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2,4,5-T 2,4,5-Trichlorophenoxyacetic acid 
°C Degrees Celsius 
a Year (annum), 365 days 
ADt Air-dried ton (of pulp) 
APC(S) Air pollution control (system) 
BAT Best available techniques 
BF Blast furnace 
BOF Basic oxygen furnace 
BOS Basic oxygen steel 
C Chlorination bleaching stage using molecular chlorine dispersed 

dissolved in water (pulp and paper production) 
CCMS Committee on Challenges of Modern Society 
CF Cupola furnace 
CNP 2,4,6-Trichlorophenyl-4’-nitrophenyl ether 
CORINAIR Core inventory of air emissions 
CTMP Chemo-thermo-mechanical pulp 
D Chlorine dioxide bleaching stage using a water solution of chlorine 

dioxide (ClO2) (Section on pulp and paper production) 
DCB Dichlorobenzene 
DL Detection limit 
d.m. Dry matter 
E Extraction bleaching stage using sodium hydroxide (NaOH) 
EAF Electric arc furnace 
ECF Elemental chlorine free (bleaching) 
ECVM  European Council of Vinyl Manufacturers 
EDC 1,2-Dichloroethane 
EMEP Co-operative Programme for Monitoring and Evaluation of the Long-

Range Transmission of Air Pollutants in Europe 
EPA Environmental Protection Agency 
ESP Electrostatic precipitator 
EU European Union (15 Member States until 30 April 2004: Austria, 

Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 
Luxembourg, the Netherlands, Portugal, Spain, Sweden, United 
Kingdom) 

GEF Global Environment Facility 
h Hour(s) 
H2SO4 Sulfuric acid (in the context of a sulfuric acid plant in the non-ferrous 

metal production) 
ha Hectare(s) 
HW Hazardous waste 
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I-TEF International Toxicity Equivalency Factor 
I-TEQ International Toxic Equivalent 
IF Induction furnace 
IPCS International Programme on Chemicals Safety (of the World Health 

Organisation)
IPPC Integrated Pollution Prevention and Control of the European Union) 
ISO International Standardization Organization 
K (Degree) Kelvin 
kPa Kilo Pascal (= one thousand Pascal) 
L Liter 
LPG Liquefied petroleum gas 
LOI Loss of ignition (a measure for residual carbon content) 
LS Liquid steel 
m Meter 
m³ Cubic meter (typically under operating conditions without 

normalization to, e.g., temperature, pressure, humidity) 
Mg Magnesium 

but see also: megagram (under units) 
MSW Municipal solid waste 
NA Not applicable (not a relevant release vector) 
NaOH Sodium hydroxide 
Na2S Sodium sulfide 
NATO North Atlantic Treaty Organization 
NCASI National Council (of the Paper Industry) for Air and Steam 

Improvement, Inc. 
N-TEQ Toxic equivalent using the Nordic scheme (commonly used in the 

Scandinavian countries) 
ND Not determined/no data (in other words: so far, no mesaurements 

available)
NFR Nomenclature For Reporting 
NIP National Implementation Plan (under the Stockholm Convention on 

Persistent Organic Pollutants) 
Nm³  Normalized (standard) cubic meter; the volume a gas occupies at 

atmospheric pressure (1,013 mbar) and 273.15 K (0 °C) 
o ortho
O Oxygen bleaching stage (pulp and paper production) 
OECD Organisation for Economic Co-operation and Development 
OSPAR Commission for the Protection of the Marine Environment of the 

North-East Atlantic 
p para
PARCOM Paris-Oslo Commission 
PCB Polychlorinated biphenyls 
PCDD Polychlorinated dibenzo-para-dioxins
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PCDF Polychlorinated dibenzofurans 
PCP Pentachlorophenol 
PCP-Na Sodium pentachlorophenate 
POPs Persistent organic pollutants 
PRTR Pollutant Release and Transfer Registers 
PTS Persistent toxic substances 
PVC Polyvinylchloride 
RDF Refuse derived fuel 
rpm Revolutions per minute 
SCR Selective catalytic reduction/reaction 
SI International system of units 
SNAP Selected Nomenclature for Air Pollution 
t Ton (metric) 
TCB Trichlorobenzene 
TCF Totally chlorine free (bleaching) 
TEF Toxicity Equivalency Factor 
TEQ Toxic Equivalent 

Note:  For the purpose of the Toolkit, there is no difference if 
concentrations or emission factors are reported in I-TEQ or N-TEQ or 
WHO-TEQ (for PCDD/PCDF only) 

TMP Thermo-mechanical pulp 
TRI Toxics Release Inventory 
UNCED United Nations Conference on Environment and Development 
UNDP United Nations Development Programme 
UNECE United Nations Economic Commission for Europe 
UNEP United Nations Environment Programme 
UNIDO United Nations Industrial Development Organization 
URL Uniform Resource Locator (the global address of documents and other 

resources on the World Wide Web) 
UV Ultra-violet 
VCM Vinyl chloride monomer 
VSK Vertical shaft kilns 
WEC World Energy Council 
WHO World Health Organization 

SI Units 

g gram 100 g
kg kilogram 103 g 

t ton 106 g (1,000 kg) also: Mg Megagrams (a million grams) 

kt kilo ton 1,000 t 
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g gram 100 g 
mg milligram 10-3 g 

g microgram 10-6 g 
ng nanogram 10-9 g 
pg picogram 10-12 g 

kJ Kilojoule 103  Joule 
MJ Megajoule 106  Joule 
GJ Gigajoule 109  Joule 
TJ Terajoule 1012 Joule 

MW Megawatt 
MWh Megawatt hours 

Pa Pascal 
kPa kilopascal 103 Pascal 

Non-SI Units 

Gallon 1 gal =  0.1337 ft³ =  0.0038 m³ 
pound 1 lb. =  0.4536 kg 
inch 1 in =  2.54 cm =  0.0254 m 
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)UNEP 2001.(
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)UNECE Aarhus ()1998 (1979
 )UNECE(

 UNECEConvention on Long-range Transboundary Air Pollution (LRTAP)  .
 .)EMEP/CORINAIR Emission 

Inventory Guidebook (.

URL for the Protocol: http://www.unece.org/env/lrtap/pops_h1.htm
URL for EMEP:  http://www.EMEP.int
URL for the Guidebook:  http://reports.eea.eu.int/EMEPCORINAIR3/en

Harmonised Quantification and Reporting Procedures for Hazardous Substances :
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2002(HARP-HAZ) . 

.(HARP-HAZ)
//

URL:  http://www.sft.no/english/harphaz/

)Pollutant Release and Transfer Registers, PRTR( :
UNCED Agenda 2119 .

 "
"....

PRTR
URL of a clearinghouse:  http://www.chem.unep.ch/prtr/Default.htm

IPPC–)Integrated Pollution Prevention and Control  (
 :

 .
"".

)Best Available Techniques, BAT( .
 .

European Pollutant Emission Register
 .

URL for IPPC Directive:  http://europa.eu.int/comm/environment/ippc/
URL for BAT documents:  http://eippcb.jrc.es/
URL for EPER:  http://europa.eu.int/comm/environment/ippc/eper/index.htm

Commission for the Protection of the Marine Environment, OSPAR :
)//

 (
.

URL:  http://www.ospar.org/eng/html/welcome.html

)Baltic Marine Environment Protection Commission 
(Helsinki Commission – HELCOM:

.
URL:  http://www.helcom.fi/helcom.html

Australia’s National Pollution Inventory (NPI):
.

URL:  http://www.npi.gov.au/

/
:)Fiedler 2003(UNEP Chemicals (1999)

)-EC
/dioxin/environment/comm/int.eu.europa://http(
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/
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ND ND ND ND 0.01 4.)APC (
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0.2 NA NA NA 3.4 2.–
8 NA NA NA 1 3.–

0.5 NA NA NA 0.03 4.–)(
 /

/
ND NA NA NA 0.06 1.

2,000 NA NA NA 0.05 2.

1,000 NA NA NA 0.02 3.
)(

6 .2 .3 .1.
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)fugitive emissions  ( .
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 /

940/.

100,000600,0003 /
 .
0.001<0.004/ .

4
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/)Bremmer et al. 1994, SCEP 1994, Charles Napier 1998.(
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/
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)( .
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)

(0.1/3.
0.1/)3 .(

0.028/3)LAI 1997(
3.

)foundries( :)SCEP
1994 ()hot air cupolas()induction furnaces(

0.03/.

)Cold air cupolas  (1
/.

)rotary drum furnaces(
4.3 /

 .

10
/.

) (
.

-)hot-dip galvanizing plants(

/ .
  .

/0.0070.132/3

)LUA 1997 (0.016
/3 .

33,0003/
.

)Fabrellas et al. 2003 (-
 .0.003-0.014/3
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24 .
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6 .2 .3 .2.
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.

6 .2 .3 .3.

.

6 .2 .3 .4.

/.

6 .2 .3 .5.

 .
)fugitive emissions (

.
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280

.
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 .99

 .
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)(.

/
:)(15

/)Dyke et al. 1997 .(
 .

 .
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 24.

/
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3.9/)
LUA 1997 (487-8,075

/
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)Fabrellas et al. 2003(.
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/
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/
.
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.
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) .( :
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.
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.
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.
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 .

 .

