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Executive summary 
 
The Thai Plastic & Chemicals (TPC) PVC facility is located on the banks of the 
Chao-Phraya River in the Samut Prakan province of Thailand, close to the river estuary 
into the Gulf of Thailand.  Polyvinyl chloride (PVC) is produced at this facility from vinyl 
chloride monomer (VCM), which is brought into the facility as a raw material.  The plant 
commenced production in 1971, and was the first TPC operated PVC producing facility in 
Thailand.  The environmental policy of TPC includes guidelines for the monitoring of 
chemicals within and around the factory site to prevent contamination of the environment. 
 
The facility discharges wastewaters to a small channel, a side branch of the Chao-Phraya 
River.  Greenpeace collected three samples in the vicinity of the TPC facility in May 
2003; effluent from the main outfall, and two channel sediments from below TPC 
discharge pipes.  All were analysed for a range of organic chemicals and heavy metals. 
 
Effluent from the main TPC outfall contained a diversity of organic chemicals typical of 
waste streams from processes linked to PVC production.  Most significant of these was a 
relatively high level of VCM (338 µg/l), a highly toxic organochlorine chemical and a 
known human carcinogen.  This level would not be acceptable in discharges from an 
equivalent plant in the USA.  Trace levels of other volatile organic compounds (VOCs) 
were also found, as well as derivatives of antioxidants often used in plastics.   
 
The sediment samples contained numerous compounds used as additives in PVC 
formulations.  These included a benzotriazole phenol derivative; a chemical used as a PVC 
stabiliser, as well as numerous phthalates; relatively persistent and bio-accumulative 
compounds that are commonly used as plasticising (softening) additives in PVC, including 
two that are toxic to reproduction.  Also identified were chemicals related to phthalates, 
which may have been present in commercial phthalate formulations used by TPC. 
 
Analysis of the effluent for heavy metals revealed little of interest.  Nevertheless, there 
was evidence of lead and possibly cadmium contamination of the sediments from the 
channel, particularly at a location below pipes that were not discharging at the time the 
samples were collected.  While the source of these toxic metals cannot be confirmed, 
particularly as the lead and cadmium contamination of the Chao-Phraya River is a long 
recognised phenomenon, the documented use of lead stabilisers by TPC may well have 
been a significant local and regional contributor. 
 
TPC claim to employ monitoring and control programs to prevent contamination of the 
environment.  Even on the basis of this limited investigation, adherence to these aims is 
questionable.  TPC effluent is clearly a significant point source of toxic VOCs to the 
surrounding environment.  Emissions of VOCs to the atmosphere are also likely to occur 
from within the TPC facility.   
 
Thai legislation that sets standards for industrial effluents only address organic chemicals 
under very general parameters.  It does not specifically address many of the toxic and 
hazardous chemicals identified in this study, despite the inclusion of organochlorine 
compounds as ‘specific chemicals creating concern’ within the National Chemicals 
Management Profile for Thailand.   
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Stringent national legislation addressing the production, use and releases of such 
chemicals from industrial facilities would offer greater protection for the environment and 
human health.  However, given that the production of chlorinated chemicals, including 
PVC, inevitably generates complex chlorinated waste streams, the ultimate solution for 
addressing releases of such hazardous chemicals is through the progressive substitution of 
chlorine based processes and products with non-chlorinated and non-hazardous 
alternatives. 
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1 Introduction 
 
1.1 PVC production 
 
Polyvinyl chloride (PVC) is one of the mostly widely used thermoplastics in the world, 
with an annual global production of about 25 million tonnes (CIN 2003).  PVC can be 
produced through a number of different processes.  Currently, the majority of facilities 
employ processes that proceed via the ethylene dichloride (EDC) intermediate (Matthews 
1996).   
 
Ethylene dichloride (EDC) is manufactured by the chlorination of ethene, either directly 
with chlorine or through an oxychlorination process using hydrogen chloride and oxygen.  
Vinyl chloride, also called vinyl chloride monomer (VCM), is then produced from EDC 
(Stringer & Johnston 2001).  Subsequently VCM is polymerised to produce PVC.  The 
production of VCM and its polymerisation into PVC are not always carried out at the same 
facility. 
 
The manufacture of EDC and VCM results in the generation of toxic chlorinated wastes 
containing dozens of hazardous chemicals, including chlorinated dioxins.  The environs of 
many VCM production facilities are often contaminated with many of these chemicals 
(Labunska et al.  2002, Stringer & Johnston 2001, Stringer et al.  1995). 
 
PVC formulations typically contain a range of additional chemicals that are incorporated 
to modify the properties of the plastic (Ehrig 1992).  These additives include plasticisers to 
soften the PVC for non-rigid applications, stabilisers to combat UV and heat-induced 
degradation, and pigments to colour the plastic.  A wide range of synthetic organic 
chemicals and heavy metal compounds are employed as such additives (Stringer & 
Johnston 2001). 
 
 
1.2 Thai Plastic & Chemicals PVC facility 
 
The Thai Plastic & Chemicals (TPC) PVC facility is located in Bangyaphraek, Amphoe 
Phrapradaeng, in the Samut Prakan Province of Thailand.  The plant is situated on the 
banks of the Chao-Phraya River, south of Bangkok and close to the river estuary into the 
Gulf of Thailand.  This plant was the first TPC operated PVC producing facility in 
Thailand, commencing production in 1971.   
 
PVC is produced in powder and pellet form through the polymerization of VCM, which is 
brought into the facility as a raw material (TPC 2002a).  As the VCM used by TPC is not 
produced at this facility, contamination of the local environment by the wastes associated 
with its production is not anticipated, though it may occur at the site or sites where it is 
manufactured (EC 1999, Stringer & Johnston 2001). 
 
According to their website, TPC has an environmental policy which aims to ensure that its 
operations are carried out in an environmentally sound manner, through adhering to 
certain defined principles.  Essential guidelines provided by the policy cover many 
operational aspects, and include the regular monitoring of wastewater, air and soil samples 
collected in and around the factory with the aim of preventing contamination of the 
environment (TPC 2002b). 
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To investigate the activities at the TPC facility, their impact on the Chao-Phraya River, 
and whether TPC are operating under appropriate controls including their own 
environmental policy, Greenpeace visited the site in May 2003 to collect samples for 
scientific analysis. 
 
 
2 Materials and methods 
 
2.1 Sample collection 
 
Three samples were collected from the vicinity of the Thai Plastic & Chemicals (TPC) 
PVC facility in Samut Prakan Province on the 13th May 2003; one sample of discharged 
effluent and two river sediment samples.  Details of the samples collected are given in 
Table 1. 
 
Adjacent to the TPC facility, a small shallow channel approximately 100 metres in length 
branches off from the Chao-Phraya River and runs immediately alongside the TPC 
boundary wall.  Being close to its estuary, the Chao-Phraya River is tidal at this location. 
 
A number of discharge pipes exit the TPC facility through its boundary wall that runs 
along the edge of the side channel.  The largest pipe discharges into the channel very close 
to where it branches from the Chao-Phraya River.  A sample of effluent was collected 
from this outfall (AT03067).  A sample of sediment (AT03068) was also collected from 
the channel directly below this outfall. 
 
A number of smaller discharge pipes exit the TPC facility approximately 100m along the 
side channel, away from the Chao-Phraya River.  At the time of sample collection, these 
pipes were not discharging to the channel.  A sample of sediment (AT03069) was 
collected from the channel directly below these pipes. 
 
 
Sample no. Sample type Sample location 
AT03067 Effluent Side channel to the Chao-Phraya River, main discharge pipe 
AT03068 Sediment Side channel to the Chao-Phraya River, below main outfall (AT03067) 
AT03069 Sediment Side channel to the Chao-Phraya River below non-discharging pipes, 

up-channel from the Chao-Phraya River 
Table 1.  Description of the samples collected from the TPC PVC facility, Samut Prakan, Thailand, 2003 

 
All samples were collected and stored in pre-cleaned glass bottles that had been rinsed 
thoroughly with nitric acid and analytical grade pentane in order to remove all heavy metal 
and organic residues.  The wastewater sample was collected in a fully filled 1-litre screw-
cap bottle.  The sediment samples were collected in 100ml bottles.  All samples were kept 
cool and returned to the Greenpeace Research Laboratories for analysis.  Detailed 
description of sample preparation and analytical procedures are presented in Appendix 1. 
 
