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Viny l  ch lo r ide  (CH =CHCl i s  a color less,  flamnable gas a t  ambient 
temperature and pressure. ~ 6 e  Uni 1 ed States Environmental Protect ion Agency 
(EPA) l i s t s  v i n y l  ch lo r ide  as a Group A carcinogen (Human Carcinogen) and 
the  In te rna t i ona l  Associat ion f o r  Research on Cancer ( IARC) l i s t s  v i n y l  
ch lo r ide  as a Group 1 carctnogen (Agent o f  Human Carcinogenicity). 

Part  A o f  t h i s  repor t  i s  an evaluat ion o f  v i n y l  ch lo r ide 's  uses, 
emission sources, ambient and indoor a i r  concentrations, and populat ion 
exposure i n  Ca l i fo rn ia .  Also included are discussions o f  the  physical  
proper t ies  and atmospheric persistence o f  v i n y l  chlor ide.  C a l i f o r n i a  Health 
and Safety Code sect ion 39655 (Assembly B i l l  1807, 1983) states t h a t  
substances l i s t e d  by the EPA as hazardous a i r  po l lu tan ts  (sect ion 112 o f  the 
Clean A i r  Act) s h a l l  be i d e n t i f i e d  as t o x i c  a i r  contaminants (TACs) by the  
A i r  Resources Board (ARB). Therefore, because the  EPA has l i s t e d  v i n y l  
ch lo r ide  as a hazardous a i r  po l lu tan t ,  t h e  ARB i s  d i rec ted  by s ta tu te  t o  
i d e n t i f y ' v i n y l  ch lo r ide  as a TAC. 

The ARB i s  t he  s ta te  agency responsible f o r  the  i d e n t i f i c a t i o n  o f  
TACs i n  t h e i r  non-pesticidal vses. The C a l i f o r n i a  Health and Safety Code 
sect ion 39655 defines a TAC as "an a i r  po l l u tan t  which may cause o r  
cont r ibute t o  an increase i n  m o r t a l i t y  or an increase i n  serious i l l n e s s  or 
which may pose a present o r  po ten t i a l  hazard t o  human healthu. The f ind ings  
o f  the Part  A repo r t  are considered w i t h  the  hea l th  e f f ec t s  f ind ings  (Part B 
repor t )  of the Department of Health Services (DHS) t o  determine i f  a 
compound should be i d e n t i f i e d  as a TAC by the  ARB. 



severe1 different limit of detection (LOD) values are mentioned in 
this report, including those used for: the'establishment of the 1978 ambient 
air quality standard, the South Coast Air Quality Management District 
(SCAQMD) investigation of BKK and Operating Industries, Incorporated (011) 
landfills, the Landfill Gas Testing Program, indoor air studies, and the ARB 
20-station ambient toxic air contaminant monitoring network. These LODs 
indicate levels at or above which vinyl chloride concentrations are not only 
detectable, but are also quantifiable. In a number of the analyses listed. 
vinyl chloride was detected below the LODs. This report discusses the 
derivation of the LOD for each of the analyses. 

In 1978, the ARB adopted an ambient air quality standard for vinyl 
chloride of 10 ppbv averaged over a 24-hour period in response to 
information associating the development of human cancer with exposure to 
vinyl chloride. The standard represents the limit of detection (LOD) for 
vinyl chloride in 1978 and is not currently recognized as health-protective. 
The standard specifies an analytical procedure with the same method of 
calculating the LOD as that used by the ARB'S Monitoring and Laboratory 
Division (see Section A, Chapter I11 and Appendix VII). The identification 
of vinyl chloride as a toxic air contaminant would allow the implementation 
of health-protective control measures at concentrations below 10 ppbv. 

Vinyl chloride is primarily used for the production of polyvinyl 
chloride (PVC). PVC is fabricated for use in several products of which many 
are used by the construction industry. Finished conmercial PVC products are 
not expected to be significant sources of vinyl chloride due to current 
processing and shipping procedures. In California, the identified sources 
of vinyl chloride emissions are: landf i 11s. pub1 icly-owned treatment works 
(POTWs) , and PVC production and fabrication faci 1 ities. 

Available information shows that landfills are a potential major 
identified source-category of vinyl chloride emissions in California. Vinyl 
chloride has been detected in the ambient air near landfills as well as in 
the internal gas of landfills. Additional studies have shown that vinyl 
chloride can be formed in the many landfills where chlorinated organic 
compounds were disposed as well as landfills where vinyl chloride - and 
halogenated industrial waste were disposed. 

In this report, ambient monitoring data and meteorological data 
are used with an atmospheric dispersion model to estimate population 
exposure to vinyl chloride near two California landfills. The modeling 
estimates show that people living near these landfills may have been 
exposed to elevated levels of vinyl chloride. Also, preliminary data from 
the Landfill Gas Testing Program required by section 41805.5 of the 1986 
California Health and Safety Code are presented (see Appendix VI for a table 
of the Landfill Gas Testing Program data). The results indicate there is a 
potential for elevated ambient vinyl chloride exposure for people residing 
near other landfills. 



In addition to estimating ambient air exposure, this report also 
evaluates indoor air exposure to vinyl chloride. Based on limited 
monitoring data, indoor air exposure to vinyl chloride is probably not 
significant for the majority of the population. However, for people 
residing near some landfills, inhalation of indoor air may represent the 
most significant source of vinyl chloride exposure. This is because vinyl 
chloride can migrate underground from landfills and accumulate in nearby 
structures. . 



Although v i n y l  ch lo r ide  i s  no t  produced i n  Ca l i fo rn ia ,  several 
thousand tons are used each year i n  t he  s ta te  f o r  t he  product ion o f  
po lyv iny l  ch lo r ide  (PVC). The PVC which i s  produced i s  p r i m a r i l y  used by 
fabr ica to rs  f o r  the  production o f  mater ia ls  used by the  construction. 
packaging, e l e c t r i c a l ,  and t ranspor ta t ion  industr ies.  

Based on avai lab le  data, l a n d f i l l s  are a po ten t i a l  major 
i d e n t i f i e d  source-category o f  v i n y l  ch lo r ide  emissions i n  Ca l i fo rn ia .  Other 
known emission sources o f  v i n y l  ch lo r ide  i n  the  s ta te  include PVC production 
and fab r i ca t i on  f a c i l i t i e s ,  and sewage treatment plants. 

A. PRODUCTION 

Comnercial production o f  v i n y l  ch lo r ide  i n  t he  United States began 
i n  1936. During the  f i r s t  year o f  production, two thousand tons were 
produced (CEN, 1984). With a reported annual U.S. production o f  3.8 m i l l i o n  
tons, v i n y l  ch lo r ide  ranked 21st on a l i s t  o f  t he  most produced chemicals i n  
the United States i n  1984 (CEN. 1985a). Figure 11-1 shows the  production. 
imports, exports, and use o f  v i n y l  ch lo r ide  from 1974 through 1984 (CEN, 
1985a: US DOC, 1985a; and US DOC, 1985bl. During t h i s  10-year period, v i n y l  
ch lo r ide  production increased a t  an average annual r a t e  o f  3% (CEN, 1985a). 
More recent estimates f o r  U.S. v i n y l  ch lo r ide  production are 4.7 m i l l i o n  
tons and 4.2 m i  11 ion  tons f o r  1985 and 1986. respect ive ly  (CEN. 1987). 



FIGURE 11-1 

NATIONAL VINYL CHLORIDE PRODUCTION. IMPORTS. EXPORTS. AND USE 

Year 

Two facilities in California currently use vinyl chloride to 
produce PVC. Two other facilities in the state that were producing PVC 
ceased production, one in 1982 and the other in 1985 (Personal 
Communication, 1985a. 1985b. 1 9 8 5 ~ ;  and Zwiacher. W. et al., 1983). 

8. CURRENT AN0 PROJECTED USES 

About 96 Percent of the vlnyl chloride produced in the U.S. is 
used to manufacture PVC. The remainder is either exported or used to 
manufacture l,l,l-trichloroethane (methyl chloroform) (U.S. DHhHS, 1978; and 
McPherson, W.. 1979). Sixty percent of the PVC is used for fabricating 
various plastic materials used by the construcfion industry. Specifically, 
PVC is used by the construction industry for pipe fittings, flooring, 
paneling, and roofing. PVC is also used by the packaging, electrical, 
furnishings, transportation, recreation, apparel, and medical industries. 

The growth of the vinyl chloride industry is closely tied to PVC 
use. Historical data for California show the number of housing units in the 
construction industry increased from approximately 1.0 million un.its in 1981 
to 1.8 million units in 1986 (U.S. DOC, 1987). If this growth in the 
construction industry continues, the PVC use by this industry is also 
expected to increase. Data are not available to forecast the use of PVC in ' 
other sectors. However, the total United States demand for PVC has been 
forecasted to increase by approximately 3 to 5 percent annually from 1985 to 
1990 (CMR, 1985). 

C. LANQFILLS: A POTENTIAL MAJOR EMISSION SOURCE 

Landfills are estimated to be a potential major source-category of 
vinyl chloride emissions ih California. However, because landfills vary in 

" 

the amount and composition of wastes they accept as well as the waste 
disposal methods used, estimating total vinyl chloride emissions for the 



state's hundreds of landfills is not possible. To better understand why all 
landfills are potential vinyl chloride emission sources, this section 
presents information on the types and number of landfills in California, the 
disposal methods employed, the causes of vinyl chloride emissions from 
landfills, vinyl chloride emission estimates for landfills, and some methods 
used to control landfill emissions. 

1. - . 
There are three types of landfills in California: Class I sites 

(e.g., BKK, located in West Covina) which accept all types of wastes 
including hazardous materials; Class 11 sites [e.g., Operating Industries, 
Incorporated (011). located in Monterey Park] which normally accept only 
"non-hazardous" wastes but can accept certain types of hazardous wastes 
(ARB, 1982b); and Class 111 (municipal or sanitary landfills) sites which 
can accept only household wastes. In California, there are twenty Class I 
sites (at present, only two of the 20 sites are accepting hazardous waste). 
approximately 200 Class I1 sites, and ,approximately 2000 unclasstfied and 
Class I11 sites (ARB, 1982b: WRQCB. 1990). 

Landfarming, surface impoundments, and landcovering are often used 
as waste disposal methods in California. These disposal methods may be 
practiced by more than one type of landfill. For instance, any of the three 
types of landfills may employ landcovering as a disposal method. Howevet, 
only Class I and I1 sites may contain surface impoundments. In addition. 
the same landfill may employ more than one disposal method. For 
landfarming, heavy oil sludge ts spread several inches thick over the land. 
The sludge is then cultivated into the soil at frequent intervals. This 
cultivating process ensures a better aerobic decomposition of the wastes 
(Thibodeaux and Hwang, 1982). Surface impoundntants, often called 
evaporation ponds or lagoons, are used to dispose of certain types of liquid 
wastes. As the name implies, surface impoundments allow the wastes to be 
evaporated into the atmosphere. 

Landcovering is most often used at Class I11 sites or.municipa1 
landfills. In landcovering. wastes are spread over the.land. At the end of 
each day, the wastes are covered with approximately six inches to 12 inches 
of cover. Ultimately, the wastes are covered with a layer of cover material 
that is at least four feet deep. 

Emissions of vinyl chloride from landfills mainly occur by two 
mechanisms: 1) direct vinyl chloride emissions from disposed wastes which 
contain vinyl chloride: and 2) the formation of vinyl chloride from the 
biodegradation of chlorinated hydrocarbons. Other minor mechanisms by which 
vinyl chloride emissions may occur include chemical reactions such as 
pyrolysis, surface photolysis, and hydrolysis of trichloroethylene and other 
chlorinated hydrocarbons, and off-gassing of PVC (Molton et al.. 1987). 



W e c t  F ' s s i m .  Direct emissions of vinyl chloride can only 
occur at landfill sites where vinyl chloride containing wastes were 
previously disposed. Because vinyl chloride containing wastes cannot be 
legally disposed in Class I1 or Class I11 landfills. Class I landfills 
(e.g.. BKK) at which vinyl chloride has been disposed are probably the 
largest source of direct emissions of vinyl chloride. However, because 
vinyl-chloride-containing wastes may have been illegally disposed, Class I1 
and Class I11 landfills may also amit vinyl chloride directly. . 

. k x m & t . .  Because vinyl chloride can be formed 
from the biodegradation of chlorinated wastes, emissions cf vinyl chloride 
may occur from any landfill site including Class I1 and Class I11 sites 
where no vinyl chloride has been disposed. Of the three landfill disposal 
methods, it appears that landcovering and landfarming are most likely to 
produce the conditions necessary for the formation of vinyl chloride. 

Results of an ARB sponsored study demonstrated the formation of 
vinyl chloride when soil samples from two municipal landfills were incubated 
with chlorinated hydrocarbons (Molten et al., 1987). Similar results were 
obtained when sludge samples were incubated with chlorinated hydrocarbons. 
The evaluation of the biological mechanism showed that vinyl chloride 
production occurred predominantly under anaerobic (without oxygen) 
conditions. Subsequent experimentation with carbon-13 labeled chloroethanes 
and chloroethenes yielded carbon-13 labeled vinyl chloride as well as other 
biodegradation products. These results are in agreement with other studies 
which evaluated the biodegradation of chlorinated hydrocarbons to produce 
vinyl chloride (Kleopfer, 1986; Beeman, et al., 1978; Wood et al., 1980; and 
Parsons et al., 1984). Figure 11-2 illustrates the pathways by which vinyl 
chloride is formed from the dehalogenation (chlorine removal) of chlorinated 
ethenes and ethanes. In addition, the figure indicates the relative rate by 
which the various compounds are degraded. Not all of the compounds 
presented in this scheme have necessarily been unequivocally demonstrated to 
form vinyl chloride. However, given the current state of information, they 
should be regarded as vinyl chloride precursors. 

Although the disposal of halogenated wastes from industrial 
operations is now substantially restricted, for decades these materials were 
disposed in Class I landfills as well as some Class I1 landfills throughout 
the state. The halogenated wastes aie conlposed of many of the chlorinated 
compounds which can lead to the formation of vinyl chloride. However, the 
amount of halogenated wastes previously disposed in these facilities is 
unknown. Therefore, without monitoring data that shows otherwise, all Class 
I and Class I1 facilities (this includes open and closed facilities) should 
be regarded as potential vinyl chloride emission sources. 

Industrially generated halogenated wastes were never permitted to 
be disposed in Class I11 facilities. However, many of the chlorinated 
compounds which can lead to the formation of vinyl chloride are used 
extensively in consumer products, which after use typically end up in Class 
I11 landf i 11s. The amount of chlorinated compounds remaining in consumer 
products and disposed in landfills is not known. However, because of the 
widespread use of these compounds in consumer DrOd~ctS. all Class I11 
landfills (this includes open and closed facili: ,ss) should be regarded as 
potential vinyl chloride emission sources, 
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FIGURE 11-2 

ANAEROBIC BREAKDOWN SEQUENCE VIA REDUCTIVE DEHALOGENATION' 

Chlorinated EthenOS 

. Chlorinated Ethanes 

(11 - Substantial degradation 
(21 - slow degradation 

Source: Cline and Viste, 1984. 

ds of E s t v f i l l  E m i s s i w .  Several models have 
been developed to estimate volatile organic gaseous emissions from-hazardous 
waste landf i 11s (Thidobeaux, 1981; Hwang. 1982; Shen. 1981; and Hartley. 
1969). The models usually apply to specifis landfill operations such as 
landfarming, surface impoundments, etc. However, these models are difficult 
to use because they require a number of input parameters such as waste 
composition, wind speed, and ambient conditions which are not comnonly 
known. These models involve the use of Fick's Law (Fick's Law describes the 
diffusion of a species through a layer of fluid) and may be appropriate for 
estimating direct emissions of volatile compounds such as vinyl chloride. 
However, because the models d9 not consider factors such as formation, they 
may not be appropriate for estimating vinyl chloride emissions where 
formation is occurring. 

A method to estimate vinyl chloride emissions where formation may 
be occurring is to establish monitoring stations around landfill sites to 
measure the 24-hour average ambient concentrations of the compounds of 
interest. The ambient concentrations along with appropriate meteorological 
data can then be used in dispersion models to back-calculate the emission 
rate from the landfill site. This is the method that was used to estimate 
vinyl chloride emissions from BKK and 011. 



i l l  Emission F s t m .  Table 11-1 sumnarizes vinyl chloride 
emission estimates for the state's landfills. .As indicated in the table, 
vinyl chloride emissions have been estimated for BKK and 011 landfills. The 
vinyl chloride emission estimates for BKK and 011 make several assumptions. 
These assumptions are: 1) viny3 chloride is emitted from a2 area of 
approximately 1,700,000 meters for BKK and 330.000 meters for 011; 2) 
annual average emission rates of vinyl chloride from BKK and 011 are within 
the ranges estimated in Table 111-4; and 3) emissions of vinyl chloride are 
uniform over the entire area of the landfill tbat is estimated to emit-vinyl 
chloride. 

Further testing is necessary to estimate emissions from landf ills 
other than BKK and 011. Thus. for the 1987 and 1986 inventory years. total 
vinyl chloride emissions from California landfills were probably greater 
than those estimated in this report. 

TABLE 11-1 

VINYL CHLORIDE LANDFILL EMISSION ESTIMATES* 

Source 
Source Emissions Inventory 
Type (tonslyear) . Year Ref. 

Class I Landfills 
BKK. West Covina Area 44-197 1987 ARB, 1988b 
Other Sites. Area N A 

Class I1 Landfills 
011, Los Angeles Area 4-51 1986 ARB, 1988b 
Other Sites Area - N A 

Class 111 Landfills Area N A 

- These emission estimates assume that the vinyl chloride emission rates 
are uniform throughout the year over .the area of the landfill that is 
estimated to emit vinyl chloride. 

NA - Not Available 



Based on 1987 monitor ing data f o r  BKK, ARB s t a f f  est imaip a v i n y l  
ch lo r idp  emission r a t e  ranging from 0.75 t o  3.32 mi,crograms meter 
second- (see Table 111-4). For BKK l a n d f i l l ,  t h i s  tcanslates t o  estimated 
v i n y l  ch lor ide emissions ranging from 44 and 197 tons per year. Over BKK's 
h i s t o r y  i t  i s  not  known how much vinyl-chlor ide-containing o r  halogenated 
wastes were disposed a t  the  l a n d f i l l .  However, i n  1984, BKK received 
approximately 136,000 tons o f  v o l a t i l e  o r  t o x i c  wastes. An unknown po r t i on  
o f  these wastes were halogenated solvents (ARB. 1982b). For 011, ARB s t a f f  
estimated a v iny12ch lo r i i f  emission r a t e  ranging from 0.31 t o  4.42 
micrograms meter second (Table 111-4). For the  011 l a n d f i l l ,  t h i s  
t rans la tes t o  estimated v i n y l  ch lo r ide  emissions ranging from 4 t o  51 tons 
per year. The amount o f  halogenated wastes disposed a t  011 over i t s  h i s t o r y  
i s  unknown. However, i n  1982, 011 received 9.200 tons o f  v o l a t i l e  o r  t o x i c  
wastes. As w i t h  BKK, an unknown po r t i on  o f  these wastes were halogenated 
solvents (ARB, 1982a). 

Monitor ing r e s u l t s  ava i lab le  f o r  several other l a n d f i l l s  are as 
fo l lows: Flux measurements on the surface o f  the  Schol l  Canyon san i ta ry  
l a n d f i l l  (a former Class I1 l a n d f i l l  located i n  Glendale, Ca l i fo rn ia )  showed 
v i n y l  ch lo r ide  concentrations ranging from non-detectable t o  180 ppbv (parts 
per b i l l i o n  by volume) a t  various locat ions (Todd and Propper, 1985). I n  
addi t ion,  t e s t s  conducted by the  SCAQMD a t  several other Class I1 l a n d f i l l  
s i t e s  from 1981 t o  1985 confirmed the  presence o f  v i n y l  ch lo r ide  i n  l a n d f i l l  
surface gas o r  gas c o l l e c t i o n  systems (Coy, 1986). 

To p a r t i a l l y  address the  lack o f  moni tor ing data from other 
l a n d f i l l s  throughout the  state, Health and Safety Code sect ion 41805.5 
(AB 3525 and subsequent amendments by AB 3374) required the  development and 
implementation o f  l a n d f i l l  moni tor ing guidel ines and the  repor t ing  o f  
monitor ing resu l ts .  The law required the  ARB t o  es tab l i sh  guidel ines f o r  
l a n d f i l l  operators t o  monitor gas migration, gas constituency, and the  
ambient a i r  a t  many o f  t he  hazardous and municipal waste l a n d f i l l s  i n  
Ca l i fo rn ia .  The t e s t i n g  guidel ines i d e n t i f i e d  v i n y l  ch lo r ide  as one o f  the 
compounds requ i r i ng  monitoring. Although the  choice o f  v i n y l  ch lo r ide  
ana l y t i ca l  methods was l e f t  t o  i nd i v i dua l  laborator ies performing the 
analysis, the guidel ines spec i f ied an ambient v i n y l  ch lo r ide  detect ion ' l i m i t  
o f  2 ppbv and provided an example o f ' a  v i n y l  ch lo r ide  methoil w i t h  an 
achievable detect ion l i m i t  o f  2 ppbv. I n  t h i s  example method, t he  l i m i t  o f  
detect ion (LOD) i s  based on 3 standard deviat ions o f  runs near the method 
detect ion l i m i t  (w i t h i n  10 standard deviat ions o f  the  method detect ion 
l i m i t )  (ARB, 1986; ARB, 1987). This means o f  ca l cu la t i ng  t he  LOD i s  the  
same as t h a t  used by the  ARB'S Monitor ing and Laboratory D i v i s i on  (see 
Appendix V I I ) .  24-hour ambient v i n y l  ch lo r ide  concentrations ranging from 
the detect ion l i m i t  o f  2 ppbv t o  15 ppbv were detected a t  24 (10 per cent) 
out o f  the 251 l a n d f i l l s  a t  which ambient moni tor ing .was performed. V iny l  
ch lo r ide  concentrations ranging from the  detect ion l i m i t  (see Appendix V I ,  
Table 1 f o r  t he  method o f  determining t h e  detect ion l i m i t )  o f  106 ppbv t o  
72,000 ppbv were detected i n  the  i n te rna l  gas o f  160 (47 per cent) out  o f  
the 340 l a n d f i l l s  a t  which i n te rna l  gas t e s t i n g  was performed (Appendix V I ) .  

4. h s  Co l lec t ion  S w  

For some l a n d f i l l s ,  emissions are requi red t o  be con t ro l led  t o  
reduce odors as w e l l  as emissions o f  methane and toxicants.  However, gas 



control systems have been installed at some landfills as a resource recovery 
and/or energy conservation measure. For example. BKK transmits collected 
landfill gases to either one of two flare stations and/or to a five megawatt 
gas turbine for use as a fuel in generating electricity. Both well 
(vertical piping) and trench systems (horizontal piping) are used to collect 
landfill gases. In 1983, BKK installed a number of wells and gas collection 
lines to help control gaseous emissions. Although there are still potential 
sources of gaseous emissions such as cracks at the landfill surface, pipe . 
connections and valves. and burner exhaust, ambient concmtrations of vinyl 
chloride near BKK have been declining. Since installing their gas 
collection system. BKK has continued to expand the system by adding wells 
and trenches. Since installing a gas collection system at 011. ambient 
concentrations at the perimeter of the facility have continued to decline. 
Due to the lack of violations of the state standard for vinyl chloride (10 
ppbv), ambient monitoring at the perlmeter of 011 was discontinued by the 
SCAQMD in early 1987. Currently, 011 Landfill is a federally listed 
superfund site managed by the EPA. 

A well system consists of a network of wells drilled vertically 
into the refuse to collect the generated gases. These wells are connected 
to collection pipelines where gases are withdrawn from the buried layers of 
waste. In general, a vertical gas well is constructed by drilling a 30-inch 
diameter hole 50 to 100 feet deep into the wastes. Perforated PVC pipes are 
then placed inside the hole. The space between the pipe and the hole is 
backfilled with uncrushed gravel (Sanitation Districts of Lot Angeles 
County, 1984). A typical gas control system showing both well and trench 
systems is shown in Figure 11-3. 

FIGURE 11-3 

LANDFILL GAS COLLECTION SYSTEM 

FLARING STATION OR GAS COLLECTION TRENCHES 
GAS -TO-ENERGY FACILITY I 

/ GAS COLLECTION 
HEADER PIPE 

Source: Sanitation Districts of Los Angeles, 1984. 



I n - t he ' t r ench  system, a network o f  perforated p ipe l ines  i s  l a i d  i n  
trenches w i t h i n  the waste a t  approximately 200-foot i n te rva l s  ho r i zon ta l l y  
and 80-foot i n te rva l s  v e r t i c a l l y .  To support the  pipes and t o  a l low the  
migrat ion o f  t he  generated gases, approximately 2  f e e t  o f  uncrushed gravel 
are packed around the  p ipe l ines.  These p ipe l ines are then connected t o  a  
main c o l l e c t i o n  p ipe where gases are withdrawn (Sani ta t ion D i s t r i c t s  o f  
Los Angeles County, 1984). 

D. OTHER KNOWN. EMISSION SOURCES 

Other than l a n d f i l l s ,  emissions o f  v i n y l  c t i lo r ide occur from: PVC 
production and fabr ica t ion ,  publicly-owned treatment works (POTWs), ethylene 
d i ch lo r i de  production, v i n y l  ch lo r ide  production, methyl chloroform 
production, caprolactam production, and incomplete inc inera t ion  o f  ch lo r ine  
containing mater ia ls  ( S i t t i g ,  M.. 1981; Zwiacher, W.. e t  al., 1983; and 
Lamorte. M.. 1978). I n  Ca l i fo rn ia ,  t he  i d e n t i f i e d  sources o f  v i n y l  ch lo r ide  
emissions t h a t  can be quant i f ied  are PVC production, PVC fabr ica t ion ,  and 
POTWs. Table 11-2 provides estimates o f  v i n y l  ch lo r ide  m i s s i o n s  f o r  
i d e n t i f i e d  sources. Currently, there are no known v i n y l  chloride.,.ethylene 
d ich lo r ide ,  methyl chloroform (TCA) or. caprolactam production f a c i l i t i e s  
operat ing i n  t h e  state. 

TABLE 11-2 

SUMMARY OF VINYL CHLORIDE EMISSION ESTIMATES FOROTHER SOURCES 

Source Source Emi ss ions Invantory Reference 
Type Tonslyear Year 

- 

PVC Production Point  ~ 0 . 5  1988 ARB. 1988b 

PVC Fabr icat ion Point  0.75 1982 Zwiacher, e t  al., 1903 

POTWs Point  1.7 1985 Chang. e t  al., 1987 

On-site Wastewater 
Treatment Plants Point  N A 

Waste Inc inera to rs  Point  NA 

Transportat ion and 
Accidental Sp i l lage  Area N A 

NA - Not Avai lab le  



1. Polvv inv l  Chloride ( P V C l  Prod- 

Three PVC producers reported em i t t i ng  a cumulative t o t a l  o f  3  tons 
o f  v i n y l  ch lor ide i n  1984 (Personal Comnunication. 19863, 1986b. and 1 9 8 6 ~ ) .  
In 1982, v i n y l  ch lor ide emissions from these producers were estimated t o  be 
1.4 tons (Zwiacher. W.. e t  al., 1983). A l l  three producers reported t h a t  
they were i n  compliance w i th  the South Coast A i r  Qual i ty  Management 
D i s t r i c t ' s  (SCAQMD's) Rule 1163. This r u l e  requires t h a t  v i n y l  ch lo r ide  
emissions from designated p lants  not cause ambient v i n y l  ch lo r ide  leve ls  t o  
exceed 10 ppbv (parts per b i l l i o n  by volume) dur ing any 24-hour per iod when 
measured beyond the  p lan t ' s  property l i n e  (Personal Comnunication, 1986a. 
1985b, 1985c; and ARB, 1980). Rule 1163 was adopted by SCAQMD as p a r t  o f  
t h e i r  program t o  cont ro l  v i n y l  ch lo r ide  m i s s i o n s  t o  10 ppbv. 

I n  1984, the  PVC producers operat ing i n  the  s ta te  reported using 
closed systems, incinerat ion,  rou t ine  leak surveys, and maintenance programs 
as con t ro l  technologies t o  comply w i t h  e x i s t i n g  standards f o r  v i n y l  ch lor ide 
emissions (Personal Comnunication. 1986a. 1986b. and 1986~) .  The primary 
cont ro l  method used by the two PVC producers cu r ren t l y  operating i n  
Ca l i f o rn ia  i s  incinerat ion.  One f a c i  1  i t y  ( f a c i  1  i tyoA) uses an af terburner 
w i t h  an operating temperature o f  approximately 2000 F whi le  the  other 
f a c i l i t y  ( f a c i l i t y  B) uses a ca ta ly t i c - type  incinerator.  Both f a c i l i t i e s  
have a monitor ing system tha t  continuously measures the v i n y l  ch lor ide 
concentration w i t h i n  various areas o f  the  p lant .  Portable hydrocarbon (HC) 
detectors are used t o  p inpoint  leaks detected by the  area monitor ing system. 
These p lants  are also inspected a t  least  once a year by the SCAQMD 
Enforcement D iv is ion  t o  ensure compliance w i t h  d i s t r i c t  r u l es  (Persbnal 
Communication. 1985d). 

The SCAQMD pe r i od i ca l l y  conducts ambient monitor ing f o r  v i n y l  
ch lor ide near the two PVC producers i n  Ca l i fo rn ia .  I n  addi t ion t o  the 
SCAQMO's monitor ing program, the SCAQMD requires one o f  the PVC producers 
( f a c i l i t y  A) t o  monitor the ambient a i r  f o r  v i n y l  ch lor ide a t  the perimeter 
o f  t h e i r  f a c i l i t y  on a d a i l y  basis. The other PVC producer ( f a c i l i t y  8) i s  
not required by the SCAQMD t o  conduct ongoing o f f s i t e  ambient monitor ing f o r  
v i n y l  chlor ide.  This i s  because: 1) h i s t o r i c a l l y ,  the  f a c i l i t y  has not 
exceeded the ambient a i r  q u a l i t y  standard f o r  v i n y l  chloride; and 2) the  
process t h a t  i s  used t o  manufacture la tex  emulsions i s  not expected t o  
r e s u l t  i n  v i n y l  ch lo r ide  emissions as great as those assoctated w i th  the  
other f a c i  1  i t y  which produces PVC resins. Generally, 24-hour average 
concentrations near these f a c i l i t i e s  are below the  10 ppbv standard. 
However, i n  October o f  1988, the SCAQMD reported concmtrat ions as h igh as 
20 ppbv f o r  f a c i l i t y  A (Molita. 1989). As a resu l t .  the SCAQMD plans t o  

.conduct ambient monitor ing more f requent ly  a t  t h i s  f a c i l i t y  t o  ensure 
compliance w i th  the  ambient a i r  q u a l i t y  standard f o r  v i n y l  chlor ide.  The 
SCAQMD's monitor ing resu l t s  ind icate t h a t  t h i s  PVC producer may cont r ibute 
t o  the pub l i c ' s  exposure t o  v i n y l  chlor ide.  Therefore, t h i s  f a c i l i t y  should 
be invest igated i n  more d e t a i l  when considering con t ro l  measures t o  reduce 
the pub l i c ' s  exposure t o  v i n y l  chlor ide.  

Table 11-2 l i s t s  the cumulative v i n y l  ch lo r ide  emissions estimates 
from the two PVC producers i n  Ca l i f o rn ia  a t  less than 0.6 tons f o r  1987. 
This estimate i s  subs tan t ia l l y  lower than the  198.4 estimate o f  3  tons when 
three PVC producers were operating i n  C a l i f o r n i a  (Personal Comnunication, 
1985a. 1985b. 1986~) .  



>. . . i ;. ' 2 .  Polvvinvl Chloride Fabri- 

Polyvinyl chloride (PVC) can be fabricated into several products 
such as PVC pipes, pipe fittings, plastics, etc. Some major fabrication 
processes are extrusion (to shape by forcing through a die), calendering (to 
press between roll ing cylinders), molding, and bonding. PVC contains the 
vinyl chloride monomer as a residual from the PVC production processes. 
Residual vinyl chloride (RVC) in PVC ranges from 0.002 pplnw (parts per 
million by weight) to 10 ppmw (U.S. EPA, 1982). When PVC is fabricated into 
final products, vinyl chloride is.emitted. 

The SCAQMD identified 33 PVC handling and fabrication facilities 
under its jurisdiction with an estimated usage of 75,000 tons of PVC in 
1982. The SCAQMD staff assumed that all vinyl chloride is emitted from the 
fabrication processes. Using this assumption and a maximum RVC of 10 ppmw 
in PVC, the SCAQMD estimated that these handling and fabrication facilities 
emitted approximately 0.75 ton of vinyl chloride in 1982 (Zwiacher. 1983). 
This estimate represents an upper-bound condition because the maximum RVC 
was used to estimate emissions, and because all RVC from the incoming PVC 
was assumed to be emitted from the fabrication processes. The vinyl 
chloride migration studies conducted by the Environmental Protection Agency 
(EPA) indicated a much smaller percentage of m o n m r  is.released during 
fabrication (U.S. EPA. 1982). A typical release of vinyl chloride in the 
extrusion process was only 10 percent of that in the PVC (U.S. EPA. 1982). 

3. Publielv - 0- 
Pub1 icly-owned treatment works (POTWs) are wastewdier treatment 

plants that are owned by public entities, and which consift of wastewater 
collection systems, wastewater and sludge treatment facilities. and effluent 
and sludge disposal systems. Users that discharge wajtewater into POTWs are 
normally classified as comnercial, industrial, and residential.. The two 
primary mechanisms that result in emissions of organic gases are 
volat i 1 ization and biodegradation. Because POTWs treat wastewater which can 
contain vinyl chloride and halogenated compounds from industries, vinyl 
chloride can be volatilized during the treatment processes, In addition, 
chlorinated hydrocarbons such as trichloroethylene and 1.2-dichloroethane 
could be biodegraded to vinyl chloride. 

Halogenated hydrocarbons including vinyl chloride have been 
measured at wastewater treatment plants throughout the nation, including 
California (U.S. EPA. 1980). A preliminary study of two wastewater 
treatment plants, one in Los Angeles and another in the Sacramento Valley, 
indicated that vinyl chloride was present in the anaerobic digester tanks. 
Concentrations of up to 2.6 ppmv have been measured (ARB. 1985). These 
digester tanks are equipped with pressure/vacuum (PIV) valves to equilibrate 
the inside and outside pressure of the tanks. These PIV valves are 
potential sources pf vinyl chloride emissions along with fugitive emissions 
associated with pipe fittings and valves. 



I n  a  study performed by the  Un ivers i t y  o f  Ca l i f o rn ia  a t  Davis 
(UCO), researchers used a  mass balance approach t o  estimate t h a t  
approximately 1.7 tons o f  v i n y l  ch lor ide were emitted by POTWs i n  Ca l i f o rn ia  
i,n 1985 (Chang e t  al.. 1987). Spec i f i ca l l y ,  the d i f ference between the 
concentration o f  v i n y l  ch lor ide i n  the POTW in f l uen t  and e f f l u e n t  was 
assumed t o  be emitted t o  the  atmosphere. This approach may be usefu l  i n  
assessing which POTWs cons t i tu te  a  th rea t  t o  pub l i c  health. However. 
because t h i s  approach does not take i n t o  account the format ion o r  
degradation o f  v i n y l  ch lor ide w i t h i n  POTWs, the r e s u l t i n g  emission estimates 
should on ly  be considered rough approximations. I n  response t o  the  need f o r  
more information concerning emissions o f  tox icants  from POTWs. ARB i s  
cu r ren t l y  funding a  research contract. When the research i s  complete, the 
r e s u l t i n g  repor t  w i l l  contain the most recent informat ion concerning the  
est imat ion o f  emissions o f  tox icants  from POTWs and POTW c o l l e c t i o n  l ines.  
The repor t  w i l l  a lso address the  e f f i cacy  o f  POTW odor con t ro l  systems on 
reducing emissions o f  t o x i c  compounds. 

E. OTHER POTENTIAL EMISSION SOURCES 

Along w i th  the  sources discussed i n  Section 0, there are several 
other po ten t i a l  sources o f  v i n y l  ch lor ide emissions i n  Ca l i fo rn ia .  These 
include on-site wastewater treatment plants,  inc inera t ion  o f  PVC materials; 
and t ranspor ta t ion o f  v i n y l  chloride. 

As presented i n  the d iscufs ion on POTWs, wastewater treatment.- 
f a c i l i t i e s  are sources o f  v i n y l  ch lor ide emissions. At several i n d u s t r i a l  
f a c i l i t i e s  such as o i l  re f iner ies ,  chemical manufacturers. etc., i n d u s t r i a l  
wastewater i s  normally t reated before being discharged. These wastewater 
treatment p lants  are also po ten t i a l  sources o f  v i n y l  ch lo r ide  emtssions. 

