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Methods for measuring trichloroethanol and
trichloroacetic acid in blood and urine
after exposure to trichloroethylene
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VESTERBERG, O., GORCZAK, J. and KRASTS, M. Methods for measuring trichloro-
ethanol and trichloroacetic acid in blood and urine after exposure to trichloroethlyene.
Scand. j. work environ. & health 1 (1975) 243—248. A description is given of pro-
cedures for the analysis of trichloroethanol, conjugated trichloroethanol, and trichlo-

roacetic acid (TCA) in blood and urine.

The determination of TCA is effected by

measuring its decarboxylation product chloroform. The methods depend on extrac-
tion with isooctane and subsequent analysis by gas chromatography.
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Trichloroethylene (TRI) is an organic
solvent of extremely wide use, and one
to which many workers are frequently
exposed in varying intensities. Acute in-
toxication occurs frequently, but mainly
from sniffing (7).

The metabolism, or biotransformation,
of the substance has been studied (2, 5,
6, 8, 11). It seems that trichloroacetal-
dehyde (chloral) and chloralhydrate form
rapidly (8). Oxidation yields trichloro-
acetic acid (TCA) (11), whereas reduc-
tion, probably mediated by the en-
zyme alcoholdehydrogenase, gives tri-
chloroethanol (TCE) (8). TCE is then con-
jugated with glucuronic acid (TCE-G) be-
fore it is excreted in the urine (5). The
compounds TCA and TCE-G are elimi-
nated in the urine at different rates (14,
16).
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Currently, the analysis of TCA is widely
used as an index of TRI exposure; how-
ever, varying opinions have been ex-
pressed as to the level which corresponds
to safe work conditions during ex-
posure of this type (1, 3). Increasing
popularity for this purpose has been
gained by TCE or total trichlorocom-
pounds, ie., TCA plus TCE (10, 12).

Interpretation of the results of the
analysis of TCA and TCE in urine is by
no means simple, whereas it could be ex-
pected that the measurement of the con-
centrations of these compounds in blood
would exclude some of the problems, such
as the influence of kidney function. Al-
though analyses of TCA and TCE in blood
have earlier been effected (4, 9, 15), im-
provements and simplifications of the
methods seemed desirable. The fact that
TCA can produce chloroform (CHCL;) (9)
was taken as the basis for our method
of measuring TCA in blood and urine.
Although enzymes have been used for the
hydrolyzation of the glucuronide of TCE,
the methods involved call for long periods
of incubation and may yield inconsistent
amounts of free TCE, partly because of
the probable presence of inhibitors such
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as glucaric acid in variable concentrations
in urine (13). The enzyme methods were
abandoned in this instance, and choice
was made of the acid hydrolysis of
glucuronide, principally in accordance
with the method of Sedivec and Flek (17).

MATERIALS AND METHODS

The main principle for the analysis of TCA
and TCE is dependent upon extraction
into isooctane. The measurement of TCA
is further dependent wupon the decarb-
oxylation of TCA to chloroform according
to the method of Miiller et al. (14) and
with the modifications outlined later in
this section. Isooctane was used not only
for extraction but also for the elimination
of water, which is deleterious to the elec-
tron-capture (EC) detector.

The aim of the gas chromatographic
analysis was that of finding a stationary
phase at which TCE and chloroform could
be measured and ethanol, acetone, and
trichloroethylene, along with isooctane,
could be separated. The retention time
was set to ensure that it would not be too
short (because of the possible increase in
the risk of false peaks) or too long (too
long a time for each analysis would be
impractical). Several columns were tried,
and the two best were 20 /o Didecylphta-
late on Chromosorb W, DMCS 100—120 m,
length 400 cm, and 15 %/¢ SE 30 on Chromo-
sorb W, AW. 100—120 m, length 210 cm.

Apparatus

The gas chromatograph employed was a
Perkin—FElmer model F-11 equipped with
an EC detector unit. The radioactive
source for the chromatograph was ®Ni
1 mCi. Its stainless steel column had an
inner diameter of 1.9 mm, was 210 c¢cm long,
and was packed with 15 % SE 30 on
Chromosorb W, AW, 100—120 m. For
the analysis of chloroform the tempera-
tures for the inlet, column, and detector
were 150°, 80°, and 200° C, respectively;
for the analysis of TCE the corresponding
temperatures were 175°, 125°, and 200° C,
respectively. The nitrogen flow was 30 ml/
min.