 
3 Results and discussion 
 
The results of the qualitative organic screen and quantitative heavy metals analyses are 
presented below.  Table 2 provides heavy metal concentrations, the number of organic 
compounds isolated from each sample, and a breakdown of the groups of organic 
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compounds reliably identified using a GC/MS screening method, as described in 
Appendix 1.  The concentrations of the organic compounds identified using this method 
were not determined.  Volatile organic compounds (VOCs) in the effluent sample 
(AT03067) were identified separately, and the concentrations of a range of VOCs in this 
sample were determined.  The quantitative results of the VOC analysis are presented in 
Table 3. 
 
 
3.1 Organic pollutants 
 
A full list of all organic compounds both reliably and tentatively identified in all samples 
is provided in Appendix 2.  A full list of the volatile organic compounds quantified in 
sample AT03067 is provided in Appendix 3.  Detailed information on certain key 
pollutants detected during this study is presented in Appendix 4. 
 
The sample of effluent from TPC (AT03067) contained a wide range of organic 
compounds including chlorinated compounds (organochlorines).  Of the 77 individual 
compounds that were isolated from the effluent, only 20% could be reliably identified.  
The identity and, therefore, properties and potential impacts of the remaining compounds 
present in the effluent are unknown.  Similarly, many of the compounds isolated from the 
two sediment samples could not be reliably identified. 
 
Four organochlorines were identified in the effluent sample; vinyl chloride, chloroform, 
1,1-dichloroethane and 1,2-dichloroethane.  These contaminants are typical of waste 
streams from processes linked to PVC production (Johnston et al.  1994).   
 
The effluent contained vinyl chloride at a concentration of 338 µg/l.  Quantification of the 
remaining volatile organic compounds (VOCs) identified in the effluent sample showed 
them to be present at very low concentrations.  Chloroform was present at a concentration 
below 1 µg/l, too low to be accurately quantified.  Similarly, 1,1-dichloroethane and 
1,2-dichloroethane were identified in the effluent at concentrations below their 
quantifiable levels;  below 5 µg/l for 1,1-dichloroethane and below 10 µg/l for 
1,2-dichloroethane.  
 
Given the highly volatile nature of the organochlorines identified in the effluent, emissions 
and losses of these chemicals to atmosphere are also likely to occur from the TPC facility 
and its production waste streams.  Such releases may occur from storage, handling and 
processing of chlorinated chemicals on the site, as well as by volatilisation from effluent 
streams, treatment plants and settling lagoons.  Emissions to atmosphere were not 
quantified in the current study.   
 
Vinyl chloride (VCM) was by far the most abundant organochlorine in the effluent.  VCM 
is not a persistent chemical; it readily evaporates from surface waters, and is rapidly 
degraded in the atmosphere.  VCM is far more persistent in groundwater, with an 
estimated degradation half-life of up to eight years (Howard et al. 1991).  VCM is, 
however, an extremely hazardous chemical.  It is highly toxic to both humans and animals, 
it is a known human carcinogen and can be explosive if mixed with air.  Due to its 
volatility, the usual route of exposure to vinyl chloride is through inhalation (ATSDR 
2000, IPCS 1999). 
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Sample number AT03067 AT03068 AT03069 
Description Effluent Sediment Sediment 
Location main 

discharge 
below main 
discharge 

below non-
discharging 

pipes 
Metal µg/l mg/kg dw mg/kg dw 
Arsenic (As) <400  <40  <40  
Cadmium (Cd) <10  <1  1.6  
Chromium (Cr) <20  62  179  
Cobalt (Co) <20  15  11  
Copper (Cu) 40  36  31  
Lead (Pb) 26  64  138  
Manganese (Mn) 41  1330  1710  
Mercury (Hg) <2  <0.2  <0.2  
Nickel (Ni) <20  38  82  
Zinc (Zn) 86  183  167  
Number of organic compounds isolated 77 33 104 
Number of organic compounds reliably identified 15 (19%) 26 (79%) 54 (52%) 

Chlorinated compounds 
Chloroform 1*   
Dichloroethanes 2*   
Vinyl chloride 1*   
Benzene, 1,4-dichloro-   1* 

Phthalate esters and related compounds 
DnBP   1 1 
DEHP  1 1 
DiNP  mix of 

isomers 
mix of 
isomers 

Phthalic anhydride   1 
Phenols 

Phenol, 2,6-bis-tert-butyl-4-methyl- (Butylated hydroxytoluene, BHT)   1 
2,6-Di(t-butyl)-4-hydroxy-4-methyl-2,5-cyclohexadien-1-one 
(BHT-quinol) 

1  1 

Phenol, 2-(2H-benzotriazol-2-yl)-4-methyl-   1 
Other oxygenated compounds 

2-Ethylhexyl esters   2 
Benzenemethanol   1 

Aliphatic hydrocarbons 
Linear 7  7 
Branched 3   
Table 2.  Organic chemicals and heavy metals identified in samples collected around the TPC PVC facility, 
Samut Prakan, Thailand, 2003.  For the groups of organic compounds reliably identified, the number of 
compounds identified using general GC/MS screening method is presented for each group;  * signifies those 
compounds identified using the more sensitive selective ion monitoring (SIM) method.  Metal concentrations 
are given in mg/kg dry weight for solid samples and µg/l for liquid samples 
 
 
VCM has been classified by the International Agency for Research on Cancer (IARC) as 
carcinogenic to humans (IARC 1987), and has been classified as a known human 
carcinogen by the US government since 1980 (DHHS 2002).  The cancer most strongly 
associated with VCM exposure in humans is angiosarcoma of the liver in occupationally 
exposed workers.   
 
Vinyl chloride is narcotic, and inhalation can cause neurological effects that can culminate 
in damage to the nervous system.  Also seen are toxic effects on the immune system, liver, 
spleen, thyroid function, eyes and skin of workers.  Furthermore, there are also indications 
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that VCM can affect both male and female reproductive systems (ATSDR 2000, IPCS 
1999).  Additional information on VCM  is presented in Appendix 4. 
 
 

Compound AT03067 
Concentration, µg/l 

Methane, trichloro- (chloroform) <1  
Ethene, chloro- (vinyl chloride) 338  
Ethane, 1,1-dichloro- <5  
Ethane, 1,2-dichloro- <10  

Table 3.  Volatile organochlorine compounds (VOCs) quantified in the effluent sample 
AT03067 from the TPC PVC facility, Samut Prakan, Thailand, 2003; <# indicates compound 
detected, but at a concentration below the quantifiable level 

 
 
Despite the hazardous nature of the organochlorine compounds identified in PVC 
effluents, few regulatory limits apply to releases from PVC manufacturing facilities 
anywhere in the world.  In many instances legislation only addresses releases to air (IPCS 
1999).  Legislation addressing the discharge of industrial effluents in Thailand does not 
specify limits for vinyl chloride (PCD 2002). 
 
In the US, maximum discharge limits are set for vinyl chloride in discharged wastewaters 
from plastics manufacture.  The legislation specifies a range of limits depending on the 
type of discharge and measurement period, as summarised in Table 4 (USGPO 2000).  
While these regulatory limits do not apply to the TPC facility, they serve as a useful basis 
for comparison given the absence of applicable Thai legislation. 
 
The effluent sample from TPC (AT03067) contained vinyl chloride at a concentration of 
338 µg/l.  The methods of treatment used at the TPC facility for vinyl chloride containing 
wastewaters are not known.  Comparison of this concentration to the least stringent US 
limits (for facilities where end-of-pipe biological treatment is employed) shows that the 
vinyl chloride concentration in the TPC effluent was 1.26 times the maximum daily 
concentration and 3.25 times the maximum monthly average concentration. 
 
 

Type of discharge Maximum concentration 
for any one day 

Maximum concentration 
for any monthly average 

Direct discharge point sources that use  
end-of-pipe biological treatment 

268 µg/l 104 µg/l 

Direct discharge point sources that do not 
use end-of-pipe biological treatment 

172 µg/l 97 µg/l 

Indirect source point discharges 172 µg/l 97 µg/l 
Table 4. Discharge limits in US for vinyl chloride in wastewaters from plastics manufacture (USGPO 2000) 
 
 
1,1-dichloroethane and 1,2-dichloroethane are chemical isomers, related compounds with 
similar chemical structures.  1,2-dichloroethane (also known as ethylene dichloride or 
EDC) is primarily employed in the manufacture of VCM (ATSDR 2000, IPCS 1995).  
1,1-dichloroethane (also known as ethylidene dichloride) is used industrially but can also 
be produced from the reaction of vinyl chloride (VCM) and hydrochloric acid and 
therefore may be a side product of VCM production and purification (ATSDR 2000). 
 
