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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environmenta)
Protection Agency, have been grouped into five series. These five broad
categories were established to facilitate further deveiopment and application of
environmental technology. Elimination of traditional grouping was consciously
planned to foster technology transfer and a maximum interface in related fields.
The five series are;

1. Environmental Health Effects Research
2. Environmentai Protection Technology
3. Ecological Research

4. Environmental Monitoring

5. Socioeconomic Environmental Studies

This report has been assigned to the ECOLOGICAL RESEARCH series. This series
describes research on the effects of pollution on humans, plant and animal
species, and materials. Problems are assessed for their long- and short-term
influences. Investigations include formation, transport, and pathway studies to
determine the fate of pollutants and thair etfects. This work pravides the technical
basis for setting standards to minimize undesirable changes in living organisms
in the aquatic, terrestrial, and atmospheric environments.

This document is available to the public through the National Technical Informa-
tion Service, Springfield, Virginia 22161.
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ARSTRACT

To evaluate the behavior of vinyl chloride in aguatic
ecosysteasy best estimate and worst case modals of lake and
dtream ecosystems vwere analyzed through the use of
mathematical simalation. The characteriatics of the
c¢hemicaly bilological, and physical trensformations of viayl
chloride indicated in the wmodelas vwvere determined by
laboratory sxperimentation and extrapolation of reaction
data for similar compounds. These transformations included
oxidation, substitution, elimination, hydrolysis, and free
radical reactions; complexation; direct and indirect
photochemical reactionsi microbial degradation and toxicity}
bacterial, algal,; and fungal sorption}; and volatilization.
Losaa of vinyl chloride from the aquatic environment by
volatilization appeared to be the most significant process
in its distribution.

This report wvas submitted in fulfillment of ROAP 04AEM,
Tasks 005 and 009, and ROAP 03ACQy, Task 009, at the
Environmental Research Laboratory, Athens; Georgia. York
was completed as of Septeaber 1975.
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SECTION I

CONCLUSIONS AND RECQMMENDATIONS

A worst cagse nystem analysis of vinyl chloride behavior
in agquatic systems suggests that unrealistically high levels
of vinyl chloride inputs would be necessary to maintain
significant concentrations in these aystems. However, given
extreme environmental conditions, aquatic sediments could
exhibit long~term storage of low laevels of vinyl chloride.

Chemical degradation of vinyl chloride under pH's,
reactant concentrations, and temperatures common to the
environment should not be aignificant. Nelither auto—
oxidation nor degradation by free radicals is important in
most natural waters at low vinyl chloride concentrationss.
Increased persistaence of vinyl chloride due to complexation
with Ag' and Cu®* should be minimal. Data are not available
for conasideration of other metal apacles.

Experiments with distilled water, water from the efflu-
ent of a PVC planty and twvo natural waters indicate that
photolysis of vinyl chloride 18 probably a slow process
under environmental conditions.

Vinyl chloride does not appear to be sorbed by
microorganisms, as indicated by laboratory experiments with
tive mixed bacterial populations, ¢thres mixzed fungal
populations, two axenic bacterial cultureas;, and one alga.
The filve mixed bdacterial populations did not degrade the
vinyl chloride to any detectable extent. Alsoy at vinyl
chloride concentrations up to 900 mg 1”2, no toxiec effects
on the bacterial cultures could be detected.

The rate of bulk exchange of gaseous vinyl chloride bet—
ween atmosphere and water is about twice that of oxygen.
Lomas of & chloride by volatilization from water is
theretosd mbly the most gignificant process in its
diste iz

The &l ions and consequently the conclusions of this
analysis wmay be invalid when vinyl chloride enters a re-
celving water as a component of a tar or aludge or when
large concentrationa of surface active agents are present
with the vianyl chloride in water. Further atudy is pneces—
sary for specific ajtuations where these conditions exist.
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SECTION IX

INTRODUCTION

Vinyl ehloride (CH; = CHCl), a colorless, highly flam-~
mable gas,; is uaed primarily in the production of the resin,
polyvinylchloride (PVC). The PVC im then used in the manu~-
facture of many synthetic plastica and rubbers. Vinyl
"chloride moOnoOmer (VCM) is therefors present in wmany
manufacturing operations and, because water is used ams a
medium in the polymerization reaction, it is also a posmible
contaminant of waste water discharged from these plants.