A 10 mV Servogor graphic recorder was
used.
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Reagents

The following reagents were used: trichlo-
rosthanol for synthesis (Merck—Schuc-
hardt); trichloroacetic acid, p.a. (Merck,
Darmstadt); isooctane, certified A.C.S.
(Fisher Scientific Company); sulfuric acid,
98.08 %/ analytical reagent (Analar, Poole,
England); and acetone, p.a. (Merck, Darm-
stadt).

The ACD 2 solution was a water solu-
tion of 4.8 g of citric iacid, 13.2 g of sodium-
citrate, and 14.7 g of glucose per 1,000 ml.
This solution 'was used as an anticoagulant
and as a preservative for blood.

Standards

Bottles for standards. Blood samples and
standards in isooctane were stored in glass
bottles (25 ml); the screw caps were lined
with rubber gaskets and aluminum lamin-
ate (polyester-Al-polyethene, polyester in-
side) or other inert foil to prevent contact
between the organic gas phase and the
rubber.

Standards in isooctane. These solutions
were used for calibrating the detector
response at least once every alternate
hour.

Standards of TCE in isooctane. For the
analysis of TCE, standards were prepared
by adding TCE in ul amounts to isooctane
(10 ml). These standards could be stored
for several months at room temperature
in the previously described glass bottles.

Standards of TCA in isooctane. For the
analysis of TCA an estimate was made
of its decarboxylation product, chloroform.
Stock solutions were made with 500 gg/l
of chloroform in isooctane, after which
suitable concentrations were prepared by
dilution. The standard solutions could be
stored for several weeks at room tempera-
ture.

Blood and blood preparations. In view
of the difficulties involved in acquiring
a continuous supply of fresh blood, blood
from 4 to 6 weeks old, and supplied by
a blood bank, was utilized for the prepara-
tion of standards, and for the determina-
tion of suitable conditions for the analyti-

2 ACD refers to acidum citricum, dextrose.



cal procedures. The blood consisted of
a mixture of four parts human blood and
one part ACD solution. In the blood
analysis glass test tubes with glass stoppers
were used. For each analysis 0.5 ml of
the blood standard was used. In the
analysis of original samples, 0.10 ml of
the ACD solution was added, and the tubes
were weighed. Seven drops (approximate-
ly 0.4 ml) of antery or capillary blood were
then added and mixed in immediately,
after which the tubes were reweighed.

Standards of TCA in blood. Known
amounts of TCA were dissolved in 10.0 ml
of water and injected with a microsyringe
into 20.0 ml of ACD blood. After the addi-
tion of the standard substances, the vessels
were rolled for 20 min for equilibration.
The blood standards were stored at +4° C.
The period of storage was limited by blood
coagulation, which occurred after about 1
or 2 weeks.

Standards of TCE in blood. A stock
solution was made of TCE in ethanol
(99 °/v) with a content of 0.50 x1/ml. Micro-
liter amounts of the stock solution were
injected into 20.0 ml of ACD blood, which
was rolled and stored as was previously
described.

Standards of TCA and TCE in urine.
Standards for TCA and TCE in urine were
prepared and stored in basically the same
way as the blood standards.

Estimation of TCA in blood

The decarboxylation of TCA was effected
after the addition of an ethanol-acetone
(1 :7 v/v) mixture to the sample to which
1.0 mil of isooctane had already been added
for the estimation of free TCE. The
solutions were mixed with a Whirlimixer,
and then kept at room temperature for
26 h. Of the isooctane phase, 1.0 1l was
injected into the gas chromatograph and
analyzed for chloroform. Analysis is
also practicable during a more extended
period, but it is essential that the reagent
solution be added to both the sample and
the blood standard to ensure equal reac-
tion times. Fig. 1 illustrates the influence
of different amounts of the ethanol-acetone
solution, along with the reaction time
required to reach equilibrium. As a
plateau was wobtained after 26 h with

2.5 ml of the ethanol-acetone solution
added to 0.50 ml of ACD blood, these con-
ditions were adhered to for the subsequent
analysis of samples. As a consequence of
the diluting effect, larger amounts of
ethanol-acetone were not taken into ac-
count.