There are two possible sources of the dichloroethane isomers in the effluent from TPC.  
Both dichloroethane isomers have been found in process wastewaters from VCM 
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production (Myszkowski & Milchert 2003) and, therefore, these chemicals may be present 
as trace components in the VCM used at the TPC facility in the production of PVC.  An 
alternate source may the purification of VCM by distillation carried out at TPC 
(Setthamanit et al. 1985).  This process can result in the formation of dichloroethane 
(ATSDR 2000). 
 
Being highly volatile, both 1,1-dichloroethane and 1,2-dichloroethane (EDC) readily 
evaporate from water and soil (ATSDR 2000, IPCS 1995).  While these chemicals are not 
highly persistent in the environment, they are both highly flammable and toxic to humans 
and animals.  Exposure to either isomer is generally via inhalation as a result of their 
volatility, though both can also be absorbed via ingestion or through the skin (IPCS 1995).  
As for vinyl chloride, legislation addressing the discharge of industrial effluents in 
Thailand does not specify limits for 1,1- or 1,2-dichloroethane (PCD 2002). 
 
Chloroform, the forth organochlorine identified in the effluent, has a range of industrial 
uses including use as a solvent in chemical processes (ATSDR 2000).  However, it can 
also be generated during water disinfection using chlorine or chlorine-containing 
compounds (Oxenford 1996).  It is a volatile chemical that evaporates readily from water.  
While chloroform is both toxic and possibly carcinogenic (ATSDR 2000), the effluent 
sample (AT03067) contained chloroform at a very low concentration (<1 µg/l). 
 
The organochlorine 1,4-dichlorbenzene (1,4-DCB) was also identified in one of the 
sediment samples (AT03069).  This chemical is widely used in lavatory deodorant blocks 
and room deodorants (Bryant 1993), which is the probable source of 1,4-DCB at this 
location.  This chemical exhibits some toxic effects to the liver and kidney (CEC 1986). 
 
In addition to the organochlorines described above, the effluent sample contained further 
chemicals, including 2,6-di(t-butyl)-4-hydroxy-4-methyl-2,5-cyclohexadien-1-one, also 
known as BHT-quinol.  This chemical is a known metabolite of butylated hydroxytoluene 
(BHT), a chemical frequently employed as an antioxidant in a wide range of products 
including plastics (Jobling et al. 1995).  Both BHT-quinol and BHT were also identified in 
the sample of sediment collected directly below the non-discharging pipes (AT03069). 
 
BHT is generally considered to have very low toxicity (WHO 1999).  The FAO/WHO 
(Food and Agriculture Organization/ World Health Organization) joint expert committee 
on food additives (JECFA) has set an acceptable daily intake (ADI) of 0-0.3 mg/kg body 
weight for BHT (WHO 1999).  There is, however, some evidence that BHT can act, in 
combination with carcinogenic substances, as a promoter of liver cancer (Williams et al. 
1986).  Very little is known about the toxicity of BHT-quinol.  The only available 
information shows no effects in certain tests for certain specific adverse toxicological 
effects (Taffe et al. 1989, Nagai et al. 1993).   
 
A range of linear and branched aliphatic hydrocarbons were also identified in the effluent 
sample (AT03067), and in the sediment collected below the non-discharging pipes 
(AT03069).  These compounds are common components of crude oil and petroleum 
products (Hsieh et al. 2000), which is their probable source in this instance. 
 
Additional compounds were identified in the two samples of sediment from the side 
channel (AT03068 & AT03069) that were not found in the effluent sample (AT03067).   
 



 

10  

A benzotriazole phenol derivative was identified in the sediment sample collected below 
the non-discharging pipes (AT03069).  This compound is known under a number of names 
including 2-(2H-benzotriazol-2-yl)-4-methyl-phenol or 2-(2'-hydroxy-5'-methylphenyl)-
benzotriazole, and under many trade names including Drometrizole, Tinuvin P and 
Runsorb UV-P.   
 
This compound is a highly efficient absorber of ultraviolet light and is widely used as an 
ultraviolet light stabilizer to reduce discoloration and degradation in plastics (including 
PVC) which can result from exposure to sunlight (Crawford 1999, Niklasson & Bjorkner 
1989).  It has low acute toxicity to mammals and aquatic organisms and has been 
incorporation into plastics used for food storage, being permitted as an indirect food 
additive resulting from this use in the United States (USFDA 2004).  However, there are a 
number of reported cases of this benzotriazole derivative causing allergic contact 
dermatitis in humans as a result of skin contact with plastic materials in which it was 
incorporated (Niklasson & Bjorkner 1989, Arisu et al. 1992). 
 
Both sediment samples (AT03068 & AT03069) also contained three types of phthalate 
esters;  DnBP (di-n-butyl phthalate), DEHP (di(2-ethylhexyl) phthalate) also known as 
DOP (di-sec-octyl phthalate), and DiNP (di-iso-nonyl phthalate).  DnBP and DEHP are 
single chemicals, while DiNP is a complex isomeric mixture of different compounds with 
similar structures and properties. 
 
Phthalate esters are commonly referred to as phthalates.  These chemicals are employed in 
a wide range of uses from inclusion in inks, dyes and cosmetics to use as a concrete 
additive (ATSDR 2000, Jobling et al. 1995).  By far the largest use of phthalates, however, 
is as softening plasticisers in the production of non-rigid PVC (Bizarri 1996, ECPI 2003).  
The concentration of phthalates in some plasticised PVC products can reach up to 60% of 
the total mass (Moller et al. 1996).  Phthalates are relatively persistent in the environment 
and, as a result of their widespread use, are some of the most abundant man-made 
chemicals in the environment (Jobling et al. 1995).  Studies have recently demonstrated 
the presence of phthalates and their metabolites in the human body  (Colon et al. 2000, 
Blount et al. 2000). 
 
The phthalate DEHP (DOP) has recently been detected in river water collected from the 
Chao-Phraya River downstream of Samut Prakan, as well as in seawater from Samut 
Prakan coastal waters (Boonyatumanond et al. 2002). 
 
TPC produce a range of PVC products, including softened PVC that require the use of 
plasticisers (TPC 2002c).  TPC are known to have used many thousands of tonnes of both 
DiNP and DEHP (DOP) plasticisers at this facility (Setthamanit et al. 1985).  The use of 
phthalates in PVC materials produced at the TPC facility is the most likely source of these 
chemicals in the sediment samples collected at this location.  
 
The identified phthalates exhibit a range of toxic effects to mammals.  Of particular 
concern is the potential of some phthalates to interfere with the developing reproductive 
system in males, particularly for DEHP and DnBP (Jobling et al. 1995, Mylchreest et al. 
2002).  The toxicity of DEHP (DOP) to the developing male reproductive system has been 
recognised for more than 50 years (Park et al. 2002).  Within the European Union (EU), 
both DEHP and DnBP are classified as “toxic to reproduction” (EC 2003a).  Furthermore, 
DEHP has been classified by the International Agency for Research on Cancer (IARC) as 
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possibly carcinogenic to humans, and by the US Department of Health and Human 
Services as reasonably anticipated to be a human carcinogen (DHHS 2002). 
 
Although the reproductive toxicity is of lower concern for DiNP, evidence of weak 
oestrogenicity and abnormal sexual development in exposed rats has been reported (Gray 
et al. 2000, Harris et al. 1997).  
 
The sediment sample AT03069 contained additional compounds associated with the 
production of phthalates, particularly DEHP; Phthalic anhydride, and two esters 
(2-ethylhexyl acetate and 2-ethylhexyl 2-ethylhexanoate).  Phthalates are manufactured 
from phthalic anhydride and various alcohols.  The alcohol employed in the production of 
DEHP is 2-ethylhexyl alcohol (ATSDR 2000).  Under the conditions used to produce 
DEHP, it is possible that the two identified esters could be formed from the 2-ethylhexyl 
alcohol raw material (Forestiere et al. 1981). 
 
