
(from 22 :00 to 07 :00) obtained the day after
exposure. (Symbols: '* == group I, 0 == group II
and • == group III)

The results showing higher TCA levels in
the blood and urine the day after exposure
indicate that production and excretion
rates are relatively low. Therefore the
metabolite can be expected to accumulate
with continued exposure over several days,
a result which has also been shown in
earlier publications (9, 14) and which is
important because, in this way, samples
could show higher values at the end of the
work week than at the beginning even
though the actual exposure has been the

TabLe 5. Excretion of trichloroethanol (TCE) and trichloroacetic acid (TCA) in urine for differ­
ent periods of time during and after exposure to trichloroethylene (TRI). The average of the
total uptake within each group is expressed in moles of TRI, as well as the excretion as the per­
centage of uptake. Averages of each series (n == 5) ± the standard error of the mean are given.
(The individual variation was relatively large and the excretion was not yet concluded, especi­
ally in the case of TCA. The summations of the averages for each group have been made for
the illustration of the rate of excretion.)

Time from Time in minthe begin- during which TCA TCE TCA + TCE TRI Excretion
Group ning of urine was (fl mol) (fl mol) (fl mol) uptake in 0/0 of

exposure (fl mol) uptake
(h) collected

I 0- 5 297 ± 3 3.0 ± 0.5 135 ± 27 138 ± 26
5- 9 255 ± 19 11± 3 271 ± 54 282 ± 56
9-13 247 ± 10 21 ± 7 161 ± 30 182 ± 32

13-22 547 ± 19 34 ± 9 226 ± 44 260 ± 45

SummationS 0-1,400 69 793 862 5,342 16.1

II 0- 5 318 ± 21 9± 3 235 ± 52 244 ± 54
5- 9 209 ± 10 16 ± 10 170 ± 69 186 ± 79
9-13 273 ± 27 26 ± 10 126 ± 34 152 ± 40

13-22 518 ± 29 40 ± 16 136 ± 29 176 ± 36

SummationS 0-1,400 91 667 758 4,300 17.6

III 0- 5 292 ± 26 4± 3 344 ± 135 348 ± 137
5- 9 258 ± 38 32 ± 21 553 ± 120 585 ± 137
9-13 258 ± 25 26 ± 11 246 ± 49 272 ± 53

13-22 558 ± 18 62 ± 30 428 ± 53 490 ± 81

SummationS 0-1,400 124 1,571 1,795 10,670 16.8

S Approximate.
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same from day to day. The strong affinity
of TCA for protein, i.e., albumin, may
explain the tendency for accumulation and
slow elimination. The fact that the varia­
tion between individuals increases with
time indicates that the rate of production
and/or elimination can demonstrate large
individual differences. Earlier published
data show that these individual differences
tend to decrease if exposure to TRI is
continued for several consecutive days (6,
7, 9, 14).

Toxicologically, TCE is the most impor­
tant product resulting from TRI exposure
because it can affect the central nervous
system (5, 6, 13). For example, chloral
hydrate, which has been used as a sleeping
drug for many years, exerts its effects by
conversion to TCE (6, 17). It has been
proposed that the TCE blood levels are
representative of the concentration in the
central nervous system (6). There is
possibly therefore a risk of accidents when
TCE due to occupational exposure in the
body exceeds a certain level. For the
prevention of accidents the determination
of TCE ought to be considered more
important than the analysis of TRI in the
inspired air as a method to assess the
intensity of exposure, e.g., by measuring
TRI in blood or alveolar air samples.
Unfortunately no published value for a
critical level of TCE in blood is available.
However, according to Ertle et al. (6) the
corresponding level for plasma seems to
be below 6 ,ug/ml.

As noted earlier, the concentration of
TCE in the blood iIlllmediately after the
beginning of exposure, and for at least
2 h after that for each individual, is main­
tained at a relatively constant level, i.e.,
a plateau. The reason that this phenome­
non has not been noted earlier may be that
other workers used long time intervals
between samplings. It can be shown by
statistical analysis that the TeE in the
blood measured at the plateau levels is
positively correlated to the amount of both
exposure and uptake. As pointed out
earlier, we regard this finding as impor­
tant. It has, for example, the practical
consequence that fluctuations in the inten­
sity of exposure, as well as time of sam­
pling after terminated exposure, is not
very critical. Earlier studies have shown
that the levels of solvents in capillary
blood correlate well with the levels in
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arterial blood (1). It should be taken into
consideration that TCE in blood can be
present partially as TCE-G, which might
make it difficult to use TCE as a measure
of the uptake of TRI during occupational
exposure.

In the light of the new observations,
earlier proposals involving the estimation
of exposure from the determination of the
concentration of TCA in the urine (16, 18)
or TCE+TCA (10, 20) now seems question­
able. The explanation for the earlier
proposals is to a great extent that a toxico­
dynamic approach has not been used. The
results of this investigation are consistent
with the recent reports of Ertle and co­
workers (6) and Kimmerle and Eben (9),
who have shown that the production, as
well as the excretion rates, are very dif­
ferent for TCE and TCA. Therefore the
accurate assessment of a urine analysis
also requires specific information about
the exposure to TRI. The exposure condi­
tions for the week prior to TCA sampling
must be considered and for the previous
24-h period for TCE. Standardization of
the sampling time is highly desirable for
TCE and TCA. The total amount or ratio
of the metabolites (7, 10, 16) is difficult to
interpret and may even be misleading
because of previously mentioned facts. As
TCE in the urine sample taken the morn­
ing after exposure seemed to give the
best reflection of the exposure occurring
on the preceding day and as it gives
information about the level of TCE in the
blood, such a measurement appears to be
a valuable analysis. However, there are
some practical difficulties, e.g., getting
exposed persons to provide accurate data
on the time of urine collection, since
inaccurate data might make calculations
of the TCE excretion rate uncertain in
some cases. The results presented in this
study do not preclude evaluation of condi­
tions that would be present during re­
peated exposure over several consecutive
days. Although such studies have been
made (6, 9, 14, 19), it is not easy to compare
published data on TCA and TCE in urine
partly because widely different exposure
conditions have been used.
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