Vinyl  ch lo r ide  has been i d e n t i f i e d  as a  combustion product i n  the 
f l u e  gas o f  an inc inerator  burning p l a s t i c s  (Boettner e t  al., 1973). It has 
also been hypothesized t o  form upon the  combustion o f  PVC mater ia ls  (Ahling 
e t  a l . ,  1978). PVC mater ia ls  are used ex t rns ive ly  i n  automobile's 
upholstery, bumper par ts  and f l o o r  mats. When these mater ia ls  are 
incinerated, v i n y l  ch lor ide i s  a  l i k e l y  po l l u tan t  i n  the  inc inera to r  
exhaust. Hospi ta l  waste incfnerators  are another po ten t i a l  source o f  v i n y l  
ch lo r ide  emissions since much o f  the  hosp i ta l  waste such as syringes and 
p l a s t i c  bags are PVC-containing materials. 

Another po ten t i a l  source o f  emissions i s  the  accidental  sp i l l age  
andlor leakage o f  v i n y l  ch lo r ide  t h a t  i s  being transported e i t h e r  by r a i l  
car, tank car, o r  marine vess i l .  V iny l  ch lo r ide  i s  t ransported by r a i l  cars 
t o  the two PVC producers cu r ren t l y  operating i n  Ca l i fo rn ia .  As f a r  back as 
records are avai lable,  there have been no reported accidents invo lv ing v i n y l  
ch lo r ide  i n  the s ta te  (Of f i ce  O f  Emergency Services, 1986; C a l i f o r n i a  
Highway Patro l ,  1986). 
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A. AMBIENT MONITORING I N  CALIFORNIA 

To'date, v i n y l  ch lo r ide  has no t  been detected i n  Ca l i f o rn ia ' s  
ambient a i r  except near known emission sources. However, i n  order t o  assure 
t h a t  v i n y l  ch lo r ide  continues t o  pose no S ign i f i can t  heal th  r i s k  i n  the  
background atmosphere o f  t he  state,  a  v i n y l  ch lo r ide  screening procedure i s  
r o u t i n e l y  performed by the  ARB'S laboratory  on samples co l lec ted  from the  
s ta te ' s  20-stat ion ambient t o x i c  a i r  contaminant network. Bimonthly 
through-the-probe audi ts  by the  ARB Qua l i t y  Assurance Section using known 
concentrations o f  v i n y l  ch lo r ide  conf i rm t h a t  the  screening procedure 
detects the presence o f  the  compound. The screening procedure has not  
detected v i n y l  ch lo r ide  i n  samples co l lec ted  a t  the  monitor ing s ta t ions o f  
the t o x i c  a i r  contaminant ambient monitor ing network since the  
implementation o f  the  procedure i n  1988. Should v i n y l  ch lo r ide  be detected. 
the ARB'S Monitor ing and Laboratory D i v i ~ i o n  would begin imnediate 
monitor ing and inves t iga t ion  o f  the  cause. Appendix V I I  describes the  
method f o r  ca l cu la t i ng  the l i m i t  o f  detect ion (LOD) used by the  ARB'S 
Monitor ing and Laboratory Div is ion.  

Ca l i fo rn ia  Health and Safety Code Section 41805.5 required 
hazardous and municipal l a n d f i l l s  throughout the  s ta te  t o  conduct monitor ing 
f o r  several contaminants inc lud ing v i n y l  chlor ide.  24-hour averaged ambient 

' v i n y l  ch lo r ide  concentrations ranging from the  detect ion l i m i t  o f  2  ppbv 
( the  Testing Guidelines f o r  Act ive So l i d  Waste Disposal S i tes example method 
f o r  ca l cu la t i ng  the  LOD i s  discussed i n  Section C o f  Chapter I1 under 
L a n d f i l l  Emissions Estimates) t o  15 ppbv were detected a t  24 out o f  the  251 
l a n d f i l l s  tested f o r  ambient concentrations (see Appendix V I ) .  

I n  recent years. the  South Coast A i r  Q u a l i t y  ~ a n a ~ e m e n t  D i s t r i c t  
(SCAQMD) f requent ly  measured 24-hour average ambient v i n y l  ch lo r ide  
concentrations above the  SCAQMD's LOD o f  2 ppbv a t  two South Coast Area 
Basin (SCAB) landf i 11s: BKK Landf i 11 and Operating Indus t r ies  Incorporhted 
(011) L a n d f i l l .  The SCAQMD used the  fo l l ow ing  m t h o d  f o r  determining the 
v i n y l  ch lo r ide  LOD: 1) a 10 ppbv standard was analyzed a minimum o f  10 



times, 2) response was calculated as peak height (in millimeters) times the 
attenuation of the signal, 3) the precision of the measurement at 10 ppbv 
was 0.5 millimeters, 3,) the minimum observable peek was taken to be four 
times 0.5 mi 1 1  imeters or 2 mi 1 limeters which corresponds to the reported LOD 
of 2 ppbv (Barbosa. 1990). The analysis in this report estimates ambient 
concentrations and population exposure to vinyl chloride near BKK and 011 
because they are the only landfills in the state where vinyl chloride has 
been routinely monitored on a long-term basis. 

The SCAQMO's monitoring program for vinyl chloride at BKK and 011 . 
consisted of six monitoring stations. Three stations were located on' the 
southern borders of each landfill. Previous monitoring around both 
landfills indicated that the southern borders were generally where the 
highest concentrat ions were detected. A1 1 samples were collected in Tedlar 
bags over 24-hour periods and subsequently analyzed by gas chromatography 
employing a flame ionization detector. Details of the SCAQMD's sampling and 
analysis procedures are provided in Appendix I. 

BKK Landfill .is located near Wart Covina while 011 Landfill is 
located near Monterey Park. Figure 111-1 shows the locations of the two 
landfills in relation to major freeways. In addition, topographical maps of 
the BKK and 011 landfills are provided respectively in Figures 111-2 and 
111-3. These figures show the approximate perimeter of the landfills, the 
approximate locations of the monitoring sites, and the proximity of streets 
to the landfills. As indicated by the maps, the southern borders of BKK and 
011 are adjacent to a network of streets. However, the maps do not show 
that the area served by these streets consists of single-family residential 
housing. 

FIGURE 111-1 

THE LOCATION OF BKK AND 011 LANDFILLS IN RELATION TO MAJOR FREEWAYS 



FIGURE 111-2 

BKK LANDFILL AND THE SURROUNDING AREA 

' A  - Boundary Line 



FIGURE 111-3 

011 LANDFILL AND THE SURROUNDING, AREA 

A Boundary Line 



The 24-hour average ambient a i r  samples used t o  estimate 
population exposure near BKK were co l lec ted  from January through December o f  
1987. 24-hour ambient. a i r  Samples used t o  estimate population exposure near 
011 were co l lec ted  from January through December o f  1986. When the  exposure 
analysis was performed, these sampling periods represented the most recent 
calendar years o f  monitor ing data t h a t  were avai lable.  For BKK, 337 t o  345 
samples were co l lec ted  i n  24-hour per iods a t  each o f  the  monitor ing s i tes ;  
o f  those s i tes,  a range o f  56 t o  90 percent o f  t he  samples were below the  

a LOD of  2 ppbv. For 011. 128 t o  264 samples were taken a t  each o f  the  
monitor ing s i tes ;  o f  those s i tes .  32 t o  100 percent o f  t he  samples were 
below the LOO. 

The ambient v i n y l  ch lo r ide  moni tor ing data f o r  BKK and 011 are 
summarized i n  Tables 111-1 and 111-2, respect ively.  Each t a b l e  provides the 
number o f  samples taken a t  each s i te ,  t he  percentage o f  samples below the  
LOD, an estimate f o r  the  values below t h e  LOO, t he  estimated mean 
concentration, and the  maximum 24-hour concentration t h a t  was measured. 

Calcu la t ion o f  mean concentrations f o r  s ta t ions was complicated b y .  
the presence o f  concentrations below t h e  LOO. The concentrations below the  
LOD must be included i n  the ca l cu la t i on  although t h e i r  exact values were not 
known. 

ARB s t a f f  has used a method proposed by G l e i t  (1985) t o  ca lcu la te  
the means. G l e i t ' s  method assumes t h a t  t he  sample o f  concentrations i s  a 
random sample from a normal d i s t r i b u t i o n .  Data t h a t  are judged not  t o  be 
normally d i s t r i b u t e d  may be transformed t o  approximate normali ty. 
Inspect ion o f  the  v i n y l  ch lo r ide  data suggested t h a t  they were lognormally 
d is t r ibu ted ,  and G l e i t ' s  method was appl ied t o  the  logarithms o f  these data. 
The calculated means were then transformed back t o  the o r i g i n a l  un i ts .  

G l e i t ' s  method accounts f o r  the  concentrations below the  LOD by 
se t t i ng  them equal t o  the  "below-LOD mean. the  mean of. the  po r t i on  o f  the  
normal d i s t r i b u t i o n  below the  LOD. Se t t i ng  the  unknown concentrations t o  
t h e i r  average value seems i n t u i t i v e l y  reasonable, and the  simulations 
reported i n  G l e i t ' s  paper show t h a t  h i s  method i s  more accurate than other 
commonly used approximations. A de ta i led 'descr ip t ion  o f  the  method used t o  
estimate the  concentration o f  data below the  LOD i s  provided i n  Appendix 11. 

The estimated values f o r  24-hour averaged samples below the  LOD 
ranged from 1.0 ppbv t o  1.1 ppbv f o r  BKK and from 1.0 ppbv t o  1.2 ppbv f o r  
011. As prev ious ly  indicated, the  s p e t i f l c  value f o r  each s t a t i o n  i s  shown 
i n  Table 111-1 f o r  BKK and Table 111-2 f o r  011. Because a l l  samples f o r  
s i t e  1 o f  011 were below the LOD, G l e i t ' s  method could no t  be used t o  
estimate t h e i r  concentration. A value of one-half the LOD (1.0 ppbv) was 
assumed f o r  samples below the LOO based on the  p o s s i b i l i t y  t h a t  many 
contained between zero and 2 ppbv v i n y l  chlor ide.  



TABLE 111-1 

SUMMARY STATISTICS FOR THE JANUARY 1987 THROUGH 
DECEMBER 1987 MONITORING DATA FOR VINYL CHLORIDE 

NEAR BKK LANDFILL 
(Concentrations are reported in parts per billion by 
volume (ppbv) and are based on measurements averaged 
over a 24-hour sample collect ion period.) 

Station 1 Station 2 Station 3 

Number of samples 337 337 346 

Percent of Samples Below the L O D ~  73 90 66 

Estimated Concentration for b 
Samples Below the LOD 

Estimated Mean b 
Concentration 

Maximum 24-Hour concentrationC 7 8 15 

a - The SCAQMD's limit of detection (LOD) for vinyl chloride is 2 ppbv. 
b - Gleit's method was used to estimate the concentration of samples below 

the LOD. 
c - California's Ambient Air Quality Standard for vinyl chloride is 10 ppbv 

for a 24-hour averaging period. 



TABLE 111-2 

SUMMARY STATISTICS FOR THE JANUARY 1986 THROUGH 
DECEMBER 1986 MONITORING DATA FOR VINYL CHLORIDE 

NEAR 011 LANDFILL 
(Concentrations are reported in parts per billion by 
volume (ppbv) and are based on measurements averaged 
over a 24-hour sample collection period) 

Station 1 Station 2 Station 3 

Number of Samples 264 220 128 

Percent of Samples Below the LDD" 100 41 32 

Estimated Concentration forb 
Samples Below the LOD 1.0 1.1 1.2 

Estimated t4eanb 
Concentration 

Max imum 24-Hour concentrationC d 8.3 9.8 

a - The SCAQMD's limit of detection (LOD) for vinyl chloride is 2 ppbv. 
b - Gleit's method was used to estimate the concentration of samples below 

the LOD, except for station 1. 
c - California's Ambient Air Quality Standard for vinyl chloride is 10 ppbv 

for a 24-hour averaging period. 
d - All samples are below 2 ppbv. 

The estimated mean vinyl chloride concentrations using 24-hour 
averaged ambient measurements ranged from 1.2 ppbv to 2.6 ppbv for the 
monitoring stations at BKK and 1.0 ppbv to 2.0 ppbv for the monitoring 
stations at 011. The estimated mean vinyl chloride concentrations are shown 
in Tables 111-1 and 111-2. For all stations, except station 3 of BKK, the 
estimated annual mean concentration is equal to or less than the SCAQMD's 
LOO for vinyl chloride. 

Tables 111-1 and 111-2 also list the maximum 24-hour average 
concentration of vinyl chloride for each monitoring station at BKK and 011, 
respectively. For BKK. the maximum 24-hour average concentration was 15 
ppbv (measured at station 3); for 011 the maximum 24-hour average 
concentrat ion was 9.8 ppbv (measured at station 3). These concentrations 
can be compared to ARB'S ambient air quality standard for vinyl chloride of 
10 ppbv for a 24-hour averaging period. The standard was adopted in 1978 in 
response to information which associated vinyl chloride with the development 



of cancer i n  humans. However, the standard i s  not  necessar i ly  heal th  
protect ive;  i t  simply represented the LOD f o r  v i n y l  ch lor ide t e s t i n g  a t  the 
time i t  was adopted. According t o  the procedure spec i f ied i n  the standard. 
the LO0 i s  based on 3 standard deviat ions o f  the method detect ion l i m i t  
( w i t h i n  10 standard deviat ions o f  the method detect ion l i m i t ) .  This method 
of ca lcu la t ing  the LOD i s  the same as t h a t  used by the  ARB Monitor ing and 
Laboratory D iv is ion  (see Appendix V I I ) .  For the monitor ing periods 
presented i n  t h i s  report ,  BKK exceeded the  s ta te  standard f o r  v i n y l  ch lor ide 
11 times ( a l l  exceedances occurred a t  s i t e  3) whi le 011 d i d  not exceed the 
standard. Based on previous years o f  monitor ing data, the number o f  
exceedances a t  BKK and 011 has decreased subs tan t ia l l y .  I n  fac t ,  due t o  the 
lack o f  exceedances o f  the standard, the  SCAQMD discontinued rou t ine  
monitor ing f o r  v i n y l  ch lor ide a t  BKK i n  1989 and a t  011 i n  e a r l y  1987. The 
reduct ion i n  ambient concentrations o f  v i n y l  ch lo r ide  near BKK and 011 
l a n d f i l l s  has been a t t r i bu ted  t o  the  i n s t a l l a t i o n  o f  gas c o l l e c t i o n  and 
f l a r e  systems. 

I n  an e f f o r t  t o  represent the  uncer ta in t ies  associated w i t h  the 
estimated mean concentrations o f  v i n y l  chlor ide.  the  s t a f f  developed a 
s t a t i s t i c a l  treatment f o r  ca lcu la t ing  upper and lower bound estimates o f  the 
mean concentration a t  each monitor ing s ta t ion .  This method takes i n t o  
account factors  such as sample size, variance o f  the data, and an estimate 
o f  the uncertainty associated w i t h  the  sampling and analysis method. 
Table 111-3 shows the estimated mean concentration as we l l  as the  upper and 
lower bound estimate o f  the mean concentration f o r  each monitor ing s ta t i on  
a t  BKK and 011. 

The fo l low ing  t e x t  discusses the s t a t i s t i c a l  treatment.that.was used: 

a)  A f t e r  reviewing the ambient v i n y l  ch lo r ide  monitor ing data f o r  BKK 
and 011. the s t a f f  observed t h a t  the data appeared t o  be 
lognormally d is t r ibu ted .  Because avai lab le  software on ly  analyze 
data t ha t  are normally d is t r ibu ted ,  v i n y l  ch lo r ide  f ion i tor ing data 
were f i r s t  converted from a lognormal d i s t r i b u t i o n  t o  a normal 
d i s t r i bu t i on .  This was done by using the logarithms o f  the data 
f o r  the analysis. The s t a t i s t i c a l  analysis system (SAS, 1982) was 
used t o  ca lcu la te  the standard e r r o r  about the mean. The standard 
e r ro r  calculated from the  logarithms o f  the  data i s  then converted 
back i n t o  concentration u n i t s  by tak ing the  ant i logar i thms. 

b) The upper and lower bound estimates reported f o r  t he  mean 
represented two standard errors.  For the  e r ro r  associated w i t h  
sampling and analysis, ARB s t a f f  used an over,al l  uncer ta in ty  fac to r  
o f  +. 20 percent t o  ca lcu la te  the  upper and lower bound estimates of 
the mean. This was i n  agreement w i t h  the  actual  e r ro r  which was 
estimated t o  be 2 1 ppbv i n  the  range o f  1 ppbv fo  60 ppbv. The 
lower bound estimate represented two standard e r ro rs  f o r  the  data 
w i t h  each sample concentration reduced by 20 percent. The upper 
bound estimate represented two standard e r ro rs  f o r  the  data w i t h  
each sample concentration increased by 20 percent. U ~ p e r  and lower 
bound estimates f o r  each s ta t i on  arp shown i n  Table-111-3. Because 



all values for station I of 011 are below the LOO, the upper and 
lower bound estimates represented 2 20 percent of one-half the LOD. 

8 .  ESTIMATING AMBIENT CONCENTRATIONS . 
Annual average vinyl chloride concentrations were estimated for a 

41 x 41 grid of one square kilometer cells surrounding each landfill with 
the use of the Industrial Source Complex Short Term (ISCST) Gaussian model. 
In order to predict the annual average concentration of vinyl chloride in 
each of the 1681 square kilometer cells, the ISCST model required the 
emission rates for each landfill as input. 'Emission rates were estimated 
for BKK and 011 using the range of estimated annual w a n  concentrations at 
each of the monitoring stations. 

The estimated emission rates were derived by ratioing estimated annual 
mean concentrations over modeled concentrations for each station. 

TABLE 111-3 

UPPER AND LOWER BOUND ESTIMATES OF THE ANNUAL MEAN 
CONCENTRATIONS OF VINYL CHLORIDE AT BKK AND 011 LANDFILLS 

Lower-bound Annual Mean Upper-bound 
Est imate Concentration Est imate 

Station 1 1.2 
Station 2 0.9 
Station 3 1.9 

Station 1" 0.8 
Station 2 1.4 
Station 3 1.4 

* - All samples were below the LOO of 2 ppbv. 
The modeled concentrations were determined by assuming 2 landfill emission 
rate of 1 gram per square meter per second (gram meter- second' ) in 
conjunction with historical wteorological data. Each landfill was 
represented as an area source. Based on review of topographical maps as 
well as information concerning the landfills disposal history. BKK was 

. assume9 to emit vinyl chloride from an area of approximately 1,700,000 
meters while 011 was assume9 to emit vinyl chloride from an area of , 
approximately 330,000 meters . These assumed areas approximated the 



area where wastes had been disposed. Meteorological data f o r  1981 a t  the 
SCAQMD's Walnut and Upland s ta t ions were used f o r  BKK and 011, respect ively.  
Meteorological data from these s ta t ions were used f o r  t h i s  study because 
Walnut was considered the most representat ive s ta t i on  f o r  BKK where 
processed data were avaiSble whi le Upland was considered the  most 
representat ive s ta t i on  f o r  011 where processed data were avai lable.  These 
data were entered i n t o  the ISCST model t o  ca lcu la te  the  annual average 
modeled concentration a t  each monitoring s ta t ion.  Because one year o f  
meteorological data was used, one modeled concentration was obtained f o r  
each monitor ing s ta t i on  a t  BKK and 011. For each s i t e  a t  BKK and 011 the  
modeled concentration was div ided i n t o  the  estimated mein concentration 
(from Table 111-3) o f  i t s  respective monitor ing s ta t ion.  The r e s u l t i n g  
fac to r2  or r a t j p s  were then mu l t i p l i ed  by the assumed emission r a t e  (1 gram 
meter- second ) t o  estimate a l a n d f i l l  emission r a t e  f o r  each monitor ing 
s ta t i on  t h a t  w i l l  r e s u l t  i n  an exact match between estimated and modeled 
concentrations. Equation (1) i l l u s t r a t e s  the  procedure t h a t  was used: 

Estimated Assumed Estimated . Modeled 
Emission Rate = Emission Rate x (Concentration I Concentration) (1) 

The estimated l a n d f i l l  emission ra tes  f o r  each monitor ing s ta t i on  a t  
BKK and 011 are given i n  Table 111-4. The emission r a t e  derived from the 
estimated mean concentration f o r  each monitor ing s t a t i o n  and the  emission 
ra tes derived from the  upper and lower bound estimates o f  the  mean 
concentration f o r  each monitoring s ta t i on  are l i s t ed .  The g r e a t ~ s t  rangelof 
estimated emission ra tes f o r  BKK was from 0.75 micrqrams metfr- second- 
(lower-bound a t  s ta t i on  2) t o  3.32 micrograms meter second (upper-bound 
a t  s ta t i on  3). For 015, the estimated emissioh ra tes ranged from 
0.31 micrograms m9ter- setond (lower-bound a t  s ta t i on  1) t o  4.42 
micrograms meter second (upper-bound a t  s ta t i on  3). 

Using the f u $ l  range f f  emission r a t e  estimates (0.75 t o  3.32 -2 microgrfms meter- second- f o r  BKK and 0.31 t o  4.42 micrograms meter 
second- f o r  011), a range o f  estimated annual average v i n y l  ch lor ide 
concentrations was derived f o r  the 41 by 41 g r i d  o f  one square k i lometer 
ce l l s .  Each l a n d f i l l  was located i n  the center o f  the  g r i d  and was 
represented as an area source. As prev ious ly  stated. BKK was assufed t o  
emit v i n y l  ch lo r ide  from an area o f  approximately 11700,000 meters whi le  
011 waf assumed t o  emit v i n y l  ch lor ide from an area o f  approximately 330.000 
meters . These areas approximate the  area where wastes were disposed a t  
each l a n d f i l l .  However, because subsurface migrat ion o f  l a n d f i l l  gases has 
been observed a t  BKK and 011, it i s  possible t h a t  emissions o f  v i n y l  
ch lo r ide  occur over an area subs tan t ia l l y  greater than where wastes were 
ac tua l l y  disposed. The ISCST model used the  range o f  estimated m i s s i o n  
ra tes assuming no plume r i s e  i n  conjunct ion w i th  h i s t o r i c a l  meteorological 
data t o  p red i c t  a range o f  annual average concentrations f o r  each o f  the  
1681 one-square-ki lometer-cel 1s. The annual average concentrations o f  



TABLE 111-4 

ESTIMATED EMISSION RATES OF VINYL CHLORIDE 
FROM 8KK AND 011 kANDFILLSl 

(micrograms meters- second- ) 

Station 1 1.36 1.80 2.30 

Station 2 0.75 0.97 1.20 

Station 3 1.88 2.55 3.32 

QIummu 

Station 1 0.31 0.38 0.46 

Station 2 0.52 0.74 1.04 

Station 3 2.69 3.46 4.42 

a - These emission rates were derived from the lower-bound annual mean 
concentration. 

b - These emission rater were derived from the annual mean concentration. 
c - These emission rates were derived from the upper-bound annual mean 

concentration. 

vinyl chloride predicted for the one-square-kilometer 'cells~within the grid 
centered on BKK, ranged from less than 0.1 ppbv to approximately 22 ppbv. 
For 011, the range was from less than 0.1 ppbv to approximately 3.8 ppbv. 

In order to obtain these'modeling results. several assumptions were 
made. These assumptions may act to elevate or reduce the estimated annual 
average concentrations of vinyl chloride predicted for the cells surrounding 
BKK and 011. The primary assumptions were as follows: 

1) Vinyl chloride was assumad to )e emitted from an'area of 
approximately 1,700.000 meters for BKK and 330.000 meters for 
011. Although these areas approximate the area where wastes w r e  
disposed, data were not available to demonstrate that these 



areas ac tua l l y  represented where v i n y l  ch lo r ide  emissions 
occurred. Emissions o f  v i n y l  ch lor ide might have occurred over an 
area which i s  e i t he r  larger o r  smaller than t h a t  assumed. 

2 )  Emissions o f  v i n y l  ch lor ide were assumed t o  occur continuously and 
uni formly over a given area o f  each l a n d f i l l .  I n  r e a l i t y ,  v i n y l  
ch lor ide was not l i k e l y  t o  emanate uni formly over the surface o f  
the l a n d f i l l s .  However, the  data required by the  model t o  taka 
t h i s  i n t o  consideration were no t  avai lable. I f  emissions o f  v i n y l  h 

ch lo r ide  vary over the surface o f  the l a n d f i l l s ,  the  annual 
concentrations estimated f o r  some c e l l s  would be expected t o  be 
underest imated whi l e  others would be overestimated. 

3) This study d i d  not use meteorology f o r  the same year as the  v i n y l  
ch lor ide measurements. Because there was not  a great deal o f  
va r i a t i on  i n  meteorological data from year t o  year, the degree o f  
e r ro r  from using a meteorological year d i f f e r e n t  than the v i n y l  
ch lo r ide  measurement year was estimated t o  be less than 5 60 
percent. 

Because the  emission ra tes were derived by model ca l i b ra t i on  t o  known 
v i n y l  ch lor ide concentrations, the uncer ta in ty  was a t  a minimum near the 
monitor ing s i tes .  A l te rna t i ve ly ,  as the distance from each monitor ing 
s t a t i o n  increased, the uncer ta in ty  associated w i th  the  estimated 
concentration increased. 

C .  POPULATION EXPOSURE 

The ropulat ion exposure t o  v i n y l  ch lo r ide  near BKK and 011 was 
estimated by using the g r i d  c e l l  concentrations estimated from the ISCST 
model i n  conjunction w i th  1986 updated census data. Estimates o f  the  
cumulative population exposed t o  various concentration leve ls  o f  v i n y l  
ch lo r ide  near BKK and 011 l a n d f i l l s  are shown i n  Tables 111-6 and 111-6. 
The 1986 res iden t i a l  populat ion  estimates were determined f o r  each one 
ki lometer g r i d  c e l l  w i t h  the concentration determined a t  the  center o f  each 
c e l l  by the ISCST model. The 1681 g r i d  ce l l s .  w i t h  t h e i r  associated 
populations, were sorted from h igh t o  low by concentration. The g r i d  c e l l  
populations were then sumned t o  determine the cumulative population exposed 
a t  o r  above ce r ta in  leve ls  o f  v i n y l  chlor ide.  For Tables 111-6 and 111-6, a 
lower bound o f  exposure was estimated. This range o f  exposure i s  based on 
upper and lower bound estimates o f  the  v i n y l  ch lor ide emission r a t e  from 
each o f  the  two l a n d f i l l s .  Table 111-6 shows t h a t  approximately 730,000 t o  
2.000.000 people were exposed t o  an annual average concentration o f  a t  least  
0.06 ppbv o f  v i n y l  ch lor ide from the BKK l a n d f i l l .  Approximately 17,000 t o  
130,000 o f  these people were exposed t o  an annual average concentration of 
a t  leas t  1.0 ppbv from t h i s  f a c i l i t y .  Table 111-6 shows t h a t  approxtmately 
33,000 t o  1.100.000 people were exposed t o  an annual average concentration 
o f  a t  least  0.06 ppbv o f  v i n y l  ch lo r ide  from the 011 l a n d f i l l .  
Approximately 0 t o  22.000 o f  these people were exposed t o  an annuhl average 
concentration o f  a t  least  1.0 ppbv v i n y l  ch lor ide from 011. 





TABLE 111-6 

RANGE OF CUMULATIVE POPULATION EXPOSED 
TO VINYL CHLORIDE NEAR 011 

Range o f  Cumulative Population Exposed t o  Vinyl  
Chloride 

Concentrations (ppbv) a t  
Lower-bougd . Upper-bou~d or above: 
Estimate Estimate 

4,287,300 - 4,287,300 >O but <O.O IC  
272,000 - 3,111,000 

% 

0.01 
33,000 - 1,073,000 0.05 
12,000 - 445.000 0.10 

0 - 22,000 1.0 
0 - 12.000 1.5 

0 - 6,000 2.0 
0 - 6,000 3.0 

2 -1 a - The exposure estimate i s  based on an emission r a t e  o f  0.31 ugim S . 
2 -1 b -. The exposure estimate i s  based on an emission r a t e  o f  4.42 ugim s . 

c - According t o  the model, the e n t i r e  cumulative population studied was a t  
least  exposed t o  v i n y l  ch lor ide concentrations between 0 and less than 
0.01 ppbv. I n  addi t ion,  calculated population-weighted exposure f o r  
t h i s  population was estimated t o  range from an annual average o f  0.004 
t o  0.06 ppbv v i n y l  chlor ide.  

exposure estimates showed t h a t  approximately 2,000,000 people were exposed 
t o  an annual average v i n y l  ch lo r ide  concentration ranging from 0.08 ppbv t o  
0.34 ppbv. For 011 the  population-weighted exposure estimates showed tha t  
approximately 4i000.000 people were exposed t o  an annual average v i n y l  
ch lor ide concentration ranging from 0.004 ppbv t o  0.06 ppbv. 

The model was also used t o  estimate the annual average 
concentrations f o r  the  maximum exposed i nd i v i dua l  a t  each l a n d f i l l .  For 
BKK, the maximum exposed ind iv idua l  was estimated t o  be exposad t o  an annual 
average concentration ranging from 2.3 ppbv t o  10.3 ppbv. For 011, the 
maximum exposed ind iv idua l  was estimated t o  be exposed t o  an annual average 
concentration ranging from 0.6 t o  8.7 ppbv. 



fhe population exposure estimates for BKK and 011 suggest that 
other landfills in California that emit vinyl chloride may expose the nearby 
population to elevated concentrations. Chapter I1 of this report discusses 
other vinyl chloride monitoring data that are available as well as 
preliminary data on the Landfill Gas Testing Program (see Appendix VI). 

0. INDOOR EXPOSURE TO VINYL CHLORIDE 

With the exception of some homes located near landfills, indoor 
concentrations of vinyl chloride are not expected to be substantially 
greater than outdoor concentrations. Although data ake limited, the above 
statement is supported by the following facts: 1) few indoor sources of 
vinyl chloride have been identified; and 2) most studies that have monitored 
for indoor concentrations of vinyl chloride fail to detect it. However. 
landfills have been identified as a source of emissions that contributes to 
elevated indoor levels of vinyl chloride in nearby residences. Grab samples 
from some houses located near landfills have shown vinyl chloride at 
concentrations up to 100 ppbv. , 

We estimate that people living near landfills may be inhaling up 
to 2600 micrograms of vinyl chloride a day (see Appendix I11 for 
assumptions). For these individuals, inhalation of vinyl chloride indoors 
is expected to represent the most significant source of exposure. A more 
detailed discussion o f  indoor exposure to air contaminants is presented in 
Appendix 111. 

1. btential Sources of huks- 

There are several potential sources that can contribute to indoor 
concentrations of vinyl chloride. These sources include landfills, 
polyvinyl chlor-ide (PVC) products containing residues of vinyl chloride, 
water that contains residues of vinyl chloride and cigarette smoke. For . 
m o s t  homes, these sources are not expected to result in substantially 
elevated indoor levels of vinyl chloride. However, for some homes located 
near landfills, staff believe that landfills may represent the most 
significant contribution to indoor levels of vinyl chloride, 

. There are at least two ways 
that.v.iny1-1s may contribute to indoor 
concentrations of vinyl chloride ip nearby residences: 1) homes that are 
located downwind from landfills can receive vinyl chloride through direct 
outdoor air influx into indoor environments; and 2) landfill gases 
containing vinyl chloride can migrate underground and enter homes through 
substructures. The rate of accumulation of vinyl chloride indoors depends 
on several factors including soil permeability, source strength, air 
exchange rate and structure of the home. In addition, higher indoor 
concentrations may occur because vinyl chloride is more rapidly destroyed in 
outdoor air than indoor air. Outdoor destruction proceeds more quickly 
because vinyl chloride's reaction with hydroxyl radicals is the compound's 
dominant atmospheric removal mechanism and because hydroxyl radicals are 
formed in the presence of direct sunlight. 



Plastic W r i a l s  and W e r  P r o w .  Plastic products made of 
PVC and other vinyl chloride polymers are ubiquitous in most homes. Because 
vinyl chloride monomer can remain in the PVC resin for an extended period of 
time, an indirect source of indoor vinyl chloride emissions may come from 
the release of unreacted vinyl chloride monomer from these plastic products. 

Emissions of unreacted vinyl chloride monomer have been 
substantially reduced due to improvements in monomer stripping technology 
(Wheeler, 1981). In the past, residual vinyl chloride concentrations in PVC 
resins at the time of shipment, were as high as 2000 ppm. Currently, PVC 
resins contain about 10 ppm residual vinyl chloride at the time of shipment 
and may lose vinyl chloride at a rate of 20 to 60 percent per month during 
storage. In addition, most of the vinyl chloride will vaporize and escape 
during the high temperature processes in which PVC resins are melted and 
made into final products. Thus, consumer products made of PVC resins no 
longer contain elevated residual levels of vinyl chloride monomer and. 
therefore, are not expected to be an important contributor of indoor levels 
of vinyl chloride. 

Sour=. Because activities such as using 
water for cooking. heating and showering can promote rapid vaporization of 
vinyl chloride from water, contaminated surface or ground water may increase 
indoor vinyl chloride levels. 

In California, surface water is generally free of vinyl chloride 
(Sharrp, 1987). In assessing gro'und water quality, the California 
Department of Health Services reported, based on a limit of detection of 0.5 
microgramslliter, that one out of ths 2.947 wells for large public water 
systems that were sampled had detectable levels of vinyl chloride (DHS, 
1986). The maximum concentration found in that well was 23 microgramslliter 
with a median value of 20 rpicrogramslliter. Vinyl chloride has not been 
detected in wells used for small public water systems (DHS, 1987). 
Therefore, vinyl chloride in the water supply is not believed to 
significantly impact indoor air concentrations of vinyl chloride. 

ette w. Vinyl chloride has been identified in the smoke 
of cigarettes (1.3 to 16 nanogramslcigarette) and of little cigars (14 to 27 
nanogramslcigar). (IARC. 1986; Hoffmann. Patrianakos and Brunnemann, 1976). 
The vinyl chloride level in the mainstream smoke may be estimated by the 
total inorganic chloride content of the tobacco. However, the contribution 
from tobacco smoke does not appear to have a significant impact on the 
indoor concentration of vinyl chloride. 

Indoor air data can be obtained either by personal air sampling or by 
fixed-site air sampling. In personal sampling, the sampling equipment is 
carried by an individual and air samples are taken wherever the individual 



may be. I n  contrast, f i xed -s i t e  a i r  sampling r e f e r s  t o  a i r  samples taken a t  
f i xed  locations. Personal a i r  sampling data general ly provide a more 
r e a l i s t i c  estimate o f  ind iv idua l  exposure. Because most people spend 80 t o  
90 percent o f  t h e i r  t ime i n  indoor environments, personal a i r  sampling data 
are s t rongly  weighted by indoor a i r  exposure data. 

-. Based on l i m i t e d  personal sampling data. 
i t appears t h a t  indoor a i r  exposure t o  v i n y l  ch lo r ide  i s  low. Nine subjects 
i n  New Jersey and three subjects i n  North Carol ina were monitored f o r  5 t o  
10 hours on three separate occasions f o r  several days over a 6-month period. 
A l l  o f  the 138 a i r  samples taken were below the  LOO which was reported t o  be 
20 ppbv (Wallace e t  al.. 1984). The procedure f o r  ca l cu la t i ng  the  LOO was 
not  described i n  the  paper and the subcontractor who conducted the  
monitor ing could not  be located f o r  h i s  d e f i n i t i o n  o f  LOD. 

e -. For a study conducted i n  Ca l i fo rn ia .  
f ixed-s i te  monitor ing s ta t ions  were I n s t a l  led  t o  monitor indoor and outdoor ' 
a i r  concentrations o f  v i n y l  chlor ide.  Based on the  analysis o f  32 indoor 
samples taken i n  e igh t  homes dur ing t h e  s m w r  season f o r  two twelve-hour 
sampl i ng  periods (daytime and nightt ime). concentrations o f  v i n y l  ch lo r ide  
were a l l  below the  LOD. The samples were analyzed by two ana l y t i ca l  methods 
w i th  LQDs ranging from about 0.2 ppbv t o  58 ppbv 0.55 and 148 micrograms 
meter- ) ( P e l l i z z a r i  e t  al.. 1989). The LOO as de $ ined by P e l l i z a r i  e t  a l .  
i s  a value where the measured s ignal  o f  the  analyte i s  three times t h a t  o f  
the noise o f  t he  instrument. Therefore. values below the  LDD are no t  
reported. 

A s im i l a r  study was conducted i n  Balt imore where indoor a i r  
concentrations o f  v i n y l  ch lo r ide  i n  about 160 hornes were monitored by 
f i xed -s i t e  sampling s ta t ions.  Based on p a r t t a l l y  analyzed resul ts ,  v i n y l  
ch lo r ide  was not  detected i n  indoor a i r  environments. The LOD wjs reported 
t o  range from 10.2 ppbv t o  15.7 ppbv (26 t o  40 micrograms meter- ) 
( P e l l i z z a r i ,  1987). 

