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Summary. A strong carreiation was found petween vinyi chloride concentrations
at working places and the increased excretion of thiodigiyeolic acid of 18 expased
workers. The mean air ~wcentration of vinyl chloride was calcuiated referring o
personal exposure, Tie values obtained were in the range of 0.14 - 7.0 ppm. The
excrerion of thiodiglyeolic acid — maasured by GC-MS analysis — amounted to
0,3 — 4.0 mg/L. it could be demonstrated th:at significant increases of the meta-
bolite cxcretion occur even at VC-concentrations beiow 5 ppm.

Key words: Vinyl chioride — Thiodigivcolic acid — vinv! chloride metabolism in
man - Vinyl chloride urine metabolites — Biological exposure control

Today the air concentrations of vinyl chloride at working places are rigorously reduced
mainly due to its carcinogenic {5, 14, 16, 19, 2022, 34] and mutagenic {6. 8, 9, 14,

i 8,18, 11, 30] propertiss. Exposure controls are commonly hased on zir analyses by
means ol highly sensitive. hut not always strongly specific aralytical methods.

Therclore, we emphasieed tie uselilacss of additionai biological exposure controls
124, 26]. '

By animal experiments we couid demonstrate the possibility of determining the
exeretion of thiodiglyeolic acid and S-carboxy-methvicysteine, two uring mctubolites
of vinyl chloride [ 10. 24. 26, 27, 35] Data of thiodigivcotic acid in the urine of workers
slighitly exposed to viny! chloride and the improved za2iytical method used for
deteimination are reporicd her .

Materials and Methods
Chesnicals

Cuodiglyceiic acid (98 7 purity} was purchased from Janesea Pharmaceutica, Dept. Aldrich
zium. Diazomethane was geacrated from N-methyk-N-nitroso-p-
tolueneesaifonamidy avaerdoye fo de Baer and Backer 131, All othar cubstances were purchased
at analytori wrade feam UL Merek AG, D100 Darmsiadt.
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Procedures

Deterniinutions of Individual ExXposure by Personal A Sumpling

Sampling . ;
4:tory air
ter of 3,

Sampling Tube. Traces ot viziow poltutants (anrong wluch vinyi vhloride) in th
sonplers with a length of 12 emand aninternal dig

were collected by gluss el
Tithed with 35=50 mesh cwreou! {71 Tiwese crarcoal tubes had a breukthroue velume, tor vinyl ,

!
!
ehloride at 20° C, of about § Liters 1331 | ‘
Puinp. To draw the air through the tube samplers we used 2 small pump nuzined personal wmpler : -
manutactured by Anzto!s ;. Sipin Co, The sainpled air volume can be caleul Tom the number : i H
of pistonpliys of the pump, registerad by a bu.t in counter, l "o
As the amount of ciurvoui and the density of packing varicd froin wmp a2 10 : ! _:';
sanplieg tube, we had 12 caiibaits the pump Selore esch enpet: The ralinenip betwesn 5 -
pistonpizys and normiad zas voluiowe was easily measured with a yusiubble meter and a stopwatch. i i
. A
Analysis :
=2 ) |
Bt Analytical Conditions. A special injection port thzt allows for dircet introduction of the total ! J w5 1264 7i
ot sample, castridge included, was used tor the thermal desorption of the tzapped vinyl chloride ; :
— {1, 29} The vaporized vinyl chloride wus rouiad 1o a gaschromat oytaphic columa. To separate i ;
’ the vinyl chloride (rom otier sampled organic vapor pollutants we used & 25 m wali coated i :
. prove® curbowax 20 M capillary at SU°C. The deteczor used was, of counse, @ flamie fanizution detector. ¥
- ~— é The surface of the vinyl chloride peak was measured by an integsating computs:. ! ;
Lancand] .
:f::,, Culibeation. A calibratior gas was dynamicully prepared by pussing a known gassteam over o ‘ i
-’ teflon penincation tube filled with liquid viny! chloride |23, 31). 1he concentration of viny! ; ? %
:r,__‘;: chloride was calculated by the loss of weight of the permeution tube over several days. A lI i
-=1 ) known volume of this gas wus druwn through 2 chareoal tube and this tube wes analyzed as ! ! .
et described above, The gaschromatogruphic restlts were reported =s the amount of ug ubwrbed ) P
>l by the churcoul tube sampler. " ,!' :
: i 0 .
Evaluation of the Persondal Exposure Data. The mean concentration of vinyl chloride in the air f Raps )
during the experiment was caleulited from the amount of absorbed viny! chioride anaiyzed by . ' M
gasclromatography and trom the sumpled air volume calculated from the number of pistoapliys ! H
of the pump during sampling. ) ; A e
VC-Determination in the Air of Working Piaves. The measurements were performed using
multipoint fame ionisution detectors (£1D), type RADFISH, sprezd in the working area. ! Conditions
Total hydrocarbons in the air of each sumpling point were analyzad onse a minate. It ha,
been shown by GC-measurements thut approximately 2 ppm of the total hydrocurbons in ) Gasclromatogr:
this working arca ure not VCM. Considering this amount of 2 ppm not = VCM ~ hydrocarbons : 0,3 cm 3% OV
the true air concentration of viny! chloride monomer was calculzted. The persoral exposure of ! 130° C. Injectic
cach worker was evaluated. Thus, from registrations based on the duration of stay at different
working plices, all values of VCM air concentrations given in this papef. which are not obtained
by pursonst air sampling, refer also to personal exposure. ; Results

