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Preface

Since 2001, the Stockholm Convention on Persistent Organic Pollutants (POPs) has been signed by various countries throughout the world
for human health and environment protection from several toxic chemicals, in which a group of DIOXINS is included. Technically, dioxins can
transfer from one environmental medium to another until reaching the human exposure. For Thailand, the national plan for implementation of this
convention was approved by the Cabinet on May 15", 2007 with a goal of establishing a specific institute, which is capable of analyzing a range of
dioxins compounds. The purposes of the institute are to reduce the emission of these toxic species, create and update the dioxins-emission database
by continuously monitoring the concentration of these substances being in the environment. This booklet is, therefore, published so as to present
a brief story of dioxins compounds and the National Institute of Dioxin (Thailand), located at Environmental Research and Training Centre (ERTC)
under the Department of Environmental Quality Promotion, Ministry of Natural Recourses and Environment, Thailand. We sincerely hope this will
be useful for all kinds of readers, who are looking for a basic introduction, together with detailed and relevant topics.




7es19lreansu

@onnuvavarswelnoonsu fuatusUiuuvednauadudinaiy Daowawsnwiastunsuuidou
agluaunondoudszINnFngg MUOINA U1 AU 9IS bad 1IN9gsrentntmaaul waune=rse

gAuagnaonIoal

Dioxins, the devil

A grey smoke icon represents a group of dioxins pollutants which can contaminate in a variety
of environmental media such as air, water, soil, food, etc. This devil with a furious face is very

ready to attack all humans.
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Mr.Egg

He is a little young man, who loves to learn and report all information regarding dioxins.
2 Heis now working for the National Institute of Dioxin under the Department of Environmental
Quality Promotion, Ministry of Natural Resources and Environment, Thailand.
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What is Dioxins?

Dioxin is an unintentional by products originating from incomplete combustion. The term “dioxins” is most commonly used for a family of derivatives
of dioxin, known as polychlorinated dibenzo para dioxins or PCDDs. It contains 2 benzene-rings connected by 2 oxygen bridges. In PCDDs, chlorine
atoms are attached to this structure at any of 8 different places on the molecule, at positions 1-4 and 6-9. There are 75 different PCDD congeners

that can accumulate in humans and wildlife because of their lipophilic properties. Among these, the most toxic is 2,3,7,8-tetrachlorodibenzo-para-
dioxin (2,3,7,8-TGDD or TCDD).

Other compounds that share a similar chemical structure with dioxins is “furans”, abbreviated term of polychlorinated dibenzo furans or PCDFs,
consisting of 135 different PCDF congeners. Both dioxins and furans are included in Persistent Organic Pollutants (POPs). In general, they are
commonly and collectively known as “PCDDs/PCDFs” due to their similar original sources and toxic properties.
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Sources of Dioxins/Furans
» Waste Incinerations such as municipal solid wasvte, sewage sludge,
medical waste and hazardous waste

Burning of Several Fuel Materials such as coal, wood, and petroleum
products

Other Sources with the use of high temperature such as cement kilns
Volcanic Eruptions

Chemical Manufacturing

Forest Fires

Biological and Photochemical Processes

Metal Smelting Processes and Refining Sources

Reservoir Sources
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From Stockholm Convention to the National Institute of Dioxin, Thailand

Stockholm Convention is an agreement among many countries in response to the urgently global demand to protect human health and the
environment from persistent organic pollutants, in which a family of dioxins is included. This is one of the conventions proposed during the meeting
of the United Nations regarding Development and Environment held in Rio de Janeiro, 1992.

This convention was adopted, opened for signature from 22" to 23" May, 2001 in Stockholm, Sweden and also from 24" May,
2001 to 22" May, 2002 at the headquarters of United Nations, New York, USA, then having been entered into force on 17" May, 2004.
Up to the present, 2016, there has been 152 numbers of signatories, along with 179 ones of parties.