)Secondary copper(

.
.")BAT (

)BREF ()BREF 2001( "
.

/
.

.

 ....)BREF 2001.(

)copper refineries(
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.
.

 .
)BREF 2001a(:

  :)Rotary kilns(.
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.
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)BREF 2001a.(

/ .
/

.
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)concentrates(

 .
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6)25. (

/
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-)Peirce-Smith Converter . (
/ :

Teniente1260
)25 (%1240

1240 .Outokumpu
12601300-1350 .
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1200 .

)4-10 (% Teniente
1200 .
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 .)H2SO4
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)BAT (
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)BEP ()SC BAT/BEP 2004(
6

.
.

25 :

/

630 NA NA ND 800 1.–
630 NA NA ND 50 2.–

300 NA NA ND 5 3.–
/

ND NA NA ND 0.03 4.
ND NA WN ND 0.01 5.
NA NA NA ND ND 6.

6 .2 .4 .1.

 ./
 .

 .

779/ .

0.032
30/3)LUA 1997.(

)-Brass (
0.0031.22/30.11
/3)LUA 1997.(

IPPC0.1/3)BREF 2001a ( .
0.03/ .

.

0.010.001/3)BREF 2001a .(–
–)

(
510/

.

13 .
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 .
.

3/
.

4.

56 .
/)Meyer-Wulf C. 1996 ()LUA 1997 . (

" ")Copper Smelters 2004. (

)40 (%)flash smelting furnaces(
)matte converters - (0.0001

0.007/30.002
0.02 /)LUA 1997(.Meyer-Wulf (1996)

0.004
/30.3/3

)PVC ( .

0.001/3 . 
1997)LUA 1997(0.005-0.015/3

 .5,0003

 .
2,0003

11/3 .
0.25/)(22

/)( .10
)LUA 1997 ( .

23 . 5 .
6" ")“pure” primary copper 

smelters(.
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.
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.

6 .2 .4 .4.

.

6 .2 .4 .5.

/ .
 .

 .20,000/
)SCEP 1994.(

)Dylce lt al. 1997(2,000
46,000 .14,400

/)SCEP 1994(630/
 . .

 .
300 /.

 .
//.

6 .2 .5.

 .
" "". "

):(
)()Bayer Process.(

-)Hall-Héroult Process(
) ()self-baking anodes(

)Söderberg anodes ()pre-baked anodes ) (
SC BAT/BEP 2004 . (

)POPs ( .
/

 .2001
/
-Krasnoyarsk, Russia)Kucherenko et al. 2001.(
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 ./)carbon anodes (

.

 .
 .

)(
 .

)Induction furnaces  (
.

 .
 ./

) (
 .

0.50.7.

):.(
 ./

)IFEU 1998, LAI 
1997 .(

)Toolkit 2001 (
)Toolkit 2003 ( .

)ENEA/AIB/MATT 
2003. (

26 .
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200 NA NA ND 150 1.

400 NA NA ND 35 2.

100 NA NA ND 3.5 3.

100 NA NA ND 0.3 4./-

NA NA NA NA 5 5. / )(

NA NA NA NA 0.3 6.

ND NA NA NA ND 7.

1
2 .
4

.56
7.

6 .2 .5 .1.

/ .

)(
/.

.

146233
 / .

10/3)SCEP 1994 .(
.)

 (
100

 /.

235 /
)LUA 1997 .(33.5 /
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)EAA 2003.(5.2
 / .4

.

56
 :55 /

)EAA 2003(6

)ENEA/AIB/MATT 2003.(

6 .2 .5 .2.

 .

.

6 .2 .5 .3.

6 .2 .5 .4.

.

6 .2 .5 .5.

/.
 .

/.

)rotary drum furnaces(300-500
110-351 .

25/)UBAVIE 2000.(

/318,000
/)SCEP 1994, Bremmer et al. 1994 .(8 %

)Dyke et al. 1997 .(5,000/
400 /2)( .

12
 .3100

 /.
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/
 .)SCED 1994 ( .

/.

 .
.

.

/
PVC

/)EPA 1998.(

/
)UNEP 2001, Fiedler et al. 2002 .(

 .3.5-5
2-3 .)after-

burningchamber(
)baghouse filter .(

.

27 :

/

ND NA NA ND 80 1.PVC

ND NA NA ND 8 2.PVCCl2
APCs

ND NA NA ND 0.5 3.PVCCl2
APC

ND NA NA NA ND 4.

6 .2 .6 .1.

)SCEP 1994, LUA 1997(
)LUA 1997()US-EPA 2000 .(

) PVC (
.

90 %
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)US-EPA 2000.(

)US-EPA 2000 :(0.63–8.8/
 = 0.05–0.41 /

 =0.24–0.66/ .
/

)APCS( .8.310.63
/30.240.66

/3)US-EPA 2000.(

5/

)1.3/3 .(0.140.27
/30.59/30.09–

0.18/30.14–0.27/3

 .
0.20.3/3.

)LUA 1997.(5
/

 .
2

27.

)
 (0.210.032/3

0.027/30.060.11
/30.089/3

19 .%
10/2) =8

/(27)UNEP 2001, Fiedler et al.
2002.(

8/
PVC .80

/PVC0.5
/

)0.1/3.(

.

6 .2 .6 .2.

 .
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6 .2 .6 .3.

.

6 .2 .6 .4.

/)(.

6 .2 .6 .5.

/ .
)SCEP 1994 (2,6003,100/

./.
50/

ENEA)ENEA/AIB/MATT 2003.(

6 .2 .7.

.
 .

)HMIP 1994 ()LUA
1997 .(

) :
(.

)Waelz kiln (
954.5)( .

 .
-

1,1501,250 .
.

/ .
)340440 .(

.

)LUA 1997.(
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/

ND NA NA ND 1,000 1.
APCS

ND NA NA ND 100 
2./

/
ESP

ND NA NA ND 5 
3.

/
DeDiox

NA NA NA ND 0.3 4.
ND NA NA ND ND 5.

6 .2 .7 .1.

 .
)HMIP 1994, LUA 1997.(

63–377
/89953/3

=521/3.62.3
/10335/3=175

/3.)0.1/3()LUA
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100/
.

)(
1,000/.

5/.

6 .2 .7 .2.

 .
.

6 .2 .7 .3.

.
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6 .2 .7 .5.
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.

6 .2 .8.)Brass(
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)55 %-90(%)45 %-10% .(

.
.. .

.
.

 . .
.
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)Air pollution Control, APC(.

/
)UNEP 2001, Fiedler et al. 2002 .(

 .
 .30/

.250/ .

.

 .
) 29.(
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/

NA NA NA NA 2.5 1.

ND NA NA ND 10 2.

125 NA NA ND 3.5 3.

ND NA NA ND 0.1 4.
)APCS(

6 .2 .8 .1.

 .
0.130.21/3

0.15/3

19 .%11/
)11 g WHO-TEQ/t.(

1
ESP.

2 :
.

6 .2 .8 .2.

..

6 .2 .8 .3.

.

6 .2 .8 .4.

/)(.

6 .2 .8 .5.

./
)8,683
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8,567/(.
 .

.13.6
/)UNEP 2001, Fiedler et al. 2002(.

.

6 .2 .9.

 .
 .

.

/..

 ..
.

/
700–

800)Oehme et al. 1989.(
/

")chloridation(")Bramley 
1998 .(

 .

)BREF 2001a.(

/
 .

//
)Musdalslien et al. 1998.(

ESP .
/.

2Nordic-TEQ
1Nordic-TEQ)Musdalslien

et al. 1998.(

113



902005

2005

500Nordic-TEQ)Oehme 1989.(

30 :  .

/

0 NA NA 9,000 250 
1./

-

9,000 NA NA 30 50 
2./

-

NA NA NA ND 3 3.

6 .2 .9 .1.

 .
/ .

EU BREF:0.8
/3)

12/EF = 12 g TEQ/t(
28 /

13/)BREF 2001a.(

250/
.

50/.

3
/)BREF 2001a(.

/.

6 .2 .9 .2.

/
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.

/)MgO/coke in Cl2( .

)(
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 ..

9,000/
.33

/)BREF 2001a.(

6 .2 .9 .3.

 .
)6 .2 .9 .5.(

6 .2 .9 .4.

/.

6 .2 .9 .5.

/ .
.

0.01
/)BREF 2001a .(

/
 ..

/).(
.

/
 .9,000/
.

6 .2 .10.

 .
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)fluidized bed reactor(800NiCl2

NiO/
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)Oehme et al. 1989.(

)113
/(

)Bröker et al. 1999.(

/
 .
 )

afterburner( .

/
 .

 .
 .

 .)Cl2(
.

.

31 :

 /

ND NA NA ND 100 1.–
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/
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. .

1/3)2 (/3)1.(
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 .
.
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.
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/).(

6 .2 .10 .5.

/ .
 ..
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"-white goods " : ..

"-brown goods " : ..)Nijkerk
and Dalmijn 2001(.

 .
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.
)50 (

) (
) .(4.1.6

 .
)Venturi scrubbers(

) ( ..
)Nijkerk and Dalmijn 2001.(

) (
)POPs .(

)/ (
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/
/
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)SC BAT/BEP 2004.(

) 32.(

32 :)–Shredders(

 /

ND ND NA NA 0.2 )(

6 .2 .11 .1.