The two identified esters do have direct uses; 2-ethylhexyl acetate is employed as a solvent 
(BASF 2004) while 2-ethylhexyl 2-ethylhexanoate has been used in various cosmetic 
products  (EC 1996).  However, the identification of both these esters and phthalic 
anhydride in the one sediment sample (AT03069) strongly suggests that their source is the 
DEHP used at TPC; either through the use of DEHP contaminated with these compounds, 
or possibly from the production of DEHP at TPC.  The degradation of DEHP would not 
produce this mixture of compounds (Lundberg et al.  1992). 
 
Upon release to river systems, many organic compounds will bind to sediment particles 
and accumulate in the vicinity of the discharge point.  The nature of the compounds found 
in the sediment samples indicates that the TPC facility is a likely source of these 
chemicals.  Their absence from the TPC effluent at the time the samples were collected 
may be due to changeable effluent composition at different times, possibly as a result of 
batch process operations within the TPC facility.  Furthermore, a number of smaller pipes, 
located approximately 100m along the side channel from the main discharge pipe, were 
not discharging at the time the samples were collected.  At other times, these may carry 
effluents containing the compound identified in the sediment samples. 
 
Benzenemethanol was also identified in this sediment sample (AT03069).  This compound 
has a number of industrial uses, but is also a naturally occurring chemical, which may 
explain its presence at this location (SFC 2002). 
 
 
3.2 Inorganic pollutants 
 
In addition the organic chemicals identified, the concentrations of certain metals were also 
determined in the samples.  The effluent sample (AT03067) did not contain elevated levels 
of any of the quantified metals above concentrations typically found in uncontaminated 
ground and surface waters (ATSDR 2000).  Furthermore, the concentrations in the effluent 
sample were below Thai industrial effluent standards (PCD 2002). 
 
The metals determined in this study do exist naturally in the environment, though normally 
at very low concentrations.  For most quantified metals (arsenic, chromium, cobalt, 
copper, mercury, nickel and manganese), the concentrations in the sediment samples are 
within the typical ranges found in uncontaminated sediments (ATSDR 2000, Hamilton 
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1998, Salomons & Forstner 1984).  For the majority of metals, the concentrations in the 
sediment collected below the non-discharging pipes (AT03069) were higher than in the 
sediment collected below the main discharge (AT03068). 
 
The higher concentration of chromium and nickel in sediment sample AT03069 compared 
to AT03068 may be a result of inputs containing chromium and/or nickel at this location, 
though the source of such inputs is not clear. 
 
The concentrations of lead and zinc in both sediment samples, and that of cadmium in 
AT03069, were elevated compared to typical background concentrations in 
uncontaminated sediments (ATSDR 2000, Salomons & Forstner 1984).  The concentration 
of cadmium in the sediment collected below the non-discharging pipes (AT03069) was 
1.6 mg/kg, while the concentration in the sediment collected by the main outfall 
(AT03068) was below the method detection limit of 1 mg/kg.  Uncontaminated estuarine 
and river sediments typically contain less than 1 mg/kg of cadmium (Salomons & Forstner 
1984).  Both samples contained similar concentrations of zinc, approximately twice typical 
uncontaminated sediment concentrations.  Sample AT03069 contained lead at 138 mg/kg, 
more than twice the concentration found in the sample collected by the main outfall 
(AT03068, 64 mg/kg).  Lead concentrations in uncontaminated sediments are typically 
only 20-30 mg/kg (ATSDR 2000, Salomons & Forstner 1984).   
 
It should be noted, however, that there are many sources of these heavy metals to the 
Chao-Phraya River, which has resulted in elevated concentrations in the rivers sediments 
over many years (Cheevaporn & Menasveta 2003, Menasveta & Cheevaparanapiwat 1981, 
McLaren et al. 2004).  Sediments collected from the mouth of the Chao-Phraya in 1979 
contained average concentrations of cadmium and lead of 1.2 and 140 mg/kg respectively 
(Menasveta & Cheevaparanapiwat 1981).  A recent study found cadmium concentrations 
up to 0.95 mg/kg in sediments collected from the Sum-Rong canal, a tributary that enters 
the Chao-Phraya upstream of the TPC facility (McLaren et al. 2004).  The 1979 study 
reported average sedimentary zinc concentrations of 71 mg/kg, less than half the 
concentration in the samples collected for this study.  More recent data for zinc 
concentrations in sediments from the Chao-Phraya River are not available.  It is to be 
expected that zinc concentrations would have increased in recent years as a result of 
accumulation from ongoing multiple inputs to this river system. 
 
Although the Chao-Phraya River is general contaminated with these metals, effluent 
discharges from the TPC facility may contribute to the elevated sediment concentrations at 
this location.  Thai legislation addressing the discharge of industrial effluents specifies 
maximum concentrations of cadmium (30 µg/l), lead (200 µg/l) and zinc (5000 µg/l) (PCD 
2002).  The concentrations of these metals in the one sample of effluent collected from the 
main discharge (AT03067) were below discharge limits.  However, the higher 
concentrations of metals, particularly lead, in the sediment sample AT03069 compared to 
AT03068 suggest there may be inputs at this location.  The most likely source is the pipes 
that exit the TPC facility immediately above the collection location of sample AT03069.  
While these were not discharging at the time that the samples were collected, the sediment 
concentrations suggest accumulation of lead and possibly cadmium as a result of effluent 
discharges at other times. 
 
Compounds of cadmium, lead, and zinc are widely used as stabilisers and pigments in 
PVC (Matthews 1996, Summers 1997).  Such use of these types of compounds at the TPC 
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facility would explain the elevated concentrations in the sediments below their discharge 
pipes.  In the past this TPC facility is known to have used many hundreds of tonnes of lead 
compounds as stabilisers (Setthamanit et al. 1985). 
 
Less toxic alternatives to lead and cadmium compounds are available as PVC stabilisers 
(OSPAR 2002, ENDS 2004).  The use of these toxic metals as PVC stabilisers is already 
being addressed in many places.  Within the EU virtually all uses of cadmium and its 
compounds as pigments or stabilisers is prohibited in a wide range of products, including 
PVC where the cadmium content exceeds 0.01% (EEC 1991).  In Sweden, the use of lead 
stabilisers has already been phased out (ENDS 2003) while in the rest of Europe PVC 
manufacturers are committed to a total phase out of lead stabilisers by 2015 (ENDS 2002). 
 
Both lead and cadmium are highly toxic to plants, animals and humans, and they have no 
known biochemical or nutritional function (ATSDR 2000, IPCS 1992).  Exposure to lead 
has been associated with a wide range of effects in both humans and animals, including 
effects on the nervous and cardiovascular systems, bone metabolism, kidney function, 
reproduction, and haemoglobin synthesis.  Of particular concern is the impact on cognitive 
and behavioural development in children that can result from relatively low level exposure 
(ATSDR 2000, Goyer 1993, Pirkle 1998).  Lead is also toxic to all aquatic biota and 
effects have been reported at very low concentrations in aquatic organisms, including 
reduction in growth, fertility and reproduction as well as mortality (IPCS 1989).  Lead has 
a long residence time in the environment compared with most pollutants, and tends to 
accumulate in soils and sediments.  As many plants and animals can accumulate lead from 
water and sediment, lead can remain accessible to animal and human food chains for long 
periods following release to the environment (ATSDR 2000, Bryan & Langston 1992, 
Sauve et al. 1997).  As a result of elevated environmental concentrations, accumulation of 
lead in aquatic biota living in the Chao-Phraya River has been seen over many years 
(Menasveta & Cheevaparanapiwat 1981). 
 
In both humans and animals, the kidney is the main target organ of cadmium toxicity.  
Other effects include skeletal (bone) disorders, the development of hypertension (high 
blood pressure) and heart disease (ATSDR 2000, Elinder & Jarup 1996, Goyer 1996, 
Iwata et al. 1993, IPCS 1992).  As for lead, some aquatic organisms are very sensitive to 
cadmium (Bryan & Langston 1992).  Cadmium is relatively mobile in aquatic 
environments.  It is able to bioaccumulate in some aquatic and terrestrial organisms, and 
thus able to enter human food chains (ATSDR 2000).   
 