In recent studies, chronic exposure to VCM has resulted
in liver injury to laboratory rats and rabbits. Also, some
workers in PVC plants have contracted angiosarcoma of the
liver (1) Becasuse of its possible harmful effects on
humans and other living organisms and the ubiquitous nature
of vinyl chloride in the manufacturing industry, the behav-—
ior of VCM in aquatic ecosystems has come under critical
atudye.

The present study was undertaken to investigate the be-
havior of vinyl chloride in aquatic aystems under conditions
simulating lLarge inputs of VCM from isndustrial sources. The
study ' involved the use of a conceptual model of winyl
chloride interactions in agquatic syastess; physical,
chemicaly, 4and biological experiments with vinyl chloride;
mathematical models; and system analysis« The relationships
among the various facets of the study are represented in the
diagram in Plgure 1. .

i The physical, chemical, and biological interactions of
vinyl chloride with the components of agquatic systeams deter—
mine the bahavior of vinyl chloride in the syatem. The
individual interactions can be characterized quantitatively
by laboratmay experimentation and the behavior of VCM within

i atem can be approximated by simulation of a
aystem & L~ Am  initial conceptual model ot the
interactl 2 viayl chloride in an aquatic environment,
devaeloped scribed by Gillett at gls (2) ia represented

O irtent diagram in Figure 2. In the diagram the
boxes represent atorage of vinyl chloride or i1its reaction
products and the arrows repragsent transport or
transformation processes.
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VinyI.ChIoride in Atmosphere

QUTPUT
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| Direct Photochemical
ﬂ I I Reaction Products
1 Vinyl Chioride in Water
ﬁ '
- "'T Indirect Photochemical
l t Reaction Products
Hydrolysis Reaction
Products Vinyl Chioride . . .
Sorbed on Particulates S, Mlcrol;ra; d?jg;ada“"”
#
] V/inyl Chloride in Food
Free Radical — | — Viny! Chloride . Web Organisms
Reaction Products

Flgure 2.
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T

in Sediments

interactions in an aguatic environment.

Initial conceptual model of vinyl chloride




SECTION IIX

SYSTEM ANALYSIS

For the purposes of the present astudy the behavior of
vinyl chloride in an aquatic system may be assumed to be a
function of four aspects of the syntem:

¢ the components of the system with which viayl chlo-
ride may associlate or react (gegey water, organisms,
other chemical spacies);

¢ +the interactions or coupling pathways among thess
components;

¢ the characteristics of the interactions (gQ.gey magni-
tude, rate,; saturation); and

® the rates of vinyl chloride inputs to the system.

The conceptual model of Figure 2 was umed +to organize
the facts and assumptions into an initial aystem hypothesis
as described by Gillett at ale (2)s This wmodel represents
the components and interaction pathways considered to be
important in a study of vinyl chloride in an aquatic systea.
This initial conceptual model was transformed to the
conceptual model of Figure 3 through comnsideration of pre-
liminary studies of vinyl chloride (3), available data on
vinyl chloride and analogous compounds, and constraints on
the mcope of the investigation as defined by the nature of
the probleme .