/)PCDD/PCDF (
)PCB (

 .0.2/)
0.04-0.4/3 ( (1994) SCEP.

)Flanders-  Belgium (
/0.1/3

)910) (François et al. 2004. (
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 .
 ..
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.
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.
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.

6 .2 .12.)Thermal Wire Reclamation(
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..

 .
/ :) (

)PVC() .(

 .
.

33.

.
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 /

ND ND ND ND 5,000 1.
ND ND NA ND 40 2.
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2

 .3

.
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254) (500
/)LUA 2000 (

3.3/ .2,340
/)LAU 2003 .(

5,000/)1.(

2
 .40/

Bremmer et al.1994.

3.3/Bremmer et al.1994.

.

6 .2 .12 .2.

 .

.
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 .98,000
/ .

)potential hot spots(.

6 .2 .12 .4.

.

6 .2 .12 .5.

/ .
.
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 . .
) (
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(
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(
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(
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(
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/) ( .
/

." "
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.
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.

)(.
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)(-:

 )(6 .3)(
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( )6 .3 .46 .3 .5

( ))(6 .3 .16 .3 .5

( )6 .3 .2

6 .3 .1.

.
50–70 % 

.
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 .

.
 .

/
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 .
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U
 .
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 .

.
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 ./

/.

/
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/ .
 . .

 . .
"."
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 35

35 :/

–/

1.
/35NDND

2.10ND14
3.2.5NDND
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5.

/0.5NDND

*)6.3.1.5(

/)fly ash ( .
)bottom ash (.)particulate

matter ()APC system(.

6 .3 .1 .1.

 .
0.1/

.
0.35/

0.0040.2/)0.097.1
/(0.14/
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) :0.06–0.32/ .(
230/ .

0.020.03/)LUA
1997.(

1 0.4118/ .
35/ .

2230)LUA 1997(7
/ .314
/ .40.51.5

/)LUA 1997, IFEU 1998, Environment Canada 1999.(
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 .
 .

 .
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.
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.

6 .3 .1 .5.

/
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.
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 .
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ESP (
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.
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/

1.500NDND
2.50ND15

/ .
0.5%)(1) %

( .
.
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)Choong Kwet Yive 2004( . 

)-TJ (/ .
11.3--3)Heating Values- For Main Category 3(

8/10/.
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 .
117

54/ .2–500
/.8-11/

500/1
5,000/.
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)(/.
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.
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 .
.
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 . 37
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/
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 .
7.68.4/

)LUA 1997, IFEU 1998, Environment Canada 
1999.(0.001-0.28/3

0.07/3)LUA
1997 . (/0.1

/3)5 ( %
)Idczak et al. 2004.(
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.
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.
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/
/

1./1,500ND1,000
2./100ND10

.
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/
/)/(.
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1.15,00030,000
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3.10NA
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7/ . 3
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0.91/230
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 .400/
25/)

(15,000/.

3
0.042/.0.04/

0.5/
 .0.5/.

46 - 44/
10/.

40.04
0.07/.0.05 / 

.32-35/
1.5/)LUA 1997, IFEU

(1998, Environment Canada 1999.
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/ .
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/ .
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0.0008/30.003
/30.0002/3

136



2005113

2005

.
0.020.001/0.0050.003

/)/( .
0.1/3

./

(UNEP 2001, Fiedler et al., 2002).

/.
)200 (

0.1/3300
0.3/3
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5
/

300) (2 .
0.6/
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.
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/)CKD (
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/9001500
..

.

.

–– .
 .

 .(BREF 2000d) : 

1.800

2.)1200–1300
 (.

.
.)rotary hearths(

.50500(BREF 2000d).
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/
.)

 (/0.1
/3 .

0.05/3 .
(LUA

1997).

/)
( .198919934.142
/3 ./

/
(BREF 2000d).

 42:

42 :

/

1./10NANDNDND
2.0.07NANDNDND

 .
.

6 .4 .2 .1.

(SCEP 1994) .0.07
/

).(

)321
19891993 (4.142

/3 ./
/

)BREF 2000d .( 
(LUA 1997)10

/)
.(
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6 .4 .2 .2.

 .
.

6 .4 .2 .3.

 .
/.

6 .4 .2 .4.

/ .
.

6 .4 .2 .5.

 .
/.

6 .4 .3.)Brick Production(

 .)tunnel type 
kilns(1000.

.

.
.

) 43:(

43 :

/

1./0.2NANANDND
2.0.02NANANDND
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1
 .2

.

6 .4 .3 .1.

 ./
.

0.0020.23
/ ..

0.02/
 .

1.

6 .4 .3 .2.

 .
.

6 .4 .3 .3.

.

6 .4 .3 .4.

/ .
.

6 .4 .3 .5.

/ .
.

6 .4 .4.)Glass Production(

.
 .
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 .
 .

(SCEP 1994) .

.

.
.

.

)44(:

44 :

/

1.0.2NANDNDND
2.0.015NANDNDND

6 .4 .4 .1.

/
(SCEP 1994).

 .0.0050.022
/8

.

0.015/
.

0.2/
.

6 .4 .4 .2.

 .
 ..

6 .4 .4 .3.

.
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6 .4 .4 .4.

/
.

6 .4 .4 .5.

/
 ..

6 .4 .5.)Ceramics Production(

/ .
/ .

.

6 .4 .6.) ()Asphalt Mixing(

) .(
.

 .
) (.

)(
.

) 45:(

45 :

/

1.0.07NANDNDND
2.0.007NANDND0.06

1
 .

.
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6 .4 .6 .1.

(SCEP 1994))Bremmer et al. 1994 .(

.0.007/
.

0.07
/)90 %
/.(

–
 .

.

6 .4 .6 .2.

 .
.

6 .4 .6 .3.

/.

6 .4 .6 .4.

/ .
.

6 .4 .6 .5.

/
 .90 %/

/
0.06/.

6 .4 .7.)Oil Shale Processing(

 .
)shale (
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)kerogen ( .)(
 .

500
") "retorting . (

") "oil shale ( .
 .) (

" ")- marl .(
 .

" "
)WEC 2004.(

)WEC 2004 : ()shale (
 .

450
.

 .
6.3.1

 45
)Schleicher et al. 2004b . (

450
 .)Kerogen ( .

300
)480-520 . ( .

 . .
750-800

.

46 :)oil shale processing(

/

1.)1(NDNDNDNDND
2.0.003NAND0.072

6 .4 .7 .1.

 :0.4-4.8
/3)6 %O2 (0.23- 4.2/3)
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6 %O2 .(0.23.5
/ .

0.003/)Schleicher et al.
2004b. (

6 .4 .7 .2.

 .
.

6 .4 .7 .3.

 .
6.4.7.5-.

6 .4 .7 .4.

 .0.61
0.75/)Roots 2001(.

6 .4 .7 .5.

Schleicher)Schleicher et al. 2004b (/
1.92.9/.

46.
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6 .5.5-)Transport(

 :)LPG( .
47

.
 .

:

-)LPG( : 
)) (5a3) (48(.

-// :
)5c) (49.(

/ .
/

)biomonitoring program  (
) .(

/
)Fiedler et al. 2000, Buckley-Golder et al. 1999.(

47 :5–

5X
aX
bX
cX(x)
dX(x)

5) (

5
:

)(-:

)(6 .5
6 .5 .16 .5 .2
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6 .5 .1.)Stroke Engines-4(

)internal combustion engines(
 .

)Nicolaus Otto(
 :

..
/.

 .

)NOx (/ .
 ..

)48:(

48 :)(

/

1.*2.2NANANANA
2.)(*0.1NANANANA
3.)(*0NANANANA

 *) (10.74
0.00074.

 .
.

6 .5 .1 .1.

 .
)(

 .
) (

)EU Guideline 94/12/EG(
/.

 .
.

6 .5 .2.)Stroke Engines-2(
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.

 :.

.
.

 .
.

/..
.

49

49 :

/

1.*3.5NANANANA
2.)(*2.5NANANANA

*) (10.74
0.00074.

 .
 .

) (.

6 .5 .2 .1.

 .
 .

/ .
/ .

.

6 .5 .3.)(

.)(
 . .

 ..
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 .

 . .

)polycyclic aromatic hydrocarbons, PAH .(
/ .

.

50 :) :(

/

*0.1NANANAND

*) (1) (
0.850.00085.

 .
.

6 .5 .3 .1.

/
 .

) :.(

)–tailpipe (676
/3.2/

15.5)CARB 1987(
Gullett and Ryan (1997)

396.8/)29
/(0.0140.453/

0.14/.

Marklund)1990 (/
100/ .

Schwind)1991(Hutzinger)1992 (3281
/)6–15/

5.5/( .Hagenmaier)1994 (
1

// .Hagenmaier
)1990 (24/.
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Kim)2003 (/D-13
mode25 %75 %)rpm2400

 . (14.46.96.4
/3 :20.60.5/

 )0.0020.001/(
CARBUS-EPA

)CARB 1987, Gullett and Ryan 1997, Schwind et al. 1991, Hutzinger et al. 1992.(

0.36174/
0.0040.2/)MoE Japan 2003.(

0.1/
.

 .

).(

6 .5 .3 .2.

) (/
 .

/.

6 .5 .4.

