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CHAPTER 5.  POTENTIAL FOR HUMAN EXPOSURE 
 

 

 

 

 

5.1   OVERVIEW 
 

Vinyl chloride has been identified in at least 593 of the 1,867 hazardous waste sites that have been 

proposed for inclusion on the EPA National Priorities List (NPL) (ATSDR 2019).  However, the number 

of sites in which vinyl chloride has been evaluated is not known.  The number of sites in each state is 

shown in Figure 5-1.  Of these sites, 589 are located within the United States, 1 site is located in the 

Virgin Islands, and 3 sites are located in Puerto Rico (not shown). 

 

Figure 5-1.  Number of NPL Sites with Vinyl Chloride Contamination 
 

 

• The major route of exposure to vinyl chloride is through inhalation.  This mostly occurs in the 
occupational setting but can occur near manufacturing facilities, hazardous waste sites, and 
natural gas extraction sites, where the air may be contaminated.  

• Inhalation of cigarette and cigar smoke can also be an exposure route.  

• In air, vinyl chloride will degrade photochemically with a half-life of 1–2 days. 
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• Vinyl chloride released to water is mostly expected to volatilize into the atmosphere.  Small 
amounts could degrade by photochemical reaction and biodegradation. 
 

 

 

 

• Vinyl chloride released to the soil is expected to volatilize or leach into groundwater. 

• Aerobically, vinyl chloride is expected to degrade by 25% in a week and by >99% in 15.4 weeks.  
The rate of anaerobic degradation is dependent on the components of the media (e.g., increased 
iron). 

5.2   PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 

5.2.1   Production 
 

Vinyl chloride was first produced commercially in the 1930s by reacting hydrogen chloride with 

acetylene.  Currently, vinyl chloride is produced commercially by the chlorination of ethylene through 

one of two processes, direct chlorination or oxychlorination.  Direct chlorination reacts ethylene with 

chlorine to produce 1,2-dichloroethane.  Similarly, oxychlorination produces 1,2-dichloroethane, but this 

is accomplished by reacting ethylene with dry hydrogen chloride and oxygen.   

 

After both processes, the 1,2-dichloroethane is subjected to high pressures (2.5–3.0 megapascals) and 

temperatures (550–550°C).  This causes the 1,2-dichloroethane to undergo pyrolysis, or thermal cracking, 

which forms the vinyl chloride monomer and hydrogen chloride.  The vinyl chloride monomer is then 

isolated (Cowfer and Magistro 1985).  The technical-grade product is available in 99.9% purity (NLM 

2021).  Efforts are being made to minimize by-product formation (hydrocarbons, chlorinated 

hydrocarbons, and unreacted material) in 1,2-dichloroethane pyrolysis (Cowfer and Magistro 1985). 

 

Table 5-1 summarizes the facilities in the United States that either manufacture or process vinyl chloride.  

The Toxic Release Inventory (TRI21 2022) provides the data for Table 5-1 including the maximum 

amounts of vinyl chloride that are present at these sites and the end uses of vinyl chloride.  Table 5-2 lists 

the 12 reporting facilities that solely manufacture vinyl chloride for commercial purposes and their 

production capacities (EPA 2021).  Because of confidential business information, specific quantities are 

not available (EPA 2021).   
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Table 5-1.  Facilities that Produce, Process, or Use Vinyl Chloride 
 

Statea 
Number of 
facilities 

Minimum 
amount on site 
in poundsb 

Maximum 
amount on site 
in poundsb Activities and usesc 

AL 1 100,000 999,999 6 
AR 1 1,000 9,999 1, 2, 3, 5, 9, 12 
IL 1 1,000,000 9,999,999 6 
KY 3 1,000,000 9,999,999 1, 4, 6 
LA 8 10,000,000 49,999,999 1, 3, 4, 5, 6, 12, 13 
MO 1 1,000 9,999 1, 5, 14 
MS 1 10,000,000 49,999,999 6 
NC 1 0 99 6, 7, 8, 11 
NE 1 1,000 9,999 9, 12 
NJ 2 1,000,000 49,999,999 6, 12 
NY 1 0 99 12 
OH 3 100 9,999 6, 12 
TX 12 100 499,999,999 1, 3, 4, 5, 6, 9, 12, 13, 14 
UT 1 1,000 9,999 9, 12 
WA 1 Not available Not available Not available 
aPost office state abbreviations used. 
bAmounts on site reported by facilities in each state. 
cActivities/Uses: 
1.  Produce 
2.  Import 
3.  Used Processing 
4.  Sale/Distribution 
5.  Byproduct 

6.  Reactant 
7.  Formulation Component 
8.  Article Component 
9.  Repackaging 
10.  Chemical Processing Aid 

11.  Manufacture Aid 
12.  Ancillary 
13.  Manufacture Impurity 
14.  Process Impurity 

 
Source:  TRI21 2022 (Data are from 2021) 
 

Table 5-2.  U.S. Production Capacity of Vinyl Chloride 
 
U.S. Producer Location Capacity (million pounds per year) 
Axiall Plaquemine, Louisiana CBI 
Axiall Westlake, Louisiana  CBI 
Axiall Westlake, Calcasieu, Louisiana 1,026 
C-K Tech  Plaquemine, Louisiana CBI 
Formosa Plastics Baton Rouge, Louisiana 1,188 
Formosa Plastics Point Comfort, Texas 1,497 
GEON Oxy Vinyl Laporte, Texas CBI 
Olin Blue Cube Freeport, Texas CBI 
Oxy Vinyls LP Deer Park, Texas CBI 
Oxychem Ingleside San Patricio, Texas  CBI 
Westlake Vinyls Geismar, Louisiana 540 
Westlake Vinyls Calvert City, Kentucky 1,316 
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Table 5-2.  U.S. Production Capacity of Vinyl Chloride 
 
U.S. Producer Location Capacity (million pounds per year) 
U.S. total capacity:  10,000 - <20,000 million pounds 
 
CBI = Confidential Business Information 
 
Source:  EPA 2021 (data are from 2015) 
 

5.2.2   Import/Export 
 

One facility reported 37,000 pounds imported in 2015, down from 48,700 pounds in 2014 (EPA 

2021); no further import data were located.  Export volumes for 2004 and 2005 were 2.367 and 

1.88 billion pounds, respectively (ICIS 2006).  Current export volumes were not located. 

