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Summary. A strong correintion was found between vinyl chlo

at working pl:‘.\.‘c% and the increased excration of thicdiglveote acid of |
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peisana c.\,pO::er. Tn»: valies obtained were in the range of O.l 4 =7

exeretton of thiodighveolic actd — measured hy GC-MS analysis — amou

0.3 20 mg/L I conld be demonstrated that signifeunt increases of the mata.
halite exere

ton vecur even at VC-eoncentranons bxlow 5 ppm
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Specimens of Vinyl Chlorice Exposed Workers

Determination of Thiodigiyeoiic Acid in Urine 7

G. Milier', K. Norpoth', E. Kusters®, K. Harweg® and E. Versin?

Yinaitat tur Staublungenforsehuns und Arbeitsmed
24400 Minster, Federal Republic of Germany
Werksirzthehe Abtodung der BASF, Antwarpen, Belgien

? Werksiirztlicite Abteilung der Chemischen Worke HEls AG, Marl-Hils, Federal Rezpublic of
Cermany

o der Westl, Withetras-Universitat,

Summary, A strong correlation was found betwzen viﬁyi chlaride concentrations
at working places and the increzsed excrenion of thiodigiyrolic acid of 18 exposed
workers, The mean air concentration ¢f vinyl chioride was caloelated referring 10
personal exposure, The values obiained were in ihe range of 0.14 - 7.0 ppin. The
excretion of thiodiglycolic acid — measured by GC-MS analysis -- amounted to
0.3 —~ 4.0 mg/L. It could be demonstrated that siznificant increases of the meta-
holite exerction occitr even at VC-concentrations beiow § ppm.

Kev words: Vinyl cldoride - Thiodiglyeotic acid — vinvl chloride metabelism in
man - Vinyl chloride urine metabolites - Biological exposure control

Today the air concentrations of vinyi chlesizde at working places are rigorously reduzed
suainly due o its carcinogenic [ 3, 4016, 19, 20--23. 34] and mungn.g [6.8.9, 14,

18.19. 30] propertics. Exposire controls are cormmonly hazed on air anaiyses by
means of ligidy sensitive, hut not always strongly speciiic anulviical mathods.

Theretfore, we emphasized the useiulazss of adcitionai biological expewure controls
[ 24, 26]. :

By animul experiments we couid deinonsirate the :i'bmt\ ol (,r‘u.n.mi:'.g the
exeretion of thiodiglyeelic acid and S-carboxy- f\ntuu t ing. two uvine metebholites
of vinyl chlorida [10. 24, 26, 27, 35] Data of thiodi
sightly exposed 1o viny! chloride und the tmproved
artermination ure reported herw,

eeohe acid in the urine of workers
ORI i“ I method used for

Materials and Methods

Chemicals

ciodiglycolic aend (98 €% purity) was purchasel from Janssen Pharmaceutica, Uept, Aldnich,
Furope. B 2340 sieerse, Belzium Diazometioas way geaerzied Jrom N-methy -N-nitroso-p-

tluene-saifonatde doeording to de Beer and Backer (3] Al othzr suintanees were purchased
Atanalyrica wrade from b, Merek AG, P-0100 Dnrmﬂndt.

030--0131/78/0041/0201/ $ 1.40
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Determinations of Individual Exposure by Personal Au Sampling

Sampiirg

Sarwluy Tube, Traces uf ergaeie polivtants (among wiuch vinyl chitoride) in the factory air

were collected by ghas ey semaplers with o length of 12 ey and aninternal dizmeter of 3 mm,

Fitted with 33=30 mesh Junrconl [7) These churcoal tubes had 2 breakthrough volume, for vinyl
o . . - -~

Jonde at 207 C of about § Liters [33]

e ——

Punrp. To deaw the air throtgh the tube saroplers we used 3 small pup named personal sampler
manutactured by Anatois i Sipin Co. The sampled air volume ain be caleulited trom the punber .
of pitonpiays ot the pumn, registered by a4 built in counters,

A tie amount of ciwredsl and the densuy of packing vaned from samplin, b o
sampling tebe, we hast 10 cafivrs s the pump before eash experse o The reliiiomhip betwoen .
pistonpitys and noriva gy volu 2 was easily measured with u giasaubble meter and 2 stopwatch. i

et b b vm———

Analvsis .
Analytieul Conditions. A special injection port that allows for direat intraduction of the total
samnle, eartridge ncluded, was wsed for the thermal desorpiio:n of the trapped vinyt chlonde
11, 261 The vaporized viny! chloride was routed 1o o gasciromutegraphic eolumn. To separate
the vinyl ciloride from other sampled orzanic vapor poliutanty we used 2 25 m wall coated
carbowax 20 M copillary at 80°C. The detestor ussd wie., of course. « flame ionization detector.
The sucfice of the vinyl chleride paak was mewsured by an integruting computr,

t
i
t
:
H

.-

Culibrative A catibration gas was dynamically prepuared by pussing a known gasatream over o
teflon pesmzation tube filled with diquid viny! ehdoride |23, 3], The concentretion of vinyl
chioride was caleulated by the toss of weight of the parmeation tule over severa! days. A
Known volumsz of this gas was deinwn through a charcoal tube and this tube was analy zed as
desgribed above, The gascluomatogruphic results were reported a3 the amount of ug uhwrbed
by the charcoal tibe sympler,

