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H 5 ” 0 Annual release (g I-TEQ/a)
5| 2| & Source Categories Production = Residues
AR AR (t/a) Air Water Land | Product Fiy ash | Bofiom ash
1 Waste incineration
a | Municipal solid waste incineration 122,438 4.073 0.000 NA NA | 24.863 0.867
L 1 Low tech. comb., no APCS
Controlled comb., min, APCS 1__.2110 0.438 0.000 NA INA 0.625 0.019
- Contre somb., ';]l'JfJ":::‘PCS [ 121,188 3.636 0.000 MNA A 24.238 | 0.848
| 4| Hightech. comb., sophis. APCS
b | Hazardous waste incineration
1| Lowtech comb., no APCS B
2 | Cantrolled comby., mun. APCS
3| Contolled comb., good APCS .
4 | High tech. comb., sopius. APCS
c Medical/hospital waste incineration 18,581 | 38.289 0.000 NA NA 6.488 0.231
- Uncontrolled batch comb., no APCS 1
2| Controlied, batch, no or min, APCS 11,629 | 34.587 0.000 NA NA | 0.000 | 0.231
1| Co batch comb., good APCS 7,062 3.702 0.000 MNA NA 6.488 0.400
High tech, conl., sophis.APCS
d Light fraction shredder waste incineratio -
Old furnacaes, batch, nolittie APCS |
Updal conbnuously, some
L1 3| Swate-of-the-art, full APCS
| |e Sewage sludge incineration B N
1| Uncantrolied batch comb., no APCS
S 2| Controlled, bateh, no or min, APCS
3| High tech, cont, sophis-APCS N
f Waste wood & waste biomass inc.
maces, batch, no/itlie APCS
nuously, some APCS
3 | State-of-the-ar,
g | | Animal carcasses burning 98 | 0.005 0.000 NA NA 0.000 IED_1
1] O h|r|'.<=.-::nr;._h:-;'_:_:'-_ nadlittle APCS
2 me APCS 98 0.005 0.000 MNA NA 0.000 ND |
3 | State-of-the-art, full A J
Total for Category 11 42.37 0.00 0.00 0.00 31.35 | 1.10
Total ash
| 32.45 g I-TEQ/a
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| ® ) Annual release (g I-TEQ/a) l
‘% § % Source Categories Production
ARG ERS) (TJra) Air Water —l Land ‘ Product | Residue
1o I
2 Ferrous and Non-ferrous Production
a Iron ore sintering
1 High waste recycling, include oil contarr
2 Low waste use, well control plant
‘ 3 High technology, emission reduction
‘ b Coke production
1 No gas cleaning
2 | Afteroburner/dust removal
c Iron and steel production & foundries 6,587,301 19.938 ND ND ND 98.777
Iron & steel 6,583,739 19.936 ND ND ND 98.756
1 Dirty scrap, scrap preheating, limited control 26,370 0.264 ND ND ND 0.396
2 Clean scrap/virgin iron, after burner, FF
EAFs, all with fabric filter (FF) 6,503,129 19.509 ND ND ND 97.547
EIFs with FF, wet scrubber 39,840 0.120 ND ND ND 0.598
Unknown 14,400 0.043 ND ND ND OQTG;I
% Clean scrap/virgin iron, designed for low 0 0.000 ND ND ND O‘OOOT
s | Biast fumaces with APG 0 0000 ND ND ND | 0.000 |
Foundries 3,562 0.0025 ND ND ND 0.021
1 Cold air cupola or rotary drum, no APCS 0 0.000 ND ND ND ND
2 Rotary drum — FF 0 0.000 ND ND ND 0.000
3 Cold air cupola, FF 2,512 0.0025 ND ND ND 0.020
4 Hot air cupola or induction furnaces, FF 1,050 0.0000 ND ND ND 0.001
\ d Copper production 1,200 0.060 ND ND ND 0.756
1 Sec. Cu-Basic technology 0 0.000 ND ND ND 0.000
L 2 Sec. Cu-Well controlled 1,200 0.060 ND ND ND 0.756 |
| 3 | Sec. Cu-Optimized for PCDD/PGDF control 0] 0000 ND ND ND | 0.000
[ 4 Smelting and casting of Cu/Cu alloys 0 0.000 ND ND ND 0.000
5 Prim. Cu-including thermal steps 0 0.000 ND ND ND 0.000
e Aluminum production 7 258 0.009 ND ND ND 0.103 |
1 Process scrap Al, min. treat, dust removal 0 0.000 ND ND ND 0.000T
2 Scrap treatment, well control, good APCS 258 0.009 ND ND ND 0.103 ]
3 | Shaving/tuming drying 0 0.000 ND ND ND NA |
4 Scrap treat, well control, fabric filter, lime inc 0 0.000 ND ND ND 0.000T
Optimized process, optimized APCS 0 0.000 1 ND ND ND 0.000 ‘
f Lead production 24072 | 0193 ND ND ND ND |
Sec. Pb from scrap, PVC batiery seperators 0 0.000 ND ND ND ND |
2 Sec. Pb from PVC/CI2 free scrap, filters 24.072 0.193 ND ND ND ND
3 Sec. Pb, PVC, CI2 free scrap w furnace scrubber 0 0.000 ND ND ND ND
g Zinc production
h Brass and bronze production 500 0.0005 ND ND ND ND
1 Simple melting furnaces 500 0.0005 ND ND ND ND
2 Sophis. Equipment with APCS 0 0.000 ND ND ND ND
i Magnesium production “%
i Other non-ferrous metal production ‘ '
| Shredders T
m Thermal wire reclamation
I ]
Tatal for Category 2 20.20 | 0.00 ] o,ooj_ 0.00 99.64
MN’]EIWWJ : APCS quﬂﬁq iZUUﬂQUQNN@ﬁH@TﬂWW
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T wazpusau
| ® Annual release (g I-TEQ/a
§ g § Source Categories I - o ! )
B al O (TJra) Air Water Land Product | Residue
3 Power Generation and Heating
a Fossil fuel power plants 1,198,109 4.537 NA NA NA 5.790
1 Fossil fueliwaste co-fired power boilers ) 0 0.000 NA NA NA ND
2 Coal fired power boilers 413,417 4134 NA NA NA 5.790
3 Heavy fuel fired power boilers 5,042 0.013 NA NA NA ND
4 Light fuel oil/natural gas fired power boilers 779,650 0.390 NA NA NA ND
b Biomass power plants 558,000 27.900 NA NA NA 8.370
1 Other biomass fired power boilers 0 0.000 NA NA NA ND
2 Wood fired power boilers 558,000 27.900 NA NA NA 8.370
c Landfill, biogas combustion
1 Biogas-fired boilers, motors/turbines &
d Household heating and cooking (biomass) 4775 0.480 NA NA NA 0.096
1 Contaminated wood/biomass fired stoves 0 0.000 NA NA NA 0.000
2 Virgin wood/biomass fired stoves 4775 0.480 NA NA NA 0.096
e Household heating and cooking (fossit fuels) 23,787 0.417 NA NA NA 0.028
1 Coal fired stoves 5,560 0.389 NA NA NA 0.028
2 Qil fired stoves 82 0.001 NA NA NA ND
3 Nalural gas fired stoves 18,145 0.027 NA NA NA ND
Total for Category 3 33.33 0.00 0.00 0.00 14.28
wewn 0 NA winefs Tdiasnunsantdesansiadendumusy
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lodandimuiu Favualuatnia Fununisiandaesansladandymis lutidn 0.028
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3-10




S tg [l 2 i}*d‘ ey = d‘ k% 2
nisAnmRliansnsnazmdayanistanauuaznisenlndaeldioadonw desandayanils

o EY

1= v XK =] a IS ol 3 ;2 ar '
1N iﬂJNﬂW?‘ﬂ@UuWﬂ WAZAN lUNSANHAR e HTae 13\|LWEJ\?W@eLHﬂ’]?Lﬂ‘U?J@M’J@@@ﬂ@’W ZMFMN

733 uwasaiffanunisandaasanslafandumusy  luainsuaridennnluiliunu

33.33 U@z 14.28 g I-TEQ/a AINATAU

1 o @ d @ _ a 1
paanN L lnlszinngn 4 — msmmmmnmﬂﬁmmq

k3
a =

Lunsaeilatinudn nnenanYudnuadsduluaenidio
dguninfinienisdandsesarsladenduyusu luainie
gAa1n sy utudludszmalna lifuntsdndusuann

=

nangsaduduumidy 1 1w 10 veslandedszuunaugu
naRudsanysadlunisantudsetatuitlouluinonden
£ v a & =] o
arnnisAnwdayalosaruyudinud wudndnasuan
1w 55,187,000 s/l Telinsant/aanansladandw
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m1519% 34 dSnamnisdandaeesisseilainuuasiiidadseinni 4 - nasuén
_ @t o )
N'c‘iﬂﬂﬂ.&‘mk‘a‘ﬁ"lq
5| . Production Annual release (g I-TEQ/a
§ § § Shure Gategories (Ya) Air Water Land Product | Residue
4 Production of mineral products
a Cement kilns 55,187,000 8.278 NA ND ND 0.166
1| Wetkilns, ESP temperature >300°C 0 0.000 NA ND ND 0.000
2 Wet kilns, ESP/FF temperature 200 to 300°C 0 0.000 NA ND ND 0.000
3| Waetkiins, ESP/FF temperature <200°C, all types kilns 55,187,000 8.278 NA ND ND 0.166
b Lime 841,099 1.731 ND ND ND ND
1 Cyclone/no dust control 168,360 1.684 ND ND ND ND
2 Good dust abatement 672,739 0.047 ND ND ND ND
c Brick 4,500,000 0.900 NA ND ND ND
1 Cyclone/no dust control 4,500,000 0.900 NA ND ND ND
2 Good dust abatement 0 0.000 NA ND ND ND
d Glass 775,825 0.012 NA ND ND ND
1 Cyclone/no dust contral 0 0.000 NA ND ND ND
2 Good dust abatement 775,825 0.012 NA ND ND ND
e Ceramics 850,000 0.170 NA ND ND ND
Cyclone/no dust control 850,000 0.170 NA ND ND ND
2 Good dust abatement 0 0.000 NA ND ND ND
f Asphalt mixing 655,737 0.046 NA ND ND ND
1 Mixing plant with no gas cleaning 655,737 0.046 NA ND ND ND
2 Mixing plant with fabric filter, wet scrubber 0 0.000 NA ND ND 0.000
Total for Category 4 11.14 0.00 0.00 0.00 0.17
wNEE - NA mneile liaswumstastlasaansladendumusu
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AN919N 3-5 UFanmunisdandasgdisrailainwuasnitialszinyni 5 — n1sUuUdS

s ‘ Production ‘ Annual release (g I-TEQ/a
2| 2| 8 Souras Categeries (ta) Air | Water Land Product | Residue
&| 3| o
5 Transport
a 4-Stroke engines 4,570,240 0.229 NA NA NA ND
1| Leaded fuel 0 0.000 NA NA NA ND
2| Unleaded fuel without catalyst 2,285,120 0.229 NA NA NA ND |
3 | Unleaded fuel with catalyst 2285120 0.000 NA NA NA ND
b 2-Stroke engines 1,054,500 2.636 NA NA NA ND
L 1| Leaded fuel 0 0.000 NA NA NA ND
2 | Unleaded fuel without catalyst 1,054,500 2.636 NA NA NA ND
c Diesel engines 16,558,000 8.279 NA NA NA ND
1| Diesel engines - carsiroad transportation 16,558,000 8.279 NA NA NA ND
d Heavy oil fired engines 136,050 0.544 MNA NA NA ND
Trains 118,200 0.473 NA NA NA ND
1] Ships 17,850 0.071 NA NA NA ND
Total for Category 5 11.69 0.00 0.00 0.00 0.00
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= ) Annual release (g I-TEQ/a
2l 2| 8 Source Categories Production .
313l S (ta) Air Water Land | Product | Residue
6 Uncontrolled combustion processes
a Fires/burnings - biomass 665,470 19.904 ND 6.640 NA ND
1| 1. Forest fires 2,395 0.012 ND 0.010 NA ND
2 | 2. Grassland and moar fires 0 0.000 ND 0.000 NA ND
3| 3. Agricultural residue burning (in field) 663,075 19.892 ND 6.631 NA ND
b Fires, waste burning, landfill fires, industrial 401,024 | 124.332 ND 0.000 0.000 | 236.097
fires, accidental fires
1| Landfil fires 6,122 6.122 ND NA NA ND
2| Accidental fires in houses, factories (per event) 441 0.176 ND see NA 0176
3| Uncontrolied domestic > burning 393,178 | 117.953 ND see NA | 235.907
4| Accidental fires in vehicles (per event) 89 0.008 ND see NA 0.002
5 | Open burning of wood (construction/demalition) 1,194 0.072 ND ND NA 0.012
Total for Category 6 144.24 0.00 6.64 0.00 | 236.10
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Annual release (g I-TEQ/a

5 “3 @ Source Categories Production ) X
AR (t/a) Air | Water | Land | Product Residue
Dl Dl O
7 Production of chemicals, consumer goods
a Pulp and paper mills
Boilers (per ton of pulp) 381,000 0.027 381.000
1 Black liquor boilers, burning of sludges, wood 381,000 0.027 381.000
2 Bark bolilers only 0 0.000 0.000
Sludges 199,456 19.944
1 Kraft process, old technology (C12 ) 111,838 11.184
2 Kraft process, modern technology (CIO2) 18 ‘ 0.0002
3 TMP pulp 0 0.000
Recycling pulp 87,600 8.760
Water (in L) 19,005,075,0 1.328
1 Kraft process, old technology (CI2 ) 6.200.000.00 0.434
2 Kraft process, modemn technology (CIO2) 30.075.000 0.000
3 TMP pulp 0 0.000
4 Recycling puip 12,775,000,0 0.894
Pulp and paper 901,236 8.248
1 Kraft pulps/papers from primary fibers, CI2 381,000 3.048
2 Sulfite papers, old technology (CI2) 0 0.000
3 Kraft papers, new technelogy (CIO?, TCF), unbleached 236 0.0001
4 Sulfite papers, new technology (CIO2, TCF) 0 0.000
5 Recycling paper 520,000 5.200
b Chemical industry
PCP
1 European, American prodn (chlonnated phenol-Cl2)
2 | Chinese production (thermolysis of HCH]
3| PCP-Na
PCB
1| Low chlorinated, e.g., Clophen A30, Aroclor 1242
2 | Medium chlorinated, e.g., Clophen A40, Aroclor 1248
3 | Medium chlorinated, e.g., Clophen A50, Aroclor 1254
4 | High chlorinated, e.g., Clophen AB0, Aroclor 1260
Chlorinated Pesticides
1| Pure 2,4,5-Trichlorophenaoxy acetic a 2,4,5-T)
2| 2,4,6-Trichiorophenol (2,4,6-PCPh)
3 | Dichlorprop
4 | 24-Dichlorophenoxy acetic acid (2,4-D)
2,4 6-Trichlorophenyl-4'-nitropheny! ether (CNP =
5[ (CNP = Chloronitrofen)
QOld technology
New technology
6 | Chiorobenzens
7 | Chlorine production with graphite anodes
Chloranil
1| p-chloranil via chlonnation of phenol
2 | p-chloranil via hydrochinane
3| Dyestuffs on chleranil basis (old process; Class 1)
4 | o-chloranil via chlorination of phenel —’
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R T ) Annual release (g I-TEQ/a
2128 Source Categories Prodiction : .
Sl2la (va) Air Water Land Product| Residue |
ECD/NVCM/PVC 1,668,000 1.490 0.027 0.000 0.057 3.156
1| Oid technology, EDCACM, PVC 0 0.000 0.000 0.000 0.000 0.000
2 | Modem plants 1.668.000 | 1.4896 0.027 0.000 0.057 3,156
EDCNVCM and/or EDC/VEMPVC 1.568.000 | 1.4896 0.024 0.000 0.047 3.136
PVC oily 100.000 | 0.0000 0,003 0.000 0.010 0.020
C Petroleum refineries \
1| Alltypes
d Textile plants
1| Upper limit
2| Lower limit
e Leather plants
11 Upper limit
2| Lower limit
Total for Category 7 L 1.52 ‘ 1.33 0.00 8.31 384.16
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lunnuauaredn1slnAsesdauiastiuia 75 qamdn ayaaisnigee lduIaInnsNng
UnAIBIAUTasin NeensenmInlng  UazsIee1uaesdinuaTisuien® U w.a. 2546
TedmsvideyaFasman)  Jnsunisunesasduiasiulddninaulut] wa 2543 e
=] @ d’ a{l F 2 o ar A 3 % o A a

AnedayanisnAn i desiunisdunedtauy wudn dadeunisiuiemauiwne 8aau
ATAs wazBu) Anli 94.57%, 4.65%, 0.72% and 0.06% FNNATAY IABAIAWNNE BAATN

LAYASAR NNITLNAN 75%, 0% LAZ 5% TULAALANAWIAINA6 L

P ' ' ' o a P [~3 <
AN919N 3-8 Usunaunisdandaagdisaataintuasnlinlseinny 8 — vaAtnan

" § ) ' Sroauction } Annual release (g I-TEQ/a
g % § Source Categories (ta) Air Water Land Product | Residue
8 Miscellaneous
a Drying of biomass
1 Clgan wood
2 Green fodder
3 PCP- or otherwise treated biomass
b Crematories 253,788 21.614 NA ND 0.000 6.477
No control 238,455 21.461 NA ND 0.000 6.438
2 Medium contro 15.333 0.153 NA ND 0.000 0.038 |
3 Optimal control 0 0.000 NA ND NA 0.000
c Smoke houses
1 Treated wood, waste fuels used as fuel
2 Clean fuel, no afterburner
3 Clean fuel, afterourner
d Dry cleaning residues
1 Heavy textiles, PCP-treated, etc
2 Normal lextiles
e Tobacco smoking 1,937,500 0.194 NA NA NA NA
1| Cigar (per item) 0 0.000 NA NA NA NA
5| Cigarette (per item) 1.937.500 0.194 NA NA NA NA
Total for Category 8 21.81 0.00 0.00 0.00 6.48

wanenn - NA unee lidazwunistandaesansladendumusu

ND msnede felsifianiladunsantlanaansladanGumus n flaqiiy

Tunsdsaiinanuauaniiavintuarldan 07582 lunisaniudiuiulseainsinnaaalsann
ATANN9ANER99sENg  ANPEIIUATNILEDAWATTNR T WA 2546 wudnuaulseng

NANET9LsTin 334,725 A1 1HANIANHNNAR AXlFANUILANTLNN 253,788 AW

Uszmalveilimnnsnaiion 1 uaz 2 ludadon 93.96% way 6.04% annsAnedling
WEANTEAT 3 e1919% 3-8 Ynmunnstandasuansiadenduyien TueniAuazii
ANBNHIANAS 21.614 WAz 6.477 g I-TEQ/a MMANSL annsauAudayanIsdanisyms

TOINTHATINANNG NIENIWNNTARY WUIHNTUTINAYYE 1,937,500 ga¢ Tudl w.e. 2547

Feaauunmunistanddesansladandwsus luainia 0.194 g I-TEQ/a.
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. Annual release (g I-TEQ/a
Production

Source Categories

Sub-cat.

(t/a) Air Water | Land Product | Residue

Class

© | Sector

Disposal/Landfill

Landfill leachate

o8]

Hazardous waste

2 Non-hazardous waste

b Sewage/sewage treatment

1 | Industrial, mixed domestic with Cl, relevance

No sludge removal

With sludge remaoval

2 | Urban environments

No sludge removal

With sludge removal

3 | Remote and residential or modern treatment plant

c Open water dumping

1| Contaminated waste waters

2 | Uncontaminated wastewaters

d Composting

All organic fraction

Garden, kitchen wastes

w o =

Green matenals,not impacted environmenis

e Waste oil disposal

1 All fractions

Total for Category 9




' ] = P~ ] a 3 [~1 =Y
wua et ilnlsznnd 10 — n1stsdnanssaiua ey

= o @ )y A vyy | PR Y v o = . 1
Hasandayamiddeuireenn wsalddayalianysal weliideya suiuaslianisorsa

al

surninistantaeaansiadenduyusy  lwianssunliaonuauladluiiay a9 3-10

LAAL BN uNNslaslaesansiatiannunasnniedesasliaruawladluinuee

M15199 3-10  UFurunisidamiaasgisaatlannuuasniiadssianyn 10 — n1sUsd
a 3 L% [~ o
NANGTHANLUAMNEU LA UNL AR

1 Annual release (g TEQ/a

Production ‘
(va) Air Water Land Product | Residue

Categories and Subcategories

Sector
Sub-cat

e
(=]

Identification of Potential Hot-Spots

Production sites of chlorinated organics

Production sites of chlorine

Formulation sites of chlorinated phenols

Application sites of chlorinated phenols

Timber manufacture and treatment sites

PCB-filled transformers and capacitors

Dumps of wastes/residues from categories 1-9

Sites of relevant accidents

Dredging of sediments |

T T e ™o a0 ||

Kaolinitic or ball clay sites
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5 | nsrud 1169 | 0.000| 0000 | 0.000 0.00
6 | nezuoumaunludisldanmnmaiunu s 144.24 1 0.000 6.64 |  0.000| 23610
7 | mandnuaznsldarsiaiuasdudniins 1.52 1.33 | 0.000 8.31| 384.16
8 | Samda 2181 0000 | 0000 0.000 6.48
9 | namndAnvilanau
10 misisinenssuiildnnueuladiudien
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512w . Potential Release Route (ug I-TEQ/t)
§ § § Saurce Gatedories Air Water Land | Product Fly as%es;':::zm ash
1 Waste incineratio
a Municipal solid waste inc.
1] Low tech. comb., no APCS 3,500 NA NA 0 75 |
2| Controlled comb., min. APCS 350 NA NA 500 15
3| Controlled comb., good APCS 30 NA NA 200 Y4
4| High tech. comb., sophis. APCS 05 NA NA 15 1.5
b Hazardous waste inc. :
1| Low tech comb., no APCS 35,000 NA NA 9,000
2| Controlled comb., min. APCS 350 NA NA 900
3| Contolled comb., good APCS 10 NA NA 450
4| High tech. comb., sophis. APCS 0.75 NA NA | 30
c Medical/hospital waste inc.
1| Uncontrolled batch comb., no APCS| 40,000 NA NA 200
2| Controlled, batch, no ormin. APCS | 3,000 NA NA 20
3| Controlled, batch comb., good 525 NA NA 920 ND
4| High tech, cont., sophis.APCS 1 NA NA 150
d Light fraction shredder waste inc.
1| Old furnaces, batch, no/little APCS 100 NA NA ND ND |
2| Updated, continuously, some 50 NA NA ND ND
3| State-of-the-art, full APCS 1 NA NA | 180
e Sewage sludge inc. ‘
1| Uncontrolled batch comb., no APCS 50 NA NA 23
2| Controlled, batch, no or min. APCS 4 NA NA 0.5
3| High tech, cont., sophis APCS 0.4 NA NA 0.5
f Waste wood & waste biomass inc,
_____ 1] Old furnaces, batch, no/little APCS 100 NA NA | 1,000
2| Updated, continuously, some 10 NA NA 10
3| State-of-the-art, full APCS 1 NA NA 0.2
g Animal carcasses burning N
1] Old furnaces, batch, no/little APCS 500 NA NA ND
2| Updated, continuously, some 50 NA NA ND
‘ L 3| State-of-the-art, full APCS \ 1 NA NA ND

UNNELIR
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Tauzglm ferrous ae Non-ferrous