 

5.2.3   Use 
 

Vinyl chloride is an important industrial chemical because of its wide variety of end-use products and the 

low cost of producing polymers from it.  About 99% of the global vinyl chloride capacity is used for the 

production of PVC and its copolymers (Dreher et al. 2014).   

 

Vinyl chloride has been used in the past as a refrigerant, as an extraction solvent for heat-sensitive 

materials, and in the production of chloroacetaldehyde and methyl chloroform (IARC 1979).  In the 

United States, limited quantities of vinyl chloride were used as an aerosol propellant and as an ingredient 

of drug and cosmetic products; however, these practices were banned by the EPA in 1974 (IARC 1979; 

NLM 2021). 

 

5.2.4   Disposal 
 

Since vinyl chloride has been identified by EPA as a hazardous material, its disposal is regulated under 

the Federal Resource Conservation and Recovery Act (RCRA) (EPA 1993).  The Department of 

Transportation monitors compliance with RCRA (and therefore disposal) (DOT 1993).  The 

recommended method of disposal is total destruction by incineration.   

 

The temperature of the incinerator must be sufficient to ensure the complete combustion of the vinyl 

chloride in order to prevent the formation of phosgene.  The recommended temperature range for 
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incineration is 450–1,600°C, with residence times of seconds for gases and liquids, and hours for solids 

(NLM 2021).  If in solution, the vinyl chloride product may need to be adsorbed onto a combustible 

material prior to incineration.  Alternately, vinyl chloride can also be dissolved in a flammable solvent 

prior to incineration.  An acid scrubber should be used in conjunction with the incinerator in order to 

remove any hydrogen chloride that is produced by the combustion process (NLM 2021).   

 

Vinyl chloride can also be chemically destroyed.  This destruction method is used, especially with small 

quantities.  Generally, 1–2 days is sufficient for complete chemical destruction (NLM 2021). 

 

Aqueous byproduct solutions from the production of vinyl chloride are usually steam-stripped.  This step 

removes volatile organic compounds.  The remaining solution is then neutralized.  Lastly, the solution is 

treated in an activated sludge system to remove nonvolatile organic compounds (Cowfer and Gorensek 

2006). 

 

5.3   RELEASES TO THE ENVIRONMENT 
 

The Toxics Release Inventory (TRI) data should be used with caution because only certain types of 

facilities are required to report (EPA 2005).  This is not an exhaustive list.  Manufacturing and processing 

facilities are required to report information to the TRI only if they employ ≥10 full-time employees; if 

their facility is included in Standard Industrial Classification (SIC) Codes 10 (except 1011, 1081, and 

1094), 12 (except 1241), 20–39, 4911 (limited to facilities that combust coal and/or oil for the purpose of 

generating electricity for distribution in commerce), 4931 (limited to facilities that combust coal and/or 

oil for the purpose of generating electricity for distribution in commerce), 4939 (limited to facilities that 

combust coal and/or oil for the purpose of generating electricity for distribution in commerce), 4953 

(limited to facilities regulated under RCRA Subtitle C, 42 U.S.C. section 6921 et seq.), 5169, 5171, and 

7389 (limited S.C. section 6921 et seq.), 5169, 5171, and 7389 (limited to facilities primarily engaged in 

solvents recovery services on a contract or fee basis); and if their facility produces, imports, or processes 

≥25,000 pounds of any TRI chemical or otherwise uses >10,000 pounds of a TRI chemical in a calendar 

year (EPA 2005). 

 

5.3.1   Air 
 

Estimated releases of 428,185 pounds (~194 metric tons) of vinyl chloride to the atmosphere from 

38 domestic manufacturing and processing facilities in 2021, accounted for about 99.9% of the estimated 
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total environmental releases from facilities required to report to the TRI (TRI21 2022).  These releases are 

summarized in Table 5-3. 

 

Table 5-3.  Releases to the Environment from Facilities that Produce, Process, or 
Use Vinyl Chloridea 

 
 Reported amounts released in pounds per yearb 

Statec RFd Aire Waterf UIg Landh Otheri 
Total release 

On-sitej Off-sitek On- and off-site 
AL 1 1,820 0 0 0 0 1,820 0 1,820 
AR 1 6 0 0 108 0 6 108 114 
IL 1 19,115 0 0 21 0 19,115 21 19,135 
KY 3 117,526 1 0 0 7 117,526 8 117,534 
LA 8 117,553 31 0 1 51 117,584 52 117,636 
MO 1 287 0 0 0 0 287 0 287 
MS 1 4,779 0 0 0 0 4,779 0 4,779 
NC 1 68 0 0 0 0 68 0 68 
NE 1 23 0 0 0 2 23 2 25 
NJ 2 24,407 10 0 10 0 24,417 10 24,427 
NY 1 0 0 0 0 0 0 0 0 
OH 3 10 0 0 0 0 10 0 10 
TX 12 142,591 8 0 0 88 142,598 88 142,686 
UT 1 0 0 0 0 0 0 0 0 
WA 1 0 0 0 0 0 0 0 0 
Total 38 428,185 49 0 140 148 428,233 289 428,522 
 
aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 
exhaustive list.  Data are rounded to nearest whole number. 
bData in TRI are maximum amounts released by each facility. 
cPost office state abbreviations are used. 
dNumber of reporting facilities. 
eThe sum of fugitive and point source releases are included in releases to air by a given facility. 
fSurface water discharges, wastewater treatment (metals only), and publicly owned treatment works (POTWs) (metal 
and metal compounds). 
gClass I wells, Class II-V wells, and underground injection. 
hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other onsite landfills, land treatment, surface 
impoundments, other land disposal, other landfills. 
iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for 
disposal, unknown 
jThe sum of all releases of the chemical to air, land, water, and underground injection wells. 
kTotal amount of chemical transferred off-site, including to POTWs. 
 
RF = reporting facilities; UI = underground injection 
 
Source:  TRI21 2022 (Data are from 2021) 
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The major sources of vinyl chloride releases to the environment are believed to be emissions and effluents 

from plastic industries, primarily vinyl chloride and PVC manufacturers.  Worldwide emissions of vinyl 

chloride into the atmosphere during 1982 totaled approximately 400 million pounds (Hartmans et al. 

1985); no updated estimates were located.  Another emission source is tobacco smoke, which has been 

found to contain 5.6–27.3 ng vinyl chloride per cigarette or little cigar (Hoffmann et al. 1976) and as high 

as 34.8 ng per cigarette from conventional cigarettes utilizing human puffing behavior (Zenzen et al. 

2012).  The combustion of coal and the incineration of municipal waste can also release small quantities 

of vinyl chloride to the atmosphere (Dempsey 1993; Miller et al. 1994).  Vinyl chloride may be found in 

groundwater near military installations as a breakdown product of chlorinated solvents (Bove et al. 2014; 

Ruckart et al. 2013).   

 

EPA's National Emission Inventory (NEI) database contains detailed information about sources that emit 

criteria air pollutants and their precursors, and hazardous air pollutants (HAPs) for the 50 United States, 

Washington DC, Puerto Rico, and the U.S. Virgin Islands.  In 2011, there were 920,128 pounds of vinyl 

chloride released to air from 15 different emissions categories, the most prominent being waste disposal 

and industrial processes, accounting for roughly 30 and 60% of all of the emissions, respectively (EPA 

2014a).  Over an 11-year emission study within the Greater Houston area, spanning from 2003 to 2013, 

vinyl chloride was released in an emission event at a high of 6,520 kg in 2005 from Dow Texas 

Operations Freeport (Luong and Zhang 2017).  This event contributed 99% of the emissions for that year. 

Vinyl chloride detected at hazardous waste sites may not necessarily arise from industrial sources.  The 

bacterial degradation of chlorinated solvents such as trichloroethylene, tetrachloroethylene, and 

1,1,1-trichloroethane can produce vinyl chloride as a degradation product, and this may be the origin of 

vinyl chloride at these sites (Smith and Dragun 1984).   

 

5.3.2   Water 
 

Estimated releases of 49 pounds (~0.02 metric tons) of vinyl chloride to surface water from 38 domestic 

manufacturing and processing facilities in 2021, accounted for about 0.01% of the estimated total 

environmental releases from facilities required to report to the TRI21 (TRI21 2022).  This estimate 

includes releases to wastewater treatment and publicly owned treatment works (POTWs) (TRI21 2022).  

These releases are summarized in Table 5-3. 
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Vinyl chloride released in wastewater from the plastics industries is expected to volatilize fairly rapidly 

(on the order of hours to days) into the atmosphere.  Anaerobic reductive dehalogenation of trichloro-

ethylene, tetrachloroethylene, and 1,1,1-trichloroethane also releases vinyl chloride into groundwater at 

hazardous waste sites (Smith and Dragun 1984) or other locations where the proper conditions are found 

in the subterranean strata.  Since vinyl chloride possesses high mobility in soils, it leaches into 

groundwater from spills, landfills, and industrial sources that may release it to soil (TRI21 2022).  

According to data collected from the analysis of leachates and monitoring wells at sites where 

groundwater was contaminated by municipal solid waste landfill leachate, vinyl chloride was present in 

both the leachates and the groundwater samples (Sabel and Clark 1984). 

 

5.3.3   Soil 
 

Estimated releases of 140 pounds (~0. 06 metric tons) of vinyl chloride to soil from 38 domestic 

manufacturing and processing facilities in 2021, accounted for about 0.03% of the estimated total 

environmental releases from facilities required to report to the TRI21 (TRI21 2022).  These releases are 

summarized in Table 5-3. 

 

The bacterial degradation of chlorinated solvents such as trichloroethylene, tetrachloroethylene, and 

1,1,1-trichloroethane can produce vinyl chloride as a degradation product, and this may be a significant 

source of vinyl chloride at hazardous waste sites (Smith and Dragun 1984). 

 

5.4   ENVIRONMENTAL FATE 
 

5.4.1   Transport and Partitioning 
 

Air.    Based on a vapor pressure of 2,660 mmHg at 25°C, essentially all vinyl chloride in the atmosphere 

is expected to exist solely as a gas (Eisenreich et al. 1981; Verschueren 1983).  Consequently, removal 

from the atmosphere by dry deposition is not expected to be an important fate process. 