The working conceptual model (Figure 3) indicated the
need for quantitative characterization ot the chemical, bio—-
logicaly and physical interactions between the components.
The transport process dynamics bave been evaluated in pub~
lished descriptions of the behavior of the traasport media
(Bagley particle, fluid, and trophic dynamica). The
transformation process dynamics were evaluated by chemical,
biological, and physical experimentatione.

ibitative conceptual model (Figure J3) and the
i quantitative interaction descriptions can be
or expanded to provide a hierarchy of
These syatem models can be represented
and evaluated by simsulation to provide
dascriptions of vinyl chloride behavior at various levels of
abstraction or generality.
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The quantitative aspects of the possible behavior of
vinyl chloride 1In aquatic systems may be approximated by
simulation and analysis of a aystem model of a sample lake
and stream. The conclusiona resulting from these
hypothesss, however, are only aa good as the assusptions
made in their formulations Thess assuaptions may be changed
to incorporate new information or to apply the analysis to a
particular agquatic system.

ASSUMPTIONS

The most significant assuaption in this type of analysis
is the model itself. The choices of components and their
couplings represent a aixture of logical analysia, physical
intuitiony and personal biasmses. Thess choices affect the
parameters, inputs, cutputs, and responses of the model.

A best estimate approximation of the bahavior of vinyl
chloride in a sample lake or stream was obtained assuming
the most reasonable estimates of the rates of transformation
processes as determined from lLaboratory results.
Experiments indicated that rates for all processes except
volatilization are essentially zero (Section IV, V, VI, and
VIi). This assumption results in the simplified modal of
Flgure 4.

To evaluate the boundaries of possible wvinyl chloride
behavior, twvo additional asystesm models were derived
describing extreme behavior at two levels of resolution. In
these worst case analyses, all chemical and pilological
transformation processes vere assumed to proceed at a rate
that is Just below the level of measuresent in the
experimental proceadures used for their determination.
Conditions in the aquatic environment (g.gey turbulencey
stratification, sediment scouring) were assumed to be at the
extreme of the environmentally realistic range that would
cause vbrn# case system responses. The saystem models of
Figure Esad 6 were analyzed subject to these worst case

. linear, first~order ordinary differential
aquati ol ,h assumed to be a reasonable mathematical appro-
ximation of the dynamic behavior of vinyl chloride in the
hypothesized structures. This is justified by recourse to
the theory of linearization about an operating path (4) and
asasumes that vinyl chloride input represents a small aystem
perturbations
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Vinyl Chloride
in Atmosphere
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in Water
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Chemical and Biological
Reaction Products in Water
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.. Symtem model with worst case chewical and
ical transformation reaction rates.
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The system disgrams of PFlgures 4 through 6 therstore
ware directly translated to a set of equations that can be
written In vector form as

£2 = AX + BU (1)

where the xq represent the variable quantities storsed in the
boxes; the ay represant the rate coefficients for transfer
from box J to x 1; and the uy represent the inputs to box
f

The typical or sample laoke is assumed to be 10* m? and
10 « deeps It has a residence time of 10 daya and atpati-
fiea in summer with a setalimnion 0.5 m wide centered at a
S~meter depths It is completely mixed above and below the
thermocline when stratified and compietely mixed otherwise.
The typical or sample stream parameters were derived from
Teaivoglouw and WVallace's (5) data on the Chattahoochee and
Jackson riverse.

For the best estimate model, equation (li reduces to

dx
—2 = g x +u (2)
dt 1,2 2 3

The rate ggsfficient value, 81,29 of the beat eatimate madel

# a bulk gas exchange coefficient between water
% of 0.436 day * (6, Section VII of this
8 input was set at 1 ag 1™! viayl chloride in
the inzl{FGater as a reference value.

The gas exchange coefficient, ay 29 in the best estimate
astream model is 0.96 day ! (S, Seaction VI of this report),
and the iaput is again 1 mg 17! vinyl chloride.

13
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Table 1. VORST CASE MODEL PARAMETERS

agz,e

Bymbel | Interactions

Yolue (dav'?)