Determination of Thiodigtyeolic Acid by GC-M3-Analysis. In a 10 mi gliss tube | ml of urine and The analytica!

0,3 ml of cone, HC1 wer2 evaporated to dry ness in vacuo at room temperature. The residue ; small amounts
was suspended in methanoi anid the suspension was completely methylated By means of i two groups ol
diazomcthane in ethyl ¢ 131 After 15 minutes 590 my dry (st:31 exchange resign (Dowvex i As deman
50 WX 8: 47" were add iediglycolic acid dimethyl ester was dotermine 5y zuschromeio- N .

- . . . , A e
graphie serarabon and s win detection of the mass frapaent M E36. It 1 pecossery to use (group Ajunc

the standard addition 12 ue t0 Obtain exavi easurements. : I ¢ signiticun
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-4 . Fig. L. Urine conconteation: of thiodigiveat: - acid (TDGADY.
i .;:-. : Group At 20 nonoxposed males, Group B: workery exposed
X . 0. 0.14 — 333 pam VOM meaiured by FID ayv analysis.
Group C: § worksrs exposed 10 102 - 70 ppm VOM
a ] < measured by use of poreonat 2:c cumplers
4
At me XA | "
.
A .
: [}
L]
» Y
.
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" :
X _i-_ : Fig. 2. Urine concentrations of thiodigly colic acid
t e (TDGA) atter clasaification ot 37 data according to
i * four colfectives which are related to four ditferent
.t 8 < ° VCM exposwre ranzest A = 0.0 ppit, B = 0,01 - 2,50 ppm,
C=2851~500p2om D=501-.750 ppm
Conditions

iucchromatograph 9500 combined with maw spesttometer 3200 (Finnugan). Column 1.5 mx
.V em 3% OV 1 on &0/80 DMCS Cheomasorh W, Catricreas 30 mi‘mn. Column temperature
LI €, lnjection port temperature 200° C. Separator tempeature 2007 €,

Results

The analytical provednrs which we developed for sulficiently precise determination of
anall amounts of thiodigiveolic acid in -ine samples alfowed us to compare data off
two groups of VCaworkers with those 0! & norexposed group.

As demonstrated by Fig. 1, it is possible to distinguish beiween norizl values .
(group A) and such obtained from sligitly exposed wazkers (group B anii C) at the
{ % significance level. As we culculated (rom our normal values, in all cases concen-
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Fig. 3. Results of 2 comparison investigation on VCM exposure levels and the exeretion of
thiodiglveolic acid (TDGA)/hour in the case of a single worker, who was observed during a
three~dey period

trations of thiodiglycolic acid exceeding 2,1 pg/ml urine can be distinguished from
norma! concentrations at the t % significance level (99 % probability of confidence).
Those values were found twice in group B and five times in group C. The mean values
of the three groups suggest a correlation between the extent of exposure and the
amount of thiodiglycolic acid excreted. This correlation could be proved by classifi-
cation of the analytical duta accordins to four clusses of different exposure. As shown
in Fig. 2, un increase of metabolite concentrations in the urine is found with in-
creasing exposure. The correlation was tested by a distribution free statistical proce-
dure [ 17] and could be contirmed at the level of p < 0,01.