Therefore, the Royal Thai Government had agreed to establish the first Dioxin Laboratory, which was later developed to the National Institute
of Dioxin, at Environmental Research and Training Centre (ERTC), an official division under the Department of Environmental Quality Promotion,
Ministry of Natural Resources and Environment.

The key objectives are to research and develop current technologies to reduce and control unintentional hazardous chemicals including dioxins,
furans, as well as other POPs stated in the convention.

AISN 1 msualeumnﬁNmomuf'inouaumuaqe‘tryty'lamanlaa'uq
Table 1 List of persistent organic pollutants controlled by Stockholm Convention

ke B35 [y ﬁwg;s;ggm :;;::::;’:L rzlﬁﬂg}o
damsu (aldrin) 309-00-2 X

AAdIAU (chlordane) 57-74-9 X

AAN (DDT) 50-29-3 X

AanSU (diedrin) 60-57-1 X

I9UASU (endrin) 72-20-8 X

15Un=naas (heptachlor) 76-44-8 X

TwiSn (mirex) 2385-85-5 X

Rens1Wu (toxaphene) 8001-35-2 X

19850 (hexachlorobenzene) 118-74-1 X

W30 (polychlorinated biphenyl) 1336-36-3 X

TRoonBu (polychlorinated dibenzo-p-dioxin: PCDDs) | various CAS Number X
Wansu (polychlorinated dibenzofurans: PCDFs) various CAS Number X
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Danger & Toxicity of Dioxins

Dioxins can enter into our bodies through 3 main ways,
which are consuming, respiratory system and skin-touching,
we have obtained this kind of chemicals from contaminated
food, especially that with high level of fat. For the other two
ways, dioxins may come from various environmental media
such as ambient air, fly ash. International Agency for Research
on Gancer (IARC) has considered the most toxic congener
of dioxins, TCDD, the known human carcinogen. Toxicity of
dioxins can be divided into 2 groups as followings;

1. Short-term Effect: High level of dioxins received can
result in skin lesions (chloacne), altered liver functions.

2. Long-term Effect: Dioxins can possibly lead to the
impairment of immune, nervous or endocrine system,
and also cause several types of cancer. Besides,
Long-term chronic exposure of dioxins to pregnant
women potentially induces an abnormality of fetus.
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National Institute of Dioxin

The institute is located in the area of Environmental Research and Training Centre (ERTC) with the aim of being an excellent centre for the analysis
of environmental dioxins. In addition, it has been the first governmental institute not only in Thailand, but also in Southeast Asia. There have, thus,
been a range of modern instruments, equipment, together with competent researchers well-trained, at least twice a year, in up-to-date
dioxins analytical trends and methods. Several projects about dioxins in environmental samples have been performed since 2013 for both
research and analytical service.
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—{ 105> air dry (low) —{115) clean up (high)
— 106> water treatment  —{ 116> clean storage
—| 107> storage room — 117) chemical storage
— 108> generator room —| 118> chemical storage
—{ 109> fire chemicalroom || 119) toxic waste storage
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—| 122> data processing
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Sample media for
dioxins analysis

Water Air  ySedimenty Flyash y Food
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Tools and Equipment
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High volume air sampler
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soxhlet extraction
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High Resolution Gas Chromatography - v
acuum oven
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High Resolution Mass Spectrometer
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Waste water treatment system for Laboratory

1. Primary Tank J

¥

2. Circulating Tank }

¥

3. Disposal Tank (HZOﬂ

¥

4. 0zone Tank J )

8. Holding Tank (check)J

T

1. Secondary Tank }

L _

6. Disposal Tank (check)}

T

9. Uv Contract Tank J
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Sodium sulfate Silica geI waste Filter paper waste Active carbon waste
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Alumina waste Gloves Poly urethane foam waste (PUF) Active carbon
GJ}/K mask waste
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Dioxins standard container Broken glassware Foils Cotton
(glassware waste)
vauideluguvouinas Liquid waste
2l o
= ; &
Bl .
lgnisu o-8lau Ingdu Iapaolstinu  minasunsgulnoandu nsA
Hexane waste Acetone waste  Toluene waste  Dichloromethane Concentrated dioxins  Acid waste
waste standard waste (HCL, H2S04)
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Waste Chemical
C,H,0,N,CL,P,S (-