)HFO (
.

) ( ....
.

) (
.

51 :) :(

/

4NANANAND
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 .
.

6 .5 .4 .1.

/ .
 .

36/.

0.02/)11(%
0.37/(LUA

1997) .0.1
/0.3/

2/6.5/
.0.2/ =)4.25

/(0.17/=)2.9
/ ((LUA 1997).

4/.

6 .5 .4 .2.

/ .
/.
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6 .6.6–)Open Burning Processes(

)Bushes (
.

 .. ..

) .(
)52  .(

52 :6–

6XX
aX(x)X(x)
bX(x)X(X)

5) (

5
:

)(-:

)(6 .2 .2

6 .6 .1.)Biomass Burning(

)
.()

( .

 .
 .

 .
 :

) ( .
 ..
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/)slash and 
burn method( )11.417-18. (

)53.(
/ .

 ."-impacted "

.

53 :

/

1.5ND4NANA
2.5ND4NANA
3.) (30ND10NANA

4.) (0.5ND10NANA

 .
" "

.
.

 .
:

–––8.
––23.

(NZ 2000)10/20
/2.5/ .

23/(EPA 1998).

/
- .

/
)Béguier 2004: (

/)temperate ( 
)Mediterranean-(

20
)20 kg/m² (200/)200 t/ha . (

440/)4 kg/m² or 40 t/ha(
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20 %40
/ .

25 %/
10.

 .43/
 .

 .

)pre-harvest (
 :300

)Choong Kwet Yive 2004.(

)post-harvest (
 :25 % . :

250.

 .

.

 ..

 .

.

6 .6 .1 .1.

/ .
)

 .(

–.

13–28.5/)Bremmer et
al. 1994 ()0.7-1.2

/.(0.77
/

(Schatowitz et al. 1994).

MahnkeKrauss)1996 (
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/
–.

5/

(Ikeguchi et al. 1999).

 .
) ()6 .3 .(

)( .Gullett)2002 (
)

0.8 %Cl0.08 %Cl
()0.33 %Cl(–

)0.33 %Cl.(
0.3370.602/
0.537/.

 .
(US-EPA 2000) .

)Ikeguchi et al. 1999 (
.4.6

20.267.4/.

) :()
 .(

3 .4

/)
(.

0.5/
30/

 .)
.. (. .

6 .6 .1 .2.

 ..

6 .6 .1 .3.

/
.
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/ .
 .

.

/
)EPA 1998(

/ ./
 .

) .(4
/2%

/200
/.

6 .6 .1 .4.

6 .6 .1 .5.

 .

6 .6 .2.

 .
–

––
 .54.

25
.

54 :

/

1.1,000NDNANA600
2.400ND[400]NA400
3.300ND[600]NA600
4.94

)(ND18
)(NA18

)(
5.)/(60ND[10]NA10
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 .
.

/
/ .

.
 .

/
.

/
.

"".

/
 .

– .

 ..

6 .6 .2 .1.

)EPA 1997, Gullett et al. 1999, 
Lemieux et al. 2003.()-

-(9-
/)WHO-TEQ/t(6,655

-/)WHO-TEQ/t( .
9-

/)WHO-TEQ/t  (148-
/)16

 .(
)PVC :7.5 %) (3,5436,655-

/ ())(2,725
-/.(

)CaCl2(
/)992-

/( .)PVC (0 %
.25

706-/148
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-/.
–5 %–

)WHO-TEQ .(300/

.

/
 ./

 .1000
/)

EPA 1998.(

 .
 .

 .

 .
)PVC() (40–3,500

/)Carroll 1996 .(
20 %)PVC (

. Merk)1995 (
PVC//

.
560

/PVC51//PVC .
2,200/PVC

200/PVC/ .Ikeguchi)1999 (
)220/

1,000/6,600
/)PVC .(((Vikelsoe

and Johansen 2000)/
)500 (1/

740,000/)PCP(
)PVC (100

/.900/
 .(LUA 1997)

83/83
/500

/500/.

400
/.
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/
 .)1974()1988(

(Wichmann et al. 1995)./
/ .32

44/2000
/9200/.

) (
49.5 %" "49.5 %""0.5  %

94
) :.(!

–
.

 .
–60/)Ikeguchi et al.

1999 .( 

6 .6 .2 .2.

/ .

.
.

6 .6 .2 .3.

.

.

6 .6 .2 .4.

–.

6 .6 .2 .5.

/ ..
.
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.

600/

(Lemieux et al. 1997) .

/
.

 .)
 (1000/350

/(LUA 1997).
400//

.

(Wichmann et al. 1995)
/

–18/) .(
.

 .10
/)

Dyke et al. 1997.(
/.
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6 .7.7–:

6 .7
//

/.6 .7
.

 .
.

55 .
/

 ..

.

55 :7-

7
axXxX
b)

Cl2(xX(x)XX

c)(xx
dxx
exx

5) (

5
:

)(-:

)(

)(

6 .7 .1

)(-:

)(
)POPs (

6 .7 .2

)()(
)(

6 .7 .46 .7 .5
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6 .7 .1.

.
).(

 .
 =) (

 =)( .)Kraft paper mills (
–-

)–Sulphite( .

.

.)(
.

)non-wood
fibers( .6.5-11 %

.
35 %)Blanco et al. 2004.(

/ .
Zheng

)Zheng et al. 2001, Zheng et al. 1997( .

.
 .

)spent pulping 
liquors (

 .
 . 

)Blanco et al. 2004.(

.
 .

 : /.

:
)(.

.
).(
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 .
 =) (.

 .
 . ..

.
.

 .
--)chemo-thermo-mechanical pulping, CTMP(.

) .(
:

 .

.
10 %.

 .
 .
..

 .

)80 %.(
/ .

)()Na2S()NaOH (
10.% =) (

.

)(

.
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 . .

/ .:

1.)Elemental Chlorine Bleaching(

)Cl2(.
/.

200025 %
.

2.)Elemental Chlorine Free Bleaching, ECF(

)ClO2 (.) (
 .

/.200067 %
)ECF.(

3.)Totally Chlorine Free, TCF(

)O2 (
)H2O2 (..2000

TCF7 % .

4.)Bleaching of Mechanical Pulp(

 . .
1-2)Na2S2O3 ()H2O2 (

.

 .
 /)Cl2

()TCF (
 .

)( 0.1 % Cl2 .3)
5758) ( CORMA 2004.(

:
99 %
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100.
)

( .

)Recycling paper: (
)NaOH( .

)
.(

.
.

)Chemical Recovery Systems(

1884 .

.

./.
56/

.

)Air Dried tons, ADt(90 %
900.

94-96 %.
)non-wood fibers(

)ADt .(
.

)Zheng et al. 2001.(

56
58.

56 : :

 /
)ADt(

/

1.0.07NA
2./0.450

 =) (
)/ (
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)/ (
.

/)µg TEQ/ADt(
–.

/57.

)suspended solids, SS.(
 .

57 :

 =

/

g
TEQ/ADt

/
pg TEQ/L

/

g TEQ/ADt

/

g TEQ/t in 
Sludge

1.)Cl2(
)PCP(

ND300NDND

2.)Cl2(4.5704.5100
3.)

TCF
Cl2(

1.0151.530

4.)
(

5. (ClO2)0.0620.210
6.)ClO2,

TCF(
7.

)TMP(
NDNDNDND

8.
*

30

9.NDNDNDND

 *
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58 :

/

µg TEQ/t of Product
1.30

2.–8
3.)TCF

Cl2(3

4.)(1
5.)ClO2 , TCF (0.5
6.)ClO2 , TCF(0.1
7.)TMP(1
8.10
9.3

6 .7 .1 .1.

.

) (
 ... ..

.)(
6000–9000/0.41/

) :0.036–1.4/ ((CEPA-FPAC 1999) .
-

 .
/ .

 .
.

 .
)ESP .(0.0040.008

-/(CEPA-FPAC 1999) .
0.07/

) ()NCASI(
(US-EPA 2000, Volume 2, 5-26).

)US-EPA 1998 (
) (0.00040.118-/

.
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0.06/)
.(.

 .

 .)Hog fuel (0.06-2.2 % 
NaCl49-66 % .0.012.8

/3)11(%)Duo and Leclerc 2004.(
)fluidized bed (

/0.295/3)11(% .
5 %)1.6 % (

0.119/3)11(% . 
0.072-0.585) % Duo et al. 2002, Duo et al.

2003.(

) .(800
1000–1100.

1000/ .
6 .4 .2

6 .3 . )CORMA (2004) (0.160.4
/)2 (

0.2/.

6 .7 .1 .2.

.
.15–20

)15-20 m³/t ADt.(

1988
1600017000)60–64

(15
100 / . .

20–40 .
30.

3/)TEQ/L(210
/73/(US-EPA 1998a) .

4.5/
.

.
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)Cl2 ()ClO2 (
)2,3,7,8-Cl4DD(

)2,3,7,8-Cl4DF() =0.3–0.9/.(

) (
National Council (of the Paper Industry) for Air and Steam Improvement, NCASI

2014
)Cl2 ()ClO2(119

)2,3,7,8-Cl4DD()2,3,7,8-Cl4DF (
.)2,3,7,8-

Cl4DD (10
/.)2,3,7,8-Cl4DF(

15–18/
11-18/.