Special S i t w n  A i r  M o n i t o r i ~ .  I n  1981. the  SCAQMD co l lec ted  
24-hour bag samples i n  the  v i c i n i t y  of BKK l a n d f i l l .  Over 500 a i r  samples 
were taken a t  two outdoor s i t e s  and a t  f ou r  indoor s i t e s  downwind o f  the  
landf i 11 (SCAQMD, 1982). A1 1 o f  the  samples (approximately 120 samples) 
t h a t  equaled or egceeded the  s ta te  v i n y l  ch lo r ide  standard o f  10 ppbv (26 
micrograms meter ) ware taken ins ide  t h e  residences. The highest resqrded 
indoor v i n y l  ch lo r ide  concentration was 50 ppbv (130 mic~ograms/meter ) . 
The LOO was reported t o  be 2 ppbv (5.2 micrograms meter' ) (see sect ion A, 
Chpater 111 f o r  the  SCAQMD method f o r  ca l cu la t i ng  the  LOD). 

I n  1984, t he  South Coast A i r  Qua l i t y  Management D i s t r i c t  (SCAQMD) 
sampled water meter boxes a t  the  proper ty  l i n e s  of a few homes adjacent t o  
011 Landf i 11 as a screen f o r  l a n d f i l l  gas migration. Water meter boxes are 
below-ground enclosed boxes containing an apparatus which measures the  
amount of water used by a household. The 10 grab samples taken from ins ide  
water meter boxes o f  h m s  adjacent t o  011 L a n d f i l l  showed v i n y l  ch lo r ide  
leve ls  ranging from 13 t o  36000 ppbv. This f i n d i n g  prompted a 1985 South 



Coast Air Quality Management District indoor air grab-sample study which 
showed vinyl chlogide concentrations rangin from 8 to 100 ppbv 20.8 - 260 
micrograms meter' ) in some homes near the ! andfill (SCAQMD, 198 6 ). 
Presently, indoor concentrations of vinyl chloride in these residences are 
be1 ieved to be substantially lower because of the installation of gas 
collectors and flares (Coy, 1987). 011 is now a federal superfund site 
managed by the EPA. . 
E. EXPOSURE THROUGH OTHER ROUTES 

While the main objective of this report is to estimate exposure 
through the air, exposure to vinyl chloride may also occur from the 
ingestion of food and water that contain residues of vinyl chloride. The 
Health and Safety Code specifies that the ARB shall identify the relative 
contribution to total exposure to the contaminant from indoor 
concentrations, taking into account both ambient and indoor environments 
(Ca.1 ifornia Health and Safety Code. 1989). The inclusion of these data 
provide a useful perspective of the overall exposure to vinyl chloride 
through environmental media. The estimated daily dose of vinyl chloride 
from different environmental media are presented in Table 111-7. From the 
table, exposure to vinyl chloride from the indoor air of homes not located 
near landfills, food, and water appears to be minor. However, for people 
living in houses located near landfills. indoor exposure to vinyl chloride 
may represent the major source of total vinyl chloride exposure. The need 
for total exposure assessment and some of the issues and concepts involved 
in total exposure estimates are discussed in Appendix 111. 

The major source of drinking water for California is surface water 
which is nat expected to have detectable levels of the highly volatile vinyl 
chvoride. Ground water used for public water systems is also relativelyl 
free of vinyl chloride with concentrations typically below 0.6 ug liter 
(DHS, 1987, 1986). Based on this information, staff believe that exposure 
to vinyl chloride through drinking water is not important under ordinary 
situations. 

Vinyl chloride is not r&ttinely monitored for in U.S. food 
products. However; before 1973 vinyl chloride was found in food and 
beverages packaged in vinyl chloridf polper materials (IARC, 1979). At 
that time, levels as high as 20 mg' kg- (ppm) of vinyl chloride monomer 
were present in alcoholic beverages packaged in this material. Vinyl 
chloride was also found in edible oils, butterland margarine at 
concentrations ranging from 0.06 - 14.8 mg kg- . In 1986, the Food and Drug 
Administration (FDA) proposed to limit the maximum amount of residual vinyl 
chloride monomer in rigid and semi-rigid food containers to 10 ppbw and the 
maximum amount of vinyl chloride monomer a1 lowed in polymeric coatings and 
films which contact food to 6 ppbw. The regulation was not. promulgated 
because the FDA believed that monomer stripping processes leave no residue 
of vinyl chloride monomer. In 1986. the Food and Drug Administration (FDA) 
estimated that the lifetime-averaged individual exposure to vinyl chloride 



from food and beverages packaged with vinyl chloride polymer materials would 
not exceed 25 nanograms per day (FDA, 1986). An esgimate of today's 
potential for vinyl chloride exposure from food ingestion is not possible 
because, to the ARB'S knowledge, current information on the levels in food 
and food packaging are not available. 

. TABLE 111-7 

Media Daily Dose Reference 

u ' 
Ambient Air. 

not near landfills b 

near landf i 11s <I04 to 780 ug Table 111-1. 1990 

Indoor Air 

homes not near <11 ug 
landfills 

Pellizari et al.. 1989 

homes near landf i 11s up to 2600 ug SCAQMD. 1982 

INGESTION 
Drinking water: 
SurfaceIGround Water . <1 ug DHS. 1986; 1987 

Food including - 
beverages < 0.025 ug FDA, 1986 

a - The assumptions that were used for Table 11-7 are provided in Appendix --- 
111. 

b - The dose from exposure to ambient air not near landfills was not 
calculated because the ARB'S ambient monitoring network has not detected 
vinyl chloride. 
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I V .  

E I N  THE 

A. PHYSICAL PROPERTIES 

The chemical s t ruc tu re  o f  v i n y l  ch lo r ide  (chloroethene, chloroethylene) 
i s  CH = C H C I .  V iny l  ch lo r ide  i s  a sweet smelling, co lor less gas a t  ambient 
tempe?ature and pressure. It polymerizes i n  l i g h t  o r  i n  t he  presence o f  a 
ca ta lys t .  V iny l  ch lo r ide  i s  r e a d i l y  flanmable and forms explosive mixtures 
i n  a i r .  Upon combustion, it i s  degraded mainly t o  hydrogen ch lo r ide  gas 
(HCl), carbon monoxide (CO). carbon d iox ide (CO ) and traces o f  phosgene 
(C1 C.0). V iny l  ch lo r ide  i s  expected t o  v o l a t i ? i z e  r a p i d l y  from water (H20) 
sys?ems. 'Experimental data ind ica te  t h a t  f o r  an i n i t i a l  concentration o f  1 
ppm a t  a so lu t i on  depth o f  6.5 cm and a s t i r r i n g  r a t e  o f  200 rpm, the  . 
average evaporatave h a l f - l i f e  o f  v i n y l  ch lo r ide  a t  a temperature o f  
approximately 25 C i s  27.6 minutes ( D i l l i n g ,  1977). Another study 
determined t h a t  d i s t i l l e d  water spiked w i t h  16 ppm v i n y l  ch lo r ide  l o s t  96 
percent o f  t he  v i n y l  ch lo r ide  w i t h i n  two hours (U.S. EPA, 1974). Although 
i t  i s  soluble i n  ethanol (CH CH20H), i n d u s t r i a l  solvents, and a number o f  
organic l i qu ids ,  v i n y l  chlorqde i s  on ly  s l i g h t l y  so lub le  i n  water. V iny l  
ch lo r ide 's  physical  proper t ies  are shown i n  Table IV -1 .  

B . ATMOSPHERIC PERSISTENCE 

Reaction w i t h  hydroxyl r ad i ca l s  (OH) i s  the  dominant mechanism removing 
v i n y l  ch lo r ide  from the  troposphere (Cupitt .  1980; Atkinson, 1986a). 
Estimates o f  v i n y l  ch lo r ide 's  tropospheric l i f e t i m e  range from 0.5 t o  6.8 
days. However, f o r  reasons provided l a t e r  i n  t h i s  section, ARB s t a f f  
be1 ieve t h a t  a tropospheric l i f e t i r ne  ranging from 1.6 t o  3.9 days i s  
representat ive o f  t y p i c a l  atmospheric condit ions. The r a t e  a t  which t h i s  
react ion proceeds depends on the  tuinperature and the  tropospheric 
concentration o f  both v i n y l  ch lo r ide  and hydroxyl rad ica ls .  The temperature 
dependence o f  t he  reac t ion  r a t e  i s  incorporated i n  the  r a t e  constant f o r  the  
reac t ion  o f  v i n y l  ch lo r ide  w i t h  hydroxyl rad ica ls .  The product o f  the  r a t e  
constant and both species concentrations gives the  r a t e  a t  yh ich v i n y l  
ch lor ide i s  being degraded (Finlayson-Pi t ts and P i t t s ,  1986). 



TABLE I V - 1  

PHYSICAL PROPERTIES OF VINYL CHLORIDE 

Prooert ies Va 1 ue Ref -e 

B o i l i n g  po in t ,  1 Atm 

Molecular weight 

Vapor Pressure, 20 OC 

Sol. i n  water, 2 5 ' ~  

P a r t i t i o n  goeff. 
H201Air 10 C 

Merck Index, 1983 

Merck Index, 1983 

Merck Index, 1983 

Kirk-Othmer , 1980 

McConnell. G ; ,  e t  al. ,  1975 

OctanollH20 P a r t i t i o n  Coeff. 

Spec i f ic  grav i ty ,  2014 OC 

Flash p t .  open cup 

Liq.  Dens. -14.2 Cglcm 3 

Heat capacity, 2 7 ' ~  
- 

Withey. 1976 

Kirk-Othmer. 1980 

Kirk-Othmer. 1980 

CRC Handbook. 1986 

CRC Handbook, 1985 

The tropospheric l i f e t i m e  o f  a compound i s  an estimate o f  the time 
required f o r  a given amount o f  the compound t o  decrease t o  l / e  (0.368) o f  
i t s  o r i g i n a l  concentration ( a t  t ime zero). The tropospheric l i f e t i m e  (7) 

o f  v i n y l  ch lor ide i s  re la ted  t o  the  r a t e  constant (k) and the  hydroxyl 
r ad i ca l  concentration ([OH]) by the  equation (1): 

I n  der iv ing  the above equation, it i s  assumed t h a t  hydroxyl rad ica ls  are a t  
a constant steady s ta te  concentration i n  the  troposphere. 

Estimates have been made f o r  t h e  r a t e  constant r e s u l t i n g  from 
v i n y l  ch lo r ide 's  reac t ion  w i t h  hydroxyl rad ica ls .  Perry e t  a l .  (1977) 
estimated the  absodute r a t e  constants over the temperature range o f  299 
Ke lv in  ( K )  t o  426,K.- The l i m i t i n g  high pressure r a t e  cofftans f o r  a 
temperature o f  299 K i s  estimated t o  be 6.60 = 0.66 x 10 cm molecule-I 
second- . Howard determined r a t e  consgants f o r  the  reac t ion  o f  v i n y l  
ch lo r ide  w i t h  hydroxyl r ad i ca l s  a t  296 K over a range o f  pressure where the 
highest pressure employed had not  reached the  l i m i t i n g  h igh  pressure regime 
(Howard e t  al., 1976). However, when data obtained by Hbward are 
extrapolated t o  the h igh pressure l i m i t ,  t he  r e s u l t i n g  r a t e  constant o f  



approximately 7 x 10-l2 cm3 molecules-' second" i s  i n  good agreement w i t h  
the value reported by Perry (Perry e t  al., 1976). Using a d i f f e r e n t  
technique, a study by Liu, e t  a l .  over the  temperature range o f  313 t o  423 '~  
was also i n  good agreement w i t h  Perry, e t  a l .  (Perry, e t  a1.,1976; Liu, e t  
a l . .  1989). Table IV-2 sumnarizes the  r a t e  constant estimates, atmospheric 
l i f e t i m e  estimates, average tmpera tu re  assumed, and the  method used t o  
estimate the r a t e  constant f o r  the reac t ion  o f  v i n y l  ch lo r ide  w i t h  hydroxyl 
rad ica ls  and ozone (03). 

The 24-hour average hydroxyl r ad i ca l  conc8ntration i g  the  h 

trogosphere has been estimated t o  range from 3 x 10 t o  3 x 10 molecules 
cm- (Hewitt & Harrison, 1985). Because hydroxyl r ad i ca l s  are on ly  present 
dur ing day l ight ,  the  actual  range f o r  daytime concentrations i s  tw ice the 
24-hour averages given above whi le  n ight t ime concentrations are essen t i a l l y  
zero. Prinn. e t  a l .  deriyed the most r e j i a b l e  average hydroxyl r ad i ca l  
concentration o f  7.7 X 10 molecules cm- using the  ambient tropospheric 
concentration and emission inventory o f  methyl chloroform (CH CC1 ) (Prinn, 
e t  a1 . , 1987). Daytime hydroxyl r ad i ca l  concentrations vary 3epeading on 
many fac to rs  inc,luding pho to l y t i c  a c t i v i t y  and the  concentration o f  ozone as 
we l l  as other po l lu tan ts  i n  the  troposphere. 

Using the  r a t e  constaut determined by Perry s t  a l .  f o r  an average 
tropospheric temperature of 299 K tnd a range60f hydroxyl r ag i ca l  
concentrations ranging from 3 x 10 t o  3 x 10 molecules cm' , the  estimated 
tropospheric l i f e t i m e  f o r  v i n y l  ch lo r ide  ranges from: 

6 0.6 days f o r  [OH] = 3 x 10 molecules cm'3 

t o  

5 5.8 days f o r  [OH] - 3 x 10 molecules un-3 

As prev ious ly  indicated, the  concentration o f  hydroxyl r ad i ca l s  i n  the 
troposphere can vary considerably. However, several researchers recomnend6 
24-hour avgrage hydroxyl gadical concentrations which are between 0.5 x 10 
and 1 x 10 molecules an- (Prinn e t  al. ,  1987; Miner, 1978; Singh e t  al., 
1983; Cupi t t .  1980; Cox e t  al.. 1976; Davis e t  al., 1976). By usigg t h i s  
ragge o f  24-hour-jverage hydroxyl r ad i ca l  concentrations (0.6 x 10 t o  1 x 
10 molecules cm ) i n  conjugction w i t h  t he  r a t e  constants determined from 
Perry 's  r a t e  constant a t  299 K, the  r e s u l t i n g  range i n  atmospheric l i f e t imes  
i s  from 1.6 days t o  3.9 days. Using Howard's adjusted r a t e  constant derived 
by ext rapolat ing t o  the  h i  h pre sure l i m i t ,  agd the  same range o f  hydroxyl 
r ad i ca l  concentrations (0.1 x 10' t o  t o  1 x 10 molecules cm- ), the 
atmospheric l i f e t i m e  estimates for  v i n y l  ch lo r ide  ranges from 1.6 t o  3.3 
days. 



TABLE IV-2 

ATMOSPHERIC LIFETIME AND REACT1 ON 
RATE CONSTANT ESTIMATES FOR VINYL CHLORIDE 

~ t m o s p h e r i c ~  
 ate* Temperature L i fe t ime 

Reactant Constant ~~ w RdAcaus 
h l 

- - 

OH 6.6 + 0.66 x 10 -I2 299 FP-RF' 1.6 - 3.gd Perry s t  a l . ,  1977 

O3 2.45 + 0.45 x 10-l9 298 S-FTIR~ 47f Zhang e t  a l . ,  1983 

O3 2.3 x lo-'' NR S-FTIR~ 60 Gay e t  al., 1976 

O3 6.5 x lo-'' 295 S-UVO 4.9 years Sanhueza e t  a l .  1976 

3 a - Rate constant u n i t s  are cm molecule-' second-'. 

b - The atmospheric l i f e t i m e  i s  defined as the time required f o r  a given amount 
of the compound t o  decrease t o  l l e  (0.368) o f  i t s . o r i g i n a 1  concentration 
(a t  time zero). 

c - FP-RF = Flash photolysis, resonance fluorescence. 

d - As~umes a 24-$our average hygroxyl r ad i ca l  concentration ranging from 0.5 x 
10 t o  1 x 10 molecules cm (Cupitt ,  1980). 

e - S-FTIR = S t a t i c  system, Four ier  transform in f ra red  absorption spectroscopy. 

f - Assumes a 24-hour average O3 concentration o f  1 x loi2 molecules 
(Singh e t  al., 1978). 

g - S-UV = S t a t i c  system, u l t r a v i o l e t  absorption. - 

NR- Not Reported 

The i n i t i a l  step i n  the  reac t ion  o f  v i n y l  ch lo r ide  w i th  hydroxyl 
rad ica ls  proceeds by the addi t ion of hydroxyl r ad i ca l  t o  the carbon-carbon 
double. bond. Although subsequent steps i n  the reac t ion  mechanism are unknown, 
react ion products have been i den t i f i ed  (Atkinson, 1986b). The major product 
resu l t i ng  from hydroxyl r ad i ca l  at tack on v i n y l  ch lo r ide  i s  formyl ch lo r ide  
(HCOC1). Within the  experimental e r ro r  o f  two independent studies, the 
reac t ion  o f  one molecule o f  v i n y l  ch lo r ide  w i t h  hydroxyl rad ica ls  was 
demonstrated t o  y i e l d  one molecule of fqrmyl ch lo r ide  ( P i t t s  e t  al., 1984, 
Tuazon e t  al.. 1988). An ARB sponsored study demonstrated t h a t  the y i e l d  o f  . 
formyl ch lor ide from the reac t ion  of hydroxyl rad ica ls  w i t h  v i n y l  ch lor ide i s  
u n i t y  (one molecule o f  formyl ch lo r ide  f o r  each molecule o f  v i n y l  chlor ide) 
w i t h i n  the experimental e r ro r  o f  the study ( P i t t s  s t  al., 1984). The 



observed u n i t  y i e l d  o f  formyl ch lo r ide  impl ies a corresponding u n i t  y i e l d  o f  
formaldehyde (HCHO) and shows t h a t  the  reac t ion  o f  v i n y l  ch lo r ide  w i t h  
hydroxyl r ad i ca l s  proceeds by essen t i a l l y  100 percent cleavage o f  the  double 
bond. Equations (2) through (6) sumnarize the  ove ra l l  reac t ion  scheme which 
seems most l i k e l y  ( P i t t s  e t  al.. 1984). 

OH + CH2=CHC1 -----> HOCH CHCl 2 (2) 

I I 
HOCH2CHCl + NO --------> HOCH CHCl + NO2 2 4 1 

CH20H + O2 --------, HCHO + H02 (6) 

This reac t ion  was confirmed i n  a study by Tuazon, e t  a l .  (Tuazon, e t  al.. 
1988). 

Under atmospheric condit ions, t he  reac t ion  o f  v i n y l  ch lo r ide  w i t h  
ozone i s  not expected t o  be important compared t o  i t s  reac t ion  w i t h  hydroxyl 
rad ica ls  (Atkinson. 1986a; Atkinson and Carter, 1984). Several r a t e  constant 
estimates have been made f o r  t he  reac t ion  o f  v i n y l  ch lo r ide  w i t h  ozone. Based 
on these r a t e  constants, atmospheric l i f e t i m e  estimates range from about 47 
days t o  approximately 5 years (Zhang e t  al., 1983; Sanhuaza e t  al., 1976). 
Table IV-2 sumnarizes the atmospheric l i f e t i m e  and r a t e  constant estimates 
along w i th  other per t inen t  informat ion f o r  v i n y l  ch lo r ide 's  react ion w i th  
ozone. Due t o  t he  v a r i a b i l i t y  among t h e  estimated r a t e  constants, a review 
pub l i ca t ion  made no tecomnendations as t o  the  r a t e  constant f o r  the  react ion 
o f  v i n y l  ch lo r ide  w i th  ozone (Atkinson and Carter. 1984). Furthermore, 
because the  reac t ion  o f  ozone w i th  v i n y l  ch lo r ide  can be complicated by . 
secondary reactions, the r a t e  constants provided i n  Table IV-2 should be 
considered t o  be upper bound l i m i t s .  

Products r e s u l t i n g  from the reac t ion  o f  ozone w i t h  v i n y l  ch lor ide 
i n  the absence o f  scavengers are formyl ch lo r ide  and formic ac id  (HCOOH) 
(Zhang et .  aJ., 1983). Other products r e s u l t i n g  from the  reac t ion  o f  ozone 
w i th  v i n y l  ch lo r ide  include carbon monoxide, carbon dioxide, formaldehyde, and 
hydrochloric. ac id  (Gay e t  a1 . , 1976; Zhang e t  a1 . , 1983). 

A r e l a t i v e  r a t e  technique was recen t l y  employed t o  obta in  a r a t e  
constant f o r  the  gas-phase reac t ion  o f  v i n y l  ch lo r ide  and the  n i t r a t e  
(NO ) rad i ca l  (Atkinson, e t  al.. 1987). Tge r a t e  constant r a t i o  o f  k(N0 + 
v i n j l  ch lo r ide  / k(N0 + ethene) a t  298 + 2 K i s  2.08 2 0.09 w i t h  the  rooA 
temperature r a  1 0  e cons ant f o r  the  reac t ion  o f  t he  n i t r a t e  rad i ca l  w i t h  ethene 



(CH =CH ) is 2.1 X 10-16cm3molecule-1second~~6 Sombining tpe two mfasured 
rat& liads to a rate constant of 4.4 X 10 cm molecule- second at 298 5 
2 K for k(N0 + vinyl chloride). The measured average lower tropospheric 
nitrate radizal concentration over continental areas ranges from less than 1 
ppt to 438 ppt (Atkinsog, et al., 1986). Assuming an average value of 10 ppt 
(2.4 X 18 molecule cm ) 2 10 would give a vinyl chloride lifetime of 220 
days with respect to reactions with the nitrate radical. 

As stated, the most important atmospheric removal mechanism for 
vinyl chloride is its daytime reaction with hydroxyl radicals. Vinyl chloride 
does not absorb in the actinic ultraviolet region, hence photolysis need not 
be considered. 

Little is known about the formation of vinyl chloride in the 
atmosphere. However, under experimental conditions, vinyl chloride has been 
shown to be a photodissociation product of 1,2-dichloroethane (CH C1CH2Cl) 
(Yano and Tschulkaw-Roux. 1980). In the study, 1.2-dichloroethaie 
photodissociated when irradiated with ultraviolet light at 147 nanometers (nm) 
under pressure and in the presence of nitrous oxide (NO) and carbon 
tetrafluoride (CF4) additives. Although it was not the purpose of the study 
to identify vinyl chloride formation pathways, vinyl chloride was one of the 
photodissociation products. Since wavelengths of ultraviolet light below 290 
nm do not reach the troposphere. this formation pathway is not. important for 
vinyl chloride in the atmosphere. 
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APPENDIX I 

SCAQMD'S ANALYTICAL METHOD FOR SAMPLING AND ANALYSIS 
OF ATMOSPHERIC VINYL CHLORIDE 
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local nightly drainage patterns will also be sampled. All 

sampling locations must be appro&ed by the Executive Officer 

prior to sampling. - - 

SAMPLING CONDITIONS 

Ambient air sampling will be conducted on days when stable 

(offshore drainage) and unstable (onshore sea breeze) 

meteorological - conditions .- are representative for the season,. 

Preferable sampling conditions are characterized by the 

following meteorological conditions: 

1. Clear cool nights with wind speeds two (2) miles per 

hour or less. 

2 .  Onshore sea breezes with wind speeds 10 miles per hour 
. 

or less. 

No sampling will be coqducted if the following adverse 

meteorological conditions exist: 

. 1. Rain - - 

2 .  Average wind sped6 -eater than 15 miles per hour- - 
for any 30 minute p a i ~ d .  

3 .  YIMntaneous wind speed. =eater than26 dl- Per 
* 

Continuously ,. recorded.on site wind speed and direction 

nuasurements will characterize the ~icrometeorolo~ of M si+. . 
and s e m e  to verify that the 'ineteorological criteria have b u n  . 



met during -. sampling. 

EQUIPMENT DESCRIPTION - 

An ambient a i r  sampling u n i t  cons i s t s  of a 10- l i t e r  Tedlar 

(Dupont t r ade  name f o r  polyvinyl f luor ide)  bag, a DC operated 

pump, s t a i n l e s s  s t e e l  cap i l l a ry  tubing t o  control  t h e  sample 

r a t e  t o  t h e  bag, a bypass valve t o  control  the sample flow rate 

(and minimize back pressure on the  pump), a rotameter f o r  flow 

indica t ion  t o  a id  i n  s e t t i n g  t h e  flow, a 24-hour clock t i m e r  t o  

shut  off t he  sampler a t  the  end of t h e  24-hour sampling period, 

and associated tubing and connections (made of s t a i n l e s s  steel, 

t e f l o n ,  or  boros i l i ca te  g lass  t o  minimize contamination and 

react iv i ty) , .  The, physical layout of t h e  sampler is shown i n  
. . . .,. 

Figure 5 (see  Appendix A ) .  

EQUIPMENT SPECIFICATIONS 

A. Power -- one 1 2 ~  DC marine bat tery  

The marine battery provides 1ZV DC t o  the pump and the clock. 
- 

B. Pump -- one 12V DC pump . 
The diaphragm is A d e  of non-lubricated Viton (Dupont trade - 
name f o r  cotpolymer of hexaflwmprapylene and vinylidene 

fluoride)' .rubber. The maximum pump unloaded flow 'rate is 



4 . 5  liters per  minute. 

C. Bag -- one 10-liter Tadlar baq with a valve . . 
TEDLAR BAG IS  ENCLOSED I N  A LIGHT-SEALED CARDBOARD BOX TO 

PREVENT PHOTOCHEMICAL REACTIONS FROM OCCURING D U R ~ N G  SAMPLING 

AND TRANSPORTATION. The valva is a push-pull type constructed . 

of aluminum and s t a i n l e s s  e t e e l ,  with a Viton o-ring sea l .  

D . ~ o t  ameter 

Rotameter is made of boros i l i ca ta  g l a s s  and has a flow range 

of 3 t o  50 cubic centimeters per minute. The scale is i n  

mill imeters with major graduations (labeled) every 5 mm and 

minor graduations every 1 mm. 

E. A i r  flow control o r i f i c e  -- 316 s t a in l e s s  steel cap i l l a ry  

tubing 

F. Bypass valve 
\ 

G. Fi t t i ngs ,  tubing, and connectors -- 316 s t a i n l e s s  steel o r  

t e f lon  

H. Clock timer 

Accuracy should be b e t t e r  than 1%. 

I. Wind speed and di rec t ion  inonitor w i t h  continuous recorder 

1. Wind speed -- 3 cup assembly, range 0 - 50 miles per  

hour with a threshold of 0.75 mile per hour o r  less. 

2 .  Wind di rec t ion  - vane, range 0 - 540,degrees with a 

threshold of 0.75 'mile par hour o r  less. 



SAMPLING PROCEDURES 

Ambient air samples will be collected at the perimeter of - - --- . --.. - - . 
landfill over a 24-hour period beginning between 10 A.M. and 

11 A.M. using the above described self-contained portable 

sampling units. The samplers will be placed at the approved 

locations as described ~reviously. One or more wind speed and -- - - 
direction monitors with continuous recorders will be installed 

and operated in areas approved'by the Executive Officer to 

measure wind speed and direction throughout the entire sampling - - 
period. The wind direction transmitter must be oriented to true -- 
north using a compass. 

The followina aualitv control urocedure is recruired for the 

ambient air sampling operation: 
- 

A. ~.ssign an identification number to each sarmpling bag. 

8. Clearly mark sampling locations on a landfill topographic 

map whichis drawn to scale. 

C. Document the date and time that the bag was put into 

operation, the sampling location, and the date and time 

that it was pulled from service. 

D. Check the clock timer. The clock time and the actual t h e  
'. 

should agree within 2 3 minutes. 



E. Check whether o r  not  t h e  p u p  is running. 

F. Check the rotameter r e a d i ~ g .  The f l o a t  (measured a t  t h e  

middle)  should be within  +3 and -6 minor graduat ions  of - 
t h e  marked s e t t i n g  f o r  6.0 cubic cent imeters  pe r  minute. 

I f  the rotameter s e t t i n g  exceeds the above l i m i t s  a d j u s t  

t h e  bypass valve t o  c o r r e c t  the flow rate. Make s u r e  

t h a t  t h e  flow has s t a b i l i z e d  ( a t  l e a s t  three minutes a t  

cons tan t  flow) s i n c e  t h e r e  may be a lag t i m e  between the 

adjustment and f i n a l  flow. 

G. Check whether t h e  bag va lve  is i n  the open pos i t i on .  I f  

t h e  va lve  is i n  t h e  c losed pos i t i on  open the valve and 

and record t h e  time on t h e  q u a l i t y  con t ro l  shee t .  

H. Remove t h e  bag f o r  analyses  a t  t h e  end of the 24-hour 

per iod.  KF+P THE BAG I N  A LIGHT-SEALED CONTAINER AT ALL 

TIMES. 

Data f o r  each -- sample co l l ec t ed  must be en te red  on a q u a l i t y  

c o n t r o l . s h e e t  - . . - . . - - - . . . . - - a s  .. . . - shown . . - - . - i n  . - Figure 3 ( s e e  Appendix A ) .  P r i o r  t o  

use ,  the  Tedlar  bags should be evacuated and f i l l e d  with 

p u r i f i e d  n i t rogen  t h r e e  times t o  f lu sh  ou t  t h e  old  sample. 

Before sending t h e  bags i n t o  t h e  f i e l d ,  they should be checked 

t o  make s u r e  t h a t  the vacuum has been maintainhd. Remove .grsa 

s e r v i c e  any bag t h a t  has experienced any l e a k a p .  . - 



ANALYTICAL PROCEDURES 

Bag samples collected must be analyzed within 72 hours of - - - 
collection, or shorter period if notified by the Executive - . - . . . - - .- - - - - - - - - - -- - - - - 
Officer, for total organic compounds and toxic air-Contaminants 

using analytical methods identified in Table 1 (see Appendix A) 

or equivalent methods approved by the mecutive Officer. NOTE 

THAT ALL BAG SAMPLES MUST BE KEPT IN LIGHT-SEALED CONTAINERS TO 

AVOID PHOTOCHEMICAL REACTIONS. 

REPORTING OF THE RESULTS 

The following data must be submitted to the Director of -. - -- --- ---- 
Engineering within 45 days after the end of the quarterly - -. - - -- - 
reporting period' for the landfill or 45 days after the -- . - - ---- .- -- 
analytical result; are available whichever is sooner. A 

different submittal time may be implemented upon approval of the 

Executive Cf f icer. 

- 
A. vblume concentration of total organic compounds (reported 

- as methane and total non-methane hydrocarbons). 

B. Volume concentration of toxic air contaminants identified 

in these guidelines. 

C .  Barometric sea level prossure (inches of mercury) on tht? days 

the samples were collee+%d. If a barometer is not available. 

at the landfill site, use the National Weather Service data 

at the nearest station. 



D. Wind speed and direction data. 

E. A drawn to scale landfill~.topographic map w i t h  sampling 

locations clearly marked and numbered. - 
F. Quality control data sheets. 



VINYL CHLORlDE ANALYSIS -- METHOD A 

Instrument: Hewlett '~ackard 5700A Gas Chromatograph 
- 

Detector: Flame Ionization 

Injection System: Two Carle valves, a 10-port and a 4-port, 

are plmbed to contain a 4 m l ,  1/4" stainless 

steel sample loop with pre-column, back-flush 

and pressure balance. See Figure D for 

valve plumbing. 

GC Conditions: 

Detector Temp. - ZOOOC 

Oven Temp. - 60°c 
\ 

Analytical Column - 6'  x 1/4" ss, Chromosil 310, 60/80 mesh 

Pre-Column - 6'  x 1/8" ss, Durapack n-octane/Porasil C, 

100/i20 mesh 

Carrier Gas - 80/100 ml/min nitrogen - 

Da-ta Gathering: A.Hewlett Packard 3388A Integrator is used to 

calculate concentration by peak area comparison 

to an external standard. - 
Valve Timing: Timing and switching events are performed by the 

integrator. 1.4 minutes after injection both valv( 

are switched to the back-flush or initial position: 



VALVE 

CARRIER IN I 

F I G U R E  C :  
V a l v e  P l  umbi .2  



Standard: Approximately 1 ppm vinyl chloride is prepared by Scott 

Environmental Technology and certified to 22% analysis. 

- 
Range: 2 ppb to 1% vinyl chloride 

Accuracy: :: 1 ppb in the range 2 - 50 ppb, + 2 in a s  range 50 

ppb to 1% 
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DESCRIPTION OF GLEIT'S METHOD 

G l e i t ' s  method accounts f o r  the concentrations below the LOD* by 

s e t t i n g  them equal t o  the 'below-LOD mean" ~ L O D .  the  mean o f  the  po r t i on  

o f  the normal d i s t r i b u t i o n  below the  LOO. Set t ing  the  unknown 
concentrations t o  t h e i r  average value seems i n t u i t i v e l y  reasonable, and the  

simulations reported i n  G l e i t ' s  paper show t h a t  h i s  method i s  more accurate 

than other comnonly used approximations. 

The below-LOD mean o f  a normal d i s t r i b u t i o n  o f  a var iab le  w i t h  a l i m i t  
o f  detect ion L i s  given, i n  terms o f  L and the  mean p and the  standard 

dev ia t ion  u o f  t he  d i s t r i bu t i on ,  by equation 1: 

I n  equation ( I ) ,  f and F are, respect ively,  the  p r o b a b i l i t y  dens i ty  

f unc t i on  and cumulative d i s t r i b u t i o n  f unc t i on  o f  t he  standard normal 

d i s t r i b u t i o n .  The "Estimated Concentrations f o r  Samples Below the LOO' 

reported i n  Table 11-2 are the below-LOD means o f  the  assumed lognormal 

d i s t r i b u t i o n s  o f  the  concentrations: These below-LOD means are computed 

from equation (2) i n  terms o f  parameters o f  the  associated normal 

d i s t r i b u t i o n :  the  LOD L, t he  mean concentration from Table 11-2, and the 

estimated standard dev ia t ion (which i s  not  tabulated). 

We now describ; how G l e i t ' s  method egtimates t he  mean and variance o f  

the assumed normal d i s t r i bu t i on .  The mean and variance cannot be estimated 

by merely subs t i t u t i ng  i n t o  standard formulas, i f  below-LO0 concentrations 

are t o  be set t o  the  below-LOD mean. On the  one hand, the  mean and 

variance must be known i n  order t o  ca lcu la te  t he  below-LOD mean from (1); 
on the  other hand, the  below-LOD mean must be known i f  it i s  t o  be used i n  

' t h e  ca l cu la t i on  o f  the  mean and variance. S t a t i s t i c a l  theory, by assert ing 
t h a t  a " b e s t - f i t t i n g "  mean and variance f o r  the  d i s t r i b u t i o n  ex is t ,  

provides a, way out o f  t h i s  dilemma. G l e i t  uses a simple i t e r a t i v e  



procedure t o  compute these b e s t - f i t t i n g  parameters. Since h i s  procedure 
can be simply described i n  words, a w r i t t e n  descr ip t ion i s  given, 

supplemented where necessary by equations w r i t t e n  i n  a no ta t ion  more 

convenient than G l e i t ' s .  

S ta r t i ng  w i t h  i n i t i a l  guesses p(0) and u2(0) f o r  the  mean and 

variance, the procedure repeatedly generates new estimates o f  the  mean and 

variance by the two-step computation described below u n t i l  successive 

estimates o f  the  mean and variance converge s u f f i c i e n t l y  (The K-th p a i r  o f  

estimates are denoted by p (K )  and I?(K).). The two steps are: 

(a) the- K+1-st below-LOD mean bLOD(K+l)  i s  computed by 
subs t i t u t i ng  p ( K )  and u ( K )  ( the square r o o t  o f  u2(~) )  i n t o  

equation (1). 

(b)  The K+l-st  estimate o f  the mean, p(K+l) ,  i s  computed i n  the 

usual way w i t h  bLoD(K+l) subst i tu ted f o r  the sample values below 
the LOD. The K+1-st estimate o f  the variance, $(~+1) ,  i s  a lso computed 

i n  the usual way, w i t h  an analogous subs t i t u t i on  f o r  sample values below 

the LOD: the squared deviat ions from the mean o f  concentrations below the. 

LOD are set equal t o  the  average squared dev ia t ion from the mean o f  the  

below-LOD por t ion  o f  the d i s t r i bu t i on .  

Let the N sample items be X(1).  ...., X(N), and l e t  p be the number o f  

sample items below the LOD. p(K+l) i s  computed by: 

p(K+l)  = ( l I N )  Z Y(J), where Y(J)=X(J) i f  X(J) R L 
and Y(J)= hLOD(K+l )  otherwise - 

2 u (K+l) i s  computed by: 

u 2 ( ~ + l ) = ( l l ~ )  1: D2(5), where D'(J)=(x(J) - p ( ~ + l ) ) ~  
2 (K+ l )  otherwise. i f  X(J) L, and D (J)= u BLOD 



2 The q u a n t i t l y  uBLoo(K+1), the average squared dev ia t ion o f  the  

below-LOD po r t i on  o f  the  d i s t r i bu t i on ,  i s  computed from the  fo l low ing  

equation: 

2ff BLOD(K+l)= Q ~ ( K ) * c ~ - z ( K ) * ( ~ ( z ( K ) ) / F ( z ( K ) )  11. 
where Z(K)=( (L-p(K))/u(K) ). 

G l e i t ' s  method near ly  always converges i n  a few steps unless there are 

only a few d i s t i n c t  values above the  detect ion l i m i t ,  i n  which case it may 

converge very slowly. G l e i t ' s  method and c lose ly  re la ted  methods appear t o  

be the best ava i lab le  estimators o f  the  mean when the  sample includes 

values below the  LOD. as i s  demonstrated by the  simulations reported i n  

G l e i t ' s  paper. 