 
4 Conclusions 
 
The TPC facility is clearly a source of hazardous chemicals to the Chao-Phraya River.  
These include highly toxic and carcinogenic chemicals, some of which can readily 
evaporate into the atmosphere.  Some of the chemicals released by TPC are persistent in 
the environment and able to bioaccumulate, which may lead to their entering the aquatic 
and possibly human food chains. 
 
In their environmental policy, TPC state that they regularly monitor wastewater, air and 
soil samples in and around the factory site to prevent contamination of the environment 
(TPC 2002b).  Furthermore, TPC are a member of the Thai Responsible Care Program 
(Responsible Care 2000).  The guiding principles of this organisation include the operating 
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of facilities in a manner that protects the environment, health, and the safety of their 
employees and the public.  This study has demonstrated that monitoring programs 
conducted by TPC are ineffective at preventing environmental contamination.  This 
facility is not operating to the principles of its own environmental policy nor those of the 
Thai Responsible Care Program. 
 
Thai legislation that sets standards for industrial effluents only addresses organic 
chemicals under very general parameters.  It does not specifically address many of the 
hazardous chemicals identified in this study, such as the toxic, carcinogenic and volatile 
chemical, vinyl chloride (PCD 2002).  This is despite the inclusion of organochlorine 
compounds in the National Chemicals Management Profile for Thailand as specific 
chemicals creating concern (SCSIN 1998).   
 
Stringent legislation specifically addressing the production, use and releases of these types 
of hazardous and toxic chemicals from industrial facilities would offer greater protection 
for the environment and human health.  Such approaches, however, will never fully 
address the problem of complex waste streams containing toxic and persistent chemicals.  
The only real solution is to work towards the cessation of discharges, emissions and losses 
of such hazardous substances through the progressive substitution of chlorine-chemistry 
and chlorinated products with non-chlorinated, non-hazardous alternatives. 
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Appendix 1; Analytical methodology 
 
A1.1   Organic analysis 
 
A1.1.1   Preparation of samples for standard organic screen analysis 
 
All solvents were of High Purity Grade (PRAG or low haloform).  Glassware used in the 
extraction and clean up procedures was cleaned in detergent, rinsed with tap water and 
deionised water, dried in the oven overnight at 1050C, and rinsed three times with low 
haloform pentane. 
 
 
A1.1.1.1   Solid Samples 
 
In preparation for analysis of extractable organic compounds, approximately 30g (wet 
weight) of each sample was weighed and transferred to a clean 100 ml glass bottle.  
Samples were spiked with deuterated naphthalene  (an internal standard) at a concentration 
of 4.7 mg/kg.  15ml of pentane was added, followed by 5ml of acetone.  The samples were 
then sonicated for 2 hours. 
 
The extracts were decanted, filtered through a pre-cleaned hydrophobic phase separator 
filter and collected in reagent tubes.  The samples were then acidified to pH 2 with 10% 
nitric acid.  Following this, a second portion of 15ml of pentane was added, followed by 
5ml of acetone and the extraction procedure repeated.  Finally, both extracts obtained for 
each sample were combined and evaporated to a volume of approximately 3ml.  3ml of 
iso-propanol and 3ml of fresh prepared TBA-reagent (mixture of 3% tetrabutylammonium 
hydrogen sulfate and 20% sodium sulfite anhydrous in deionised water) were added to the 
concentrated extract, and the mixture shaken for 1 min. After shaking, 20ml of deionised 
water was added to reagent tube and the phases were allowed to separate. Finally, the 
organic layer was transferred into a pentane pre-washed Florisil column.  The compounds 
were eluted with a 95:5 mixture of pentane: toluene, and the elluent evaporated down to a 
volume of 2 ml under a stream of analytical grade nitrogen.  1-Bromonaphthalene was 
then added at a concentration of 10mg/l to provide an indication of GC/MS performance. 
 
 
A1.1.1.2   Aqueous Samples 
 
Prior to the extraction, the samples were spiked with deuterated naphthalene (an internal 
standard) at a concentration of 10mg/l.  20ml of pentane was added, and the sample 
agitated for 2 hours on a bottle roller to maximise contact between solvent and sample. 
 
After separation of the phases, the solvent extract was filtered through a pre-cleaned 
hydrophobic phase separator filter and collected in a pre-cleaned reagent tube.  The 
aqueous sample was acidified to pH 2 with 10% nitric acid, a second portion of 20ml 
pentane was added and the extraction procedure repeated.  Both extracts were combined 
and cleaned up as described above for solid samples. 
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A1.1.2   Chromatographic Analysis 
 
Organic compounds were identified qualitatively using Gas Chromatography Mass 
Spectrometry (GC-MS).  Instrumentation was an Agilent 6890 Series gas chromatograph, 
interfaced with a Agilent Enhanced Chem-Station data system and linked to a Agilent 
5973 Mass Selective Detector operated in SCAN mode.  The identification of compounds 
was carried out by computer matching against Agilent Wiley7N and Pesticides Libraries 
of over 390,000 mass spectra combined with expert interpretation.  Also all extracts were 
analysed using selective ion monitoring (SIM) method against two standard solutions.  
The lists of compounds containing in Standard I and Standard II are presented below.  All 
individual standards were obtained from Sigma Aldrich Co. Ltd., Supelco, UK.   
 
 

Compound Ions to monitor 
Benzene, 1,3-dichloro- 146, 148, 111, 75 
Benzene, 1,4-dichloro- 146, 148, 111, 75 
Benzene, 1,2-dichloro- 146, 148, 111, 75 
Benzene, 1,3,5-trichloro- 180, 182, 145, 74 
Phenol, 2,4-dichloro- 162, 164, 63, 98 
Benzene, 1,2,4-trichloro- 180, 182, 145, 109 
Benzene, 1,2,3-trichloro- 180, 182, 145, 109 
Dichlorvos 109, 185, 79, 47 
Benzene, 1,2,3,5-tetrachloro- 216, 214, 218, 179 
Benzene, 1,2,4,5-tetrachloro- 216, 214, 218, 179 
Benzene, 1,2,3,4-tetrachloro- 216, 214, 218, 179 
Benzene, pentachloro- 250, 252, 248, 215 
alpha-HCH 181, 183, 219, 217 
Benzene, hexachloro- 284, 286, 282, 249 
Atrazine 200, 215, 202, 217 
beta-HCH 181, 183, 219, 217 
gamma-HCH 181, 183, 219, 217 
delta-HCH 181, 183, 219, 217 
o,p'-DDE 246, 248, 318, 176 
p,p'-DDE 246, 318, 246, 316 
o,p'-DDD 235, 237, 165, 199 
p,p'-DDD 235, 237, 165, 199 
o,p'-DDT 235, 237, 165, 199 
p,p'-DDT 235, 237, 165, 199 

Table A1.1. List of compounds in the Standard I used for SIM analysis 
 
 
Results are reported as either reliably or tentatively identified.  Match qualities of 90% or 
greater against Agilent Wiley7N and Pesticides Libraries or identification confirmed 
against standard compounds (using retention times and mass-spectra obtained during 
calibration) are assumed to give reliable identifications.  Tentative identification refers to 
qualities between 51% and 90% against Agilent Wiley7N and Pesticides Libraries only.  
Analytes yielding match qualities of 50% or less are taken to be unidentified. 
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Compound Ions to monitor 
Phenol 94, 66, 65, 95 
Phenol, 2-chloro- 128, 64, 92, 39 
Phenol, 2-methyl- 108, 79, 90, 51 
Phenol,  3-methyl- and 4-methyl- 108, 107, 79, 77 
Phenol, 2-nitro- 139, 65, 81, 109 
Phenol, 2,5-dichloro- 162, 164, 63, 99 
Phenol, 2,3-dichloro- 162, 126, 63, 99 
Phenol, 4-chloro- 128, 65, 130, 100 
Phenol, 2,6-dichloro- 162, 164, 63, 98 
Butadiene, hexachloro- 225, 190, 260, 118 
Phenol, 4-chloro-3-methyl- 107, 142, 77, 144 
Phenol, 2,3,5-trichloro- 196, 198, 160, 97 
Phenol, 2,4,6-trichloro- 196, 198, 97, 132 
Phenol, 2,4,5-trichloro- 196, 198, 97, 132 
Phenol, 2,3,4-trichloro- 196, 198, 97, 160 
Phenol, 2,3,6-trichloro- 196, 198, 97, 132 
Phenol, 3,5-dichloro- 162, 164, 99, 63 
Phenol, 3,4-dichloro- 162, 164, 99, 63 
Phenol, 2,3,5,6-tetrachloro- 232, 234, 230, 131 
Phenol, 2,3,4,6-tetrachloro- 232, 234, 230, 131 
Phenol, pentachloro- 266, 268, 264, 165 
Dinoseb 211, 163, 147, 117 
PCB-28 256, 258, 186, 150 
Heptachlor 100, 272, 274, 137 
PCB-52 292, 220, 290, 222 
Aldrin 66, 263, 265, 261 
Octachlorostyrene 308, 310, 380, 378 
Chlordane I 373, 375, 272, 237 
PCB-101 326, 324, 254, 328 
Chlordane II 373, 375, 272, 237 
PCB-81 292, 290, 294, 220 
Dieldrin 79, 81, 263, 265 
PCB-77 292, 290, 294, 220 
Endrin 67, 317, 319, 345 
PCB-123 326, 324, 254, 328 
PCB-118 326, 324, 256, 328 
PCB-114 326, 324, 256, 328 
PCB-153 360, 362, 290, 358 
PCB-105 326, 324, 254, 328 
PCB-138 360, 362, 290, 358 
PCB-126 326, 324, 254, 328 
PCB-167 360, 362, 290, 358 
PCB-156 360, 362, 290, 358 
PCB-157 360, 362, 290, 358 
PCB-180 396, 394, 324, 162 
PCB-169 360, 362, 358, 145 
PCB-170 396, 394, 324, 326 
PCB-189 396, 394, 398, 324 