60/
 .

.
/.

 .
 .

 .
.

)PCP (
/.

)PCP (
.

)non-wood fibers(
)wood pulping) (Zheng et al. 2000.(

/
C-E-H316/

)2,3,7,8-Cl4DD (230/
)2,3,7,8-Cl4DF (122/.

)TMP(
 .

)5-10/.(.
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6 .7 .1 .3.

.
 .

/)Cl2( .
/ .)Cl2 (

)ClO2 ()2,3,7,8-Cl4DD(
)2,3,7,8-Cl4DF ( .

/
)ECF ()kappa number-

(
)ClO2( .ClO2)Cl2 (

/ .

0.6/200
/(US-EPA 1998a, Table 8-1) .

" "9/.
10/.

/)Zheng et
al. 1997, Zheng et al. 2000 .(Zheng)2000 (24.7

/C-E-H
)2,3,7,8-Cl4DF = 13.6

/2,3,7,8-Cl4DD = 2
/1,2,3,7,8-

Cl5DD = 29.8/Cl6DD = 35.8
/.(Zheng)1997 (

)non-wood fibers (33.5
43.9/ .

)2,3,7,8-Cl4DD ()1,2,3,7,8-Cl5DD (
)1,2,3,4,7,8-Cl6DD (

)Cl4DF (
)Cl5DF.(

-)TMP (1
/(de Wit 1989) .-

)TMP (1/.

/.
0.1/

.

/
3/

CORMA)2004 (/)
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/ (10
/Santl)1994a, 1994b.(

)Cl2 ()ClO2 (
)2,3,7,8-Cl4DD(

)2,3,7,8-Cl4DF (0.1–0.3/0.1–
0.3/.

/)
 (5/

2/
 .

0.5/.

1/
 .0.1/.

0.5/.

10/
3

/.

6 .7 .1 .4.

 .14140(US-EPA 1998a) .
30–60

40–701
.20–60.

50
).(

 .

) (.

2
/370/93

/.4.5
/.

)100/ (
.
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 .
)2,3,7,8-Cl4DD (

)2,3,7,8-Cl4DF (17
2,3,7,8)2,3,7,8-substituted PCDD(

)PCDF congeners.(3.8/
5.2/

3.8/4.5
/OD/ED)6 .9 .3(.

4/
0.2/.

Santl)1994 () (
24.944.37/.

11.01/.
30/

.

) : .(
.

 .
/

0.1/
0.1

/(BREF 2000a) .
6 .5 .1

–6.3.1.

3.80 /2.63
 /)Duo et al. 2003, Duo et al. 2002.(

/
6.3 . CORMA)2004 (

48 /.

) (
) .(

6 .7 .2.

 .
2,4,5-trichlorophenoxyacetic acid )2,4,5-T(pentachlorophenol
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)PCP ()PCDD(
)PCDF .()PCDF (

)polychlorinated biphenyls , PCB.(

/.

/:

.
.

/
 .

) (
)PCDF(

)PCDD.(
/.

/
/ .

/
)

/UNEP Chemicals 2003, NATO/CCMS 1992b:(
)150.(

).(
.

/
/ .

/
 .

/.
/ .

) :(
)-.(

) :
– .(

/
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.

/
 .

.

 .
) .

 .(..
./

 .
.

) : (
 .

) :PCP .(
.

).(
/

)  .(

/.

/ .
/–

– .

 .
 .

6 .1 .2

/
 ./
./

.

.
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) .. 
 .(...

 .
 .

.

/
 .

.

 .

.
.

/
) .(

//.

 .
.

/.
 ..

 :)(
 .. ./

// ..

.
.

 .
.
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6 .7 .2 .1.)PCP()PCP-Na(

)PCP()PCP-Na (
)()

 .()PCP (.
 .

.
.

)1980s( .95–98 % 
.)95(%)61 (%

.
1983)13(%)5(%

)6(%)6 (%(WHO 1987).

)PCP-Na (.
:

-).(
-).(
-.
-
-.

.
0.1 %

)PCDD()PCDF(1-5 %
 ./

 .
/)EC 1996.(

(NATO/CCMS 1992a):

) .(

/.
./

. .

)HCH ((Wu 1999).

)PCP-Na:(

)1(.
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1984))2(.(

)2( .
)PCP-Na.(

)PCP-Na (/
)PCP (.

)PCP()PCP-Na (
//1-2

/ .
)PCP( .91/173/EEC

)PCP(0.1 %
.

 :
)a(.
)b(.
)c(/.
)d()

(.

)PCP (
)Cl6DD (4

)4 ppm.(
)106 .10.(

)PCP (
)PCP() (

 ..

)1 ()2 (2,000,000
/)200/ .(

800,000/.

)PCP-Na (500/ .
 :Santl)1994 (3,400/

)PCP-Na (1992.

 /
)PCP(

/.
6 .3 .4

)6 .6 .2.(
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6 .7 .2 .2.)Polychlorinated biphenyls, PCB(

)PCB ()
 (.1995

)PCB (PCB
PCB.

)PCB (
) (.21%

68 %)W/W.()Congeners(
 .PCB

)PCDF (/
/

)PCDD .(209)Congeners(130
(EHC 1993, Fiedler 1998).

)PCB (
)PCDF (.) (

)PCDF ()PCB ( . :
)PCDD.(

/.

UNEP
)PCB (PCB.

)PCDF (
)PCB (PCB

.)PCB (
)PCB(

)9 !
.106 .10 .6 .(

)PCDF (
)PCB(PCB

.
UNEP)UNEP 2000(.

PCB
PCBPCDF.

PCBPCB
 . .

) PCB(
.

)PCB ()
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 (
.

)PCDF (
.PCBPCDF)

/.(

)PCB (
 .

 .
.

)PCB(
) : (

)PCDF (2,3,7,8)2,3,7,8-substituted PCDF.(

)PCDF (PCB
59.

59 :)PCDF (PCB

PCBPCB
)/(

PCB
)/(

 : Clophen A30, Aroclor 124215,000
 : Clophen A40, Aroclor 124870,000
 :Clophen A50, Aroclor 1254300,000

 :Clophen A60, Aroclor 12601,500,000

Annema)1995(
PCB)60:(

60 :PCB

 %)(
Leakage Frequency 

(% of Installed 
Units)

Average Quantity 
Leaked per Unit and 

Year

Average Loss by Leakage 
of Fluid Present in Total

per Year
2 %30 kg0.06 %
3 %8 kg1.6 %

PCB
PCB .

PCB .
PCB .

.
)PCDF (PCB

.
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6 .7 .2 .3.245-)2,4,5-T(245-
:

:
2,4-D = 2,4,-dichlorophenoxy acetic acid and 2,4-DB = 2,4,-dichlorophenoxybutyric 
acid
Sesone = 2-(2,4-dichlorophenoxy) ethyl sodium sulfate 
DMPA = 0-(2,4-dichlorophenyl) 0-methyl isopropylphosphoramidothiolate 
2,4,5-T = trichlorophenoxy acetic acid 
Silvex (acid) = 2-(2,4,5-trichlorophenoxy) propionic acid (also known as Fenoprop, 
2,4,5-TP, 2,4,5-TCPPA) 
Erbon = 2,2-dichloropropanoic acid 2-(2,4,5-trichlorophenoxy) ethyl ester 
Ronnel = 0,0-dimethyl 0-(2,4,5-trichlorophenyl) phosphoroate (also Fenchlorfos) 

245-)2,4,5-T (
 .50:502,4,5-T2,4-D–

Agent Orange– .
2,4,5-T .245-)2,4,5-T (

8 7 4 2-)2,4,7,8-Cl4DD(
.7000/

2,4,5-T)2,3,7,8-Cl4DD ( .245-
245-)2,4,5-T(

)hexachlorophene .(680,000
/.

245-)2,4,5-T (245-
)2,4,5-TCP .(245-

)chloroacetic acid( .245-
)2,4,5-T(

2,4,5-T.2,4,5-T
400

2,4,5-T(Esposito et al. 1980).

)Hotspots (2,4,5-T

) (2,4,5-T7,000
/.

246-700/.

dichlorprop1,000/.

2,4-D700/(US-EPA 1998a, p 8-74) .
 :3

/200
/(US-EPA 1998a, p 8-77).

.
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6 .7 .2 .4.

6 5 3 2–-5 2--4 1-)- (
dioxazine dyes )(

) :.(
) (

 :
.

.

:
)1()Hoechst AG ()1990

 .(-)p-chloranil (
/) (

/ .-)ortho-chloranil()60
/.(

)2()Rhône-Poulenc Chimie()Clariant (
)hydroquinone ()HCl .(

)-p-chloranil
7/(.Tokoyama 

Soda)(.

19371977
 .1977.

 .
1984.

4001989300/
100/(BUA 1992).

1990)Hoechst AG (300/.1989150-200
/50-100/)Hoechst AG ( .

1990.
50-100/(BUA 1992) .1990

Rhône-Poulenc Chimie
.
 .
 .

 .(BUA 1992).

/)
 ()/

 ..(.
 .

/.
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)dioxazine pigment ()C.I. Pigment Violet 23 (
)Hoechst AG()(.

)C.I. Pigment Violet 23 (Ciba Geigy AG.

