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ABSTRACT

2-Thiothiazolidine-4-carboxylic acid (TTCA) is the accepted urinary indicator of occupational exposure to carbon disnlfide. An
extractionless automated column-switching procedure for the determination of this compound in urine was developed. The biclogical
fluid is dircetly injected into the chromatographic system after dilution. A clean-up procedure is performed in an anicn-exchange
pre-column, with aqueous formic acid as eluent, followed by a transfer to a cyan-amino or amino analytical column in order to carry
out analysis of TTCA under isocratic elution conditions, with a mixture of acetonitrile, water and formic acid as eluent, combined with
ultraviolet detection. The detection limit of the methed in urine is estimated to be 0.1 mg/l.

INTRODUCTION

Exposure to carbon disulfide (CS;), a neuro-
toxic compound, occurs principally in the viscose
industry. Biological monitoring for exposure to
this solvent is performed by measuring the con-
centration of 2-thiothiazolidine-4-carboxylic acid
(TTCA) in the urine of exposed workers. A bi-
ological exposure index (BEL) of 5 mg of TTCA
per g of creatinine and BAT (Biologischer Ar-
beitsstofftoleranzwert) of 8 mg/1 are recommend-
ed [1,2]. TTCA can also be used for the biological
monitoring of workers exposed to fungicides
such as captan {3,4] or disulfiram [5]. These com-
pounds are partly metabolized to form thiophos-
gene or C8,, which, after formation of a glutath-
ione conjugate followed by an enzymatic degra-
dation and ring-closure reaction, are excreted in
urine as TTCA.
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Only a few methods are available for the mea-
surement of TTCA in urine [6-9], and they are
based on either capillary gas chromatography
with thermoionic detection [6] or liquid chroma-
tography with ultraviolet detection [7-9] as ana-
lytical techniques. Furthermore, they all require a
time-consuming liquid-liquid extraction step, in-
cluding the selective method of Thienpont e? al.
[9], which additionally uses affinity chromatogra-
phy on organomercurial agarose gel for the isola-
tion of TTCA. The column-switching technique,
which has found many applications in clinical
laboratories, such as therapeutic drug monitor-
ing, is very attractive for sample clean-up and
routine analysis in liquid chromatography.

The method described in this work omits the
liquid-liquid extraction step and allows the direct
injection of urine after a simple dilution by using
column switching as a clean-up procedure. The
purification step is performed on an anion-ex-
change column, and, after transfer of the fraction
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of interest, the analysis is carried out in isocratic
mode on a cyan-amino or amino column com-
bined with UV detection at 275 nm.

EXPERIMENTAL

Chemicals and reagents

All chemicals were of analytical reagent grade.
Formic acid and perchloric acid were obtained
from Merck (Darmstadt, Germany). Water was
purified by passage through a Milli-Q treatment
system (Millipore, Bedford, MA, USA). Aceto-
nitrile and methanol of chromatographic grade
were oblained from Varian {San Fernando, CA,
USA). TTCA was at first synthesized and puri-
fied according to the method of Rosier e/ al. [10],
then obtained from Aldrich (Steinheim, Germa-

ny).

Apparatus

The HPLC system consisted of two chromato-
graphic pumps, a Model 590 from Waters Asso-
ciates (Milford, MA, USA) and a Model 5000
from Varian, two automated switching valves
{(Model 7000, Rheodyne, Berkeley, CA, USA), a
Model 805 autosampler from Varian, associated
with a Model 7126 automatic sample injector
(Rheodyne) equipped with a 10-ul sample loop,
and a Model SPD-6A ultraviolet detector (Shi-
madzu, Kyoto, Japan) set at 275 nm, all of which
were controlled by a Waters chromatographic
pump.

Columns

The anion-exchange column was a 5 cm x
0.32 cm 1.D. stainless-steel tube packed with
10-pm Partisil SAX (Whatman, Fairfield, NJ,
USA) or 5-um Spherisorb SAX (Phase Separa-
tions, Deeside, Clwyd, UK) connected to a 3 cm
x 0.21 cm 1.D., 37-53 um pellicular ODS (What-
man) guard column. The analytical column was a
15em x (.32 cm 1.D. stainless-steel tube packed
with 5-um Partisil cyan-amino (Whatman) or
5-pym Nucleosil NHa (Macherey-Nagel, Diiren,
Germany). With the exception of the guard col-
umn, which is dry packed, all columns were made
in the laboratory and slurry-packed at 4 - 107 Pa
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using a mixture of 95% ethanol-2-propanol-tol-
uene (1:1:1, v/v/v) as slurry solvent and methanol
followed by water as displacement liquid.