Table A1.2.  List of compounds in the Standard II used for SIM analysis 
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A1.1.2.1   Volatile Organic Compounds (VOCs) analysis  
 
For volatile organic compound analysis, no sample preparation was required. The original 
sample was sub-sampled immediately after opening. Four portions of 10ml each were 
transferred into separate 20ml headspace vials and sealed with Teflon-lined vial caps. One 
sub-sample was used for the organic screen analysis to evaluate the whole range of 
volatile compounds in the sample. The second sub-sample was analysed using Selective 
Ion Monitoring (SIM) method to detect the VOCs listed in the Table below. The third and 
forth sub-samples were used for quantification of the detected compounds with an external 
standard using SIM method. All standard compounds were obtained from Sigma-Aldrich 
Co. Ltd./Supelco UK.  
 
 

Compound Target ion Qualifying ions 
Methane, chloro- 50 52, 15, 49 
Methane, dichloro- 49 84, 86, 51 
Methane, trichloro- (chloroform) 83 47, 35, 118 
Methane, tetrachloro- 117 35, 47, 82 
Ethane, chloro- 64 66, 49, 51 
Ethane, 1,1-dichloro- 63 27, 83, 98 
Ethane, 1,2-dichloro- 62 27, 64, 49 
Ethane, 1,1,1-trichloro- 97 61, 26, 117 
Ethane, 1,1,2-trichloro- 97 83, 85, 99 
Ethane, 1,1,1,2-tetrachloro- 131 133,117, 119 
Ethane, 1,1,2,2-tetrachloro- 83 85, 95, 131 
Ethane, pentachloro- 167 165, 169, 117 
Ethane, hexachloro- 117 201, 203, 199 
Ethene, chloro- (vinyl chloride) 27 62, 37, 47 
Ethene, 1,1-dichloro- 61 96, 26, 35 
Ethene, 1,2-dichloro-, cis- 61 96, 26, 35 
Ethene, 1,2-dichloro-, trans- 61 96, 26, 37 
Ethene, trichloro- 95 130, 132, 97 
Ethene, tetrachloro- 166 129, 94, 47 
Propane, 1,2-dichloro- 63 62, 65, 64 
Propane, 1,3-dichloro- 41 76, 78, 27 
Propane, 2,2-dichloro- 41 77, 43, 27 
Propane, 1,2,3-trichloro- 75 77, 110, 112 
1-Propene, 1,1-dichloro- 110 112, 39, 77 
1-Propene, 1,3-dichloro-, cis- 75 77, 110, 112 
1-Propene, 1,3-dichloro-, trans- 75 77, 110, 112 
Hexachlorobutadiene  225 260, 190, 118 

Table A1.3. List of volatile organic compounds and appropriate ions that were 
monitored during GC/MS analysis using SIM method. 
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A1.2   Heavy Metal Analysis 
 
A1.2.1   Preparation of samples for heavy metal analysis 
 
All chemicals were of High Purity Aristar Grade.  All glassware was cleaned in detergent, 
rinsed with tap water and deionised water, soaked in 10% nitric acid overnight, rinsed with 
deionised water and dried in an oven at 105°C. 
 
 
A1.2.1.1   Solid Samples 
 
Samples were air dried until weighing readings became constant (approx. 5 days).  They 
were then crushed using a pestle and mortar until homogenous and sieved through a 2-mm 
mesh.  Approximately 0.5 g of sample was accurately weighed into a glass 100 ml boiling 
tube and to this 10 ml of deionised water was added, followed by 7.5 ml of concentrated 
hydrochloric acid and 2.5 ml of concentrated nitric acid.  The samples were digested at 
room temperature overnight prior to being placed onto a Gerhardt Kjeldatherm digestion 
block (40 space) connected to a Gerhardt Turbosog scrubber unit (filled with 10% w/v 
sodium hydroxide).  The samples were then refluxed at 130°C for four hours.  To prepare 
samples for mercury analysis, this procedure was repeated in an identical manner other 
than using a digest temperature of 90°C. 
 
After cooling to ambient temperature, the digests were filtered into volumetric flasks, 
diluted with deionised water, made up to a volume of 50 ml and mixed.  The certified 
reference material GBW8301 (River Sediment, certified by the State Bureau of Metrology 
of The People’s Republic of China) and a blank sample were separately prepared in an 
identical manner with the batch of samples.  
 
 
A1.2.1.2   Aqueous sample 
 
On arrival, 100ml of the sample was transferred to a clean glass bottle and acidified with 
nitric acid (10% v/v).  50 ml of this solution was subsequently transferred to a 100ml 
boiling tube, placed onto the Gerhardt Kjeldatherm digestion block, and refluxed at 130°C 
for four hours.  After cooling to ambient temperature, the digest was filtered into a 
volumetric flask, diluted with deionised water, made up to a volume of 50 ml and mixed.  
With the batch of samples, a mixed metal quality control solution of 8 mg/l and a blank 
sample were separately prepared in an identical manner. 
 
To prepare the sample for mercury analysis, this procedure was repeated in an identical 
manner other than using 25 ml of each acidified sample solution and a digest temperature 
of 90°C.  With the batch of samples a quality control solutions (80 µg/l mercury) and a 
blank sample were separately prepared in an identical manner. 
 
 
A1.2.2   Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) 
 
Following preparation, samples were analysed by Inductively Coupled Plasma Atomic 
Emission Spectrometry (ICP-AES), using a Varian Liberty-100 Sequential Spectrometer.  
The following metals were quantified directly: arsenic (As), cadmium (Cd), cobalt (Co), 
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copper (Cu), chromium (Cr), lead (Pb), manganese (Mn), nickel (Ni) and zinc (Zn).  A 
multi-element instrument calibration standard was prepared at a concentration of 10 mg/l, 
matrix matched to the samples (i.e. in 15% v/v hydrochloric acid and 5% v/v nitric acid).  
The calibration was validated using a quality control standard (8 mg/l), prepared internally 
from different reagent stocks.  Any sample exceeding the calibration range was diluted 
accordingly, in duplicate, and re-analysed.  
 