-)p-chloranil (-)Hoechst Farben (
400,000/ .-)o-chloranil (

60,000/.
1,200/.

100
/.

20,00057,000/)Blue 106(1,00019,000
/)Violet 23 ((Williams 1992) .

263,000/3,065,000/ .
Carbazole Violet211,000/.

/
.

(BUA 1992) .)Hoechst process (20

/ .
 ./

 .) :
.(

/
) ((BUA 1992).

6 .7 .2 .5.2 46--4-)2,4,6-Trichlorophenyl-4’-nitrophenyl
Ether(

2 4 6--4'-)CNP (
)chloronitrofen ()PCP(

.)CNP (/.
1970s1980s

240540/ .
400/(Masunaga et al. 2001).

.

CNP300,000/400
/.
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6 .7 .2 .6.)Chlorobenzenes(

/
) :EUROCHLOR .(-

) ()FeCl3 (
)NATO/CCMS 1990, 

EHC 1991(.41-)p-DCB (
) ( .)deodorant (

)-restrooms(
 .)blue

mold(
)HSDB 2004(.

/
.

/)1980s (
2 3 7 8)2,3,7,8-substituted congeners(

1990 NAT/CCMS
)TEQ( . 

/)TEQ ()Liu et al. 2004;
61 .(6)o-DCB and p-DCB (

)124-TCB (S4S5S6
-)FeCl3()Yanzh

Pesticide Co., Ltd..(

61 : /)Liu et al. 2004(

Sample 
Comments 

/
/
PCDD/PCDF 

(ng WHO-TEQ/kg) 

S1 :)DCB (620

S2 :)DCB(
)TCB(

1,850

S3S63,370
S4-)p-DCB ()98.1%(39
S5-)o-DCB (ND
S64 2 1-)124-TCB (ND

62 . 
 .

/)S3 .(
 .

/.
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62 :/)Liu et al. 2004(

/
Emission Factors (µg TEQ/t of Product or Residue)

1.p-Dichlorobenzene (p-DCB)
-

NDNANA39ND

2.o-Dichlorobenzene (o-DCB)
-

NDNANA0ND

3.1,2,4-Trichlorobenzene (124-TCB)
4 2 1-

NDNANA03,000

6 .7 .2 .7.)Chlorine Production(

)–.(
)NaOH(

)H2 .( :
.)PCDF (

)PCDD(.

/)( .
/)graphite anodes  (

 .)membrane technology(

)-anodes .(
/.

-chloralkali(Wu 2000) .
)Hot Spots()6 .10( .
PCDF

.

)Draft Guidelines on BAT/BEP (
BAT)SC BAT/BEP 2004.(

)Kannan et al. 1997 (Aroclor 1268
 . .

)National inventories (/
)graphite anodes.(

) (

.
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/
319/)She and Hagenmaier 1994 .(

420/)Xu et al.
2000.() (

 .
)63.(

63 :

/
Emission factors in µg TEQ/kg

20 µg TEQ/kg sludge /

Chlorine/chloralkali prod-
uction using graphite anodes

NANANANA1,000 µg TEQ/t chloralkali

6 .7 .2 .7 .1.

/.

6 .7 .2 .7 .2.

/ .
/

/ .

.

6 .7 .2 .7 .3.

/ ..

6 .7 .2 .7 .4.

.
/)Hagenmaier and She 1994 (

)Rappe et al. 1991 ()Xu et al. 2000, Wu 2000 .(
 :3,985/

1328-/)µg Nordic-TEQ/kg (
)Rappe et al. 1991 (21.65/

)Xu et al. 2000 . (
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50 .
20/

1000/.

6 .7 .2 .8.1 2-)Ethylene Dichloride or 1,2-
Dichloroethane, EDC(

)EDC ()PVC.(
90 %)EDC (

)vinyl chloride monomer, VCM.()PVC(
) ()EDC.(

EDC)(

) ()Direct chlorination()
(. .

5070
400–500)kPa.(

-.

)()Oxychlorination()HCl(
) ()fixed-bed (

)fluidized-bed .(325
)

C1C2.(
 .

).(

)VCM(

)vinyl chloride monomer, VCM (
)EDC .()cracking furnace(2000

)kPa(450650.
VCM) :-13 (

.
/ .

.

)PVC(

PVC:

) (
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//)EDC/VCM/PVC (
/

- ./
VCM.

/PVC.

/
/ .

 .
.

 .
 .

.
 .

.

/
)EPA TRI reporting()Toxics Release Inventory, TRI( . 

.)TRI (
 .)EPA (

)TRI(
)http://trifacts.org/ . (1999

/)TRI (
2000./ :

html.index/dioxin_data/org.trifacts.www://http)2004Carroll.(

/EDC/VCM
PVC64 . 

.3 .
 .
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64 ://

/)(

 [1]
1. EDC/VCM, PVCND1NDND
2. :EDC/VCM

EDC/VCM/PVC0.4 [2]0.5 [2]0.0310

3. :PVC)
(0.0003 [3] 0.030.1 [3]0.02

[1].
[2]EDC.
[3]PVC.

6 .7 .2 .8 .1.

.

)fluidized-bed.(
HCl

HCl.

(US-EPA 2000, Vinyl Institute 1998)22
/ .

) :
( ./

.

64 .

64EDC
PVC./

)2002 US-EPA TRI (22
0.03/EDC0.4

/EDC)US-EPA 2004, Carroll 2004, Dyke et
al. 2004 . (PVC
)US-EPA 2000, Vinyl Institute 1998.(

.
/

EDC/VCM1.314
.

–6 .1 .2 .1
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6 .7 .2 .8 .2.

/EDC/VCM
PVC

 .
 . 

)BODbiological oxygen demand, ()total suspended solids, 
TSS ()pH (.

/
PVC .

0.88/)ND = 0(4.7/)ND=½ DL.(
0.03)/ (

PVC)US EPA 2000, Vinyl Institute 1998.(

/)EDC/VCM (
0.42/(ND=0)4.4

/(ND=½ DL))US EPA 2000, Vinyl Institute 1998(.
0/EDC/VCM/PVC2.5

/ .0.5
//

)EDC/VCM ()US-EPA 2004, Carroll 2004, Dyke 
et al. 2004. (

/)EDC/VCM(
//)EDC/VCM/PVC(

/-
) (-

.

/
.

.

6 .7 .2 .8 .3.

/PVC
/).(

0.3/.
EDC0.03

/ .
.
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6 .7 .2 .8 .4.

 :) (
)(.

.

EDC/VCM
1005,900/(VI 1998) .

) (
).(

2/)
EDC.(

/.

PVC0.02
/PVC .)

 (EDC
EDC/PVC2

/(US-EPA 2000, Vinyl Institute 1998).

/
 EDC .Stringer

)1995 (3,0005,000,000/
PVC .

 . .

)6 .1 .2 .1–.(
)Dyke et al. 1997 (

.

 .-
100/) .(

/
–.

6 .7 .2 .9.)Chlorinated Aliphatic Compounds(

/)perchloroethylene
/ .(

EDC) (
.
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EDC
--) .(

/)350-630
130,000-4,000

/-Dyke et al 1997 .(
..

) :- (
-.

6 .7 .2 .10.)Chlorinated Inorganic Chemicals(

) :NaOCl, ClO2,
FeCl3, AlCl3, ZnCl2, ()TiO2, Si) (SC BAT/BEP 2004 . (

)MgCl2 (
2-6.2.9 .

)TiO2.(

)TiO2 :( .
 .

.)TiO2 (
)rutile()ilmenite (

)TiCl4 ( .
 .

600)SC BAT/BEP 2004.(

/)oxychlorination .(
/)

.(

6 .7 .2 .11.)Summary(

-
EDC.

HCl
Cl2 .

NaClKCl .
/.

-
EDC.

.
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1995)European Council of Vinyl 
Manufacturers, ECVM (.

ECVM
)dioxin emission guidelines (

)Best Available Techniques, BAT .(
ECVM0.1/)

) : (11% O2, 0 ˚C, 103.1 hPa(1
/.

/
/)EDC/VCM.(

6 .7 .3.

 .
.

 .

) (
/:

(Beard et al. 1993).

)catalytic reforming processes(
..

/.
-) .(

 .
 .

/.

/
 .

 .
 ..

/
 .6.3.3-

/) !. .(
65)TJ and per cubic meter.(
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65 :)flaring of gases(

/

Emission Factor - g TEQ/TJ of Gas 
Burned

/3

Emission Factor - g TEQ/m³ of 
Gas Burned

AirAir

Flares80.0003

6 .7 .3 .1.

 .
.

6 .7 .3 .2.

)catalytic reforming process(
190/ .

 ./ .
 ..

6 .7 .3 .3.

.20-25
5 .

.

 .
//

)PAH ()pyrene()benzo[a]pyrene ((BREF 2000b).

6 .7 .4.

/
.

 "back-street "
.

(US-EPA 1997b).
/:
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)PCP(/
)PCP.(

.
) (

/.
.

) ( .
 .

.
.

:de-sizing)
( scouring)

 .() singeing
 .

 .
(

mercerizing)
15–20(% .

 ..
.

 .

.

635,00010-15%
 .

 .
3.8–7.5)23 .(

100–140)12–17
 .(

125–170)15-20
 ((US-EPA 1997b).