 

Water.    The primary transport process for vinyl chloride from natural water systems is volatilization 

into the atmosphere.  The Henry's law constant of vinyl chloride has been measured as 0.0278 atm-

m3/mol at 24.8°C (Gossett 1987), which suggests that vinyl chloride should partition rapidly to the 

atmosphere.  The half-life for vinyl chloride volatilization from a typical pond, river, and lake has been 

estimated to be 43.3, 8.7, and 34.7 hours, respectively.  These values are based on an experimentally 
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determined reaeration rate ratio of approximately 2 and assumed oxygen reaeration rates of 0.008, 0.04, 

and 0.01 per hour for a typical pond, river, and lake, respectively (EPA 1982a).   

 

Predicted half-lives should be considered rough estimates since the presence of various salts in natural 

water systems may affect the volatility of vinyl chloride significantly (EPA 1979a).  Many salts can form 

complexes with vinyl chloride and increase its water solubility; therefore, the presence of salts in natural 

waters may significantly influence the amount of vinyl chloride remaining in the water (EPA 1975).  The 

half-life of vinyl chloride in bodies of water is also affected by depth and turbidity. 

 

Sediment and Soil.    The relatively high vapor pressure of vinyl chloride indicates that the compound 

volatilizes quite rapidly from dry soil surfaces (Verschueren 1983).  The effective half-life (due to 

volatilization and degradation) of vinyl chloride incorporated 10 cm deep in dry soil is predicted to be 

12 hours (Jury et al. 1984).  Vinyl chloride is soluble in water and can therefore leach through the soil and 

enter groundwater before evaporation can occur (Cowfer and Gorensek 2006). 

 

The soil organic carbon adsorption coefficient (Koc) for vinyl chloride was determined to range from 

240 to 890 in seven natural clayey till samples (Lu et al. 2011).  These Koc values suggest a low sorption 

tendency, meaning that this compound would be highly mobile in soil.  Thus, vinyl chloride has the 

potential to leach into groundwater. 

 

Other Media.    Vinyl chloride is soluble in most common organic solvents (Cowfer and Gorensek 

2006).  In situations where organic solvents exist in relatively high concentrations (e.g., landfills, 

hazardous waste sites), co-solvation of vinyl chloride could reduce its volatility, thus causing it to have 

greater mobility than indicated by measured Koc values. 

 

Vinyl chloride's small octanol/water partition coefficient (log Kow of 1.23) indicates that the potential for 

bioconcentration in aquatic organisms is low (EPA 1982a).  Using a log Kow of 1.23 and a regression-

derived equation (Meylan et al. 1999), the bioconcentration factor (BCF) for vinyl chloride is estimated 

as 3.  Freitag et al. (1985) measured BCFs for vinyl chloride in algae, fish, and activated sludge.  The 

vinyl chloride BCFs for algae, fish, and activated sludge were 40, <10, and 1,100, respectively.  The very 

low value for fish, in comparison to the algae and activated sludge, may suggest a detoxification process 

in more highly developed organisms such as fish.  Lu et al. (1977) examined the bioaccumulation of 
14C-vinyl chloride in a closed model aquatic ecosystem over a 3-day period.  The high volatility of vinyl 
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chloride minimized any potential bioaccumulation.  The relatively low tissue concentrations found in fish 

suggest that vinyl chloride is not biomagnified in aquatic food chains to any substantial degree. 

 

5.4.2   Transformation and Degradation 
 

Air.    Reaction of gaseous vinyl chloride with photochemically generated hydroxyl radicals is predicted 

to be the primary degradation mechanism for this compound in the atmosphere (Cox et al. 1974; Howard 

1976; Perry et al. 1977).  The rate constant for this reaction was measured as 6.96x10-12 cm3/molecule-

second (Kwok and Atkinson 1994).  This rate constant corresponds to an atmospheric half-life of about 

18 hours assuming a hydroxyl radical concentration of 1.5x106 molecules/cm3.  Products of this reaction 

are hydrochloric acid, formaldehyde, formyl chloride, carbon monoxide, carbon dioxide, chloro-

acetaldehyde, acetylene, chloroethylene epoxide, chloroacetylchloranil, and water (Müller and Korte 

1977; Woldbaek and Klaboe 1978).  Under conditions of photochemical smog, the half-life of vinyl 

chloride would be reduced to a few hours (Carassiti et al. 1977).  Reaction with ozone, nitrate radicals, 

and direct photolysis are less important degradation mechanisms of vinyl chloride in the atmosphere 

(EPA 1976a, 1985b; Zhang et al. 1983).  Vinyl chloride in the gas phase does not absorb light of 

wavelengths above 220 nm (EPA 1976a).  Since atmospheric ozone blocks almost all sunlight with 

wavelengths <295 nm, direct photolysis is likely to occur very slowly, if at all, in the atmosphere (EPA 

1976a). 

 

Water.    The primary removal process for vinyl chloride from surface waters is volatilization into the 

atmosphere.  Vinyl chloride in water does not absorb ultraviolet radiation above 218 nm; therefore, direct 

photolysis in the aquatic environment is expected to occur very slowly, if at all (EPA 1976a).  In sunlit 

surface waters containing photosensitizers, such as humic materials, photodegradation may be more rapid.  

If so, in some waters, sensitized photodegradation may be an important removal mechanism (EPA 

1976a).  Vinyl chloride decomposed rapidly when irradiated with ultraviolet light in the presence of 

acetone, a high energy triplet sensitizer, or hydrogen peroxide, a free radical source (EPA 1976a). 