Waste Fual

Dioxin laboratory waste management 7

High temperature rotary kiln incinerating

In general, dioxin can be formed during an incomplete combustion at a temperature < 850°C with the presence of oxygen < 6% and residence
time < 2 seconds. In any other case, the dioxin molecules tend to “crack” into smaller but reactive ones, which reform into new dioxin molecules,
especially in the presence of heavy metals, acting as catalysts (Reformation and “de novo” formation). Accordingly, the destruction of dioxins by
the high temperature rotary kiln incinerating, almost isothermally, uses a temperature ranging from 1100 to 1200°C. The post combustion system
is further designed to achieve a residence time of the flue gases of more than 3 seconds at 1100°C. The supply of oxygen in the system is controlled
by adjusting continuously the negative pressure, assuring at all times an excess of oxygen of 14%,by aspiration (while 6% of oxygen is recognized
to be sufficient for a complete combustion and thus for preventing the formation of dioxins). Residues (ashes) containing, as an average, less than
0.5 % of remaining carbon (Compared to the EPCA requirements of 2 %) and the extremely low emissions of carbon monoxide (CO) of less than
20 mg/Nm3 (where the EPCA requires only 100 mg/Nm3 ),indicate that combustion is complete and that therefore the conditions for the formation
of Dioxins are never met.
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6” Collection Pipe

: Protective Layer
60 MI HOPE Geocomposite 8
Geosynthetic clay liner

2” Drainage Layer

Geotextile

Sand/gravel
TS L5

Geomembrane ¢

TS~ EaT Y

15 =

24” Compacted Cohesive Soil

e Recompacted clay

Structural Fill/Badrock : Sand/gravel

Geomembrane ¢



Introduction to Persistent Organic Pollutants (POPs)
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Persistent Organic Pollutants (POPs) are chemical substances that persist in the environment, bio-accumulate through
the food web, and pose a risk of causing adverse effects to human health and the environment. With the evidence of long-range
transport of these substances to regions where they have never been used or produced and the consequent threats they pose
to the environment of the whole globe, the international community has now, at several occasions called for urgent global
actions to reduce and eliminate releases of these chemicals (UNEP, 2015)

POPs can be categorized into 3 main groups as follows;
1. Annex A (Elimination) such as Adrin, Chlordane, Lindane
2. Annex B (Restriction) such as DDT

3. Annex C (Unintentional Production) such as Dioxins, PCBs
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1. STOCKHOLM CONVENTION on Persistent Organic Pollutants (POPs)
Article 5

Measures to reduce or eliminate releases from unintentional production

Each Party shall at a minimum take the following measures to reduce the total releases derived from anthropogenic sources
of each of the chemicals listed in Annex C, with the goal of their continuing minimization and, where feasible, ultimate
elimination:

(a) Develop an action plan or, where appropriate, a regional or subregional action plan within two years of the date of entry
into force of this Convention for it, and subsequently implement it as part of its implementation plan specified in Article 7,
designed to identify, characterize and address the release of the chemicals listed in Annex C and to facilitate implementation
of subparagraphs (b) to (e). The action plan shall include the following elements:

(i)  Anevaluation of current and projected releases, including the development and maintenance of source inventories
and release estimates, taking into consideration the source categories identified in Annex C;

(ii)  An evaluation of the efficacy of the laws and policies of the Party relating to the management of such releases;
(iii)  Strategies to meet the obligations of this paragraph, taking into account the evaluations in (i) and (ii);
(iv) Steps to promote education and training with regard to, and awareness of, those strategies;

(v) A review every five years of those strategies and of their success in meeting the obligations of this paragraph;
such reviews shall be included in reports submitted pursuant to Article 15;