Estimation of free TCE in blood

The estimation of the glucuronide of TCE
had to be done in a separate sample, as
the difference between total TCE and free
TCE. With regard to original blood
samples, the analysis of free TCE and TCA
could be performed with the same blood
sample. Free TCE was estimated first
by the addition of 1.0 ml of isooctane to
05 ml of the ACD blood mixture.
(For original samples about 0.4 ml of blood
was used; in each case the exact amount
was determined by weighing.) After vig-
orous mixing for 30 s with a Whirlimixer,
the test tubes were allowed to stand for
some minutes so that the phases could
separate. Centrifugation was sometimes
necessary. When the upper phase was
clear, samples of 1.0 ul were drawn from
it for injection into the gas chromatograph.

Estimation of total TCE in blood

An amount of 0.25 ml of concentrated
sulfuric acid was added to 0.50 ml of the
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CHCl3 in isooctane (pi/l)
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0 24 48 72
Time in hours
Fig. 1. The rate of the decarboxylation of

trichloroacetic acid (TCA) in blood when vary-
ing amounts of the reagent solution and 5 ug of
TCA per ml of blood were used. Chloroform
(CHCl3) was extracted with 0.5 ml of isooctane.
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blood sample (containing 0.1 ml of the
ACD solution) for the hydrolysis of TCE
glucuronide, which was accomplished by
placing the glass tubes with stoppers in
a boiling water bath for 30 min. [Accord-
ing to Sedivec and Flek (17) the optimal
conditions for the hydrolysis of TCE
glucuronide are 6—17.5 M of H,SO; and
30 min of heating at 100° C.] After the
hydrolyzed sample had cooled, 2.0 ml of
isooctane was added and mixed in, and
1.0 ul of the isooctane phase was injected
into the gas chromatograph. Calculations
and corrections were made as described
in the results section.

Estimation of TCA and TCE in urine

TCA and TCE in urine were analyzed
in basically the same way as that employed
for the blood analyses. Volumes of urine
were measured by pipetting 0.50 ml for
both the standards and the original sam-
ples. When high concentrations of TCA
and TCE were expected, the urine samples
and the standards were diluted with water.
If the isooctane phase is diluted, it is
recommended that the standards contain
a level comparable to that of the sub-
stances to be analyzed.

RESULTS

The determination of TCE in the isooctane
phase, in relation to the standard of TCE
in isooctane, was applied in calculating
the concentration of free TCE in blood.
The partition coefficient of TCE between
isooctane and blood was estimated as
follows. Analyses were performed of a
series of TCE concentrations, 0.2, 0.5, 1.0
and 2.0 nl/ml, in blood from different
persons. The coefficients of variation for
the results were 5.4, 1.9, 2.2, and 2.1 %/,
respectively, for seven analyses at each
level of concentration. Regression analysis
gave the equation Y = 0.00008 + 0.150 X,
in which X was the concentration of TCE
added to the blood and Y was the con-
centration of TCE found in the isooctane
phase. The results corresponded to a parti-
tion coefficient of 0.214, with a coefficient
of variation of 2.9 %. As varying volumes
of blood had been sampled, detailed con-
sideration ‘had to be given to the parti-
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tion coefficient for TCE between blood
and isooctane. This was done by the
determination of the recovery of TCE in
the isooctane phase at different concentra-
tions of TCE (range 0.2—2.0 nl TCE/ml
of blood) as a function of varying amounts
of ACD blood. Within the range 0.3—
0.6 ml of ACD blood, the variation in the
partition coefficient was so small that it
could be ignored. Other volumes produced
more variation, the influence of which
should be regarded closely.

The possible influence of variable tem-
perature upon the partition coefficient was
also taken into account; in this study the
temperature was between 18° and 25° C.
The coefficient of variation obtained pro-
vided an indication that the influence of
temperature was quite small for the range
of temperatures applied. At a density
of 1.06 the amount of the standard blood
used, 0.50 ml, was equivalent to 0.42 g
of whole blood. When samples of seven
drops of blood were utilized, for practical
reasons, the variation in the amount was
between 0.35 and 0.55 g. This variability
made it necessary for the amount of blood
in each sample to be determined by
weighing. The concentration of TCE in
blood was then derived with the following
equation:

Ci Vi + G- V= Cy 0 Vi

where C; = concentration of TCE in iso-
octane, nl/m! (determined gas chromato-
graphically), C; = concentration of TCE in
ACD blood, nl/ml], C,; = concentration of
TCE in whole blood, nl/ml, V; = volume
of isooctane = 1.0 ml, V, = volume of
ACD blood in m], V,,, = volume of whole
blood in ml.