§ ‘é @ Potential Release Route (ug I-TEQ/t)
5 .
33|38 Snurcy Catagories Air Water | Land | Product | Residue
2 Ferrous and non-ferrous metal
|.a Iron ore sintering
1| High waste recycling, include oil contam. 20 ND ND ND 0.003 |
2| Low waste use, well control plant 5 ND ND ND 0.003
3| High technology, on reduction 0.3 ND ND ND 0.003
b Coke production
1!.No gas cleaning 3 0.06 ND ND ND
2| Afterburner/dust removal 0.3 0.06 ND ND ND
c Iron and steel production & foundries
Iron & steel
1 Dirty scrap, scrap preheating, limited control 10 ND ND ND 15
2| Clean scrap/virgin iron, after burner, FF 10 ND ND ND 15
EAFs, all with fabric filter (FF) 3 ND ND ND 15
ElFs with FF, wet scrubber 3|  ND ND ND 15
Unknown 3 ND ND ND 15
3| _ Clean scrap/virgin iron, designed for low 3 ND ND ND 15
4 Blast furnaces with APC 0.1 ND ND ND 2
Foundries
1 Cold air cupola or rotary drum, no APCS 10 ND ND ND ND
2| Rotary drum — FF 4.3 ND ND ND 0
3| Cold air cupola, FF ) 1 ND ND _ND 8
4 Hot air cupola or induction furnaces, FF 0.03 ND ND ND 1
d Copper production et
1 Sec. Cu - Basic technology 800 ND ND ND 630
__________ | 2| Sec.Cu-Wellcontrolled 50 ND ND ND 630
3| _ Sec. Cu - Optimized for PCDD/PCDF control 5 ND ND ND 630
4| Prim. Cu - all types 0.01 ND ND ND ND
e Aluminum production -
1| _ Processing scrap Al, minimal treatment of 150 ND ND ND 400
2| Scrap treatment, well controlled, good APCS 35 ND ND ND 400
3| Shavings/turning drying 10 ND ND ND NA |
| 4| Optimized process, optimized APCS 0.5 ND ND ND 400
f Lead production
1 Sec. lead from scrap, PVC battery 80 ND ND ND ND
2| Sec. from PVC/CI2 free scrap, blast 8 ND ND ND ND
3| Sec. Lead, PVC/CI2 free scrap in furnaces 0.5 ND ND ND ND
q Zinc production S S
1] Kiln with no dust control 1,000 ND ND ND ND
2| Hot briquetting/rotarry furnaces, basic 100 ND ND ND ND
3| Comprehensive control 5 ND ND ND ND
| | 4] Melting (only) 0.3 ND ND | ND ND |
h Brass and bronze production | .
1 Simple melting furnaces ND ND ND ND
2 Sophisticated equipment, e.g. induction 0.1 ND ND ND ND
i Magnesium production -
1 Using MgO/C thermal treatment in Ci2, no 250 9,000 NA ND 0
| 2| Using MgO/C thermal treatment in CI2, 50 24 NA ND 9,000
i Thermal Non-ferrous metal }
1 Contaminated scrap, simple or no dust 100 ND ND ND ND
2| Clean scrap, good APCS 2.0 ND ND ND ND
| Shredders —
1 Metal shredding plants 0.2 NA NA ND ND
m Thermal wire reclamation | e
1 Open burning of cable 5,000 ND ND ND ND
2| Basic furnace with after burner, wet 40 ND NA | ND ND
3 Burning electric motors, brake shoes, etc., 3.3 ND NA ‘ ND ND
wewn . NA uRnehe liiaswunstastdesansiadandumus
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T wazausau
L |8 Potential Release Route (ug I-TEQ/TJ)
0|l 8| ;
E g E Soueas Catagories Air Water Land Produc | Residue
nlwl o |
3 Power Generation and Heating 1
a Fossil fuel power plants 35 NA NA NA ND ‘
1 Fossil fuel/waste co-fired power boilers 10 NA NA NA 14
2 Coal fired power boilers 2.5 NA NA NA ND
3 Heavy fuel fired power boilers 05 NA NA NA ND
4 Light fuel oil/natural gas fired power bailers
b Biomass power plants 500 NA NA NA ND
1 Other biomass fired power boilers 50 NA NA NA 15
2| Wood fired power boilers 35 NA NA NA ND
c Landfill, biogas combustion |
1 Biogas-fired boilers, motors/turbines & flaring 8 NA NA NA F
. |d Household heating and cooking
1 Contaminated wood/biomass fired stoves 1.500 NA NA NA 2.000
2 Virgin wood/biomass fired stoves 100 NA NA NA 20 ‘
e Household heating and cooking
1 Coal fired stoves 70 NA NA NA 5
2 Oil fired stoves 10 NA NA NA ND
3| Natural gas fired stoves ' 1.5 NA NA NA ND
waaEan - NA unnaie lidaswunsdandaesanslodendumusu
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‘ w | ® Potential Release Route (ug I-TEQ/t) ‘
288 Source Categories : 1
‘ e\ g Air Water Land Produc | Residue
4 Production of mineral products
Cement kilns
1| Wetkilns, ESP temperature >300°C 5.0 NA ND ND 1.0
2| Wetkilns, ESP/FF temperature 200 to 300°C 06 NA ND ND 0.1
3| Wetkilns, ESP/FF temperature <200°C, all types 0.15 NA ND ' ND 0.003
b Lime
1 Cyclone/no dust control 10 ND ND ND ND
‘ 2| Good dust abatement 0.07 ND ND ND ND
c Brick
[ 1 Cyclone/no dust control 0.20 NA ND ND ND
[ 2] Good dust abatement 0.02 NA ND ND ND
( d Glass
1 Cyclone/no dust control 0.20 NA ND ND ND
2| Good dust abatement 0.015 NA ND ND ND
e Ceramics
1 Cyclone/no dust control 0.20 NA ND ND ND
2| Good dust abatement 0.02 NA ND ND ND
\ f Asphalt mixing
1 Mixing plant with no gas cleaning 0.07 NA ND ND ND
‘ 2 Mixing plant with fabric filter, wet scrubber 0.01 NA ND ND | 0.06
vanewe . NA wnnad lhihaswunistantdesansladendumusy
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nE: Potential Release Route (ug I-TEQ/t)
28 9 Source Categories - 5
2132 Air Water Land Produc | Residue
S|l d O
5 Transport
a 4-Stroke engines
1| Leaded fuel 2 NA NA NA ND
Unleaded fuel without catalyst 0.1 NA NA NA ND
3| Unleaded fuel with catalyst 0.0000 NA NA NA NA
b 2-Stroke engines
1| Leaded fuel 4 NA NA NA ND
2| Unleaded fuel without catalyst 3 NA NA NA ND
c Diesel engines
1] Diesel engines - cars/road transportation 0.5 NA NA NA ND
F d Heavy oil fired engines
‘ 1| Trains 4 NA NA NA ND
L 1 ‘ Ships 4 NA NA NA ND
wNEs . NA wnnai lihasnunsdandasuansladendwmuau
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wntuanaauaalale
= ‘§ i Potential Release Route (ug I-TEQ/t)
AR Source Categories a ’ T -
RN ir Water Land Product @ Residue
6 Uncontrolled combustion processes
a Fires/burnings - biomass
1| 1. Forest fires 5 ND 4 NA ND
2| 2. Grassland and moor fires 5 ND 4 NA ND
3| 3. Agricultural residue burning (in field) 30 ND 10 NA ND
b Fires, waste burning, landfill fires, industrial
fires, accidental fires
1| Landfill fires 1,000 ND NA NA ND
2| Accidental fires in houses, factories (per 400 ND See NA 400
3| Uncontrolled domestic waste burning 300 ND See NA 600
4| Accidental fires in vehicles (per event) 94 ND See NA 18
5| Open burning of wood 50 ND ND NA 10
whEwiR - NA uRnens Bdiasnunisdastdesansiadanumusy
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5 1": ” _ Potential Release Route (ug I-TEQ/t)
g ‘% é Sonrce Catinnis Air | Water | Land | Product | Residue
7 Production of chemicals, consumer
a Pulp and paper mills
Boilers (per ton of puip)
1 Black liquor boilers, burning of sludges, 0.07 1.000
2 Bark boilers only 0.40 1.000
Sludges
1 Kraft process, old technology (Ci2) 4.50 70 4.50 100 4.50
2| Kraft process, modern technology (ClO2) 0.06 2 0.20 10 0.06
3] TMP pulp
‘4| Recycling pulp 100
Water (in L) paTEQ/L
1 Kraft process, old technology (CI2 ) 70
2| Kraft process, modern technology (CIO2) 2
3| TMP pulp 70
4| Recycling pulp 0.894
Pulp and paper
1| Kraft pulps/papers from primary fibers, 8
2| Sulfite papers, old technology (CI2) 1
3| Kraft papers, new technology (CIO2, 05
4| Sulfite papers, new technology (ClO2, 0.1
| 5| Recycling paper 10
b Chemical industry
PCP
1| European, American prodn (chlorinated phenol- 2.000.000
2| Chinese production (thermolysis of HCH) 800,000
3] PCP-Na 500
PCB
1| Low chlorinated, e.g., Clophen A30, Aroclor 1242 15.000
2| Medium chlorinated, e.g., Clophen A40, Aroclor 70,000
3| Medium chlorinated, e.g., Clophen A50, Aroclor 300,000
L 4| High chlorinated, e.g., Clophen A80, Aroclor 1.500.00
Chlorinated Pesticides
1| Pure 2,4 5-Trichlorophenoxy acetic acid (2,4,5-T) 7.000
2| 2,4,6-Trichlorophenol (2,4,6-PCPh) 700
3| Dichlorprop 1.000
4| 2 4-Dichlorophenoxy acetiv: acid (2,4-D) 700
2,4,6-Trichlorophenyl-4’-nitropheny! ether (CNP =
5| (CNP = Chloronitrofen) 300.000
| Old technology 400
New technology ND ND
6| Chlorobenzens NA ND
7| Chlorine production with graphite anodes B 7,000
Chloranil
1| p-chloranil via chlorination of phenol 400,000
2| p-chioranil via hydrochinone 100
3| Dyestuffs on chloranil basis (old process, Class 1,200
4| o-chloranit via chiorination of phenol 60.000
ECD/VCM/PVC
1| Old technology, EDC/VCM, PVC 1
2| Modern plants
EDC/NCM and/or EDC/NVCM/PVC 0.015 0.03 2
PVC only 0.030 0.10 0.2
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5 *é N Annual release (g I-TEQ/a
§ 8| g Source Categories - -
Sldlo Air Water Land Product| Residue
7 Production of chemicals, consumer
Petroleum refineries
1| Alltypes ND NA NA NA ND
d Textile plants
1| Upper limit NA ND NA 100 ND
2| Lower limit NA ND NA 0.1 ND
e Leather plants
1| Upper limit : NA ND NA 1.000 ND
2| Lower limit NA ND NA 10 ND
WHEwe 0 NA wRnehs Bhibaznunisdastldessnsladendumusy
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L8 Potential Release Route (ug I-TEQ/t)
RN ;
- Source Categories N -
‘% 5; 5 Air Water Land Produc | Residue
8 Miscellaneous
Drying of biomass
1 Clean wood 0 NA ND 0 ND
2| Green fodder 0 NA ND 0 ND
‘ 3 PCP- or otherwise treated bicmass 10 NA ND 1 ND
b Crematories |
1 No control 90 NA ND NA 27
2| Medium control . 10 NA ND NA 3
3| Optimal control 0.4 NA ND NA 3
c Smoke houses |
1| Treated wood. waste fuels used as fuel 50 NA ND ND see ‘
2| Clean fuel, no afterburner 6 NA ND ND com-
3| Clean fuel, afterburner 1 NA ND ND | bustion
d Dry cleaning residues \
1] _Heavy textiles, PCP-treated, etc. NA NA NA NA 3.000
2 Normal textiles NA NA NA NA 50
e Tobacco smoking
1| Cigar (per item) 0.3 NA NA NA NA
2| Cigarette (per item) O.J Na NA NA NA
waenve - NA wnads ldihaswunisiaatlasaansiadandumusy
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tanay
5 :-'«:; m _ Potential Release Route (ug I-TEQ/t) ]
E E g S Cargories Air Water Land Produc Residua
o |0 | O
9 | Disposal/Landfill
t Landfili leachate
1| _Hazardous waste NA 200 NA NA
2| Non-hazardous waste NA 30 NA NA
b Sewage/sewage treatment [ ‘
1| Industrial, mixed domestic with Cl, ﬁ| |
No sludge removal 5 | NA NA 1,000
With sludge removal T‘ NA NA 1.000
2| Urban environments L
No sludge removal 2 Na NA 100
With sludge removal 1. _NA NA 100
L 3| Remote and residential or modern 1 | NA NA 10
| c Open water dumping
[ 1] Contaminated waste waters NA 50 NA NA NA
2| Uncontaminated wastewaters NA 5 NA NA Nﬂ
‘ d Composting
\ 1] All organic fraction NA ND NA 100 NA
I 2| Garden, kitchen wastes NA ND NA 15 NA |
\ 3| Green materials.not impacted NA ND NA 5 NIQ
L e Waste oil disposal | \
| 1] All fractions 4 ND ND [ D ND |
WL NA uxnei ldihaswunislanlaasansladendumuss
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5 § _ L Potential Release Route (ug I-TEQ/t) —!
g g Gatagarles:and Subcetegories AirT Water‘l Land 7‘ Product | Residue
10 Identification of Potential Hot-Spots x indicates need for site-specific evaluation
a| Production sites of chlorinated organics X X
b| Production sites of chlorine® X
\ ¢| Formulation sites of chiorinated phenols |
‘ d!| Application sites of chlorinated phenols ﬁt X X
|| e Timber manufacture and treatment sites X X
‘ f | PCB-filled transformers and capacitors X X
| g| Dumps of wastes/residues from categories X
h| Sites of relevant accidents
i | Dredging of sediments X X
‘ i | Kaolinitic or ball clay sites X 1 X
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1 Background

The Kingdom of Thailand has signed the Stockholm Convention on Persistent
Organic Pollutants (POPs) and is therefore obliged to develop a National Implemen-
tation Plan (NIP) on POPs reduction. One element of this NIP will be an inventory of
sources of unintentional released POPs, i.e. polychlorinated dibenzodioxins and
-furans (PCDD/Fs). To facilitate the construction of such inventories under the POPs
Convention UNEP Chemicals, Geneva, has developed a so-called “Standardised
Toolkit for Identification and Quantification of Dioxin and Furan Releases” which pro-
vides a default source structure and related emission factors.

Thailand has already applied this Toolkit to draft a first preliminary inventory; a final
version of the inventory is due by March 2005. Since in this preliminary inventory the
emissions of several source groups have not been evaluated and the calculations
made partly are not really transparent, the Thai Pollution Control Department (PCD)
requested for assistance by an international consultant with considerable experience
in such issues. This assistance was provided by Dr. Ulrich Quass from Muller-BBM
GmbH, Germany, who established the so-called “European Dioxin Inventory” on be-
half of the European Commission.

2 Tasks

According to the terms of references which had been agreed on between PCD and
Dr. Quass the assistance should comprise following elements:

¢ Preparation of training materials for a training of PCD staff during a visit of the
consultant in Bangkok

« Provision of material and methodologies for best-practice development and
execution of inventories

« Participation in field survey of potential dioxin emission sources

e Assistance in the assessment of national institutional capacities for unintentional
POPs management.

e Provision of advise on identifying: barriers to phase out, reduction, remediation
and disposal of unintentional POPs.

o Provision of recommendations on the outline of a plan or strategy for promoting
awareness, training and education with respect to measures to achieve reduc-
tion and releases of unintentional POPs.

M60 870/1 gya
2005-06-16 Page 3
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3 Execution

3.1

The consultancy work took place in three phases:
1. Home-based preparation of background and training material
2. Bangkok-based training and collaboration with PCD staff

3. Home-based preparation of mission reports and further revision of documents
delivered by PCD

Preparation of background and training materials

For a best-practice development of a dioxin emission inventory a broad range of
background information is necessary. This is especially true for countries which have
no means of carrying out comprehensive national emission measurement programs.
Therefore a compilation of reports and documents providing such information was
prepared and delivered to PCD on CD-ROM during the training. These documents
comprised

a) Documents focusing general aspects of dioxin policy and strategies to reduce
their releases

b) Dioxin emission inventories from various countries, partly made with UNEP
Toolkit

c¢) Documents advising to best available technologies (BAT), e.g. BREF-docu-
ments prepared by the Joint Research Centre (JRC) of the European
Commission

d) Various process-related information
e) Information related to application of the UNEP Toolkit
f) Information on available dioxin abatement techniques

The information provided by these documents may help to identify the relevant para-
meters and conditions of dioxin formation and releases from various industrial
sources. They further can be used as reference for the classification of sources
according to the UNEP Toolkit structure.

It was decided to use the preliminary inventory as a basis for the training. From the
present state in the preliminary inventory it was apparent that the activity rate calcula-
tions done so far were difficult to trace-up which leads to lack of transparency of the
methodology used. To overcome this obstacle, a new EXCEL-based form was de-
veloped. With this form, a transparent presentation and Toolkit-compatible calculation
of activity rates can be achieved. It was used to train PCD staff in activity rate
evaluation.
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3.2 Training workshop and further collaboration with PCD, Bangkok
3.21 Training workshop

The training workshop was held on two days. On the first day two lectures were given
by Dr. Quass to an audience comprising PCD staff and representatives from Thai in-
dustrial companies. The lectures started with an introduction to general knowledge on
dioxins and furans and to methodologies of source inventories. This was followed by
a detailed presentation of the UNEP Toolkit approach that comprises a manual giving
background information to identify and classify existing sources as well as an Excel
worksheet to calculate PCDD/F emissions using default emission factors. Related to
this, an additional tool ("AR-tool”) was presented developed for a standardised
evaluation and transparent presentation of the activity rates needed for the Toolkit
calculations. On the second day PCD staff was trained in the use of this activity tool
using exemplary data provided in the Thai preliminary dioxin inventory. This training
aimed to enable PCD staff to

» lIdentify the source types and source classification which are available in the
Toolkit and to get insights in their proper application

e Trace-up the calculations made in the preliminary Thai inventory and to identify
wrong assignments and other errors leading to a lack of transparency

» Re-evaluate the activity rates and present this evaluation in a traceable and
transparent way by using a standardised form

» Realise the importance of proper use of physical dimensions as well as the
need to quote reference documents and other sources of information

Exercises were done that aimed at a re-evaluation of the activity rate calculations in
sector 1-3 of the preliminary inventory.

From the exercises done so far some obvious lacks of information in the preliminary
inventory became obvious:

» The emission factors for hospital waste incineration provided by the UNEP
Toolkit need revision. The description of class 1 installations (uncontrolled batch
combustion, no APCS) fits well with many Thai installations. However, the
emission factor of 40,000 pg I-TEQ/Mg(waste) for this class has not been de-
rived by real measurement data. Instead, default values for flue gas volume and
concentrations are used that both seem unreasonably high. Applying this
emission factor would yield annual emissions from these installations solely that
almost equal the entire PCDD/F emissions in the Western European countries.
Hence in the preliminary Thai inventory the installations that technically should
belong to class1 already have been assessed using the class 2 emission factor
of 3,000 pg I-TEQ/Mg(waste). This emission factor corresponds to the highest
factor ever reported in Western Europe for similar installations and therefore still
might reveal an upper level estimate.

It is therefore proposed, either to more precisely describe the technology of
class 1 installations (meaning of “uncontrolied batch combustion”, maybe
termed “barrel drum burning or stackless stove combustion”) or to erase class 1
from this source group entirely.
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* Regarding hazardous waste incineration no information is provided by the
Toolkit on so-called co-combustion facilities using hazardous waste as
supplemental fuel input. Such co-combustion is practised particularly in cement
plants; however, neither sector 1 “waste incineration” nor sector 4 “Production of
mineral products” takes this up. It is propcsed here to insert an additional class
(or classes) to sector 4, source group “Cement kilns”, since the main intention of
these facilities still remains to be cement production and not waste incineration.

¢ In the preliminary Thai inventory, sector 3 covering metallurgic processes,
several inconsistencies between activity data presented in the text and the
corresponding tables as well as wrong assignment of activity and classification
were found. Further, as already mentioned in the preliminary Thai inventory,
activity data on some non-ferrous metals, particularly copper, is lacking.

Based on this training PCD staff should now be able to extend the work started with
sectors 1 to 3 to the other sectors. This is not only seen as a useful exercise but lays
the fundament for a thorough update and a most efficient completion of the Thai
inventory.

Field survey of potential dioxin emission sources

3.2.2 Plant visitations

PCD organised a three day visitation of installations that could be relevant for the
national dioxin emission inventory. The installations covered

e Crematories
e Pulp-and-paper plant
e Power plant
» Hospital waste incineration
« PVC production
e Chlorine production
The visitations were finished by a short visit of the Rayong industrial estate.

Following, a brief description of the installations and an assessment of the informa-
tion gained with respect to the inventory is given.

3.2.2.1 Crematories

As already outlined in the preliminary dioxin inventory, the Thai crematories may
contribute considerably to the overall emissions in Thailand. This is predominantly
due to the fact that cremation is the traditional way Thais are burying their dead.
Therefore, the cremation rate was estimated to be 95%. The temple visited has two
cremation installations which both must be considered as relatively low emitting since
they have a dual furnace (primary chamber/afterburner) construction. Besides the
furnace regularly used with a capacity of ca. 6 cremations/day a new developed,
smaller installation was shown. This unique small crematory was constructed with
particular attention to energy saving. According to information supplied by an officer
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from the municipality both installations belong to a group of approx. 20 crematories in
Bangkok equipped with afterburner. All other crematories are simpler single chamber
installations.

Regarding potential dioxin emissions not only the construction of furnace but also the
materials allowed to b e burned may be important. At the visited site all materials like
decoration plastics as well as the coffin roof is withdrawn before cremation. This can

be seen as a good practice for lowering potential emissions.

3.2.2.2 Pulp-and-paper plant

One of the largest pulp-and-paper plants of Thailand was visited to assess the role of
chlorine as bleaching agent. 1t was confirmed by the company that still chlorine is
used but to a reduced extent since additionally hydrogen peroxide is added. For the
inventory this means that the worst emission factor (related to product contamination)
listed in the UNEP Toolkit should be applied. Whether this might lead to an
exaggeration of actual product contamination could be checked by doing some
exemplary analyses.

3.2.2.3 Power Plant

The 1.5 GW Ratchaburi power plant visited uses natural gas as main fuel which is
occasionally — depending on market conditions - replaced by heavy oil or diesel oil.
According to operator information the frequency of oil based operation is almost
negligible. For natural gas combustion a very low emission factor applies and the
emissions from this plant can therefore be assessed as irrelevant.

3.2.24 Hospital waste incineration

The most relevant installation visited was a small waste incinerator located at the
medium-size hospital at Sam Pran Hospital, Nakorn Pathom Province. This
installation is a prototype of a Thai build new system developed in order to achieve
lower emissions than experienced with the standard mono-furnace installations. The
prototype is a two chamber furnace with sub-stoichiometric combustion in the first
chamber and a subsequent afterburner. Afterburner temperature is in the range of
900 to 1000 °C, a temperature that must be seen as somewhat low to be on a safe
side with regard to dioxin destruction. The flue gas is rapidly quenched and further
treated in a wet scrubber, thus releasing water emissions. According to the developer
it is planned to replace the wet scrubber by fabric filters. If so, the best choice would
be a catalytically active filter with dioxin destruction characteristic. A dioxin emission
measurement has already been carried out at this installation. The measurements
revealed flue gas concentrations about 0.7 ng I-TEQ/m?.

This development can be seen as a significant step towards an improvement of the
current Thai situation which is characterised by several hundred simple furnace in-
stallations operated at the hospitals.
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3.2.25 PVC and chlorine production

Located in the Rayong industrial estate, a chemical complex including a PVC produc-
tion and an electrolytic chlorine production plant was visited. With respect to PVC
production, dioxin emissions are to be expected if the residual materials from EDC
reactor are released to the environment without proper treatment. At the visited plant,
however, all waste materials (gases and solids) are treated in an on-site hazardous
waste incinerator. The construction of the incinerator with a combustion temperature
of 1300°C, rapid quenching and wet flue gas cleaning assures low dioxin emissions.
Here, too, a dioxin emission measurement had been conducted on operator's behalf
and revealed concentrations below 0.1 ng I-TEQ/m?®. Nevertheless, this facility is of
considerable importance for the Thai dioxin inventory since up to now no hazardous
waste incinerators are mentioned in the preliminary inventory report. It may be an-
ticipated that similar incinerators exist at other locations which should be identified.
Finally, the chlorine production plant was told to be quite new and therefore the only
relevant indication for dioxin emissions — use of graphite electrodes — does not apply.
According to the operator the same is the case for all similar installations in Thailand.

3.2.3 Wrap-up meeting and recommendations for further work

On the last day of the consultant's stay at Bangkek the insights gained during the
visitations and remaining questions with regard to the inventory report were dis-
cussed. In view of the limited time remaining for finalising the inventory it was highly
recommended to use the preliminary inventory as condensation nucleus for the final
report. Using the new activity rate tool a rapid revision of the calculations done so far
and corrections of apparent errors should be made. Some effort appears meaningful
to better estimate the activities of certain sources; however, it should be taken into
account that such effort only would be efficient if significant changes in the inventory
are expected. For example, a better knowledge on the real waste throughput in the
hospital waste incinerators might reduce the emission estimate that is based on a
capacity evaluation so far.

To facilitate the further work the consultant finally provided a table (see below) listing
all source categories in the preliminary inventory which demand some further activity.
These activities are distinguished into “must do” and “may do” to indicate priorities to
be taken. Source categories not mentioned in this list can be taken as sufficiently
considered and should be included in the final draft as given in the preliminary in-
ventory report.
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Table 1. Recommended to-do-list for revision of Thai dioxin emission inventory

Missing data Must do May do

Hazardous waste incineratién Check for more facilities in
chemical (PVC) industry; if
exist, check technology and

activity rate
Hospital waste incineration Correct figures given in Check for class1 facilities
Inventory (see exercises) (barrel burning, open burning);

if exist, assume on share of
total waste being burned in
class1 facilities

Check to whom questionnaires
had been sent and who did/did
not answer. If reported number
of plants appears not reliable,
check for better information
(Estate, metal and. Clubs, Thai
production statistics )
Secondary aluminium production | Same as for copper
Secondary lead production Check statistical data and
questionnaire results on pro-
duction (latter were 6 times
higher than statistics);

S&;ondary copper production.