Volatllization of vinyl
chloride

Chemical and biological
degradation

Chemical and biological
daegradation

Transport acrosms thersocline
Transport acroms thersmocline

Uptake by filter feading
organisms

Uptake by rfilter feeding
organisas

Uptake by banthic organisas

Uptake by predator

Uptake by omnivore

Turnover rate of organisms

Vater to sediment transport

Sediment to water transport

0.436
0.115
0.115

0.01738
0.0178

0.000292
0.000292

0.000292

9.73 (107%)
7.3 (1073)
0.1

0.107 (1072)

3.45 (107™4)

Loss from compartaent —§ -31
Input to water 1 poma
Input to water 1 ppm
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Vinyl Chloride in Water

— = — Vinyl Chloride in Air

0.662 I "7
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a /
& 0.331 |- / -
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- )
B
=
>

TIME, days

® wimulation with best estimate model.
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. \ Vinyl Chloride in Water

— —— Vinyl Chloride
Degradation Products

0.274 | e
//‘-'-
/7
/7
B
E .
< ]
S
, S 0.137 —
-
(% ]
i
2 =
-
0 |
25 50
TIME, days

Lake simulation of the model of Figure S.
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Vinyl Chloride in Epilimnion

———=— Vinyl Chloride Degradation
Products in Epilimnion

———«—=— Vinyl Chloride in Sediments

0.176 —= |
”
/'
/o,
_ /
5 /
g I
= [
|
& 0.0879 H1 ~
X ]
o ]
= \
=
po-_J)
.--'"'"_-
" |
0 100 200
TIME, days

Figure 1%.

Stratifled lake gsimulation of the model in
Flgure 6.
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VINYL CHLORIDE x 10% mg/|

Figure 13.

Vinyl Chloride in Filt r
Feeding Organisms
(Hypolimnion)

«===—=- Vinyl Chloride in
Predator Organisms

Vinyl Chloride in
Omnivorous Organisms

‘Stratified lake smimulation of the model in

Figure 6.
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A dlagnostic laoput consisting of a pulase of vinyl chlo—-
ride can produce a characteristic response for each compon-
ent. This response is a very concise way of demonstrating
the behavior predicted by the system hypothesis. The total
response to a pulse input contains all the information
necessary to characterize the asystem (10). Plgures 15
through 17 show the compoenent responses to a pulse ilaput of
1 mg L™ ! vinyl chloride to the epilimnion waters for the
model of Figure 6. In Figure 18, the beginning of the slow
Losms of vinyl chloride from the sediments can be seen aft r
abhout 60 daysa

The results of a pulse input of 1 mg L™! vinyl chloride
to the sediments are shown in Figures 19 through 21. The
slow but continuous Lloss of vinyl chloride from the
sediments is evident. Thims loss occurs to the air (rate 2 7
x 107% mg 17! day 1) and to dowvnstream waters (rate = 3.9 x
107%* mg 171 day t).

All of the results assume steady~state levels of biomeass
components and particulates and do not include any low level
toxic effects or biomagnitfication (l.9+.y selective retention
of vinyl chloride). From the results of thesee nodel
simulations it appears that vinyl chloride should not remain
in an aguatic ecosystem under most natural conditlions.

25
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Vinyl Chloride in Filter Feeding
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Stratified lake model'’s response to pulse input
of vinyl chloride to epilimnion water.
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- —=——— Vinyl Chloride in Sediments
(Extended Time Scale)
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TIME, days

Figure 18, Stratified lake model's resvonse to pulse input
of vinyl chloride to epilimnion water.

29

COLORITE 017212




Vinyl Chloride in Hypolimnion
Water

=-=——== Vinyl Chloride in Benthic
Organisms

————= Vinyl Chloride in Filter
Feeding Organisms
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Figure 20. Stratified lake wmodel's response to pulse input
of vinyl chloride to sediments.

31

COLORITE 017213




SECTION 'IV

CHEMICAL INTERACTIONS

No reference to atudies of the degradatlon of vianyl
chloride in water could be found in the literature.
However, considerable data are avallable concerning the
chemistry of vinyl chloride and related compounds that can
be extrapolated to reaction coanditions anticipated in the
esavironment. Bvidence supporting such extrapolations was
obtained in a few preliminary experiments.