 

The hydrolytic half-life of vinyl chloride is estimated to be <10 years at 25°C (EPA 1976a).  Since the 

volatilization rate of vinyl chloride is much more rapid than the predicted rate of hydrolysis, hydrolysis is 

not a significant aquatic fate (EPA 1976a, 1979a).  Vinyl chloride is not oxidized chemically by reaction 

with photochemically generated molecular oxygen in natural water systems (EPA 1976a).  Experiments 

carried out at 20 mg/L vinyl chloride in water saturated with molecular oxygen at elevated temperatures 

showed that, after 12 hours at 85°C, no degradation of vinyl chloride was observed.  At temperatures and 
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oxygen concentrations in natural waters, therefore, vinyl chloride is not expected to degrade by molecular 

oxygen at a significant rate (EPA 1976a). 

 

Biodegradation of vinyl chloride in water typically occurs via three important pathways:  (1) anaerobic 

reductive dechlorination producing ethene; (2) anaerobic oxidation to carbon dioxide under iron or 

manganese reducing conditions; and (3) aerobic ultimate biodegradation to carbon dioxide 

(SERDP/ESTCP 2012).  The degradation of vinyl chloride under anaerobic conditions was studied using 

iron-enriched aquifer microcosms obtained from a site contaminated with various chlorinated compounds 

(Smits et al. 2011).  Two separate microcosm columns were prepared in which one column was fed solely 

vinyl chloride while the second column had both vinyl chloride and acetate in the influent.  Degradation 

of vinyl chloride and formation of ethene was noticeable in the vinyl chloride and acetate influent 

column.  This suggests a reductive dechlorination pathway for vinyl chloride degradation; however, 

ethene was not produced in the column where vinyl chloride was the only substance in the influent, 

suggesting that oxidation to carbon dioxide was the important degradation pathway in this column.  

 

Vinyl chloride (1 ppm) was rapidly degraded under aerobic conditions in a laboratory study that used soil-

water microcosms from aquifer material without the addition of other nutrients, such as nitrogen or 

phosphorus (Davis and Carpenter 1990).  About 25% of the vinyl chloride was degraded after 1 week and 

>99% was degraded after 108 days.  Sixty-five percent of labeled vinyl chloride was recovered as 
14CO2 after 108 days, demonstrating the extent of the mineralization. 

 

Rhodococcus sp. strain SM-1, a member of the order Actinomycetales, obtained from a trichloroethylene-

degrading consortium was found to degrade vinyl chloride to CO2 by using propane as an energy source 

during growth experiments or cell suspension experiments (Phelps et al. 1991).  Vinyl chloride 

concentrations decreased by more than 90%; growth cultures and cell suspensions incorporated about 

10% of the transformed vinyl chloride into biomass (Phelps et al. 1991).  Mycobacterium vaccae JOB5 

degraded 100% of vinyl chloride in a 2-hour incubation (Wackett et al. 1989). 

 

Degradation of vinyl chloride generally occurs slowly in anaerobic groundwater and sediment; however, 

under methanogenic or Fe(III)-reducing conditions, anaerobic degradation occurs more rapidly.  Vinyl 

chloride was mineralized approximately 34% in 84 hours in anaerobic aquifer microcosms supplemented 

with Fe(III) and held under Fe(III)-reducing conditions (Bradley and Chapelle 1996). 
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Sediment and Soil.    Most vinyl chloride present on soil surfaces will volatilize to the atmosphere.  

Vinyl chloride is also mobile in soil and susceptible to leaching (Lyman et al. 1982).  Because vinyl 

chloride is soluble in organic solvents (Cowfer and Gorensek 2006), the presence of other organic 

solvents, such as those found at hazardous waste sites, may affect the mobility of the substance in the soil.  

Photodegradation on the surface of soils is possible since sensitized photodegradation in water occurs; 

however, this is not expected to be an important environmental fate process for vinyl chloride in most 

soils and sediment. 

 

Several laboratory studies indicated that both aerobic and anaerobic biodegradation of vinyl chloride can 

occur in soils and aquifer materials via a number of mechanisms (Barrio-Lage et al. 1990; Castro et al. 

1992a, 1992b; Davis and Carpenter 1990), although these degradation processes were generally slow.  

Nelson and Jewell (1993) investigated methanotrophic degradation of vinyl chloride using a laboratory-

scale, methanotrophic, attached-film, expanded-bed bioreactor.  The study authors found that this 

technique is an efficient way to degrade vinyl chloride, with the removal efficiency >90%.  Under 

methanotrophic conditions, vinyl chloride was mineralized between 5 and 44% over 37 days using creek 

bed sediment microcosms obtained from a naval station near Jacksonville, Florida (Bradley and Chapelle 

1997).  Slightly higher mineralization rates were observed under Fe(III)-reducing conditions.  With vinyl 

chloride-oxidizing transfer cultures and microcosms derived from authentic site materials, vinyl chloride 

oxidation was sustained at what can be considered anaerobic conditions with dissolved oxygen 

concentrations below 0.02 and 0.1 mg/L, respectively (Gossett 2010).  Vinyl chloride was degraded 

approximately 50 and 100% in 25 and 19 days under these respective conditions (Gossett 2010). 

 

5.5   LEVELS IN THE ENVIRONMENT 
 

Reliable evaluation of the potential for human exposure to vinyl chloride depends, in part, on the 

reliability of supporting analytical data from environmental samples and biological specimens.  

Concentrations of vinyl chloride in unpolluted atmospheres and in pristine surface waters are often so low 

as to be near the limits of current analytical methods.  In reviewing data on vinyl chloride levels 

monitored or estimated in the environment, it should also be noted that the amount of chemical identified 

analytically is not necessarily equivalent to the amount that is bioavailable. 