Mercury (Hg) was determined using Cold Vapour Generation ICP-AES.  Ionic mercury, 
Hg (II), was reduced to elemental mercury, Hg (0), following reduction of the samples 
with sodium borohydride (0.6% w/v), sodium hydroxide (0.5% w/v) and hydrochloric acid 
(10 molar).  The elemental mercury vapour was carried in a stream of argon into the 
spectrometer.  Two calibration standards were prepared, at 10 µg/l and 100 µg/l, matrix 
matched to the samples (i.e. in 15% v/v hydrochloric acid and 5% v/v nitric acid for solid 
samples or 10% v/v nitric acid for aqueous samples).  The calibration was validated using 
a quality control standard (80 µg/l), prepared internally from different reagent stock.  Any 
sample exceeding the calibration range was diluted accordingly, in duplicate, and re-
analysed. 
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Appendix 2; Compounds reliably identified and groups of compounds 
tentatively identified in all samples 
 

Sample Number:  AT03067 Sample Number:  AT03068 Sample Number:  03069 
Number of compounds isolated: 

77 
Number of compounds isolated: 

33 
Number of compounds isolated: 

104 
COMPOUNDS RELIABLY 

IDENTIFIED: 
 
2,6-Di(t-butyl)-4-hydroxy-4-
methyl-2,5-cyclohexadien-1-one 
(BHT-quinol) 

Chloroform * 
Decane, 3,6-dimethyl- 
Docosane 
Eicosane 
Eicosane, 2-methyl- 
Ethane, 1,1-dichloro- * 
Ethane, 1,2-dichloro- * 
Heptadecane, 3-methyl- 
Hexacosane 
Hexadecane 
Octadecane 
Pentadecane 
Tetradecane 
Vinyl chloride * 
 
GROUPS OF COMPOUNDS 
TENTATIVELY IDENTIFIED: 
 
Branched aliphatic hydrocarbons 
Branched aliphatic alcohols 
Alkyloxy benzene derivatives 

COMPOUNDS RELIABLY 
IDENTIFIED: 

 
1,2-Benzenedicarboxylic acid, 
bis(2-ethylhexyl) ester (DEHP) 

1,2-Benzenedicarboxylic acid, 
diisononyl esters (DiNP) 

1,2-Benzenedicarboxylic acid,  
di-n-butyl ester (DnBP) 

 
GROUPS OF COMPOUNDS 
TENTATIVELY IDENTIFIED: 
 
None 
 
 
 
 

COMPOUNDS RELIABLY 
IDENTIFIED: 

 
1,2-Benzenedicarboxylic acid, 
diisononyl esters (DiNP) 

1,2-Benzenedicarboxylic acid, 
bis(2-ethylhexyl) ester (DEHP) 

1,2-Benzenedicarboxylic acid,     
di-n-butyl ester (DnBP) 

2-Ethylhexyl 2-ethylhexanoate 
2-Ethylhexyl acetate 
Benzene, 1,4-dichloro- * 
Benzenemethanol 
Decane 
Docosane 
Eicosane 
Hexadecane 
Octadecane 
2,6-Di(t-butyl)-4-hydroxy-4-
methyl-2,5-cyclohexadien-1-one 
(BHT-quinol) 

Phenol, 2,6-bis-tert-butyl-4-methyl 
(Butylated hydroxytoluene, BHT) 
Phenol, 2-(2H-benzotriazol-2-yl)- 
4-methyl- 
Phthalic anhydride 
Tetradecane 
Undecane 
 
GROUPS OF COMPOUNDS 
TENTATIVELY IDENTIFIED: 
 
Linear aliphatic hydrocarbons 
Branched aliphatic hydrocarbons 
Branched aliphatic alcohols 
Oxygenated hydrocarbons 

* - Compounds identified only at trace levels using selective ion monitoring (SIM) method 
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Appendix 3; Volatile organic compounds identified and quantified in 
TPC effluent 
 
 

Name of compound Concentration 
µg/l 

Methane, chloro- ND 
Methane, dichloro- ND 
Methane, trichloro- (chloroform) <1 
Methane, tetrachloro- ND 
Ethane, chloro- ND 
Ethane, 1,1-dichloro- <5 
Ethane, 1,2-dichloro- <10 
Ethane, 1,1,1-trichloro- ND 
Ethane, 1,1,2-trichloro- ND 
Ethane, 1,1,1,2-tetrachloro- ND 
Ethane, 1,1,2,2-tetrachloro- ND 
Ethane, pentachloro- ND 
Ethane, hexachloro- ND 
Ethene, chloro- (vinyl chloride) 338 
Ethene, 1,1-dichloro- ND 
Ethene, 1,2-dichloro-, cis- ND 
Ethene, 1,2-dichloro-, trans- ND 
Ethene, trichloro- ND 
Ethene, tetrachloro- ND 
Propane, 1,2-dichloro- ND 
Propane, 1,3-dichloro- ND 
Propane, 2,2-dichloro- ND 
Propane, 1,2,3-trichloro- ND 
1-Propene, 1,1-dichloro- ND 
1-Propene, 1,3-dichloro-, cis- ND 
1-Propene, 1,3-dichloro-, trans- ND 
Hexachlorobutadiene  ND 
ND indicates not detected, <# indicates compound detected, but at a 
concentration below the quantifiable level. 
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Appendix 4; Additional information for key organic compounds 
 
A4.1  Vinyl chloride 
 
Vinyl chloride, also known as chloroethene and vinyl chloride monomer (VCM), is a 
colourless, sweet smelling flammable gas. 
 
Production and uses 
VCM can be produced by the hydrochlorination of ethyne (acetylene), though over 90% of 
world production is currently carried out by the thermal cracking of 1,2-dichloroethane 
(EDC) (Cowfer & Gorensek 1997).  Polymerisation to PVC can then carried out using 
either the suspension, emulsion or mass process.  
 
Vinyl chloride manufacture accounts for 36% of global chlorine consumption (Chemical 
Week 1998). By far the major use of vinyl chloride is in the production of PVC; 
approximately 95% of the VCM produced globally has an end use in polymer or 
copolymer applications, of which by far the largest is for PVC production (ATSDR 2000).  
Non-polymeric uses include the manufacture of vinylidene chloride, trichloroethene, 
tetrachloroethene and other industrial compounds.  Total world capacity of VCM in 1996 
was approximately 25 500 kt per year, of which about 54% was concentrated in the United 
States and Western Europe (Cowfer & Gorensek 1997). 
 
Environmental distribution 
In the wider environment VCM is not persistent.  It is degraded in a few hours by the 
action of light and reactions with the atmospheric •OH radical.  Upon released to water, 
vinyl chloride volatilises rapidly to the air.  In soil, vinyl chloride migrates rapidly to 
groundwater where it is far more persistent, with an estimated maximum degradation half-
life approaching eight years (Howard et al. 1991). 
 
Hazards 
Vinyl chloride is an extremely hazardous chemical.  It can cause a wide variety of toxic 
effects in both humans and animals, and can be explosive when mixed with air.  It has 
been known for over 20 years that this chemical can cause cancer in humans, and it was 
first classified by the US government as known to be a human carcinogen in 1980 (DHHS 
2002).  The cancer most strongly associated with vinyl chloride is angiosarcoma of the 
liver in the occupationally exposed and, although the evidence is less strong, other studies 
have shown elevated levels of cancers of the brain and nervous system, lung and 
respiratory tract and the lymphatic/haemapoietic system (IARC 1987).  There are further 
indications of cancers in other organs, though these are less well supported (ATSDR 
2000).  Retrospective analysis of the histories of individuals with angiosarcomas at 
different sites suggest that exposure to vinyl chloride, PVC and other polymeric materials 
may have been a factor (Rhomberg 1998). 
 
The most common route of exposure to vinyl chloride is through inhalation.  There is 
evidence that vinyl chloride can cause emphysema, dyspnea, pulmonary lesions and a 
number of other lung problems (ATSDR 2000).  Exposure to high levels of vinyl chloride 
can cause Raynaud’s phenomenon, a condition where the blood circulation in workers’ 
fingers is damaged causing them to become white and painful in cold conditions.  This 
illness is sometimes followed by resorption of the bones in the tips of the fingers or lesions 
on bones in other parts of the body (ATSDR 2000).  Workers exposed to vinyl chloride 
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have also been reported to die more frequently from cardiovascular and cerebrovascular 
disease (e.g. heart attacks and strokes).  Furthermore, vinyl chloride can also reduce the 
blood’s ability to clot normally (ATSDR 2000). 
 
Vinyl chloride is narcotic and inhalation can cause dizziness, headaches, drowsiness or 
unconsciousness, euphoria, memory loss, visual and/or hearing disturbances, sleep 
disturbance, nausea, irritability and nervousness.  Damage to the nervous system manifests 
itself in peripheral neuropathy with tingling, pain or numbness in the fingers  (ATSDR 
2000).  Toxic effects are also seen on the immune systems, livers, spleens, thyroid 
function, eyes and skin of workers.  Anorexia (weight loss) has been reported and there are 
some indications that vinyl chloride can affect the reproductive systems of both men and 
women (ATSDR 2000).  
 