Since individual exposure control by means of personal air sampling scems to
provide more precise data than global air analysis, we started exact examinations of
single workers controlling the personal exposure during time periods of two or three
days. In this period all urine portions were collected separately and in each of them
the concentration of thiodiglycolic ecid was measured. The results ol one investigation
are shown in Fig. 3. It can be seen that the increase of metabolite excretion began
shortly after starting the exposure each day and that the highest concentrations were
found in the first or second urine sampi= obtaincd after the highest possibie VC-up-
take. Furthermore, it was a result of this investigation that the metabolize excretion
exceeded the normal range significantly even after a mean exposure level of about
1,5 ppra but not after an individual exposure of less than 1,0 ppm.
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Discussion

Main metabolites of vinyl chloride which are excreted in the urine of laberatory .
aivimals are thiodiglycolic acid (10, 24, 26, 27, 35], S-carboxy-methylcysteine
{11, 24,26, 27} and hydroxyethyl mercapturic acid [11, 35].

Previously, we proposed quantitative determinations oi thiodiglveolic acid and
S-carboxy-methyl cysteine in the urine of viny! chloride exposed workers {or biolo-
gical exposure control {24, 26). In the meantime. we could demonstrate by animal
experiments that S-carboxy-mathyl cysteine. a precursor of the final metaboiite
thiodiglycolic acid. accumulates only in the case of vinyl chloride air concentrations
higher than 500 ppim in the exposure chamber [25], which are unusual today at
working places. Concerning hydroxyethyl mercapturic acid measuremonts where
performed using an amino acid analyzer. No amounts where found in the urine of
18 workers slightly exposed to vinyl chioridz which exceeded the corresponding values H
of thiodiglycolic acid. It may be taken into consideration that the contribution of
alternative metabolic routes to the biotransformation of vinyl chloride depends on
the exposure level {13, 25, 36). Thus it is not yet clear, whether hydroxyethyl
mercapturic acid is the main urine metabolite of VCM in man or whether it is
thiodiglycolic acid. Investigating the real concentration of the latter metabolite, a
more precise procedure wus needed than in our animal experiments performed
previously [ 18, 20] because its increase after VCM exposure is apparently less marked
in man than in the rat. Furthermore, it has been shown that thiodiglycolic acid is also
a naturally occurring urine metabolite in man [25]. Using an improved analytical
method then, we could clearly demonstrate that the metabolite concentrations in the
urine of workers exceed the normal level significantly even after VC-exposures between
1.5 and 5 ppm. This increase of urine concentrations depends clearly on the exposure
level.

Neglecting other elimination routes than urinary excretion theoretical values of the
daily amounts (E) of excreted thiodiglycolic acid may be calculated according to the -
following concerning:

g = _Y8h X CVC x RvC x Q x MGTDGA

MGvc

The explanation of the symbols is:

Vgh = lung ventilation during an 8 hour intervail

CyvC="mean air concentration of VC

Ry = resorption value, which has been found in animals as about 0.4 (4)

Q = relative amount of thiodiglycolic acid as compared 10 the total amount of VC-

metabolites, which has been found between 25 64 (35) and §0 % (10).

MGTDAA = molecular weight of thiodiglycolic acid
MGy = molecular weight of VOM.

The thus determined theoretical values correspond well to the measured excretion
rates in the rat. They are, however, hetwezn 2 and 10 times higher than the excretion
values as shown in Figs. 1 and 2. This may be due to different biotransformation rates
in rat and man. On the other hand, the values obtained by personal air sampling are ‘
more in accordance with the theoretical vaiues than those obtained by direct air !
analyses using FID-detectors. In the latter czse, as mentioned previously. other
hydrocarbons are measured together with VCM amounting to an average level of
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about 2,0 ppnt. This average may have been excesded during some of our measurement

Thus, more evidenss is nzeczd for the true slope of the function between VCM exposure

and excretion of thiodigiveolic acid. Therefore, we started a new study to reinvestigate

this slope by measuring the personal VOM exposure using the personal air sampling tech-

nique in direct comparis. © with the us: ef FID-detectors for air analyses.
Asshown in Fig. 3. erenn a slight VOM exposure can cause characteristic

tluctuations of thicdigiyeolic 2cid excretion and this can be revealed by continuous
urine analysis. Considering the excreted amounts of the VCM metabolite per hour, it
cems possible to prove a periodical uptake of vary low amounts of VCM by single
workers, Such measurements could also provids some informations about inter- and
intraindividual differences of VCM metabolism in man.

Aclukahdgerncrrl This study was support=d by a grun: of the Berufsgenossenschatt der Chemi
schzn Incustrie, D-6900 Hawdeiberg 1, BRD.

References

1. Aue, W. A,, Hostings-Voght, C. R., Younker, D. R.: A guschromatogruphic cartridge
desorption port. J. Chrom. 114, 182 -18% (1975)

2. Buartsch, H., Mataveille, C., Montesano, R.: Humun, fat and mouse liver mediated
m.u..;.en.’cily of viayl chlorids in ssimonells typhimurium strains. Int. J. Canc. 15,
429327 (1975).