Biomass power plants Check for other fuel consump-
tion than wood; if exist, in-
crease activity rate accordingly

Cement prod Check calculation (appear to
be wrong)
Lime production Make calculation more trans-
parent (AR-tool)
Brick combustion Check for better production
data (yet only assumption)
Ceramics prod. Same as for bricks
Transportation Check for 2-stroke engines
activity
Uncontrolled combustion Check for assumptions made | Check for forest fires and com- |
regarding landfill fires and parable virgin materials burned |
; open burning of waste
Pulp&paper Refinement needed; check
basic data of questionnaires
for missing information
Cremation Check for installations with
afterburners and assigned
number of cremation (= class
2);
Landfills Take data given in waste inc.
sector for waste being land-
filled; emission factor to land
‘ will be available in next version
‘ of Toolkit
Sewage sludge \ Check for activity data |
Open water dumping Check for activity data
Waste oil treatment —non thermal | Check for activity data '
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Besides the list given above there is a number of sources which might exist in
Thailand but are not covered by the Toolkit structure:

o Co-combustion of hazardous waste (tyres, chemicals) in cement plants; if such
activity exists insert new subcategory/class in cement production

¢ Industrial combustion plants to generate heat or electricity (not public power
plants)

o Waste oil combustion (e.g. originating from automotive workshops); if exists,
new subcategory either in “open burning” (if oil is combusted on site in bar-
rels ) orinindustrial combustion or to be considered in co-combustion in
cement plants

PCD is recommended to use the list above as a work plan to complete and finalise
the inventory. The consultant agreed to revise any chapter delivered by PCD and to
further assist in case of up-coming questions.

4 Final comments and recommendations

4.1 Presentation of the inventory

[t is obvious already from the preliminary inventory report that the national dioxin
emission freight of Thailand might be dominated by sources of uncontrolled combus-
tion, in particular landfill fires and open on-field burning of agricultural residues.
However, for these source categories very large uncertainties exist with respect to
both, activity rate and emission factor. It appears to be more or less a guess how
much mass of the landfilled waste is combusted annually by unintentional and
uncontrolled fires. Therefore, in order to make use of the inventory for directing
abatement measures it might be wise to separate these highly uncertain source
categories and to put the focus on those with better certainty. Hence, besides the
usual inventory table according to the UNEP Toolkit template further sub-inventories
should be drafted that provide a better view on those sources that may be subjected
to specific action in future.

Moreover, since activity rates in certain cases may be estimated only based on
assumptions an indication on the uncertainty resulting from this procedure should be
given. This ¢an be done in producing two inventories with minimum and maximum
emission estimates. Another option is to introduce a qualitative uncertainty classifica-

noow

tion /e.g. “very high”, “high”, “medium”, “low”, “very low”).

4.2 Future updates of the inventory

By use of the methodology of UNEP Toolkit in combination with the Activity Rate tool
introduced in the training any future update can be realised with convenience. The
need for updating may rise from one of these events:
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1. Toolkit emission factors are revised and change

2. New information is provided on certain activities which cause the need for
revision of an existing inventory

3. New source categories are introduced into the Toolkit.

4. The inventory shall be adjusted to a new reference year/period with different
activity rates

In order to keep transparency any update should be made using copies of the files
that have been produced so far. It is highly recommended not just to overwrite data in
files that are the basis of an already made (and maybe published) inventory. Best
practice is to have all files and reports of a given inventory kept togetherin a
dedicated directory also including a “readme” file that contains information on

o the names of staff being involved and the work each has done
¢ the reference year/period of the inventory

o the date of finalisation

¢ the version of inventory

o the reason for updating and a list of changes made compared to the previous
version

Recommendations regarding measurement programmes

4.3.1 Emission measurements

Within the Thai activities concerning the Stockholm Convention NIP a dioxin emission
measurement program was carried out in the late 90s and the results were published
in 2001. This program included a number of potential emission sources and revealed
that particularly hospital waste incineration and secondary steel production must be
considered major contributors to the national emissions. Regarding the hospital
waste incinerator it must be noted that the measured instaliation belonged to the few
large-capacity facilities. This implies that the combustion technology to a certain
degree limits dioxin generation and the measured values —still high compared to
European standard — may be not transferred without deeper insight to the more
common small facilities. For these, a number of several hundred has been evaluated
to be in operation in the preliminary inventory. Looking at numbers and associated
capacities, more than 60% of the hospital waste throughput in Thailand might be
incinerated in these small facilities. However, this could be an exaggeration if
capacities are not used up in reality.

Nevertheless, additional emission measurements at small capacity incinerators would
highly contribute to a more certain view on the impact of these facilities on the na-
tional dioxin emissions. Without some real-life data the emissions calculated for this
source category will remain uncertain, also because the correct assignment of Toolkit
emission factors has been shown to be problematic (see discussion in the preliminary
inventory report).
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From the impressions and information gathered during the consultancy stay in
Thailand no further urgent need for emission measurements was revealed. However,
there are some sources which have been evaluated insufficiently so far, particularly
those in the non-ferrous metal industry (copper production). In case the further in-
ventory work will show considerable relevance of these source categories additional
demand for emission measurements may rise.

4.3.2 Other measurements

In order to assess the local impact of emissions from dioxin sources monitoring of
deposition and/or ambient air concentration has frequently been applied in Germany
and other European countries. Such measurements may be an option in Thailand
with respect to sources which are evaluated in the inventory to emit at least one gram
I-TEQ per year. Such measurements, usually carried out for a longer period collecting
monthly samples may provide additional verification of the relevance of a source.

Further, a survey of food contamination could be useful to better assess the impact of
dioxin air emissions to the public health. Even with high air emissions the associated
risk might be less than in other countries since Thai daily food comprises large frac-
tions of sea food gathered off shore. Thus the terrestrial transfer chain usually con-
sidered in Europe as the dominant pathway from emissions to human exposure may
be of less importance in Thailand.

Regular analyses of mother's milk may serve as an indication of the actual state of
human health protection.

Advise regarding institutional capacities

According to information provided by the Pollution Control Department PCD there is
high awareness of the problem of environmental contamination by dioxins and furans
in various political instances (ministries). The awareness finds its expression in the
fact that some regulations on dioxins and furans have already come into force. For
municipal and hazardous waste incineration, respectively, emission limits already
have been imposed. These are set at 30 ng/m? (total PCDD/F) or 0.05 ng I-TEQ/m? in
case of municipal waste and 0.5 ng I-TEQ/m? in case of hazardous waste incinera-
tion. These values are comparable to European regulation (0.1 ng I-TEQ for all types
of waste incinerators) and will be sufficient to maintain a good state of the environ-
ment if they are complied with.

However, compliance to emission limits set by the authorities must be controlled to
assure the effectiveness of the regulation. In case of dioxins and furans such control
can only be realised by carrying out emission measurements. As far as there is in-
formation available no governmental institution is able to do so; and there is only one
private company which already could provide such service in Thailand (SGS) by
taking emission samples which in turn are analysed in the European laboratories. At
the time being this measurement capacity might still suffice to control the small num-
ber of waste incinerators being operated. But, sampling team availability could be-
come a limiting factor in case more incinerators would be build or other industrial
facilities are subjected to mandatory emission measurements.
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Such development appears quite probable in the coming years taking into account
that hospital waste incineration constitutes the major “industrial” source for dioxins
and furans in Thailand (as revealed by the recently finished Thai dioxin emission in-
ventory). As it happened with this sector in Europe during the recent decade, a
decline of the small, decentralised installations operated at the hospital sites is likely
to occur. Instead, larger incinerators which can be operated at better controlled con-
ditions and which allow to apply dioxin-specific abatement systems would be in-
stalled. Of course, a functioning waste collection system would be an important pre-
condition for the feasibility of this option.

Further need for emission measurement capacity might be generated if other indus-
trial sources, e.g. in the metal industry, were to be investigated for their stack re-
leases of dioxin and furans.

Therefore, capacity for taking samples from fiue gases, soil, water, and deposition
should be build up in the near future. This could be done within governmental institu-
tions or using the service of private companies. In the latter case some system of
accreditation by governmental authorities should be implemented to assure sufficient
expertise of the sampling teams. Further, standard methods to be applied (e.g. the
European standard EN1948 or US EPA method 23) should be defined. Thus in any
case expertise on taking environmental sampling must be available at the authorities
— either to carry out the work by themselves or to check the competence of private
services. It is further advisable to establish a close relation of such “sampling expert
group” to experts having knowledge of the peculiarities of the various industries
existing in Thailand, e.g. as they are employed at the Industrial Estates.

On the other hand there is no a priori need for having laboratories for analysing
PCCD/Fs in Thailand. Samples may be shipped to foreign countries (Japan, the US,
Europe) for analysis. Due to high competition in Europe the prices for dioxin analyses
have fallen considerably in the recent years and can be estimated to be about 500 €
(470 US$) per sample.

Advise regarding the identification of barriers to phase out, reduction,
remediation and disposal of unintentional POPs

From principle considerations there is a ranking list of actions which should be
followed as

prevention of PCDD/F formation

collection of formed PCDD/F to prevent release into the environment
destruction of collected PCDD/F

safe disposal if destruction is not feasible

Prevention of formation of course is the best way to protect the environment from

unintentional POPs. However, measures to reach this goal are quite limited in many
cases. In industry, control of input materials in order to minimise dioxin precursor in-
put (e.g. PCBs, PVC coatings) and operation conditions minimising the probability of
de-novo formation (e.g. rapid cooling of flue gases below the “formation temperature
window”) belong to these possibilities. However, in many cases such measures may
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decrease the dioxin formation to a level still being unsatisfactory. Then specific dioxin
abatement measures have to be implemented. Since such systems, like carbon in-
jection or catalytic fabric filters, are rather expensive the major barrier to follow this
route might be the limited funds available.

Regarding non-industrial sources the prevention of dioxin formation does not need
expensive technical investments but still is difficult to realise . Some improvement
may be achieved by banning certain fuels used for domestic cooking and heating
provided these fuels can be replaced easily by others with similar availability and
prices. Such options should be carefully checked before a dedicated regulation is
made, because large investments in the infrastructure (e.g. distribution network of
pipelines for natural gas supply) might be necessary.

It is even more difficult to convince people to change adverse behaviour which results
in dioxin formation, like e.g. backyard burning of waste or agricuitural residue burning.
Both customs are likely to be related with poverty and thus only may be overcome if
the general income situation of the population is improved. As far as backyard waste
burning is concerned it could possibly be reduced to a certain degree by establishing
an effective waste collection system.

If PCDD/F formation cannot be prevented, the formed dioxins and furans should be
retained to avoid their release to the environment. This is an option almost exclu-
sively applicable to industrial sources where emissions occur as stack flue gases.
More complicated are fugitive emissions from working halls or from open-air opera-
tions.

As mentioned above, extraction and collection of dioxins and furans from flue gases
generally needs specialised and expensive equipment. In case the installation of
such abatement systems is considered this should be done in an integrative way
taking into account the consequent steps of handling the collected dioxins. As far as
possible, a system that collects and destructs PCDD/Fs in ane step (like catalytic
filters) is favourable. Active carbon injection will yield a solid waste stream that has to
be subjected to high-temperature destruction afterwards. This may be done in waste
incinerators or cement kilns, provided they are operated at appropriate conditions and
their emissions can be monitored.

Recommendations on a strategy to promote awareness

Reducing dioxin emissions is not an easy task due to the large variety of sources in-
volved and the high costs for measurements and end-of-pipe technologies for effluent
cleaning. Therefore efforts should be directed at first to find possibilities for improving
the situation by primary measures (e.g. better control of input materials, change of
adverse behaviour). Examples could be checks of scrap composition at electric arc
furnaces, awareness rising directed at crematoria operators concerning materials to
be withdrawn before cremation. However, quite frequently such primary measures
are limited in effect and/or can be realised best on sources that are of less relevance.

In case abatement is only possible by severe intervention to economic or technical
procedures all effort should be concentrated to those sources which promise the
largest reduction effect. This may of course generate considerable resistance of the
concerned stakeholders which may claim apparent injustice. Therefore, it is essential
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to install a highly transparent communication to the public and all stakeholders con-
cerned. The emission inventory, its basis, limitations and uncertainties should be
clearly introduced and the reasoning for the selected actions must be made transpa-
rent. Cost/effectiveness studies on different options — if such exist — may help in this
phase. A forum for permanent monitoring of the process may be installed, such as a
round table involving all stakeholders, delegates from environmental groups and
communication companies (TV, newspapers, broadcasting).

It might be a good idea to found such forum before the inventory is completed and
published and to keep the members informed on the progress of the ongoing work.
Otherwise there could be the danger of surprise when the inventory is released (in
many cases data from such studies is spread around before the official release date
and before a press communication could take place!). Surprise on an environmental
issue associated with high awareness of danger as is the case of dioxins could lead
to “panic” reactions in the public perception and thus could make the starting position
for future activities difficult.

It should be made clear that all actions on dioxins are addressing the long-term
effects of these compounds from the viewpoint of precaution. Except for accidental
releases or certain occupational exposures there is no danger of suffering from acute
toxic effects. Therefore, measures that have to be taken do not need to be scheduled
on very short-term schedules. Nevertheless, it is always helpful to have clear visions
of the goals to be reached. And these goals should be as realistic as possible. Very
clearly, due to the multitude of possibilities for dioxin formation, a complete phase-out
of emissions will not be feasible. Under optimal conditions, industrial emissions may
attract a level well below non-industrial emissions, which to a large part cannot be
controlled.

In order to monitor the progress of emission reduction and also to identify the time
when any additional efforts will have only negligible impact a long-term monitoring
activity of an appropriate indicator, like human milk, could be helpful. Such indicator
data, published regularly and illustrating the achieved state of human health protec-
tion can be powerful instruments to rise awareness on the one hand and to avoid
exaggerated reactions on the other.

Dr. rer. nat. Ulrich Quass
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Chapter 1

Stockholm Convention and Unintentional

Persistent Organic Pollutants

Persistent organic pollutants (POPs) are chemical substances that resist photolytic,
biological and chemical degradation, have long half-lives and persist in the environment
for long periods. Due to their characteristics of low water solubility and high lipid
solubility, they are bioaccumulated in fatty tissue of living organisms through the food
web and cause adverse effects to human health and the environment. These urge the
international community to call for urgent global actions to reduce and eliminate

releases of these chemicals.

At its ninth meeting in May 1995, the UNEP Governing Council adopted Decision 18/32
concerning POPs. The decision invites the Inter-Organization Programme on the
Sound Management of Chemicals (IOMC), working with the International Programme
on Chemical Safety (IPCS) which is a joint venture of the United Nations Environment
Programme (UNEP), the International Labour Organisation (ILO) and the World Health
Organization (WHO), and the Intergovernmental Forum on Chemical Safety (IFCS) to
undertake an assessment process addressing POPs in relation to human health and

the environment.

The Stockholm Convention on Persistent Organic Pollutants was adopted with the
cbjective of protecting human health and the environment from POPs including 12
substances: aldrin, dieldrin, endrin, DDT, toxaphene, chlordane, heptachlor, mirex,
hexachlorobenzene, PCBs, dioxins and furans. The Convention is open for signature
at Stockholm on 23 May 2001 and at the United Nations Headquarters in New York
from 24 May 2001 to 22 May 2002. The Convention entered into force on 17 May 2004
in accordance with paragraph 1 of Article 26 of the Convention after 90 days of the
submission of the fiftieth instrument of ratification. Up to date, there are 151 signatured
countries and 94 ratified countries. Thailand has ratified the Convention on 31 January
2005 which Pollution Control Department, Ministry of Natural Resources and

Environments serves as the Focal Point for the Stockholm Convention.

In implementing the Stockholm Convention, Thai governments will take measures to
eliminate or reduce the release of POPs into the environment in accordance with

paragraph 1 of Article 7 of the Stockholm Convention which states that each Party shall
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develop and endeavor to implement a plan for the implementation of its obligations
under the Convention and to transmit its plan to the Conference of the Parties within
two years of the date on which the Convention enters into force for it. Financial
support for eligible countries to develop these plans is available through the Global

Environment Facility.

1.1 Organizing Committee

1.1.1 National Coordination Committee on the Stockholm Convention

In order to achieve the National Implementation Plan (NIP) on the Stockholm
Convention, National Coordination Committee (NCC) has been set up to consider and

give advices on the National Profile.

The NCC consists of Director General or representative from many relevant ministries

“and stakeholdes listed as followings:

Dr. Vichien Keeratinijakal Chairman
Kasetsart University

Mr. Apichai Chvajarernpun Co-Chairman
Director General, Paollution Control Department,
Ministry of Natural Resources and Environment (MONRE)

Mr. Soodsakorn Putho / Ms. Sirakarn Srilekha Committee
Department of Industrial Works, Ministry of Industry

Mrs. Panpimon Chunyanuwat / Mr. Tawatchai Hongtrakul Committee
Department of Agriculture, Ministry of Agriculture and Cooperative

Ms. Jaruwan Tabthiang Committee
Department of Health, Ministry of Public Health

Mrs.Virapun Songsujaritkul / Ms. Sudaporn Tungkijvanichkul Committee
The Customs Department, Ministry of Finance

Mr. Somsak Triamjangarun / Dr. Kengkarn Louvirojanakul Committee
Department of International Organizations, Ministry of Foreign Affairs

Ms. Oracha Tanakorn / Ms. Kakanang Amaranand Committee
Department of Treaties and Legal Affairs, Ministry of Foreign Affairs

Mrs. Suchana Choocherd / Mr. Varawit Muenthong Committee
Department of foreign Trade, Ministry of Commerce

Ms. Amornrat Leenathikul / Mr. Pansak Pramokchon / Committee

Dr. Aurus Kongphanich
The Food and Drug Administration, Ministry of Public Health
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Ms. Sukanya Boonchalernkit Committee
Department of Environmental Quality Promotion, MONRE
Mr. Akkadej Homsethee / Ms. Thipyanee Suwanwijit Committee
Bangkok Metropolitan Administration
Mr. Wijarn Kulchanarat / Mr. Chaipat Chaisawat / Committee
Mr. Somyos Pholsawang
Department of Local Administration, Ministry of Interior
Mrs. Chomphoonut Chuangchote / Mr. Chamnong Paungpook / Committee
Ms. Benjamas Junaiem
Office of National Economic and Social Development Board,
Office of the Prime Minister
Ms. Nawarat Anomasiri / Ms. Chanya Youngyuen ' Committee
The Bureau of the Budget, Office of the Prime Minister
Ms. Somchint Pilouk / Ms.Thucsina Panichnun Committee
The Industrial Estate Autherity of Thailand
Mrs. Willailak Suraphruk Committee
Office of International Cooperation on Natural Recourses and
Environment, MONRE
Mr. Pairat Tangkaseranee / Mr. Chaveng Chac Committee

The Federation of Thai Industry

Mrs. Sunee Piyapanpong Secretary
Pollution Control Department, MONRE

Dr. Jarupong Boon-Long Co-Secretary
NIP/POPs Project Manager

Ms. Pornpimon Chareonsong Assistant
Pollution Control Department, MONRE Secretary

1.1.2 Task Force Committee on Unintentional POPs Inventory

NCC has also set up the Task Force Committee on unintentional POPs inventory. The
Task Force Committee has authority and duty to consider on unintentional POPs issues
such as a mechanism and assessment detail, plan and management guideline,

suggestion on inventory data, regulation and legislation enforcement.

This committee is chaired by Mr. Apichai Chvajarernpun, Director General PCD in close

collaboration with representatives from PCD, DIW, BMA, DOH, DOA, Department of
Local Administration, IEAT, FTI and Dr. Chalongkwan Tangbanluekal, National Expert

on Unintentional POPs as listed:



Mr. Apichai Chvajarernpun
Director General, Pollution Control Department,
Ministry of Natural Resources and Environment (MONRE)

Ms. Sirakarn Srilekha
Department of Industrial Works, Ministry of Industry
Mr. Akkadej Homsethee / Ms. Voranuch Suay-kakao
Bangkok Metropolitan Administration
Mr. Anan Suwanrat / Mr. Tawatchai Hongtrakul
Department of Agriculture, Ministry of Agriculture
Ms. Sukarnda Padpadee
Department of Health, Ministry of Public Health
Ms. Somchint Pilouk / Ms.Muthita Triwittayapum
The Industrial Estate Authority of Thailand
Mr. Chaveng Chao / Mr. Pairat Tangkaseranee
The Federation of Thai Industry
Dr. Chalongkwan Tangbanluekal

Faculty of Medicine, Ramathibodi Hospital, Mahidol University

Ms. Pornpimon Chareonsong
Pollution Control Department, MONRE

1.1.3 Task Force Team for PCDDs/PCDFs Inventory

PCD has assigned the Task Force Team for PCDDs/PCDFs inventory to gather data on
PCDDs/PCDFs emission from potential source categories and establish the inventory
data. The Task Force Team is leaded by Dr. Chalongkwan Tangbanluekal in

collaboration with staffs from Bureau of Hazardous Substance and Waste Management

as listed :

Ms. Pornpimon Chareonsong
Mr. Manop Boonjam

Ms. Sasivimon Naewthong
Ms. Suwalak Yaonoon

Mr. Thanaphan Phaetphan
Ms. Pimpax Pongpisut

Chairman

Committee

Committee

Committee

Committee

Committee

Committee

Committee

Secretary

to gather inventory data of PCDDs/PCDFs from potential source categories.



1.2 Institutional Capacity and Legislation for Managing Unintentional POPs

Thai government has recognized the problem of chemical hazards as a high priority in
correspondence to the chemical management under the Chapter 19, Agenda 21 as it
has been tackling health and environmental problems and enacted legislation at the
national level since 1960. There are many governmental institutions that play role and
responsibility in management of unintentional POPs. Several legislations concerning
environmental and health problem are enacted by the King, by and with the advice and
consent of the National Legislative Assembly, acting as the National Assembly.
Legislation are established and listed according to its significance from more to less as
Act, Royal decree, Ministerial Regulation and Notification and enforced by Minister
which has authority to prescribe any activity for execution of the legislation and
appointment of officials in charge. However, the Ministerial Regulations and Notification
shall come into force upon their publication in the Government Gazette. In addition,
there are non-governmental organizations at national and international level that also
concern on environmental and health safety such as Thailand Environment Institute,
GAIN, Green Peace, etc.

Ministry of Natural Resources and Environment (MONRE) is responsible for
developing strategy, policies and planning to achieve environmental quality standard
and poliution control. The Ministry is composed of various Departments such as
Department of Environmental Quality Promotion, Pollution Control Department (PCD)
and Office of Natural Resources and Environmental Policy and Planning. PCD is served
as the Focal Point for the Stockholm Convention and responsible for chemical
management in general and POPs in particular. Besides it is also served as the
Designated National Authority for the Rotterdam Convention on the Prior Informed
Consent Procedure for Certain Chemicals and Pesticides in Trade (PIC) as well as the
focal point for the Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and Their Disposal. The Enhancement and Conservation of
National Environmental Quality Act, 1992 is enacted to reform and improve the law on
enhancement and conservation of national environmental quality which is enforced by
Minister of MONRE. Two Ministerial Notifications enacted in 2003 on issueing standard
control of emission from medical waste incinerator and assigning crematoria as
pollutant source that must control its emission to environment. The current allowance
Thai standard enacted in 1999 for Dioxin emission from municipal solid waste
incinerator of capacity greater than 1 t/d is 30 ng total/Nm® or 0.05 ng I-TEQ/Nm?®. In
addition, the Public Act, 1992 is enacted for public health safety and authorizes PCD to



be responsible for measure control of environmental pollutants, waste and hazardous
waste disposal and any nuisance including odor, light, radiation, noise, heat, hazardous
substance, vibration, dust and toxic ash that have adverse effect to environment and
health.

Ministry of Industry (MOI) is responsible for management and control of production,
import, export and having in possession of chemicals in industries, particularly those
generating hazard of toxic chemicals under the provision of the Factory Act, 1992 and
the Hazardous Substance Act, 1992. Ministerial Notification No.6, 1997 and No.1, 1998
are enacted under the provision of the Factory Act, 1992 on disposal of wastes or
unused materials for effective control of hazardous waste management in industry. All
industries are required to submit their waste manifestation and permission to transport
waste from industrial plant to outside by the contractor for further disposal or treatment
such as wastewater treatment, sludge treatment, landfill and incineration. In addition,
MOI has enacted the Ministerial Notification in 2002 on allowance quantity for industrial
hazardous waste emission from waste incinerator — emission of PCDDs/PCDFs not
exceeding 0.5 ng I-TEQ/Nm®.

Ministry of Agriculture and Cooperatives (MOA) is responsible for promoting
agricultural development and production of agricultural products including rice, field
crops, livestocks, fisheries as well as surveillance for toxic residue and disease control.
There are many departments under MOA that involve in PCDD/PCDF inventory such as
Department of Agriculture and Royal Forest Department which involve in source
category 6 — uncontrolled combustion processes and category 3 — power generation
and heating/cooking in biomass power plant, household heating and cooking - biomass
and domesting heating — fossil fuels. Department of Agriculture, Department of
Fisheries and Department of Livestock Development have managed and controlled
production, import, export, and having in possession of hazard chemicals in agriculture
under the Hazardous Substance Act, 1992.