 

An overview summary of the range of concentrations detected in environmental media is presented in 

Table 5-4. 
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Table 5-4.  Vinyl Chloride Detected in Samples Collected Throughout the United 
States from 2011 to 2021 

 
 
Type 

Number of 
samples 

Number of 
positive 

 
Concentration range 

Ambient air 58 0 0.039–0.052 ppb (detection limit) 
Indoor air 4 0 0.039–0.052 ppb (detection limit) 
Groundwatera 6,838 254 0.2–7,380 ppb; 0.1–20 ppb (lower 

quantification limit) 
Surface watera 1,358 0 <0.02–5.0 ppb (lower quantification limit)  
Wastewater 2 0 0.1 ppb (lower quantification limit) 
Leachate 48 0 0.5–1.0 ppb (lower quantification limit) 
Sediment 306 1 1,300 ppb; 0.5–1,000 ppb (lower quantification 

limit) 
Soil 45 4 2.4–9.6 ppb (values are below reporting limit) 
 
aSamples reported are from 2017 to 2021. 
 
Source: WQP 2021 
 

Detections of vinyl chloride in air, water, and soil at NPL sites are summarized in Table 5-5.   

 

Table 5-5.  Vinyl Chloride Levels in Water, Soil, and Air of National Priorities List 
(NPL) Sites 

 

Medium Mediana Geometric meana 

Geometric 
standard 
deviationa 

Number of 
quantitative 
measurements NPL sites 

Water (ppb) 34 55.9 17.1 505 266 
Soil (ppb) 733 962 34.1 45 38 
Air (ppbv) 1.6 (4.09 μg/m3)  3.25 (8.31 μg/m3) 26.4 (67.5 μg/m3) 56  37 
 
aConcentrations found in ATSDR site documents from 1981 to 2019 for 1,867 NPL sites (ATSDR 2019).  Maximum 
concentrations were abstracted for types of environmental media for which exposure is likely.  Pathways do not 
necessarily involve exposure or levels of concern. 
 

5.5.1   Air 
 

Air in rural/remote and urban/suburban areas of the United States typically contains very low or no 

detectable amounts of vinyl chloride (EPA 1982b; Grimsrud and Rasmussen 1975a, 1975b; Harkov et al. 

1984; Pratt et al. 2000; Stephens et al. 1986; Wallace et al. 1984).  In a background air toxics 

concentration study for North America conducted in 2001–2002, vinyl chloride concentrations were 

estimated to be <0.02 μg/m3 (<0.0075 ppb) (McCarthy et al. 2006).  In a residential region of Southwest 
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Memphis surrounded by fossil fuel burning, steel, refining, and food processing industries, vinyl chloride 

was found in 38% of 103 samples at a mean concentration of 0.02 μg/m3 (Jia and Foran 2013).  

 

Concentrations in air samples collected in 2000–2017 at Denton Airport South, Texas, were reported as 

0.02–0.08 parts per billion carbon (ppbC; 0.03–0.10 μg/m3) in 19 of 1,085 samples (Lim and John 2020).  

This area has seen an increase in unconventional energy production on the Barnett Shale (Lim and John 

2020).  Vinyl chloride was not detected (detection limit 0.1–0.14 μg/m3) in 58 ambient air or 4 indoor air 

data points compiled for 2011–2021 for from Palermo Wellfield Superfund Site, as reported in the EPA 

STOrage and RETrieval (STORET) database (WQP 2021).  

 

Vinyl chloride levels in atmospheric samples collected across the United States in 2013 are available from 

the Air Quality System (AQS), which is the EPA’s repository of ambient air quality data that has 

>5,000 active monitors nationwide (EPA 2014b).  The 24-hour maximum concentrations were 0.005–

2.37 ppbv (0.01–6.06 μg/m3) at sites where vinyl chloride was detected. 

 

Vinyl chloride concentrations were reported at 0.12–12 μg/m3 (0.047–4.697 ppb) for flowback pits used 

to store natural gas drilling hydraulic fracturing waste (Bloomdahl et al. 2014).   

 

5.5.2   Water 
 

Vinyl chloride has been detected at varying concentrations in surface water, groundwater, and drinking 

water throughout the United States (Table 5-4).  Vinyl chloride was not reported above the lower 

quantification limit of 0.02–5.0 μg/L (ppb) in approximately 1,360 ambient surface water samples as 

reflected in data points compiled for 2017–2021 from EPA’s STORET and National Water Information 

System (NWIS) databases (WQP 2021). 

  

During an assessment of groundwater in the United States from 1985 to 2001, vinyl chloride was detected 

at a median concentration of 1.1 µg/L (positive detections only) in samples obtained from >50 of the 

nation’s most important river basins and aquifers (USGS 2006).  It was also detected in 0.083% of 

2,401 samples of domestic wells at a level of 0.20 µg/L and in 0.042% of samples at a level of 1 µg/L.  

Vinyl chloride was not detected in any samples at assessment levels >5 µg/L.  The median level of vinyl 

chloride in these domestic wells (positive detections only) was 0.74 µg/L (USGS 2006).   
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Vinyl chloride was detected in 6 out of 518 monitoring wells sampled in 19 urban land-use watersheds in 

the United States during a U.S. Geological Survey (USGS) analysis of groundwater contaminants 

conducted from 1996 to 2002 (Squillace et al. 2004).  The median level was reported as 0.2 µg/L and the 

maximum concentration was 8.1 µg/L.  Vinyl chloride was found in 1.12% of 448 groundwater supply 

wells monitored from 2002 to 2009 across the United States at an assessment level of 0.05 µg/L and in 

0.89% of samples at an assessment level of 0.10 µg/L (USGS 2014).  Vinyl chloride was detected in 254 

of 6,838 (3.7%) groundwater data points compiled for 2017 to 2021 from EPA STORET and NWIS 

databases at concentrations of 0.2 to 7,380 μg/L (WQP 2021).  This includes data from hazardous waste 

sites. 

