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SumtoBry. Vinyl chloride (VQ is formed uader anaerobic conditions and in the pitsence of 
nutrients, by the microbial decomposititw of volatile halogenated hydrocarbons such as tri-
aod tetrachloroethene. Tbe main imenoediate ofthe reaction is cis-l,2~dicfaloroetbene. This 
reactioii has up to now only been observed in cases of very high cooceatratioss of the 
volatile halogenated hydrocarbons such as occurs after an industrial accident, in problem 
laod&Ils aati in waste water emissiooE etc- It has however sow bees also shown to be 
present in ground water, which is oniy slightly polluted with tri- aod teiracfaioioetheoe 
caused by their ubiquitously spread. This discovery of trace VC is due to a recently 
developed highly seosittve method witb a detection limit of 0.4 ng/l. The other place that 
VC can be seen to go directiy into the aquatic environment is io tbe direct vicinity of 
industrial plants produciog oi working with vinyl chloride ot polyvinylchlotide (PVC). 
Tbrougb technical deficiences in the plants the concenbradon of VC in sm&ce waters can 
readt high levels and VC can be also be detected a long way downstream. A fiirther 
coatamiaatian path iato humans cao result ftoax the traosfer of VC residue mooomers fjcoro 
finished PVC products. . 

1. Introduction 

About 15-20 millioa tonnes of VC are produced yearly world-wide of which U million 
tonnes is produced in thc Federal Republic of Germany (FRG). Of the; 99% is converted 
into PVC or other mixed polymers vrith the remainder used as an intermediate ia the 
synthesis of other halogenated hydrocaibons, mostly 1,1,2-triciiIotoetbaiie and 1,1-
dichloroeihene fVeiband der Chemischen Industrie (1986), Piaizer, LeBlanc (1935), 
Albright (1986), FVey, Freeman (!984)J. VC is a purely synthetic substance and is not found 
in nature. Even though VC bas been first synthesized &>T more than ISO years (Renault 
(1835)] and produced in large quantities m many countries since the beginning of the 1930^ 
Its carcinogenic properties have only been known ance the beginning of the I970's and ils 
toxic relevance has only been of significant interest since 1974. 

The United States Eovironmental Protection Agency (USEPA) evaluated VC as a 
carcinogen and estimated that for a life long adult consumption of 2 licres of water daily 
with a concentratton IJS ug/l VC; 0.15 p.g/1, or 0.015 j ^ the risk of getting cancer is 10-*, 
10-5, Ifr* respectively [USEPA (I9aS), Freon et al. (1981)]. The Gennan Health Authority 
(Bundesgesondheitsarot) therefore proposes that the value to be achieved in Getnaoy should 
be below 0.1 fig/1. However, due to the detection limils of currtnt analytical tarthods, a 
threshold value of 2 (ig/l for drinkjuig and ground water has been discussed. 
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2. Durect entry of VC into the aquatic environment 

The uses of mass produced synthetic VC described above mean that it appears and spreads 
in the environment generally in a different manner to other industrial volatile halogenated 
hydrocarbon solvents such as tri- and tetrachloroethene. The direct entry of VC into the 
aquatic environment can be expected to occur during its synthesis, tran^iort, processing, or 
by the transfer of residue monomers from PVC products. 