* See Appendix VII f o r  the  ARB Monitor ing and Laboratory D iv is ion 's  method 

f o r  ca l cu la t i ng  the  LOD and Section A. Chapter I11 f o r  the  South Coast A i r  

Q u a l i t y  Management D i s t r i c t  laboratory 's  method f o r  ca lcu la t ing  the  LOD. 
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INDOOR AIR EXPOSUREIOTHER ROUTES OF EXPOSURE ASSESSMENT 
FOR VINYL CHLORIDE 

Health and Safety Code Section 39660.6 directs the Board. in its toxic 
air contaminants identification process, to assess exposures to toxic air 
contaminants in indoor as well as outdoor environments. Indoor exposure 
assessment has become increasingly important as an integral part of air 
exposure assessment because (ARB 1987, 1989): 

1. people spend a predominant proportion of their time indoors; and 

2. personal and indoor air monitoring data indicate that some pollutant 
concentrations are regularly higher indoors than outdoors. 

,Indoor air exposure data, combined with outdoor air exposure data, can 
provide a realistic estimate of personal exposure through the air environment. 
A more detailed discussion of indoor air exposure is contained in Appendix A. 

Indoor air data can be obtained either by persona.1 air sampling or by 
fixed-site air sampling. In personal sampling, the sampling equipment is 
carried by an individual and air samples are taken wherever the individual may 
be. In contrast, fixed-site air samplings refer to air samples taken at a 
fixed location. Personal air. sampling data generally provide a more realistic 
estimate of individual exposure. Since most people spend 89-90% of their time 
in indoor environments, personal air sampling data are strongly weighted by 
indoor air exposure data. 

While the main objective of this report is to define exposure through the 
air, this report also Presents personal exposure data through other media. 
The inclusion of these data will provide an useful perspective of the overall 
exposures to toxic air contaminants through environmental media. , The need for 
total exposure assessment and some of the issues and concepts involved in 
total exposure estimates are discussed in Appendix B. - 
11. AIR W U R E  TO VINY- 

A. PERSONAL AIR SAMPLING 

Personal air sampling data for most organic compounds come from the Total 
Exposure Assessment Methodology (TEAM) studies conducted by the Environmental 
Protection Agency (EPA) during 1980-85 (Wallace, 1987; USEPA 1987a.b; Wallace 
& Clayton. 1987; Wallace U., 1986; Pellizzarl u., 1986). Although 
vinyl chloride was included in the initial pilot study (Phase I) of the TEAM 
project, vinyl chloride was deleted from the subsequent main studies (Phase 11 
and 111). The deletion of vinyl chloride was due to two factors (Pellizzari. 
1987). First, Tenax, the m s t  cost-effective sampling 



medium which could collect a number of compounds of concern, was not suitable 
for vinyl chloride collection. In addition, the alternative sampling method 
used to collect vinyl chloride in the pilot study did not provide the required 
reliability for detecting low vinyl chloride concentrations. 

Consequently, the pilot study provides the only available personal air 
sampling data for vinyl chloride. Based on this limited information, indoor 
air exposure to vinyl chloride is apparently low. In monitoring nine subjects 
in New Jersey and three from North Carolina for several days on three separate 
visits over a 6-month period, a11 of the 138 air samples (collected in 5 to 10 
hour sampl ing priods) were below the reported 1 imit of detection (LOD 
ppb (51 ug/m ) (Wallace atpl. 1984). The procedure for calculating 1 he Of 20 
LOD was not described in the paper and the subcontractor who conducted the 
monitoring could not be located for the information. 

0. FIXED-SITE AIR SAWLING 

As part of a recent follow-up TEAM study in California, fixed-site 
monitoring stations were installed to monitor indoor and outdoor air 
concentrations of a number of organic compounds (Pellizzari, st al.. 1989). 
Specially designed stainless steel canisters were used for collecting vinyl 
chloride air samples from homes in the Los Angeles area for two seasons. Ten 
homes were sampled in the Winter season and eight of the original homes were 
sampled in the Sumner season. Canister air samples were collected indoors and 
outdoors at each home during two, 12-hour periods. Samples obtained in the 
Winter season did not provide reliable data due to technical problems. All 
outdoor or indoor samples, a total of 32 samples, obtained in the Sumner 
season indicated that vinyl chloride air concentrations were below the limit 
of detection. The samples were analyzed by two analyti~al methods with limits 
of detection at about 0.2 and 58 ppb (0.66 and 148 uglm ), respectively. The 
LOD, as defined by Pellazzari, u., is a value where the measured signal of 
the analyte is three times that of the noise of the instrument. Therefore. 
values below the LOD are not reported. 

A similar TEAM study was conducted in Baltimore. Indoor air 
concentrations of vinyl chloride in about 160 homes were monitored by fixed- 
site sampling stations. Based on partially analyzed results, vinyl chloride 
was not detected in indoor air environments. The limit30f detection was 
quoted by the researcher as 10 to 16 ppb (26 to 40 uglm ) (Pel 1 izzari, 1987). 

C. SPECIAL SITUATION AIR MONITORING 

In 1981, the South Coast Air Qua1 ity Management District (SCAQMD) 
collected 24-hour bag samples in the vicinity of the BKK landfill (a Class I 
site) in West Covina. A total of more than 500 air samples were taken at two 
outdoor sites and at four sites inside downwind residences (SCAQMD, 1982). 
All the samples (24% of the total sampled) that equalej or exceeded the state 
vinyl chloride air quality standard of 10 ppb (26 ug/m ) were taken inside the 

1 1 ug/m3 x (0.02461MW) x lo3= 1 ppb 



residences. 3he highest recorded indoor vinyl chloride concgntration was 50 
ppb (130 uglm ). The limit of detection was 2 ppb (5.2 uglm ) (see Section A. 
Chapter I11 for the SCAQMO method of calculating the LOD). 

In late 1984, the SCAQMD staff screened for landfill gas migration from 
Operating Industrial, Inc. (011) Landf i 1 1  by taking about ten grab-samples 
inside the water meter boxes of residences adjacent to the landfill (SCAQMO, 
1985a). A water meter box is a below-ground, enclosed box containing an 
apparatus which measures the amount of water used by a household. Grab 
samples from the water meter boxes showed vinyl chloride concentrations 
ranging from 13 to 36000 ppb (31.2-93600 uglm ). In 1985, the SCAQMD (1985b) 
conducted further monitoring by grab-samples inside some of the residences and 
foung indoor vinyl chloride air concentrations at 8 to 100 ppb (20.8 to 260 
uglm ) .  Present indoor concentrations of vinyl chloride in these residences 
near 011 landfill may be lower since monitoring of water meter boxes has not 
detected significant levels of landfill gases due to improvements in 011's 
landfill gas collection system (Coy. 1987). 

C. SUMMARY 

Except for houses near landfills, the vinyl chloride concentration in 
indoor air appears to be low. However, this conclusion is based on the 
evaluation of a very limited database. In addition, the sampling and 
analytical procedures for vinyl chloride indoor air monitoring are less than 
satisfactory as evidenced by the wide rang3 for reported limits of detection. 
The 1 imit of detection, 0.2 ppb (0.55 uglm ), reported in the latest 
California TEAM study appears to be the most reliable. This limit of 
detection will be used to estiinate the upper limit exposure for houses not 
adjacent to landfills (see Section I1 B of this appendix for the TEAM study 
method of calculating the LOO). 

For houses near landfills, the measured high indoor vinyl chloride air 
concentrations may indicate the potential impact of nearby emission sources to 
indoor environments. A more detailed discussion of landfill emissions as a 
source of indoor vinyl chloride is presented in section III(C). 

111. POTENTIAL S W F S  OF IND- - 

A. PLASTIC MATERIALS AND CONSUMER PRODUCTS 

Vinyl chloride has not been used in any consumer products since 1974 when 
vinyl chloride was banned as a propellant in household aerosol products and as 
an ingredient of drug and cosmetic products (IARC, 1979). 

Because of its versatility, plastic products made of polyvinyl chloride 
(PVC) and other vinyl chloride polymers are ubiquitous in any household. 
Before being made into different products, PVC polymer is in the form of a 
resin that is made by chemically linking the vinyl chloride molecules. 
Individual vinyl chloride molecules are also called vinyl chloride monomer ' 

(VCM). Unreacted VCM can remain in the PVC resin for some time depending on 
the initial amount of the unreacted VCM. Therefore, an indirect source of 
vinyl chloride indoors may come from the release of unreacted VCM from these 
plastic products. For example, during.1975 to 1976. VCM concentrations 



ranging from below 2 ppb t o  1.2 ppm (5.2 t o  3.077 ug/m3) were measured i n  
automobi l e  i n t e r i o r  a i r  space under exper (mental condi t ions (U.S.EPA, 1976; 
1977). 

Emissions o f  unreacted VCM have been grea t l y  reduced due t o  improvements 
i n  monomer s t r i pp ing  technology (Wheeler, 1981). I n  the  past, res idual  VCM 
concentrations i n  thg PVC res ins a t  the  t ime o f  shipment ranged as high as 
2000 ppm (5,128 mg/m ). Currently, PVC res ins  contain about 10 ppm (26 mg/m3) 
res idual  VCM a t  the  t ime o f  shipment and may lose VCM a t  a r a t e  o f  20 t o  50% 
per month dur ing storage. I n  addi t ion,  most o f  the VCM w i l l  vaporize and 
escape dur ing the  h igh temperature processes i n  which PVC res ins are melted 
and made i n t o  f i n a l  products. Thus, comnercial products made o f  PVC resins do 
not now contain s i g n i f i c a n t  res idual  v i n y l  ch lo r ide  f o r  l a t e r  emission. 

B. VAPORIZATION FROM WATER SOURCES 

Water can serve as a medium t o  car ry  po l lu tan ts  from outdoor t o  indoor 
environments. Once i n  contact w i t h  a i r  indoors, v o l a t i l e  chemicals such as 
v i n y l  ch lor ide can leave the water and enter the a i r .  Human a c t i v i t i e s  such 
as using water f o r  cooking, heating o r  showering can promote rap id  
vapor izat ion o f  v i n y l  ch lo r ide  from water. I n d u s t r i a l  solvent contaminated 
surface or ground water may, therefore,  b r i n g  outdoor v i n y l  ch lor ide indoors 
v i a  the water supply. 

I n  Ca l i fo rn ia ,  surface water i s  general ly f r e e  o f  v i n y l  ch lor ide (Sharrp. 
1987). I n  assessing ground water qua l i t y ,  the Ca l i f o rn ia  Department o f  Health 
Services (CDHS. 1986) reported tha t  only one out o f  the 2.947 wel ls  f o r  large 
pub l i c  water systems was contaminated w i t h  v i n y l  chlor ide.  The maximum 
concentration found i n  t ha t  we l l  was 23 u g / l  w i t h  a median value o f  20 u g l l .  
V iny l  ch lor ide has not been detected i n  we l l s  used f o r  small pub l i c  water 
systems (CDHS. 1987). The l i m i t  o f  detect ion o f  v i n y l  ch lo r ide  i n  water i s  
0.5 u g l l .  Based on t h i s  information, v i n y l  ch lor ide i n  the  water supply w i l l  
have an i n s i g n i f i c a n t  impact on the  indoor v i n y l  ch lo r ide  a i r  concentration. 

C. VINYL CHLORIDE FROM LANDFILL GAS 

Homes b u i l t  on o r  near l a n d f i l l s  containing v i n y l  ch lo r ide  or re la ted  
ch lor inated hydrocarbons may have high indoor a i r  concentrations o f  v i n y l  
chlor ide.  V iny l  ch lor ide emission from l a n d f i l l s  can be-caused by the 
vapor izat ion o f  v i n y l  ch lo r ide  t h a t  was o r i g i n a l l y  disposed there. Class I 
l a n d f i l l s  t ha t  are designated f o r  t o x i c  waste are l i k e l y  t o  contain v i n y l  
ch lo r ide  waste. I n  addi t ion,  microb io log ica l  conversion o f  ch lor inated 
hydrocarbons can produce and emit v i n y l  ch lo r ide  s i U  (Molton, Hal len and 
Pyne, 1987). 

Wood and Porter (1987) rbported t h e i r  evaluations o f  over 20 Class I1 
landf i 11s tha t  are designated on ly  f o r  municipal waste. Ninety percent o f  
these l a n d f i l l s  contained measurable amounts o f  v i n y l  ch lo r ide  and the 
concentrations a t  h a l f  o f  these l a n d f i l l s  were above 1000 ppb (2.564) ug/m ).  
These high concentrations were measured by grab-sampl ing, an ins tan t  f i 1 l i n g  
o f  a t w o - l i t e r  evacuated f lask.  a t  ground leve ls  o r  a t  l a n d f i l l  gas co l l ec t i on  
points.  For f i v e  o f  the  l a n d f i l l s .  24-hour bag sampling was also conducted. 
Only one o f  these f i v e  l a n d f i l l s  produced mbasurable 24-hour concentrations of 
v i n y l  ch lor ide o f f - s i t e .  



There are a t  leas t  two ways t h a t  v i n y l  ch lo r ide  from l a n d f i l l s  may 
cont r ibute t o  indoor v i n y l  ch lo r ide  concentrations o f  nearby res iden t i a l  
houses. F i r s t ,  houses t h a t  are located downwind from l a n d f i l l s  can receive 
v iny  1 ch lo r ide  through d i r e c t  outdoor a i r  i n f l u x  i n t o  indoor environments. 
Secondly, l a n d f i l l  gases, carry ing v i n y l  chlor ide,  can migrate underground and 
enter houses through substructures. The r a t e  o f  accumulation o f  v i n y l  
ch lo r ide  indoors depends heav i l y  on the  s o i l  permeabil i ty, source strength, 
a i r  exchange r a t e  and s t ruc tu re  o f  the house. Higher indoor than outdoor 
v i n y l  ch lo r ida  concentrations may occur because v i n y l  ch lo r ide  i s  more r a p i d l y  
destroyed i n  outdoor than indoor a i r .  Outdoor dest ruct ion proceeds more 
qu ick ly  because v i n y l  chlor ide's reac t ion  w i t h  hydroxyl rad ica ls  i s  the  
compound's dominant atmospheric removal mechanism and because hydroxyl 
rad ica ls  are formed i n  the  presence o f  d i r e c t  sunl ight .  

As discussed i n  Section I I (B ) ,  houses located near Class I l a n d f i l l s  had 
higher indoor than outdoor a i r  concentrations o f  v i n y l  chlor ide.  The 
accumulation o f  h igh v i n y l  ch lo r ide  concentrations i n  the  watar meter boxes 
indicated t h a t  l a n d f i l l  gas containing v i n y l  ch lo r ide  can migrate underground 
and enter nearby indoor environments. Control led release o r  combustion o f  
l a n d f i l l  gas on s i t e  may slow down v i n y l  ch lo r ide  subterranean migration. 

D. OTHER FACTORS THAT MAY INFLUENCE INDOOR CONCENTRATIONS 

A minute amount o f  v i n y l  ch lo r ida  has been i d e n t i f i e d  i n  the  smoke o f  
c igaret tes (1.3-16 ng lc igaret te)  and o f  l i t t l e  c igars  (14-27 ng lc igar)  (IARC, 
1985; Hoffmann, Patrianakos and Brunnemann, 1976). The v i n y l  ch lo r ide  l eve l  
i n  the mainstream smoke may be determined by the  t o t a l  inorganic ch lo r ide  
content o f  the  tobacco. The con t r ibu t ion  from tobacco smoke appears t o  have 
i n s i g n i f i c a n t  impact on the indoor a i r  concentration o f  v i n y l  chloride. 

E. SUMMARY 

I n  general, there are very few, minor emission sources o f  v i n y l  ch lo r ide  
indoors. However, houses t h a t  are s i tua ted  near l a n d f i l l s  may accumulate 
v i n y l  ch lo r ide  i n  the  indoor environment due t o  subterranean gas migrat ion and 
d i r e c t  a i r  i n f i l t r a t i o n .  Some o f  these houses may have indpor a i r  leve ls  o f  
v i n y l  c t i lo r ide higher than the  State o f  C a l i f o r n i a  Ambient A i r  Q u a l i t y  
Standard f o r  outdoor v i n y l  chloride. 

The r e s u l t s  from the SCAQMD's f i v e  hundred 24-hour bag samples t e 
highest measured 24-hour averaged concentration was 50 ppb o r  130 ug j 9  m ) can 
be used t o  estimate the  upper l i m i t  of indoor a i r  exposure t o  v i n y l  ch lo r ide  
i n  houses near l a n d f i l l s  (SCAQMD, 1982). The resu l t s  obtained by grab-sample 
monitoring, however, are not  necessar i ly  r e f l e c t i v e  o f  long-term indoor 
exposure t o  v i n y l  chlor ide.  



IV. OTHER ROUTES OF VINYL 

A. WATER INGESTION 

The major source of drinking water for California is surface water which 
does not have detectable vinyl chloride concentrations. Ground water used for 
public water systems is also relatively free of vinyl chloride (COHS, 1987, 
1986). The detectable limit of vinyl chloride in water is 0.5 ugll (0.5 ppb). 
Based on this information, vinyl chloride exposure through drinking water is 
judged to be insignificant under ordinary situations. 

B. FOOD INGESTION 

Vinyl chloride is not one of the compounds that have been monitored 
routinely in U.S. food and food products. However, before 1973, vinyl 
chloride was found in food and beverages marketed in vinyl chloride polymer 
containers or packaging materials (IARC. 1979). At that time, levels as.high 
as 20 mglkg (ppm) of vinyl chloride monomer were present in alcoholic 
beverages packaged in this material. Vinyl chloride was also found in edi-ble 
oils, butter and margarine at 0.05-14.8 mglkg. 

When cleaner PVC resins became available after 1975. vinyl chloride 
polymer containers contained only about 10 ppb of residual vinyl chloride 
monomer. In its recent rule-making proposal, the Food and Drug administration 
(FDA) (1986) estimated vinyl chloride exposure from food and beverages 
packaged with vinyl chloride polymer materials. These materials include 
liquor bottles, wine bottles, oil bottles, vinyl chloride homopolymer film. 
and materials made with vinyl chloride-vinylidene chloride copolymers. Based 
on a conservative approach, the FDA's estimated lifetime-averaged individual 
exposure to vinyl chloride would not exceed 25 nanograms per day. 

The estimated daily dose of vinyl chloride from different environmental 
media are presented in Table 1. From the Table, exposure to vinyl chloride in 
general indoor air, food and water appears to be insignificant. However, 
exposure to vinyl Chloride indoors in homes near landfills may be the major 
portion of total vinyl chloride exposure. 

A.  INDOOR AIR EXPOSURE 

The average concentration of vinyl chloride indoors in houses not near 
land~jills is estimated to be below the limit of detection (0.2 ppb or 0.55 
uglm ). For homes that are located neag landfills, the highest observed daily 
average measurement. 50 ppb or 130 uglm . is used for a conservative estimate. 

B. FOOD INGESTION 

The estimate of daily dose reported by FDA (1986) is directly used.. 



C. DRINKING WATER 

The r e l a t i v e  con t r ibu t ion  o f  d r i nk ing  water t o  d a i l y  exposures o f  v i n y l  
ch lor ide appears t o  be i ns ign i f i can t .  The average concentration o f  v i n y l  
ch lor ide i n  d r i nk ing  water i s  estimated t o  be below the  l i m i t  o f  detect ion 
(0.5 ppb or 0.5 u g l l ) .  

D . ASSUMPTIONS 

Some o f  t he  assumptions used f o r  making the  d a i l y  dose estimates from 
d i f f e ren t  environmental media are: 

1. The average person ingests 2 l i t e r s  o f  d r ink ing  water per day; 

2. The average person inhales an average o f ' 2 0  cubicmeters  o f ' a i r  
da i l y ;  

3, Dermal exposure i s  negl ig ib le ;  and 

4. 100% o f  t he  po l l u tan t  ingested o r  inhaled i s  absorbed. 



Table 1: Estimated Doses O f  Vinyl Chloride Exposure Through Different Media 

Homes not near 
landf i 11s less than 11 ug Pellizzari u.. 1989 

Homes near landfills up to 2600 ug SCAQMD. 1982 

Including beverages less than 0.025 ug FDA. 1986 

b'ATFR - DRIF(KINt P U R P W  

SurfaceIGround Water less than 1 ug CDHS. 1986; 1987 



APPENDIX A - U j L i  

Predic t ion o f  heal th  r i s k  from po l l u tan ts  depends upon knowledge o f  t o t a l  
personal exposure t o  t he  po l lu tants .  For d i r e c t  exposure t o  a i r  po l lu tants ,  
the dose o f  po l l u tan t  received through the  resp i ra to ry  system i s  the basic 
quant i t y  needed f o r  r i s k  assessment. I n  general, t h a t  dose depends on: a) 
the po l l u tan t  concentration i n  the environment occupied by an ind iv idua l  
(exposure~concentra t ion) ;  b) the  length o f  t ime spent i n  t h a t  enviromnent 
(exposure durat ion);  c) the r a t e  o f  breathing i n  t h a t  environment; and d) 
other phys io log ica l  factors.  Exposure through a i r  can be estimated by using 
on ly  the f i r s t  two parameters, exposure concentration and exposure duration. 

H i s t o r i c a l l y ,  outdoor a i r  concentrations o f  an a i r  po l l u tan t  have been 
used as a surrogate f o r  est imat ing personal a i r  exposure. However, studies o f  
indoor environments and o f  personal exposures t o  po l l u tan ts  have revealed tha t  
indoor concentrations o f  some po l l u tan ts  are r e g u l a r l y  higher than outdoor 
concentrations o f  those po l lu tants .  I n  addi t ion,  human t ime-ac t i v i t y  pa t te rn  
studies show t h a t  people spend most o f  t h e i r  t ime i n  non-outdoor 
microenvironments such as i n  t h e i r  homes.. work places, t ranspor ta t ion vehicles 
and pub l i c  bu i ld ings.  On the  average, people spend 80-90 percent o f  t h e i r  
t ime indoors. 

The Ca l i f o rn ia  Legis la ture recognizes the  importance t o  r i s k  assessment 
o f  considering both indoor a i r  exposure and outdoor a i r  exposure. The current 
s ta tu te  requires the  Board, when i d e n t i f y i n g  t o x i c  a i r  contaminants, t o  assess 
exposures i n  indoor, as we l l  as outdoor, environments (H&SC Sec. 39660.5). 
This combined indoor plus outdoor, o r  t o t a l  a i r ,  exposure assessment permits 
more accurate pub l i c  hea l th  r i s k  estimates fo r  a i rborne tox ics .  Indoor a i r  
exposure informat ion can also provide d i r e c t i o n  f o r  the con t ro l  o f  many t o x i c  
a i r  contaminants. 

An even more r e a l i s t i c  estimate o f  t o t a l  a i r  exposure would be the sum o f  
the products o f  the  po l l u tan t  concentration i n  each microenvironment and the 
f r a c t i o n  o f  t ime people spend i n  t h a t  microenvironment. However. 
t ime-act iv i ty  and indoor/personal monitor ing data are 1 imi ted and i n s u f f  i c i e n t  
a t  t h i s  time f o r  quantifying the concentration o f  most a i r  p o l l u t a n t s  i n  each 
microenvironment. Based on t h i s  l i m i t e d  database, indoor a f r  exposure 
assessment o f  most o f  the  t o x i c  a i r  contaminants w i l l  be crude estimates. 

Risk assessments, based only  on outdoor a i r  concentrations, may g rea t l y  
underestimate hea l th  r i s k  t o  the publ ic.  For some po l l u tan ts  present i n  high 
concentrations indoors, v e n t i l a t i o n  w i t h  clean a i r  i s  the on ly  feas ib le  method 
o f  reducing exposure. The Board must, therefore, manage outdoor 
concentrations o f  t o x i c  a i r  contaminants, not on ly  t o  reduce s i g n i f i c a n t  
outdoor exposures where they occur, but  a lso t o  preserve a clean a i r  supply 
f o r  c o n t r o l l i n g  indoor exposure t o  these substances. 



APPENDIX B - TOTAL FXPOSUBE FROM ALL MEOIA 

The concent ra t ions  o f  some p o l l u t a n t s  have be'en measured i n  d i f f e r e n t  
environmental media such as a i r ,  water, food. p e s t i c i d e s  and drugs. I d e a l l y ,  
these measurements can be i n t e g r a t e d  t o  es t imate  t h e  t o t a l  exposure t o  those 
p o l l u t a n t s  through a l l  t h e  environmental media. T o t a l  exposure da ta  a r e  
c r i t i c a l  f o r  s e t t i n g  p r i o r i t i e s  and f o r m u l a t i n g  r e g u l a t o r y  a c t i o n s  t h a t  can 
best  achieve o v e r a l l  'personal r i s k  reduc t ion .  

Whi le one o f  t h e  main o b j e c t i v e s  o f  t h i s  r e p o r t  i s  t o  d e f i n e  exposure 
through t h e  a i r  medium, personal  exposure data through o the r  media are  a l s o  . 
inc luded.  Exposure da ta  are  presented according t o  t h r e e  bas i c  rou tes  o f  
exposure which a r e  i n h a l a t i o n ,  inges t ion ,  and s k i n  absorpt ion.  

The combinat ion o f  exposure da ta  f rom a l l  media w i l l  a l l o w  t h e  
de terminat ion  o f  t h e  t o t a l  human exposure t o  a t o x i c  a i r  contaminant through 
t h e  environment. To determine t h e  added r i s k  caused by  a p a r t i c u l a r  
exposure, bo th  t h e  shape o f  t h e  dose-response curve and t h e  p r e v i o u s l y  
e x i s t i n g  exposure l e v e l  must be known. Al though the 'exposure through a 
p a r t i c u l a r  medium may be smal l ,  i t s  a d d i t i o n  t o  exposures through o the r  media 
cou ld  p rov ide  a t o t a l  dose i n  excess o f  a pos tu la ted  "sa fe  leve l ' .  

I n  a d d i t i o n ,  t h e  pathway o f  p o l l u t a n t s  i n  t h e  environment i s  dynamic and 
complex. P o l l u t a n t s  em i t t ed  i n t o  t h e  environment i n  one medium can remain i n  
t h a t  medium, t r a n s f e r  t o  another medium, and/or d isperse  i n t o  a number o f  
media. This  r e s u l t s  i n  d i f f e r e n t  rou tes  o f  exposure. For  example, so lvents  
em i t t ed  as water p o l l u t a n t s  can become a i rbo rne  and cause exposure through 
i n h a l a t i o n .  A i rbo rne  lead p a r t i c l e s  can be  depos i t  on to  food and r e s u l t  i n  
exposure through inges t ion .  Thus, i n c l u s i o n  o f  exposure through a l l  media 
w i l l  p rov ide  a more accurate exposure es t ima te  f o r  each r o u t e  o f  exposure, 
i n c l u d i n g  i n h a l a t i o n ,  which i s  t h e  Board's p r imary  concern. 

Documenting exposure t o  t o x i c  substances through d i f f e r e n t  media can 
serve as a s t imu lus  f o r  coord ina ted  r i s k  r e d u c t i o n  e f f o r t s  among d i f f e r e n t  
r e g u l a t o r y  agencies. Other r e g u l a t o r y  agencies are  more l i k e l y  t o  increase 
t h e i r  e f f o r t s  i n  reduc ing  t h e  o v e r a l l  exposure through o the r  media i f  they  are  
made aware o f  such exposure data. 
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STATE Or CALIF;iNIA GEOROE DEYKAWIAN. Gmmor 

AIR RESOURCES BOARD 
1102 0 STREEI 
P 0 BOX 2 8 1 5  
SACRAMENTO C A  95812  

April 4, 1985 

Dear S i r  or  Madam: 

Subject: Request for  Information Regaraing Vinyl Chloride 

I am writing to request information on the health effects  of vinyl chloride as 
part of our toxic a i r  contaminant program. T h i s  program i s  based on Health 
and Safety Code Sections 39650, e t  3. which require the ARB to  identify 
conpounas as toxic a i r  contaminaxs ana once identified to develop and adopt 
control measures for  such compounds. After consultation w i t h  the s taf f  of the 
Department of Health Services (DHS), we have selected vinyl chlorioe as a 
cancidate toxic a i r  contaminant to  be evaluated i n  accordance w S t h  the 
provisions of Health and Safety Code Sections 39650. e t  se . During o u r  
evaluarion of vinyl chloride, we will coprider a l l  a v ~ l d e  health 
i nformati on regarding this compound. Aadi tional l y ,  we are sol icf t i n g  
information regarding possible biological production of vinyl chloride. 

Eefore the ARB can formally identify a compound as a toxic a i r  contaminant, 
se-iera: s t tgs  must be taken. First, the ARE must request the Cepartnent of 
health Services to  evaluate the health effects  of candidate compounds. 
Seconc, the ARB s t a f f  must prepare a report which includes the health e f fec t s  
evaluation ana then submi t  the report t o  a Scientific Review Panel for its 
review. The Cport submitted to  the Panel will be made available t o  the 
pub1 i c .  Information submitted in response to  this request will be considered 
i n  the ARB report to  the Panel. A1 though any person may also submit 
iniormation direct ly t o  the Panel for i t s  consideration, I urge you to  submit  
a l i  information a t  th i s  time for our consideration in the development of the 
report for the Panel. The Panel reviews the sufficiency of the information, 
methocs, and data used by the DHS i n  its evaluation. Last, a f t e r  review by 
the Scientif ic  Review Panel, the report with the written findings of the Panel 
will be considered by the Air Resources Board and will be the basis for  any 
regulatory action by the Board of f ic ia l ly  to identify a compound as a toxic 
a i r  contaminant. 

Prior to formally requesting the DHS t o  prepare a health effects  evaluation of 
v iny i  chloride, we are providing, pursuant t o  the provisions of 
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Sect ion  39660(e) o f  the  Hea l th  ano Safe ty  b d e ,  an o p p o r t u n i t y  t o  i n t e r e s t e d  
p a r t i e s  t o  submit  i n f o r m a t i o n  on the  h e a l t h  e f f e c t s  o f  v i n y l  c h l o r i d e  which he 
o r  she be1 ieves  woula be i n p o r t a n t  i n  DHS's e v a l u a t i o n  o f  v i n y l  c h l o r i d e  as a  
cand ida te  t o x i c  a i r  contami nant.  

I n  March 1985, we rece i ved  a  re ference search on v i n y l  c h l o r i d e  h e a l t h  e f f e c t s  
u s i n g  the  MEDLINE and TOXLINE I n f o r m a t i o n  Services. These i n f o r m a t t o n  
se rv i ces  i n c l u d e  m a t e r i a l  a v a i l a b l e  t o  t h e  p u b l i c  i n  l a t e  1984. The a t tached  
b i b l i o g r a p h y  l i s t s  t h e  re ferences from t h i s  i n f o r m a t i o n  search. We a r e  
reques t i ng  p e r t i n e n t  i n f o r m a t i o n  on v i n y l  c h l o r i d e  h e a l t h  e f f e c t s ,  i n c l u d i n g  
any m a t e r i a l  t h a t  ,may n o t  be  a v a i l a b l e  t o  t h e  p u b l i c ,  t h a t  i s  n o t  i n c l u d e d  i n  
t h e  a t tached b i b 1  iography. 

Pursuant t o  the  p r o v i s i o n s  o f  t h e  P u b l i c  Records Ac t  (.Government Code Sect ions  
6280 e t  3.). t h e  ' i n fo rma t ion  you p rov ide  w i l l  be a  p u b l i c  r e c o r a  and s u b j e c t  
t o  p u n i c  a i sc losu re ,  except  f o r  t r a d e  sec re ts  which a r e  n o t  emiss ion  oata o r  
o t h e r  i n f o r m a t i o n  which i s  exempt from d i s c l o s u r e  o r  t h e  a i s c l o s u r e  o f  which 
i s  p r o h i b i t e d  by law. The i n f o r m a t i o n  may a l s o  be re leased  t o  t h e  
Environmental P r o t e c t i o n  Agency, which p r o t e c t s  t r a d e  sec re ts  and c o n f i d e n t i a l  
i n f o r m a t i o n  i n  accoraance w i t h  feae ra l  law, an0 t o  o t h e r  p u b l i c  agencies, 
which are a l so  r e q u i r e d  t o  p r o t e c t  such i n fo rma t ion .  

To exped i te  t h e  rev iew  process, we ask t h a t  any i n f o r m a t i o n  which you  b e l i e v e  
should be regarded as " t r a d e  s e c r e t "  be c l e a r l y  marked and separated f rom 
o t h e r  i n fo rma t ion .  You nay i a e n t i f y  p o r t i o n s  o f  t h e  i n f o r m a t i o n  you submi t  as 
" t r a a e  sec re t "  i n  accordance w i t h  Hea l th  and Safe ty  Code Sec t i on  39660(e). 
The c l a i m  o f  t r a a e  secrecy must be supported upon t h e  reques t  o f  t h e  A i r  
Resources board. Other i n f o r m a t i o n  c la imed t o  be t r a d e  s e c r e t  and i n f o r m a t i o n  
otherwise c la imed t o  be exempt from d i s c l o s u r e  may be i d e n t i f i e d  as  
con+i  d e n t i a l  i~ accoraance w i t h  Sec t i on  91 0'1 , T i t l e  17, C a l i f o r n i a  
A d m i n i s t r a t i v e  Coae. Sec t i on  51011 r e q u i r e s  t h a t  t h e  c l a i m  o f  c o n f i a e n t i a l i  ty  
be accompanied by  specifies suppor t i ng  i n fo rma t ion .  

- 
I would apprec ia te  r e c e i v i n g  any r e l e v a n t  i n f o r m a t i o n  you wish t o  submi t  by  
May 19, 1985. Your h e l p  i n  e x p e d i t i n g  o u r  rev iew w i l l  be g r e a t l y  
appreciated.  Please send t h e  i n f o r m a t i o n  t o  t h e  a t t e n t i o n  o f :  

h i l l i a m  V. L o s c u t o f f ,  C h i e f  
Tox ic  P o l l u t a n t s  Branch 
Re: Vinyl C h l o r i d e  
C a l i f o r n i a  AS r Resources Board 
P. 0. Box 2815 
Sacramento, CA 95812 

I f  you  have'any f u r t h e r  ques t ions  rega rd ing  h e a l t h  e f f e c t s  i n fo rma t ion ,  p lease 
c o n t a c t  tdr. John Batche lder  a t  (916)  323-1505. For  any o t h e r  quest ions.  
p lease c o n t a c t  r4r. Don Ames a t  (916)  322-8285. 



April 4, 1985 

I f  you are not the person to  whom th i s  request should be addressed, please 
forwaro i t  t o  the appropriate person i n  your organization. Also, please l e t  
us know whether you would l ike  to continue to receive information inquiries 
for  other candidate compounds, and i f  not, i f  there is anyone i n  your 
organization to  whom such requests sbould be sent. 

. Sincerely, 

peter D. Venturini, Chief 
k t a t i o n a r y  Source Division 

cc: Alex Kel t e r ,  DHS 
Lori Johnston, DFA 
Xayne liorgan, President, CAPCOA 
Jan b u s h ,  Executive Secretary, CAPCOA 
David Howekamp, EPA Region IX 
Assenblywoman Sally Tanner, Chai rwoman, Comni t t e e  on Toxic Islaterial s 
Senator Ralph Dills, Chairman, Comittee on Governmental Organization 
Senator Art Torres, Chairman, Comittee on Toxics and 

Pubi i c Safety Ivlanagement 
Emil Mrak, Chairman and Scientif ic  'eview Panel 

Mei:,bers 
APCOs 

Attachment 
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AS ttw a lu~t .  tup,cs iedkale. 11r VC ad t'Vt' i#u lu~ l#ks  u c  snhs~an. 
l id ly  c~~~*;etu~iucd l l w y  atr. alu, vc$ticrlly i e r y a d .  181 1912. .M ptscul 
d VC lu'du-rd war w N  II, YVC F(anls i ~ w a r d  hy VC c~urpa~~ies. .k lWgh 
lllir ligunr. l u r l  d o ~ y ~ w d  lswa 61 prrcm "I IYl82 as Ilw i nhu t i c r  yrv." 