16/
:

0.21 0.10/0.2
/(Horstmann 1994) .

0.03–
0.2/(Hutzinger et al. 1995, FHH 1995).
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/:
PCP

) .. .(.
.

/.

)(
 .

.

66 :

/

1.NANDNA100ND
2.NANDNA0.1ND

6 .7 .4 .1.

/
 .

6 .3

6 .7 .4 .2.

.
.

 .
.

6 .7 .4 .3.

/ :
1/)

0.2/(
 .244
370/(Horstmann 1994)86
/(Mayer 1997) .

/)Cl7Cl8 .(
PCP

.
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PCP
.

/
(Horstmann and McLachlan 1995b, Klasmeier and McLachlan 1998).

6 .7 .4 .4.

 / ..

6 .7 .5.

/ .
/

PCP .
1989

5//
.

./430
/6,400/

(Malisch 1994).
/ :

2,1003,000/1991.1996
(Klasmeier and McLachlan 1997) .

PCP/
.)congeners(

.

 .
 . .

.

67 :

/

3.NANDNA1,000ND
4.NANDNA10ND
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6 .8.8-)Miscellaneous(

 .
68.

)(
–6 .1 .66 .3 .4 .

/ .
)smoking of meat and 

fish(/
/ .

68 :8–)Miscellaneous(

8)Miscellaneous(xxxxx
a)(xx
b)Crematoria(xx
c-Smoke Houses)(xxx
dxxx
ex

5:

5 :

III:

( ))Crematoria(6 .8 .2

6 .8 .1.

 .
) (a.

 .69.

199



1762005

2005

 ...
 ./

 .
.

69 :*.

./*

1.0.007NAND0.1ND
2.)Green fodder(0.1NAND0.1ND
3.PCP

–
10NAND0.5ND

6 .8 .1 .1.

0.005/33.51
/30.16/3)LUA 1997 .(

PCP.

6 .8 .1 .2.

)virgin wood  (0.1
/

 .
0.30.8/ .0.5

/PCP0.1
/.

6 .8 .2.)Crematoria(

) (
 .)(

 .
 . .

 .
 .

.

)
 .()APC(

/ .
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0.1/3)
27th BImSchV .(

50/3(@11 % O2) .2
70 .70 .

2,0003/1,00003/ .1,0002,500
/)LUA

1997 .(75
35,000/.

 .
.

15)UNEP 2001, Fiedler et al. 2002.(

70 :

1 .90NANANAND
2 .10NANANA2.5
3 .0.4NANANA2.5

6 .8 .2 .1.

1
850 ...

 .2
850

 .3
)APCS( .

Kim)Kim et al. 2003 (0.462.1/3

8.4/
.

/10.528.6
/317.6/3(@11 % O2) .

18/ .
210

/ .

/" "

201



1782005

2005

/)UNEP 2001, 
Fiedler et al. 2002.(

6 .8 .2 .2.

 .
 .

APC.

6 .8 .2 .3.

.

6 .8 .2 .4.

.

6 .8 .2 .5.

 ./
4448/)UNEP 2001, Fiedler et al.

2002 .(.

6 .8 .3.)(

 .

--.

71 :)smoke houses(

///
1 .50NANAND2,000

2 .6NANAND20

3 .0.6NANAND20
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6 .8 .3 .1.

/)(
)LAI 1993 .(3003/

50 .6,0003/ .
1.02/3

0.1/3

23 .1 .
2.

6 .8 .3 .2.
)(

.

6 .8 .3 .3.

.

6 .8 .3 .4.

 .
 .

)
.(

6 .8 .3 .5.

)38(.

6 .8 .4.)Dry Cleaning(

/)–
 .(

PCP
 .

/
 .

 .

perchloroethylene
fluorocarbons.
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72 :)dry cleaning residues(.

/

1 .
PCPNANANDND3,000

2 .NANANDND50

6 .8 .4 .1.

.

6 .8 .4 .2.

.

6 .8 .4 .3.

).(

6 .8 .4 .4.

1
PCP)

 ( .2
 ..

6 .8 .5.

/ .
0.1

/ . .
.

73 :.

)/(

1.0.3NANANANA
2.0.1NANANANA
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6 .8 .5 .1.

 .
 .220.

6 .8 .5 .2.

.

6 .8 .5 .3.

6 .8 .5 .4.

6 .8 .5 .5.

.
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6 .9.9–/)Disposal/Landfill(

/ .
/ .)

 (
 .

 .
 .

PCB) (
)EU

SCAN 2000.(

 .

74 .-6.7-
 ./

" "/ .
/ .

/100/
) .(50

/
50 .

) (
 .

)(

 .
 .

/.

74 :9-

9)Disposal(XXX
ax
b/(x)xxxx
cx
d)composting(xx
e)(xxxxx
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5) (

5:

)(III:

)(6 .9 .4

6 .9 .1.)Landfills and Waste Dumps(

 .
)landfill(

) .()dump(
.

)
 .()leachate( .

.
/

75NA)-Not applicable. (

6.9.1 .
) :(

)1 (
6.3.3 .

 .)2 ()
 ( .

6-2.6.6 . 
) =) (

 (
 ..

75 :

/
/

1.NA200NANA50
2.NA30NANA6
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6 .9 .1 .1.

11503)
 (10-20) .(

 .
/ .

/)3.3.6 .(
/)( .

.

6 .9 .1 .2.

)leachate or seepage(
/ ./

/)
 .(

/
.

7.5221/ .
)NZ 2000 (14-48.3/

7.5-221/
 ..

 :1200
/302

.

6 .9 .1 .3.

.

6 .9 .1 .4.

.

6 .9 .1 .5.

 ./
 ./

 .
6/

50/
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 .
)

(.

6 .9 .2.

 .
 .

6 .9 .3

)
( .
 .)(

 .
1

 ./ .
 .

/ .
 .

)6 .7 .1(.

) ()
 ( .

.

 .
) (

) ( .
 ./

 .
 .
 .

/) .(

PCP
 .

.
)6 .7 .2 (

1/ .
 .

/./.
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/.

/
 ./

)Suspended Solids(.

/)1980s(
Hagenmaier200/43

)Hagenmaier 1988 ( .300
50-60/)Butzkamm-Erker and Mach 1990 .(Rappe et

al 19943064100/
1000/ .

 .

)
( .

) US-EPA 2000.(

/0.815/ .
)17-25/(

)2-6
/)(Horstmann and McLachlan 1995, Horstmann et al. 1993c.(

76 :)sewage sludge(

) :/
/(

/

=

/

NA5 aNA1,000 1.)(
NA0.5 bNA1,000
NA2 aNA100 2.
NA0.5 bNA100

3.)(NA0.1NA10
a :b :

6 .9 .2 .1.
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.

6 .9 .2 .2.

)SS(
 .)1 (

)(2
.

6 .9 .2 .3.

 .
.

6 .9 .2 .4.

 .
) .(.

 .1

 .2
3

)Rappe et al, 1996 .(3
/)

.(

6 .9 .2 .5.

) (
 . .

 .

/
0.4 % .

3 %  ./

)Asia Toolkit Workshop 2002.(
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6 .9 .3.)Open Water Dumping(

 .
 .

 .

) 6 .9 .2() 6 .9 .3 (
 .

/ .77.

77 :.

/3

1.NA0.005NANANA
2.NA0.0002NANANA
3.NA0.0001NANANA

6 .9 .3 .1.

 .

6 .9 .3 .2.

 .

6 .9 .3 .3.

 .

6 .9 .3 .4.

 .

6 .9 .3 .5.

 .
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6 .9 .4.)-Composting(

)Composting (
 .

 .50 %
 .30.%

 .
/

) .(
100/.

78 :.

/
=

1.NANANA100
2.NANANA15
3.NANANA5

6 .9 .4 .1.

)/3 ( .

6 .9 .4 .2.

 .
 .

6 .9 .4 .3.

 .

6 .9 .4 .4.

 .1
 .
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/ .2
 .

3
.

6 .9 .5.)(

/
 ."")“used” oil(

"")“waste” oil( .)
 (

 . :
 . :

) :(
 .

--)PCDD (
)PCDF ()PCB .(

PCB10)
6.10.6(./)PCDD/PCDF(

)PCB ( .
/PCB

PCB)chlorobenzenes(
) :PCBchlorobenzenes (

)SC
BAT/BEP 2004.( .

 :
) :( .-

-) .(
.

)1.1.62.1.6 ( )
1.3.6 ()5.3.6()1.4.6 (

)3.4.6 ()6.4.6 (
)4.5.6 . (

/PCB
 .

 . .
/ .

 ..

.
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6 .10.10–)Hot Spots(

6 .10
/ .

/ .

)background concentrations ( .)potential hot-
spots(

 .
)(.

6 .10 .1.)Production Sites of Chlorinated Organics(

./
.

/ .

/.

6 .10 .2.)Production Sites of Chlorine(

/
 .4/

0.1523.1/)She and Hagenmaier 
1994 . (

)1970s( .
 .

.
2

3-4 .
/

)Polycyclic Aromatic Hydrocarbons, PAH ((Ullmann 1996).

 ./
 .

/.
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6 .10 .3.)Formulation Sites of Chlorinated Phenols(

 .
 .

.

