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Table 1. UNEP POPs convention progress
and plan"”

Date UNEP POPs meetings

October/1995 Marin pollution prevention conven-
tion (Washington D.C.)
February/1997 | 19th UNEP governing council deci-
sion

June/1998 1st INC meeting for POPs conven-
tion (Montreal, Canada)
September/1998 | 1st Criteria expert group meeting
(Bangkok, Thailand)

2nd INC meeting for POPs conven-

tion (Niroby, Kenya)

January/1999
June/1999 2nd Criteria expert group meeting
(Vienna, Austria)

September/1999( 3rd INC meeting for POPs conven-
tion (Geneva, Switzland)

March/2000 4th INC meeting for POPs conven-
tion (Bonn, Germany)

October/2000 5th INC meeting for POPs conven-
tion (Southafrica)

April/2001 COP for adoption of the POPs con-
vention (Sweden, temporary)
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Table 2. List of POPs chemical designated by UN/ECE, UNEP and regulatory status in Korea

POPs Use Regulations
Toxic Substance Management Act
Endrin inseticide (requirements imposed for handling)
Pesticide Management Act (ban)
Toxaphene inseticide the same as above
Aldrin soil-insecticide the same as above
Dieldrin moth-proofing the same as above
Heptachlor soil-insecticide the same as above
Chlordane herbicide the same as above
Mirex flame-retardant inseticide never been produced, imported, and used
Hexachlorobenzene inseticide never been produced, imported, and used
Toxic Substance Management Act
DDT inseticide (requirements imposed for handling)
Pesticide law (ban)
- dielectric fluid of electric transfor- | electrical equipment criteria (banned
PCB mer, plasticizer, lubricants for use in electrical equipments)
S .
. - production mostly banned in 1970s | Toxic Substances Management Act
(Polychlorinated . )
. (estimated worldwide total pro- | (banned)
biphenyles)

duction: 1,100,000 ton)
- still in use for old transformers

Solid Waste Management Act (listed as
a specified waste)

- no intended use

- produced from municipal and
medical waste combustion & high
temperature metal processes

Solid Waste Management Act (stack
gas concentration control for waste
incinerators of certain sizes)

Dioxins & Furans

Chlordecone inseticide -

Hexabromobipheny! - -

Hexachlorcyclohexane - =

- natural components of crude oil
- produced from fossil fuel combus-
tion & industrial processes

PAHs (Polycyclic Aromatic

no regulation
Hydrocarbons)

o FHLE o] FE3ANAY. A VT @38
TN AMA B e F2E PAHs wigde &
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A4 vls FHFRIAH(US EPAIME UM 4
#xol wie} 53 Fejsleiol & 16709 PAHs
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2 B/ gsin dg.?

weld B dAFolAE PAHs wWi&3E& 77HA
PAHs(7-PAHs)9] %3 167} PAHs(16-PAHs)
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o] & & e, AHMAE 105/ EoHARAA
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Bok, Mul2}] 77, 27 R Ed2" Az 5, 7
S4%0 970, ZA R AR 87, W FEHNA 470, 4
# % ZAx AP TA, ARSY A A FE -
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Table 3. 16-PAHs and their environmental fate properties®

R . molecular solubility vapor pressure
No. PAH chemical name ring no. weight (e/mol) (ug/]) at 257C log Kow log Ko (mmHg) at 25C
1  Naphthalene 2 128.2 3400 3.37 1.8E-2
2 Acenaphthylene 2.5 152.2 3420 4.07 3.04 1.0E-4~1.0E-3
3 Acenaphthene 2.5 154.2 3.98 3.66
4 Fluorene 2.5 166.2 800 4.18 3.86
5  Phenanthrene 3 178.2 435 4.46 4.15 6.8E-4
6  Anthracene 3 178.2 59 4.5 4.15 2.4E4
7  Fluoranthene 3.5 202.3 260 4.9 4.58
8  Pyrene 4 202.1 133 4.88 4.58 6.9E-7
9 Benzo(a)anthracene® 4 228.3 11 5.63 5.3 1.1E-7
10 Chrysene® 4 228.3 1.9 5.63 5.3
11  Benzo(b)fluoranthene* 4.5 252.3 24 6.04 5.74
12 Benzo(k)fluoranthene* 4.5 252.3 2.4 6.21
13 Benzo(a)pyrene* 5 252.3 24 6.06 5.74 5.5E-9
14 Indeno(1,2,3-cd)pyrene* 5.5 276.3 6.58 6.2
15 Dibenzo(a,h)anthracene* 5 278.3 0.4 6.86 6.52
16  Benzo(g h.I)perylene* 6 276.3 0.4 6.78 6.2 1.0E-10