(vi) A schedule for implementation of the action plan, including for the strategies and measures identified therein;

(b) Promote the application of available, feasible and practical measures that can expeditiously achieve a realistic and
meaningful level of release reduction or source elimination;

(c) Promote the development and, where it deems appropriate, require the use of substitute or modified materials, prod-
ucts and processes to prevent the formation and release of the chemicals listed in Annex C, taking into consideration the
general guidance on prevention and release reduction measures in Annex C and guidelines to be adopted by decision of
the Conference of the Parties;

(d) Promote and, in accordance with the implementation schedule of its action plan, require the use of best available tech-
niques for new sources within source categories which a Party has identified as warranting such action in its action plan,
with a particular initial focus on source categories identified in Part Il of Annex C. In any case, the requirement to use best
available techniques for new sources in the categories listed in Part Il of that Annex shall be phased in as soon as practicable
but no later than four years after the entry into force of the Convention for that Party. For the identified categories, Parties
shall promote the use of best environmental practices. When applying best available techniques and best environmental
practices, Parties should take into consideration the general guidance on prevention and release reduction measures in
that Annex and guidelines on best available techniques and best environmental practices to be adopted by decision of the
Conference of the Parties;
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(e) Promote, in accordance with its action plan, the use of best available techniques and best environmental practices:

(i)

(ii)

For existing sources, within the source categories listed in Part Il of Annex C and within source categories such
as those in Part lll of that Annex; and

For new sources, within source categories such as those listed in Part Il of Annex C which a Party has not
addressed under subparagraph (d). When applying best available techniques and best environmental practices,
Parties should take into consideration the general guidance on prevention and release reduction measures in
Annex C and guidelines on best available techniques and best environmental practices to be adopted by decision
of the Conference of the Parties;

() For the purposes of this paragraph and Annex C:

(i)

(ii)

(iii)

(iv)

(v)

(vi)

"Best available techniques" means the most effective and advanced stage in the development of activities and
their methods of operation which indicate the practical suitability of particular techniques for providing in
principle the basis for release limitations designed to prevent and, where that is not practicable, generally to reduce
releases of chemicals listed in Part | of Annex C and their impact on the environment as a whole. In this regard:

“Techniques” includes both the technology used and the way in which the installation is designed, builf,
maintained, operated and decommissioned;

“Available” techniques means those techniques that are accessible to the operator and that are developed on
a scale that allows implementation in the relevant industrial sector, under economically and technically viable
conditions, taking into consideration the costs and advantages; and

“Best” means most effective in achieving a high general level of protection of the environment as a whole;

"Best environmental practices" means the application of the most appropriate combination of environmental
control measures and strategies;

“New source” means any source of which the construction or substantial modification is commenced at least
one year after the date of:

a. Entry into force of this Convention for the Party concerned; or

b. Entry into force for the Party concerned of an amendment to Annex C where the source becomes subject to the
provisions of this Convention only by virtue of that amendment.

(g) Release limit values or performance standards may be used by a Party to fulfill its commitments for best available
techniques under this paragraph.



Annex C
UNINTENTIONAL PRODUCTION

Part |: Persistent organic pollutants subject to the requirements of Article 5

This Annex applies to the following persistent organic pollutants when formed and released unintentionally from
anthropogenic sources:

Chemical

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/PCDF)

Hexachlorobenzene (HCB) (CAS No: 118-74-1)
Polychlorinated biphenyls (PCB)

Part Il: Source categories

Polychlorinated dibenzo-p-dioxins and dibenzofurans, hexachlorobenzene and polychlorinated biphenyls are unintentionally
formed and released from thermal processes involving organic matter and chlorine as a result of incomplete combustion
or chemical reactions. The following industrial source categories have the potential for comparatively high formation and
release of these chemicals to the environment:

a
b

Waste incinerators, including co-incinerators of municipal, hazardous or medical waste or of sewage sludge;