Four pathways were postulated as potential mechanisus
for chemical degradation or alteration of vinyl chloride in
the environment:?: substitution (11), elimination (12),
addition (13), and oxidation (14).

In nucleophilic substitution, the chloride 1ioa is
displaced by a nucleophilic speciles (Nu) (11). Reactive
nucleophiles common to the aquatic environment are amin s,
thiols, water, and hydroxide ion. The reaction can be
either first or second ordesr dapeanding on the specific
mechanisma.

The most probabl e elimination reaction in the
environment is one in which hydrogen chloride is elininated
from vinyl chloride in the presence of basey, praoducing
acetylene (12). This 1is a second-order reaction and the
rate is dependent upon the concentrations of both vinyl
chloride and base. The most significant base present in
natural vater vould bde hydroxide ion:

“ 4 = -
c=¢ Base (OH), ge=cy + c1
£ b

¥ el

The addition reaction most likely to occur to viayl
chloride in the agquatic environment is the addition of water
across the carboa~cardben double bond, catalyzed by acid
(13).

33
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2 SEPTUM

TEFLON STOPCOCK

0

—- ~— INSIDE DIAMETER 6 MM

A\

VOLUME APPROX, 2.9 ML

A
g&w. 22. Vinyl chloride reaction vessel.
£575
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Table 2. ORDER OF MAGNITUDE ESTIMATES FOR HALF-LIVES
FOR VINYL CHLORIDE REACTIONS

1

Literature datn Estimated tk
Tenps Hazi-un_rate - at
(°¢) Reactant | constant M_! sec”! 25°¢E
311;1n.t1ona 95.53 | Methoxlde 1077 <10 yr
Substitution® {130 CaHgS™ 107° <10 yr
Addltion® 25 H,0 1074 <1 yr
Additiond 25 ) P 1071 140 br
Addition® 25 HOCl 1072 1000 hr
__Hvdcolvsiaf 1120 H2Q _No RX <10 vr

dpeference 17,
Reference 18,
thiol,

CReference 19,
Reference 20,
chlorine.

CReference 21,

fleteroncc iS.

methancl solventy, 10 3N methoxide.
reaction of l-~chloropropena in ethanol at 1 x 10”3y

acid catalyzed hydration at pH 3.
14343~trichloropropene in aquecus acetic acid---1 mg L™}

hypohalous acid addition to allyl alcohol at pH 4¢5——~

1 mg 1”1 hypohalous acide

Bcatculated agsuming pseudo first-order kinetics.




A survey of the llterature did not disclose any equilibriua
constants for the formation of coordinate complexes batwveen
vinyl chloride and metal jions. However, data for the
formation of complexes between structurally related olefinic
compounds and Agt and Cut* (Table 3) indicate that electron—
withdrawing groups attached to the double~bonded carbon atom
of the olefin decrease the squilibrium constant. Assuming a
concentration of 10 mg L™ ! ffor the silver-sthylene complex,
equilibrium calculations show the complex to be greater than
290% dissociated. Similarly, the cuprous—-g-chloro-allyl
alcohol complex at 6.2 mg 171 jia also greater than 99%
dissociated. The effect of other ligands common to the
agquatic environment, which would be competing for the metal
ions, are neglected in these calculations. Thus we conclude
that at Low metal ion and wvinyl chloride ion concentrations,
complexation by these metal jons is not importante.

39
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SECTION V¥

PHOTOCHEMICAL INTERACTIONS

Several possible mechanisms exist for the decomposition
of vinyl chloride by light (Figure 23): Mechanism I, direct
photolysina, involves direct absorption of 1light by vinyl
chloride followed by reaction from ite excited state ( VCM)I*.
Several studies have indicated that vinyl chloride in the
vapor phase decomposes when irradiated with very ahort
wavelength ultraviolet 1light (< 200 nm) (20, 27, 28). The
primary reaction processes are homolysia of the carbon—
chlorine bond yielding a chlorine atom and elimination of
molecular HCl. Twisting around the double bond, an
undetactable reaction, may also occur.