1 I w  1x1 r h ; ~  llr \'C a1.I I'VC iu luvekr cauurim tuoly r uuinll nunllrr 
a11 i r la l i \ r ly  c tmsc~urnd nd i#uu#rrrd l i tulr Lrs nrrk L easy #IN llu 
idustrks III stwi l  wilb ww vucc in icgulatnwy pwccdings trgr~ding llr 
linuilr u l  llwir r c l~nu ,b~ i cd  vod rcuwratic cqubililicr l o  cunlta~l VC e l p b  
suuer. I l w  ioulu98irl r u t l e t  u r r r a t c  Ja* I~WLCS il dilliooh 11, nn~ l y t c  llr 
1taw can*\ d c a y 1 ~ ~ 1  nw;*ruws am1141 Jc i ru~ inc  ilc inwickece d lloane cwls 
a n  1>wdn1~1 ~ ~ i c c r .  g~adia. vugcs, v#*I u l i ~  inluls. 

hbu VC ~Janlr ate ywn-an, s x ~ ~ l ( d i l y  dl tc l ik~ ics .  1Iwy are 
I ~ ~ ~ l l c d  ill ppd.lol asus in w m l  s~;alcrpi~n' ip l l ly  i~miriana. TCKW. 
K e r r L y .  a d  l'alil8rnia." YVC planks u c  cmn'bwd. hl r l i l l  cluil VC, r*I 
IIKY UIU we LKCIIC~ nn~11y in pqu lned  ame4s. I n  a J J i i u ~  m t l r  *ow 
usvs. New l n x y .  OIIL,. **I hlaswuhuul~s avr nojlr I 'VC-~~~n*c inn 
,VJICS."~ 

Oltly a h u l  tur.+ird d Mrl V C p n ~ I ~ ~ ~ l i t t n  ir pdynv~ i zcd  d Ihe rilc 
u wltich il is mw~rhticd. MUU VC n l v l  h i ra~ rnu*d  h lwcen V C d  I'VC 
IB~IIIS. moainly Ity rail lank car. mtd a h ,  by l a &  lruck atul lwrgr In d i l w o .  
I'V<'tcsin nouv lr ~rntsrwlcd h ~ m n  ihc PVCalvl btmirricrt plams; dbis 
is ihuw lnoinouily 1,y train a ~ u l  l ~ r k . "  

VC aml 1°K ~,lautr ate higldy i ~~ccbnJ tcd  ad nl~lula,y a leldlivcly 
rollall iunulrr d wwtcrs. A l  any u ~ u  l i u r ,  IIKIC ale oldy a h u l  l.Ua 
cnuwknrccs i n  111c VC ie*lu,lrv. ah1 ar lv ahIml 5.511) ill L e  PVC i t~nlr? '  . . 
'I;Ait~g i r o  xnua,l llr 111~111.5 III#IW~WI "I WIILLIS. 4I.wl ~U.U~ICIIII)(U~ 
c o  nr cr~inoaid 18, b r c  w u t d  i u  l l r w  iulusmic, r iwc  191Y"I:alwicr. 
IL~I p l a ~ r r  me nmuc lriur ilucnriw. The nu~u l r r  d Iablicaiun w k c r s  is 
crliuured a1 1YI.tMl.' 'lku w u k t s  a ~ c  d j r l  a u w h  b w r  nlwruIcs 
ad VC llrou Ilu waukcar in  VC luul IBVC plrulr, rr llr cx&uru#c << lhc 
Iahtk* im warkrrr c a t r s  t!~Jy lams cwyi ing V(' tcrilo~ill." llr r i l e  d 
IIK gaaw~. ~IIWI~I. B ~ Y C S  rise Ub lea111111 cvcn a h w  i l r i Jewr  "I UUICCIS 

tuay claiut a hfgc tt11101lrt d livcb. 

.'l'lr V(' rid YVC a r t r s s  u e  a e t r c u w d  pi~~uti l~ thee unins: 
Iln: ILliled H ~ ~ M u .  W~wke~r. ~lr llniiul Swclwukur. rrl the 041. ~k,,~ied 
M*I Ah*llk W u ~ b l s .  Ihl lhcu U W ~  a d  if*egh l)r 1 h ~ ~ i . 1  ~ n i ( , ~  
~ k l ~ l l l ~ c l l l  111 Ilr AH.-CIO. Urse IIIIUII~ urm nub p,~icip.ts in rellinl 
Ilr V(' *.n*fUliwwl cml~~~rune Oiuu*rd. .llr I W i s ~ i m  ~r.,,,k~,s .* . -- *ulr.J ~ B Y  r V~IICIY td u~iwv. ##*I v u ~ r  arc nr U*,~*~,I r .I# 

~ . .. -. . . 

i 'flu I r~ la * *d ra l  mu1 r c u u n i c  capabilitkr d ilr VC, PVC, and 
t rh ica lu ,~~ i~H*sr icr  l o  hwcr ~ h u  rckaw d VC-in pla,~s. ru,,ou~. 

I 
it16 .is. **I i l u ~ u g h  lzwes.csc+ng rcri~luat in r v c - h a w  ~ ~ n c , ~ n . m l ~  
a~ i s r r  in  ilr icgulat~wy aai,mr Jcsctiled i n  sullwvc,,, reeli,,,a. 1.k 
di l t i r .~d~y I J  ~ ~ c d i i l i ~ ~ g  d r  luautc icctuu~hgiral u * ~  C-ic rmlifi 
clwllges in lllrlr iduwtks  is d i rus ra l  c1rculnc.m & berc h 4% rv#ul ,,, 
d v c  wulw i~mliyalion d t l w i  c k n l y  & a ~ ~ n r t n k d  p u  
caa~ulfililk~. 

W i h m l  aenl law any s ign i kau  KFhmlugkd h c a k ~ h r a u j ~ .  in the 
f l * ~  Y ~ ~ I S  siwe VC's c u c i n t ~ m i c S  be<- c k u .  #he VC, pvc. ."j 
I a h r k u i * ~  il.*uries haw rigni(icaw1y r rduad  ILL irkarcs d VC. I. 

, r c ~ l g l x  llw ~ceulaI*a a the Ihrcu d rcpluinnr.  lhc VC ml PVC 
itvluarici havc hm h w a  tu be .b* r,rc*rc -kphre -r colrcn. 

I l a I i l ~ ~  d VC fram dovl 2Y) puls p r  ~ni l l iun (p) (n a h  ,,,,,I~.'W *) I C ~ ~ U ~ S  VL. e~nissinns IO ~lr MS& by a h 1  95 ~ I ~ C I N . ~  .,*ltoralwe 
Ilr V r  r c s i h r l  nluent of k*? pleka6ing by  u w r d  uktr ul 
l~il~.'" i.lcw pluus lace lu di l l i iuhks itrel ing t k r .  b v c 1 d  krcl..'M 
I ' u l l l ~ l l l l l ~ e .  lhure is IIII sign lllv llr l i u ~ i u  IJ clutea k c L u h g k s  b v c  
I*.cll le;lr.lud nd lhc pursihilily ,r~llainr ha1 l u n l u a n ~ a l  ~ . b m h ~ i c a l  
b~ r l~ l l l l l l ~ i ng i~ r  C(IW IICCIW. 

' l ' lwu ~ r d r l u w  luve lecn achieve11 viahuv any sigi fkan, cnnwl~ic 
rlaain iv llr ~IMIIP~S u Jdllugc l o  YVC'r m&a plriliu ml lulurc 
I"Wlh I ~ I ~ ~ ~ l r C I l .  I k w g l u ~  lhc 19Nk atd cu l y  19m.  PVC conrunlp 
lkln gle* a1 a s lagge~iy  fine as p n r s  Jnl incd a d  ilr lmllk d 
i~nearud."' LI 1971. llr h t s i k u  a~u~lyus krrar( r~ i#ucr ryucd you*: 
Ilr ollajr IHII~I~III cslwrieacnl d t l u l  l i n r  was h. l i g h  ullq~ly, ad pl- 
r ~ ~ l r i ~ ~ i ~ a l  w w  ~~wctiaIs.*' 

IUI  SIC nu%.l.9 s m .  
IU? YI.IC.1 n1c-.,y ",n. 221. )I$-IIII.,,.. 
101 1'11\1 IC. w . n r  aS.3 I - ~ : E I A L I # ~ I ~ I ~  r n m l ~ l l n  l t ~ - ~ . ~ . w ~  

YI.L IIII, 
IOU G c  8e.L a,<.,.,,!.",i.'.,". ,,3 

m'n..n,  IU u l ~ y u r ~ ~ . .  r n ( u ~ ~ ~ ~ l ~ l ~ ~ . u . * . ~  w,,~ ,  L* I S .  ma. 14. u 11' .s,, s - 4  I..."& I,",-# S,d". . w u  - *I." Ill.,. *,w Ill E,& EIS, 

'"*r 0.n. .%. * 1 ,  
101 fin* 1 1 , u u r r  s**r, n y u s  rwc nnlm.. m u .  4 En'. NI.~. u.). x. 
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h h y  ' 4  IIK. cs~y*kq)lrri, uh, hlvc &I d Hvcr rnng&nmd~tu uuukcd as 
c k a ~ n r  d IIY (wly !~n i r rhrn  rc;r.*n lllr clm~mlrr in v(mirh V C i r a w v c ~ ~ .  

rA I n  I'VC) wcukol ia arcas with sittniluly high V C c ~ ~ ~ m e r . ~ " ' l l r ~  
wawke~r 1wavldvI). I&IU O r  11wn1 lwavily e g ~ a d .  ill ic,tbur d 1 ~ n 1  ~ I ~ I ~ , , .  

l a y  l r r k s  lrd nlu*i#ud iwrrsr. Th: 1 w n . i ~  kvclr  mc mu k~rwm bul ur 
crlin~aled It, l ~ r r  i#w lukd l rak  cxpw8cr g a l  several 1 l u u l 4  RUB' ad m 
8 v r r p  IJ 2x1 10. U U l ~ ~ n ~ . " ' ( k l r ~  liver mn#u~r.rrrnou vit.ai8~~ lnew~naldy 
had htwer, lerr ru \ l r i i rd  capuwcr r ,  VC.1" 

IW. hl)-rul r*..u,lunali- .dh Y . n  D )i-<Li. Paliuiw III~abLl. Ilr,, 1.6 
. "=Is S-ai". Ihri%rsr ..I Su.rilrre.  Ibnd frahil.. ul liu SOI.,. nali,~ 

k*. 11 I h ~ u w d i u l  +oIc,~ ;nl lkahb. A,, 11. #.)I 
111 lk h+w@ Iwm< ;> 10- ll**h. V A .  A C#cccb, lh-m&ad$c.#,s4& 

& ~ * - u - - o  d,b 14-v- +-us V * . d t * & d  W-I##~i.t&, l ~ ~ d . ~ ~ , , . ~ ~ ~ w , ~ , n . v .  
am. a, ~~I.M~II* I~ I rb I * , l i pme i . l , u r r r  CIA. NLrJ1:-8&.-,, 
lu lh:un(u. I,, I IU***s .  Ihvd .%**ul Cr v-,I I%L~**. a ld W.SII 
II*UI ~ k # c ~ d n = *  ., r:m nqw.d .Q.*J~. V'T ~lr- .. ,k ,#,,,,, 
Blul*u I* *an d .wiurou. J ~lr Lim h .~wbnr r"b ilr tw. I ~k "-,. **.. =*-r L* &he lrmcr..l c+- i r  .I. I;w*J hl Vc. I*l a. 
' . . ~ ' J I * h r r l r *  .*IF"\. u dICr.r.i,*Cu.dMIUi.u,k.rrJ 
h W - ~ u F w i ~ n l  Vl'c-*.%we. &.. ~ku rkc,nJr.*rtc I* Curl J I ~ c ~ L * .  

IJ? V l ' l l ~ ~ ~ ~ w ~ .  I ~ W U  -.r I. I !3tunnr*adl~ Ih*y I .  S.Il.dI~:lkr)l. I:*. A 
C,..<h. I-. rrr 8 . .  -.. 3.. ... - ............ 

I .  N i ch r .~~  . II~O<*~.,I. SAW. a SM.,II. S L ~ ,  ~.,,rir-, I.,,,,., IJ 
Vi.dlak*idd I ~ ~ I v ~ h ~ l ~ ~ h * ~  .iulrn. !u. ~ m r u r  N.Y. w.,, LI. 32s. 331111.39. 
Srr.1." I". a I'a4lro. AI.l,,.*). L~."~ .4$ l l i . l , . 'W( * , ,d ,# ,Y i . . I (U"J I . * r~ ,  

ll**/nh .$ Y. lhni~dlMd*ir l*w I l8U. i . .  I 4  H.l# l 1.1.1+ \I111 1111P11. 
I Y  w.wt<, I ,,~.,"#*#.. VI'. ",," 0.". 11, 
II( I!rd S S O O ~ , , , ~ ~  w ~ I , . , , ~  n w,..,!.,,,,. uul..l:,l. 
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digcuive syncnu mums huh tcra a d  w u v a  a d  llu kca r l  ;u*l llu vr i lv ly 
ry,lcna i n  was#nt."' l i r idclve ad Ohcr rllmr lur appcuud in  p I p l r i u n r  

- .  
on a~unn~lr  nJ lq uIlws i d r r r u y  kur VC h l r c n  rllo,ul 11, crux 
t n r c a  0. rnuualr h u h  win lnhakd a d  *In l+uc.l llr lul, h l u  l b u  

~4 I ldiuu e q w i u r ~ r  ~ ~ N L Y W C ~  by llr Lwaqram and A n n k i l l ~  VC a d  
I'VC pulucrvr. In l k s e  wrls uur idtaling high c n ~ ~ e ~ n ~ ~ l i ~ n ~  d VC 
tY I .W l  au"u1 devchurd caawctuus lvlmwvs d #he sliu. luns. url 1-~nc.'" . - .. . 
I..u81lu., r9, i p u b w ~ r d  by lllr pu*uctr  vcte - luLd anal ~ c l r v l r d  Iu I& 
l k c u l v ~ ~ i s ~ ~ d  Sdr ly and lleilllh A*winiuarLm (OSIIAI in  euly I'JlJ. As 
drrll ir <cu inlk c i w  U u l y  ul OSlIA'r sla&ud %ring. Ik J.4a u l i vcd  
a1 a caucial 1i.w. On k b r u u y  IS. Y OSIIA'r 1 n . l i d i n g  I r u i n ~  up VC. 
tlw halian rcw;uclnr r c ~ ~ w k d  llru ahem-uuplbliird liadiugs 111.1 VC Id 
i 8 m I t e . l  ingisaarcuw 11 IIr liver L tar L*Jiag n ~ r - c ~ u ~ a l i a ~ ~ r  sr bw as 
2W I1nat.'a lh A p i l  IS. OSIIA r cc r i vd  i epmr  Lnrt le,lr C~IIIIIUC~CJ 1. 

4 Yfl 
Ill C b n r r r .  N*W..& W q .  1 l u n l f A . r ~  El*l~,nlulWI't*C*~.m. 191. 

t h a u ? ~ m ~ ~ v u  Utu 62,. LV l l * Z I l  l k # e d - c  .hd -3 Uw#&r A- 
,nplu,r,,l l.rUWIu(.J.uh,ulII..\*lk**.ul+UI..Ik."lll,I** 
M.&*I*~ ti- bu a II ~rrlr .  * .YU k Y X I ~  U. I-*- t k  

1 Aninnrl lrrl tcrukr rlud n llnir pdtu uati l  cub lYlS. 11 wn trpwtcd 

i llscn t l w  inyrrriun by ,us d as link u a p p ~ d n w e l y  I 7  ilJllip~. 
kllt,gtaa~ nl hnly  with# pa*Ln.cr live, mlubwcm ut ukr curcms."I 

T l r  m ~ i n ~ a l  cl@II~nll alua s q ~ p * ~  ~ y l i e i i s  Ihw VCcauus bunam 
I cancers .*trr t lun a~durucsmw ad #he l iwr.  T k  ez**innur lvvc *uvu 

iucscanl crurr h.ikucr r nuny r h r  4rr alum Ihe liver. Lr.hdi~y ihc 
lungs. ~(,*.cn. Iraim, 4. ar 1IruJy uucd. bran.'* lirlctinrar &o#rn- 
wvaing ilr **nb d cvuer in two m k s  a&r 1An  r a w  nd 

I lustnrrr-lu~lhc, d i m  IW V C  Is c r c i a ~ c n k . ' "  l a  ~ h c  dlulnlni- 
I IMML IIY W ~ F O S  w e  c~PLVJ b. CWIU. pokmgtd AM d VC. llr 

. aced was m*eJ m n$d-1974 1'" awlics the d l m s  n( simgk ud y * w d i .  
Arcs. I y l k a l  ul nuny huluuls' c ~ p ~ n u i c  Such m r l d y  is maw neuing ' co~~~(~t i l iom,  lul llr rcsullr ue n y d  avaibblc."' 

I n  U U i l i a ~ t  UI YVCI~I h u d c d  I L ~ # s a d  w w k ~ s  i m  VC url PVC 
puluoiun nd in PVC Iabicalnmm; n i W i  d Aankvl luve bcm. and 
rn~nt i~~nc ht be. c a p l ~ d  10 VC. FwS. a h w  4.6 n i l k m  ~ v k  live within 

I OSIIA n # ~ . d  yulv1pr vr. u II~. . UJI XLI u( ,h 
ha&. *vr. .IY .*I.I&., 1(1 *l*l .I 6." W L U .  * Y m. ... -4;. 
s r h  1973 L I I I . ~ *  I r l e l i r .  I h l r ~ . L ~ ~ L u ~ u . ~ . l \ ' ~ $ < W - ~ l l i r l i r l i r l i r U ~ ~ ~ k ~ ,  
2- AMNU% N V U . 0 ,  I.,. I1? IIY~O 
I?  u ~ k s u .  l'lunu. 1 4 .  A l 'kro. 1% Ellin , * n y r -  IH , % m u  1, w-). 

-.rw rcr v u u r  NSIU.~ IU~W..* E&.,* 4 v~~#.i.mnl~~,e.ua~: 
edid-w R.r*11l.(h~ k o u ,  vm.  h r . .  m l ~ ~ r  .nir r I& i.dlrr. u( 
lb' E<~*W. I.. ch",d,l. 

1.1 n:-a&- I,- c r u c  u . 4 ~  a r  &&I. 4 ,* I-W.,C-.,;.. 
~ ~ Y Y P ~ I  ihl I:.CII-.* IU ..""I.- V Y I ( L . L L . ~ * ~ - < U Y I * I , U L * ( . I I C " * .  
ICI r*cJ a. Il.lhw L l c u u * u l  

I 4 4  S.r . u n r  h u r s  IU141 up,. 
141 KYI L Y W W U  ~*ISTICIWLU RI~.,. ,- mr. n.r u ~.uui,..~*. 

fir* a 1  VL'hire k c .  &. W W l h * s k l l l  V ~ U I  i . h . . w L  * , a r . I r  -.&c;- 
11. Zrr. e l . .  l .wcu. Ur*.  n u u r E .  Iliulxb. lhrrnti. C-rma*. rur;. R~,,.. 
Nki. I =wow. RmrlL*. * Nmu. h.*.-#w J d i r u  81-air, uJ t ; , r  t.mrnjr, b, 
Vh$ I'A6a& Als44ahdi#z h Vea#t. 17 L ' % M * ~  R ~ M - ~ w '  3 1  119711. am4 
k r b u  Uu.'c.rilv r i r r e * l  r lhrr r u b  ruo#eh=r ml l a b  .-*c,,s s, 
UcC... l r r . .  u s  JI: F.rr ilkr.*# w 11- *. 41 

Id6 I'CIlnmnsl. I-,** U c  I. U P S I  1.LllcW d a. Thc~.L*c 8 T u k h ) .  
7 Tckr(.*r imccrir- -Lh Ih. I.supbU~I ulhC.. I&.,-. ltir,.ir&l i..kn**, 

.a* ur+rtu. cs.u.ra=, ~ . . L w  w e t "  r . w ~ . u u .  F C ~  ?I. 1.n 



l ive lrikr d a V C  u I'VC P~!II.~ In 1914. mb~w 220 l l 8 i l l i u  ~u~nnk d 
VC escslud inlo ilu air russuuding s u a  pba~us.'~ llu phu uciglhmr 
q q r n  lu luvc k e n  erpuwd lo nwc ih. uue ppm k ~ l  llran I0 ~ ~ V C T I Y  d 
1lu linr." Ole air rnlq4e. hnwcm. nuasurd 11 plwt iru a I#uU."' 
suaggeb~iug IIMI I ~ S C  atbay lr S ~ W I  ICI~I, kxditeal l r ak  ~ n ~ ~ s n ~ c s . ' ~  In 
nWiIit~8. VC is luud in  111. rbd#c wauc url wusr c l l lusn~ 14 l l rse ~Jars . '  
V C  has k e n  I u u d  in shulgc a krrb a high a I,UUUp(rm."'uwl k w e 1  

I 

c l l l u a  es bidt  as 20 l q n ~ l . ~ ~  MW d h i s  VCcstqms htW Ilr air SUIIUIIJ- 
ing Ik pla~s;115 SIU~C, bowcvcr. nukes Ss way id,, hinkiu~g ~ l l s r . ' ~  
l l r r v  V(. cn~iuinvr lo llr anhii111 a" h l v ~  beel / I ~ ~ d i ~ a l a I  DL IIK C.U% d 
iucrc~,cd IHLI 01 un icn  m) b i ~ l h  Jclecls in t l r  s u ~ ~ u u ~ d i ~ g  cwn- 
n~uotilics.~" 

Amwnlnct luge gwnol,ul l r a -  k c a ~ u r n l l u  VCiekuwJ I n l ~ m l r p u l r  
l i a r .  (holy r b w l  i ~ r . l h i d o l  VCp l& l i u  is y u l y ~ ~ n i r e d  #I U r  silc w k l e  
il ir ) v ~ d ~ ~ ~ r d .  Ilr scrl utuU lr ' h i i d  I r lw rcn  V C  m n )  PVC I u i ~ m k s  
vlnlc~ lwrslusc as a l'iluilied gas. Aku( 95 pc~rri* &I Illis is sLil*sJ i* Id 
lu* cals. a d  ihe rerl in lank Ilwh. lank vcsuls, u*l h a ~ g e r . ' ~  l h e v  
8anks nuy kak. p ~ i c l u ~ c .  a cxplu*, wnul inus in IuavUy p p I d  
n c a s . ' ~  Uawrtm 1911 a d  IY74.Uurr weft m k u  24 x x k ~ d u l  irkarcs 

I d  

u( VC Iltwr mi l  cats a b ~ r . ' ~  As VC JiRuws In~n ihr she d a r ln l l  u . 
811 accitkn~, ~ m u n s p ~ ~ u i u  wolke~s. w u b y  orkk~us.  Ilmvrlke, a ~ d  u lw r  
b y ~ l l d e r r  ram rcccirc slwl-MI" e~pnrures In VC ~aucnUUiun. r a q i l l l  
IIIIIII r i r w  ~WIS per billion lp(~b) lo W a n L  d Run. T r u ~ r l u l d b  
wwkrms and nncsgency ptsurlncl rue11 as lilc#nen a d  p l i c c  d l i c r r r  M Y  

.- 
Ill I d .  ,,p. .I 11.11 
1% s*lunir. 
1 L r  ,UI'<, ,h.4* ."I. IU 1 C  

11%. L. wr law.. 
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South coast 
AIR QUALITY MANAG WENT DlSTRlCT 
81 80 FLAIR DRIVE. EL MONTE, CA 91 731 (61 8) 572-6200 

A p r i l  22, i985 

Mr .  Wi l l iam V. Loscutof f ,  Chief  
Toxic Po l lu tan ts  Branch 
Cal i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, Cal i f o r n i a  95812 

e a r  !d&: 
Viny l  Chlor ide 

I n  response t o  Mr .  Ven tu r i n i ' s  request f o r  in fo rmat ion  on the  heal th  e f f ec t s  
o f  v i n y l  ch lo r ide ,  we are ,submi t t ing  several references which could be o f  use 
f n  your t o x i c  a i r  contaminant program. These references were not  included i n  

. ysur b i  b l ioyraphy dated March 1, 1985. Also, in fo rmat ion  regarding possible 
b i o l o g i c a l  product ion o f  v i n y l  ch lo r i de  may be obtained from Dr. Freeman A l l e n  
o f  Pomona College. - -  -- 5 

We would l i k e  t o  cont inue t o  receive in fo rmat ion  i n q u i r i e s  f o r  other candidate 
compounds and t o  be kept informed o f  your program's progress. 

Very t r u l y  yours. 

&o Anne Ap le t  
D l  r ec to r  o f  Planning 

Enclosure 



P A C I F I C  GAS AND ELECTRIC COXPANY 
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May 7 ,  1985 

W .  William V. Locustoff, Chief 
Toxic Pol lutants  Branch 
Re: Vinyl Chloride. 
California A i r  Resources Boatd 
P.O. BOX 2815 
sacr amento, California 95812 

Dear W .  Loscutoff: 

Requesc for Public Health 
I n  formation Reaarding V i n y l  Chloride 

Paci f ic  Gas and E lec t r i c  company received your April 4 ,  1985 
request for addi t ional  public hea l th  information regarding Vinyl 
Chloride. We have reviewed the bibliography attached to your 
request  and concluded t h a t  we are unaware of any addit ional 
information which would be of use t o  you. . - 

Sincerely, 



, e r-T= 
C L F  Chemicals r I-/ 

C?lar-Alkll~ BUYWM Unn 
PPG Chernlolr 
Om PPG Place 
Rwurgh.  Pennsylvan~a 15272 

M r .  W i l l i a m  V .  L o s c u t o f f ,  Ch ie f  
Tox i c  P o l l u t a n t s  Branch 
C a l i f o r n i a  A i r  Resources Board 
P.O. Box 2815 
Sacramento, CA 95812 

Re: V i n y l  C h l o r i d e  

Dear S i r s :  

R e l a t i v e  t o  y o u r  reques t  f o r  h e a l t h  i n f o r m a t i o n  on v i n y l  ch lo r i de ,  we have no 
i t i f o rma t ion  which was n o t  covered i n  t h e  MEDLIlJE and TOXLINE in fo rmat io r ]  
serv ices .  . 
We thank you f o r  ask ing  f o r  o u r  input .  

S i n c e r e l y  yours,  

Techn ica l  Se rv i ce  



Addi tional References on 
Vinyl Chloride Health Effects 

Albert, R.E. Letter to  R.S. liaveen, EPA, "Comparison of Vinyl Chloride 
Carcinogenic Risks  with Risk From Other Pollutants," Washington, D.C., June 
16. 1978. 

Edmonds, L. " B i r t h  Defects and Vinyl Chloride,' Proc. Conference on Women and 
the Workplace, Washington; D.C.,.1976, a l so  Teratoloqy 17, 137 (1978). 

E q u i  tab1 e Environmental Health, Inc. "Epi demiolo~i cal Study of Vinyl Chloride. 
Workers, Final Report.* Prepared for  Manufacturing Chemists Association, 
Washington, O.C., January, 1978. 

Graniger, R.G., A.E. Walker, and A.M. Ward. 'Vtnyl Chloride Monomer-Induced 
Disease: Chemical, Radiologlcal and Imunologlcal Aspects," Chapter I1  in 
Induced Disease; Drug, Irradiat ion,  Occupation,. L. Preger, ed., Grune and 
Stra t ton,  London, 1980. 

Kuzmack, A.M. and R;E. McGaLighy. "Quantitative R i s k  Assessment fo r  Conmunfty 
Exposure t o  Vinyl Chloride," U.S. EPA, kashington, D.C., December 5, 1975. 

National Academy of Science. Principles of  Toxicological Interactions 
Associated w i  bh Mu1 ti ple Chemicals Exposures 1981. 207 p. AD-A093 809/2 
PC AlO/MF A01. - 
National Cancer Ins t i tu te  (1978). Vinyl chloride - An Information ~esourze ,  
112 p. HRP-0028012/3 PC A06/MF A01. 

National Ins t i tu te  of Occupational Safety and Health (1977). A 
Cross-Sectional ~ p i d e m i o l o ~ i c  Survey of 3inyl chloride ~ o r k r r s .  50 p. 
NIOSH Pub. NO. 77-177, NTIS NO. PB-274. 

Ziskind, R.A., Smith, D.F., and Spivey, G.H. Health Effects In Children 
Exposed t o  Vinyl Chloride. Final Report t o  U.S. Environmental Protection 
-anuary 1981. 



Air Products and Chemiuh. Inr 
Esk 52: 
A'vc:s,.n. OA :El05 
ie'eo-:-r (215) 481-491 1 

-.. 
W. V. Loscutoff 
Chief, Toxics Pollutant Branch 
GARB 
Box 2815 
Sacramento, CA 95812 

Re: Vinyl Chloride 

.Dear Mr. Loscutoff: 

We are happy t o  provide some information re1ativ.e to vinyl 
chloride i n  respbnse t o  the April request of P. D. Venturini .- 
This i ncl udes: 

1 A paper iy me given a t  the APCA, New Orleans meeting. 

2. A paper presented a t  a CMA seminar i n  Washington, 
9 December 1983. - 

3. An unpublished review by me on the s a f e t j  and health 
aspects o f  vinyl chloride, which contains several 
references not i n  the bfbliography with the  
Venturini l e t t e r .  

4. A report  from Br. J. S"rg. 71 322 (1984) of an apparently . 
successful l i v e r  resection on an ASL patient. - 

5. An a r t i c l e  from EST 19 277 (1985) on biodegradation 
of TCE t o  VC. Note especia l ly  reference 10, Parsons, 
c t .  a1 . . fo r  corroborating evidence. You may want t o  
get the Dade County report "An Investigation i n t o  the 
Source of Vf  nyl Chloride Detected a t  the Preston and 
Hialiah Water Treatment Plants" by J. C. Balter, 1983, 
fo r  more deta i ls .  

6. A summary of  a report on a 1984 bioassay by CIVO. 

i hope that  these are useful t o  you i n  your evaluation of 
t h i s  substance. - 



INTEROFFICE 
MEMORANDUM 

subject Suroi cal Removal of Anoi osarcoma 

L .  B .  Tepper To Corporate Medical Department 
ILOUImn. OIwnIJallOn. or D.L.rtrmnl1 

From J .  T. Barr Regulatory Response 
ILoutlon. OIwrwrrtlon. or OaDartmnt) 

cc: G .  Bays 
H. 1. Watson 

The attached art ic le  i s  a report o f  an apparently successful 
surgical removal o f  an angiosarcoma from the l iver o f  a PVC 
worker. I t  appeared a t  Br. J .  Surg. 71 322 (1984). - 

" 

J .  1: Barr * - 



s n o n  n o w  an0 u s e  re- 

1 .I' Vinylchldride induced hepatipi~G G 1 ~\y~~.ncnonrr~ .~ l tnround*ourda~r~ .demctvmolr rof tbcn~ 
hcrauc lobe u u h a r u % o l ~  ThcpTc hqnucroaconhncd angiosarcoma .;4~& c p m m r r  d a n  illdefined 6 l l i  f ~ e ~ e d  in thc inkrior.mn ofihc 
rlcht lobc uith t u v s m l l  d c f e n r ~ l  the l n t l  ofthe hilm. 

Y.A. Louagie, P. Gianello, P.J. Kestens. F. lcn lobe. 
A sclmi\r  rngiio~nphy of the di ancry m u l e d  8 h l p a -  

Banbled and J.G. Haot r?rxulurizcd tuaour o f r k  rkhr hemtic lobe tFinne I). - - . . - . - - -. . - - - 

D e ~ a r t m e n t  of Surgery of the Alimentary Tract 
Louvain-en-Woluwd MedicalSchoo/, and St. Luc Hospri'al. 
1200 Brussels, Belgium 

Correspondencr, to: Dr Y.A. Louagie. 20 Avenue d'Huan . 
(b te  3). 11 50 Brussels, Belgium 

The  relationship betwcm vinylchloride exposure and 
human aneiosarcoma o f the  lwer (ASL) received attention in 
1973 when a case of this rare tumour was diagnosed a t  
autopsy1. 

Case report 

A 39-year old man was fim seen in July 1979 with p i n  in the right 
u p v r  quadnnt. The liver u n  palpated at the nght costal m a i n .  
Oral choicc)'stopraphy and barium suallor were nomul and liver 
funnion tau u t n  in nonnrl limits, From I965 to 1970 he had 
cleaned reactors used for the polymerimtion of the rinylehloridc 
monomer in PVCand u r  thus cspowd to high amounu. 

He uas admitted 3 months later with persisting riphi u p c r  
quadrant pain. loss of appetite hnd fatigue. The liver edge u-s by 
then hard and 4 cm below the eosul margin. The ESR u s  accclc- 
rdtcd (80 mm/h) and alkaline phorphatua and G C f P  I\=? 
cle\ated. Carcinwmbr)vnic antigen (CEA) and a fetaslobul~n 

At r nght ~ h o n c o p h r c n o l  the tumour UJI found to k 
conGned to the right lobe. An ulmded riphr lobcctomy MI thm 
pnf.amed. The pommemk% recrmr). uu unnmtful  and tk 
p k n t  was Icm hane  o i l h  a morubly&imimisvIaim orVmcristinc 
(1 mg IVI a d  Adrism* (150 mgm' 1V) u&h wrdircPninucd 
inJune 1981. . . . - -. .- - - - . - 

Rcpatcd controls ap to Smanber I981 by l i ru  scan and 
comwtaited omoma~& mmahd nona8LThc pu*m is ail1 in 

Pathology 

The ratned ~ m c n Q b a s 2 0 5 0 ~  Oa -iaI euminatim!. 
the main tumour (13.5 x 8 an) rrr vcliowkh.ud s m n w  ud 
contained cysuc and hcmonb& k a  A veoad &lla 
bemorrhapic rrup urr found a t  ~ I C  ininhior upn of h e  riLhl l o k  
wnoundrd bynumrro- p u d e  mrpa 

Macmrmpially. the maiitumour shourd *rfc ucu o f n c a m k  
and lwmontugic ~ ~ c t p ~ c a ( F i * m h T h a c ~ u r n  
surrounded by areas of JMc 8ucuLr prolilentioa The siousoids 
w m  lined vith 1-a- sired i m g u h r  y l c ~ m t o u r  cek with 
hyperchronulic nuclci Elsewhere. blwb6lled I D I ~ ~  wnc 
runoundcd by urcawsu cells The vrcarn cclk e- 
adjacent liver cells .nC bile d u a d a .  and io6lv1~d ibr pum- 
ch>me The p u h d o g h i  diagnosis of mulkcn& mg' tma~coma 
uu made. The ra! d the lib= uu nonrul except for some 
modernrely cniuprd p o d  u~o. RosrrPin fibrosis s c p ~ l e d  
hcp~mcy~o atthe -01 of rhe p o d  marfrornditccar Wit 

Figure 1 S~Itvrrty on.uit~fraphr uf lhc c~rl iar arlm: 77w IIJW R m  3 Plf~~r*nnnw&.r rJ' tk mi81 cmmwr .&ria#! Nad 
s i r :  r . I  p p l i  h n a n t i  r i  a I 6IIcd r r w r n  rummmlcd 6.r ?r- sag% +/I-- 
rrdn br.puraurlq I JMlr ' 



S h a  notn and u w  r o p e  

cord ccllr. Animanmis and aniroc!l&-wrrc frcgutnL A cross- - ! PrOve.IO be curative. Howc\rr. there are k w  reponcd c ~ ~ c r  
rcction hiomy of the lclk lube ahowd nomml lhuc  with slight orsucceuful opcntivc rcmo\;ll of hepatic anyior;lrcom 
hcw~oc!?ic a n i ~ ~ v o s i s .  The l!mph wdCS ukcn li0m the l i ~  the longmtsuni\;ll b s h m n  I(, monlhp. 
hilum were hyl+.rriIa6tic. The main Iiitura ol'thislumous wm iu ! 1, our turnour wr conlin,.. to lobe rind 
nlulliccntricily mJ thc prcu.nccofmild l ibrab : there uas no sign orthe extcnsivc Chrwis. So Tar the pt ient  

' is apparently free oCdiscnsc after 38 months: This is. to our 
Discussiun knowsledge. the longst puhhlished survivul. 
The occurrcncc of liver angiosarcorna in vinylchloride. 
polymerization xorkcrs was rcponed in 19741.2. Prolonged 
exposure and long interval from initinl exposure is rquired 
before liver disease bccomcs appJrcnL The awrage interval 
is I ?  ycan (range 6-29)]. Our pntient w u  exposed for 
5 years and became symptomatic 14 yean lner. 

It is a rapidly progmsing lam1 diswre, apc i a l ly  in 
adulu. The clinical features include rapid liver enlargement 
with haernorrhapic ascita. fast deterioration and c a c h u i  
usually with death within 6 months. 

The treatment is disappointing and chcmothernpy and 
radiation of palliative value only. Irthe diagnosis is mode 
early. the disease is localized and there is nonuocisted liwr 
fibrosis or,ponal hypenmsion. reseaiw operation might 

Rekrenm 
I. C m h  JL ir. Johnson MS. Anyiovrconu oftht iivcr in the 

I manutjnurc ol.Pol\~inrl Chloride. J 0 b r 1 1 ~  .IIcd 197.1: 16: 

' 3. Block JB. Anyimrcomn ofthc livn following \in)+ chloride 
e x p o r u ~  J.4.11.4 IY7& 229: U-4. 

3. Heath CW. Flak H. Crcech JL Jr. Chamclcrinia o f e ~ r a  of 
angiourconu oCthc liw- amon# vinyl chloride worken in the 
UnitcdSWtcs. ..Inn N~.lrwrlS1.i 197): 244: 111-6. 

4. Adam YG. H u m  AG. Hajdu SI. Xlulignant ~ u u l o r  lumoun 
ofthc Iiwr.rl~raSurg 1972: 175: 375-83. 

1 

Rperacccpted31 July 1983 



-.-a SOL r.cluroL 1sas. IS. m-wo 
--- ...~rpnology. there war no evidence that the rurface plnd mV PPJo Alb, CA, by s0~r)unr  ~ n e  

nodules were composed of any specid, unique elmen+ ~ ~ ~ h n s A L B . n d l r C d u m k r ~ b D r n  
Thew partidea from thene psrticular coUectiow ram to C 0 l - b ~  OH. and Rotb AU0d.m -a. 
be quite similar to the micrometer sire panidas amittad (EA-2892. h j a n  li7&1). Much 1983. 
in the aah (2). It ia not clear, tbcnfore, why the wUectcd (21 K.uibur. fJ; licbtmus. D. Enuuon. Sci. Tdnol.  1% 

18,544. arh shows a bimodal distriiution of micrometer size par- . (3) VdkoviC V. T,e E,emcolc tr -; CRC a tides centered around 5 rm m d  aubmicmmatsr size pu- 
ticlm centered around 0.5 rm. X-ray photoelectron &ton, FL 19B9; VoL I. pp 83-171. 