2.1 VC entry throagh synthesis and processing 

The first way that VC can enter the environmeat is during ils synthesis. Depemling on the 
type of synthesis process used different amounts of VC can be found in the process' waste 
water. The second route is attributable to the fact that VC polymerization to PVC is 
normally carried out in aqueous solution and the VC contaminated waste water should be 
U-eated before being disptied of. We tested some wasle waler from the synthesis of VC m 
the FRG and found il to contain between 0.012 and 0.38 mg/l VC We also tested the waste 
water from the VC polymerisation to PVC in a PVC production plant and found that to 
contain between 0.97 and 13.8 mg/l of VC This water had also flowed through a water 
treatment plant where it had been aerated whicb removed a large percentage of the VC by 
evaporation into the atmosphere. Vinyl chloride can also usually be traced a tong way 
downstream from a VC^VC plant. In random sample experiments on water from die river 
Lippe in the FRG the concentradon of vinyl chloride was shown to increase from 11 ng/1 to 
400 ng/1 after it had flowed past a VC/PVC production plant For a further 40 km down to 
the river mouth in the Rhein, the concentration of VC in the Lippe steadily decreased to 110 
ng/1. In the same stretch of water the concentrations of tri- and tetrachloroethene fell by only 
a half. An unequivocal concentration increase of VC traceable back to the mouth of the river 
Lippe can also be seen in tbe Rhein. However, due to the high dilution factor from the water 
of tbe Rhein the increase observed was lower, fiom 6 3 ng/1 to 23 ng/L Apart from 
increasmg dilution, evaporation also piays an important roic in ioweriug the couccuiiAiiuu a. 
VC m tbe river. The halflife for the evaporation of VC in flowing water was estimated by 
Scherb (1978) to be a 9 - 13 hours. 

A conceolration increase from 46 to 69,(KX) ng/1 VC in the river Saale between Leuna and 
Kocbelba (Gennan Democratic Republic) was also shown to be due to chemical plant 
emissions. 

2.2 Residue mononier coacentrations In PVC finished products 

The concentration of residual VC monomers in raw PVC using current lechnology depends 
on the method of polymerisation adopted, but usually Ues between 2 and 5 tagflcg. Tbe raw 
PVC is then further refined and the monomer concentratton generally reduced through 
emissions to around 0.1 mg/kg [Beratergremium fiir umweltrelevante Altstoffe (1989)]. The 
main products which can cause VC contamination in humans are in particular PVC food 
packaging, utensils and water pipes. In the FRG the legai limit of VC residue monomers in 
these types of PVC utensils is 1 mg/kg and the limit for migration onto food is less than 
0.01 mg^g [Vinylchlorid-Bedarfegegenstande-Verordnung (1979)] 

3. Microbiological degradation of volatile halogenated hydrocarbons 

It bad long been thought that aerobic or anaerobic microbial decomposition of the C-Q bond 
in the volatile C,- and C^-dilorahydnxatboas such as 1,1,1-lricbloroethane, iri- and 
tetrachloroethene did nol lake place [McConnell et al.(1975), Pearson, McConnell (1975)]. 
The fact that in many different accidents involving these chemicals they could also still be 
delected unchanged in the ground waler supported this view [Hartmetz et al. (1985), 
Kinzelbach (1985)]. However, very recenlly, advances in organic trace analysis have helped 
in the detection of cis 1,2-dichIoroethene in highly polluted ground water in the FRG, even 

436 Oganohalogen Compounds 4 

 
1990



v o S h l w ^ S S ^ ^ l i " confirm the presence of micrt*iaj ijecom^lT^of 

S ) ] ( - ' S f)."™"- " " ^ ^ C I 9 8 3 ) , V l ' ^ S ^ V J ^ S ^ S . ^ ^ ^ , 

i - M ^ ' " ' ' ^ ' ! ' " ^ " ? ^ ™ ^ ' '^ irichioroexhene through cis-l,2-dichloroeihcne to vinvl 

surronndinss. The mienihni d^Z^Zi.MZJ . , S r ^ snrongiy dqieodaiit on the 

a & ? S S S < ^ ^ ! S ^ < ^ l ^ ^ r P - « ^ Apart from that i t t S i ^ H ^ 

isjsrssa^i^sr.re^s^v^'^'sig^^ss 
^al^'toT^fo'StThf^'MSt^'.^^S^^^l^^ 
,-™ _fc_ iT^ J TZ ™B"y anaerobic eovuumuents under waste disoosal laiuHni <nwo -vr 

''*^"" \ S ^ l ' ^ ^ t * ? ; ^ ! ? * ^ ° 8 « a t e d h y d r o c a r b o n s ( a f t e r V o g e l , McCarthy (1985), Knhn (1986); figwc frwn Nerger, Mcrgler-ValU ( 1 ^ ) 

t\ 0. 
a ' H , c - c . 