. et ey .

e

Evaluation of the Peswonal Exposure Data. The mean congentranon of vinyt chloride in the e
during the experiment was caleulated from the amount of absorbaed viny! chioride anulyred by
gusciromutagraphy and from the sampled aie volume caleulsted from the number of prionpliys
of the puinp during sampling.

VC-Decermination in the A of Working Places. The measurements were performed usity
muleipoiit Mlare oniution detectors (FLD, type RADEISH, spresd in the working area.

Total hydiocurbons in the aw of exch sampling point were analyzad once 2 aiinute, ft has

been shown by Glaneasuremants that upproximately 2 ppm of the total hydrocarbons in

this working area wre 1ot VOM. Considering thi~ amount of 2 ppm not - VCM - hydrocarbon,
the true 2ir concentrution of vinyl chloride monomer wus ealeuisied, The personat exposure of
each worker was evaluated. The, frown registrations bused on the duration of stay at different
wockiog plices, all vudues of VOM air concentrations given in this paper, which are not obtained
by put_oaul air stinphing, refer alo to personal cuposuie, i

Determination of Thiodizlycolic Acid by GO-M3-Analysis. In 2 10 migliss tube 1 mi of urine and .
C.2 mib ol cone. HCL wore evaporsted 10 dryness in vacuo at room temperatuce, The reaidue
was saspended in methanol and the suspension was cotnpletely methylated hy means of
dizzomethane in ethylether [O6 after 15 nenuies 300 mg diy ot eacherye resizn (Doveey
S0 WN 3BT vwere added. Uhiodiplycolie acid disethyl ester wos determune! by gaschromato-
eraping soporaton and singic oa detection of tie s frogement M6, T necesury 1o use
the standand addition technigue 1o obtain exael tanremants,
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The analviical prmcdun which we develepad for su:';':..'
anali amounts of thindiziveolic acid i aing sanvples al

WO groups of VC-workers with those ol . non-exposz d croup,

wonstrated by Fig, 1, iU is possibie to distinziish batween nos i values

(group A) and such obiained from slighily 2xposed v arkers (groun B anid €) at the
| 7% significance level. As we caleuleted fram our normal values, in afl cases concen-

L H b et o

L T B e T T SRR SRS T T LYo

Fig. 1. Urine conzenteations of thiodigiveodi . ucid (TDGAN, -
Group A: 20 non-expased maios, Group B workiats exposea !

to. 014 -- 3,25 zom VOM measured by FID air ralysi
Group C: 8 workrs exposed 70 102 = 7.0 ppin VUM
measured by use of personal o'r amplers

Fig. 2, Urine conesntiations of thindiglycolic acid

(TDG A after claseificanon of 37 date aconrding o

four colizctives which are related 1o four different

VCM exposiee sar2e A=N0ppie. B =001 250 ppmy
C=251-500pom D=501-750ppm

vaschromatagraph 9500 combined with mase spestrometer 3205 (Fianigan). Column LI mx -
on 60730 DAMCS Chromosarh WL Carrivrzac 30 mmin, Column temperature
.":’) pravise deierminatios of
wed us to convare data of :
: -




e n

R o o T VRNC I

G. Mullzr ey af

202
ToGA [agihl ]
[ vetpemil,
1
¢

o r] |
L] t
L] |‘ '
—— T e
[ ;i » [ i
[~ e=mv = ! v LI
[ ) R !
- e } !- [ -'i"t H
[ e - Lyt ey v v Ay by ey —y 0
> e 200 geo 1= n= fam W 2,0 oo

L]
Fig. 3. Rasults of' a comparison investigation on VOM exposare levels ang the exeretion of
thiodiglycolic acid (TROAM wour in the cawe ol s single worker, who was obsarvad during a
three<iay period -

trations of thiodigiyeolic seid exceeding 2,1 pz/m! urine can be distinguished from
nornw! concentrations at the 1 % significunce level (99 % probability of confidence).
Fhose values were found twice in group B and {ive times in group C. The mean valucs
of tite thiree groups suggest a correlation between the extent of exposure and the
amount of thivdiglveolic acid excreted. This corretztion could be proved by classifi-
cation of the analyticu! duta accordine to four clusses of different exposure. As shown
in Fig. 2, un increase ¢f inctabolite concentrutions in the uring is found with in-
creusing exposure, The corselation was tested by a distribution free statistica! proce-
dure { 17] and could be confirmed ai the level of p < 0,01.