(0 % *b. F. A.oc. Symp. N. Mnm.  Rd spectroscopy ( U S )  and depth profile XPS have baen Soe. 1981,3+ 
applied to these samples to determine surface cornpodtion (5) R . h s h & L n n a W D . K S c i a r n ( w ~ ~ . ~ . c  
Resulta of thew analpea will be presented in the n u r  1984,22?, l32 - 
future. 

Literature Cited Recebd for mrirp. April 24 &uirrd n w ~ & p t  m& Sewmbv 4,1984 Amspted Cktober 30, l a .  Tht d w 
(1) 'Pknnin~ Studim fm M-mum OlChmkd EmioiorY rupported by W e  Powrr Rctlomh Imritucr Came:  Rp 

in Stsck Cans d CoJ-Fi Power PLnu.. Repon prr 16s-I. 
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I 
I Anaerobic Degradation of Trichloroethylene hr Soil 

I Roberl 0. KI.opfer,* Dlano kl E.aley. Bernard B. Haw, JI, and Trudy G. DaDJ d " *  

Charles J. Wwrey . 

n When wichloroethy~cnt (TcE) totopidly &beled with 
one W atom is used and pa chromatography/- 
spectromety is employed to monitor the production of 
12dichloroathyl~'SC, WE). it bas been demonmated 
that reductive decblorination of TCE takes place in the 
soiL Microbial involvement in thir process ia indiwted 
since unstCriSid soil ssmples yielded up to 78 pb of 
labeled DCE while sterilized soil umplcs producs8noae. 
homer specificity waa slro found: only 12-DCE war 
produced-no 1.1-DCE waa obaarved. . 

. Introduction 
Since trichloroethylene (TCE) is a major industrial 

. solvent (234000 ~ t t i c  pmducrd uypurlly. worldwide 
(1)) wed for dclnuuine and dadm metal m e  and 
electronic compGnrntr, b b pcrhapn & awp&ag. b t  
TCZ hu found ira way into tbr en- & kn. TCE 
appears to be aidely distributed in the aquatic encriroa- 
ment (I). 

Homer ,  the enviroamentJ fate of TCE bas not been 
wcU documented, and conridanblo controvem atill asiata 
concerning iu behavior in mdmnmentrl madim Euly 
literature refersacen haw d u d d  Lh.t C, and C, lub 
genated hydrocarbons us not mekbolizad by microor- 
g a b  (2.3). More recent w e a ,  hawwe?. am a p k  on 
Jhe issue of whether TCE is biodegraded (4-7). with one 
rcsesrfh group reporting botb 'no apprechbla uuuobic 
degradation" m d  40% degradation of TCE in rimilu 
rnethaogenie cultures (8.9). 

In a very recent publiution, PUXM~ et .L hmve d e w  
owtrated that tstrachlor~*tbylena (herein referred to u 
perthlorc&hylene. PCE) ia nductively dachloriaated to 

' Prueml rddrnr  D e p u c w ~  d Civil EadMiirrt. Uohnnly 
d Illmok. Urhn*  XI, 61801. - 

TCE. dichlproetbylanc (DCD. and vinyl &Bride in F b  
rida  muck/^ water mi- (10). Wbrthrr 'ICE, 
which was prwsnt u a L6% impurity in the PCE study, 
WM h i h r l y  bi0trmafonn.d was not dimcrly investigated 
but was implied by the results for PCE (101. 

Therefore, in order to dotemhe wbethw TCE itself 
under~oes biodegnbtion, we lmve un&Nken a atudy 
~TCEwith&qlea~~totopickbding,rai l trom 
a T C E r p i U u t e i n D m W  lll).endoarySauitirnp 
E b m = W ~ a ~ h ~ l m u r  swemmetrp (GCDfS uulW 
-UC~ Sb~~DCS*C~~~ulddyufsrviraroilw 
soil-fniaahc'mduead nduaivc d e c h b r i ~ b  dTCE'Jc,, 
thb q e h e n u l  m e W  should provide cmmte evidence 
in SUPpOe Of S U C ~  6 @Way. Tbr M& of OW h 
*ation of thL problem are ?epoMd hernia 

Etperimmta1 SIcrion 
MatarWs. Since usy miaobea pment had probably 

adap t4  to TCE roit umplrr were collected at  the D a  
Mohw utr, at dwtha of 1-2 CA- samples), 48 CB' 
rumples), a d  13-17 ft Cc' umples), by wing an 18 in 
lootby2Ieak*pl i tblumpfu(11) .  TheIeaoil 
wm~cwrrnrlyudbyOC/MSfortbapmmacadTCE 
and DCE In sph of the TCE sludge appiiution b.trlag 
been discontinued in 1919 UI), dl roil ramplea coatriaad 
6 ppb of'lutiw* ( U n k W  TCE. No DCE'a were found 
in any ron'sample. (An d y r i r  of the Dea boinrr TCE 
dudge itrclf by thL labomtory m d  by m independeat 
W a g  khrory ahowed vary high lewh of TCE (9000 
P P ~ ) ,  but w DCE w u  d&cted.) 

TCEUC, wrr purehwd from Merck Shup & D o h e  
W p c r .  S i  UC labaling wu used to produca m o b  
ulu and fragment ion p.rh which did aot hva tba 1.w 
m/z d u e s  u t& DCI/=CI MW isotopic mtbunr. .,-- -- - 
I;CcMS 4 y r L  showed the TCE*r-2--L -- - - - 
I pure an4 *--- ' 



costamination Volatile organic stan* wm p a  
from Suprlco. lac, and wrre diluted appropriately with 
me.hol to contain 200 ppb of TCE md DCE S o y b  
med WM obtained commercially. 

Methods. Five gram of roil from uch depth w n  
placed in 5-mL amber vida which had bnn baked at  150 
*C for 3 h to remow any adhering vohae oxganic corn- 
~ u n d s  Ontgramofaoybeanm~wuadddtouchvL1 
to ensure anaerobic conditions, m d  thm v i d ~  w u r  then 
f a d  with 'organic-freee dirriUed water (wbicb hd bran 
purged with nitrogen). (Organic-he =tar is distilled. 
passed through a carbon m l u m ~ ~  d checked for &a 
by using GC/MS methods.) The vida were urld with 
Teflon rep& Samplar to be stariliud m e  placed in an 
au&vefor30miumint15~ E a c h v i d a ~ r r t b n ~  
with 10 of TCE-UC, (1000 ppb, or rg/kg). Duplia- 
of each sample were prepared. The dad viala won 
transferred into C01/H2 Anaerobic-Paks (BBL. Divkion 
of Eioqunt), which were then placed in ur incubator at  
23 *C. AJ much u pouible. the umple, a~ kept in tbt 
dark u, avoid photolytic degradation of the TCE Subeta 
of the vkk were removed for rodywr at 6.17. m d  41 
week 

Control and method b h k  ~ m p l u  were prepued u 
l-uuoan. (1) v i i  con* only olpmioh water, both 
with and without the TCGmC1 spike, m e  pnpuad to 
monitor v o h t h t i o n  1- and to check for cmm-mm 
tamination thugbout the proodum. (2) VLk ~~ 
only soyhm m u l  (both sterilizrd rod u~tuntrd) md 
water wen m m n n d  tn tat fm mnv n*l=ihl- ro-4-  a* 

TCE to DCE by the soybun mad itself or my Fforew 
mimben m d  to monitor adsorption of the TCE onto tht 
organic matter. (3) For the &weak samples ody, vida 
c o n t d q  roik A<, r o y h  me& and water without the 
TCEUC, spike were p repud  n method bknkL 

For the uuiyln, the mntantr of each v i d  wen trma- 
f e n d  to a Smtvkl by udug organic-h water ta 
eliminate bmdapan 4.ie s d d  with s Teflon repara 
mixed, and allowed to settle. Fivr milliWurof th ru- 
pmmt liquid wan then removed for volatile 
rndyain ruing a F h u m  Modd OWA GCIMS rod 
standud p u G  md tzapPm.thcdol~ (1% 13). ' h t ~ d o n  
limib for TCE m d  DCE by this mothod ur &tad to 
be 1 ppb. 

Resuh and Ducuuion 
All cam-& involved in thbatudy uwe idafisdby 

their charrrctrrutic CC dution time, md m m  rprcm. 
C r * i  1 shows the observed rmru r p c ~  of W e d  a d  
unlabeled TCE m d  DCE) Both qualitative and quaad- 
tative identifications wen e f f d  from mad nkted 
ion mw chra~~- for cach substma For .rrmpi* 
theirmratthelistedm/svdumnmmedfortbemulyu 
of the following compnmb: TCE (m/z (95,97,190,132, 

' 134); TCEUCl (m/z 96.9B,131.193,135): DCE (m/z 6L 
69.97, B); D = q l  (m/s 6 2  64.88,100); No dub 
resuitad from p d m  having the - m/z vduw for 
substances sina ueh compound (edurivs of its toto 
pomar) dumd at  a different the. For quaatitstion par- -- -- ---.-- >.. -.* . . . . . . . . 



Table I. Anrounu (rr/kg) of If -Dioh~~methylend"', roil -PIU showed tbr p-h of 2 ppb of W U C , .  
Produced by D.m&tioa of TricUonnhylone-nCI in This may, however, be the mul t  of an incompietcl steri- 
Unsur i i id  Soil. 1Lation ece thin WM d y  obKnml for one of the lo- 

time umplcr 
- 

Since conwnion of TCEJCt to DCEnUC. occurred - - 
6 8 7 11 h o s t  u d u r i d y  in t m ~ r i i ' t e d  mik. mipobk p d d -  

17 28 31 8 
?a4 n pation setma certain. Some caution should be erardaed 

41 25 in drawing this c o n d ~ o n ,  hodrever, since Kaufmm (14) 

text for soii depth deaignation~ b u l b  .n we- far has reported that A-ving h a  not only the bic- 
duptiuc. S U I Y P ~ ~ ;  MI- vm a%. 'No dupliut. vdw WAS logical properti- of the soil but Jlo its uhvdai and 

for the and UC compounds wen identical. Thir M- 
sumption appean to be valid since we observed MW 
a b u n b  ~psdrsintheunkbeledTCEdDCEmau 
spectra having 2% of the intenaiw of the correapondinp 
W peaks (theoretical value US). The pertinent rtsub 
of this study are discuaaed M follw: 
(1) In the water-only aamplm, no crorr-eontaminstion 

war observed at any stage of the experiment Therefore. 
no exogenous rubstanma epperu to have entsrd the s6m- 
ple vi& 

(2) The vials containing the w a r  with the TCeUC, 
spike showed considerable variability in tha* -rant re- 
cbveriu. indicating rubruntid and-inconristint vokril- 
h t ion  losea of the TCE We were thus unable to obtain 
reliable quantitative data menaming the comemion dTCE 
to DCE by following the mtcl of lou of T C E  Any ex- 
periment that measures ody the lou of TCE appem to 
suffer from thwe v o l a ~ t i o n  problenu and from ad- 
sorption problems (to be dbcuaed nest). No degradation 
produns of TCE-*Cl were observcd in theae water and 
TCGuC, samples. so roil or miawrgsntnu contained in 
the soil must be pruenr to effect thin conversion 

(3) In the ramplea con-g water. soybean med 
(whether sterilized or not), and the TCEuCI spike, no 
conversion of TCEuCI to DCEUCl WM ob.cnnd Thus, 
these control ramplu eliminate the soybean m d  as A 
potend source of TCE degradation H-, adsorption 
of the TCE on the soybean meal wss sigaiflcant From 
50 to 60% of the TCE apike waa adsorbed after 6 weeks. 
h seen from the sterilized soil rsmplea (where, except in 
one CMe of incomplete stedi7ation no ~(mvenion of TCE 
to DCE occurred), a n o h  10-154, of the TCE was ad- 

diemid properties. Neverthelarr, on thib;ia of our 
multr for TCE and those of Paraoru e t  rl(10) for PCE, 
it ap- that the degradation of TCE to DCE in the dl 
ia indeed of biological origin. 

(7) Only 1.2-DCEUC, wss produced wheaeverTCEuC1 
nu degded. No U-DCE%l (which elutm mom rapidly 
thn 1.2-DCE) WM found in any u m p k  Under ow ex- 
perimental conditioru. cw. and tm-13-DCE meluted 
(d csnnot be differentiated on the bash of thcu marr 
spectra). Thus, we could not identify wbich geometrical 
homer WM formed, or if a mixture of the two au pro- 
duced. (kr their study of PCE biodegmdatioe Puronr 
ctrl(10)w~abbtorep1yptethedrdtMI~n 
chtomatopphidy. They found that cis-13-DCE is 
aignificautly favored over the trans homer.) 

sw~~orv 
By using TCE iwtcpidy W e d  u+th a dn%. YC atom. 

we have shown that TCE is dcfiitey deckdoriaad in the 
roil to 13.DCE Isomer specifici*, WM rLo OM no 
W-DCE was detected. The TCE - DCE degradation 
appeam to be biologicd in narure. dDca soil sample which 
had been sterilized exhibited no such conversion. 

Sino&hasbeenrhoworhatmiaobcrth.thawadapd 
to degrade one member of A homologoru .uirr have aLo 
*muhmuurl~ a d a d  to darnade other mrmben of the 
ume d e a  (is), & pouibilky aziptl th.t DCE an bc 
further biitrrmsformed iuto vinyl cblorida in soils. Mon- 
itoring data at th Da, Moines &A (11) and h h u a  (16). 
thin work .and the work of Parso01) et d (10) dl strongly 
support thin DCE - vinyl chloride contention Consid- 
ering thr well-known cardn6geaidty of vinyl chloride, 
t u r r b u ~ r l o n g t b e l i n u ~ d ~ v u ~ t a d  

sorbed on the roiL Th. adsorption loug pose mother ~ ~ k ~ ~ k d ~ ~ ~ ~  
major problem in a study like thir Ekperimmtr that 
monitor the losr of, for example, TCE and a t t r i i  it We gratefully admowledge John Caoile (of- md 
solely to degradation am potantiany mspect, particularly Envhmmeu& Ine) for obtahhg the roil sumplea .nd Carl 
if care ia not taken to account for volatilization and ad- Bailey m d  Anpel0 Cuwcr (of the Region W Envimm- 
sorption 1- m m t d  Protection Agency Laboratory) for providing 

(4) The 6w-k method blanks (cont.iniry niter, roil, technical rslktrnca 
and soybean mad with no TCEUCI spike) r h o 4  no RyLtry Na TCE, 1941.8; DCE. 640.504 
neneration of mv substance CTCE or DCE. labald or 
;bt.bcled) not h e a d y  present In the mil itself. Lit.mturc Cited - . -. . - . - 

(5) Conversion of TC%'V1 to DCEuC1 nu noted in 
all mstdizd roilr. Tabla I the amounts of (1) *knbiant Water Quality Cziitui. for Tzichlomethyleno~; 

kbeltd DCE p r o d u d  AJ rem from Table 1 A general 
US krvimnmmul Rotmaionr\r~. 1980: EPA 4401 
aecWm (NTS gPSl-1176711. 

and gradual i n a u w  in the .mormt of D C E W  produced (2) Pmwn. C R: hIcCoaneL1 C. Roe. R Soc &n&n, Su. 
orrun with tima (Of course, due to adsorption and vol- B 1975,JB9.5OE-932. 
atiliation lorsar. th. amounts of m U C 1  a c t d y  pro- (3) ~ C ~ F ~ D . M : P Q ~ ~ O C R ~  
d u d  am no doubt larger th.n thaa nporLcd hcn A d  197s. 3(. 13-18. 
amounts of TCE - PCE wnvwaion in 'red" soils may (0 Van .... .-. Dyke, R A. EMiron X d h  Pmp.c+ ISPI, 21. 

arb-re. be wen b g e r  thaa n~orrcd since the (6) w w  J. T.: c & DunLp, W. k Caby. R L; 
meal to e$we anaafob i i  may well have bema i 
more attractive energy source for the roil microbar th.n Foraer, D. 1C; Bukin. L & J. ENdrorr 4uoL 19111.JO. 

e n 3  

the TCE. Indeed. b d d m n  produ- of the soybun 
-. - 

(6) T . ~ L K ~ Q ~ ~ s . ~ M ~ ~ P ~ c L ; B ~ ~ ~ E . F . J .  
meal were alro noted in the unrtsriliud roil umpl t r )  . Water PoUut. Corwd Fd. l9SL 53, SOS-WM. 

(6) With o w  exeepch, no rhrilbcd soh d o m w t d  O bider. K Conun. EIU. Co&ia, [Rep.] EUIl190. 
e y  'p33 - DCE . .. eonymion. ... . ....  One of the ......., two 41-nwk ~ C EUR-, ~ 2 0 4 .  . . . .. . -. . - . .. -. . . - . . . .. - - . - - .- . .  . . . . .~. 
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of Polychloroblphenyls 

Roborl Louw* 

2300 RA ud.n. Th. Nethuhndr 

for deeblohtion of (highly) chlori~tod indhatzhl w u ~  
matcriab e tc  Thumolysh of chlorinaud bmazmr in m 
exrru of HI ( q w  flow rarrror, rt~~.orph+ric pronure, 
residence time 5-15 a) p m c A  rmoothly at 750 .C md 
ahom vezy high degrees of collvonion (HCI farmuion) at 
CIL 900 .C (8). Sooting h u a i m p o ~ l l t ' m  a t  000 .C 
provided that the H m e  mokr intake ratio k .bocn 10. 
Aliphatic and olctinic cbloridea, in pnurl, react much 
faster t h  chlombaazenm (8). 

PolyeNorobiphmyh (PCB#) h.vr found widespread 
application. wped.Uy M mndormu 4 it# use and dt- 
poul entailing considerable eavirormd probl- We 
therefore thought it worth w h a  to eumlne the brhvior 
of PCB in hydromeking (aq I). Our obormtiom, in- 
cluding thore on appropriate modd compounds rrportd 
below, cadi our expocution thrt PCB un ba com- 
pletely converted into HCI m d  aon-chlorinated organic 
product* mainly bsruuu Hydmp.ekirrg t h u  onnimta 
an environmentally c l w  .Itornative u, inciaurtion. 

Repreaentative crampia with koclor 1248 (CI = 48% 
wt) are outlined in Tabh L Tht wnveraion of PCB L 
essentially complete and n illustrated by F i i  1. De 
chlorination of chlorobmune (PhCI) h LS7%; mono 
chlombiphcnylr m  see^^ in minot ~mnt l l t a  oaly, biphmyl 
eompz%ag a 0.7% on the PhCl f e d  Tbir biphrnyl 
atema from PhCI--or better, from benzene made 
therefrom--rather thrn from PCB (vide Notable ---..-- 2;- . . -.. --, -. 

Tahlm L Thumollrir of PCB ia ChlorobDnw ria 
Bydror*n0 

* ~ ~ h l i u ; l q u u ~ t u b u l u ( b r r u n o ~ ( ~ a 4 c n r 3 ; h ~ o r  
(-ol/h): a 21 r P ~ Q  10.2 A d o r  ua (0.6~1: duntion 
dnrnr~mi%pmduseoll .cdhampeookdvl(hl iquid 
Nc 'ByGLCrl~PhBrniwmJ~und.rd:rouiolrwf.c.uu 
from dichlorobiphlnyl on (nmrion tirnr > 27 du, U, p 
rvlniog mponu to br hdrmndmc d chlorine can- Tbm 

UUII the yirldr of PhCI, d PhCI, to p.rr rkourh a 
muimum with incnuiry tomperatam. The rime h o b  
formomdkobi- (QPbJ 44 &om PhQ Tb. 
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4 D r c '  * '  THE D O W  C H E M I C k . L  C O M P A N Y  

October  5 ,  1984 

Document Cont ro l  O f f i c e r  
Management Suppor t  Divi  s i o n  
O f f i c e  o f  Toxic Substances  (WH-557) 
U.S. Environmental P r o t e c t i o n  Agency 
401 M S t r e e t ,  S.W. 
Washington, D.C. 20460 

Dear S i r / ~ a d & :  

At tached f o r  your in fo rmat ion  p l e a s e  f i n d  a copy of a summary 
of a r e p o r t  on a Li fespan O r a l  C a r c i n o g e n i c i t y  S t u d y  of V i n y l  
Ch lo r ide  i n  R a t s  which w e  r e c e n t l y  r e c e i v e d  and which  I 
d i s c u s s e d  w i t h  David Wil l iams on Tuesday, Oc tobe r  2, 1984-  
This s tudy  was conducted i n  Euroae 5f Civo I n s t i t u t e s  TNO and 
was sponsored by Verband Kunstofferzeugende r n d u s t r i e  E.V, 
( V K I ) .  

I t  is o u r  unders tanding from V K I  t h a t  t h e  EPA w i l l  s oon  be 
r e c e i v i n g  a copy of t he  f i n a l  r epo r t .  We do  not have  a copy. 

r 

Upon review of t h i s  summary, w e  have been unab l e  t o . d e t e r m i n e  
whether  t h i s  s t udy  p r e s e n t s  any s u b s t a n t i a l  risk i n f o r m a t i o n  
under  t h e  EPA's Statement  of I n t e r p r e t a t i o n  and Enforcement '  
Po l i cy .  4 3  Fee. Reg. 11110  (Mcrch 1 6 ,  1978).  I t  a p p e a r s  from 
t h e  minimal da+a presen ted  i n  t h i s  summary t h a t  the s t u d y  is 
c o r r o b o r a t i v e  of e f f e c t s  a l r e a d y  documented in- the s c i e n t f  f ic 
1 i t e r a t u r e .  

S i n c e r e l y  , 

&Ap %rn Fin- b ~ b a s n  
R t t o r n e y  
2030 Wil l a rd  H. Dow Cente r  
517/636-0933 

Attachment  

occ: F. D. Hosrger,  2020 WHDC 
H. . Schumacher; Horgen 



1. Tha aral  u r c l u a m r l c l r r  a t  rlql cUars$# w r r r  ( V U )  w e  a a u 1 1 d  

Lm a l i f aepra  a r u l r  (149 - a h 1  rl&b ;;ve er..ra d WIarbr rare. 8a.r 
cmamtmuy mf 100 r r k m  a.1 100 t(ru1.a. -c Iar  rku Caeam- a r k -  

cas?rim.r SO a&.-& % (&as. V a  -* a u i a ~ * ~ m ~  h *- 
rarpareci.i p1 ,~1071  chIande ( n C J  w a r  a r b  a hiyh V U  aancmnr 

i a t a  th diet.  5L. dlrc ram pml$.( d.111 far # p r l a d  of 4 c a u m c r  

- tin bun, rh.nam food *am rlrMnum drr* tbs a r b  20 hnura. n a  

aaa a t  CIIZ. -my mL b r a  I= .L1.Jscrarlma resdtm6 I8 rb. faU.rlml 

* w a u r 8  lavale8 0 ( n n c n l ) .  0.01A. 0.U e.1. 1.3 .r VOtlk# W y  - 
v a i ~ b d ~ .  & u u s  cancxnl t n u p  mf 1W rarslrax u a  beur8d Lm l 

e.wrarm r#. .. ~ a t t t a b r ~  uuuu .VS- .I LI UL. .a XQ :& rat.. -b ;W - cat-- c~ ..w u e a r u m c  a e  rh8 u l m  v.3. mar# muad l o r  decant- - U C i m u  af &luracIsins h n L e  1s eke Zin? ctte 9 n* 11 n a r h l .  

ObaalracSnm r*rm u d a  a! # ~ r 8 l  appearncm m a l i c t .  e r m h .  I d  

2. S.-ral U c L .  b h r l n u r .  b d y  wlyhc  a d  :a4 IsuL v8p r e  ad- 

varaaly eI;mcce$ h rha cemc ~ b a u a c a .  

3. Xu r L  s a c a d  b L i  of r h  uper2 . r r t a l  pea. w r c a 1 e y  i n  (ha s8cra 

c ~ m c r o ~  ~ a u p  was u;hr c ~ m  ;n. dl s. m e  r a a  umr ) r a t  

ably aw u a Msh iu lLa.ca  a t  chroaAe n a p l r a r a q  dU*amm In  tb 

exrra cmnrrmX n u p .  I n  rh8 tiul atasm a t  &e acMr, rhm -D&CT $8 

cb. car(mum sr.r, n8 sllahalp Uabr ikr ;r c h  18wer & m u  trnupa. --.- 
a d  rru u n m l a .  T 

4. ' I h - ~ L . o n ~ ~ ~ ~ - r h p U .  ci.e and 1;nr r l u t a r h l n a  lmn1m dtd - m e  rb.r  c r ~ a m a n r l r a l a ~ a d  d.ltiareasas a m :  r h  :nupa. 



9. A e l * a r l r  hlshar 1nCldm.ca ef arasalr  vlmINe. 1-rwo. 11r.r r C  

U k .  Ua* bud 10 b e b  U ~ S  ..I f ~ . I * e  ef C b  ta-ek trWp 

an? a t  ~ h . ' a c h a r  srbupe. Nnm-r, l z  f ~ L a  a t  c k .  -a#. 
th ioe1da.c~ of k p r : ~  craca -R eeaoidmrebl? M g b r  t b a  i o  t a r  
cr01.. 

l i ~ * ~ r m l l  polmorphi8a. hpacZc e?eca. foe1 a t  crllvts rltarsuma. .- W*el..Cie mdules  and bevcoc.ll&r o . r c l . u a U  C L .  todea.';rbup 
am c a w r - d  ce  cba esarrml tretq. 8br8ov.r. a b v u c  a w l o u r a u  *.# - 
f w d  ma18 rod M f . u l a s  a t  rbo repllama rrw?. rb .naa r - 
eucb curours wen a o w o c a . r l  as aa? bt r& a c h r  g r a p .  

- WS a t  &*a1 .f 1.3 8614 bow vs:lhJdar lduc=e  e a o v l ~ a  amd 

r-vkrctc cchnrar la t& U n r  of nca.  
- 
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oep and Pharma- 

Johp T. Bare 
~llr m c t p  - m i d ,  kl~" 

The wall-known regulatory history of v Q l  chloride and it9 role 
as a bellwether of current regulatory phUo80ph~ makes it a useful 
paradigm for examining the relationship of existing laws nnd the 
Toxic, Substanca Control Act (TSCA) for control of chronic hazards. 

To thfc end, we will f i n t  mvim =me of the highllghb of fb ! . 
regdatory history, and than angage in some rgcculatim as to the . 
response thwe events might elicit today under TSCA. 3, 

t 
I MDUSl'RlAL AND COMMERCUL USE OP VINSL CHLORIDE' 

I Vinyl chloride became of Industrial importanoe about fifQ 

i years ago, appdmate ly  a hundred yaan after its discovery, when 
Semom discovered that lta polymer could be convcrtad into useful I 
articles by plastivltlon ~4th phthalate esters. Commercial b v e l o p  1 
ment began first in Europe and than in thir country in the lam 

! 

11 Air Products and Chemi~als, Inc., 1983. 
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annually in this country, and about four times that in the world. 
Some of the broader toxicologi& attributes of vinyl chloride 

(VC) were recognized in the thirtia. It was known to be an anm- , '  . 

Also in the early sixties, the European industry recognized 
among its workers a disease termed amosteolysis, AOL, which is a 
degenerative d i i e  of the bone tufts, particularly in the fingers, 
that is accompBnid by Rqmudk phenomeri~n.~~ An extensive epl- 

21 W. F. von Oettigin, "The Halogenated ' Hydrocarbons, Their 
Toxicity and Potential Dangers," Public Health Service Publfcatim 
No. 414 (Kashington, D.C.: U.S. Department of Health, Education - 
and Welfare, 1955). 

i 

41 American Conference of Governmental and industrial Hygicn- . i 
ists, "Documentation of the Threshold Limit Value, 1963" (Cinch- 
l ti, OH, 1963). 

- 
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lean industry recognized 
teelysis, AOL, which is a 
rticularly in the fingers, 
7onO5/ An extensive epi- 

demiolcgical survey here and in Europe found about a hundred poxsf-- 
ble cases which were associated clossly wi th  manual cleaning of 
reactor walls between polymerization batches, but neither the rn 8 c t a  etiologlfal agent nor the discare mechanism was identified. 

An attempt was made to reproduce this dfrwse in rats by the  
medical department of one of the European producers. An e c t  
dqlicstion of the human disease was not s e a ,  but many of the rats 
dcvelomd tumors a t  numerous sites. The rep- of this finding by 
~ i o l a ~ ~  in 1970 evoked little interest in the rcgnlatorg commmitp, 
possibly because of the very high doses used, several thousand ppm, 
which were frankly toxic to the animals, and the  fact that the 
tumors were largely metastatic from the Zymbalgland, m not 
prqent in humans. 

Nevertheless, both the European and domsstlc producm 
formed consortia to perform bioassays a t  lowe concentrations and 
aLro began epidemiological surveyi of their emplqaas. T 

Preliminary results of the European bios~say bacame aMPab1a 
fint  in early 1973! and showed tumor development at much lower 
concentrations in organs which do have human counterpnrts. This 
result was transmitted to regulatory officials that summer, awl 
industrp screening of employee records was in tmdf id .V  'IWs r e  
sulted in the recognition that winter by an industry medical director 
of a cluster of three rare liver tumors termed s a g f m m a ,  ASL, in 
the employesrr of one The reporthg of this fact to 

we, nThe Toxicity of VC 
Laboratory Animals," 

XXII (19611, p, 

and Industrial Hygjen- 
t Value, 1963" (Cincin- 

i, "Study of Diseasu 
i' (19831, p. 967. 

6/ W. A Cook, et EL, "Industrial Hygiae Evaluation of Thermal 
Dmadetion Products from PVC Fetus in Meat-lvrapping Op.rr 
tions," Arch. Environ. Health, XW (19711, p. 74. A h ,  B. D. Dimnu, 
et  A, nOccupational Acroosteolysir I, An Epidemiological Studytw 
& p. 61. 

7/ P. L. Viola, "Pathology of Mnyl Chloride? Medicinn do1 
LXI (1970), p. 174. 

8 /  A W. Barnes, "ICX Ends Its Snmce on Vinyl CMorida,* 
Chemical Ensineerine News, (July 8, 19741, p. 21. 

F/ J. L. Cre rh  and M. N. Johnson, "Angfosamoma in Workarr Ex- 
posed to Vinyl Chloride as Predicted for Studios in Bats," Journal of 
Occu~ational Medicine, XVI (19741, p. 150. 
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ous steps still is lac-. 1% do not even mderstand why some p.r- .. 
sons respond with AOL and some with ASL, but none with both . . 

RTSGULATORY STANDARDS 

lo/ 19. K. Lelbech and H. J. nIarsteUer, "Advance in Intemd 
Medicine and Pediatrics " S~rfnsc~~ 'erIq , ,  XLW (New York, 1981). 

11/ R. Hefner, P. lvatanak, and P. Gehring, "Pepcutanaous Ab- 

. 
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The Environmental Protection Agcncp (EPA) promulgated a 
combined engineering and works practicertsnlsrd fn 1978 which has 
resulted in ambient concentr om in the factional ppb range n c u  
producing or using facilitia. l v  

!n the meanwhile, the Food and Drug Adninistratfon (FDA) md 
Commer Product Safety Commfssion (CPS6 rstablfshed prohibi- 
tions on the use of VC in aerosol or other c o m m a  appltcationr, a 
practice which had been Giscontlnued in 1973. The Bureau of 
Alcohol, Tobacco and Firearms of the 'Itasueg Deputmtnt (BATF) 
had already banned the use of PVC liquor -3a i? 1973 because oS 
concern for taste effects from rnigratioa af residual VC into the 
contents. In 1975 the FDA proposed mmc&a of the merally 
regarded ES safe (GRAS) status of rigfd PVC packeghg under the 
Delaney clause, also because of migra'lfon concum, but that 
proposal never has been promulgated, and t h e  FDA bas stated that it 
is considering withdrawal of theeproposaI me recommendin& to 
BATF the reauthorization of plastic liquor battles in light of the 
current very low residual monomer levels im fe=ricsbed W C  articles. 

Other regulations have followed es new states and r u b  have 
come into play. The Department of T r u ~ p c t a t i m  (DOT) and the 
Coast Guard regulate the tramportation of  VC, of course, md VC fs 
bted as a priority pollut&nt and hazard- waste under varfom 
water and solid waste rules, and hsr r repoctable q v ~ t f t p  of one 
pound under Superfund. 

Did the existing laws operate satisfactorily at the tfme of 
dbcovery of the chronic hazards of I'C? !t wuur thst thap dld A 
lead@ medical authority who war deep& keolved in the worker 
health evaluation in 1974 has termed VC a %c--zca rtay." Re8vU- 
uation of the risk to  employees under tbe c- 2 m standard bg a 
c o n s w t i M  nonthreshale extsspolatton rncfin::lgPflelds a Ufetbne 
estimate of 1- than a risk level w b i d  fs not thought to be of 
concern. The comparable risk estimate fco t!e g e n d  poplllaca k 

131 EPA Standard for Vinyl Chloride, 40 CFE 61.60. 

141 P. J. Gehring, P. G. IVatanabe, and C K. Park, "Risk of -0- 
sarcoma in Workem Expored to Vinyl Chloride as Predicted for Stud- 
ies in Rats," Toxicolm and A ~ ~ l i e d  P h r m r c o l m ~ X U X  (lS?S), 
p. 15. 
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sweral orders of magnituda lower. EPA has stated on several 
occasions that i t  believes that vinyl chloride is regulated adequataly. 

EUSg m M E N T  

interested in VC, and more than a dozen have been puformed. 
These can be divided generally into two classes: those which rely 
solely on animal data; and those which attempt to incorporate the 
human experience. 

Those in the first class yield similar results, and show the 
normal spread of estimates from the various mathematical models in 
common use. Thwe range from 1,500 to loe5 ppb for a lifetime risk 
of loa, or eight orders of magnitude. It is necessary to eliminate 
the high-dose data .points, that is, those over 2,500 ppm from the 
Maltoni data16/ in order to get reasonable fits to most .mod&, 
because these doses show h a d  systemic toxicity. The low& doses, 
500 ppm and below, as a group fall into a general pattern on a log- 
probit plot, but individual two or three dose experiments show tre- 
mendous differences in slope when plotted separately. The popular 
multlhit model preticts a lifetime risk of 10" a t  fractional ppb 
levela. 

The human factor was accounted for in two ways. The EPA 
used some preliminary emplov epidemiological data to confirm its 
animal-based extrap~letion~~~Dnfortunately, the human data were 

. . 
15/ J. T. Barr, "Risk Assessment for Vinyl Chloride in P e p  
tive,- (Paper 82-9.2 prwented a t  the 73th Annual Meeting Of tho 
Air Pollution Control Association, New Orleans, LA, 19821, Linw 20- 

16/ C. Maltoni, et al., "Vinyl Chloride Carcinogenicity B i ~ y s  
(BT Proje~t ) ,~  (Paper presented at  "Le Club de Cancerogeneso 
Chemique," Institute Curie, Paris, November 1.0, 1979). 
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selected from those locations known to have ASL cases, while other 
faciUQ data were omitted. They also were in error on the past 
expedura by more than en order of magnitude. This resulted in an 
estimate of 20 cases per year from the astlmated 1974 ambient 
concentrations for the population within five miles of production and 
processing facilities. , 

The EPA scldorn bothers to check its estimates against avail- 
able data, so it sometimes comas up with r a t s  such as that made 
for arsenic a few years ago that would have predicted 18 million 
cases of skin cancer a year in this country if it had been applid to 
Agency data on the average arsenic concentrations in drinking 
water. Similarly, a survey of all known ASL cues  in this countrg for 
the ten years beior 1974 shawed no c s r u  associated with rcsidmq 
near such plants>8f rather than the 200 predicted cases. It b rea- 
sonable to assume that if any cares had developed since that time, 
the publicity associated with it wwId have brought them to light. 
Thus we have 110 million-person years of negative history for nearby 
residents. Tt~is places an upper limit on risk of less than l r 7  per 
ppmyr. 

Two studies applied pharmacokmetics in an attempt to obtain 
relevant human data. Gehring and coworkers estimated a lifetime 
risk of a t  one ppm from tho probit model, based on a biotrana- 
formation of rat data. Th unconstralncd linear model p r d c t d  no 
risk a t  less than 9B ppm. 197 

Anderson, Hoe1 and Kaplan d e d  thk procedure one ~ a p  
further, and applied it to bound metabolic products, rather than to 
the total amount metabolized. Thelr results gave a lifetime rbk of 
1 o - ~  a t  less than one ppm, with the pmbit model, or a t  1- thM two 
pprn with the linearized multistep m o d e ~ ~ ~ l  

!inagenicity Bioa~lsays 181 H. Popper, et EL, wDevelopment of Hepatic Angiouuroma in 

lb de Cancerogenese Man Induced by Vlnyl Chloride, Thorotrast, and Anenic," . m a n .  
Journal of Patholm, XCn (19781, p. 349. 3, 1373). 