Other silica-bonded phase anion exchangers
were tested. These included: a 5-um Chromega-
bond RP-SAX (ES Industries, Berlin, NJ, USA),
a 10-um Vydac AN (Vydac, Hesparia, CA,
USA), a 5-um Rosil AN (ResearchSeparations
Laboratories, Eke, Belgium) and a 5-um Nucleo-
sil SB (Macherey-Nagel, Diiren, Germany).

Chromatographic analysis

The mobile phases used in this study were
aqueous formic acid (0.2 M) for the anionic—ex-
change column and a mixture of water-acetoni-
trile~formic acid (75-65:24-34/1, v/v/v) for the
analytical columns, the strength depending on
the experimental conditions. The flow-rate for
both columns was 0.6 ml/min.

Spiked urine preireatment

Blank human vurine samples spiked with
known amounts of TTCA (16 mg/l, 4 mg/l and
0.8 mg/l) were diluted 1:40, 1:10 and 1:5 with
eluent and an aliquot of 10 p! was injected into
the HPLC system. When urine samples were not
being analysed, they were kept frozen at —20°C.

Analysis of TTCA

For a given urine sample, the retention time
was compared with that of an external standard,
and the method of peak-height measurement was
used for quantitative assessment. The analysis of
each sample was completed within about 20 min.

Urine preclean-up procedure on Cyg cariridges
In order to protect the HPI.C columns and in-
crease their lifetime, the urine samples were puri-
fied before their injection into the HPLC system
by a clean-up on C,s cartridges: 0.5 ml of the
urinary sample were passed through a Bond Elut
cartridge filled with 0.1 g of Cy5 sorbent previ-
ously conditioned with 1 ml of methanol, 1 ml of
distilled watcr and 1 ml of ammonium acetate or
monopotassium phosphate 2 - 1072 M. After re-
covery of the eluate in a gauged flask, ca. 0.5 ml
of the previous buffer solution was passed
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Fig. 1. Schematic diagram of the column-switching system, V,
V, = Switching valves; P,, P, = HPLC pumps; E,, E, =
eluents; i = injector; C, = purification column; C, = analytical
column; D = detector.

through the cartridge, mixed with the previous
eluate and adjusted to 2.5 ml or 10 ml with water
or buffer solution.

RESULTS AND DISCUSSION

Liquid-liquid extraction of TTCA from urine
is a rather restrictive and non-selective technique.
The use of column switching for sample urine
clean-up in order to reduce the handling of bi-
ological material seems attractive. This technique
is not new, and Ramsteiner {11] has described the
main principles in a review. The direct transfer
technique was employed here, and consists of dis-
carding the uninteresting parts of a sample ini-
tially eluted on a primary column in order to se-
lect the fraction of interest and to transfer it onto
the secondary column with a minimum of over-
lapping interferences.

A schematic diagram of the switching system is
shown in Fig. 1. Initially, after the injection of
sample into an anion exchange column (C,), pu-
rification was performed with eluent E, and
pump P, by dispatching the bulk of the undesired
matrix to waste over approximately 6 min. Fol-
lowing this, valve 1 (V) was switched, and the
analyte fraction of interest was transferred from
C, onto the analytical column (C,) with eluent
E and pump P, for ca. 2 min. After the complete
elution of analyte from the primary column,
valve 2 (V,) was rotated and TTCA was eluted
and separated on column C; with eluent E; and
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TABLE 1

TTCA CAPACITY FACTOR (k) ON DIFFERENT ION-EX-
CHANGE BONDED COLUMNS

Injection of 10 pl of a TTCA standard (0.4 mg/l in eluent).
Eluent: 0.2 M aqueous formic acid; flow-rate: 0.6 ml/min; col-
umns: 5 em % 0.32 cm LD.; £, was determined by injection of
deionized water or acetonitrile.

Packing material k’

Chromegabond RP-SAX 59
Vydac AN 7.8
Partisil SAX 9

Spherisorb SAX 11.1
Rosil AN 16.8
Nucleosil SB 52.1

pump P,. The valves and connections were or-
dered so as to inject the sample on column C; or
on the column C; without the need to switch
them.