Since individual exposure contra! by meuns of personal air samoling secems to
provide more precisz duta than global air analysis, we started exact examinations of
single workers controbling the personal exposure during time periods of two or three
days. Iit this period afl urine portions were collected sepurately und in 2ach of them
the concentration of thiodiglycolic w:id was measured. The results o' one investigstion
are shown in Fig. 3. ftcan 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 ﬁrstvor secoid urine sampic obtaiced after the highest possible V{-up-
take, Furthermore, it was o rens of tiis mvestigation that the metubolite exeretion
exceedod the normal range significan:ly even atrer a mean exposure level of about
1,5 pprs but not after an individua) exposure of less than 1,0 ppm.
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Mscussion

[ VC!pp-nl,‘

. Main metabolites of vinyl chloride which are excreted in the urine of laboratory
‘ animals are thiodiglycolic acid [10, 24, 26, 27, 35], S-carboxy-methylcysteine
- =711, 24, 26. 27) and hydroxyethyl mercaptusic acid [11. 35].

3 ) Previously, we proposed quantitativz determinations oi thindiglveolic acid and
S-carboxy-methyl cysteine in the urine of vinyl chloride exposed workers for biolo-
gical exposure control 24, 26]. [n the meantime, we could demonstrate by unimal
experiments that S-carboxy-mzthyl cysteine, a precursor of the final metabolite
thiodiglycolic acid, accumulates only in the case of viny! chloride air concentrations
higirer than 500 ppm in the exposure chamber [25], which are unusual today at
working places. Concerning hydroxyethyl merzapturic acid measurements where
performed using an amino acid analyzer. No amounts where found in the urine of
18 workers slightly exposed to vinyl chloride which exceeded the corresponding values
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

wretion of thiodiglycolic acid. Investigating the real concentration of the latter metabolite, a

~ed durine 2 more precise procedure was 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 thiodiglyeolic acid is also

a naturally oceurring urine metabolite in man [25]. Using an improved analytical

method then, we could cleariy 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,
zished from Neglecting other elimination routes than urinary excretion theoretical values of the
i confidence). daily amounts (E) of excreted thiodiglycolic acid may be calculated according to the
e mean values following concerning: .
re and the g = Y8h X CvC x Ryve x Qx MGTDGA
:d by classifi- MGyC
re Lo The explanation of the symbols is:
-l Vg, = lung ventilation during an 8 hour intervall
sac Cve = mean air conceniration of VC
Ry = resorption value, which has been found in animals as about 0,4 (2}
Q = relative amount of thiodiglycolic acid as compared to the total amoust of VC-
metabolites, which has besn found betwean 25 ¢ (35) and 5077 (10).
MGTDAA = molecular weight of thiodiglycolic acid

MGyep = molecular weight of VCM.
The thus determined theoretical values correspond weil 1o the meastred excretion

. rates in the rat. They are, Rowever, batween 2 and 10 times higher than the excretion
- re values as shown in Figs. | and 2. This may be Jue to dilfferent biotrunsformation rates
iole VC-up. in rat and man. On the other hand, the values obtained by personal air sampling are
‘e excretion more in accordance with the theoretical values than those obtained by direct air
Pof about : analyses using FID-detectors. In the latter casa, as mentioned previousiy, other

hydrocarbons are measured together with VCM amounting to an averaze level of

[

495601 Spy
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about 2,0 ppru. This average may have been exceeded during some of our measurements. 17, Lienes
Thus, more evidence is nzeded for the true slope of the function between VCM exposure 12 91962
and excretion of thiodiglycolic acid. Therefore, we started a new swudy to reinvestisate ;:l'lr:(
this slope by measuring the personal VCM exposure using the personal air sampling tech- 5 €
nique in direct compatisan with the use ot FID-detectors for air analyses. go e
As shown in Fig. 3, even a slight VCM exposure can cause characteristic o
fluctuations of thiodiglycolic acid exeretion and this can be revealed 5y continuous - 1-
urine analysis. Considering the excieted amounts of the VCM metabolite per hour, it _ 8 l;'o;
seems possible to prove a periodical uptake of very low amounts of VCM by single 0 o
workers. Such measurements could also provide some informations about inter- and —_ g de
intraindividua! differences of VCM metsholism in man. o
: v
' on
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