Ministry of Public Health (MOPH) has managed and controlled production, controls
toxic substances used as import, export, and having in possession consumer products
or some other human health purposes. Ministerial Rule on disposal of medical waste,
2002 is enacted under the provision of Public Health Act, 1992 for control and
management of animal carcass, biopsy tissue, contaminated sharps, infectious wastes
and medical waste incineration. This Ministerial Rule also regulates the medical waste
incineration to meet the specification of two chamber composed of the first burning

chamber and second chamber for flue gas burning, of which should have temperature
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greater than 760°C and 1000°C, respectively. In addition, Ministerial Notification on
assignation on characteristic for infectious waste containment area is recently enacted
on May 16, 2005 and shall come into force 90 days upon their publication in the
Government Gazette. The Hazardous Substance Act, 1992 is enacted and authorizes
Food and Drug Administration, MOPH to control a registration for production, import,
export or having in possession of household and consumer products containing

hazardous substances.

The Customs Department is responsible for prevention and control of smuggling all
goods and other illegal products including import, export and re-export of hazardous
substances, chemical products and hazardous wastes. Since PCDDs/PCDFs are an
unintentional product from process; therefore, the Customs Department is not directly
responsible for such control but will work in collaboration with other government
institutions including Ministry of Commerce, Ministry of Finance and Ministry of Industry
may play role in controlling of substances or chemicals that are imported to be used as
raw material or catalyst of the process such as metal scrap in ferrous and non-ferrous
production, chlorine or chlorinated compounds in chemical industry and production of

consumer goods.

Up to now, there is no facility established for PCDDs/PCDFs analysis in Thailand. All
PCDDs/PCDFs analysis would be conducted by SGS (Thailand) or other private
companies to collect samples and sent out to international laboratory for further
analysis. Department of Environmental Quality Promotion, MONRE is in process of
requesting budget from Thai Government to establish laboratory for PCDDs/PCDFs

analysis with safety concerns on health and environment.



Chapter 2

PCDDs/PCDFs

PCDDs and PCDFs are classified as unintentional POPs as stated in the Stockholm
Convention on Persistent Organic Pollutants. The class of compounds made up of
PCDDs and PCDFs, known as dioxins and furans, have received widespread attention
and attracted a great deal of research due to their lipophilicity and persistent in
environment and hazardous health effect. The awareness of dangers from
PCDDs/PCDFs contamination is addressed from past episode when the largest known
dioxin contamination occurred when 12 million gallons of Agent Orange, a defoliant
mixture contaminated with a form of the most toxic dioxins, 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD), were sprayed over southern and central Vietnam to clear forests in the
Vietnam war between 1962 and 1970. Dioxins contamination also occurred from an
accidental release of TCDD from chemical plant explosion at Seveso, Italy in 1976 that
affected 37,000 people. Several U.S. area such as Love Canal in Niagara Falls, New York in
1978 and Times Beach, Missouri in 1983 were reported of dioxin contaminations as a result of
industrial discharges or spraying of dirt roads with dioxin-contaminated waste oils. Recently, the
news on dioxin poisoning afflicted Viktor Yushchenko, Ukrainian president before his

election in 2004 seems to be alarmed of their hazard to health.

2.1 Structure, TEF and Occurrence

PCDDs/PCDFs have very similar chemical structures and properties. There are
75 and 135 possible congeners of PCDDs and PCDFs, respectively, of which 7 and 10

el .
g /"‘“\\\ \ 2
) N,
7 b TR (;)jﬁ\
Cl y : O T C‘)(
4
Polychlorinated Dibenzo-p-dioxins (PCDDs) Polychlorinated Dibenzofurans (PCDFs)
75 possible congeners 135 possible congeners
7 have Cl substitution in position 2,3,7,8 10 have CI substitution in position 2,3,7.8

Figure 2-1 Structure of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs). Chiorine atoms (Cl; and Cl,) may be substituted

for hydrogen atoms at any of the numbered carbon atoms.
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congeners of PCDDs and PCDFs, respectively, have chlorine (Cl) substitution in
position 2, 3, 7 and 8 which exhibit variety of potential toxicity, stability and persistence

in the environment as shown in Figure 1-1.

The toxicity of all dioxins and dioxin-like substances are measured by Toxic
Equivalency Factors (TEFs) against TCDD which is the most toxic isomer. Therefore,
the toxic effect of different isomers is calculated in terms of the amount that would
cause the same degree of toxicity as TCDD. The toxicity of complex mixtures are
expressed as the toxic equivalent (TEQ) which can be calculated by summing the
measured concentration of each congener and multiplying by its TEF:

TEQ = Z(Conc. peop 1.7y X TEF peopir.7

+ Conc. pcprr. 10y X TEF peora 10)
+Conc. peg (1129 X TEF pcg (1..12)).

TEF can be expressed by international TEF (I-TEF) and World Health Organization TEF
(WHO-TEF). As shown in Table 2-1, WHO-TEF has been studied for PCDDs and

PCDFs toxicity in humans, mammals, fish and birds.

Table 2-1 International and WHO-TEF of 7 congeners of polychlorinated
dibenzo-p-dioxin (PCDDs) and 10 congeners of polychlorinated
dibenzofuran (PCDFs).

WHO - TEF
Compound_s iiad Human/Mammals|  Fish Birds _‘I
PCDDs |
2,3,7,8-Cl,DD 1.0 1.0 1.0 1.0
1,2,3,7,8-ClsDD 05 1.0 1.0 1.0
1,2,3.4,7,8-CleDD 0.1 0.1 0.5 0.05
1,2,3,6,7,8-ClsDD 0.1 0.1 0.01 0.01
1,2,3,7,8,9-ClsDD 01 0.1 0.1 0.1
1,2,3,4,6,7,8-C,DD 0.01 0.01 0.01 <0.001
ClsDD - 0.001 0.0001 | - :
PCDFs
2,3,7,8-ClL.DF 0.1 041 0.05 1.0
1,2,3,7,8-CIsDF 0.05 0.05 0.05 01 |
| 2,3,4,7,8-CIsDF 05 05 0.5 1.0
" 1,2,3,4,7,8-ClsDF 0.1 0.1 01 | 0.1
1,2,3,6,7,8-ClsDF 0.1 0.1 0.1 0.1
1,2,3,7,8.9-ClsDF 0.1 0.1 0.1 0.1
2,3,4,6,7,8-ClsDF 0.1 0.1 0.1 0.1
1,2,3,4,6,7,8-Cl,DF 0.01 0.01 0.01 0.01
1,2,3,4,7,8,9-Cl,DF 0.01 0.01 001 | 0.01
| ClDF 0.001 0.0001 0.0001 | 0.0001 |




2.2 Sources and Emission to Environment

PCDDs/PCDFs are not produced for commercial purposes, but an unwanted by-product
of many chemical, manufacturing, and combustion processes. They occur as trace
contaminants in several chemical processes, primarily during the synthesis of chlorinated
phenols; for example, 2,3,7,8-TCDD is a by-product in the synthesis of 2,4,5-trichlorophenoal,
an intermediate compound formed during the production of 2,4 5-trichlorophenoxyacetic acid

and hexachlorophene.

They are formed by burning chlorine-based chemical compounds (such as PVC-coated
copper cables, PVC packaging, bottles, wraps, coatings, textiles, footware, toys, etc)
with hydrocarbons. They are also formed as an unintentional by-product of many
industrial processes involving chlorine such as waste incineration, chemical and
pesticide manufacturing, metallurgical process, pulp and paper bleaching, production of
polyvinyl chloride (PVC) plastics, chlorophenol wood treatment, incomplete combustion
in incineration of chlorine-containing waste materials, and the combustion of leaded gasoline

and cigarette smoking.

The United Nations Environment Programme (UNEP) has developed Standardized
Toolkit for Identification and Quantification of Dioxin and Furan Releases to be used as
a guideline on PCDDs/PCDFs inventory from 10 potential source categories listed as

followings :

Source Category 1. Waste Incineration

o Municipal solid waste incineration

+ Hazardous waste incineration

o Medical Waste incineration

s Light-fraction shredder waste incineration

¢ Sewage sludge incineration

* Waste wood and waste biomass incineration

e Combustion of animal carcasses

Source Category 2 : Ferrous and Non-Ferrous Metal Production

e lron ore sintering

Coke production

e | ron and steel production and foundries

Copper production

Aluminum production



e |ead production

e Zinc production

e Brass production

e Magnesium production

e Other non-ferrous metal production
e Shredders

e Thermal wire reclamation

Source Category 3 : Power Generation and Heating

e Fossil fuel power plants
e Lignite
o Disel, LPG
e Natural gas
e Biomass power plants
e Landfill , biogas combustion
¢ Household heating and cooking (biomass)
e Household heating and cooking (fossil fuels)
— Charcoal stoves outside BKK
— Charcoal fired stoves in BKK
— Qil fired stoves

— Natural gas fired stoves

Source Category 4 . Mineral Product

e Cement production
e Lime production

e Brick production

e Glass production

e Ceramics production

e Asphalt mixing

Source Category 5 : Transportation

e 4-Stroke engines
— Unleaded without catalyst
— Unleaded with catalyst

e 2-Stroke engines



e Diesel engines

¢ Heavy oil fired engines

o Trains : Ships
Source Category 6 : Uncontrolled Combustion processes

e Biomass burning
e Waste burning and accidental fires
— Landfill fires
~ Accidental fires in houses
— Uncontrolled domestic waste burning
— Accidental fires of vehicles

— Open burning of wood

Source Category 7 : Production and Use of Chemicals and Consumer Goods

Pulp and paper mills
— Sludges (CI2) , (CI20) , (Recycling)
Water (Kraft old), (Kraft new), (Recycling)
- Pulp and paper Products

Chemicals Industry
— Old technology , EDC / VCM, PVC
— New technology, EDC / VCM and / or EDC / VCM / PVC , PVC only

Petroleum Industry

Textile plants

Leather plants

Source Category 8 : Miscellaneous

¢ Drying of biomass

Crematoria

Smoke houses

Dry cleaning

Tobacco smoking

Source Category 9 : Disposal / Landfill

e Landfills and waste dumps

e Sewage and sewage treatment



e Open water dumping

¢ Waste oil disposal (non-thermal)

Source Category 10 : ldentification of hot spots.

PCDDs/PCDFs are released from all these potential sources into all environmental
compartments including air, water, soil and residue. Besides the PCDDs/PCDFs
contaminations are also found in plant, animal and human through food chain

consumption.

2.3 Health Impact from PCDDs/PCDFs Exposure
2.3.1 Toxicity of TCDD

There are many studies on TCDD, the most toxic form of PCDDs. The median lethal
dose (LDsg) for oral administration of TCDD in rat is approximately 20 - 50 ug/kg.
National Toxicology Programme (NTP), U.S.A. has studied oral and dermal LDsy in

various species and administered routes.

Table 2-2 NTP study on LDsy of 2,3,7,8-TCDD administered in various species.

Study Type Route Species Dose (ug/kg)
LDsg Dermal Rabbit 275
LDsgo Oral Dog 1
LDsg Oral Monkey 2
LDsg Oral Hamster 1,157
LDsg Oral Guinea pig 600
LDsg Oral Mouse 114
LDso Oral Rat 20

As shown in Table 2-2, TCDD toxicity from oral route range from 1 - 1,157 ug/kg in
different species. TCDD is one of a few that can truly be classified as “super toxic”
substance. It has teratogenic (causing birth malformations) and liver toxicity that is 100

to 10,000-times greater potency than most compounds considered highly toxic.

2.3.2 Toxicokinetics and Metabolism of TCDD

PCDDs/PCDFs enter the body by ingestion, inhalation, and dermal absorption. However,

exposure for most individuals come from a variety of sources as well as a variety of
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exposure routes. It is generally accepted that about 98% of human exposure comes from
food.

Once enter the body, TCDD induces microsomal enzyme - cytochrome Pgsq1AT
(CYP1A1) which contributes to the metabolic activation and detoxification associated

with aryl hydrocarbon hydroxylase receptor (AhR). TCDD binds specifically to AhR

and form complex with heat shock protein of 90 kDa (hsp90) in cytosol, then transport
to nucleus to interact with AhR nuclear translocator protein (Arnt) and bind to specific
DNA sequences of Dioxin Responsive Elements (DREs) in promoter region adjacent to
the CYP1A1 and activate transcription resulting in alteration of gene expression (Figure
2-2). Metabolism is primarily by hepatic detoxification, with the major metabolites
consisting of hydroxylated or methoxylated TCDD derivatives which further excreted as
glucuronide and sulfate conjugates. PCDDs/PCDFs congeners with fewer chlorine
atoms tend to be more rapidly metabolised and eliminated, whilst more highly
chlorinated forms have limited membrane permeability or bioavailability.

I s e Mechanism of Action for All
"ﬂ gﬂ'v Effects—-Binding to Ah Receptor
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(Gasiewicz & Park 2003)

Figure 2-2 Mechanism of action of TCDD

PCDDs/PCDFs are insoluble in water but soluble in fats and other hydrophobic
materials; therefore, their high lipid solubility and low rate of metabolic breakdown
activities enhance an easily incorporated into the lipid-containing tissues and
accumulate in adipose tissue, skin, liver, and breast milk in mammals, animals, and
fish.  Because of the lipophilic nature of milk, nursing females decrease their body
burden of TCDD through lactation. The study in Swedish lactating women showed the
amount of dioxins expressed as TCDD equivalents in breast milk exceeds the tolerated
daily intake of 5 pg/kg body weight by a factor of 20 to 30. The half-life of TCDD
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ranges from several hours on the surface of plants to 7.1 years (ranges of 5 to 8 years)

in human serum and adipose tissue. The primary route of elimination was feces.

2.3.3 Adverse Health Effect of PCDDs/PCDFs

PCDDs/PCDFs produces a wide variety of species- and tissue-specific effects. They
causes both non-carcinogenic and carcinogenic effects in animal and humans. The
non-cancer effects include hepatotoxicity, immunotoxicity, reproductive toxicity, dermal
toxicity, lethality, birth defects and endocrine disruption while the cancer effects appear
to be lymphoma, fibrosarcomas, squamous cell carcinoma and tumors of oral and nasal

cavity, skin, lung, adrenal and thyroid glands.

2.3.3.1 Chloracne

Dioxin was identified as the cause of chloracne in 1960 when it was found as unwanted
contaminant of pesticides and polychlorinated biphenyls (PCBs). It appeared to be an
occupational problem among these workers and those who work in manufacture of
chlorinated organic chemicals such as chlorinated naphthalenes, diphenyl oxides,
azoxybenzenes and dibenzofurans, chlorophenolé, pentachlorophenol (PCP), 2,4-D
and 2,4,5-T. A chemical plant explosion in Seveso, Italy, in 1976 showed a remarkable

chloracne in the teenager girls.

Chloracne is the first common and prominent feature of acute toxicity associated with
exposure to PCDDs. Chloracne is an acne-like condition characterized by inclusion cysts,
comedones and pustules, with scarring of the skin, more often on the face - like a very
bad case of teenage acne, except that the sores can occur all over the body and in
serious cases can last for many years. Clinically, this skin lesion is characterized by
hyperplasia and hyperkeratosis of the interfollicular epidermis, hyperkeratosis of the
sebaceous follicles, and squamous metaplasia of the sebaceous glands that form cysts and
keratinaceous comedones in a typical distribution. The chloracne may be preceded by
erythematous and edematous skin. Latency between exposure and the appearance of
signs of chloracne ranges from a few weeks to several months. Blepharaconjunctivitis

and irritation of other mucous membranes have been noted.

2.3.3.2 Characteristic of Toxicity

2.3.3.2.1 Acute Toxicity

Acute toxicity from TCDD exposure is known from accidental release due to runaway

reactions or explosions and is diagnosed with symptoms including eye and respiratory
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irritation; skin rash; chloracne; headache; dizziness and nausea. These symptoms
subside within 1-2 weeks and are followed by acneiform eruption; severe muscle pain in
the extremities, thorax, and shoulders; fatigue; nervousness; irritability; complaints of
decreased libido; and intolerance to cold. Workers also exhibited severe chloracne,
hepatic enlargement; peripheral neuritis; delayed prothrombin time; and increased total
serum lipid levels. A follow-up study 30 years of Seveso study found persistance of

chloracne in 55% of the workers.
2.3.3.2.2 Chronic Toxicity

Essentials of diagnosis for chronic toxicity from TCDD exposure are chloracne; soft
tissue sarcoma; non-Hodgkin's lymphoma; and Hodgkin's disease. Chloracne can
result within several weeks after exposure to TCDD and can persist for decades, the
severity of chloracne is related to the degree of exposure. In some workplaces,
exposed persons had chloracne but no systemic ilnesses.  In others, workers
experienced fatigue; weight loss; myalgias; insomnia; irritability; and decrease libido.
The liver has become enlarged and tender; and sensory changes particularly in the

lower extremities.

2.3.3.3 Immunotoxicity

Animal studies show that TCDD decrease immune response and increase susceptibility
to infectious disease, particularly sensitive with significant alterations in cell-mediated
immunity. In human studies, TCDD are associated with immune system depression
and alterations in immune status leading to increased infections. The alteration in

delayed-type hypersensitivity after exposure to TCDD is also observed.

2.3.3.4 Reproductive and Developmental Toxicity

The only teratogenic effect that has been suggested in humans is an increased prevalence of
neural tube defects. However, TCDD has been shown to be teratogenic in rats and mice
associated with endometriosis, decreased fertility, inability to carry pregnancies to term,
lowered testosterone levels, decreased sperm counts, birth defects and learning
disabilities. Studies in Vietnam servicemen possibly exposed to Agent Orange have found

lowered testosterone levels, decreased testis size, and birth defects in offspring.

PCDDs and PBDDs (polybrominated dibenzo-p-dioxins) induce malformations in
laboratory animals, particularly in mice. The principal changes seen in animals are cleft
palate, hydronephrosis, and thymic hypoplasia. Thymic atrophy and cell-mediated

immunosuppression may involve alterations in the early stages of  T-lymphopoiesis.
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The mouse is exquisitely sensitive to these malformations but probably does not
represent a good model for the human. In other species, PCDDs and PBDDs produce
maternal, embryo and fetus toxicity, but they do not significantly increase the incidence

of structural abnormalities, even at toxic dosages.

TCDD appears to be a synergistic effect of hydrocortisone induction of cleft palate.
Hydrocortisone retards embryonic growth, producing small palatal shelves, while TCDD
induction of cleft palate involves altered differentiation of the medical epithelial cells,

effectively blocking the fusion of normally sized shelves.

2.3.3.5 Endocrine Disruption

TCDD can also disrupt the normal function of hormones - chemical messengers that the
body uses for growth and regulation. It interferes with thyroid levels in infants and
adults, alters glucose tolerance and has been linked to diabetes as evident by the
American Air Force study that found a significant and potentially relationship between

diabetes and bloodstream levels of TCDD in people who worked with Agent Orange.

2,.3.3.6 Carcinogenesis

The International Agency for Research on Cancer (IARC), part of the WHO, announced
on February 14, 1997 that the most potent dioxin, 2,3,7,8-TCDD, is considered as Class
1 carcinogen, meaning a "known human carcinogen". The similar finding is also
announced by the U.S. Department of Health and Human Services, National Toxicology

Program.

Rats, mice, and hamsters chronically exposed to TCDD as low as 0.01 mg/kg/day have
developed histiocytic lymphomas, fibrosarcomas, and tumors of liver, skin, lung,
adrenal and thyroid glands, tongue, hard palate and nasal turbinates, thymic
lymphomas and squamous cell carcinomas of the facial skin. A mixture of 1,2,3,6,7,8-
and 1,2,3,7,8,9-hexaisomers (HxCDD) are found to be potent liver carcinogens.

An increased risk for all cancer sites has been shown in cohort studies on TCDD-
exposed subjects in Seveso, Italy. Excess numbers of tumors have been found in area

with TCDD soil contamination, including lymphomas and soft-tissue sarcoma (STS).

In the Swedish studies, STS and malignant lymphoma were found in subjects exposed
to dioxin-contaminated phenoxy acids or chlorophenols. Increased mortality in STS
was reported in Vietnam veterans. A case of STS in a man employed in a pulp mill
where he had supervised the sludge from the chlorine bleaching process was also

described.
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TCDD is a potent promoter in carcinogenesis. As shown in Figure 2-2, the dioxin
receptor with ligand complex binding to DREs may have a regulatory function which
increases the expression of oncogenes and/or decreases the expression of tumor
suppression genes. TCDD also affects the regulation of growth factor and other steroid

hormone receptors.

2.3.3.7 Other Effects

In children, TCDD exposure has been associated with intelligence quotient (IQ)
deficits, delays in psychomotor and neurodevelopment and altered behavior including

hyperactivity.

Chromosome aberrations in the peripheral blood lymphocytes were observed in
workers of herbicide manufacture of 2.4, 5-trichlorophenoxy-ethanol (TCPE) and
Buvinol, a combination herbicide containing TCPE and 2-chloro-6-ethylamino-
4-isopropylamino-l,3,5-triazine (atrazine). The TCDD was found to be a contamination
of the final product of these herbicides which is less than 0.1 mg/kg and generally not
more than 0.05 mg/kg. However, the results of a cytogenic study on 25 induced abortions
from women exposed to 2,3,7,8-TCDD in Seveso showed no evidence of chromosomal

aberrations.

2.4 Environmental Impact from PCDDs/PCDFs Exposure

PCDDs/PCDFs are persistent, resistance to degradation and relatively immobile in the
environment compartments. PCDDs/PCDFs in air settles onto soil, water, and plant
surfaces. In soil, TCDD has an extremely long half-life time, greater than 10 years
and is accumulated in plant, animal and humans by food chain. 96% of human
exposure to PCDDs/PCDFs are from ingestion of food contamination. Various studies

have been investigated in meat, fish, dairy products and eggs.

2.4.1 Impact on Plants

No reports of TCDD toxicity in plants have been identified. Some species of aqguatic
plant have been observed to concentrate dioxins from their surroundings, but not show

any toxic effects.

2.4.2 Impact on Invertebrates

Few studies have investigated TCDD toxicity to invertebrates and indicate no
susceptibility from exposure. A small number of studies have shown toxic effects of

TCDD in invertebrates, including reduced reproductive success in worms, snails and
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clams. One study on acute toxicity in crayfish exposed to TCDD induced cytochrome
P450 which suggested the presence of AhR similar to those found in vertebrates.
However, other studies have failed to find a functional AhR in several invertebrate

species.

2.4.3 Impacton Fishes

A range of symptoms is shown by fish exposed to TCDD contaminationin river and sea.

The damage to developing embryo-larval stages and behavioural responses in later

stages including reduced feeding, lethargy, unresponsiveness and “ head-up’swimming
are observed. In general, TCDD is of greatest toxicity to early life stages of fish and
less sensitivity to adult life stages. Fish eggs also show great sensitivity to TCDD.
Toxicity in fish tends to be higher for congeners containing 4, 5 or 6 Cl atoms but has

no apparent toxic effects in 8 Cl congeners.

2.4.4 Impact on Birds

Damage to wildlife populations around the Great Lakes in Canada and the U.S. were
observed. Increasing numbers of chick deformities were noted amongst cormorants,
terns and other fish-eating species, both in surviving chicks and embryos that did not
hatch. The deformities were noted to be very similar to those induced in offspring of
hens exposed to TCDD in their feed, and this observation was linked to concerns about
the emissions of PCDDs/PCDFs and PCBs from industrial sources such as pulp
bleaching processes. Subsequent studies showed correlation between TCDD-TEQs
and effects such as reduced egg hatching, embryo toxicity, deformities, and impaired
parental behaviour. However, it has been shown that most (>90%) of the TEQ found in
the eggs of cormorants and terns in the Great Lakes is accounted for PCBs rather than
PCDDs/PCDFs, which accounted for 2 - 9% of the TEQ. Laboratory and field studies
have shown other bird species to be susceptible to PCDDs/PCDFs exposure, exhibiting
decreased egg production, embryo toxicity and cardiovascular and brain malformations.
The study has suggested that chickens may be more sensitive to PCDDs/PCDFs and
PCBs exposure than wild birds, indicating that care should be taken if setting quality
standards for wild birds based on the susceptibility of domestic species.

2.4.5 Impact on Mammals

Most of the effects were first researched in mammals, particularly in laboratory rats and
mice, but have also been found in field experiments on wild mammals. For example,

mink eating contaminated fish show signs associated with TCDD toxicity such as
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listlessness, anorexia, lowered red blood cell counts, and enlarged spleen, liver and
lung. PCDDs/PCDFs have been found to contribute only a small fraction of the total

TEQs in polar bear and seal from the Arctic.

2.5 Dietary Exposure to PCDDs/PCDFs and Impact on Human

According to the U.S.EPA study, over 96 % of human exposure occurs through the diet,
primarily foods derived from animals. An estimated dietary exposure to PCDDs/PCDFs
was obtained by reviewing informations on

(1) PCDDs/PCDFs present in 10 types of foods with high fat content,

(2) the toxicity of individual PCDDs/PCDFs contained in these food types, and

(3) the amount of these foods' consumption in U.S. people.