, "Quantitative Risk 
Chloride."\Vashinn- 

191 P. J. Gehring, P. G. IVatMabe, and C. N. Park, Toxfmlogp and 
AooUed P h a r m a e o l a  XLIX (1979), p. 15. 

Agency, December 3, 201 PA. W. Anderson, D. G. Hosl, and h'. L. Kaplan, "A Omera1 
Scheme for. the Incorporation of Pharmacokinetics in Low-dore Rbk 
Estimation for Chemical Carcinogens. ibld., LV (198O), p. 154. 
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I Thus we set that risk k in the eye of the estimator, but it  k 
clear that estimates incorporating human data reflect the human 
experience for VC far better than do the direct application of ani- 
m a l  data. 

There was understandable uncertainty on the part of both the 

.- -.-- .;-s regulators and industry in 1974. This was the first commodity chtm- 
_' .; ,-. .*- iEal to be regulated under the relativelv new statutow situation as 

agencies and industry acted promptly to reduce exposures aid em& 

for optimism that the steps Wen in the mid-siitib bkause of the 
I AOL information will haw wavmted am rimififant number of' 

cases devtloping from exposures commencing after that datc;' .Cer- 
tainly it k reasonable to urptct that there have been no new cases 
initiated after the early seventies. 

Had TSCA been in place in the mid-sixeicl, would it halBe made 
I any difference in the course of events? It ~BD- unliksh, that it 

would. C e r t a i i  the AOL discovery would have resulted in a soria 
of 8(e) notices to TSCA The probable eutcome of that would have 
been either a recommendation from thC Interagency T e s w  Com- 
mittee (ITC) for more tests, or a Section 4 testing requirement. It is 
possible that, because of its commercial importance, VC could have 
been placed on the lTC llst before the AOL data btcame available. 
Additional data could have been called for under Sections 8(a) and 
(dl. The remiit of all this most likely would have been a negotiated 
testing rule, under which industry would heve initiated a saris of 
studied which would have culminated in a bioess~y, and the car- 
cinogenicity of VC would have been diicovered in due time. Yet, 
this is precisely what did happen in the absence of TSCA, exceet 

21/ J. Stafford, personal communication, Liver Angiosama . " - -  ---- 
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final critical data were obtained earlier than would have acwcd 
under present conditions. 

Bear in mind that most of todayk powerful testing methods 
were not available twenty ycan ago. That fact  would not have been 
changed by legislative fiat, and any decision made at that time had 
to be made in light of the available knowladga 

If the data of Viola suddenly became armflabla today instead, 
would there be any significant difference fn the outcome, or t he  
timing of that outcome? Probably so, but o m  bscausa of the MIUg 
more powerful scientific tools which we have avaaable to us now. 
Neither the speed of agency motion nor the rate a t  whicb chindurtrtdl 
facilitiar can be built or modified has incrwsed. If anything, thh 
latter haa slowed, given the multiplicity of permits and approvalp 
now required. Overall, it b possible that if today we knew nothing 
more about VC than was knowq in 1970, we would arrive at a  re@^- 
lated state a few months edrlicr than wss achieved in 1W4, but 
scientific progress, and not legislative or rreguLtory advancement, 
should get the credit. 

What if VC were to become a new product tadcry? Would ft run 
the same course in which it would be 40 yurra before there was 
recognition of its chronic potential? Certainly not. Agafn, h O W W ~ ,  
the reason is 6ue more to scientific progress rather than staMOW 
development. 

One change might be apparent. If V C  were the d j a t  of a 
Prcmanufacture Notification (P>!N) today, rather than bdng the 
model to which all other aliphatic olefins arc compared for strue- 
tu~c8ctivity analysis, it would be judged by the 0th- fn its 
famfiy. This comparison would be less dogmatic than the meme fs 
now. Ethylene and vinylidme chloride are not Mfmal carcinam 
the relevance to  humans of the carcfnognicity of high dae of 
trichloroethylene (TCE) b equivocal and controvcrsiali and vim 
acetate hap only a preliminary nnon-ncgativen report. ThW, tbfS 

class of substances would have .lost its leader for structmo 
comparison, and a decision as to the need fas frnthar t- from 
that analysb would not be clearcut, based on analogollr corn- 

Neither would a full minimum premanufachpo dnta (MPD) wt 
be of any great assistance. VC rapon& poorly to the c w d  fp 
vitro tests, and only recently ha9 it become possible to obtain rapro- 
ducible positive results in many of these. If the position ware taka 
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: 

"little Wn for the executioners apparently is too great to be re- i 

sistedF8/ as Lester Lave pointed out recently. i 
W e  believe that EPA can best obey its statutorg mandate by ? 

developing a more efficient system for establisw prioritla, and by 1 
implementing more effectively its Scctim 9 procedures. 

1 
hkmm, 17.; Heel, D- G.; and Kaplan, R L. "A Gcnval Scheme i 
for the Incorporation of Pharmacokineticl in Low-dose Risk,  I 
Estimation for Chemical Cucinoger@ Toxicoloerr and A0oU.d 
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7hm cablnat lon of clrcustances whlch found the carclnogenlc hazard 
of v inyl  chloride LVC) belng discovered a t  abwt  the s u c  tlme as the 
sclence of r l s k  analysls war undcrgolng rapld devrlopment. and the 
areal c o r t r c i a l  interest and long hlstory of use of U e  substame has 
resulted I n  a body of literature ud phanacologlcal data greater than 
dm can espect t o  have for most sabstaaces. It i s  therefore i n s t r a -  
t i r e  t o  revleu the wny r l s k  assesswnts which have been prepared for 
YC against the available blologlcal lnfomatlon to detenlne if n CM 
Waluate the exlrrpolaJlon methods used, and t o  dlscuss the current 
rW la l l ons  for  W I n  l l ph t  o f  th l s  coqarison. 

Hazards of Vlml Chlorlde 

It I s  necessary t o  declde f l r s t  whlcb o f  the hazards presented by VC 
s h l d  be the basls for  the r i s k  esllmatlm. Ihe substancr presents 
Ulc acute hazards of frostbite from caposure t o  the l lquld, o f  anes- 
thesia a t  cmcentratlons over 8.OW pp and suffocation a t  hlgher I 
c ~ r n t r a t l o n s  (von Oettlnper. 1955). I t  also f ons  explosive mixtures 
I n  a l r  above 3.75 v o l u c  percrnt, and so the ef for ts  t o  control the 
)bysical safety o f  operations generally preclude exposure to .cutely 
tOB.lc Concentrations. 

I 
- 3 

l k s e  control e f for ts  were reinforced In the mld-1960's where It was 
dlscwend (Swlu. I N 3 1  that workers rho had been axposed to very 
h i@ levels o f  VC developed "vinyl chlorlds disease.' the p r l u r y  
wnlfeslal lon o f  which was acroostmlysls (ML). a dcgeneratlve dlsease 
af thr knr tuf ts i n  the hands. and more r a n l v  of Lha feet and I l l ba r  

8 2 - 9 . 1  

nglon. AlU~ough cr lppl lng ~o-sme degree, th js  dlserse I s  not fbtai. 
and i s  a1 least pa r l l a l l y  reversible i f  exposure I s  ellmlnated (Granlger. 
U l k e r  and Ward. 1080). 

persons. Animal studles have shown an excess of tumors a t  olher 
sltes, but the louest exposures a t  nhlch lhrse occur are conrlderably 
higher than that for  ASL. For example. Halloni (1979) reported the 
folloulng data: 

Almst ten years la ter  It was found that s a  of the wrkers havlng 
slmllar eaposwa also were developing a n g l o r a ~ a .  of the l l ve r  (ASL), 
a rapidly fa ta l  dlsease. Oddly enough. there I s  only one posslble 
Case of a worker developing both M L  and AS1 (Stafford. 1981) uo * m- lus cases of k~ and 90-plus cases of  AS^ now known wrlhr de. 

both a n  d ls raso  o f  the vascular system. Several large 
"I 

r p l l n i e l y l v  studles were conkrted an wrkers exposed t o  VC (Barter 
JIM fu. 1916; Chlazze. 1980; Duck. Carter and Combu. 1915; Equitable 
E W ~ m c n l a l  k a l l h .  1918; Fox and Colller. 1911; Frentzel-hym, 
Wttt, md l k i s s .  1918; Iher iau l t  and Allord. l08l). and AS1 w s  

W ~ Y  f a t l l  disease found conslslrntly t o  L. I n  excess I n  t k s r  

Concentration For 
Si te - Significant Elevatlon 

Forestomach papl l lous: 30.000 ppm 

I ~euroblastous: 1o.wo PW 
Zymbal gland carclnaas: 10.000 ppn 
UephroblasLaas: 250 ppm 
Llver anglosarcou male: 200 ppa. 50 mg/kg 

f w l e :  SO ppm, 16.7 w l k g  
b u r y  adenocarclnma: 5 Ppa 

! The la concentration for onset of wmary  t w r s  was o f  concern when 

i a prellmlnary study o f  fabrlcatlon tqloyees reported an excess of 
breast Lubrs  (Chlazze. e t  al.. 1979) but a follow-up case-controlled 
study (thlrzze. 1980) found no assoclatlon between the cases and VC 
exposure. The IargesL study of VC-PVC workers in the Unlted Stales 
reported s l lgh t  excesses of bra ln  and lung t u o r s  (Equltrble Envlron- 
mental k a l t h .  1918). but th ls  was not seen i n  the oUKr studies 
referenced above. The excess of brain t w r s  was small. and not dose- 
or exposure-related. 7he overall excess of lung t u o r s  resulted from 
an excess i n  one plant only. and reexamination of those cases also 
showed no assoc~allon wl th  VC exposure (Uaxmller. 1918). 

Vinyl chloride has been found to be actlve i n  several v l t r o  m a -  
gemt ic  tests wi th  bacteria and yeasts (Hopklns, 1979) anbtTawears 

. t o  cause c h r m o s a  rbno ru l l t l e s  i n  exposed wrkers, but these changes 
are reversible whcn enposurr I s  reduced (Hmsteene. 1970) and sever81 
'studies of mlghborhoods around WC plants have f a l l r d  t o  show a 
supportable association with b i r t h  defects (Ed.onds, 1915, 1916). It 
I s  not a teratogen In  rodents (Johns, 1977). 

Therefore i t  e a r s  reasonable t o  assue tbt i f  there I s  any ~ 1 g n l f -  
i c m t  chronlc r l s k  olher than ASL. I t  I s  conrlderably smaller than 
that fo r  ASL. and that .n adegutr r l s k  assessment can b. based on 
only tM l i v r r  t w r s .  

NOTE TO EDITORS 

Under thm new k d a m l  ~ p y r l g h t  law, 

publlcallon r ight8 lo. lhlr paper are 

nta lned by the author(s). 
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drnce 01 Just over IX. Personal experience would Indicate that, 
l o r  the perlod p r i o r  t o  1964, when a11 o f  the l l r s t  exposures o f  
the fa ta l  26 cases had occurred. the average exposures 01 l h l s  
hlghly exposed group cer ta in ly  was i n  excess o f  1.000.ppa l o r  the 
w o r k l q  day. Maltonl (1979) found a I% Incidence a t  a11oul 
I.-I0 ppa I n  rats. Calculation o l  the dose equivalent t o  a 1% 
lncldence I n  ra ts  gl.ves 0 ppm by th€ l inear  method and 7.5 p p  
lrm the log-problt equatlon l o r  the cablned Haltonl lnhalatlon 
experlunts. l h l s  crude and subjectlvo estluate would then say 
that n n  I s  about 100 t l v s  as resistant as the r a t  t o  VC Inhala- 
tion. a l lgure generally In agreement w l th  other estimates (NCM. 
1979). . 

4. F w d  Safety Councll 1978. 1980 

The f w d  Salety touull has recorended (FSC, 1978) the use o f  
the m l t l - h l t  mkl because o f  I t s  l l e x l b l l i t y  I n  handllng 
dose response data of varylng c u n l l l n e a r l t y  a t  law doses. It 
has calculated (fSC. 19.90) the n x i m m  l l k e l y  and loner 97.SX 
1 I m I t  doses fo r  substances a t  va[@s r l s k  levels and w l th  
dl f lerent wdels. for  VC, a t  10 r lsk,  these results are as 
l o l l n s  (based on ear ly Maltoni data): 

For th i s  substance. the goodness of IIt o f  the Y d h u l l  wdel 
(0.56) was superlor t o  tha t  of the mu l l l - h l t  (0.32). i k l t h e r  01 
the other tw mdels  gave acceptable 111s. l h l s  was i n  pa r t  
kcause'of the concave shape of the curve, which lncludcd a11 o f  
the high doses I n  the dose response data. 

A Dar Hcath Team p e r l o r q d  re la t l ve  r l s k  o t l n t l o n  l o r  several 
cmpnnds (Langer, e t  al.. 1919) uhlch consldermd probable expo- 
sure. the conse(~~nce  of exposure, the physlcal state 01 the. 
substance durlng processing. and.the current exposure standards. 
This resulted In a value 01 480 l o r  VC l o  a .closed system but 
w i th  employees I n  the r lc ln l ty. '  The saw procedure asslgned 
hazard ra t i ng  values t o  sow other substances as follous: 
benzene. 10; phosgene. 410; hydrogen sull lde. 5; arslne. 9.700; 
a d  blr-chlormathyl  ether. 69.7m. in a batch operation w l th  
occasl#ul n n u a l  handllng, the hazard ra t i ng  fo r  VC increased t o  
9.700 by t h l s  wthod. 

Hchlr. e l  al.. (19.90) conducted a serles o f  tests l o r  the Consucr 
tnduct Safety Cmlss lon.  a pa r t  o f  uhlch consisted o f  eaposlng 4 

rats a d  mice t o  8 series of short. high exposures, rather than 

the usual extended low dosage. lhcy Included one-hour ezposures 
to  rats and mice a t  50. 500. 5.000. and 50.000 ppm. 10 and 40 
hour erposltres a t  500 ppm. and 49 and 100 one-hour exposures a t  
50 ppm. Al ter  I l l e l l a c  observatlon they loltnd no ef fects on 
rals.  o r  the i r  ol lspring. nor on mice exposed to  less Lhan 
500 ppm. Those exposed to  over 500 ppm developed pulmonary 
adenomas. but they also had ru l le red from pneuonl t ls.  

They conslfiered the published dala on animal exposures and 
concluded that there was a l l fe t lme dose below whlch no oncogenlc . response Is  seen. Thls was estimated t o  be 5,000 ppm-hrs fo r  
mice and greater than 50.000 ppm for  rats, regardless 01 whether 
the dose was ab ln l s te red  over a short or  long perlod. l h l s  
concept of equallty 01 ellectlveness for a l l  modes 01 exposure 
does not have general acceptance and would not appear to  be 
correct, based on our present understanding o f  carclnogenesls. 
Oose-rate ef lects are. o f  course. well known. Ilowever, the 
degree 40 whlch t h l s  can.be extended to  a11 types 01 effects I s  
not k ~ * n .  

These authors also used the Crmp-Guess model ( t rmp. Guess and 
Deal. 1977) t o  evaluate the i r  data on mouse pulmonary cancer and 
estlaated that  exposure t o  5.000 ppm VC doubles the probabll ity 
01 cancer, uh l l e  50.000 ppm Increased the r i s k  nine-fold. I n  
view 01 the fact that  p n e m n l t l s  was present I n  a l l  animals 
exposed above 500 00, It I s  questionable I1 th l s  was a d i rec t  
oncogenlc response, o r  the r e s u l l  of an nongenetic event becwse 
of severe lung a g e .  Malton1 (1979) also reports an Increase 
I n  lung t w r s  I n  .Ice, but mt i n  ra ts  or  hamsters. Thus. the' 
slgnlflcance 01 t h l s  l lnd lng to  r l s k  I n  hlnrns I s  quesllonable. 

. 7. Anderson, 19110 

Anderson. e t  al., (1980) extended the work 01 Gehrlng. e t  11.. 
(1911 a d  1979) to  l i ~ o r p o r a t e  thc am1111 of  metabollc products 
lrm VC uhlch actual ly was bound t o  the DNA o f  exposed rats. 
(Gehrlng and 8lau. 1977) rather t b n  the to ta l  amount metaboll1ed. 
1hcy assimcd various values t o  the parmeters I n  a Hlchaells- 
Wnten equatlon deplctlnp the k l m l l c s  01 the metabollc process, 
and cmpared the resul ts f ro.  ertrapolatlon to  l o r  d o s o  by 
log-probl l  and u l t l - h i t  models. They found that the two extrap- 
olat lon wdels  responded qul te d l l f e ren t l y  to  these variations a t  
very In doso. and that I t  was mt posslble t o  select one model 
as the mn  appropriate lrm the hlgh-dose dala. Use of the 
values o f  6ehrtng f o r  the p r l n r y  parrreter17gave e s t l n t e s  of 
the dose egulvalent t o  l l l e t l ~  r isks  01 10 of  less than 1 ppm 
for the prob l t  w d e l  and less than 2 ppm l o r  the w l t l s t a g e  
mdel. a correspondence whlch the authors polnted out was be l ter  
than the preclr lon 01 interspecles cmparlsons. 
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Extending lh l s  crude calculation. these l l v e  m l l l l on  persons are 
nor supposed by EPA 10 be exposed 10 0.2 ppb (probably a high ' 
Ilgure), which would predlct no more than 0.0003 deaths per year. 
or one per 3.700 years I n  that whole populatlon due t o  VC exposure. 
But It also w s t  be recognized that wl th  approximately 20 cases 
per year of ASL I n  the general populallon. there can be expected 
f r m  a purely S t a t l ~ l / ~ a l  basis that there should be one casc 
every tw years O r  so UOng th ls  group of 5 m l l l l on  plant nelgh- 
bors. 

The resulis o f  lhese es t l u t es  d~~cussed  above are cmpared I n  Table I. 
al ter  canverslon Lo a unlform 10 l l l e t i r  r lsk. Es l l u t es  5. (Oow . 1919) and 12 (Scott. 1981) were not I n  a form to permll th l s  cga r l son .  
See OSIU. (1980). for relerences t o  a fen other es t l u t es  that were 
not conrldcred here. 

I t  can be seen that the resul ts f a i l  \nto two u j o r  categories, those , uhlcb project that the r l s k  of 10 occurs a t  exposures of greater 
than 1 ppn. and those uhlch l l n d  that r l s k  I n  the ppb range. lhe 
estimates whlcb y l e l d  the hl her allowable exposures are based on 
* u n  dalr (110s. 3, 7 and 143 o r  use a log-problt extrapolation model 
(No. 2. second estlmalc). o r  predict a threshold (No. 6). The 
rnalnder generally are based on th. Ilnear. non-threshold mdel. and 
mke no biological comctlon. The result  I s  a dll leranc* of 3 o r  4 
orders of ugnltudc. The es t l u t es  bialch y le ld  the hlgher a l l a a b l e  
exposures are In M t t e r  agreement wltb hUlll experience than are those 
01 the other group. . 
Mdl t lonal  Oalr 

A l l  01 the extrapolations reported here have used l o r  Ute or lg ina l  
k l tonl  data frm h is  exper l rn t  BF1. I* has nar reported (tbltonl. 
1919) t h m  other cuparable Inhalatlon exper l rn ts  on the s u c  s t ra ln  
01 rats. and o n  on another strain. I n  addltlon t o  tw ingestion 
Sludles. Ihe resul ts 01 these enper l rn ts  are shmn I n  Flgure 1, on a 
l q r p r o b l t  scale. It can be seen that they a l l  follow a slmllar 
pattern. but that *re are large varlatlons i n  slope between the 
various data grwps. Table Ill contalns the lag-prablt equations 
calculated r r r  sow 01 the tndlvldual experlunls. and var iom groups 
I e r t s  Excellent l l t s  are ablrlned t o r  a slngle eaperl8ent. 
as w u l d  be eapecled f r m  the wll nubcr of data points. butladequate 
( I t s  are obtained l o r  the gmu) as a whole. Incluslon 01 the h ls tor lc  
control data on ASL (0.09% sponlrnews lncldence) d ld  not a f l u t  the . 
Ill Substanllally. except l o r  the very la dose data. Incluslon o f  
ttm 0.0 (orlgin) as data point  d i d  give s lgn l l lcant ly  poorgg I I t s .  
II* comblned e r p r l r n t s  lndlcate that a l t l e t l u  r l s k  o f  10 for  
rats I s  obtalned from a dose In the 1-2 ppb range. 

Similar varlatlon I s  seen w l U  tk other u l h e u l l c a l  *xpresslons, 
such as l l m a r  o r  elpolunt lai  eqwllons. 

Regulatory Status 

The current regulatory status of v inyl  chloride I S  summarlzed i n  Table 
11. The f i r s t  regulatory actlon on VC was taken In  1913 when the 
Bureau of Tax. Alcohol and Firearms prohlblled the usc of r l g i d  PVC as 
l iquor conlalners. This was based on i t  being present as an adulterant 
and not on any conslderatlon 01 risk. The Consumer Product Safely 
Cnrrlsslon (CPSC). llae Food and Orug A&iristration. (FDA). and the 
€PA a l l  acted t o  ban the use of VC as an aerosol propellant thus 
eslabllshlng a zero r l s k  pasitlon. The FOA proposed (fOA. 1975) t o  
wItMraw the p r lo r  sanctlon status 01 r l g l d  PVC as a food package 
collponent because 01 the concern l o r  residual VC that might m I  rate 
The TDA has taken no lur lher actlon on th ls  proposal, and nm (Is 

. 
consldcrlng a 'constlluent" pol lcy which wu td  permit r l l le t ime 
exposure a t  some )bcepLahle r l s k  level. This r l sk  has been proposed 
recently t o  be 10 l l le t lme for the gluttonous consutr. As was 
dlscussed above. the EpA required a best avallable technology approach 
whlch reduces the average exposure t o  those wl lhln 5 mlles 01 a piant 
t o  about 0.2 ppb, by EPA est lu tes.  OSlU established a rule i n  1974 
uhlch set 1 ppn l o r  8 hours as the u x l v r  penlss lb le  exposure, and 
also set 6.5 pp as an actlon level below uhlch a r t  features 01 the 
regulation d id  not a ~ l y .  These were chosen as feaslble levels. and 
not necessarily 'sale doses (OYIA. 1974; EPA. 1916). 

The EIA has establlshed an exposure t o  the general populallon only 
0.1% o f  that allowed In  the workplace. The CPSC has required zero 
exposure. and the F M  has cfflsldcred that approach. Depending on 
rh icb  r t h n d  of e r t { u t l o n  the FDA may chwse. i t s  allawrble exposure 
could be e l lher  greater or less than those currently set by EM a d  
OSIU. It has been es t l u t ed  that the mximm aaunt  of VC Ingested by 
the average European *ho uses .uch a r e  p last lc  packaging than we. I s  , 
l es t  than f6 glday. JCEFIC. 1976) whlch -Id be i n  the order 01 a 
10 or 10 l i f e t l w  r l s k  by even Ulc m s t  conservative mdels. 

There have been var lws  estlu.ter mde of the cost-elfectlveness 01 
the Federal regulation for v inyl  chloride. Craha8 and Vaupel (1961) 
e s t l u l e d  tha l  the O M  ru le  cost $7.5 m l l l l on  per l l f e  saved. and 
$490 thousand per l l le-year saved over the option of leavlng the 
exporum I ImI t  a& 50 p p .  Luken and I l l l l e r  (1981) state the1 the 
l q u l e d  value of a l l l e  I ra  lhe OSlU standard I s  $4 mllllon. t b r r e l l  
(1982) uses an annual cost of $20 ml l l l on  and an annual benellt of 0.1 
l l f e  saved t o  derive a cosl lbenel l l  01 $200 mI11Ion per l l l e  l o r  the 
0 9 s  rule. The EPA has reported (EPA, 1979) that the cost 01 c a p l f -  
ance wlth I t s  VC standard was $2% ml l l l on  through July 7. 1981. and 
w i l l  be an addltlonal $470 ml l l l on  durlng the m x t  1 I r e  years. a l l  I n  
1971 dollars. I1 the EPA ot lmate 01 up to 20 dcalths per year were 
correct, th ls  w u l d  be a cost of $4.7 m l l l l on  per l l fe .  Hwever. as 
dlscussed here. there I s  no evldence tha l  any l lves have been saved by 
th l s  rul*. 

There are many d i l f i c u l t l o  in abtainlng accurate estimates 01 t h l S  
type. and serlous problems I n  detenlning the proper value t o  be 
asslpmd t o  a l l l e .  mvertheless, the doubtlul nature o f  the claims 



fnr  any s lgn i f lcan l  benefit from these rules suggests l h a l  a t  best. 
these rqu la l l ons  are excessively cos l ly  l o  soclely. Iherefore, we 
mast attcwpt t o  improve both our dala base and our melhods l o r  Inter-  
prel lng and dpplying the dala. 

Discussion 

m a t  can be learned f m a  l h l s  exerclse other than the already 
recognlaed f a c l  l h a t  various exlrapolal lon~ao&ls can y l e l d  very 
d l l f e ren l  results? I n  th is  case. a1 leasl. there are several points 
uhlch are w r L h  considering. 

1; V l y l  chlorlde I s  no exception l o  the r u l e  l h a l  W a n  dala always 
mu51 be Incorporaled whenever posslble. lhe epldemic of.occupa- 
Lional ly Induced AS1 whlch was feared I n  1914 has not u l e r l a l l z e d .  
probably due l o  the Steps Ula l  were taken I n  the ear ly 1960's l o  
rrduce exposure because of the discovery 01 AOL. No Inslances o f  
M U  froa exposure l o  VC In the m r a l  populallon have been 
subrlanlialed. Ihe overpredic lgn of occupatlona! cases was due 
l o  lhc  underes l lu l lon 01 worker exposure and overreliance on raw 
a n l u l  dala wllhoul p r  er  pharucoklnellc adjustment. We are 
mot @ROW able 10 9xIraJaLe re l i ab l y  b e h e n  simi lar  species and 
cer la ln ly no1 from rodents t o  huans. wl lhoul  utch addltlonal 
&la. 

2. The re  ulal ions for v l y l  chloride were not based p r l u r l l y  on 
s c l c n t ~ f i c  data, but on %ioec-!c and p o l l t i c a l  declr imr.  

3. MaLhemrlical exlrapolation w d e l r  i r e  not adequate in ih&selvts 
for  predlcllons o f  r isks  u h  beyond the experiaenlal ran*, no 
aa l le r  how good the Ill I s  l o  the dala I n  the observed r a  e. 2 lhe r a r l a b l l i l y  o f  re la l l ve l y  s u l l  exper lwntal  groups a s t o  
the error range. Ihus. bloassays lnlended for  quanl l la l lve r i s k  
assessacnt appllcalions should be a t  as low doses as posslble. 
and as large as possible. and should be Interpreted very cau- 
1 Iws ly .  

4. Ihe currenl  s late o f  Lh. a r t  I s  such Ll;al quanl l la l lve r l s k  
Jssesswenls may be useful f8 r  delemining re la l l ve  r lsks  Iron 
s lml lar ly  acl lng carcinogens, but are net sullable for  across- 
lhe-board a p p l l o l l o n  l o  a11 rchanlsas 8 f  carclnogenesls. 

l h l s  I s  no1 l o  say U111 we should abandon e f f o r l s  aL developing 
m r e  ef lect lve r l s k  assesmnt  r l h o d r .  We w s t ,  hanver, reco 121 f the probleas Inherent In b l l n d  r p p l l c t t l o n  of u W H u l l c a l  mde s 
wllhoul proper assesswnl 01 the available blocheaical dala, o r  
an und.rslandlnp of how rppllcable the exper lwnlal  dala are LO 
hurns. 

1 

We have available t o  us a1 least as much data regarding vlnyl  chlorlde 
as we have for any other substance, and we s l i l l  have J i f f l c u l t y  i n  
derivlog a suitable erpresslon l o r  r i sk  from a purely malhcmallcal or 
s l a l i s t i c a l  balls. Only when hman relevance i s  consldered can r e  
arr ive a1 a predlctlon lhat  approrimales actual experience. 

f Ihe regtllators are faced w i lh  a tremendously d i f f i c u l t  task when t h y  
are presented u l l h  a few p~eces o f  a n i u l  dala whlch suggest the need 
for  concern and po len l la i  regulallon. We must develop a sullable 
program l o  obtain and use as much relevanl dala as posslble l o  assure 
l h a t  rat lonal  regulations are possible. The vlnyl  chlorlde experience 
can help us underslrnd the kind o f  dala which are needcd. 

3785-A1 
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TABLE l l  

REGULATORY STATUS OF VINYL CHLORIDE 

AGENCY CONTROLLED LEVEL PHILOSOPHY 

BATF BANNED AS LIQUOR BOlTLE ADULTERANT 

CPSC BANNED IN CONSUMER PRODUCTS ZERO RISK 

FDA USE lN RIGID FOOD PhCKAGING CONSIDERING ACCEPTABLE 
QUESTIONED RISK 

EPA APPROXIMATELY 0.2 ppb BEST AVAILABLE TECHNOLOGY 

OSHA 1 ppm 8-HR TWO MAXIMUM 0.5 ppm LOWEST FEASIBLE LEVEL 
ACTION LEVEL 



TABLEI l l  
EQUATIONS FOR CURVES FITTED TO VARIOUS SINGLE 

AND COMBINED MALTONI EXPERIMENTS 

EXPERIMENT 

- 
BT.1 

PLUS CONTROLS 

01.2 
PLUS CONTROLS 

BT-15 
PLUS CONTROLS 

ALL INHALATION STUDIES I41 
PLUS CONTROLS 

ALL INGESTION STUDIES (21 
PLUS CONTROLS 

ALL SWDIES 161 
PLUS CONTROLS 

ALL STUDIES: LOW OOSESONLY 
PLUS CONTROLS 

LINEAR 

, b r 

LOG PROBIT 
P-a IN  DOSE + b 

I b r 

0.35 2.76 0.99 

1.80 0.88 1.0 

0.69 3.46 1.0 

027 2.98. 0.82 

0.30 3 0.88 

027 3.05 0.82 

0.51 253 0.75 
0.1 271 0.49 

CONCENTRATION 
AT 104 RISK. 

lLOG.PR031T). ppm 
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To : Kenneth K i z e r ,  D i r e c t o r  
. Department of  i i e a l t h  S e r v i c e s  

714 P S t r e e t  - W '  
mes D. B d  

June 17, 1985 

Sub*. 
E v a l u a t i o n  of 
Vinyl  Cblor ide 

W I am w r i t i n g  o  r e q u e s t  f o r m a l l y  t h a t  t h e  Department 
e v a l u a t e  t h e  h e a l t h  e f f e  i ts of v i n y l  c h l o r i d e  a s  a  c a n d i d a t e  toxic 
a i r  con taminant  i n  accordance  w i t h  Assembly B i l l  1807 ( T a n n e r ) .  
According t o  Hea l th  and S a f e t y  Code S e c t i o n s  39660-62, your  
Department h a s  n i n e t y  days  t o  submi t  a  w r i t t e n  e v a l u a t i o n  and 
recommendations on t h e  h e a l t h  effects of v i n y l  c h l o r i d e  t o  t h e  Air 
Resources  Board and may r e q u e s t  a  t h i r t y  day e x t e n s i o n .  

At tached f o r  your s t a f f ' s  c o n s i d e r a t i o n  i n  e v a l u a t i n g  
v l n y l  c h l o r i d e  are :  At tachment  I - a  s u g g e s t e d  list o f  topics t h a t  
we b e l i e v e  shou ld  be i nc luded  i n  your v i n y l  c h l o r i d e  e v a l u a t i o n  and 
recommendations; At tachment  I1 - a  list of r e f e r e n c e s  o n  v i n y l  
c h l o r i d e  h e a l t h  e f f e c t s  w h i c h  were p r e s e n t e d  i n  an ARB l e t t e r  of 
p u b l i c  i n q u i r y ;  At tachment  I11 - a d d i t i o n a l  r e f e r e n c e s  and comments 
r e c e i v e d  from t h e  p u b l i c  i n  r e s p o n s e  t o  t h e  i n q u i r y  le t ter ;  and 
Attachment  I V  - ambient  v i n y l  c h l o r i d e  c o n c e n t r a t i o n  d a t a  and 
emis s ion  d a t a  which s h o u l d  be used t o  e s t i m a t e  t h e  r a n g e  of r i s k  t o  
C a l i f o r n i a  r e s i d e n t s  a s  r e q u i r e d  i n  Hea l th  and S a f e t y  Code S e c t i o n  
39660(C) .  

My s t a f f  is a v a i l a b l e  f o r  c o n s u l t a t i o n  i n  c o n d u c t i n g  t h i s  
h e a l t h  e f f e c t s  e v a l u a t i o n .  ke  look  forward  t o  c o n t i n u i n g  t o  work 
c l o s e l y  w i t h  you and your  s t a f f  i n  c a r r y i n g  o u t  t h i s  l e g i s l a t i v e  
mandate. I f  you have  any fur ther  q u e s t i o n s  r e g a r d i n g  t h i s  m a t t e r ,  
p l e a s e  c o n t a c t  me a t  445-4383. 

Attachments  

CC: Jananne  S h a r p l e s s  
A l e x  K e l t e r ,  w/a t tachments  
Raymond Neutra ,  w/at tachments  
P e t e r  D'. V e n t u r i n i  
Assemblywoman S a l l y  Tanner 
C l a i r e  B e r r y h i l l  
E m i l  Mrak, Chairman and Members 

o f  t h e  S c i e n t i f i c  Review Panel  
- .  S e n a t o r  Ralph D i l l s  

S e n a t o r  A r t  T o r r e s  
John Holmes ARB 



ATTACE:,:E::Z I V  ;. 
SUl4MARY O? AXSISRT \-I!:X-:I. CESOIiIDE COICCENTRATIONS 

V i n y l  c h l o r i d e  h a s  been produced i n  one i n d u s t r i a l  
f a c i l i t y  and used  by f o u r  f a c i l i t i e s  i n  C a l i f o r n i a ,  a l l  of them i n  
t h e  South Coas t  Air Bas in  (SCAB). :n Kay 1978,  t h e  A i r  Resources  
Board (ARB) adop ted  an ambient  a i r  c u a l i t y  s t a n d a r d  for  v i n y l  
c h l o r i d e  of 10 ppb, 24-hour a v e r a q e .  Subsequent  a m b i e n t  m o n i t o r i n g  

= i n  t h e  SCAB found t h e  1 0  ppb s t a n d a r d  t o  be  exceeded f r e q u e n t l y  i n  
t h e  v i c i n i t y  o f  t h e s e  f a c i l i t i e s  f r ~ n  1979-1981. However, s i n c e  
1982 t h e  r e c e n t  m o n i t o r i n g  d a t a  fcr VC nee? t h e s e  v i n y l  c h l o r i d e  
f a c i l i t i e s  h a s  shown a l l  v t l u e s  =c =e = e l a x  1 0  33b,  w i t h o u t  a  
6 . e t e rmina t ion  o f  t h e  a c t u a l  v a l u e .  These r e d u c t i o n s  i n  a n b i e n t  
c o n c e n t r a t i o n s  a r e  l i k e l y  due t o  t h ~  c i o s u r e  o f  t h e  p r o d u c t i o n  
f a c i l i t y  i n  1982 and i m p l e n e n t a t i c n  of r e c u l a t i o n s  by t h e  South  
Coas t  A i r  Q u a l i t y  Nanegtment D i s z r i c t  (SCkQX3) d e s i g n e d  t o  r e d u c e  
v i n y l  c h l o r i d e  emis s ions .  

V iny l  c h l o r i d e  h a s  been d e t e c t e d  i n  t h e  community n e a r  t h e  
EKK Class I l a n d f i l l  i n  West Covina. I n  1983, t h e  Department o f  
H e a l t h  S e r v i c e s  ( D H S ) ,  AR3, and =he South C o a s t  A i r  Q u a l i t y  
Management D i s t r i c t  i s s u e d  a  r e p o r t  d e t a i l i n g  a n b i e n t  c o n c e n t r a t i o n s  
( r e p o r t  a t t a c h e d ) .  A s  t h e  r e p o r t  i n d i c a t e s ,  t h e  a v e r a g e  v i n y l  
c h l o r i d e  c o n c e n t r a t i o n s  v a r i e d  w i t h  l o c a t i o n .  The worst case 
r e s i d e n t i a l  l o c a t i o n ,  S t a t i o n  A ,  h a t  mean 24-hour VC c o n c e n t r a t i o n s  
o f  7.1-7.3 opb, w i t h  a maximum r e a d i n g  of a b o u t  39 rpb. Data f o r  
t h i s  r e p o r t  were c o l l e c t e d  over  t h r e e  s o n t n a  ( J u l y  19-October 15, 
1 9 8 2 ) ,  w i t h  24-hour samples  t a k e n  f i v e  days  p e r  week. 