If the partition coefficient is C;/C, =
0.214 and g, = the weight of the blood
sample with a density of 1.06, the pre-
ceding equation can be written was:

C, + C, (g,,/1.06 + 01)/0.214 =
Con * Su/1.06.

If the result is to be expressed in ug
TCE/mi], the value of the density for TCE,
which is 1.55, must be introduced and the
formula becomes:

2.412
cwb = Ci [

Swb

+ 7.243 ] ug/ml.



As experimental exposure meant that
the amount of TCE glucuronide was very
low in some samples (Vesterberg et al,
to be published), it was assumed that C,
corresponded to total TCE in blood. How-
ever, in a study of some occupationally
exposed workers the proportion of TCE-G
was found ito be rather high in some cases.

If the concentration of TCE-G in the
blood is high, a decision must be made
as to whether interest is attached to its
analysis. From a toxicological standpoint
it has been claimed that free TCE is of
significance, whereas TCE-G is probably
of much less importance (14). The possible
influence of TCE-G upon the analysis of
free TCE was not investigated.

Fig. 2 illustrates the recovery, by ex-
traction, of added TCE in the analysis
of TCE in blood, urine, and water. As
recovery from blood was found to be lower
than that from water or urine, water can-
not be used for the preparation of stan-
dards intended for the evaluation of blood
samples.

The concentration of TCA in blood was
read from a standard curve prepared from
ACD blood with known additions of TCA;
the standard was treated in the same way
was the blood samples, and the result was
corrected for the amount of blood obtained
by weighing and by applying the factor
1.25 for dilution with the ACD solution.
The reproducibility was satisfactory (fig.
3).

The finally adopted procedure, utilizing
0.4 ml of blood and 1.0 ml of isooctane
with the injection of 1 .l of solvent, had
a detection limit of 0.03 ug per ml of blood
for TCE. The detection limit was 0.2 ug/
m] for TCA with the same amounts of
blood and isooctane and with 2.5 ml of
the ethanol-acetone solution (1:7 v/v)
with the injection of 1 ul of the isooctane
phase. The retention time was 1.5 min
for both chloroform and TCE.

DISCUSSION

The head-space procedure, which is known
to be very sensitive for some volatile
organic substances, seems to be achieving
increased popularity. Those who have
applied this procedure for TCE and TCA
include Breimer et al. (4). In our attempt
to employ this method for the analysis

of TCE, however, the results displayed
great variability and a low degree of
reproducibility, perhaps attributable to
different compositions of lipids and lipo-
protein in different blood samples, which
might give TCE variable degrees of

06

o5 water

04
blood

03|

02 |

y=0.0115+0.7782x (urine)
Y=-0.0032+0.1797x {water)
¥ =-0.0028+0.7415x {blood}

o r

TCE found in isooctane (ul/t)

00

0 ) 2 3
TCE added (ul/1)
Fig. 2. The recovery of trichloroethanol (TCE)

upon extraction with isooctane as a function of
TCE added to 0.5 ml of urine, water, and blood.
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Fig. 3. The concentration of chloroform

(CHCly) in the isooctane phase as a function
of the concentration of trichloroacetic acid
(TCA) in blood containing the ACD solution.
Analyses for some of the concentration levels
were made on different days with blood from
different persons. For the levels of 2.5, 5.0,
and 10.0 uxg/ml of added TCA, with 10 deter-
minations at each level, the corresponding
CHCl3 concentrations in w1/l isooctane were
0.12, 0.27, and 0.55, the coefficients of variation
being 10.0, 6.4, and 10.0 %, respectively.
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affinity for blood. Extraction with a
solvent such as isooctane could be ex-
pected to have several advantages. First
solvent extraction allows TCE and TCA
to be determined in the same sample.
Second, as the extracts can be stored, it
is not imperative that analyses be made
directly after the blood samples have been
drawn. Third water, which is deleterious
to the EC detector, is almost eliminated
from the injected sampie.

As far as TCA is concerned, it seems
difficult to design a reliable head-space
procedure without esterification. The
head-space procedure seems to give a low
sensitivity for TCA; moreover esterifica-
tion has some drawbacks from a general
point of view. Since the analysis proce-
dures described in this paper for TCE and
TCA have high degrees of sensitivity at
levels that indicate safety for occupational-
ly exposed workers, the volume of the
blood samples can be reduced.
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