Table 2-3 U.S.EPA’s estimation of the average adult daily exposure to dioxins dietary
intake (pg/d).

Dietary Exposure | Dietary Exposure I Total Dietary
Food Type to PCDDs/PCDFs to PCBs Exposure to Dioxins
~ (pg/d) (pg/d) (pg/d)
| Beef 9.0 42 13.2
Fresh water fish and shellfish 5.9 7.1 13.0
Dairy products (cheese, yogurt, etc.) 6.6 9.2 9.8
Other meats (lamb, baloney, etc.) 4.5 1.0 b5
| .
— _
Marine fish and shellfish 25 2.4 49
Milk 3.2 1.5 4.7
Pork 4.2 02 4.4
Poultry 2.4 0.9 3.3
Eggs 1.4 1.7 3.1
| Vegetable fat (oils, margarine, etc.) 1.0 06 16
Total 40.7 22.8 63.5
[ =

Notes: The average adult is assumed to weigh 70 kilograms (154 pounds).
Sources: U.S.EPA - Draft dioxin reassessment report. October 2001

These 10 types of foods include beef; pork; poultry; other meats, such as lamb and
baloney; eggs; milk; dairy products, such as cheese and yogurt; freshwater fish and

shellfish; marine fish and shellfish; and vegetable fat, such as corn and olive oils and
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margarine. These foods, only one of which is not of animal origin, are believed to be
the major contributors to dietary exposure to PCDDs/PCDFs. Even though vegetable
fat products are estimated to contain low levels of PCDDs/PCDFs, EPA includes these
foods in the analysis because they contain high fat and are common in the American
diet. The study excluded fruits and vegetables because they contain little or no fat and
also there is a limited data on PCDDs/PCDFs.

As shown in Table 2-3, the dietary exposure to PCDDs/PCDFs from beef is the highest
(9.0 pg/d) when compared to other food types. The dietary exposure to PCDDs/PCDFs
from dairy products (cheese, yogurt, etc.), fresh water fish and shellfish, other meats
(lamb, baloney, etc.) and pork is 6.5, 5.9, 4.5 and 4.2 pg/d, respectively, where those
from Marine fish and shellfish and poultry are almost the same (2.5 and 2.4 pg/d). The
least amount of PCDD/PCDF is found in vegetable fat at level of 1.0 pg/d.

Table 2-4 U.S.EPA’s estimation of toxic concentrations (pg/g) of dioxins in 10 food

categories.
oncusary | PSR | DoIEORr | 1o e recs |
(pg/g) (palg) ‘
Fresh water fish and shellfish 1.00 | 1.20 2.20
Marine fish and shellfish 0.26 | 0.25 0.51
Pork 0.28 0.01 0.29 _
Beef 0.1_8 0.08 0.26
—Other meats (lamb, baloney, etc.) 0.18 - 0.04 0.22
Eggs 0.08 | 0.10 0.18
Dairy products (cheese, yogurt, etc.) 0.12 | 0.06 0.18
Poultry _ 0.07 0.03 0.10
Vegetable fat (oils, margarine, etc.) 0.07 " 0.04 0.10
W; ) 0.06 9.01 0.03

Notes: The TEQs values are estimated on a wet weight basis, as opposed to a dry weight basis.

Sources: U.S.EPA - Draft dioxin reassessment report. October 2001

The toxic equivalence value for PCDDs/PCDFs in these 10 food categories is also

investigated as summarized in Table 2-4. Fresh water fish and shellfish has the most
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toxic concentration of 1.0 pg/g. Egg, pouliry, vegetable fat, and milk showed to have
the least toxic concentration of 0.06-0.08 pg/g. However, the daily dietary intake of

each food types must bring to concern so that health risk could be evaluated.

WHO has recommended that a daily intake of 2,3,7,8 TCDD less than 1-4 pg /kg body
weight would give an acceptable level of protection for human health, whereas, the U.S.
EPA advocated a daily intake of less than 0.006 pg/kg body weight.

2.6 PCDDs/PCDFs Emission in Other Countries

Studies of PCDDs/PCDFs emission have been reported in many countries,
particularly those in Europe. The European dioxin emission inventory in 2000 has

been investigated in 16 countries including Austria, Belgium, Finland, France,
Germany, Greece, lreland, ltaly, Luxemberg, the Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland, and the United Kingdom. As shown in Table 2-5,
PCDDs/PCDFs emission to air from potential source categories such as power
plants that use fossil fuels; residential combustion including boilers, stoves and
fireplaces from wood, coal and lignite fuel; industrial combustion from boilers, gas,
turbines, etc.; electric furnace steel plant; sinter plants; sintering of special materials
and drossing facilities; metal reclaimation from cables; non-ferrous metal foundries;
secondary zinc, copper and aluminium production; cement; road transportation;
preservation of wood; incineration of domestic or municipal waste including both
legal and illegal combustion; incineration of hospital waste; incineration of hazardous
waste from industry; cremation; and fires. The amounts of PCDDs/PCDFs
(g I-TEQ/a) emission to air were reported for their emissions from industrial and non-
industrial sources in these European countries as summarized in Table 2-5. In
addition, the compiled data for PCDDs/PCDFs emission to air from the United States
(1998 vs 2004), Japan (1998) and Canada (1997) has also included in Table 2-5.
However, the data in these countries are not as complete as those from European
countries. The U.S.EPA reported an estimation of PCDDs/PCDFs emission in 1998
compared to the emission in 2004. It can be noticed that PCDDs/PCDFs emission in
municipal, hospital and hazardous waste incineration as well as secondary copper

production are tremendous reduced.
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Chapter 3

Inventory Development for Sources and Releases of
PCDDs/PCDFs Production and Estimation

3.1 Introduction

Thailand has signed for the Stockholm Convention on Persistent Organic Pollutants
(POPs) on May 22, 2002 and is obliged to develop a National Implementation Plan
(NIP) on POPs reduction or elimination. To facilitate the preparation of NIP, Global
Environment Fund (GEF) and the United Nations Environment Program (UNEP) have
allocated the funding supported to the signed country. An inventory on source
categories of PCDDs/PCDFs emission corresponding to the “Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases” or so-called “UNEP’s

Toolkit” is required to be submitted along with the proposed NIP.

In order to achieve precise data on PCDDs/PCDFs emission, Thai government has
appointed a national steering committee (NCC) on Stockholm Convention to set up
agenda and implement -procedure. The NCC consists of Director General or

representative from many relevant ministries and stakeholders as followings:
e Ministry of Natural Resources and Environment
— Pollution Control Department (PCD)
— Department of Environmental Quality Promotion

— Office of International Cooperation on Natural Recourses and

Environment

e Ministry of Agriculture and Cooperative

— Department of Agriculture (DOA)
e Ministry of Industry

— Department of Industrial Works (DIW)

— Industrial Estate Authority of Thailand (IEAT)
e Ministry of Public Health

— Department of Health (DOH)

— Food and Drug Administration (FDA)
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¢ Ministry of Commerce
— Department of foreign Trade
» Ministry of Foreign Affairs
— Department of International Organizations
— Department of Treaties and Legal Affairs
e Ministry of Interior
— Department of Local Administration
e Ministry of Transport
— Department of Land Transportation
— Marine Department
— Bangkok Mass Transit Authority
— The State Railway of Thailand
o Office of the Prime Minister
- Office of National Economic and Social Development Board
— The Bureau of the Budget
¢ Bangkok Metropolitan Administration (BMA)
e Federation of Thai Industries (FTI)

In addition, NCC has also set up Task Force Committee on Unintentional Persistent
Organic Pollutants (POPs) to carry on an inventory data for PCDDs/PCDFs emission.
The Task Force Committee is chaired by Mr. Apichai Chvajarernpun, Director General
of PCD in close collaboration with representatives from BMA, DIW, DOH, DOA,
Department of Local Administration, IEAT, FTI and Dr. Chalongkwan Tangbanluekal,
the national expert on unintentional POPs. The Task Force Committee has authority
and duty to consider on unintentional POPs issues such as a mechanism and
assessment detail, plan and management guideline, suggestion on inventory data,
regulation and legislation enforcement. In addition, PCD has managed Task Force
Team which is leaded by Dr. Chalongkwan Tangbanluekal in collaboration with staffs
from Bureau of Hazardous Substance and Waste Management to procure inventory

data of PCDDs/PCDFs from potential source categories.



3.2 Methods for Data Compilation and Analysis

Preliminary work for PCDDs/PCDFs inventory was carried out in December 1999 by
Dr. Heidelore Fiedler, UNEP, through the GTZ funding for PCD to identify the relevant
sources of PCDDs/PCDFs in Thailand. A preparation of National Implementation Plan
for Stockholm Convention is currently supported by the GEF/UNEP funding and in-kind
supported by PCD under direction of Dr. Jarupong Boon-Long, Project Manager. The
inventory data of PCDDs/PCDFs emission is investigated by Dr. Chalongkwan

Tangbanluekal to achieve precise and up-to-date data.

Questionnaires were sent out to industries and enterprises that have relevant sources
of PCDDs/PCDFs emission as indicated in the Standardized Toolkit for Identification
and Quantification of Dioxins and Furan Releases (UNEP, 2003). In addition, a field
visit accompanied by Dr. Ulrich Quass, an international expert from Muller-BBM GmbH,
Germany and 5 PCD staff members were scheduled to visit various sources of
PCDDs/PCDFs emission including medical waste incineration, ferrous metal
production, power generation and heating, cement kilns, pulp and paper mills, PVC
production, chlorine production and crematories was arranged and conducted to
investigate PCDDs/PCDFs emission sources during the manufacturing process, air
pollution control system and waste water treatment. Most data were available for the
year 2004 which mainly compiled from the national statistics yearbook, annual reports
from government organizations and State Enterprises, companies and associations,
etc. The request of data were facilitated by PCD in kind collaborations with

governmental and non-governmental organizations and State Enterprises as followings:
- Bangkok Metropolitan Administration (BMA)
- Ministry of Agriculture and Cooperatives
- Ministry of Commerce
- Ministry of Culture
- Ministry of Finance
- Ministry of Energy
- Ministry of Industry
- Ministry of Information and Communication Technology
- Ministry of Interior

- Ministry of Natural Resource and Environment



- Ministry of Public Health
- Ministry of Transport
- Federation of Thai Industries (FTI)

- The Industrial Estate Authority of Thailand (IEAT)

Data were extracted from the questionnaires to identify source category, subcategory
and class as guided by the UNEP’s Toolkit, 2003, then the annual emission was
calculated by multiplying annual production (t/a) with default emission factor from
source categories proposed by UNEP’s Toolkit 2003 (Appendix 1) for potential release
route to air, water, land, products and residue in each category, subcategory and class
to obtain the annual release of PCDDs/PCDFs in “g I-TEQ/a” to such media.

3.3 Resuults

The inventory was conducted on 9 source categories including 1) waste incineration,
2) ferrous and non-ferrous metal production, 3) power generating and heating,
4) production of mineral products, 5) transport, 6) uncontrolled combustion processes,
7) production and use of chemicals and consumer goods, 8) miscellaneous and
9) disposal/landfill to demonstrate the potential release of PCDDs/PCDFs to air, water,
land, products and residue. However, identification of hot spots in category 10 was not
addressed in the present study due to missing data on some source categories which
may mislead the emphatically attention on PCDDs/PCDFs emission. The results show
the annual releases of PCDDs/PCDFs emission from each source category in Thailand.
and the sequence of each category is established by following UNEP’s Toolkit, 2003.

Category 1 - Waste Incineration

This source category involved the incineration of municipal solid waste, hazardous
waste, medical waste and animal carcasses burning. From this study, there are no light
shredder wastes incineration in Thailand. Poor or no recorded data on waste wood and
waste biomass incineration is available; therefore, it is impossible to keep track of data.
The annual releases of PCDDs/PCDFs emission to potential media were summarized
in Table 3-1.



Table 3-1 Annual releases from Category 1 — Waste incineration

Class

Source Categories

Production
(t/a)

Annual release (g I-TEQ/a)

Air

Water

Land

Product

Residues

Fly ash |Bottom ash

- | Sector [
Subcat.

Waste incineration

4

Municipal solid waste inc.

122,438

4073 |

0.000

NA

NA

24.863 0.867

Low tech. comb., no APCS

Controlled comb., min. APCS

1,250

0.438

0.000

NA

NA

0.625 0.018

Controlled comb., good APCS

121,188

3.636

0.000

NA

NA

24.238 0.848

s

High tech. comb., sophis. APCS

Hazardous waste inc.

Low tech comb., no APCS

Controlled comb., min. APCS

Contolled comb., good APCS

BRSNS

High tech. comb., sophis. APCS

Medical/hospital waste inc.

18,581

38.289

0.000

NA

NA

6.488 | 0.231

Uncontrolled batch comb., no APCS

Controlled, batch, no or min. APCS

11,529

34.587

0.000

NA

NA

0.000 0.231

Controlled, batch comb., good

7,062

3.702

0.000

NA

NA

6.488 0.000

B |

High tech, cont., sophis. APCS

Light fraction shredder waste inc.

e

Old furnaces, batch, no/little APCS

3*]

Updated, continuously, some

State-of-the-art, full APCS

Sewage sludge inc.

Uncontrolled batch comb., no APCS

Controlled, batch, no or min. APCS

High tech, cont., sophis APCS

Waste wood & waste biomass inc.

Old furnaces, batch, no/little APCS

Updated, continuously, some

State-of-the-art, full APCS

Animal carcasses burning

98

0.005

0.000

NA

NA

0.000 ND

Old fumaces, batch, no/little APCS

Updated, continuously, some

98

0.005

0.000

NA

NA

0.000 ND

State-of-the-art, full APCS

|

Total for Category 1l

42.37

0.00

0.00

0.00

31.35 1.10

Total ash 32.45 g I-TEQ/a

Note:

‘NA" denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.

located at On-nuch area

Medical waste incineration is the source of concern
that releases the highest amount of PCDDs/PCDFs
(38.289 g I-TEQ/a) to air which accounts for 90.38%
of the total PCDDs/ PCDFs emission from waste
incineration. There are 2 medical waste incinerations
in Bangkok that are
belonging to BMA. The incinerators have a capacity



of 625 kg/h (15 t/d) each and operate for 12 h/d.
Medical wastes are collected from various hospitals and
medical professional clinics in Bangkok. In addition,
there are 745 incinerators that are belonging to Ministry
of Public Health. These incinerators have a capacity of
25-250 kg/h; however, the incinerators frequently are
not operated at their maximum capacity. Most of the
facilities seem to operate once or twice a week for 5-6 h
operation time due to insufficient waste or cost saving
by reduced energy consumption. In many cases, the
medical wastes are pooled and sent for incineration

to other nearby area even though they have their

* own incinerators. Currently, Thai government sets up

the policy for Department of Local Administration,
Ministry of Interior to establish 11 municipality centers
including BMA, Nonthaburi, Samutsakorn, Supanburi,
Chiangmai, Khon Kaen, Chonburi, Pattaya, Phuket,
Had Yai, and Udornthani for medical waste incinerations

: that are full equipped with air pollution control system.

Municipal solid waste incineration (MSWI) is the second
source of concern that releases 4.073 g I-TEQ/a of
PCDDs/PCDFs to air which accounts for 9.61% of the
total PCDDs/PCDFs emission from waste incineration.
There are 4 MSWIs in the local administration. Three
facilities including Phuket, Kor Samui and Lampoon
with a capacity of 250, 140 and 20 t/d, respectively, are

classified as class 3 incinerator while one facility at Krabi with a capacity of 10 t/d is

classified as class 2 incinerator. In addition, there are 28 MSWIs with a capacity of

2 - 40 ¥/d located in the industrial estate areas which account for approximately 10% of

the total emission from MSWI activity.

Thailand doesn’t have a facility for combustion of animal carcasses. However, the

animal carcasses and infectious waste are collected from all veterinary hospitals and

clinics in Bangkok and sent to the BMA medical waste incinerator for further

management. The animal carcass burning is accounted for 0.1% of the total emission
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from waste incineration activity which releases 0.005 g I-TEQ/a emission to air.

There is only one hazardous waste incineration which is full equipped with air pollution
control system and nitrogen oxide (NOx) elimination. It is located at Bangpoo Industrial
Estate, Samutprakarn. The incinerator has a capacity of 2,000 kg/h (48 t/d) and is
testing for performance capability. The facility is expected for service at the third
quarter of year 2005. Therefore, the present study is not able to demonstrate data for

the hazardous waste incineration.

Category 2 - Ferrous and Non-Ferrous Metal Production

Questionnaires were sent out to retrieve data on
relevant ferrous and non-ferrous metal production.
However, incomplete data were received which made
it impossible to classify for their classes of activity.
In addition, the feed back questionnaires accounted
for only 15 - 20% of the whole number of industries
in Thailand. Most of the information has been
obtained for the iron and steel category and for lead
plants. Very limited data were found for single
aluminum, copper, and brass plant. Therefore, these
data do not represent the whole figure of activity in

Thailand and may need an actual visit survey for the

future study to obtain a complete data. The current

available information on PCDDs/ PCDFs releases from the ferrous and non-ferrous
metal production is summarized in Table 3-2. Total PCDDs/PCDFs emission released
to air and residue for ferrous and non-ferrous metal production was 20.20 and 99.64
g I-TEQ/a, respectively. Of these, dirty scrap in electric arc furnace with fabric filter in
iron and steel plants was found to release the highest emission to air when compared to
the total emission to air (19.51 g I-TEQ/a v.s. 20.20 g I-TEQ/a). As an informal
information, it is told that there are many small recycling shops that sell quite large
amount of secondary copper to copper production industry. This might be a relevant
source for PCDDs/PCDFs but the actual activity rate is not known. Data on copper
production from secondary copper was 1,200 t/a which is calculated to release 0.06
g |-TEQ/a emission to air; however, the release to residues was 0.756 g I-TEQ/a which
was 12.6 times greater than the emission released to air. BMA is proposed a center

facility for copper recycling and will launch the program within 1-2 years. The facility is
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Table 3-2 Annual releases from Category 2 — Ferrous and non-ferrous metal production

*ND” denotes that presently there is no suitable emission factor available.

g 's’ ) - broducton | Annual release (g I-TEQ/a
& 0'% 3 Source Gatagones (t/a) Air Water | Land Product | Residue
2 Ferrous and non-ferrous metal |
a Iron ore sintering N i
1| High waste recycling, include oil contam.
2| Low waste use, well control plant
3 High technology, emission reduction - |
b| | Coke production | |
1| No gas cleaning B
2| Afterburner/dust removal -
c Iron and steel production & foundries 6,587,301 19.938 __ND | ND ND 98.777
Iron & steel 6.583,739 | 19.936 | ND | ND ND | 98756
1 Dirty scrap, scrap preheating, limited control 26,370 0.264 ND |  ND ND 0.396
2 Clean scrap/virgin iron, after burner, FF
EAFs, all with fabric filter (FF) 6,503,129 19.509 ND ND ND 97.547 |
EIFs with FF, wel scrubber 39,840 0.120 ND ND | ND | 0598
Unknown 14,400 0.043 ND ND ND 0.216 |
37 ~ Clean scrap/virgin iron, designed for low 0 0.000 ND ND ND 0.000 l
4| Blast furnaces with APC o 0 0.000 ND ND ND 0.000 |
| Foundries 3,562 | 0.0025 ND ND ND 0.021
| 1| _ Cold air cupola or rotary drum, no APCS 0 0.000 ND ND ND ND
2| Rotary drum - FF 0 0.000 ND ND ND 0.000
3| Cold air cupola, FF 2,512 0.0025 ND ND ND 0.020
4|  Hot air cupola or induction furnaces, FF 1,050 0.0000 ND ND ND 0.001
d Copper production 1,200 0.060 ND ND | ND 0.756
| 1] Sec. Cu-Basic technology 0 0.000 ND ND ND 0.000
2| Sec. Cu-Well controlled 1,200 0.060 ND | ND ND 0.756
3| Sec. Cu-Optimized for PCDD/PCDF 0 0.000 ND ND ND | 0.000 |
4| Smelting and casting of Cu/Cu alloys 0 0.000 ND ND ND 0.000
{1 5| Prim. Cu-including thermal steps Q 0.000 | ND ND ND 0.000
e Aluminum production 258 0.009 ND ND ND 0.103
1] Process scrap Al, min. treat, dust 0 0.000 ND ND ND 0.000
2|  Scrap treatment, weli control, good APCS 258 0.009 ND ND ND | 0.103
3| _ Shaving/turning drying 0 0.000 _ND ND | ND NA
4|  Scrap treat, well control, fabric filter, lime 0| 0.000 ND ND ND | 0.000 |
|| 5| Optimized process, optimized APCS 0 0.000 ND | ND |  ND 0.000
f Lead production - 24,072 0193 | ND ND ND ND
. 1] Sec. Pb from scrap. PVC battery 0 0.000 ND ND ND ND
. 2| Sec. Pb from PVC/CI2 free scrap, filters 24,072 0.193 ND ND ND ND
3| Sec. Pb, PVC, CI2 free scrap w furnace 0 0.000 ND | ND ND ND
| g Zinc production
h Brass and bronze production 500 | 0.0005 ND ND ND ND
1 Simple melting furnaces 500 | 0.0005 |  ND ND ND ND |
| 2| Sophis. Equipment with APCS 0 0.000 ND ND ND ~ND |
i Magnesium production - ' |
j Other non-ferrous metal production B
| | Shredders o
m \ Thermal wire reclamation N
Total for Category 2 20.20 0.00 0.00 0.00 | 99.64
Note:  “NA” denotes that the vector is not expected.



planned for buying used PVC-coated copper wires and further segregating PVC-coated
cable from copper wires. The copper wires will be recycling for secondary copper

production while PVC cables will be further disposed by waste incineration.

Category 3 - Power Generation and Heating

Power plant generated from biomass is the main
source of releasing PCDDs/PCDFs to air and residues
within this category. which, as shown in Table 3-3, has
a total PCDDs/PCDFs emission of 33.33 g I-TEQ/a.

Recently, natural gas is used as a fuel for power

generation especially those newly established power
plants such as Rajburi power plant. Besides, the trend
of using natural gas in the old power plants is
increasing and leads to reduction of PCDDs/PCDFs
emissions. Coal fired power boiler is commonly used

in the old power plants. According to Department of

Energy Business, Ministry of Energy and the Electricity

Generating Authority of Thailand (EGAT) in 2004, it was shown that lignite has been
used as fuel in power plant at the amount of 413,417 TJ/a which contributes to a 12.4%
PCDD/PCDF emission released to air. Wood fired power boilers were found to be the
source that released the highest amount of PCDD/PCDF to air (27.9 g I-TEQ/a) and
accounted for 83.7% from the whole emission to air (Table 3-3). It was also the highest
source for emission released to residue. As shown in Table 3-3, the amount of 8.37
g I-TEQ/a was released to residue and accounted for 58.6% of the total emission to
residues. Coal fired power boilers are the second highest source for emission to air
and residues and accounted for 12.4% and 40.5%, respectively. It is noticed that there
are many fossil fuel power plants that use waste co-fired power boilers. However, there

is limitation of data available for the present study.

Emission from the household heating and cooking from biomass fired stoves is quite
low at 4,775 TJ/a which accounts for 0.48 g I-TEQ/a. The National Statistics in 2004
showed that LPG was used more common in household and domestic cooking.
However, this emission from household or domestic cooking seems to be decreasing
due to life-style changing especially those whose residences are in big city. Working
people seems to spend more time in traffic and are too exhausted to cook at home.

Behavior of eating moves toward a ready cooked meal from street vendor, cafeteria,
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department store, etc. rather than self-cooked food.

Charcoal fired stoves are used in many street vendors who sell grilled or deep fried

meat. The amount of charcoal at 5,560 TJ/a was reported (National Statistics, 2004)
and accounted for 0.389 g I-TEQ/a emission to air which was 1.2% of the whole
emission to air. The emission released to residues from coal fired stove was 0.028

g I-TEQ/a which was 0.07% of the total emission to residues.

Table 3-3 Annual releases from Category 3 — Power generation and heating

g 19 . S— Annual release (g I-TEQ/a)
& : 3 Sowrce Catagories (TJla) Air Water Land Produc | Residue
.r 3 Power Generation and Heating
a Fossil fuel power plants 1,198,109 4.537 NA NA | NA | 5790
1 Fossil fuel/waste co-fired power boilers 0 0.000 NA _NA NA ND
2|  Coaifired power boilers 413 417 4,134 NA | NA NA 5.790
3| Heavy fuel fired power boilers 5042 | 0013 NA | NA NA ND
4 Light fuel oil/natural gas fired power boilers 779,650 0.390 NA NA NA ND
 |b Biomass power plants ) 558,000 | 27.900 | NA NA NA | 8.370
. Other biomass fired power boilers 0 0.000 NA NA NA ND
2| Wood fired power boilers 558,000 27.900 NA NA NA 8.370
c Landfill, biogas combustion B
1] Biogas-fired boﬁers_,_molors/turbines & flaring |
d Household heating and cooking 4,775 0.480 NA NA 1 NA 0.096
1 Contaminated wood/biomass fired stoves 0 0.000 NA NA NA 0.000 |
2| Virgin wood/biomass fired stoves 4,775 0.480 NA | NA NA 0.096
e Household heating and cooking | 23,787 0.417 NA NA NA 0.028 |
| 11 Coal fired stoves 5,560 0.389 NA NA NA 0.028
" | 12| oilfired stoves 82| 0001 NA NA NA ND |
| \ 3] Natural gas fired stoves 18,145 0.027 NA NA NA ND
Total for Category 3 33.33 0.00 0.00 0.00 14.28
Note:  “NA” denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.