Existing controls 
To protect workers, many countries have set maximum limits for vinyl chloride in air.  
These range from 1 ppm (2.6 mg/m3) in Thailand and the US to 7 ppm (18.2 mg/m3) in 
Finland, Germany and the UK.  These limits are below odour thresholds (IPCS 1999). 
 
The high toxicity of vinyl chloride has lead to it being banned for domestic use in both the 
US and the European Union (EU).  The US ban dates from 1974 (DHHS 2002).  Within 
the EU, directive 76/769/EEC controls the sales and use of dangerous substances.  When 
this directive came into force in 1976 it banned the use of vinyl chloride as an aerosol 
propellant on the basis of its hazards to human health (EEC 1976).  Vinyl chloride was one 
of the first three substances controlled under this legislation, a measure of the hazard it 
represents.   
 
In the US, federal legislation has been designed to control the emissions of vinyl chloride 
in wastewaters discharged from plastics manufacturers.  Title 40, Part 414 specifies a 
range of limits depending on the type of discharge and measurement period (USGPO 
2000).  These limits are summarised below.   
 

Type of discharge Maximum concentration 
for any one day 

Maximum concentration 
for any monthly average 

Direct discharge point sources that use  
end-of-pipe biological treatment 

268 µg/l 104 µg/l 

Direct discharge point sources that do not use 
end-of-pipe biological treatment 

172 µg/l 97 µg/l 

Indirect source point discharges 172 µg/l 97 µg/l 
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A4.2  Phthalate esters (phthalates) 
 
Phthalates are non-halogenated ester derivatives of phthalic acid which are widely used in 
a range of industrial and consumer applications.  Some are marketed as discreet chemical 
products (e.g. the well-known di(ethylhexyl) phthalate or DEHP; also known as di-sec-
octyl phthalate or DOP), while others are complex isomeric mixtures comprising many 
individual compounds with similar chemical structures (e.g. di-iso-nonyl phthalate, DiNP, 
and di-iso-decyl phthalate, DiDP).  As a result of their high volume uses in open 
applications, they are now among the most ubiquitous man-made chemicals found in the 
environment. 
 
Production and uses 
Phthalates have a range of applications, dependent on the precise chemical form, although 
by far their greatest use is as plasticising (softening) additives in flexible plastics, 
especially PVC.  They are produced in very large quantities in Europe, almost 1 million 
tonnes per year, primarily for use within the EU.  For example, estimated production 
volumes in the mid-1990s were 595 000 tonnes DEHP and around 185 000 tonnes DiNP 
and around 200 000 tonnes for DiDP (CSTEE 2001a, b, 2002).   
 
Of these three main phthalates, over 90% of use is in PVC applications, including toys, 
flooring and other building/furnishing materials, car interiors, cables and medical 
equipment (see e.g. http://www.ecpi.org/plasticisers/index.html).  Minor applications 
include use as components of inks, adhesives, paints, sealants and surface coatings.  Other 
phthalates, including di-n-butyl phthalate (DnBP) and di(ethyl) phthalate (DEP), have also 
been used as PVC additives, but are also used as solvents and fixatives in perfumes and as 
ingredients in other cosmetics (Koo et al. 2002).   
 
Environmental distribution 
All uses of phthalates, especially the major use as PVC plasticisers, result in losses to the 
environment (both indoors and outdoors) during both the production and use of products, 
and again following disposal (amounting to thousands of tonnes per year across the EU, 
CSTEE 2001a).  As a consequence, phthalates have long been recognised as one of the 
most abundant and widespread man-made environmental contaminants (Mayer et al. 
1972) and our exposure to phthalates is therefore widespread and continuous. 
 
Although some degradation is possible, phthalates are considered to be relatively 
persistent, especially in soils and sediments.  They also have the inherent ability to 
accumulate in biological tissues, although continuous exposure undoubtedly also 
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contributes to tissue levels.  Risk assessments conducted under the EU system have 
documented the widespread distribution of phthalates in all environmental compartments 
(e.g. see CSTEE 2001c, d).  A number of recent studies have reported the presence of 
phthalates and their primary metabolites in the human body (Colon et al. 2000, Blount et 
al. 2000). 
 
Because of their extensive use in building materials and household products, phthalates are 
common contaminants in indoor air (Otake et al. 2001, Wilson et al. 2001).  They have 
also been reported as substantial components of house dust, in some cases at more than 1 
part per thousand (1g/kg) of the total mass of dust (Butte and Heinzow 2002). 
 
Hazards 
As noted above, phthalates are relatively persistent in the environment and can 
bioaccumulate.  Substantial concerns also exist with regard to their toxicity to wildlife and 
to humans, although the precise mechanisms and levels of toxicity vary from one 
compound to another.  In many cases, it is the metabolites of the phthalates which are 
responsible for the greatest toxicity (e.g. Dalgaard et al. 2001). 
 
EU risk assessments for DEHP (DOP), DiNP and DiDP concluded that there were no 
significant risks to aquatic or terrestrial organisms.  However, the EU’s Scientific 
Committee on Toxicity, Ecotoxicity and the Environment (CSTEE 2001c, d) has disagreed 
with this conclusion for the terrestrial environment, noting that there is very little evidence 
to justify such a conclusion.  The CSTEE has also highlighted concerns relating to 
secondary poisoning, i.e. the build up of phthalates through the food chain. 
 
With respect to humans, although substantial exposure can occur through contaminated 
food, direct exposure to phthalates from consumer products and/or medical devices is 
likely to be very significant.  Perhaps the best known example is the exposure of children 
to phthalates used in soft PVC teething toys (see e.g. Stringer et al. 2000), now subject to 
emergency controls within Europe (see below). 
 
DEHP (DOP), still the most widely used phthalate, is a known reproductive toxin, 
interfering with testes development in mammals, and is classified in the EU as “toxic to 
reproduction”.  Indeed, its toxicity to the developing male reproductive system has been 
recognised for more than 50 years (Park et al. 2002).  Observed toxicity is due mainly to 
the compound MEHP, formed in the body as a metabolite of DEHP, and appears to impact 
on many aspects of development and liver function, including hormone metabolism and 
immune function (Dalgaard et al. 2001, Wong and Gill 2002).  Other recent studies have 
reaffirmed the reproductive toxicity of several other commonly used phthalates, including 
butylbenzyl phthalate (BBP) and di-n-butyl phthalate (DnBP) (Ema and Miyawaki 2002, 
Mylchreest et al. 2002).  As for DEHP, DnBP is classified in the EU as “toxic to 
reproduction”. 
 
Reproductive toxicity is generally thought to be of lower concern for the other widely used 
phthalates DiNP and DiDP, although Gray et al. (2000) did report evidence for abnormal 
sexual development in rats exposed to DiNP.  Prior to this, Harris et al. (1997) reported 
the weak oestrogenicity of several phthalates, including DiNP.  Other concerns for DiNP 
and DiDP relate primarily to toxic effects on the liver and kidney.   
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In the indoor environment, correlations have been reported between incidence of bronchial 
obstruction (asthma) in children and the abundance of phthalate-containing materials in 
the home (Oie et al 1997). 
 
Existing controls 
At present, there are few controls on the marketing and use of phthalates, despite their 
toxicity, the volumes used and their propensity to leach out of products throughout their 
lifetime.  Of the controls which do exist, probably the best known is the EU-wide 
emergency ban on the use of six phthalates in children’s toys designed to be chewed (first 
agreed in 1999 and recently renewed for the 13th time, EC 2003).  While this ban 
addressed one important exposure route, exposures through other toys and, indeed, other 
consumer products, as well as though PVC medical devices, remain unaddressed. 
 
In 1998, the Ministerial Meeting of OSPAR agreed on the target of cessation of 
discharges, emissions and losses of all hazardous substances to the marine environment of 
the Northe-East Atlantic by 2020 (the “one generation” cessation target) and included the 
phthalates DnBP and DEHP (DOP) on the first list of chemicals for priority action towards 
this target (OSPAR 1998).  DEHP (DOP) is also proposed as a “priority hazardous 
substance” under the European Union Water Framework Directive (EC 2001), such that 
action to prevent releases to water within 20 years will be required throughout Europe, 
though a decision on this classification remains under consideration. 
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