Mechanism IX, photosensitized reaction via energy
transfer, involves absorption of 1light by a triplet
sensitizer followed by energy transfer to vinyl chloride to
form its Lirast excited triplet state, (VCM)*x, Studies by
Bellas 2t als (29)y for example, indicated that photolysis
of vinyl chloride can be sensitized in the vapor phase by
mercury atoms. The authors concluded that in this casme, the
primary photochemical process for triplet VCM in the vapor
phase involved elimination of molecular HCl. However,
homolysis of the carbon-chlorine bond could not be ruled out
by thelr datae In s8solution, the major photoreaction for
triplet chlorinated olefins was found to involve +twisting
around the douwble bond (30).

Machaniswm I1I, which ve have called chemical
sensitizationy involves direct chemical reaction between
sensitizer and olezin. Such reactions are known to occur in
the condepsed phase with simple olefins and electronically
excited ketones (31).

nlse Iv, free radical decomposition and
polymesiligtion of VCM initiated by photochemical homolysis
- ‘es Llike a peroxides is also a possible pathwaye.
Exampleilfi:- 0of the light-initiated polymerization of vinyl
monomers are discussed by Walling (32). Uri and co—-workers
found that polymerization of wvinyl monomers can be
"photosensitized” by chlorophyll (33) and by iron complexes
(34, 35). The "photosensitization”™ in these cases clearly
did not involve energy transfer, but rather the generation
of free radicals followed by polymerization (Mechaniam IV).

41
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The photodegradation of vinyl chloride was studied to
de termine whether the above proceases are possible in the
aguatic environment, and whether their rates, if they occur,
are sufficiently high to compete with other processes.

MATERIALS AND METHODS

Vinyl chloride gas from Matheson Company was used
without further purification. Laboratory distilled water
was redistilled from basic permanganate immediately prior to
UuSGs

Natural waters were obtained from the Oconee River in
Athens,y, Georgia, and the Oketenokee Swamp (Big Vater Lake)
in South Georgia. Commercial humic acid wvas obtained fronm
Aldrich Chemical Company.

Stock solutions of vinyl chloride were prepared in small
bombs equipped with gas—-tight Teflon stopcockse. Aliquants
of VCM in gas—tlight syringes were added to the bombs that

were completely filled with known volumes of carbon
tetrachloride; the gas rapidly dissolved into the CClL .
Agusous solutions wvere prepared following the same

procedures; the concentration in water was then measured
exactly by comparison to the CCl, stock solutions. Analyses
for VCN were performed by gas—-liquid chromatography on a 2 m
x 032 cm glass column packed with 0.4% Carbowax 1500 on
Carhopack A. The column was cured by heating at 2009C for
48 houra with slow purging by nitrogen.

Glc analyses were performed on a Tracor MT-220
Chromatograph using a flame detector. Photolymis studies
ware conducted on a rotating turntable apparatus, described
in detail by Noses, Liuy and Monroe (36)s A 450-watt high-—
pressure mercury lamp was the light source. The ultraviolet
spectrum of VCM in water was obtained with a Perkin—-Elmer
602 Digital Spectrophotometer using a specially constructed
qunrtz c.ll eguipped with a gas—~tight Tetflon stapcocks. All

iy studies were carried out in reaction cells

owith gas—tight Teflon stopcocks. Controls

3alied that no leakage of VCM occurred from these cells

over a mariod of at least tvo weeks.