Cement kilns firing hazardous waste;

(
(
(
(d

)
)
¢) Production of pulp using elemental chlorine or chemicals generating elemental chlorine for bleaching;
) The following thermal processes in the metallurgical industry:

i)  Secondary copper production;

i) Sinter plants in the iron and steel industry;
iii) Secondary aluminium production;

iv) Secondary zinc production.
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Part |11: Source categories

Polychlorinated dibenzo-p-dioxins and dibenzofurans, hexachlorobenzene and polychlorinated biphenyls may also be
unintentionally formed and released from the following source categories, including:

(a) Open burning of waste, including burning of landfill sites;

(b) Thermal processes in the metallurgical industry not mentioned in Part I1;



¢) Residential combustion sources;
d) Fossil fuel-fired utility and industrial boilers;
e) Firing installations for wood and other biomass fuels;

f)  Specific chemical production processes releasing unintentionally formed persistent organic pollutants, especially
production of chlorophenols and chloranil;

g) Crematoria;
h) Motor vehicles, particularly those burning leaded gasoline;

i) Destruction of animal carcasses;

k) Shredder plants for the treatment of end of life vehicles;

(
(
(
(j) Textile and leather dyeing (with chloranil) and finishing (with alkaline extraction);
(
(I)  Smouldering of copper cables;

(

m) Waste oil refineries.

Part IV: Definitions

1. For the purposes of this Annex:

(a) "Polychlorinated biphenyls" means aromatic compounds formed in such a manner that the hydrogen atoms on
the biphenyl molecule (two benzene rings bonded together by a single carbon-carbon bond) may be replaced
by up to ten chlorine atoms; and

(b) “Polychlorinated dibenzo-p-dioxins” and “polychlorinated dibenzofurans” are tricyclic, aromatic compounds
formed by two benzene rings connected by two oxygen atoms in polychlorinated dibenzo-p-dioxins and by one
oxygen atom and one carbon-carbon bond in polychlorinated dibenzofurans and the hydrogen atoms of which
may be replaced by up to eight chlorine atoms.

2. In this Annex, the toxicity of polychlorinated dibenzo-p-dioxins and dibenzofurans is expressed using the concept of
toxic equivalency which measures the relative dioxin-like toxic activity of different congeners of polychlorinated dibenzo-
p-dioxins and dibenzofurans and coplanar polychlorinated biphenyls in comparison to 2,3,7,8-tetrachlorodibenzo-p-dioxin.
The toxic equivalent factor values to be used for the purposes of this Convention shall be consistent with accepted inter-
national standards, commencing with the World Health Organization 1998 mammalian toxic equivalent factor values for
polychlorinated dibenzo-pdioxins and dibenzofurans and coplanar polychlorinated biphenyls. Concentrations are expressed
in toxic equivalents.



Part V: General guidance on best available techniques and best environmental practices

This Part provides general guidance to Parties on preventing or reducing releases of the chemicals listed in Part I.

A. General prevention measures relating to both best available techniques and best environmental practices

Priority should be given to the consideration of approaches to prevent the formation and release of the chemicals listed in
Part |. Useful measures could include:

(@)
(b)
(©)
(d)

(€)
(f)

(9)
(h)

The use of low-waste technology;
The use of less hazardous substances;
The promotion of the recovery and recycling of waste and of substances generated and used in a process;

Replacement of feed materials which are persistent organic pollutants or where there is a direct link between the
materials and releases of persistent organic pollutants from the source;

Good housekeeping and preventive maintenance programmes;

Improvements in waste management with the aim of the cessation of open and other uncontrolled burning of
wastes, including the burning of landfill sites. When considering proposals to construct new waste disposal
facilities, consideration should be given to alternatives such as activities to minimize the generation of municipal
and medical waste, including resource recovery, reuse, recycling, waste separation and promoting products that
generate less waste. Under this approach, public health concerns should be carefully considered;

Minimization of these chemicals as contaminants in products;

Avoiding elemental chlorine or chemicals generating elemental chlorine for bleaching.

