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* Vulcan Chemicals, Geismar, Louisiana: A sample of heavy ends! from the
distillation of EDC contained dioxin at a total concentration of 200,750
parts per billion (ppb);

« Formosa Plastics, Point Comfort, Texas: A sample of heavy ends from the
distillation of VCMcontained 761 ppb total dioxin;

» Georgia Gulf, Plaquemine, Louisiana: A waste sample, collected from a
tank containing process waste, had a total dioxin content of 1,248 ppb.
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According to a 1994 report by the British firm, IClI Chemicals & Polymers Ltd., "It
has been known since the publication of a paper in 1989 that these
oxychlorination reactions [used to make vinyl chloride and some chlorinated
solvents] generate polychlorinated dibenzodioxins (PCDDs) and dibenzofurans
(PCDFs). The reactions include all of the ingredients and conditions necessary to
form PCDD/PCDFs.... It is difficult to see how any of these conditions could be
modified so as to prevent PCDD/PCDF formation without seriously impairing the
reaction for which the process is designed." In other words, dioxins are an
undesirable byproduct of polymerizing PVC and eliminating the production of
dioxins while maintaining the polymerization reaction may be difficult. Dioxins
created by vinyl chloride production are released by on-site incinerators, flares,



boilers, wastewater treatment systems and even in trace quantities in vinyl
resins.

Source: Pat Costner etal, "PVC: A Primary Contributor to the U.S. Dioxin Burden;
Comments submitted to the U.S. EPA Dioxin Reassessment," (Washington, D.C.
Greenpeace U.S.A., February 1995)

B4, EBRBLIPENEEESBUNEP, UNIDOSIER—E " BIFRIS A MBS 28R st
£, (International POPs Elimination Project ) At 2|40 LH9ER,, EIRFEH19945
BinaEE — BT LR CWEDC/VCM I HIZEEY), SR RF5E414ppb, =2
M T RBEIBFMNEDC/VCM I A EEL T RENRER L,

The quantities of dioxin formed in EDC/VCM wastes appear to be very large.
Laboratory simulations at the University of Amsterdam demonstrated dioxin
formation during oxychlorination at a rate equivalent to 419 grams of dioxin
(TEQ) per 100,000 tons of EDC produced (4.2ng/g EDC). A 1994 analysis data of
a fully modernized EDC/VCM plant in Germany found dioxins in process sludges
at concentrations as high as 414 ppb, refuting the claim that only outdated
EDC/VCM technologies produce dioxin. The analysis made by ICI Chemicals and
Polymers at its vinyl chloride monomer production plant in Runcorn, UK, found
that more than 27g TEQ of dioxins are 5 produced in solid and liquid wastes
each year (per 200,000 tons).

( Maryna Karavai, ‘Petrochemical enterprise complex in Novopolotsk’,
International POPs Elimination Project )
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The lower the number of chloride, the less production of PCDDs. On the other
hand, there was no rela- tion between the number of chloride and PCDF
formation.
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In the case of a PVDC/paper sample (Sample 1), the amount of total dioxins
formed in the exhaust gas was 58.0 ng/g and its TEQ was 0.64 ng-TEQ/g. The
total PCDFs comprised 88% of the total dioxins formed in the exhaust gases.
The formation ratio between PCDFs and PCDDs (PCDFs/PCDDs) was 8.2. The
PCDFs/ PCDDs in total Cl4-CI8 isomers was 5.1 and in total CI1-CI3 was 91.5,
suggesting that the formation differ ence between the total PCDFs and PCDDs
was influenced by the formation of CI1-CI3 isomers. The amount of PCDDs
formed in the sample according to the number of chlorides in isomers was CI8 >
Cl7 > Cl6 > CI5 > Cl4, > CI3 > CI2 > CI1. The lower the num ber of chloride, the
less production of PCDDs. On the other hand, there was no relation between the
number of chloride and PCDF formation. The amount of PCDFs formed in the
sample according to the number of chlorides in isomers was CI2 > Cl4 > CI7 >
Cl3 > Cl6, > CI5 > CI1 > CI8. It is interesting that CI8 isomer formed the most
among PCDDs but the least among PCDFs. Coplanar PCBs formed in the exhaust
gas from a PVDC/paper sample 6.2 times more than in that from a blank paper
sample. It is obvious that the formation of dioxins gave much higher TEQ value
to a PVDC/paper sample (0.64 ng-TEQ/g) than to a blank paper sample (0.021
ng-TEQ/Q).