Kinetic studies wvere generally carried out at VCM
concentrations of 10 to 20 mg 17 1. The light from the
mercury lamp was flltered through a 3 mm-thick Pyrex sleeve
(cutoff at 300 nm) for moat of the studies. Singlet oxyg n

43
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Indiract Photolvain

Although direct photolysis (Mechanism I) is immeasurably
slow, the literature indicates that the Llight-induced
transformations of vinyl chloride could occur through
indirect pathways { Machanisms II-IV). For axample,
substances found dissolved in certain natural wvaters wer
found to greatly accelerate the photodecomposition of some
pesticides (39, 40). Photolysis experiments vere therefore
conduc ted in natural waters and in distilled water
containing maodel photosensitizers that absorb light of
wavelengths > 300 nm.

Vinyl chloride was not readily degraded by singlet
OoXygeny an excited form of oxygen generated by methylene
blue photosensitization. Howvever, in the presence of
acetoney, a high—-energy triplet sensitizer, or hydrogen
peroxidey, a free radical source, VCM decomposed rapidly when
irradiated with ultraviolet 1light. The disappearance
quantum yield (313 na) for the acetone-sensitized reaction
(3.0 x 1072 M VCM) was 0475« A colorless precipitate formed
during photolysis, but it was not identified.

Since the ma,jor photochemical process for triplet 1,2
dichloroethylene and other mono—olefins involves
imomerization (30), twisting about its carbon-carbon bond
would be expected to be the primary process for triplet VCM.
Other studies have indicated that reaction bestween triplet
ketones and olefins (41) to form oxetanes is not
particularly efficient. Therefore the high disappearance
quantum Yield for the acetone—sensitized photolysis of VCX
was surprising. The photolysis may involve inefficiant
homolysis of the carbon—chlorine bond of triplet VCM,
followed by free—-radical polymerization of VCM, Le@ey most
of the VCM would be consumed by secondary thermal reactionsa.

The importance of photosensitization via energy transter’
for the disappearance of VCM in the environment is difficult
to preadict. Such sensitization occurs efficiently only when
the ?{ﬁ et state energy of the sensitizer equals or exceads

tha$ . the acceptory, l.es.y VCMe Since the triplet atate
on er ‘of mono—~olefins are very high (78-82 kcal mole 1)
(38 )% dnly high energy sensitizers such as acetone (triplet

energy 80 xcal mole™!) are effactive. Unfortunately, little
is known about the concentrations and distribution of high-
energy sensitizers in the aguatic environment. The matter
is further complicated by the fact that competing energy
acceptors such a8 dissolved oxygen are also present in the
agquatic environment.
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Figure 24, Decomoonition of vinyl chloride in water by
bek of free radicals generated by photolysis
Wt (300 nm) of hydromgen peroxide.
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medium containing 6.0 g glucose per Lliter. Medium was
decanted and enough fungi were transferred to 5~al graduated
centrifuge tubes with ground glass stoppers to give
approximately S g dry weight of fungi per liter of water.

Chlorslla pyrencidogsy was grown in Bensen—-Fuller medium
contalning 0.1% Hutner's trace element solution and
incubated on a ehaker at 15°C under 170 ft-c of continuocus
light. Cultures were centrifuged, washed three times, and
transferred to S5-ml graduated centrifuge tubes with grouand
glans stoppera for sorption studies to give approximately 4
g8 dry weight of algas per liter of water. To eliminate
corrections for volatilization of VCM to the air above the
solutiony, tubes were filled to the top and all data were
compared with data from control tubes (containing no
organiame ).

To determine dry welights of algae and bacteria uged in
sorption ntud;.s,.”cultnro- wvere centrifuged and the
organisms’ vere washed three times. The organisas wvere
quantitatively transferred to tared beakers and dried to a
constant welght at 809. FPungi were separated from test
cultures for dry weight determinations by 2filtering, first
through tared pre—filtera, then through tared 0.22 micron
Nucleopore filters, and by drying to a constant weight at
909¢C.