 

Vinyl chloride was detected at levels ranging from 11 to 23 ng/L in water samples collected from 15 PVC 

or chlorinated polyvinyl chloride (CPVC)-utilizing homes located in Ithaca, New York (Walter et al. 

2011).  Most of the samples obtained from the homes tested negative for vinyl chloride, but each of the 

positive detections occurred from homes using municipal (chlorinated) water and CPVC type pipe.  

During an assessment of drinking water sources from 2002 to 2010, vinyl chloride was not detected in 

300 samples from 20 surface water sites across the United States (USGS 2014).   

 

In a study of three landfills located in Orange County, Florida, vinyl chloride was detected in water 

samples obtained at four of nine wells with average concentrations ranging from 2.0 to 26.5 μg/L 

(Hallbourg et al. 1992).  Vinyl chloride levels in 50 domestic wells located distal and proximal to shale-

gas wells in upland areas of Marcellus Shale region of New York and Pennsylvania were <0.06 μg/L 

(ppb) (McMahon et al. 2019). 

 

5.5.3   Sediment and Soil 
 

Data (Table 5-4) from the EPA Great Lakes National Program reported vinyl chloride in one (1,300 ppb) 

of 212 sediment samples collected in 2011–2021 at a level above the quantification or reporting limit of 

1.2–7,300 ppb (WQP 2021).  Vinyl chloride was not detected (detection limit not reported) in sediment 

samples at any other sites reported in the EPA STORET database.  Vinyl chloride was detected in 4 of 

45 soil data points reported for 2011–2021 and included in the EPA STORET database, but not at levels 

above the lower reporting level of 9.4–38 ppb (WQP 2021). 
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5.5.4   Other Media 
 

In the past, vinyl chloride was detected in various foods and bottled drinking water samples as a result of 

migration from PVC food wrappings and containers (Benfenati et al. 1991; Gilbert et al. 1980).  The Food 

and Drug Administration (FDA) regulates the use of PVC polymers in food packaging materials and the 

amount of residual monomer in polymers and as a result, there has been a significant reduction in the 

reported levels of vinyl chloride in food samples based on data collected since the early 1970s (WHO 

1999).  Since the late 1970s, modifications to the vinyl chloride and PVC manufacturing and production 

processes have greatly reduced the amount of residual vinyl chloride monomer in food packaging and 

other PVC-related items.   

 

To determine whether the residual vinyl chloride levels in PVC containing food packages in current use 

are <10 ppb, a survey and analysis of PVC-containing food packages were conducted (McNeal et al. 

2003).  The results showed that vinyl chloride levels found in the packages ranged from none detected 

(<1 ppb) to about 275 ppb.  The package containing 275 ppb residual vinyl chloride was not a food 

contact material (McNeal et al. 2003).   

 

Dietary exposure to vinyl chloride from PVC packages used for food was estimated by several agencies 

and based upon estimated average intakes in the United Kingdom and the United States, an exposure of 

<0.0004 μg/kg/day was estimated for the late 1970s and early 1980s (WHO 1999).  Because vinyl 

chloride levels in food and drinking water are now well below detection limits, exposure levels from 

ingestion are expected to be even lower.  

 

During an EPA study, detectable levels of vinyl chloride were found in indoor air samples taken from two 

of seven new 1975 model cars.  Levels of vinyl chloride in indoor air in the two cars ranged from 0.4 to 

1.2 ppm (EPA 1976b).  Ventilation of the car interiors led to the dissipation of vinyl chloride.  The cars 

involved in the study had a high ratio of plastic to interior volume and were expected to provide worst-

case concentrations for vinyl chloride in interior car air (EPA 1976b).  Because of the limited nature of 

these data and the fact that this study is somewhat dated, no conclusions can be drawn regarding levels of 

vinyl chloride monomer in interior air of cars currently being produced. 

 

Vinyl chloride has been detected in tobacco smoke.  Cigarette smoke and smoke from small cigars was 

found to contain 5.6–27.3 ng vinyl chloride per cigarette (Hoffmann et al. 1976).  The study authors 

suggested that the inorganic chloride concentrations in the tobacco determine the amount of vinyl chloride 
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formed upon combustion of tobacco and released with the smoke (Hoffmann et al. 1976).  Vinyl chloride 

was detected in cigarette smoke at levels ranging from 6.31 to 8.04 ng per cigarette for Electrically 

Heated Cigarette Smoking Systems (EHCSS) and <12.4–18.0 ng per cigarette for conventional lit-end 

cigarettes in a test using three versions of an EHCSS and four different brands of conventional cigarettes 

under International Organization for Standardization smoking conditions (Zenzen et al. 2012).  When 

additional smoking regiments were utilized, smoke from conventional cigarettes was found to contain 

vinyl chloride up to 34.8 ng per cigarette. 

 

5.6   GENERAL POPULATION EXPOSURE 
 

A review of vapor intrusion data from 148 ATSDR public health assessments completed between 1994 

and 2009 identified 42 sites with detected concentrations of vinyl chloride in groundwater, soil gas, or air 

(Burk and Zarus 2013).  Indoor air was sampled at 13 of the sites, with vinyl chloride detected at levels 

ranging from 0.021 to 35 µg/m3, which are all below ATSDR’s inhalation MRLs (50–1,300 mg/m3).  

Vinyl chloride was detected in groundwater at 31 of the sites ranging from 0.148 to 27,000 µg/L, and 

14 of the sites had vinyl chloride groundwater concentrations at levels of concern from noncancer effects 

from vapor intrusion.  Twelve of the 14 sites with groundwater concentrations at levels of concern from 

noncancer effects from vapor intrusion did not report measured indoor air concentrations for vinyl 

chloride. 