. Bour. 'lu..l Jde, Baeker, H. 3. Diszomethune. Org. Synth. 30, 16 (1930)

4. Bolr, H. M, Luid, R. 1, Kappus, H,, Buchter, Au: Pmrmacouncuu of vinyl cheride in the

rat. Toxicology 7,179-188 (1977)

S. Crecch, L. L., Johnson, M. N.: Angiosarcoma of liver in the manufacture of polyvinyl
cldoride. J. Occup. Med. 16, 150 (1974)

6. Fleig, L., Thiess, A M. External chromosome studics undertaken on persons and animals
with VC iilness. Report sezond intern. Conference on Environmental Mutagens,
Edinburgh, July 1{-135, 1977, Con'ercnce Abstracts, page 219

7. Fraust, C. L, Hermuae, E. R.: Charcoai sampling tubes for organic vapor analysis by

gaschromatography., Anm. Hyg. Assiadush. J. 27, 63-74 (1966)

Funey-Cravicta. F., Lumbert, B, Lindstein, J., Ehsenberg, L., Natarajan, A. T., Ostermann-

Golxar, §.: Chromosome aberrations in workers exposad to vinyl chloride. Laneet 459,

(i%75) B

9. Caim, A.J., GunmoUn J. B., P. Milvy: Vinyl chloride dependent mutagenesis eftects of
liver extracts and fre e radicals. Mutation Res. 38, $1-88 (197¢)

wr

Ll

10. Green, T.. Hatbway, D. E.: Thie biological fate ir rats of vinyl chloride in relation to its onco-

genicity, Chen. Biol. [ntesactions 11, 545-~562(1975)

11 Green, T tlathway, D. £ The Chemistry and Biogenesis of the S-containing Mctabolites of

viny{ Chioride in Rats. (iem,-Biol Interactions 17, 137-150 (1977)

12, Geeim, H., Bonse, G, Rudwan, Z., Reichert, D., Heaschler D.: Mutagenicity in vitro and

potential carcinogenivity of chiorinated vthylenes 15 a function of metabolic oxiranc for-
mation. Biochem. Pharmacol. 24, 2013-2017 (1973)

13. Hefner, R. E., Watanabe, P. G., Gehring, P. H.: Preliminary studies of the fate of vinyl

chloride r:onomer in rats. Ann. N, Y. Acad. Sci. 246, 135-138(1975)

14, Infante, P., Wagoner, J. K., Waxweiler. R, J.: Carcinogenic, Mutagenic and teratogenic risks

associated with vinyl chlorice, Mutanion Res, 41, 131142 (1976)

15, Infante, P., Wagoner, J. ., MoMichael, A, J,, Waxweiler, R. J., Fak, H Genetic risks of

vinvichiloride, Lancet :.»4 120 (1976)

16, Lee, VU, Harey, D, S.: Argiosarcoma of the liver tn 2 viny! chloride worker, Lancet

13L6-1318 (197 R

Thiedy yeolic

17.

18

30.

31.

32.

33.

34.

36.

Licreit, 3
(1532)
Mataverl'e
chlaridl, o
Toru
v eni, €
oncugent.

56, 1-11

. Maltoni, C

carly resul
Mattoni, €
lue detin o
Maftom, €
N. Y. Acae
Maloni, C
(1976)

. Miller, G.,

schaften 6
Miller, G.
chlorid-Ex
S.237-2.
Miller, G
by GC-M!
Norpoth,
o'Keelly,
760-763

. Peilizari !

pollutss:
Techn. 9,
Purchas,
of vinyl ¢
Purdue, L
Anal, Che
Rannug, ¥
after me
Raynone
1HC ct

177
Thomas,
discuse -
Engl 5.\
Watunabe
Oral Adn
Withey, }
various it

Reccived Nov

!

1
o
i
ot
)



RS PR

G Mdller et af

ST neLsareingnts,
i VO exposure

1o reinvéstigute

e sampling teck-

..

TNee

L eontiuons
ir per hour, it
¥ by single
it inter- and

ittt Jor Chemi-

irtridge
curted
e 18,
"hioride ia the
Tpeiyvinyt

“~vand animals
Zens,

eralysis by

U, Ostermanne
“anect 459,

saesiseffacts of
SN0 ¢ OReD-
< Vetzpelites of

i viteo and
.~ axirane for-

o of vinyl

Learogenic risks

wenetic Tisks ot

-, Lancet

Thindic!lyealic Azd in the Urinee

7.