RESULTYS AND DISCUSSION

Sgrotion of Vinvl Chloride to Micrgorganisas

In syatems in which sorption is linear (very low smsolute
concentrationa), the simple distribution costficient (Kd)
may be used to describe the extent of sorption of a compound
to microorganlsas

Kd - X/m (3
Ce
where c, = concentration (mg/mg) of solute in solution at
equilibriua
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containing only basal salts and 54 mg 1™! VCM without an
addl tional carbon source. These cultures wvere moniteored
daily for one week. No degradation was detected at any time
in any of the culturas.

Byington and Liebman (43) have shown that
trichloroathylene was transformed to chloral hydrate by rat,
rabbity, and dog liver micromsomes iIin a reaction requiring
NADPH and oxygen. Basad on the structures of the compounds
and the requirement of NADPH, alcohol dehydrogenase may Dbe
the active easnzyme. If so, degradation of VCM by bacteria
could be possible via the following pathway:

H H ? ? Alcohol ? ? ? 8
/
“e=c —  H-GC-Cl Dehydmge“ie > H-C—C-OH — H-C-C-H
/ N
H c1 0 NADPH, H Cl OH c1

I2 the bacteria were capable of degrading VCM by this
pathway, a syatem in which oxygen was not a limiting factor
would be neededs The closed flask systems described earljer
could limit the oxygen in the system. Therefore, six one—
liter flasks containg the five bacterial populations in 1:40
nutrient broth and an uninoculated control were bubbled with
O0.1% VCM in air for 96 hours and monitored for possible
products by glc analyasis at low column temperature using
FIDs No degradation products were detected in any of the
cultures.

Toxicity of Vinvl Chloride to Bacteria

The toxicity of VCX to five actively growing bacterial
populations was tested. Testing could not be done at VCM
concentrations up to its solubility in water (1700 nmg 1 1!)
becaus e - the difficulty 1n supplying the bacteria with
suific iage vgen for growvth above a VCM concentration of
900 amg ¥, Boecause even at 900 mg L”! VCM the oxygen
concentration was lowy a low nutrient broth concentration
was used also (1:100) to insure that any differences in
growth would be due to the presence of VCM rather than
insufticient OXYEen e No difference could be detected
between bacterial growth in cultures and }in test cultures
containing up to 900 ag 17! VCMs The VCM was therefore not
toxic to bacteria at these concentrations.
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rate of oxygen reaeration to eliminate the need for
measurement of turbulence and to relate vianyl chloride
valatilization to available environmental daeterminations of
oxygen reaeration.

For comparisony the ratio of sgpecific rates was also
calculated using estimates of molecular diameter.

MATERJIALS AND METHODS

Nitrogen—-sparged, delonized water (900 ml) and saturated
vinyl chloride solution (10 nl) were added to each of four
beakers in an exhaust hoods The contents of beakers 1, 2,
3y and 4 were atirred to create vortices with depths of 0
(quiescent)y 1.5 cmy 5 cmy, and 10 cmy respectively. Oxygen
aad vinyl chloride concentrations were measured every 10
minutes for 180 minutes using a dissolved—oxygen meter and a
gas chromatograph. Six replications of these experiments
were periormed.

RESULTS AND DISCUSSION

The gas exchange dynamicas at the interface - vere
represented as a first-order approach to equilibriuam using
the equation

dcC
T - K(C.-C) (6)

where Ci:= gas concentration
¢t = time
K- = specific rate
Cq = saturation concentration

The concentrations of oxygen and vinyl chloride for each
beaker in e¢ach replicate were used to determine the sums of
squares for the besat least squares fit to the logarithaic
form of the solution to equation 6. The corrected suas of
squares for all beakers stirred alike were pooled to
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-0.729

p=
£
5 73 |- a ~
X
g
¥4
| i
-1750
~0.0803 -0.0419 -0.00354
Ko’, min'l
lVCM’ vcftul !02 at four mixing levels.
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vy

specific rate of exchange of

viayl chloride gas between
water and air ig

about twice that of OXygen.
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