The present study is not able to track for the landfill and biogas combustion due to
scarcity of data or no recorded data and time limitation for searching data. As shown in
Table 3-3, the total PCDDs/PCDFs emission to air and residues for this source category
is 33.33 g I-TEQ/a and 14.28 g I-TEQ/a, respectively.

Category 4 — Production of Mineral Products

Within the category of minerals production, cement kilns are considered to be the
primary source of PCDDs/PCDFs emission to air. Cement industry in Thailand is
ranked as top ten among the cement business in the world. All cement kiins are

fullequipped with air pollution control system to minimize the particulates released to the




environment.

55,187,000

category.

According to the inventory on cement
plants, it was shown that total production of cement is
t/a generating 8.278 g I-TEQ/a of
emission to air which is accounted for 74.33% of total
emission to air from the mineral production source
As shown in Table 3-4, other mineral
products including lime, brick, glass, ceramics and

asphalt mixing are contributed to small releases to air at

the amount of 2.86 g I-TEQ/a which is 17.2% of the total emission to air from this

source category. The emission calculation

emission to residue was 0.166 g I-TEQ/a.

from UNEP's Toolkit

However, this is argued by Siam Cement

showed

that

Industries company that there is no residue left over since the products are clinker and

subsequently ground to cement powder.

revision for the default emission factor in UNEP’s Toolkit.

Table 3-4 Annual releases from Category 4 — Production of mineral products

Therefore, this needs to be addressed for

“‘ND” denotes that presently there is no suitable emission factor available.
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§ ﬁ ¥ ‘ P Annual release (g I-TEQ/a
83 g Saurce Catogones (v/a) Air Water | Land | Produc | Residue |
4 Production of mineral products -
a Cement kilns 55,187,000 8278 | NA ND ND 0.166
1 Wetkilns, ESP temperature >300°C 0 0.000 NA ND ND 0.000
2| wet kilns, ESP/FF temperature 200 to 300°C 0 0.000 NA ND ND 0.000
| 3| Wetkilns, ESP/FF temperature <200°C, all types 55,187,000 8.278 NA ND ND 0.166
b Lime 841,099 1.731 | ND | ND ND ND
1 Cyclone/no dust control 168,360 1.684 ND ND ND ND
2| Good gust abatement B 672,739 0.047 ND ND ND ND
c Brick 4,500,000 0.900 NA ND ND ND
1] Cyclone/no dust control 4,500,000 0.900 NA ND ND ND
2| Good dust abatement 0 0.000 NA ND ND ND
d Glass 775,825 0.012 NA ND ND ND |
1 Cyclone/no dust control 0 0.000 NA ND ND ND
2|  Good dust abatement 775,825 0.012 NA ND ND ND
| | e Ceramics 850,000 | 0.170 NA ND ND ND
1 Cyclone/no dust control 850,000 0.170 NA ND ND ND
| 2| Good dust abatement 0 0.000 NA ND ND ND
f Asphalt mixing 655,737 0.046 NA ND ND ND
1 Mixing plant with no gas cleaning 655,737 0.046 NA ND ND ND |
2| Mixing plant with fabric filter, wet scrubber 0 0.000 NA ND ND 0.000
Total for Category 4 11.14 0.00 0.00 0.00 017
Note:  “NA" denotes that the vector is not expected.



Category 5 — Transport

All data for this source category are updated for year
2004. Data on number of vehicles and fuel
consumption were obtained from Department of Land
Transport, Ministry of Transport and Department of
Business Energy, Ministry of Energy, respectively.

All vehicles must register with Department of Land
Transport to obtain an official license plate. The study
has used a 10-year registered vehicle record that
showed a total number of 15,230,686 vehicles that run
on the street. Of these, there are 1,588,630 passenger
cars (more than 7 seats) which 80% of them use
unleaded gasoline while the other 20% use diesel.
There are 142,511 passenger cars (less than 7 seats)
which use diesel, 50,117 taxi which 83.68% use
unleaded gasoline and the rest use natural gas, 44,704
public and private buses which 99.8% use diesel and

the rest use natural gas, 379,429 loading trucks which

Table 3-5 Annual releases from Category 5 — Transport

5 ‘:’,g 017 - Brdiiction Annual release (g I-TEQ/a
g/8 & SpurcalCatogories (tia) Air | Water | Land | Produc | Residue
»n| ol O
5 Transport
a 4-Stroke engines 4,570,240 0.229 NA NA NA ND
1! Leaded fuel 0 0.000 NA NA NA ND
2| Unleaded fuel without catalyst 2,285.120 0.229 NA NA NA ND
3| Unleaded fuel with catalyst 2,285,120 0.000 NA NA NA ND
b 2-Stroke engines 1,054,500 2.636 NA NA NA ND
1| Leaded fuel 0 0.000 NA NA NA ND
2| Unleaded fuel without catalyst 1,054,500 2.636 NA NA NA ND
c Diesel engines 16,558,000 8.279 NA NA NA ND
1| Diesel engines - cars/road transportation 16,558,000 8.279 NA NA NA ND
d Heavy oil fired engines 136,050 0.544 NA NA NA ND
1! Trains 118,200 0.473 NA NA NA ND
1| Ships 17,850 0.071 NA NA NA ND
Total for Category 5 11.69 0.00 0.00 0.00 0.00
Note:  “NA” denaotes that the vector is not expected.

"ND” denctes that presently there is no suitable emission factor available.

3-12




use diesel. There are 10,913,816 motorcycles that use unleaded gasoline, 49% of
which are 2-stroke engine. All 2-stroke trimotorcycles known as “Tuk-tuk” use LPG.
Number of vehicles are used to calculate the fuel consumption as reported by

Department of Business Energy.

As shown in Table 3-5, the total consumption of unleaded gasoline including octane
91, octane 95 and gasohol used in 4-stroke engine vehicles is 6,176,000,000 L which
is equivalent to 4,570,240 t/a (calculated by a conversion of 0.74 kg/L) while those fuel
used in 2-stroke engine vehicle amount to 1,054,500 t/a. The diesel consumption is
19,480,000,000 L which is equivalent to 16,558,000 t/a (calculated by a conversion of
0.85 kg/L). 118,200 t/a of heavy oil (calculated by 0.97 kg/L conversion from
121,856,000 L consumption) were used in trains and 17,850 t/a of slow diesel
(calculated by 0.85 kg/L conversion from 21,000,000 L consumption) were used in ship.
As shown in Table 3-5, it can be concluded that PCDDs/PCDFs emission to air from
diesel was 8.279 g I-TEQ/a which is the highest, followed by 2.636 g |-TEQ/a emission
from unleaded fuel used in 2-stroke engines, 0.544 g I-TEQ/a emission from heavy oil
and slow diesel used in trains and ships. The least emission of 0.229 g I-TEQ/a was
from unleaded fuel used in 4-stroke engines.

Category 6 — Uncontrolled Combustion Processes

Data on uncontrolled combustion processes are
accessed from many sources such as Office of
Agricultural Economic and Royal Forest Department,
Department of Forestry, Ministry of Agriculture and

Cooperatives; Department of Disaster Prevention and

Mitigation, Ministry of Interior. According to data
recorded by the Royal Forest Department during
2000-2002, an average of 102,967.36 Hectare (643,546
Rai) was damaged by the forest fire. As shown in Table
3-6, uncontrolled combustion caused by forest fire was
2,395 t/a releasing 0.012 g I-TEQ/a emission to air. The

burning of rice straws in the field is the major agricultural

‘residue burning. Other agricultural residue products
such as corn, rice husk, bagasse, etc. were used
predomintly as biomass fuel due to the energy saving
and consumption campaign in Thailand. Office of
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Agricultural Economics has reported a rice production of
26,523,000 t/a in year 2002. Of which, rice straws were
estimated to be burned 250 kg per ton of polished rice.
However, rice straws are made use as biomass fuel,
animal feeds, mushroom cutivation, etc. and only

10 % of total rice straws are accounted for agricultural

residue burning of 663,075 t/a; hence, releasing 19.892
g I-TEQ/a emission to air which is 13.79% from the total emission to air from this
source category. The data from Department of Forestry in 1998 showed that a forest
area of 7,150 m® were allocated for charcoal wbod which produced charcoal of 167
kg/m?®, therefore, the annual production was 1,194 t/a which was calculated to emission
released to air at 0.072 g I-TEQ/a. In the past, approximately 10% of Mangrove forest
was allocated for charcoal production. However, the Mangrove forest has been
conserved and charcoal made from Mangrove wood has been prohibited since year
2004. For the last 2-3 years, charcoal wood burning in Thailand seems to be greatly

reduced and most of charcoal woods are imported from other countries.

Table 3-6 Annual releases from Category 6 — Uncontrolled combustion processes

E 'g' 0 . l — Annual release (g I-TEQ/a
S8l & Source Categories - .
AR (va) Air Water Land | Product | Residue
6 | Uncontrolled combustion processes
a Fires/burnings - biomass 665,470 19.904 ND 6.640 NA ND
1] 1. Forest fires ' 2395 | 0.012 ND | 0010 | NA ND |
2| 2. Grassland and moor fires | 0 0.000 ND 0.000 NA ND
[ 3| 3. Agricultural residue burning (in field) ' 663,075 ‘ 19.892 ND 6.631 NA ND
b! Fires, waste burning, landfill fires, industrial 401,024 | 124.332 ND 0.000 0.000 | 236.097
fires, accidental fires
1) Landfill fires 6,122 6.122 ND - NA NA ND
2| Accidental fires in houses, factories (per 441 | 0.176 ND see NA 0.176
3| Uncontrolled domestic waste burning 393,178 | 117.953 ND | see | NA | 235,907
4| Accidental fires in vehicles (per avent) 89 0.008 ND see NA 0.002
5| Open burning of wood 1,194 0.072 ND ND NA | 0012
I
Total for Category 6 144.24 0.00 6.64 0.00 236.10

Note:  “NA” denotes that the vector is not expected.

“ND" denotes that presently there is no suitable emission factor available.

The major PCDDs/PCDFs emission to air is from uncontrolled domestic waste. The
emission to air is 117.95 g I-TEQ/a which is accounted for 81.78% of total emission to
air. The agricultural residue burning is the next source of concerns which releases
19.892 g I-TEQ/a and is accounted for 13.79% of the total emission to air.
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Due to limitation of recorded data, landfill fires were estimated from 5% of municipal
solid waste of 122,438 t/a and calculated to the release of 6.122 g I-TEQ/a. As shown in
Table 3-6, all forest fires, accidental fires in houses, factories, vehicle and open burning
of wood showed an insignificant emission released to air and residue which were
accounted for 0.19% and 0.08% of the total emission to air and residue, respectively.

Category 7 — Production of Chemicals, Consumer Goods

The study is conducted by sending questionnaires to
relevant industries that use chlorine in the process.
85% of questionnaires did not have complete data and

thus did not allow for source classification; therefore,

the data shown here do not represent the whole
figure of relevant industries. However, it can be
overviewed roughly to look for the PCDDs/PCDFs
emission to air, water, products and residue.
According to available data, pulp and paper and
ethylene dichloride/vinyl chloride monomer/polyvinyl
chloride (EDC/NVCM/PVC) production are studied.
Emission to residues from boiler in pulp and paper

mills seems to be the major concern and is
accounted for 99.17% of total emission to residue
(381.00 g I-TEQ/a v.s. 384.16 g |-TEQ/a). Sludge
from Kraft process that uses chlorine and recycling
pulp is the next source of concern and are accounted
for 291% and 2.28%, respectively. However,
PCDDs/PCDFs emission in sludge is quite small
when compared to boiler process. There are 2
EDC/NVCM/ PVC plants and one PVC plant in
Thailand which have a total production of 1,668,000
t/a, of which 94.0% and 6.0% are from EDC/NVCM/
PVC and PVC production, respectively. As shown

in Table 3-7, the major PCDDs/ PCDFs emission to air is from EDC/NVCM/PVC plant
(1.509 g I-TEQ/a), followed by pulp and paper mills’ boiler (0.027 g I-TEQ/a). The
emission to residue from EDC/VCM/PVC plant is not critical when compared to those
from pulp and paper mill's boiler (3.156 g I-TEQ/a v.s. 381.000 g I-TEQ/a). The major
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emission to water is from pulp and paper mill process in the recycling pulp (0.894 g I-

TEQ/a), followed by kraft process that used chlorine (0.434 g I-TEQ/a).

The major

emission to products is from pulp and paper mill (8.248 g |-TEQ/a) which contributed to

5.200 g I-TEQ/a from recycling paper, 3.048 g I-TEQ/a from kraft pulps/paper from

primary fibers that used chlorine.

Table 3-7 Annual releases from Category 7 — Production of chemicals, consumer goods

5 45 a . T Annual release (g I-TEQ/a ‘
E 5 E Source Categories (t/a) Air Water Land Product| Residue |
w | ®n| o
7 Production of chemicals, consumer |I
a Pulp and paper mills |
Boilers (per ton of pulp) 381,000 0.027 381.000
L 1'_ _ Black liquor boilers, burning of sludges, 361,000 0.027 381.000
2| Bark boilers only 0| 0.000 | 0.000
Sludges 199,456 19.944
|| 1] Kraft process, old technology (CI2 ) 111,838 11.184
I 2| Kraft process, modern technology (ClO2) 18 B 0.0002
| 3] TMPpulp 0 0.000
4| Recycling pulp 87,600 8.760
Water (in L) 19,005,075,000 1.328 _ =
1 Kraft process, old technology (C|2 ) 5.200.000.000 0.434
2| Kraft process, modern technology (ClO2) 30.075.000 0.000
3| TMP pulp o 0 0.000
4 Recycling pulp 12,775,000,000 0.894
| Pulp and paper 901,236 8.248
1 1| Kraft pulps/papers from primary fibers, 381,000 3.048
2| Sulfite papers, old technology (CI2) 0 0.000
3| Kraft papers, new technology (CIO2, 236 0.000
i | 4| Sulfite papers, new technology (ClO2, - 0 0.000
| 5| Recycling paper 520,000 5200 |
' | b| | Chemical industry
| PCP N
1| European, American prodn (chlorinated phenol-
2| Chinese production (thermolysis of HCH)
PCP-Na B
PCB
1| Low chlorinated, e.g., Clophen A30, Aroclor 1242
2| Medium chlorinated, e.g., Clophen A40, Aroclor
3| Medium chlorinated, e.g., Clophen A50, Aroclor
4| High chlorinated, e.g., Clophen A60, Aroclor |
[ Chlorinated Pesticides |
|| 1] Pure 2.4.5-Trichiorophenoxy aceti acid (2.4,5-T)
1, | 2| 2.4 6-Trichlorophenol (2 4 6-PCPh)
| | 3| Dichlorprop |
| 4| 2.4-Dichlorophenoxy acetic acid (2,4-D) [
| 2.4 6-Trichlorophenyl-4’-nitropheny| ether (CNP =
5| (CNP = Chloronitrafen)
Oid technology
New technology I
6| Chlorobenzens - -
7| Chlorine production with graphite anodes
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§ Té 9 ) Production Annual release (g I-TEQ/a
PR Source Categories - -
Flalo (Va) Air Water Land Product| Residue
Chloranil ' |
1| p-chioranil via chiorination of phenol
2| p-chloranil via hydrochinone
3| Dyestuffs on chloranil basis (old process, Class
4| o-chloranil via chlorination of phenol |
ECD/VCM/PVC 1,668,000 1.490 0.027 0.000 0.057 3.156
1| Old technology, EDCA/CM, PVC | 0 0.000 0.000 0.000 0.000 0.000
2| Modern plants 1,668,000 | 1.4896 0.027 0.000 0.057 3.156
EDCVCM and/or EDC/VCM/PVC 1,668,000 | 1.4896 0.024 0.000 0.047 | 3.136
PVC only ] 100,000 | 0.0000 0.003 0.000 0.010 0.020
c Petroleum refineries ! |
1! All types I |
d| | Textile plants '
11 Upper limit
2| Lower limit
e Leather plants I B -
1] Upper limit
| 2| Lower limit - o I
Total for Category 7 1.52 1.33 0.00 8.31 384.16
|

The study found that both EDC/N/CM/PVC plants, Thai Plastics and Chemical Public
Company (TPC) and VinyThai Public Company, have a priority concern on
environmental health and safety. Their plants are full-equipped with air pollution control
system to extremely reduce PCDDs/PCDFs emission to air. The measurement on
PCDDs/PCDFs from emission to air by SGS, Belgium showed that both plants have
significantly low concentration of PCDDs/PCDFs (0.0674, 0.0391 and 0.1780
ng TEQ/Nm® when compared to the standard allowance of PCDDs/PCDFs at 0.5
ng TEQ/Nm®. The figures imply that EDC/VCM/PVC plants in Thailand have good
control of PCDDs/PCDFs emission. The estimated calculation from UNEP's Toolkit
generates the exaggerate number and may not be appropriated for this type of source

activity.

Category 8 — Miscellaneous

Only emission from crematories and tobacco smoking would be evaluated in this study
due to data availability. The survey study of 309 from 405 temples in Bangkok was
done by PCD in 2000. The data were extracted from questionnaires on crematories
that sent to local administrations in 75 provinces. The death record was obtained from
Department of Provincial Administration, Ministry of Interior and National Statistics,
2003. The data were analysed based on religion record from Department of Provincial

Administration in 2000 to estimate the approximity of data due to religious ceremony.

Religion statistics showed a proportion of Buddhism, Islamism, Christianity and others
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for 94.57%, 4.65%, 0.72% and 0.06%, respectively. Of which 75%,
found for cremation among the Buddhism, Islamism and Christianity.

0% and 5% are

Table 3-8 Annual releases from Category 8 — Miscellaneous

I . " Annual release (g I-TEQ/a )
% 8 ﬁ Source Categories Production T
oSS (t/a) Air Water Land Produc | Residue ]
»|m| O |
8 Miscellaneous

| a Drying of biomass
| | 1] Clean wood
2| Green fodder
| | 3] PCP-or otherwise treated biomass
'; b Crematories - 253,788 | 21.614 NA ND | 0.000 | 6.477

| 1 No control 238.455 21.461 NA ND 0.000 6.438

| 2| Medium control 15,333 0.153 NA ND 0.000 0.038

| 3| Optimal control 0 0.000 NA ND NA 0.000

c Smoke houses
1| Treated wood, waste fuels used as fuel
2| Clean fuel, no afterburner
3| Clean fuel, afterburner
d Dry cleaning residues
1. Heavy textiles, PCP-treated, etc.
2| Normal textiles
e Tobacco smoking 1,937,500 0.194 NA NA NA NA
1. Ciqgar (per item) 0 0.000 NA NA NA NA
2| Cigarette (per iterm) 1.937.500 0.194 NA NA NA NA
Total for Category 8 21.81 0.00 0.00 0.00 6.48
Note:  “NA” denotes that the vector is not expected.

“ND" denotes that presently there is no suitable emission factor available.

The modified factor of 0.7582 is applied to death population to obtain cremated bodies.
Based on National Statistics in 2003, the total death in Thailand was 334,725 persons

and cremated bodies were 253,788 corpses.

There are 93.96% class 1 and 6.04%

class 2 crematories in Thailand; however, the class 3 crematories are not existed in the

present study. As shown in Table 3-8, total PCDDs/PCDFs emission to air and residue

residue from crematories were 21.614 and 6.477 g I-TEQ/a, respectively.
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Department, Ministry of Finance showed that 1,937,500 items of cigarette has been
taxed in 2004 for the whole country. This figure is well corresponding to the number of
cigarette consumption in 2004. Therefore, the PCDDs/PCDFs emission to air was
0.194 g I-TEQ/a.

Category 9 - Disposal/Landfills

PCDDs/PCDFs emission from disposal or landfill activities is not evaluated in this study
due to incomplete and scarcity of data. In many cases, there are no recorded or
updated data. All industrial enterprises is required by the Factory Act to submit their
waste manifestation report to Department of Industrial Works or Industrial Estate of
Thailand depending on their registration. However, the study finds that most of
enterprises do not itemize waste specifically or record properly. Therefore, it is very
difficult to keep track of data. More attention on precise record as well as details should
be communicated among enterprise to achieve complete waste manifestation data. The

annual releases from this source category is shown in Table 3-S.

Table 3-9 Annual releases from Category 9 — Disposal/Landfill

_ Annual release (g |-TEQ/a
Production

Source Categories
g (t/a) Air Water Land Produc | Residue

Subcat.__
Class

w© |Sector

Disposal/Landfill

W

Landfill leachate

e

Hazardous waste

2 Non-hazardous waste

b Sewage/sewage treatment

1| Industrial. mixed domestic with CI

No sludge removal

With sludge removal

2| Urban environments —

No sludge removal

With sludge removal

3| Remote and residential or modern

]

c Open water dumping

1| Contaminated waste waters

2| Uncontaminated wastewaters

d Composting

1| All organic fraction

2| Garden, kitchen wastes

3 Green materials.not impacted

e| | Waste oil disposal

T

1] All fractions

Total for Category 9

3-19




Category 10 — Hot-Spots

Due to unavailable, incomplete or scarce data, PCDDs/PCDFs emission for potential
hot-spots activities cannot be identified. Table 3-10 shows the annual release of
emissions that are concerned to be potential hot-spots.

Table 3-10 Annual releases from Category 10 — Hot-spots

_ Annual release (g TEQ/a
Production |

Categories and Subcategories

Sector
Subcat.

(t/a) Air Water Land Product | Residue

|

—
[=]

Identification of Potential Hot-Spots
Production sites of chlorinated organics

Production sites of chlorine

Formulation sites of chlorinated phenols

a0 |o|w

_Application sites of chlarinated phenols
Timber manufacture and treatment sites

|

PCB-filled transformers and capacitors |
Dumps of wastes/residues from categories !

Sites of relevant accidents
Dredging of sediments

= el

— -

Kaolinitic or ball clay sites

3.4 Conclusion and Recommendations

The summary inventory matrix for PCDDs/PCDFs emission from source categories
1-10 is shown in Table 3-11 and percent of annual release to environmental media from
each source category is shown in Table 3-12. Emission to residues is found to be the
highest when compared to emission to air, product, land and water, consecutively.
Emission to residue from production of chemicals and consumer goods (source
category 7) at the amount of 384.16 g I-TEQ/a is the highest (49.68%), followed by
uncontrolled combustion processes (source category 6) of 236.10 g I-TEQ/a (30.53%),
ferrous and non-ferrous metal production (source category 2) of 99.64 g I-TEQ/a
(12.89%), waste incineration (source category 1) of 32.45 g I-TEQ/a (4.20%) and power
generation and heating (source category 3) of 14.28 g I-TEQ/a (1.85%).