B. Best available techniques

The concept of best available techniques is not aimed at the prescription of any specific technique or technology, but at
taking into account the technical characteristics of the installation concerned, its geographical location and the local envi-
ronmental conditions. Appropriate control techniques to reduce releases of the chemicals listed in Part | are in general the
same. In determining best available techniques, special consideration should be given, generally or in specific cases, to the
following factors, bearing in mind the likely costs and benefits of a measure and consideration of precaution and prevention:

(a) General considerations:

) The nature, effects and mass of the releases concerned: techniques may vary depending on source Size;

i) The commissioning dates for new or existing installations;

i) The time needed to introduce the best available technique;

iv) The consumption and nature of raw materials used in the process and its energy efficiency;

v) The need to prevent or reduce to a minimum the overall impact of the releases to the environment and the
risks to it;

(vi) The need to prevent accidents and to minimize their consequences for the environment;



(vii) The need to ensure occupational health and safety at workplaces;

(viii) Comparable processes, facilities or methods of operation which have been tried with success on an
industrial scale;

(ix) Technological advances and changes in scientific knowledge and understanding.

(b) General release reduction measures: When considering proposals to construct new facilities or significantly modify
existing facilities using processes that release chemicals listed in this Annex, priority consideration should be given to
alternative processes, techniques or practices that have similar usefulness but which avoid the formation and release of
such chemicals. In cases where such facilities will be constructed or significantly modified, in addition to the prevention
measures outlined in section A of Part V the following reduction measures could also be considered in determining best
available techniques:

(i)  Use of improved methods for flue-gas cleaning such as thermal or catalytic oxidation, dust precipitation,
or adsorption;

(i) Treatment of residuals, wastewater, wastes and sewage sludge by, for example, thermal treatment or
rendering them inert or chemical processes that detoxify them;

(iii)  Process changes that lead to the reduction or elimination of releases, such as moving to closed systems;

(iv) Modification of process designs to improve combustion and prevent formation of the chemicals listed in
this Annex, through the control of parameters such as incineration temperature or residence time.

C. Best environmental practices

The Conference of the Parties may develop guidance with regard to best environmental practices.
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3. Plan for the implementation of its obligation under the Stockholm Convention
on the POPs in Thailand

The most recent PCDDs/PCDFs inventory has been carried out in 2005 and potential releases of PCDDs/PCDFs emission to air, water, land, product
and residue were estimated from mass production (t/a) multiplying with default emission factor proposed by the UNEP’s Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases, 2003. Annual releases of PCDDs/PCDFs emission to air, water, land, product and resi-
due from source categories were summarized in Table | and percent releases per media in source categories inventory were summarized in Table I1.

Table I: Source Categories of PCDDs/PCDFs’ Inventory Matrix.

Annual releases (g I-TEQ/a)

Sector Source categories
Product

Waste Incineration 0.000

Ferrous and Non-Ferrous 0.000
Metal Production

Power Generation and 0.000
Heating

Production of Mineral 0.000
Products

Transportation 0.000

Uncontrolled 0.000
Combustion Processes

Production of Chemicals . . 8.31
and Consumer Goods

Miscellaneous 0.000

Disposal/Landfill

Identification of
Potential Hot-Spots

Source: Pollution Control Department, 2005.



Table II: Percent Releases per Media in Source Categories Inventory

Sector

Source: Pollution Control Department, 2005.

Source categories

Waste Incineration

Ferrous and Non-Ferrous
Metal Production

Power Generation and
Heating

Production of Mineral
Products

Transportation

Uncontrolled
Combustion Processes

Production of Chemicals
and Consumer Goods

Miscellaneous
Disposal/Landfill

Identification of
Potential Hot-Spots

% Releases per Media

Product

0.00

0.00

0.00

0.00

0.00

0.00

100.00

0.00

0.00
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