A newly d i s c o v e r e d  p o t e n t i a l  s o u r c e  of v i n y l  c h l o r i d e  
e m i s s i o n s  i n t o  t h e  a i r  is t h a t  of  seslaFe t r e a t m e n t  f ac i l i t i es .  An 
EPA c o n t r a c t o r  r e c e n t l y  made some e s t i ~ a t e s  of v i n y l  c h l o r i d e  
e m i s s i o n s ,  as  well a s  o t h e r  v o l a t i l e  a r o m a t i c  compounds, f rom t h e  
'Top 20" sewage t r e a t m e n t  p l a n t s ,  na t ionwide .  (Please see Appendix 
D o f  Versa? Memorandum, At tachment  :VC.) I n  t h i s  document, t h e  
Hyper ion f a c i l i t y ,  which i s  l o c a t e d  i n  t h e  SCAB, was c a l c u l a t e d  t o  
r e l e a s e  1 7 1  m e t r i c  t o n s / y e a r  of  v i n y l  c h l o r i d e .  ARB s t a f f  modeled 
t h i s  e m i s s i o n  e s t i m a t e  ( a s s u m p t i o n s  on Attachment IVB) and p r e d i c t e d  
8  ppb above any background a s  a n  a n n u a l  a v e r a g e  v i n y l  c h l o r i d e  
c o n c e n t r a t i o n .  The 24-hour maxinun VC c o n c e n t r a t i o n  p r e d i c t i o n  is 

, 23 ppb above  background.  ARB a n l  SCh3KD p l a n  t o  c o n f i r m  t h e s e  
e s t i m a t e s  w i t h  s o u r c e  and ambient  v i n y l  c k l o r i d e  t e s t i n g  a t  t h e  
Bype t ion  f a c i l i t y ' i n  t h e  summer o f  1985. 



Sumary o f  the Health E f f e c t s  or V iny l  Chlor ide 

I. HEALTH EFFECTS 

The hea l th  e f t e c t s  o f  v i n y l  ch lo r i de  have been reviewed by several 

sources. Two good reviews are by t he  In te rna t iona l  Agency f o r  Research on 

Cancer (IARC, 1979) and the  U.S. Deparbnent o f  Health, Education and 

r ie l fa re  (U.S. HEW, 1978). 

A. Carcinogenicity 

1. Humans - Epidemiological srud ies have shown t h a t  v i n y l  

ch lo r i de  causes angiosarcoma. o f  t he  1 i v e r  i n  liumans. Strong evidence 

also e x i s t s  t h a t  v i n y l  ch lo r i ae  may cause cancer o f  t he  cen t ra l  

nervous system, espec ia l l y  gl ioblastoma multiforme. Evi dence a lso  

e x i s t s  t h a t  v i n y l  ch lo r i de  induces cancers o f  t he  lung  and lymphatic 

system b u t  t h i s  evidence i s  weaker. (IARC, 1579; U.S. HEW, 1978) 

. .  . .  . 
2. Animals - Vinyl ch lo r i de  has been shown t o  be carcinogenic i n  

several animal species a f t e r  o r a l  and i n h a l a t i  on admin is t ra t ion.  

L i v e r  angiosarcmas were observed i n  mice, r a t s  ana hamsters exposed 

t o  v i n y l  ch lor ide.  Other tumors seen were mammary adenocarcinomas, 

lung  adenomas, Zymbal gland tumors and - angiosarcomas a t  s i t e s  other  

than the l i v e r .  Doses i n  t he  i n h a l a t i o n  experiments ranged from 50 

t o  10,000 ppn. A s i g n i f i c a n t  increase i n  some tumors (angiosarcomas) 

was seen a t  the  low dose (50 ppm) leve l .  , (IARC, 1979; U.S. HEW, 1978) 



Vinyl ch lo r ioe  i s  mutagenic i n  sevei-a1 t e s t  systems. Vinyl ch lo r i de  

has been found t o  be w~ tasen i c  i n  several s t ra ins  o f  bacter ia,  insec ts  and 

matmnalian ce l l s .  Chronosonal aberrat ions have been induced i n  workers 

exposed t o . v i n y l  chlor ide.  (IARC, 1982) 

C. Teratogenic i ty 

Evidence t h a t  viny'l ch lo r ide  causes teratogenic e f f e c t s  i n  humans o r  

animals i s  equivocal. Vinyl ch lo r ide  has been impl icated i n  causing 

increased f e t a l  deaths i n  the wives o f  v i n y l  ch lo r ide  exposed worker's and 

b i r t h  defects i n  ch i ld ren  a f  workers. Evidence i s  inconclusive. (IARC, 

1979 

E. Pharmacokinetics . 
The metabol i sn o f  v i n y l  ch lo r ide  has been reviewed by several authors 

(IARC, 1979). AbsorbeG v i n y l  ch lo r iae  i s  el iminated preaominantly v i a  

metabolism and e x r e t i  on o f  metabol i tes i n t o  the  urine. A small amount i s  

excreted v i a  t he  expired a i r  as unchanged v i n y l  chlor ide.  As t h e  

concentrat lon o f  v i n y l  ch lo r ide  t o  which an animal i _ s  exposed i s  raised, a  

l a r g e r  percentage o f  the  absorbed dose i s  el iminated as unchanged v i n y l  

ch lo r ide  i n  t h e  expire0 a i r .  The i n i t i a l  product o f  metabolism i s  

be l ieved t o  be chloroerhylene oxide. V iny l  chlor ide,  i n  t he  presence o f  a  

microsomal enzyme f rac t ion ,  binds t o  RNA -- i n  v i t r o  and t o  RNA and DNA 

vivo. Chloroethylene ox ide i s  b e l i e v e ~  t o  be involved i n  the  covalent - 



b ind ing  t o  kNA and DNA. Since an abundance o f  animal pharmacokinetic 

data ex i s t s ,  i t  may be poss ib le  t o  incorporate i t  i n t o  the 

aose-response assessment. - (IARC, 1979 

E. Acute and Chronic E f fec ts  (non-carcinogenic ) 

Acute exposure t o  v i n y l  ch lo r i de  causes narcosis, card iac 

i r r e g u l a r i t e s  and l i v e r  and kidney t o x i c i t y .  These e f f e c t s  are seen a t  

re1 a t i v e l y  h igh  doses. L iver  t o x i c i t y  i s  ev ioent  as c e n t r i l  obular 

degeneration, hepat ic f i b r o s i s  and necrosis. Degeneration o f  bone, nerves 

and 

connective . t i  ssue i s  seen a f t e r  chronic  exposure. Acroosteolysi s, a 

degeneration o f  the  bones i n  t he  f ingers,  occurs i n  workers. [i isturbances 

i n  l i v e r ,  kidney and pulmonary f unc t i on  a l so  occur a f t e r  chronic exposure. 

The U.S. EPA proposed a National Emission Standard f o r  v i n y l  ch lo r i de  i n  

1575, which was promulgated i n  1976. The proposal f o r  t he  emission 

standara s ta tes  t h a t  there i s  no known thresh01 d f o r  v i n y l  ch lo r i de ' s  

t o x i c  e f fec ts .  (Federal Register, 1975) 

111. DOSE-RESPONSE ASSESS1;IENT 

The U.S. EPA's Carcinogen Assessment Group has performed a r i s k  assessment 

o f  v i n y l  ch lo r ide 's .  carcinogenic e f f e c t s  (U.S. EPA, 1975). The potency 

slope f o r  v i n y l  ch lor ide,  der ived f rom an animal i nha la t i on  study, 

i s  1.75 X 10-~(mg/kg /da~ )-I.  . 
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APPENDIX V I  
J 

LANDFILL GAS TESTING PROGRAM 



Sta t c  law=(He&ltlr=md -SdetyCod~Sectlorr418ObS5) requtrers owners-or- 
operatorr of a1 1 ackive+and: soapinac#w-lanW1ls. t & ~ ~ r f W r a i I - ~ ~ a l t t ~ -  
sol i d  w a s t e a s s e s ~ . t e s t i n g - t o -  e h u l c t r r t t c t h e - p a r d t h i n  landf i l l s  i d ;  
the d e n t  airaround=thr- l m d t i  11s ,and:tgrdebrmtnr..if the.landfl11 g a t  . i s  migratin0-unde~und:beyond:the-sitcboundrrrtet, Ten specified a i r -  
contaminants-were- selected t o  bc tes teb r fo r  baucG-0lt:hoalth effects= 
assoeiated-with- long-terarexposare; pwt l cu la r l y  caminogenicity, and the: 
avai lab i  1 i t y  ot- s-1 ing-and a n a l p i s u t h o d ~  The~kerspeci f  led 
contaminants-ware- a& f 01 lous :. vinyl  chlorider benzene;.. ethylene-d ibronide;. 
ethylene-dichloride, mthylene-cklortde. perdrloroethylene, c u b o r  . 
tetrachloride.. 1.1.1-trtchlorWhane-(AIUIyl chlorofom). trichloroethylene, 
and chloroform I n  additlon, landf i  11 gas- sampl.r.mrr also analyzed: f o r  
oxygen; nitrogen-; methane& and- errban-dioxide.. 

To acccunplish the test ing required by state, law, the A i r  ~esources- 
Board (ARB) and the Cali fornia Air-Pollut ion Control Offfcers Association- 
(CAPCOA) prepared guidelines outlining-a test ing program- t o  ident i fy  sites: 
that pose a potential r i sk  t o  public health. These guidelines were approved 
by the ARB f o r  non-hazardous waste s i tes i n  December 1986 and f o r  hazardous. 
waste sites i n  January 1987. 

State law requires l a n d f i l l  operators t o  report the testing r 0 S ~ l t S  t o  
the i r  local a i r  pol lut ion control d is t r i c t .  The distr icts.  i n  turn. submit 
sunmaries of the test ing resul ts t o  the ARB and determine i f  the si tes pose 
a threat t o  huraan health or the environment. The ARB was required t o  
sunraarize the data submitted by the d i s t r i c t s  i n  two reports to  the 
Legislature. due by July 1. 1988 and July I. 1989. The f i r s t  report 
described the ear ly implamentation of  the landf Ill testing program. The 
second report, Presented to  the Board on June 9. 1989. sumaarized statewjde 
results o f  the Solid waste disposal s i t e  test ing reported t o  the ARB. The 
r e p o r t  presented prelimtnary findings. based on the results, and described 
ongoing testinv and evaluation activi t ies. - 

The preliminary findings were that: 1) one o r  more o f  the spacified 
contaminants. selected as indicators o f  hazardous waste. were present I n  
approxiraately 244 out o f  the 356 landf i l l s  tastod.. regardless o f  whether tho 
s i t e  accepted hazardous-waste ornon-hmrdous waster 2) hazardous and norr- , 
hazardous waste st tes appeared t o  be s i m l l u  in t h e i r  a b i l i t y  t o  produce- 
tox ic  gases; 3) I n  solw. cares, tox ic  gases escaped from-landf i l ls  and 
dispersed into the ambient- air; and 4) wthane atconcentrations exceeding 
the regulatory standard-of t l v e  percenk was found t o  be migrating of f -s i te 
undarground a t  approximtely 20 percent of  the Sites. The Board askad that- 
the s ta f f  return- i n  1990 with f u r t he r  malysls o f  the data. 



S i n c s t h o l 9 1 9 r m ~ ~ 1 r p m ~ f u ~ ~ n d ~ h r o ~  
conduet.~mdsrdd.ttlon~bdatEha~boorcol~loet.6-- In-So-198FCtbe 
f u r t h r t m ~ l y r i t ; . w t l l  b.tpmmnbrhto. t h a A l r  R o s o ~ ~ o r - o n :  
in form~t iona l  pnsantr+lom Tho. f o l l m l n p t r h l m t  err-oxacptrd- f rowtho 
Staff r e p o r t  and=smuStrCtho. f lnding~rogacdlng-thm-pmtonc.rof v iny l  
chloride I n - t ho - l and f i l l  gar-md i n  t h ~ . ~ o n t a i r s u r r o a n d i n g -  
landf 11 1s t r r tob-  Tho , lmdf  Ill tosting-drtsetrd--vinyl chloride-lnrido of 
approximately h a l f  o f  tho: l m d f  11 1s tost.&.and=ln- thr - l .b i rn tzr i r  rL 
approximately ten- p o m n t o f  tho r I tor -  tortod; 

The 1 i a t t od  tost lng- conducted war- dosignodrto bo u rad r fo r  ru8ming- 
purposes as dorcribod i n  tho test ing guidol inor; For tho~rooson ;  v iny l  
chloride my bo prosant  i n  tho mbimt a i r  at: addttlonal l a n d f l l l ~ ,  b u t  war 
not detected in  the l l n i t o d  on0 t o  throo. drys of-  mb ionk tos t tng  rpoeif lad 
I n  the tes t lng gutdoltnu. f o r  the program:- F u r t h o r i n t o r p r r t l t t o ~ o f  t h r -  
data from s p o d f l c  s i t a r  nnts t r lsa  c o n s i d s r f r c t o r r r u d t a s  h a  tho tost ing 
was carrfed out, along wi th  location. size m d  proximity t o  s m s i t i v o  
r rc rp tor r .  Fur ther  Infomat ion nay also be avo i l rb l8  In the cornploto 
tes t ing  reports submitted by s i t e  o p o r r t o r r t o  tho a i r -po l lu t ion control 
d i s t r i c t s .  



TABLE 1 

CONCENTRATION STATISTICS OF VINYL CHLORIDE IN WDFILLS* 

Number of Landfills Where Detected: 160 

Total Landfills Tested: 340 

50th percentile (median): 106 ppbv (detection 1 imit)"" 

75th percentile: 1000 ppbv 

95th percentile: 9800 ppbv 

Maximum: 72.000 ppbv 

* See Attachment A for landfill gas testing guide1 ines. 

** The T e s t i n a - 1  Sit= suggest an 
analytical procedure for internal landfill gas testlng with the same method 
of determining the limit of detection (LOO) described in Appendix VII of 
this document. The Guidelines specify that the detection limit is not to 
exceed 500 ppbv. Because many results below 500 ppbv were measured and 
reported, a statistical detection lfmit of 106 ppbv was calculated by 
averaging the results below 500 ppbv. 



Landfill Gas T d n g  

If the disposal site has an operaring interior gas collection system, samples should be 
wken from. the system: addirional wells need not be installed. Each installed welf should 
'be to a depth of at least 6 feu below the boaom of the intennediare or fmal cover. The 
well should not penerrate any leachate liner. During installation the contractor should 
rake approprinte steps to mitigate rhe public nuirance of gas escape. NI wells should be 
capped when not being sampled. . 

To locatc the wellf draw a box around the 
disposal site on a scale map with the box sides 
100 feet outside the frled am edge. The 
sides should run nonh-south, em-west. 
Connect the opposite corners with diagonals. 
Locatc 5 points: Point A M the diagonal 
i n m n .  point B at the center of the 
largest sector formed by the diagonals and 
the filled area, poinr. C at the center of the 
next larger sector. point D at the center of 
the next larger sector, and point E at the 
center of the smallest senor. Figure 1 is 
an example. Five samples should be d e n .  
one sample from each well and analyzed for 
the Anachment 1 compounds. 

Fig~re 1: Well Location Example 

To complete the HSC 418055 requirements for c ' g imdfill gas, the owner should 
p e r f m  an investigation of methane emissions E S O $ W  squarc-f~OC lpid of the 
disposal site along with the landfa gas test The gid selected should be a ~ e d  by 
the APCO and the owner should use methods described in these guidelines. 

1. Protocol 

The technician should make ccreain the seal around the top of the well does not ailow ik 
infdaation. The well should not be sampled until 24 hours after the instahion is 
complete. To sample the well. the technician attaches the pump andwithdraws at least 2 
well volumes from the well. The technician then attaches the bag and draws a liter 
sample at a one liter p a  minute rate. The bag should be.in a light sealed container and 
should be analyzed within 71 hours. 

If the owner chooses to lave the well intact for f u m  sampling, the pipe should be 
capped or a valve installed to prevent gas leakage, If the owner removes the well, the 
hole should be filled and resealed to prevent gas escape. 

2. Datn 

For each sample, the owner should record: 

a Date, time, and sample location. . 
b. Methane. C02, oxygen, and nimgen concenwrions. 

c. Concentrations of compounds listed in Attachment 1. Analytical methods an inclllded 
in Attachment 2. 

d. The operating schedule. status. and gas quantity exuacud for any l~ndtill gas 
collection system for the previous 3 days for each day sampled. 



. ATTACHMENT 1 

SPECIFIED AIR CONTAMINANTS 

COMPOUND 

Chloroethene (Vinyl Chloride) 

Benzene 

1,2-Dibromocthane (Ethylene Dibrornide) 

1.2-Dichlorocthane (Ethylene Dichloridc) 

Dichloromethane (Methylene Chloride) 

Teaachlorocthene (Pachloroethyfene) 

Teaachloromethane (Carbon Tetrachloride) 

1.1.1-Trichloroethane (Methyl Chloroform) 

Trichloroethylene 

Trichloromethane (Chloroform) 

Detection Limits, ppb 
Air Disposal site 

2 500 

2 500 

0 5  1 

0.2 20 

1 .  60 

0.2 10 

0 3  5 

05 10 



ATTACHMENT 2 

The-choice of analytical method is left up to the individual laboratory p c r f d g  % 
analysis. The methodo @ded in Attachment 2 am provided as cxamplcs of methods wluch 
can be used to sample and analyze fm the specified air cmamiaans idenrified in 
Attachment 1. The methods ate used by ARB labaramsics IO quantify the compounds listed 
at or below rhc detection IlimiP spec@& in Arrochnuu I. Table 2-1 stmnnari,rr the 
method detection limits achievable by thcse methods and the dereetion l i d s  to be 
rcponed for these gnidelincs: 

TABLE 2-1: METHOD DETECI'ION LIMl'IS 

COMPOUND 

Chloroerhene (Vinyl Chloride) 

Benzene 

1.2-Dibromoetfiane (Ethylene Dibromide) 

1.2-Dichloroethane (Ethylene Dichloride) 

Dichloromethane (Methylene Chloride) 

Teuachloroethene (Pachloroethylene) 

Teuachloromethane (Carbon Teuachloride) 

1.1.1-Trichloroechane (Methyl Chlorofonn) 

Trichloroethylcne 

Trichlorometh~e (Chlorofonn) 

Method Detection Lirnio, ppb 
Gui&linc Haagm-Smit AaomeaicDafa 

m r O r Y  DiviJiw 



ATTACHMENT B 

AMBIENT AIR MONITORING 

HSC 41805.5 requires rhat air adjacent to disposal sites be tested and analyzed for 
specified air contaminanrs. To comply with HSC 418055. disposal site owners should 
conduct ambient air monitoring at the perimeter of the disposal site. The tea should 
adequately charancrize the conraminants in the air. 9he air column listed in Attachment 
1 shows the lower detection limits to be achieved in pana per billion. Each disposal 
site should perform the ambient air sampling on three separate, not ncccsady 
c o n s ~ v e .  days. 

. At sites whm the owner has chosen to charactaire only the gas abwe the disposal site 
using the integr;lred surface sampling -technique, all specified air c-P must be 
tested and analyzed for in the air samples. A site w h m  landfill gas testing is used and 
w h m  chlomethene (vinyl chloride) is identified in the landfill gas, then the ambient 
air samples need only be tested for chloroethene (vinyl chloride). 

The guidelines contain three suggested procedures for testing the ambient air. These 
procedures wen developed to cover differences in topography md climate which m y  occur 
at different sites. Each option has two pans. One addrrsses sites with different day 
and night wind patterns and one addresses sites with the same day and night wind patterns. 
The option chosen will depend on rhe results of rhe meteorological survey. 

A. OPTION 1 

1. General Procedures 

HSC 41805.5 requires rhat air adjacent to disposal sit# be tested and analyzed for 
specified air contaminants. If the disposal site has a gas collection system which does 
not operate continuously, at least one of the sampling days should be a day before the gas 
collection system is turned on after a typical inoperative period. This option requires 
twenty-four hour samples to be taken on 3 separate, not necessarily consecutive, days. 

2. Meteorologiul Survey 

A meteorological survey should be conducted prior to ambient air sampling in order to 
deterrmne the local wind flow patterns which will subsequently be used to help identify 
the number and location of samplers required for an effective ambient air monitoring 
program The opentor should submit the s m e y  to the APCO prior to ambient sampling. 3s 
part of the monitoring p h .  The survey should summarize how wind flow pmrns at the 
site will be characterized based on: previously collected on site meteorological dam, 
data collected nearby (e.g., local airport dm),  proximity to warn crr terrain which may 
influence diurnal v ~ n s  (e.g.. daytime updope winds, nighttime downslope, or sea 
breeze condirions), or a pian for.on site meteomlogical data collection prior to ambient 
monitoring. In completing an on site meteorological survey prior to monitoring, wind 
sensors should be located nine to twelve feet above the ground and a minimum of sixty feet 
from obstacles such as ms, shrubbery, md.buildings. 

3. Ambient Air Sampling 

a. General Sampling Criteria 

At the completion of the meteorological survey. and on approval of the APCO, ambient air 



TABLE 2 

CONCENTRATION STATISTICS OF VINYL CHLORIDE IN NBIENT AIR SAMPLES 
COLLECTED AT THE PERIMETERS OF MDFILCS* 

Number of Landfills Where Detected: 24 

Total Landfills Tested: 251 

50th percent1 le (median): 2 ppbv. (detection limit) 

75th percentile: 2 PPbv 

95th percentile: 2 P P ~ V  

2nd highest value: 13 ppbv 

Maximum: 15 ppbv 

* See Attachment B for ambient air testing guidelines. 



sampling equipment will k installed at the locations which will be d e d c d  
by: 

1. Site topography, 

2: Meteorological survey, and 

3. Locai landuse panems. . The samp~mgequipmentshouldbel~ 
at or near the perimeter of the waste 
disposal site, in the char and away 
from surrounding obstcuctions. The 
inlet probes for the ambicnt samplcrs 
should be located between six and nine 
feet off the ground (reaching height) 
and a minimum of sixty feet from 
obstacles such as aces, shrubbery and 
buildings. Air flow around the krlet 
probe should be unrcsuined in an SIC 
of at least 270 degms with the 
predominant wind direction for gcatcst 
expected. pollutant concenuation 
potential included in the 270 degree 
arc. 'Ihe sampler locations should be 
carefully selected to ensrm: the 
predicted prevailing wind parrasrs for 
h e  sampling date will come auoss the 
main body of the disposal site to the 
downwind station Wind speed and 
direction measurements will condnue to 
be collected throughout the ambient air 
sampling period to verify that the 
mczeomlog!cal criteria an mer. 

Figure 4: Option 1 
S P n h h r  AQMD 

Ambient air samples will be collected over a 24-hour period beginning and ending at 10:00 
A . U  u.&g the selfcontained ponable sampling units dcsuibed in Equipment Descriprian 
In gen& 24-hour and clkctionally conmlled sampling wiU be required to a w e  that 
maximum contaminant c o n c e n ~ n s  arc ident5ed for each sampling paiod. Ho-. 
directionally controlled sampling may not be required at sites which have a constant wind 
direction for 24 hours. All samples will be removed &om rhe samplers immediately sfter 
the 24-hour sampling period and analyzed for the required compou~~ds. It is ~ ~ c ~ m m ~  
that t!e sample k analyzed within 72 hours of collection. 

b. Specific Sampling Criteria 

i. At sires that experience different day and night wind flow parrems. a minimum of two 
24-hour samplus and two directionally controlled samplers will be required. Twenty-four 
hour samplers will be placed at the upwind and downwind site p a h e t e n  based on the 



pnvailing wind direction. The dirrcrionatly controlled sampicr(s) l o c a d  downwind of 
the disposal site should be placed at sites which will sample under the stable (drainage) 
wind conditions idenrified in the meteorological survey. The dhdonally controlled 
sampler located upwind of the disposal site shouid be placed near the upwind 24-hour 
sampler. The 24-hour samplers will operare condnuously for the specfied 24 hours and 
the dindonally controlled sampIns will only opmw when the wind dkecdon is within 
a wind sector allowing air to pass across the disposal site to the downwind sampla. This 
will allow the downwind dirrctiDnally controlled samplcr(s) to only collect air that has 
prrrsed over the disposal site and the upwind diremionally conuolled sampla to only 
coilect air that has not pursed over the disposal site. 

ii. At site that experience a constant wind direction for 24 ho&. a minimum of two 24- 
hour samplers will be required. A 24-hour sampler will be place both upwind and downwind 
of the site based on the prevailing wind direction so that the upwind sampler only 
collects air that has not p a d  over the disposal site and the downwind sampler only 
collects air that has pursed over the disposal site. Additional 24 hour samplers should 
be placed at locarions which will sample under the stable (drainage) wind conditions 
idenrifled in the meteorological survey. Since the wind direction does not change. these 
24-hour smplers will act as diredontally conuolled samplers as well as 24-hour 
samplers. Comparison of the results from these s m p l m  will provide information on 
ambient air quality standards and the effects the disposal site has on the ambient air 
quality. 

4. Sampling Conditions 

Ambient air sampling should be conducted on days when stable and unstable meteorologicd 
conditions arc characmized by the following meteorological conditions: 

a. Siable nights with avenge wind speeds of five miles p a  hour or iess. 

b. Daytime conditions with average wind speeds of ten miles per hour or less. 

No sampling will be conducted under the following adverse meteorological conditions: 

a. Rccipitation 

b. Twenty-four hour average wind speeds greater than ten miles per hour. 

5.' Equipment Description 

a. Bag Sampler 

1. Pump with a diaphragm made of non-lubricated vitone rubber. The maximum pump unloiuled 
flow rate is 4.5 liters p a  minute. 

2. One 10-liter zedlare bag with a push-pull valve c o m c t c d  of aluminum and stoinlesr 
steel with a Viton o-ring seal. 

3. Rotameter made of borosilicate glass with a flow m g e  of t h r e e  to fifty cubic 
centimeters pcr nrinute. The sa le  is in millimeters with rrriljor pdu;lrions (Idxlcil) 
every 5 mm and nrinor graduations every I mm. 



- 4. Air flow conmi orifce made with 316 stainless steel capxlhy tubing. 

5. Bypass valve. 

6. Fittings, tubing and conneetors made with 316 stainless sted or tefion. 

7. Clock timer with an accuracy that should be better than 1%. 

. - b. Wind directionally conmlled system 

1. Wind dtection sensor with a vane which has a range of 0 - 540 degrees and a thshold 
of 1.00 mile p a  hour or lesr 

2. Conmllv and indicator console wirh an indicator range of 0 - 360 degccs and an 
accuncy of 2 2500 of N1 scale. 

c. Wind speed and dirrcrion monitoring with conrinuous recorder. 

1. Anemomerer h cup assembly wirh a rangeaf 0-50 miles per hour and a thrrshold of 
0.75 miles per hour or less. 

2. W i d  vane with a m g e  of 0 - 540 degms and a threshold of 1.00 miles p a  hour or 
less. 

6. Wind Data Reporting 
Wind d m  (speed and direction) will be 
rcponed as an hourly avaage. Far 
example, the data c o l l ~  b a w ~  1:00 
P.M. and 2:00 PM. will be averaged and 
rcponed as the 1:00 P.M. hourly 
average. Wind speeds will be rcponed 
in miles p a  hour. Wind directions will 
be reponcd using the sixreen point 
scale (sixteen dircaional poinu 
corresponding to the mariner's compass 
rose on which each direction is 
equivalent to a 22 112 degree sector of 
a 360 degree circle). For example, wind 
dirrcrions would be N. NNE, NE. E ESE, 
SE, SSE,S.SSW, SW.WSW. W, WNW,NW. 
and h W .  

B. OPTION 2 

1. General Procedures 

HSC 41805.5 ~ q u b  thas air adjacent 

Sec Option 1. 



to disposal sites be tested and analyzed for specified air contaminants. These guidelines 
require that 24-hour and less than 24-hour ambient air sampling be conducted on thrce 
different, not necessarily consccutivc, days. 

2. Meteorological Survey 

See Option 1. 

3. Ambient Air Sampling 

Sec Option 1. Subsection 3a. General Sampling Critaia 

a. At sites that experience different but predictable day and night wind flow patterns, a 
minimum of two 24-hour samplers and two less than 24-hour samplers will be required. One 
24-hour sampler will be placed both upwind and downwind of the site based on the 
prevailing wind dirrction. The less thnn 24-hour synpleds) located downwind of the 
disposal site should be placed at sites to sample under the stable (*age) wind 
conditions identified in the meteorological survey. The less than 24-hour sampler located 
upwind of the disposal site should be plriced n w  the upwind 24-hour sampler. The sun 
and stop times for the less than 24-hour samplers will comspond to the stable (drainage) 
conditions identified by analyzing the the hourly wind roses. Thc 24-hour samplers will 
operate continuously for the specified 24 hours and the less than 24-hour samplers will 
only operate when the wind dirrction is corning across the disposal site to the downwind 
sampler. This will allow the downwind less than 24-hour samplcr(s) to only collect air 
that has passed. over the disposal site and the upwind less than 24-hour sampler to only 
collect air that has nor passed over the disposal site. 

b. At sites that experience a constant wind direction for 24 hours, a minimum of two 24- 
hour samplers will be required. A 24-hour sampler wil l  be place both upwind and downwind 
of the site based on the prevailing wind direction so that the upwind sampler only 
collects air that has nor passed over the disposal site and the downwind sampler only 
collects air that has passed over the disposal site. Additional 24 hour samplers should 
be placed at locations which will sample under the stable (drainage) wind conditions 
identified in the meteorologicid survey. Since the wind direction does not change, these 
24-hour samplers will act as directionally controlled samplers as well as 
samplers. Comparison of the results from these samplers will providt informanon on 
ambient air quality standards and the effects the disposal site has on the ambient 
quality. 

4. Sampling Conditions 

See Option 1. 

4. Equipment Description 

See Option 1. 

6. Wlnd Data Reporting 

Sec Option 1. 



C. OPTION3 

, 1. General Procedures 

HSC 418055 requires that air adjacent to disposal sites be tested and anal+ for 
specified air concaminanu. These gui&lina require that 24-hour ambient air samphg be 
conducted on three different. not necessarily consecutive, days. ' . 
2. Meteorological Survey 

See Option 1. 
3. Ambient Air Sampliag 

See Option 1, Subsection 3% Cicnaat 
Sampling Criteria. 

a At sites that experience different 
day and nlght wind flow parruns, a 
rmnimum of three 24-hour samplers will 
be required One 24-hour sampler will 
be placed on both upwind and downwind of 
the site based on the pmgiIing wind 
direction. Additional 24 hour samplers 
will be located downwind of the disposal site 
at sites which will sample under rhc 
stable (drainage) wind conditions 
idensled in the meteorological slwey. 
In addition, one 24-hour sampler will be 
placed in the v&ty of the dispoJal site, 
approximately one mile away, so it will 
not be affmcd by the disposal site 
emissions. This 24-horn sampler should 
also be approximately one mile away from 
other possible major emission sources so 
that the sample it collccfs will 
represent the background concentrations 
for the ares This background sampler 
whould be located in the clear and away 

a 
w e -  

. --n-- P e # 

from surrounding obstmctions. Its inlet probe must be locared between six and niue feet 
off the ground Omathing height) and a minimrun of 60 feet from obstacles such as nees. 
shrubbery, and buildings. Air flow around the inlet probe must be umsmcted All of 
the 24-hour samplers will operate continuously for the specified 24 how. Comparison of 
the results b r n  the samplus will provide information on the ambient air quality 
standards. 

J b. At sites that experience a constant wind direction for 24 hours. a minimum of two 24- 
hour samplers will be required. A 24-hour sampler will be placed both upwind and downwind 



of the site based on the prevailing wind direction so that the upwind s m p l a  only 
collects air that has nor pursed o v a  the disposal site and the dowiwind sampla only 
C O ~ X S  air that has pnsscd over the disposal sitc Additional 24-hour sampla should 
be placed at 'locations which will sample under the stable (drainage) wind conditions 
identified in the metcorologid survey. Since the wind direction docs nor change, these 
24-hour samplm will act as less than 24-hour samplers as well as 24-hour samplers. In 
addition, one 24-hour sample wi l l  be placed in the vicinity of the dispo* .site. 
a&ximatcly one mile away. so it will not be effected by the disposal site cmrssrons. 
This 24-hour sampla should also be appmxirnateiy one mile away from possible major 
emission sources so that the sample it co l lec~  will represent the background 
concenuations for the area. This background sampla should bt located in the clear and 
away from surrounding obsrmnions. Its inlet pmbe should be located between six and 
nine feet off the ground (brcaxhing height) and a minimum of sixty fen from o b s ~ l e s  
such as mes. .shrubbay and buildings. Air flow around the inlet probe should be 
unrestricted. All of the 24-hour samplm will operate continuously for the specified 24 
hours. 

4. Sampling Conditioqs 

See Option 1. 

5. Equipment Description 

See Option 1. 

6. Wind Data Reporting 

See Option 1. 

B. GENERIC ANALYTICAL METHODS 

HSC 41805.5 directs the ARB to p;blish tesdng guidelines "specifying air contaminants to 
be rested for and idennfying acceptable testing. analytical and reporting mehtods. The 
following generic analytical methods contain a brief description of the standard 0paadng 
procedures (SOP) used by the ARB to sample and analyze specific compounds. Specific SOPS 
are contained in Attachment 2. 

1. Method for Vinyl Chloride 

Ambient samples arc collected o v a  a 24-hour paiod in a thiny l i ta  ~ c d l a r ~  bag using a 
low-volume sampla. 

Samples ye analyzed using chromatography with Flame Ionizadon or Photo Ionianon 
Detection and prcconccnoadon techniques. Resultant concenandon peak is identified by 
retention times and quantified by rcfamce to calibration scandnrds. 

2. Method for Carbon Tetrachloride,Chloroform, Ethylcne Dibromide, Ethylcnc Dictiloritlc. 
Methyl Chloroform, Methyicne Chloride, Pcrchloroclhylene, and Trichloroelhylenr 

Ambient samples arc collected over a 24-hour period in a c h i  l iw  ~ e d l u *  bag using a 
low volume sampler. i 

7 



Samples an analyzed using-gas chromatography with Elccaun Captufc Detection and 
prcconcenuadon techniques. Resultant conccnaadon peaks arc identified by ~~f t l l t ion  
times and quantified by refc~cnccs to caiibxation wndyds. 



ATTACHMENT 1 

SPECIFLED AIR CONTAMINANTS 

COMPOUND 

Chloroethene (Vinyl Chloride) 

Benzene 

1.2-Dibromoethane (Ethylene Dibromide) 

1,2-Dichloroethane (Ethylene Dichloride) 

Dichloromethane (Methylene Chloride) 

Teoachlomthene (Pcrchloroethylene) 

Tenachloromethane (Carbon Terrachloride) 

1.1.1-Trichlomthanc (Methy 1 Chlorofom) 

Trichloroethylene 

Trichloromethane (Chloroform) 

Detection Limits. ppb 
Air Disposal site 



The choice of analytical merhod is left up to the individual laboratory perfoxmhg the . iinalysis. Thc muhods provided in Attachment 2 arr provided as examples of methods which 
can be used to sample and analyze for the spechied air con- identified in 
Attachment 1. The methods an used by ARB laboratc&s to quautify the compounds listed 
at or below the detection h i t s  specified in Azra~hem 1. Tablc 2-1 s~ulmnarires the 
method detection limits achievable by these methods and the detection limits to be 
reported for these guidelines: 

TABLE 2-1: METHOD DEIEcltlON 

COMPOUND 

Qlloroethene (Vinyl Chloride) 

Benzene 

1.2-Dibromoethane (Ethylene Dibromide) 

1.2-Dichloroethane (Ethylene Dichloride) 

Dichloromethane (Methyiene Chid) 

T e w  hlomethene (Perchloroethylene) 

Teuachlmmethane (Carbon Tetrachloride) 

1.1 .l -Trichlokthane (Methyl Chloroform) 

Tricfiioroethylute 

Trichloromethane (Chloroform) 

Method Detection Limits, ppb 
Haagen-Smit Aaomerric Data 

-tory Division 



APPENDIX VII 

ARB MONITORING AND LABORATORY DIVISION'S METHOD 
FOR CALCULATING THE LIMIT OF DETECTION 



Ouility Control Manual 
Ftbruary 9, 1989 

Analytical Limits of Oetectron ( L O D )  must be calculated. The 
LOO for each method must be calculated by the folloving 
equation (reference): 

LOD = A + 35 

where 

A is the least squares intercept calculated from the 
multipoint data (section 4.1.2). 

S is the standard deviation of replicate determinations of 
the lowest standard. At least 3 replicates are required. 
The lowest standard must be run at 1 to 5 times the estimated 
detection 1imi.t.. I f  data is not available in the 
concentration range .near the deteciion 1 imit, t may be 
tst imated by: 

t = RSD x A 

where &Q is the relative standard deviation of the lowest 
standard analyzed. 

The equation as listed above was obtaine'd from the Compendium of 
Methods for the Determination of Toxic Organics in Ambient Air. 
Research Triangle Park, North Carolina: U.S. Environmental 
Protection Agency; 1984 Apt i 1 : Method T) 1. Pub1 icat ion No. EPA- 
600/4-84-041. 

Note that the Laboratory Services Settion policy is to report all 
analysis results above the analytical limits of detection. However. 
data errors may approach + 100% at levels < 10 x LOD.- - 
A1 1 analysis methods must be written in detail as a Standard 
Operating Procedure to be used in the laboratory. Any ~ubteauent 
revisions or improvtments are documented. The procedures are 
reviewed yearly by laboratory management and the Quality Assurance 
Section to insure that they are being followed properly. 