6 .10 .4.)Application Sites of Chlorinated Phenols(

 .
2,3,4-T, 2,4-D)6.2.7.6

5.2.7.63.2.7.6 (.
6 .10 .5)PCP(

.

6 .10 .5.)Timber Manufacture and Treatment Sites(

PCP .
/

.)PCP(
)PCP-Na (/

/ .
/

.

6 .10 .6.

)PCBs(
)PCDF (
).(

.
PCBs–-

)PCBs ( .
PCBs .

PCBsPCBs)
 (PCDF2,3,7,8-.

/PCDF
)-as TEQ .(

PCBs)dioxin-like 
PCB()non-dioxin-like PCB .(

)POPs (
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)1–( .
)dioxin-like PCB (

PCBsSchmitz et al. 1996.(

79 .
)PCBs ()PCDF()TEQ .(

PCBs
PCBs .PCBs

PCBs
.

79 :)Emission factors for PCB(

)PCB Type(/
 New PCB
( g TEQ/t)

 : Clophen A30, Aroclor 124215,000
 : Clophen A40, Aroclor 124870,000
 :Clophen A50, Aroclor 1254300,000

 :Clophen A60, Aroclor 12601,500,000

).()PCBs (

)PCBs (.

6 .10 .7./1-9

/
 .

 ./
/ .

/)
/.(/ .

/.

/
:

.
.
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PCB) :
.(

) (
.

)PCP (
.

)hot-spots(:
.

.

6 .10 .8.

/)
6 .6 .2.( :

PCB
) .(

/ .
.

6 .10 .9.)Dredging of Sediments(

/ .

 ./

)( .

.

6 .10 .10.)Kaolinitic or Ball Clay Sites(

/
––

)non-anthropogenic( .

/
/.

/
 ./

 .
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/ .
 .

.
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)([    ]

)Induced draft fan([    ]
ǎƧƤƊ ƳƒǍǈƊ)ƥǒƥơƙǃƒ ǏƞƧǒ(

)APCS(

ƞǍǒ ǙƥƗƞǃƓƶǆǃƒ ƳƒǍǈƊ Ǉǆ ƳǍǈ ǐƊ[    ]
)°C(]            []             [

/)      (

)-(
)/(

Emission Factors (µg TEQ/t)

Residues Product Land Water Air )Class(

)/(
Annual Release (g TEQ/a)

Residues Product Land Water Air )/(
Annual Activity (t/a)
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10.3:

10 .1.

90)EXCEL (
.)Paraguay (6

)SEAM 2003 .(
" "

 .

90 :)EXCEL(
6)SEAM 2003(

)EXCEL(
 .

91)SEAM 2003 .(
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91 :/)SEAM 2003(

)/(
(g TEQ/a)

13.500000.023
21.520.03000
33.100000.6
41.070000.06
50.370000
661.108.50076.2
70000.0002
80.03000.2210
900.17000
1-970.70.28.50.2276.3

156

257



2342005

2005

10 .2./

2001)Toolkit 2001(
 .

UNEP Chemicals
1999"

/) "UNEP 1999 .(
)Toolkit .(

 .
92.

92 :/)Toolkit(
CountryReference

ArgentinaSAyDS 2004
AustraliaDEH 2004

Brunei DarussalamDEPR 2003; in UNEP 2003b
CambodiaIn:  UNEP 2004a

ChileIn:  UNEP/GTZ/CONAMA 2004
CubaCITMA-CIGEA 2004

EcuadorIn:  UNEP/GTZ/CONAMA 2004
EstoniaLassen et al. 2003

Quass et al. 2004
JordanMoE Jordan 2003; in UNEP 2003b

LatviaLassen et al. 2003
LebanonMoE 2003; in UNEP 2003b

LithuaniaLassen et al. 2003
MauritiusUNEP 2004b

ParaguaySEAM 2003
PhilippinesITDI 2003; in UNEP 2003b

PolandLassen et al. 2003
Sri LankaIn:  UNEP 2004a

ThailandPCD 2002; in UNEP/PCD/BMZ/BMU/UBA/GTZ 
(2002)

UruguayDINAMA 2002
VietnamNEA 2003; in UNEP 2003b
ZambiaUNEP 2004b
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11.)TECHNICAL ANNEXES(

11 .1.Toxicity Equivalency Factors (TEFs)

)TEF(
/ .

–)in vitro()in vivo(.
)

.( .

/
)TEQ.()TEF (

/)Toxic
Equivalent , TEQ.()TEFs (

.
 .

 :)TEFs (
)//

)I-TEF()NATO/CCMS 1988, Kutz et al. 1990(
WHO/IPCS

I-TEF .
93 .

WHO/IPCS
)PCB (non-orthomono-ortho

TEFs)van Leeuwen and Younes 1998.(
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93 :(TEFs)-

CongenerI-TEFs
WHO-TEFs

2,3,7,8-Cl4DD11
1,2,3,7,8-Cl5DD0.51

1,2,3,4,7,8-Cl6DD0.10.1
1,2,3,7,8,9-Cl6DD0.10.1
1,2,3,6,7,8-Cl6DD0.10.1

1,2,3,4,6,7,8-Cl7DD0.010.01
Cl8DD0.0010.0001

2,3,7,8-Cl4DF0.10.1
1,2,3,7,8-Cl5DF0.050.05
2,3,4,7,8-Cl5DF0.50.5

1,2,3,4,7,8-Cl6DF0.10.1
1,2,3,7,8,9-Cl6DF0.10.1
1,2,3,6,7,8-Cl6DF0.10.1
2,3,4,6,7,8-Cl6DF0.10.1

1,2,3,4,6,7,8-Cl7DF0.010.01
1,2,3,4,7,8,9-Cl7DF0.010.01

Cl8DF0.0010.0001

2,3,7,8

I-TEFsWHO-TEFs

11 .2.

 .
:

m3 : )ISO (

Nm3 :1
)101.325(

) :(
 :101.325 =)1(273.15

)K(11 .%
/11.%

Rm3- .R251 .
 .

11 %
 .

.
Sm3-)dscm (120)68

F .(
7 %12 %.
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11 .3.–3

3 .
)(.

) ().(

94 :

27–35/

)(32–34/
)(31–31/

30/)Donez(
)(29–32/
)(25–27/

)(16–17/
)(13–15/
)(12–14/

/)(10–12/
/9–11/
/)(8–10/
/8–9/
/)(7–9/
/4–6/

95 :

31–32/
28–30/
27–28/
23–25/

96:

)(44–47/
)/(43–46/

40–43/
38–40/
37–39/
20–23/

-)(8–10/
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97 :

50–55/
–48–53/
–47–52/

46–50/
–H44–49/
–L40–45/
–38–44/

20–23/
10–11/

:
48/

– LPG) (46/

98 :

14–17/
15–16/
13–15/
12–13/

–11–13/
–10–12/

99 :

17–19/
17–19/
15–18/
15–17/

)(15–17/
14–16/
14–15/
9–11/
9–11/
8–10/
1–3/
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100 :

Energy
Watt hour (Wh)13,600Joule (J)

13.6Kilojoule (kJ)
10.0036Megajoule (MJ)

kilowatt hour (kWh)13,600,000Joule (J)
13,600Kilojoule (kJ)
13.6Megajoule (MJ)
13.6 ×10-6Terajoule (TJ)

Gigawatt hour (GWh)13.6Terajoule (TJ)
Terajoule (TJ)1277,777.7778Kilowatt hour (kWh)

)Power(
Watt (W)11Joule per second (J/s)

160Joule per minute (J/min)
13,600Joule per hour (J/h)

Megawatt (MW)11,000,000Joule per second (J/s)

101 :3
 *WEC

1 (toe) **42 GJ (net calorific value) 
1)tce(29.3 GJ (net calorific value) 

145 GJ (net calorific value)
100036 GJ (net calorific value)

1)peat( 0.2275 toe 
1 0.3215 toe 
1)(9.36 MJ

13.6 MJ

 *WEC :World Energy Council

 : ** )IEA (
107)kilocalories ()41.868

GJ.(
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11 .4.–35

)()(
) .(

)3 .(
11 .2 .

.:

10.74
0.00074.

1) (/)
 (0.850.00085

/.

10.97
0.00097.

10.770.85)0.8(
0.0008 .

0.0000008.

1–LPG)– (
20.002LPG
 .0.000002LPG.
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11 .5.–7

102

102 :

NaOHE
Eo, Ep

or E/O, E/P
Cl2C

ClO2D
HClO, NaOCl, Ca(OCl)2H

O2O
H2O2P
SO2S

H2SO4A
Ethyldiamine tetra-acetic acid

(acid stage to remove metals)
EDTAQ

W
O3Z

:

EOP-Q-EP-EP (HC) EOP-EP (HC) EOP-Q-EP-EP 

1991) (
(EPA 1995) : 

C-E-D-E-D C-E-H-D-E-D 

C-E-H-E-D C-E-H, C-E-H-P 

 .

 .
)ECF ( :(DZ)(EOP)D, (DQ)(PO), D(EOP)D(PO)

.

)oxygen delignification (
)ECF:(

D-E-D-E-D D-EOP-D-E-D 

D-E-D-D QP-DQ-PO 
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ECF Totally Chlorine Free (TCF) .
TCF:

Q-E/P-E-P OP-ZQ-PO 

Q-Z-P-E-P OP-Q-PO 
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