From this study, PCDDs/PCDFs emission to air is ranked as the second highest source
of emission. However, due to the uncontrolled deposition of these releases to
environment and consequent entrance into the foodchain, this pathway potentially is of
the most important of concern. As shown in Table 3-8, the emission to air from
uncontrolled combustion processes (source category 6), especially on uncontrolled
domestic waste burning (117.95 g I-TEQ/a) and agricultural residue burning (19.892
g I-TEQ/a) which are accounted for 81.78% and 13.70%, respectively, is found to be

the highest when compared to other source categories. As shown in Table 3-11
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Table 3-11 Inventory matrix of PCDDs/PCDFs emission from source categories to

environment media

Sests Annual PCDDs/PCDFs Releases (g TEQ/a)
r S G i
oyce Galegotien Air Water Land Product | Residue
1 Waste Incineration 42 .37 0.000 0.000 0.000 32.45
2 Ferrous and Non-Ferrous Metal Production 20.20 0.000 0.000 0.000 99.64
3 Power Generation and Heating 33.33 0.000 0.000 0.000 14.28
4 Production of Mineral Products 11.14 0.000 0.000 0.000 0.17
5 Transportation 11.69 0.000 0.000 0.000 0.00
6 Uncontrolled Combustion Processes 144 .24 0.000 6.64 0.000 236.10
7 Production of Chemicals and Consumer Goods 1.52 1.33 0.000 8.31 384.16
8 Miscellaneous 21.81 0.000 0.000 0.000 6.48
9 Disposal/Landfilling 0.00 0.00 0.00 0.00 0.00
10 Identification of Potential Hot-Spots
1-9 Total 286.30 1.33 6.64 8.31 773.30
Table 3-12 Percent of PCDDs/PCDFs releases per media in source categories
inventory
Sect ' | % PCDDs/PCDFs Releases per Media
ector i
Source Categories | Air Water Land Product | Residue
1 Waste Incineration 14.80 0.00 0.00 0.00 4.20
2 Ferrous and Non-Ferrous Metal Production 7.06 0.00 0.00 0.00 12.89
3 Power Generation and Heating 11.64 0.00 0.00 0.00 1.85
4 Production of Mineral Products 3.89 0.00 0.00 0.00 0.02
5 Transportation 4.08 0.00 0.00 0.00 0.00
6 Uncontrolled Combustion Processes 50.38 0.00 100.00 0.00 30.53
7 Production of Chemicals and Consumer Goods| 0.53 100.00 0.00 100.00 49.68
8 Miscellaneous 7.62 0.00 0.00 0.00 0.84
9 Disposal/Landfilling 0.00 0.00 0.00 0.00 0.00
10 Identification of Potential Hot-Spots - - = - -
1
1-9 Total 100.00 100.00 100.00 100.00 100.00

and 3-12, the highest PCDDs/PCDFs emission to air from uncontrolled combustion
process is 144.24 g |-TEQ/a which is contributed to 50.38% of the whole emission to
air. The second source of concern is the emission from the waste incineration (source

category 1 - medical/hospital waste incineration) at the amount of 38.289 g I-TEQ/a

which is accounted for 90.38% of the total emission to air from this source category.
The third source is the emissions from power generation and heating (source category
3) from wood fired power boilers at the amount of 27.900 g I-TEQ/a which is contributed
to 83.70% of the total emission to air. PCDDs/PCDFs emission to air from

miscellaneous (source category 8), ferrous and non-ferrous metal production (source
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category 2) and production of mineral products (source category 4) are 7.62%, 7.06 %
and 3.89%, respectively. The present study indicates that the emission from production
of chemicals and consumer goods (source category 7) seems to be the least and plays
an insignificant role. However, the inventory for this source category needs to be

further investigated and updates for the complete data.

The emissions released to land are dominated by the uncontrolled combustion
processes (source category 6) particularly on agricultural residue burning which
generates 6.631g |-TEQ/a. The emission released to product and water is found only
from production of chemicals and consumer goods (source category 7) in the less
manner of concern when compared to those emission to residue, air and land.
However, one should be aware that recycling pulp and kraft process which uses
chlorine in pulp and paper mills may contribute to PCDDs/PCDFs release to product

and water.

From this study, PCDDs/PCDFs emission from source category 9 - landfill and disposal

is left to be investigated due to time limitation and scarcity of data. It is recommended
that waste manifestation should be applied to all industries with a complete details on
amount left to be treated and method of disposal/landfill treatment, i.e. waste

incineration, water and sludge treatment, landfill and disposal.

The study found that questionnaires may not be an appropriate tools to get data. Most
of enterprises have poor understanding as well as misunderstanding of the industrial
process. Most of them feel like to be threatened for tax or any unpleasant pollution
report if they fill the exact amount of raw material, treatment process, etc. Therefore,
training workshops should be held to instruct the enterprises to fill in the questionnaires
regarding the process and details to look at i.e. furnace temperature, furnace chamber,
air pollution control system, etc. The communication should be done in the manner of
creating a good relationship and building up the trustworthiness among governmental

offices and enterprises to achieve fruitful collaboration.

Thailand, like many other countries, is facing with lack of data due to no record or
statistics available and this problem should be addressed to Thai government to issue a
standard practice for all enterprises including governmental offices, state-enterprises
and related enterprises to implement with a good detail record. DIW and IEAT have
initiated the waste manifestation system and it may take a while to achieve good record

from industries and relevant institutions.



Data obtained on registered vehicle from Ministry of Transportation, fuel consumption
from Ministry of Energy, population statistics from Ministry of Interior and National
Statistics, tax related item from the Excise Department, Ministry of Finance, medical
waste from BMA, cement, PVC and EDC/VCM/PVC production from the industries are
quite complete and update for year 2004.

However, few data obtained on forest fires and agricultural residue from Ministry of
Agriculture and Cooperatives, and all fires events from Department of Disaster
Prevention and Mitigation, Ministry of Interior are quite old and need to be updated.
The accidental fires in house, factory and vehicle should be recorded for more details
on each fire event considering area or volume per fire event in addition to cost of
property damage. Data on medical waste incineration from Ministry of Public Health
need to be revised and updated to include details such as quantity of infectious waste,
furnace temperature in each chamber, operation time i.e. hours/day or week so that the
data could be evaluated as an annual mass production, air pollution control system, etc.
The present finding notices that many facilities are not operated due to low amount of
infectious waste as well as high cost of operation that are not getting supported from
the fiscal budget. Collection of infectious waste is pooled and sent to other facility for
incineration in order to save cost of operation. In addition, many facilities do not have air
pollution control system in their medical waste incineration so they rather not operate
the incinerator; otherwise, they would be annoyed by community’s complaint on air

poliution that comes from the incineration process.

From the past to present, the data on agricultural residues are unlikely to keep track of.
In the past, the agricultural residues were burn after harvest but nowadays they are
used as biomass fuel to achieve the governmental campaign on energy saving and
consumption. Open burning of wood seems to be greatly reduced. Therefore, this data
also needs to be revised by the relevant Ministries. Backyard and open burning
especially in the rural and community area where sanitation is not provided or accessed
seems to be a problem and is difficult to control. Educational campaigns on production
and/or generation of unintentional persistent organic pollutants as well as their adverse
effects to health and environment should be publicized to communities and industries to
create an awareness and mitigation of PCDDs/PCDFs problems. Governmental
support in terms of financial and technical advices on best available technology (BAT)
and best environmental practices (BEP) should be applied to all related stake holder
enterprises and industries to reduce or eliminate the PCDDs/PCDFs emission

problems.



The estimated PCDDs/PCDFs release to environment which is. obtained from the
calculation of annual mass production with default emission factor characterized by
source category and class according to UNEP’s Toolkit may or may not reflect the real
amount of PCDDs/PCDFs emission. However, this estimated emission could roughly
indicate and identify potential source of PCDDs/PCDFs emission to environment since
the cost of actual sampling analysis is considerably high and could be a burden for
small and medium enterprises to conduct the measurement. Nevertheless, the the
actual sampling analysis and monitoring of PCDDs/PCDFs emission should be
conducted and this would be the best clue in assessing hazardous health effect and
environmental impact from PCDDs/PCDFs exposure. In addition, technical and
financial support should be allocated from national and international organizations to

reduce or eliminate PCDDs/PCDFs emission to environment.



Appendix 1

Default Emission Factor

for
PCDDs/PCDFs

from Souce Categories

UNEP’s Toolkit, 2003



Table A1

Default emission factor for Category 1 — Waste incineration

§ § 0 § o _ _‘___Potenlial Release Route (ug I-TEQ/t)
| E [ § g PRRC SRR Air ‘ Water Land | Product Fly asiasg:tizm ash|
1| | | Wasteincineration il '
a | | Municipal solid waste inc. ! S
.' 1] Low tech. comb., no APCS 3,500 | NA NA | 0 75 |
2| Controlled comb.. min. APCS 350 | NA | NA | 500 15 |
| 3| Controlled comb., good APCS 30| NA | NA | 200 7
|4 05 |
b ! 1 H - 4
L1 35,000 | NA | NA | 9,000
. | 2| 350 NA|  NA| 800
| 3| 10 | NA | NA | 450
| 4| High tech. comb.. sophis. APCS 0.75 | NA NA | 30
L ] | Medical/hospital waste inc. l ...... il
| 1| Uncontrolled batch comb., no APCS| 40,000 f NA NA | 200
| 2| Controlled, batch, no or min. APCS NA NA | 20
| 3 Controlled, batch comb., good NA NA | 920 ND
4_' High tech, cont., sophis.APCS NA NA 150
d | | Light fraction shredder waste inc. | ;
1| Old furnaces, batch, noflittle APCS NA| ND ND
_________ 2| Updated, continuously, some NA | ND ND
| 3| State-of-the-art, full APCS NA | 150
e| | Sewagesludgeinc. o
| 1] Uncontrolled batch comb., no APCS NA | 23
[ .| 2| Controlled, batch, no or min. APCS NA | 0.5
| 3] High tech, cont., sophis. APCS NA | 0.5
| f] | Waste wood & waste biomass inc.|
|| 1] Oid furnaces, batch, nofiittle APCS | 100 | | NA| NA| 1000|
| | 2| Updated, continuously, some 10 | NA NA | 10
j | 3| State-of-the-art, full APCS 1] NA NA | 0.2
g | | Animal carcasses burning | S N—
. ‘ | 1| Old furnaces, batch, no/little APCS 500 | NA NA ND
|| 2 Updated, continuously, some 50 | NA | NA | ND
‘ | 3| State-of-the-art, full APCS 1] NA NA | ND
Note:  “NA” denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.



Table A2 Default emission factor for Category 2 — Ferrous and non-ferrous production

8 ‘32' g.[ Potential Release Route (ug I-TEQ/t)
3 2| =i Source Categories : =
ol &l o Air Water Land | Product | Residue
2| ., Ferrous and non-ferrous metal
I | Iron ore sintering |
1| High waste recycling, in M. 20 ND |
2 5 ND
3| High technology, emission reduction | 0.3 ND | .
b| | Cokeproduction = | | 0 .
1] Nogascleaning | 3 0.06 ND. ND ND
el B 0.3 0.06 ND ND ND
c | Iron and steel production & foundries | | | |
||| 1ron & steel B _ I ‘ ,
1 Dirty scrap, scrap preheating, limited control | 10 | ND ND ND | 15
: 2 Clean scrap/virgin iron, after burner, FF | 10 | ND |  ND 15
| EAFs, all with fabric filter (FF) 15
|  EIFs with FF, wet scrubber [ 15
| Unknown ‘ 15
| 3 | 18
4 2
1| Cold air cupola or rotary drum, no APCS | 10, ND ND | ND | ND
2| Rotary drum - FF [ 43| ND ND ND 0
3| Cold air cupola, FF 1.1 ND ND ND 8
4} Hot air cupola or induction furnaces, FF 0.03 | ND | ND ND 1
d| | Copper production
1) . Sec. Cu-Basictechnology | 800 | | ND. ND | ND 630
2| Sec. Cu - Well controlled 50 ND ND ND €630
3| Sec. Cu- Optimized for PCDD/PCDFcontrol | 5|  ND | ND. ND | 630
Al Prim.Cu— 2l P88 i 001 | ND. ND ND ND
e | Aluminum production |
1 Processing scrap Al, minimal treatment of 150 ND ND | ND 400
2 Scrap treatment, well controlled. good APCS 351 . ND _ND | ND 400
1.3 Shavings/tu ying. 10 ND ND ND NA
| .| 4| Optimized process, optimiz 05 | ND | ND ND | 400
Lt Lead production I N
1 Sec. lead from scrap, PVC battery 80 |.....ND | ND. ND ND.
_.|.2| _Sec.from PVC/CI2 free scrap, blast ___ 8| ND| ND| ND| I ND
..| 3| Sec Lead PVC/Cl2freescrapin furnaces | 05 ND | . ND| .. ND | . ND
|9 Zinc production P |
1] Kiln with no dust control 1,000 ND |  ND|  ND| = ND.
2| Hot briquetting/rotarry furaces, basic 100 ND | ND [ _ND ND
3| Comprehensive control 5 ND | ND ND ND |
4| Melting (only) 0.3 ND | ND ND ND |
h | | Brass and bronze production | . | |
.......... 1)... Simple melting furnaces D | ND ND _ND | ND
2| Sophisticated equipment, e.g. induction 0.1 ND. .| 5 ND | ND
i Magnesium production | B 1
1], Using MgO/C thermal treatment in CI2, no 250 | 9,000 NA [ SN 0 0
j 2| Using MgO/C thermal treatment in CI2, )50 24 NA ND 9,000
i.| | Thermal Non-ferrous metal { | S I R
|. 1] Contaminated scrap, simple or no dust - 100 | NO e NDE L ND [ ND
|2 Clean scrap, good APCS ND ND
% L Shredders e gl
1 Metal shredding plants NA ND ND
m Thermal wire reclamation
..l 1] Openbumningofcable | 5000 ND ND ND
[ 2 Basic furnace with after burner, wet 40 NA ND ND
| 3| Burning electric motors, brake shoes, efc., ! 2.3 ‘ NA | ND ND

Note: “NA” denotes that the vector is not expected.
“ND” denotes that presently there is no suitable emission factor available.



Table A3 Default emission factor for Category 3 — Power generation and heating

| 5 1w Potential Release Route (ug I-TEQ/TJ)
e = Source Categories : [ | -
] Q Air Water Land Produc Residue
3 Power Generation and Heating |
a Fossil fuel power plants 35 NA | NA NA | ND
1 Fossil fuel/waste co-fired power boilers 10 NA NA NA 14
2 Coal fired power boilers 25 NA | NA NA ND
3 Heavy fuel fired power bailers 0.5 NA | NA NA ND |
4 Light fuel cil/natural gas fired power boilers |
| b | Biomass power plants | 500 NA NA NA ND |
1 Other biomass fired power boilers 50 NA , NA NA 15 |
2|  Wood fired power boilers 35 NA NA NA ‘ ND |
c Landfill, biogas combustion ‘
1 Biogas-fired boilers, motors/turbines & flaring 8 NA NA NA NA
d Household heating and cooking | o
1 Contaminated wood/biomass fired stoves 1,500 NA NA NA 2.000
2|  Virgin wood/biomass fired stoves 100 NA I NA NA 20
e Household heating and cooking |
1 Coal fired stoves 70 NA : NA NA 5
2| il fired stoves 10 NA | NA NA ND
3| Natural gas fired stoves 1.5 NA 1 NA NA 1 ND
Note:  "NA” denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.

Table A4 Default emission factor for Category 4 — Production of mineral products

| Potential Release Route (ug I-TEQUt)
6| 8| = :
‘g E -E Saurce Galsaerine Air Water I Land Produc | Residue
w|;m| O |
4 Production of mineral products
a Cement kilns | ‘
1] Wetkilns, ESP temperature =300°C 50 NA . ND ND 1.0
2| Wetkiins, ESP/FF temperature 200 to 300°C 0.6 NA ND ND | 0.1 |
3| Wet kilns, ESP/FF temperature <200°C, all types 0.15 NA ND ND 0.003
b Lime
1 Cyclone/no dust control o 10 ND ND ND ND
2 Good dust abatement 0.07 | ND ND ND ND
c Brick I |
1| Cyclone/no dust control 0.20 NA ND ND ND |
2| Good dust abatement 0.02 NA ND ND ND
d Glass
1 Cyclone/no dust control 0.20 | NA ND ND ND
2 Good dust abatement 0.015 NA ND ND ND
e Ceramics
1 Cyclone/no dust control I 0.20 NA ND ND ND
2|  Good dust abatement 0.02 | NA ND ND ND
f Asphalt mixing '
1 Mixing plant with no gas cleaning 0.07 ‘| NA ND ND ND
2 Mixing plant with fabric filler, wet scrubber . 0.01 \ NA ND | ND | 0.06
Note:  “NA” denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.



Table A5 Default emission factor for Category 5 — Transport

e Potential Release Route (ug I-TEQ/t)
o Q w -
e|lal @ Source Categories : 1 .
213 2 Air Water Land Produc | Residue
—“?.mo I T I
5 Transport !
a 4-Stroke engines |
1| Leaded fuel 2 NA NA NA | ND |
2| Unleaded fuel without catalyst 0.1 NA NA NA ND
3| Unleaded fuel with catalyst 0.0000 NA | NA NA NA
P T
b 2-Stroke engines
Leaded fuel 4 | NA | NA NA ND
2| Unleaded fuel without catalyst 3 NA | NA| NA!  ND|
c Diesel engines |
1| Diesel engines - cars/road transporaton | (05 | NA _: NA | NA |~ ND |
d Heavy oil fired engines ]
- T
. 1| Trains 4 NA NA NA | ND |
, 1] Ships 4 NA NA NA | ND

Note:  “NA” denotes that the vector is not expected.
“ND” denotes that presently there is no suitable emission factor available.

Table A6 Default emission factor for Category 6 — Uncontrolled combustion processes

= ﬁ o Potential Release Route (ug I-TEQ/t)
'g 8| & Source Categories - -
AR INE] Air Water Land Product | Residue
6| | Uncontrolled combustion processes
a| | Fires/burnings - biomass
1| 1. Forest fires 5 ND 4 NA ND
2| 2. Grassland and moor fires 5 ND 4 NA ND
| | 3] 3. Agricultural residue burning (in field) 30 ND 10 NA ND
b Fires, waste burning, landfill fires, industrial
| fires, accidental fires |
"1 Landfill fires 1,000 ND |  NA NA ND
| 2| Accidental fires in houses, factories (per 400 ND See NA 400
| | 3] Uncontrolled domestic waste burning 300 ND See NA 600
' 4| Accidental fires in vehicles (per event) 94 ND See NA 18
5| Open burning of wood 60 ND ND NA 10
Note:  “NA" denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.



Table A7

Default emission factor for Category 7 — Production of chemicals,

consumer goods

5 § ' & ‘ Potential Release Route (ug I-TEQ/t)
E El E Source Categories Air Water Land Product Residue
n nl o
7| | | Production of chemicals, consumer ‘
a Pulp and paper mills .
Boilers (per ton of pulp) |
| 1] Black liquor boilers, burning of sludges, 0.07 1,000
2| Bark bailers only 0.40 1,000
Sludges iy o] -
1] Kraft process, old technology (CI2) 4.50 70 4.50 100 4.50
2| Kraft process, modern technology (ClO2) 0.06 2] 020 i0 |  0.06
3| TMP pulp
|| 4] Recycling pulp S 100
Water (in L) paTEQ/L 1
1 Kraft process, old technology (CI2) 70
2| Kraft process, modern technology (ClO2) 2 J P
3| TMP pulp 70
4| Recycling pulp 0.894
Pulp and paper o =
1 Kraft pulps/papers from primary fibers, 8
2| Sulfite papers, old technology (CI2) 1
| 3| Kraft papers, new technology (CIO2, 0.5
4| Sulfite papers, new technology (ClO2, 0.1
5| Recycling paper 10
b Chemical industry
PCP
1| European, American prodn (chlorinated phenol- 2.000.000
2| Chinese production (thermolysis of HCH) 800,000
3| PCP-Na 1 500
PCB
1| Low chlorinated, e.g., Clophen A30, Aroclor 1242 | - B | o ~15.000 |
2| Medium chlorinated, e.g., Clophen A40, Aroclor : 70.000
3| Medium chlorinated, e.g., Clophen A50, Aroclor r 300,000
| 4| High chlorinated, e.g., Clophen AB0, Aroclor | 1,500,00
| | chlorinated Pesticides
| 1| Pure 2,4,5-Trichlorophenoxy acetic acid (2,4,5-T) | 7.000
2| 2.4 6-Trichlorophenol (2,4,6-PCPh) 700
3| Dichlorprop 1,000
4| 24-Dichlorophenoxy acetic acid (2,4-D) | 700
! 24 6-Trichlorophenyl-4™-nitrophenyl ether (CNP = | | —— 0
| 5| (CNP = Chloronitrofen) 300.000
l Old technology 400
| New technology ND ND_
6| Chlorobenzens NA ND
7| Chlorine production with graphite anodes 7.000
Chloranil
| 1] p-chioranil via chiorination of phenol 400.000
2| p-chloranil via hydrochinone 100
| 3| Dyestuffs on chloranil basis (old process, Class - 1.200
| 4| o-chloranil via chlorination of phenol 60.000
ECD/VCM/PVC
1| Old technology, EDC/VCM, PVC 9
| 2| Modern plants |
EDC/NVCM and/or EDC/NVCM/PVC | 0.015 0.03 2
PVG only | 0.030 - 0.10 0.2




Table A7 Default emission factor for Category 7 — Production of chemicals,

consumer goods (continued)

5 § o Annual release (g I-TEQ/a
o|lal® Source Categories = | ;
gg {3 o Air Water Land Product| Residue
7 | Production of chemicals, consumer N i
c Petroleum refineries ‘
1] Al types | ND NA | NA NA ND
d Textile plants |
1| Upper limit NA ND NA | 100 ND
2! Lower limit NA ND NA 0.1 ND
| e| | Leather plants
1] Upper limit == NA ND NA 1,000 ND
| 2| Lower limit NA ND NA | 10 ND
Note:  “NA” denotes that the vector is not expected.

Table A8 Default emission factor for Category 8 — Miscellaneous

"ND” denotes that presently there is no suitable emission factor available.

|

w | Potential Release Route (ug |I-TEQ/t)
CRRR =
33| 8| Poyrce Cateporiee Air Water | Land | Produc | Residue |
o || O _ — |
8 | Miscellaneous
a | Drying of biomass |
1| clean wood 0 NA | ___ND 0 ND
2| Green fodder 0 NA ND 0 ND
3 PCP- or otherwise treated biomass 10 NA ND 1 ND
b Crematories .
1,___No control - - 90 NA ND NA 27
2| Medium control 10 NA ND NA 3
3| Optimal control 0.4 NA ND ~_NA_ 3
c Smoke houses o
1| Treated wood, waste fuels used as fuel 50 NA ND ND see
2| Clean fuel, no afterburner 6 NA ND ND |  com-
3| Clean fuel, afterburner . 1 NA ND ND | bustion
d| | Dry cleaning residues
i . 1] Heavy textiles, PCP-treated, etc. NA NA NA NA 3,000
ES | 2| Normal textiles NA NA NA NA| 80
e Tobacco smoking .
. 1] Cigar (per item) 0.3 NA NA NA NA
2| Ciaarette (per item) 0.1 Na NA NA NA
Note:  “NA” denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.

A-6



Table A9 Default emission factor for Category 9 — Disposal/Landfill

‘ s ‘ §| . _ | Potential Release Route (ug I-TEQ/t)
§ g E Sotims Gatagaried Air Water Land . Produc I Residue
| n| O
9 Disposal/Landfill
a Landfill leachate 1
1| Hazardous waste NA 200 NA NA
2| Non-hazardous waste NA 30 NA NA
b| | Sewage/sewage treatment -
1| tndustrial, mixed domestic with Cl,
No sludge removal 5 NA NA 1,000
With sludge removal N 1 NA NA 1,000 |
2| Urban environments !
No sludge removal 2 NA NA 100 |
| With sludge removal 1 NA NA 100
| 3| Remote and residential or modern 1 NA NA 10
c Open water dumping =
1| Contaminated waste waters NA | 50 |  NA NA NA
2| Uncontaminated wastewaters NA 5 NA NA | NA
f d Composting
1| All organic fraction NA ND | NA 100 NA
2| Garden, kitchen wastes ~_NA ND NA 15 NA
3| Green materials,not impacted NA ND | NA 5 NA
e Waste oil disposal ]
11 All fractions 4 ND ND ND ND
Note:  “NA” denotes that the vector is not expected.

“ND” denotes that presently there is no suitable emission factor available.

Table A10 Default emission factor for Category 10 — Hot-spots

5|8 ' Potential Release Route (ug I-TEQ/t)
é ;,g, Categories and Subcategories Air Water Land Product | Residue ,'
10 Identification of Potential Hot-Spots x indicates need for site-specific evaluation

a| Production sites of chlorinated organics X X o

b| Production sites of chlorine X

| c| Formulation sites of chlorinated phenols B

d| Application sites of chlorinated phenols X X

e | Timber manufacture and treatment sites X X

f | PCB-filled transformers and capacitors X X

q| Dumps of wastes/residues from cateqgories X

h| Sites of relevant accidents

i | Dredging of sediments - X X

i | Kaolinitic or ball clay sites X | X
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1 Background

The Kingdom of Thailand has signed the Stockholm Convention on Persistent
Organic Pollutants (POPs) and is therefore obliged to develop a National Implemen-
tation Plan (NIP) on POPs reduction. One element of this NIP will be an inventory of
sources of unintentional released POPs, i.e. polychlorinated dibenzodioxins and
-furans (PCDD/Fs). To facilitate the construction of such inventories under the POPs
Convention UNEP Chemicals, Geneva, has developed a so-called "Standardised
Toolkit for [dentification and Quantification of Dioxin and Furan Releases” which pro-
vides a default source structure and related emission factors.

Thailand has already applied this Toclkit to draft a first preliminary inventory; a final
version of the inventory is due by March 2005. Since in this preliminary inventory the
emissions of several source groups have not been evaluated and the calculations
made partly are not really transparent, the Thai Pollution Control Department (PCD)
requested for assistance by an international consultant with considerable experience
in such issues. This assistance was provided by Dr. Ulrich Quass from Muller-BBM
GmbH, Germany, who established the so-called “European Dioxin Inventory” on be-
half of the European Commission.

Tasks

According to the terms of references which had been agreed on between PCD and
Dr. Quass the assistance should comprise following elements:

e Preparation of training materials for a training of PCD staff during a visit of the
consultant in Bangkok

e Provision of material and methodologies for best-practice development and
execution of inventories

« Participation in field survey of potential dioxin emission sources

e Assistance in the assessment of national institutional capacities for unintentional
POPs management.

o Provision of advise on identifying: barriers to phase out, reduction, rernediation
and disposal of unintentional POPs.

e Provision of recommendations on the outline of a plan or strategy for promoting
awareness, training and education with respect to measures to achieve reduc-
tion and releases of unintentional POPs.