The ionizable carboxylic functional group of
TTCA suggests the use of an anion-exchange
phase for preliminary chromatographic fraction-
ation since either an ion suppression or associ-
ation technique must be used to detect it by re-
versed phase chromatography [7,8]. In prelimina-
ry experiments, the ionic force and the pH were
optimized to obtain a sufficient difference in re-
tention between the TTCA and UV-absorbing in-
terfering compounds, such as other organic
acids, while minimizing the total retention time.
In this way, the number of potentially interfering
components to be transferred to the secondary
column with TTCA was reduced. A solution of
0.2 M formic acid in water was retained as mobile
phase. The capacity factor of TTCA was deter-
mined for a series of columns with different
anion-exchange bonded phases using 0.2 M for-
mic acid as eluent. The results are summarized in
Table 1. Partisil SAX and Spherisorb SAX
formed the best compromise, offering a minimum
number of interfering components transferred in
a minimum retention time.

A Cy5 bonded phase was not used in the ana-
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lytical column since the separation and the sensi-
tivity were reduced by sample dilution through-
out the analysis, because the eluent strengths of
the mobile phases of the two columns were too
similar.

The combination of the selected strong anion-
exchange phase with weak anion-exchange phas-
es, cyan-amino, NH; and N{CH.),, was tested.
Highly selective chromatographic separations
were obtained with the first two phases. A mix-
ture of water—acetonitrile-formic acid (75:24:1,
v/v/v) was selected as an eluent for the cyan-ami-
no phase and 65:34:1 (v/v/v) for the amino phase.
Given the low pressure obtained with the cyan-
amino phase, the analyses were carried out pref-
erably and principally in this phase. Typical
chromatograms are shown in Fig. 2.

The minimum detection limit for the determi-
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nation of standard TTCA was 0.02 mg/1 (signal-
(o-noise >3), and estimated to be 0.1 mg/l for
urinary TTCA.

The calibration curve for TTCA was linear
over the investigated range. The regression equa-
tion was ¥ = 0.037 + 0.161x, with a correlation
coefficient greater than 0.999.

Different quantities of TTCA were added to
urine samples. The recovery of TTCA from these
spiked urine samples is shown in Table I1.

The concentrations were determined by exter-
nal standardization with aqueous standards and
were not corrected for recovery. No internal
standardization method was performed because
of the difficulty in finding an appropriate internal
standard by using the heart-cut column-switch-
ing technique; the internal standard requiring
two conditions: to have the same retention time

i
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Fig. 2. Chromatograms of : (a) standard of TTCA 0.4 mg/l; (b) blank urine sample (dilution 1:5); TTCA less than 0.05 mg/]; (¢) blank
urine sample spiked with 0.8 mg/l TTCA (dilution 1:5). Chromatographic conditions: C,, Partisil SAX; elunent, H,O-HCOOH
(99.2:0.8, v/v); flow-rate, 0.6 ml/min; C,, Partisil PAC; eluent, H,0-CH,CN-HCOOH (75:24:1, v/v/v); flow-rate, 0.6 ml/min; switch
times, 7, = 6 min, T, = 8.5 min; UV, 0.005 AUFS. The arrows indicate the TTCA peak.
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TABLEIT

TTCA RECOVERY FROM SPIKED BLANK URINE SAM-
PLES

Direct injection of 10 pl of urine sample (dilution 1:5) without
preclean-up procedure on C , cartridges. Chromatographic con-
ditions as in Fig. 2.

Concentration Recovery Standard deviation
{mg/1) (%) (%)

16 95.8 19@m = 5)

4 95.3 1.1(n = 5)

0.8 95.9 42 (@ = 35)

as TTCA on the primary column and to be com-
pletely separated from TTCA and other un-
known substances on the analytical column.

The within-series precision and between-day
precision were established on a sample of pooled
urine (1.56 mg/l creatinine) to which TTCA was
added in concentrations of (.8 mg/1, 2.4 mg/l and
8 mg/l. The analyses of the urinary samples were
performed without a preclean-up procedure on
C1s cartridges. The average values, the standard
deviations (S.D.) and the variation coefficients
(C.V.) are reported in Table III.

Other tests of reproducibility were performed
by changing the operators and the chromato-
graphic columns; the relative standard deviations
of the assays did not exceed 5% (x = 0.76 mg/l,
n = 16), 4% (¥ = 2.25 mg/l, » = 16) and 2.5%
(¥ = 779 mg/l, n = 16).

TABLE ITI
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No interference was observed with another
metabolite of CS,, 2-oxothiazolidine-4-carboxyl-
ic acid, the oxygenated compound corresponding
to TTCA. To check the specificity of the method,
measurements of urinary TTCA were performed
on the urine of workers unexposed to CS;. A to-
tal of 38 urine samples were analysed and the
TTCA levels were lower than the estimated urin-
ary detection limit: ¥ = 0.07 mg/l ; S.D. = 0.04
(x = 0.05mg per g of urinary creatinine ; S.D. =
0.03).