(source:Yasuhara A., Katami T. and Shibamoto T., Formation of Dioxins from
Combustion of Polyvinylidene Chloride in a Well-Controlled Incinerator,
Chemosphere. Vol.62, No.11, 1899-1890, 2006.)
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This study attempts to clarify the effects of chlorine content in waste on the
formation mechanisms of polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/Fs) in full scale incinerators by proposing and using the principal
component analysis (PCA) to compare the congener profiles of PCDD/Fs in the
stack flue gases of 17 emission sources, including incinerators and vehicles.
Four incinerators, among these 17 emission sources, were sampled and
analyzed in this study, and the data for the other 13 emission sources were
selected from previous studies. These 17 emission sources can be classified into
four categories, including medical waste incinerators (MWIs, H1-H5), municipal
solid waste incinerators (MSWIs, M1-M8), vehicle fuel combustion (unleaded
gas-fueled vehicles, UGFV; diesel-fueled vehicles, DFV, n = 2) and
polyvinylchloride (PVC) facility vent combustors (PVC1 and PVC2, n = 2). PCA



was conducted for these emission sources with the fractions of 17 2,3,7,8-
congeners in the stack flue gases as variables to clarify the effect of chlorine
content in feeding wastes on the emission of PCDD/Fs. From the results of PCA,
we extrapolated that the threshold value of the chlorine content was at 0.8-
1.1%, and the formation mechanisms of PCDD/Fs are influenced first by whether
the chlorine content in the feeding waste is over or below the threshold value
then by other factors, which furnaces or APCDs represent. When the chlorine
level in the waste is below the threshold value at 0.8-1.1%, the formation of
PCDDs dominates, probably because the chlorine is used to chlorinate the non-
substituted phenol to produce chlorophenols, which are important precursors for
PCDDs. rather than chlorinate the dibenzofuran. While the chlorine level in the
waste exceeds this threshold (0.8-1.1%), the rates of formation of PCDFs
increase faster than those of PCDDs, probably because the chlorine content in
the waste contributes to the deterioration of combustion conditions, and many
products of incomplete combustion (PICs) like PAHs, will grow to a substantial
level. When PCDD/Fs are formed from PAHSs, the formation rates of PCDFs are
higher than those of PCDDs.

(source:Wang L. C., Lee W. |., Lee W. S., Chang-Chien G. P, Tsai P. J., Effect of
chlorine content in feeding wastes of incineration on the emission of
polychlorinated dibenzo-p-dioxinsydibenzofurans ,The Science of the Total
Environment, Vol. 302, No. 185-198, 2003.)
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.. A well-controlled small-scale incinerator was used for the experiments in the
core references of this review. These articles report the investigation of dioxin
formation from the combustion of various waste-simulated samples, including
different kinds of paper, various kinds of wood, fallen leaves, food samples,
polyethylene (PE), polystyrene (PS), polyvinyl chloride (PVC), polyvinylidene
chloride, polyethylene tetraphthalate (PET), and various kinds of plastic



products. ..... It is obvious that the samples with either inorganic or organic
chlorides produced much more dioxins than the sample without chlorides when
incinerated under similar conditions. It is not clear how inorganic and organic
chloride contribute differently to dioxin formation. Among the metals
examined, copper seems to have higher activity toward dioxin formation than
other metals. It acted not only as a catalyst but also as a transmitter of
heterogeneous chlorine. The toxicity equivalence quantity (TEQ) values
generally correlated with the amount of chlorine content in the samples and
the amount of dioxin formed in exhaust gases from an incinerator. When the
same sample was incinerated at different temperatures, however, the sample
burned at low temperature yielded a higher TEQ value than did the sample
burned at high temperature. The samples that did not contain chlorine or were
not combusted with chlorides exhibited low TEQ values. In contrast, samples
with high chlorine content, such as PVC (51.3%), gave high TEQ values. ....

Related Links

+ A-role of alkaline elements in formation of PCDDs, PCDFs, and coplanar
PCBs during combustion of various paper samples. [J Environ Sci Health
A Tox Hazard Subst Environ Eng. 2005]

« Formation of PCDDs, PCDFSs, and coplanar PCBs from incineration of
various woods in the presence of chlorides. [Environ Sci Technol. 2003]

« Role of inorganic chlorides in formation of PCDDs, PCDFs, and coplanar
PCBs from combustion of plastics, newspaper, and pulp in an incinerator.

[Environ Sci Technol. 2002]

« The role of metals in dioxin formation from combustion of newspapers
and polyvinyl chloride in an incinerator. [Chemosphere. 2005]

« Formation of dioxins from combustion of polyvinylidene chloride in a well-
controlled incinerator. [Chemosphere. 2006]

( Source: Shibamoto T, Yasuhara A, Katami T. Department of Environmental
Toxicology, University of California. ‘Dioxin formation from waste incineration’)_
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Restrictions on PVC by cities and communities began in the German town of

Bielefeld in 1986. Since then numerous restrictions have been enacted in
Germany, and there are currently 274 communities and 6 Federal States which
have confirmed their policies in writing. In the early 1990’s many local authorities in Austria,
The Netherlands and the Nordic countries also restricted PVC. In the late 1990’s the trend
spread to Spain, where 62 Spanish cities have been declared PVC free, and to the UK,
Japan and the USA.

( Source: Greenpeace International. ‘PVC-Free Future: A Review of Restrictions and PVC
free Policies Worldwide’. )
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