 

Inhalation of ambient or workplace air containing vinyl chloride is the most likely route of exposure for 

the general population.  Typical values for the average daily intake of vinyl chloride by inhalation in 

urban/suburban and rural/remote areas not near emission sources are very small, since only trace levels of 

vinyl chloride are usually found in ambient air.  Assuming that the average adult intake of air is 

20 m3/day, the average daily intake of vinyl chloride by people living in the vicinity of emission sources 

has been estimated to range from trace amounts to 2,100 μg (EPA 1979b, 1982b; Gordon and Meeks 

1977).   

 

The majority of drinking water supplies in the United States do not contain detectable levels of vinyl 

chloride (EPA 1982b; Westrick et al. 1984).  Based on this conclusion, it is estimated that the average 

daily intake of vinyl chloride by ingestion of drinking water for most people in the United States is below 

the limit of detection (0.028 μg/kg/day [EPA 1982b]).  Estimates provided by EPA (1985a) indicate that 

0.9% of the U.S. population is exposed to levels of vinyl chloride in drinking water ≥1 μg/L, and 0.3% of 

the population is exposed to levels >5 μg/L while the EPA maximum contaminant level (MCL) is 2 μg/L. 
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Individuals located near or downwind of production facilities, hazardous waste disposal sites, and 

landfills may be exposed to atmospheric levels of vinyl chloride higher than ambient background levels.  

Concentrations around <5–30.7 μg/m3 (<0.002–0.012 ppm) were measured in the air above some landfills 

(Baker and MacKay 1985; Stephens et al. 1986).  Homes near one hazardous waste site in southern 

California were found to contain levels as high as 1,040 μg/m3 (0.4 ppm) of vinyl chloride (Stephens et al. 

1986) and homes near another site contained levels between 2.6 and 23.4 μg/m3 (0.001–0.009 ppm) 

(Miller and Beizer 1985).  These concentrations are several times greater than ambient air levels that are 

generally <0.02 μg/m3 (McCarthy et al. 2006).  Individuals living near hazardous waste sites and landfills 

may also be exposed to vinyl chloride in their drinking water.  Workers involved in the production or use 

of vinyl chloride are likely to be exposed to levels greater than the levels that the general public is 

exposed to.   

 

Cigarette smoke and smoke from small cigars have been found to contain vinyl chloride at levels of 5.6–

27 ng per cigarette (Hoffmann et al. 1976) and as high as 34.8 ng per cigarette from conventional 

cigarettes utilizing human puffing behavior (Zenzen et al. 2012).  Therefore, people who smoke may be 

potentially exposed to higher levels of vinyl chloride than nonsmokers. 

   

Children are likely to be exposed to vinyl chloride via the same pathways that affect non-occupationally 

exposed adults; namely inhalation of ambient air and ingestion of food items or drinking water that may 

contain low levels of vinyl chloride.  Children’s plastic products such as bath toys, squeeze toys, and dolls 

are often made from PVC.  Chewing or sucking on these toys has the potential to release any 

unpolymerized vinyl chloride from the object; however, no quantitative data exist regarding this potential 

exposure route and it is unlikely that there are significant levels of vinyl chloride in PVC-based toys.  No 

body burden studies that quantitatively or qualitatively identified vinyl chloride in children were located. 

 

5.7   POPULATIONS WITH POTENTIALLY HIGH EXPOSURES 
 

The National Occupational Exposure Survey (NOES) conducted by the National Institute for 

Occupational Safety and Health (NIOSH) from 1981 to 1983 estimated that 81,314 workers employed at 

3,711 plant sites were potentially exposed to vinyl chloride in the United States (NOES 1990).  The 

NOES database does not contain information on the frequency, concentration, or duration of exposure; 

the survey provides only estimates of workers potentially exposed to chemicals in the workplace.  

Employees involved in the handling and processing of PVC resins are exposed to lower levels of vinyl 
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chloride than employees at vinyl chloride and PVC manufacturing facilities since finished products 

contain only minute quantities of vinyl chloride present as residual monomer.   

 

Exposure is believed to occur primarily through inhalation with some minor absorption through the skin 

(Hefner et al. 1975a).  Upon exposure to 800 or 7,000 ppm of vinyl chloride vapor over a 2–2.5-hour 

period, 0.023–0.031% was absorbed dermally by monkeys (Hefner et al. 1975a).  The authors concluded 

that significant percutaneous absorption is not likely to occur at relatively low concentrations (1–5 ppm) 

that might be encountered in the workplace.   

 

Workers who are involved in welding applications that use PVC pipes or other PVC materials may be 

exposed to higher levels of vinyl chloride from subsequent fumes.  Airborne vinyl chloride levels of less 

than the detection limit of 0.05 ppm (0.13 mg/m3) to 0.1 ppm (0.26 mg/m3) were observed during the 

thermal welding of PVC pipes (Williamson and Kavanagh 1987).  The exposure concentration of vinyl 

chloride for employees working near flowback pits in the Marcellus Shale natural gas drilling sites was 

determined to be 0.028–2.8 μg/m3 (0.011–1.096 ppb) (Bloomdahl et al. 2014).  

 

In the United States, vinyl chloride is an Occupational Safety and Health Administration (OSHA) 

regulated substance.  Current OSHA regulations impose a permissible exposure limit (PEL) of 1 ppm 

(2.6 mg/m3) averaged over an 8-hour period or a short-term exposure of no more than 5 ppm over a 

15-minute period (Cowfer and Gorensek 2006).  Where concentrations cannot be lowered below the PEL 

of 1 ppm, employers must create an area with controlled access and a respirator program conforming to 

OSHA standards. 
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