The disadvantage of the method is the limited
lifetime of the anion purification column, which
is due to the relatively small amount of the phase
contained in the column, ca. 0.3 g. The lifetime
was checked by measuring of the TTCA standard
retention time every five injections and ranged
from 70 to 100 injections of diluted urine. This
lifetime was doubled by the introduction of a Cy 3
guard column above the anion-exchange column.
The guard column was replaced every 50 injec-
tions of biological samples.

Another way of protecting the anion purifica-
tion column and increasing its lifetime is to carry
out an additional clean-up step of the urine sam-
ple prior to the injection. The method involves
using Cp silica cartridges. It is simple and casy,
and no loss of TTCA occurs during the proce-
dure. The recovery of TTCA from spiked urine
containing concentrations of 0.8 mg/l and 4 mg/l
using solid phase clean-up alone was 99.8%
(S.D. = 1.8%, n = 5) and 99.7% (S.D. =

WITHIN-SERIES AND BETWEEN-DAY PRECISIONS AT THREE CONCENTRATION LEVELS ON URINARY SAMPLES

SPIKED WITH TTCA

Direct injection of 10 pl of urine sample (dilution 1:5) without preclean-up pracedure on C,; cartridges. Chromatographic conditions as

in Fig. 2.

Concentration of Within-series (n = 6)

Between-day (n = 6)

added TTCA

(mg/l) i $.D. C.V. % S.D. CV.
(mg/l) (mg/1) (%) (mg/1) (mg/1) (%)

0.8 0.76 0.02 26 0.76 0.03 39

24 2.26 0.02 09 2.29 0.04 18

8 7.62 0.08 1 7.87

0.16 2
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Fig. 3. Chromatograms oft (a) direct injection of a blank urine
sample spiked with 0.8 mg/l TTCA without clean-up procedurce
prior to HPLC injection {dilution 1:5); (b) same sample with a
clean-up procedure on C,, cartridge prior to HPLC injection
(dilution 1:5). Chromatographic conditions as in I'ig. 2. The ar-
rows indicate the TTCA peak.

1.25%, n = 3), respectively. This method led to
an additional manipulation ol urine sample, but
a useful purification is nevertheless obtained in
the case of “concentrated” urine. An example of
the purification obtained in this way is shown in
Fig. 3. No direct analyses of spiked urine samples
in an anion-exchange column alone or a cyan-
amino column are shown because the TTCA
peak is lost due to large, positive signal broad-
ening.

During the assessment of the applicability of
the method to various urine samples it was ob-
served that mobile phase containing perchloric
acid (0.01 M), instead of formic acid, can also be
used with the two columns of the chromato-
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Fig. 4. Chromatograms of a blank vrine sampie, TTCA less than
0.05 mg/t, and an urine sample spiked with 0.8 mg/l TTCA (dile-
tion 1/5) on: (a) Partisil PAC as analytical column (chromato-
graphic conditions as in Figs. 2 and 3); (b) Nucleosil NH, as
analytical column. Chromatographic conditions: C,, as in Figs.
2 and 3; C,, Nucleosil NH, ; cluent, H;O- CH,CN-HCOOH
(65:34:1, v/v/v); low-rate, 0.6 ml/min; switch times, 7, = 6 min,
T, = 8.5 min; UV, 0.005 AUFS. The arrows indicaie the TTCA

peak.
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graphic system. This results in a change in the
selectivity of the chromatographic separation,
and thus the use of an NH; phase instead of the
cvan-amino phase should not be neglected. An
example of the difference in selectivity between
the cyan-amino and NH; phases is illustrated in
Fig. 4.

No reconditioning of the anion-exchange col-
umn was needed between injections as the col-
umn was always flushed with the same mobile
phase. However, backflushing with a stronger
eluent, which is used on the analytical column for
instance, can be performed after a series of ten
injections in order to clute strongly retained com-
ponents.

CONCLUSION

The great advantage of the proposed column-
switching method described in this work is the
minimization of sample handling through omis-
sion of the tedious liquid-liquid extraction stage,
which makes it particularly useful for routine
analysis. The method is easy and rapid, and the
detection limit, 0.1 mg/1 of TTCA, is much lower
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than the recommended BEI (for a mean creati-
nine level of 1.6 g/1}.
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