M60 87011 qa
2005-06-16 Page 3
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3 Execution

3.1

The consultancy work took place in three phases:
1. Home-based preparation of background and training material
2. Bangkok-based training and collaboration with PCD staff

3. Home-based preparation of mission reports and further revision of documents
delivered by PCD

Preparation of background and training materials

For a best-practice development of a dioxin emission inventory a broad range of
background information is necessary. This is especially true for countries which have
no means of carrying out comprehensive national emission measurement programs.
Therefore a compilation of reports and documents providing such information was
prepared and delivered to PCD on CD-ROM during the training. These documents
comprised

a) Documents focusing general aspects of dioxin policy and strategies to reduce
their releases

b) Dioxin emission inventories from various countries, partly made with UNEP
Toolkit

c) Documents advising to best available technologies (BAT), e.g. BREF-docu-
ments prepared by the Joint Research Centre (JRC) of the European
Commission

d) Various process-related information
e) Information related to application of the UNEP Toolkit
fy Information on available dioxin abatement techniques

The information provided by these documents may help to identify the relevant para-
meters and conditions of dioxin formation and releases from various industrial
sources. They further can be used as reference for the classification of sources
according to the UNEP Toolkit structure.

It was decided to use the preliminary inventory as a basis for the training. From the
present state in the preliminary inventory it was apparent that the activity rate calcula-
tions done so far were difficult to trace-up which leads to lack of transparency of the
methodology used. To overcome this obstacle, a new EXCEL-based form was de-
veloped. With this form, a transparent presentation and Toolkit-compatible calculation
of activity rates can be achieved. It was used to train PCD staff in activity rate
evaluation.

M60 870/1 qa
2005-06-16 Page 4
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3.2 Training workshop and further collaboration with PCD, Bangkok

3.21 Training workshop

The training workshop was held on two days. On the first day two lectures were given
by Dr. Quass to an audience comprising PCD staff and representatives from Thai in-
dustrial companies. The lectures started with an introduction to general knowledge on
dioxins and furans and to methodologies of source inventories. This was followed by
a detailed presentation of the UNEP Toolkit approach that comprises a manual giving
background information to identify and classify existing sources as well as an Excel
worksheet to calculate PCDD/F emissions using default emission factors. Related to
this, an additional tool ("AR-tool”) was presented developed for a standardised
evaluation and transparent presentation of the activity rates needed for the Toolkit
calculations. On the second day PCD staff was trained in the use of this activity tool
using exemplary data provided in the Thai preliminary dioxin inventory. This training
aimed to enable PCD staff to

» Identify the source types and source classification which are available in the
Toolkit and to get insights in their proper application

e Trace-up the calculations made in the preliminary Thai inventory and to identify
wrong assignments and other errors leading to a lack of transparency

» Re-evaluate the activity rates and present this evaluation in a traceable and
transparent way by using a standardised form

« Realise the importance of proper use of physical dimensions as well as the
need to quote reference documents and other sources of information

Exercises were done that aimed at a re-evaluation of the activity rate calculations in
sector 1-3 of the preliminary inventory.

From the exercises done so far some obvious lacks of information in the preliminary
inventory became obvious:

= The emission factors for hospital waste incineration provided by the UNEP
Toolkit need revision. The description of class 1 installations (uncontrolled hatch
combustion, no APCS) fits well with many Thai installations. However, the
emission factor of 40,000 ug I-TEQ/Mg(waste) for this class has not been de-
rived by real measurement data. Instead, default values for flue gas volume and
concentrations are used that both seem unreasonably high. Applying this
emission factor would yield annual emissions from these installations solely that
almost equal the entire PCDD/F emissions in the Western European countries.
Hence in the preliminary Thai inventory the installations that technically should
belong to class1 already have been assessed using the class 2 emission factor
of 3,000 pg I-TEQ/Mg(waste). This emission factor corresponds to the highest
factor ever reported in Western Europe for similar installations and therefore still
might reveal an upper level estimate.
It is therefore proposed, either to more precisely describe the technology of
class 1 installations (meaning of “uncontrolled batch combustion”, maybe
termed “barrel drum burning or stackless stove combustion”) or to erase class 1
from this source group entirely.

M60 870/1 ga
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« Regarding hazardous waste incineration no information is provided by the
Toolkit on so-called co-combustion facilities using hazardous waste as
supplemental fuel input. Such co-combustion is practised particularly in cement
plants; however, neither sector 1 “waste incineration” nor sector 4 “Production of
mineral products” takes this up. It is proposed here to insert an additional class
(or classes) to sector 4, source group “Cement kilns”, since the main intention of
these facilities still remains to be cement production and not waste incineration.

» Inthe preliminary Thai inventory, sector 3 covering metallurgic processes,
several inconsistencies between activity data presented in the text and the
corresponding tables as well as wrong assignment of activity and classification
were found. Further, as already mentioned in the preliminary Thai inventory,
activity data on some non-ferrous metals, particularly copper, is lacking.

Based on this training PCD staff should now be able to extend the work started with
sectors 1 to 3 to the other sectors. This is not only seen as a useful exercise but lays
the fundament for a thorough update and a most efficient completion of the Thai
inventory.

Field survey of potential dioxin emission sources

322 Plant visitations

PCD organised a three day visitation of installations that could be relevant for the
national dioxin emission inventory. The installations covered

s Crematories
o Pulp-and-paper plant
e Power plant
 Hospital waste incineration
e PVC production
e Chlorine production
The visitations were finished by a short visit of the Rayong industrial estate.

Following, a brief description of the installations and an assessment of the informa-
tion gained with respect to the inventory is given.

3.2.21 Crematories

As already outlined in the preliminary dioxin inventory, the Thai crematories may
contribute considerably to the overall emissions in Thailand. This is predominantly
due to the fact that cremation is the traditional way Thais are burying their dead.
Therefore, the cremation rate was estimated to be 85%. The temple visited has two
cremation installations which both must be considered as relatively low emitting since
they have a dual furnace (primary chamber/afterburner) construction. Besides the
furnace regularly used with a capacity of ca. 6 cremations/day a new developed,
smaller installation was shown. This unique small crematory was constructed with
particular attention to energy saving. According to information supplied by an officer
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from the municipality both installations belong to a group of approx. 20 crematories in
Bangkok equipped with afterburner. All other crematories are simpler single chamber
installations.

Regarding potential dioxin emissions not only the construction of furnace but also the
materials allowed to b e burned may be important. At the visited site all materials like
decoration plastics as well as the coffin roof is withdrawn before cremation. This can

be seen as a good practice for lowering potential emissions.

3.2.2:2 Pulp-and-paper plant

One of the largest pulp-and-paper plants of Thailand was visited to assess the role of
chlorine as bleaching agent. It was confirmed by the company that still chlorine is
used but to a reduced extent since additionally hydrogen peroxide is added. For the
inventory this means that the worst emission factor (related to product contamination)
listed in the UNEP Toolkit should be applied. Whether this might lead to an
exaggeration of actual product contamination could be checked by doing some
exemplary analyses.

3.2.2.3 Power Plant

The 1.5 GW Ratchaburi power plant visited uses natural gas as main fuel which is
occasionally - depending on market conditions - replaced by heavy oil or diesel oil.
According to operator information the frequency of oil based operation is almost
negligible. For natural gas combustion a very low emission factor applies and the
emissions from this piant can therefore be assessed as irrelevant.

3.2.24 Hospital waste incineration

The most relevant installation visited was a small waste incinerator located at the
medium-size hospital at Sam Pran Hospital, Nakorn Pathom Province. This
installation is a prototype of a Thai build new system developed in order to achieve
lower emissions than experienced with the standard mono-furnace installations. The
prototype is a two chamber furnace with sub-stoichiometric combustion in the first
chamber and a subsequent afterburner. Afterburner temperature is in the range of
900 to 1000 °C, a temperature that must be seen as somewhat low to be on a safe
side with regard to dioxin destruction. The flue gas is rapidly quenched and further
treated in a wet scrubber, thus releasing water emissions. According to the developer
it is planned to replace the wet scrubber by fabric filters. If so, the best choice would
be a catalytically active filter with dioxin destruction characteristic. A dioxin emission
measurement has already been carried out at this installation. The measurements
revealed flue gas concentrations about 0.7 ng I-TEQ/m®.

This development can be seen as a significant step towards an improvement of the
current Thai situation which is characterised by several hundred simple furnace in-
stallations operated at the hospitals.
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3.2.25 PVC and chlorine production

Located in the Rayong industrial estate, a chemical complex including a PVC produc-
tion and an electrolytic chlorine production plant was visited. With respect to PVC
production, dioxin emissions are to be expected if the residual materials from EDC
reactor are released to the environment without proper treatment. At the visited plant,
however, all waste materials (gases and solids) are treated in an on-site hazardous
waste incinerator. The construction of the incinerator with a combustion temperature
of 1300°C, rapid quenching and wet flue gas cleaning assures low dioxin emissions.
Here, too, a dioxin emission measurement had been conducted on operator's behalf
and revealed concentrations below 0.1 ng I-TEQ/m?. Nevertheless, this facility is of
constderable importance for the Thai dioxin inventory since up to now no hazardous
waste incinerators are mentioned in the preliminary inventory report. It may be an-
ticipated that similar incinerators exist at other locations which should be identified.
Finally, the chlorine production plant was told to be quite new and therefore the only
relevant indication for dioxin emissions — use of graphite electrodes — does not apply.
According to the operator the same is the case for all similar installations in Thailand.

3.2.3 Wrap-up meeting and recommendations for further work

On the last day of the consultant’s stay at Bangkok the insights gained during the
visitations and remaining questions with regard to the inventory report were dis-
cussed. In view of the limited time remaining for finalising the inventory it was highly
recommended to use the preliminary inventory as condensation nucleus for the final
report. Using the new activity rate tool a rapid revision of the calculations done so far
and corrections of apparent errors should be made. Some effort appears meaningful
to better estimate the activities of certain sources; however, it should be taken into
account that such effort only would be efficient if significant changes in the inventory
are expected. For example, a better knowledge on the real waste throughput in the
hospital waste incinerators might reduce the emission estimate that is based on a
capacity evaluation so far.

To facilitate the further work the consultant finally provided a table (see below) listing
all source categories in the preliminary inventory which demand some further activity.
These activities are distinguished into “must do” and “may do” to indicate priorities to
be taken. Source categories not mentioned in this list can be taken as sufficiently
considered and should be included in the final draft as given in the preliminary in-
ventary report.
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Table 1. Recommended to-do-list for revision of Thai dioxin emission inventory

(nﬁsing data

Must do May do

Hazardous waste incineration

Hospital waste incineration

Check for more facilities in

chemical (PVC) industry; if

exist, check technology and
activity rate

Correct figures given in Check for classt facilities
Inventory (see exercises) (barrel burning, open burning);
if exist, assume on share of
total waste being burned in
| class1 facilities

_Secondary copper production.

Check to whom guestionnaires
had been sent and who did/did
not answer. If reported number
of plants appears not reliable,
check for better information
(Estate, metal and. Clubs, Thai
production statistics...)

Secondary aluminium production

Same as for copper

Secondary lead production

Check statistical data and
questionnaire results on pro-
duction (latter were 6 times
higher than statistics);

Biomass power plants

Check for other fuel consump-
tion than wood; if exist, in-
crease activity rate accordingly

Cement prod

Lime production

| be wrong)

Check calculation (appear to

Make calculation more trans-
parent (AR-tool)

Brick combustion

Check for better production
data (yet only assumption)

' Ceramics p_rod
Transportation

Same as for bricks

Check for 2-stroke engines
activity |

Uncontrolled combustion

Check for assumptions made ' Check for forest fires and com-
regarding landfill fires and parable virgin materials burned
open burning of waste

Pulp&paper

Cremation

Refinement needed; check
basic data of questionnaires
for missing information

Check for installations with
afterburners and assigned
number of cremation (=» class
2),

Landfills

Sewage sludge

Take data given in waste inc.
sector for waste being land-
filled; emission factor to land
will be available in next version
of Toolkit

' Check for activity data

Open water dumping

' Check for activity data

Waste oil treatment —non thermal

Check for activity data
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Besides the list given above there is a number of sources which might exist in
Thailand but are not covered by the Toolkit structure:

» Co-combustion of hazardous waste (tyres, chemicals) in cement plants; if such
activity exists insert new subcategory/class in cement production

o Industrial combustion plants to generate heat or electricity (not public power
plants)

* Waste oil combustion (e.g. originating from automotive workshops); if exists,
new subcategory either in "open burning” (if oil is combusted on site in bar-
rels...) or in industrial combustion or to be considered in co-combustion in
cement plants

PCD is recommended to use the list above as a work plan to complete and finalise
the inventory. The consultant agreed to revise any chapter delivered by PCD and to
further assist in case of up-coming guestions.

Final comments and recommendations

Presentation of the inventory

It is obvious already from the preliminary inventory report that the national dioxin
emission freight of Thailand might be dominated by sources of uncontrolled combus-
tion, in particular landfill fires and open on-field burning of agricultural residues.
However, for these source categories very large uncertainties exist with respect to
both, activity rate and emission factor. It appears to be more or less a guess how
much mass of the landfilled waste is combusted annually by unintentional and
uncontrolled fires. Therefore, in order to make use of the inventory for directing
abatement measures it might be wise to separate these highly uncertain source
categories and to put the focus on those with better certainty. Hence, besides the
usual inventory table according to the UNEP Toolkit template further sub-inventories
should be drafted that provide a better view on those sources that may be subjected
to specific action in future.

Moreover, since activity rates in certain cases may be estimated only based on
assumptions an indication on the uncertainty resulting from this procedure should be
given. This can be done in producing two inventories with minimum and maximum
emission estimates. Another option is to introduce a qualitative uncertainty classifica-

SIS

tion /e.g. “very high”, “high”’, "medium”, "low", “very low").

Future updates of the inventory

By use of the methodology of UNEP Toolkit in combination with the Activity Rate tool
introduced in the training any future update can be realised with convenience. The
need for updating may rise from one of these events:

MB0 870/1 qa
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1. Toolkit emission factors are revised and change

2. New information is provided on certain activities which cause the need for
revision of an existing inventory

3. New source categories are introduced into the Toolkit.

4. The inventory shall be adjusted to a new reference year/period with different
activity rates

In order to keep transparency any update should be made using copies of the files
that have been produced so far. It is highly recommended not just to overwrite data in
files that are the basis of an already made (and maybe published) inventory. Best
practice is to have all files and reports of a given inventory kept together in a
dedicated directory also including a “readme” file that contains information on

» the names of staff being involved and the work each has done
e the reference year/period of the inventory

e the date of finalisation

s the version of inventory

e the reason for updating and a list of changes made compared to the previous
version

Recommendations regarding measurement programmes

431 Emission measurements

Within the Thai activities concerning the Stockholm Convention NIP a dioxin emission
measurement program was carried out in the late 90s and the results were published
in 2001. This program included a number of potential emission sources and revealed
that particularly hospital waste incineration and secondary steel production must be
considered major contributors to the national emissions. Regarding the hospital
waste incinerator it must be noted that the measured installation belonged to the few
large-capacity facilities. This implies that the combustion technology to a certain
degree limits dioxin generation and the measured values —still high compared to
European standard — may be not transferred without deeper insight to the more
common small facilities. For these, a number of several hundred has been evaluated
to be in operation in the preliminary inventory. Looking at numbers and associated
capacities, more than 60% of the hospital waste throughput in Thailand might be
incinerated in these small facilities. However, this could be an exaggeration if
capacities are not used up in reality.

Nevertheless, additional emission measurements at small capacity incinerators would
highly contribute to a more certain view on the impact of these facilities on the na-
tional dioxin emissions. Without some real-life data the emissions calculated for this
source category will remain uncertain, also because the correct assignment of Toolkit
emission factors has been shown to be problematic (see discussion in the preliminary
inventory report).
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From the impressions and information gathered during the consultancy stay in
Thailand no further urgent need for emission measurements was revealed. However,
there are some sources which have been evaluated insufficiently so far, particularly
those in the non-ferrous metal industry (copper production). In case the further in-
ventory work will show considerable relevance of these source categories additional
demand for emission measurements may rise.

4.3.2 Other measurements

In order to assess the local impact of emissions from dioxin sources monitoring of
deposition and/or ambient air concentration has frequently been applied in Germany
and other European countries. Such measurements may be an option in Thailand
with respect to sources which are evaluated in the inventory to emit at least one gram
I-TEQ per year. Such measurements, usually carried out for a longer pericd collecting
monthly samples may provide additional verification of the relevance of a source.

Further, a survey of food contamination could be useful to better assess the impact of
dioxin air emissions to the public health. Even with high air emissions the associated
risk might be less than in other countries since Thai daily food comprises large frac-
tions of sea food gathered off shore. Thus the terrestrial transfer chain usually con-
sidered in Europe as the dominant pathway from emissions to human exposure may
be of less importance in Thailand.

Regular analyses of mother's milk may serve as an indication of the actual state of
human health protection.

Advise regarding institutional capacities

According to information provided by the Pollution Control Department PCD there is
high awareness of the problem of environmental contamination by dioxins and furans
in various palitical instances (ministries). The awareness finds its expression in the
fact that some regulations on dioxins and furans have already come into force. For
municipal and hazardous waste incineration, respectively, emission limits already
have been imposed. These are set at 30 ng/m?* (total PCDD/F) or 0.05 ng I-TEQ/m® in
case of municipal waste and 0.5 ng I-TEQ/m® in case of hazardous waste incinera-
tion. These values are comparable to European regulation (0.1 ng I-TEQ for all types
of waste incinerators) and will be sufficient to maintain a good state of the environ-
ment if they are complied with.

However, compliance to emission limits set by the authorities must be controlled to
assure the effectiveness of the regulation. In case of dioxins and furans such control
can only be realised by carrying out emission measurements. As far as there is in-
formation available no governmental institution is able to do so; and there is only one
private company which already could provide such service in Thailand (SGS) by
taking emission samples which in turn are analysed in the European laboratories. At
the time being this measurement capacity might still suffice to control the small num-
ber of waste incinerators being operated. But, sampling team availability could be-
come a limiting factor in case more incinerators would be build or other industrial
facilities are subjected to mandatory emission measurements.
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Such development appears quite probable in the coming years taking into account
that hospital waste incineration constitutes the major "industrial” source for dioxins
and furans in Thailand (as revealed by the recently finished Thai dioxin emission in-
ventory). As it happened with this sector in Europe during the recent decade, a
decline of the small, decentralised installations operated at the hospital sites is likely
to occur. Instead, larger incinerators which can be operated at better controlled con-
ditions and which allow to apply dioxin-specific abatement systems would be in-
stalled. Of course, a functioning waste collection system would be an important pre-
condition for the feasibility of this option.

Further need for emission measurement capacity might be generated if other indus-
trial sources, e.g. in the metal industry, were to be investigated for their stack re-
leases of dioxin and furans.

Therefore, capacity for taking samples from flue gases, soil, water, and deposition
should be build up in the near future. This could be done within governmental institu-
tions or using the service of private companies. In the latter case some system of
accreditation by governmental authorities should be implemented to assure sufficient
expertise of the sampling teams. Further, standard methods to be applied (e.g. the
European standard EN1948 or US EPA method 23) should be defined. Thus in any
case expertise on taking environmental sampling must be available at the authorities
— either to carry out the work by themselves or to check the competence of private
services. It is further advisable to establish a close relation of such “sampling expert
group” to experts having knowledge of the peculiarities of the various industries
existing in Thailand, e.g. as they are employed at the Industrial Estates.

On the other hand there is no a priori need for having laboratories for analysing
PCCD/Fs in Thailand. Samples may be shipped to foreign countries (Japan, the US,
Europe) for analysis. Due to high competition in Europe the prices for dioxin analyses
have fallen considerably in the recent years and can be estimated to be about 500 €
(470 US$) per sample.

Advise regarding the identification of barriers to phase out, reduction,
remediation and disposal of unintentional POPs

From principle considerations there is a ranking list of actions which should be
followed as

prevention of PCDD/F formation

collection of formed PCDD/F to prevent release into the environment
destruction of collected PCDD/F

safe disposal if destruction is not feasible

Prevention of formation of course is the best way to protect the environment from

unintentional POPs. However, measures to reach this goal are quite limited in many
cases. In industry, control of input materials in order to minimise dioxin precursor in-
put (e.g. PCBs, PVC coatings) and operation conditions minimising the probability of
de-novo formation (e.g. rapid cooling of flue gases below the “formation temperature
window”) belong to these possibilities. However, in many cases such measures may
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decrease the dioxin formation to a level still being unsatisfactory. Then specific dioxin
abatement measures have to be implemented. Since such systems, like carbon in-
jection or catalytic fabric filters, are rather expensive the major barrier to follow this
route might be the limited funds available.

Regarding non-industrial sources the prevention of dioxin formation does not need
expensive technical investments but still is difficult to realise . Some improvement
may be achieved by banning certain fuels used for domestic cooking and heating
provided these fuels can be replaced easily by others with similar availability and
prices. Such options should be carefully checked before a dedicated regulation is
made, because large investments in the infrastructure (e.g. distribution network of
pipelines for natural gas supply) might be necessary.

It is even more difficult to convince people to change adverse behaviour which results
in dioxin formation, like e.g. backyard burning of waste or agricultural residue burning.
Both customs are likely to be related with poverty and thus only may be overcome if
the general income situation of the population is improved. As far as backyard waste
burning is concerned it could possibly be reduced to a certain degree by establishing
an effective waste collection system.

If PCDD/F formation cannot be prevented, the formed dioxins and furans should be
retained to avoid their release to the environment. This is an option almost exclu-
sively applicable to industrial sources where emissions occur as stack flue gases.
More complicated are fugitive emissions from working halls or from open-air opera-
tions.

As mentioned above, extraction and collection of dioxins and furans from flue gases
generally needs specialised and expensive equipment. In case the installation of
such abatement systems is considered this should be done in an integrative way
taking into account the consequent steps of handling the collected dioxins. As far as
possible, a system that collects and destructs PCDD/Fs in one step (like catalytic
filters) is favourable. Active carbon injection will yield a solid waste stream that has to
be subjected to high-temperature destruction afterwards. This may be done in waste
incinerators or cement kilns, provided they are operated at appropriate conditions and
their emissions can be monitored.

Recommendations on a strategy to promote awareness

Reducing dioxin emissions is not an easy task due to the large variety of sources in-
volved and the high costs for measurements and end-of-pipe technologies for effluent
cleaning. Therefore efforts should be directed at first to find possibilities for improving
the situation by primary measures (e.g. better control of input materials, change of
adverse behaviour). Examples could be checks of scrap composition at electric arc
furnaces, awareness rising directed at crematoria operators concerning materials to
be withdrawn before cremation. However, quite frequently such primary measures
are limited in effect and/or can be realised best on sources that are of less relevance.

In case abatement is only possible by severe intervention to economic or technical
procedures all effort should be concentrated to those sources which promise the
largest reduction effect. This may of course generate considerable resistance of the
concerned stakeholders which may claim apparent injustice. Therefore, it is essential
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to install a highly transparent communication to the public and all stakeholders con-
cerned. The emission inventory, its basis, limitations and uncertainties should be
clearly introduced and the reasoning for the selected actions must be made transpa-
rent. Cost/effectiveness studies on different options — if such exist — may help in this
phase. A forum for permanent monitoring of the process may be installed, such as a
round table involving all stakeholders, delegates from environmental groups and
communication companies {TV, newspapers, broadcasting).

It might be a good idea to found such forum before the inventory is completed and
published and to keep the members informed on the progress of the ongoing wark.
Otherwise there could be the danger of surprise when the inventory is released (in
many cases data from such studies is spread around before the official release date
and before a press communication could take place!). Surprise on an environmental
issue associated with high awareness of danger as is the case of dioxins could lead
to “panic” reactions in the public perception and thus could make the starting position
for future activities difficult.

It should be made clear that all actions on dioxins are addressing the long-term
effects of these compounds from the viewpoint of precaution. Except for accidental
releases or certain occupational exposures there is no danger of suffering from acute
toxic effects. Therefore, measures that have to be taken do not need to be scheduled
on very short-term schedules. Nevertheless, it is always helpful to have clear visions
of the goals to be reached. And these goals should be as realistic as possible. Very
clearly, due to the multitude of possibilities for dioxin formation, a complete phase-out
of emissions will not be feasible. Under optimal conditions, industrial emissions may
attract a level well below non-industrial emissions, which to a large part cannot be
controlled.

In order to monitor the progress of emission reduction and also to identify the time
when any additional efforts will have only negligible impact a long-term monitoring
activity of an appropriate indicator, like human milk, could be helpful. Such indicator
data, published regularly and illustrating the achieved state of human health protec-
tion can be powerful instruments to rise awareness on the one hand and to avoid
exaggerated reactions on the other.

Dr. rer. nat. Ulrich Quass
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