18.

S IRt Rk

Vinyl Chiorii: Fxposed Workers 203

Licaert, ¢, AL Verteilungsiteie Methoden ia dor Biostatistix, Meiseaheim am Glan. S, 120-124
{1962)

Malaveille, ., Bartweh, H.. Basbin, AL, Camus, A, M., Montexno, R.: Mutag=nisnty of vinyl
chloride. ¢hivro-vihivlencoxide. chloroacetaldehyde, and chivrazinnol Binchem. Biophys
Res. Comumun 63, 363=370 1575

Maitoni, C., Lefemine. G.: La potenzialitz i sagai sperimeatali nelia predizione dei rischi
oncogeai wmbicatali. Un empleo: el clomeo di vinile. Accad. Natior i Dei Lince, Ser. Vi,

58, 1.-11 (1973)

. Mattoni. C., Letemine, G.: Carcinogenicity bioaseays of viny! chleride. 1. Rescarch planand

curly resules, Enviroa, Res, 7, 387-405 (1974

Maltoai, C., Letemine, G.: La cancerogensesi amivientale @ professionale: nuove piospettive alle
luc delia carcurogenesi de cioruro di vinile. Gli Osp. defa vita 1, 5-6 (1974)

Maltoni, C.. Lefemins, G.: Carcinogenicity bioassays of vinyl chlorida: current results. Ann.
N. Y. Acad. Sci 246, 195-2i8 (1975}

Maltani, C.: Predictive vaiue of carcmog\.'x'-sns bioassays. Ann. N. Y. Acad. Sci. 271, 431-447
(1976)

4. Miller, G., Norpoth, K.: fiestimmung zweicr Urinmetabolite des Vinylchlorids. Naturwisen-

schaften 82, 541 (197$)

Miilier, G., Norpoth, K.: Spezifitit der Urinanalytik zur hiclogischen Ubsrvachung bei Vinyl-
chlorid-Expositioncn. In: Arbeitsmedizinische Risikobeurntzilung. Herauseg. von Dr, Szadkowski,
S. 237241, Sturigart, Gentaer 1977,

Miller, G.. Norpoih, K., Eckard, R.: Identification of two urine metabolites of vinyl chloride

by GC-MS-investigations. 1nt. Arch. Occup. Eaviron. Hlth. 35, 69-758 (1976)

27. Norpoth K.: Wodurch cnisteht bei PVC-Arbeitern Krebs? Umschay 76, 684--486 (1976)
. o'Keefte, A, E., Ortman. G. C.: Primary standards :‘or trace gas analysis. Anal. Chem, 38,

760~763 (l966)

. Peltizasi. .. D, Carpeater. B. W, Nunch, J. C.: Conectwn and analvsis of trace organic vapor

pelluiants in ambient ar. .- Thermal desorption of organic vapors from sorbent media, Env., S_c.
Techn, 9.556-560 (1973)

. Purchase, I, F. H,, Richardson, C. R., Andctson, D.: Chro-rocomaland dominant lethal citfects

of viny{ chloride, Lanm 410-41]1 (1975)

. Purdue, L. 3., Thompson. R. J.: A rapid, sensitive mezhod for calibration of permeation devices.

Anal. Chem. 44, 10341036 (1972)

. Rannug. U.. Johansson. A.. Ramel, C., Wachimeister, C. A.: The mutagenicity ot vinyl chloride

aftet metabolic activaiion. Ambio 3. 194-197 (1974)

. Raymond, A., Guiochon, G.: The usc of graphitized carbor biack as a trapping material for

organic compounds iu light gascs bafore 2 gaschromatographic analysis. J. Chrom, Se. 13,
1731177 (1975)

. Thomas, L. B., Popper, H., Berk. P. D.. Selixoff, [, Falk. H.: Vinyl chioride-induced liver

discase — From idiopathic portal hypertension (Banti's syndrome) to angiosarcomas. New
Engl J. Med. 292, 17-22 (1975

Watanabe, P. G., McGowan, G, R., Gehring, P. f.: Fate of | 1 4C] VinyiChloride after Single
Oral Adminisiracion in Rate. Toxicol. Appl. #harmacol 36, 339 -352 (1976)

. Withey, J. R.: Pharmacodynamics and uptake of vinyl chloride monomer administered by

various routes to rats. J. Toxicol, Envizonm._1{z.!th 1, 381 -394 (1976)

Received November 29, 1977 / Accepted Junuary 18, 1978

SPI-04109