„ / U \ a » » 1 0 ^ ^ \ ^ \ 
. c-c : . c t . 

\ v ' / 
* t - c » 
t 0 

H • 
\ • 
c-c 

' 1 " 

Tetnactitoraatfuntf 
PCE 

TikMoroeihanB 
TCE 

" r u ^ 

. \ OCE 

•|I»nt-1,2^X:E 

VaiyfcHorida 
VC 

Ethane 
Et 

I 

Oganohakigen (Ompotjnds 4 437 

 
1990



3.1 Occurrence of VC foDowing indastrial accidents and from problem land fills 

In our investigations the microbiological d^radation of tetra- and trichloroethene to VC in 
several cases of industrial accidents has been proven and cis-l,2-dichloroetbene was 
observed to be the predominant intermediate. Concentrations of vinyl chloride in soil air 
reached up to 170 mg/m^ and in the ground water up to 1600 pg/l. 

3.2 Formation of VC in die sobterranean passages 

The same decomposition medianisins as described above occuring at the higb 
concentrations found in industrial accidents and problem land fill sites can be observed, 
even in the tow coooeatiatioos generally foond in suiface water. Suiface water, after 
seepage lo a sufficient deptb is then reclaimed as ground water. In the last few years a well 
equipped network for testing the ground water has been set up which runs on the principle 
desCT9>ed above. Tbe decomposition of the sub (ig/1 concentrations of tri- and 
tetrachloroethene present in tbe surface water could be traced in an anaerobic seepage of 
250 m length, where the VC concentration increases lo 130 ng/1. 

4. Discussion 

VC belongs to the group of chemicals which are proven potential carcinogens. In contrast to 
the other volatile halogenated hydrocarbons it appears relatively seldom in the natural 
aquatic environment. T S S is because it is practically only used for polymerisation to PVC 
A direct freeing of VC into the aquatic environment is pstly due to die synthesis process but 
is mainly due to the production conditions in its polymerisation to PVC VC ttacbts rivers, 
seas and lakes tfaiou^ industrial waste water einission even after being treated. The river 
contamination, from technically deficient production plants, can reach levels of 50 |ig/l or 
more. Tbe woist poUutioa points can be expected in the vidnitr of industrial nlanu handling 
or producing VC/PVC Even 40 km downstream frtan a VCyPVC plant the VC pollution can 
StiU be t i a t ^ even though it evaporates twice as fast as tri- and tetrachloroethene. In the 
FRG the legal limit for VC residue monomeis in PVC products is set at 1 mg/kg and the 
migratioa limit oo to food is 0.01 mg/kg. Problems can occiff where food is consumed 
following long tenn stoi^e in PVC containers. Along with die dhect entry of VC into the 
environment it also appears as a metabolite from the microbial anaerobic decomposition of 
tri- and tetrachltvoetheDc in soil or ground water. Apart from the hig]i coacentiations of tri-
and tetrachloroethene found in problem land fill sites and after industrial accidents VC can 
also be fi>tmd in water where low concentrations of volatile halogenated hydrocaibons weie 
present and whicb is, as groimd water, mtended as a source for drinking water. Here, there is 
a higb risk that VC will also be carried into the water mains. As long as the water treatinent 
includes intensive aeration this health risk is however practically removed from the water. 

Since VC is a microbial metabolite under anaerobic conditions and can be formed from the 
decompositton of tetra- and trichloroethene through the intermediate cis-l,2-dichloroethene, 
we can count on the appearance of VC wherever Ihese specific conditions are to be found. 

Notice: The quantification of VC was carried out using gas chromatography after 
derivatization to 1,2-dibromochloroethane with a detection limit of 0.4 ng/I. Hie analysis of 
the volatile halogenated hydrocaibons was also carried out using gas chromatography after a 
pentane extraction following DIN 38 407 [(Deutsches Institut fOr Noimung (1988)] 
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