* animal carcinogen, international agency for research on cancer

Kow ¢ Octanol-Water partition coefficient, K« : Organic carbon-Water partition coefficient
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Hyeie] wEUEHE ol 83l WEFE FAE
Aedl, o] A8 WMEY TP 4P 22t &
A Aoz Wt YF7] A8 AERS] )
23T gesizle Moy, o3 e uig
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Table 4. Fuel emission factors in different sectors®
Industrial Commercial & Public Residential
Fuel type Unit
7-PAHs 16-PAHs 7-PAHs 16-PAHs T-PAHs 16-PAHs

Coal g/ton |0.063956528|0.280320103]0.063956528|0.280320103]0.0639565280.280320103
Bituminous g/ton |0.024312553]1.233771328] 15.1953454 | 48.9879792 | 15.1953454 | 48.9879792
Anthracite g/ton |0.063956528{0.280320103]0.063956528|0.280320103|0.0639565280.280320103
Kerosene g/kl | 9.6552E-11 8.1E-07 | 9.6552E-11 8.1E-07 |0.067462279|0.835190206
Diesel g/kl | 9.6552E-11 8.1E-07 | 9.6552E-11 8.1E-07 |0.067462279|0.835190206
Residual(B-A)| g/kl | 2.7072E-09 | 3.6378E-06 | 2.7072E-09 | 3.62088E-06| 2.7072E-09 | 3.62088E-06
Residual(B-B)| g/kl | 2.7072E-09 | 3.6378E-06 | 2.7072E-09 | 3.62088E-06| 2.7072E-09 | 3.62088E-06
Residual(B-C)| g/kl | 2.7072E-09 | 3.6378E-06 | 2.7072E-09 |3.62088E-06| 2.7072E-09 | 3.62088E-06
LNG &/10°m® NA 4.05107E-07 NA 4.05107E-07} 0.00070497 {0.044792996
Woods g/ton [0.026761952|1.524070464| 6.0183E-07 | 2.1303E-05 | 19.9580656 |325.6793432

Table 5. Estimates of PAHs emission factors of automobiles based on fuel mass

Total emission (g/yr) Total fuel Emission factor
Vehicles consumption
7-PAHs 16-PAHs (kl/yr) Unit 7-PAHs 16-PAHs
Gasoline 3.317.488.8 | 6,002,245.9 8,674,958 g/kl 0.382421 0.691905
LPG 266.639.9 595,929.8 1,351,096 g/ton 0.197351 0.354192
Diesel 666,551.4 | 2,677,368.0 10,770,494 g/kl 0.061887 0.216481
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Table 7ol VEAL 27 v Ed dad
PAHs ®i&&o] AAlse] g}, £vREH2 w2
F& vjms] B 7-PAHso 7% 2 1.1 ton/
yr, 39 FF 0.002 ton/yr, 7H3 2.6 ton/yr. %
4.3 ton/yre] Wi&%¥E& ¥Ho 9t} 16-PAHs4
7% 44 35.3 ton/yr, 4Y4FF 0.01 ton/yr, 7t

Table 6. Estimates of PAHs emission factors for industrial and other processes’®™'®
Emission factor
Emission sources Base Throughput Unit (Ib/unit)
7-PAHs | 16-PAHs
.. ¢
Municipal solid wastes mcmerar 1on 2.380,044'" | ton 6.07E-06
quantity
Wastewater treatment plant sludge i 381.005'" | ton | 1.82E-05) 3.44E-03
Incinerators
Medical wastes " 24,218 | ton 9.22E-04
Hazardous wastes ” 251,892 | ton |2.91E-05| 2.44E-04
Foundry production | 1,447,000" | M/T | 2.07E-05| 6.21E-05
Metallurgy Pb
Secondary lead smelting . 44.943% | M/T 0.0199
production
de oil
Refinery - catalytic cracking cruce 01' 630.651,987® | Bbl | 1.66E-05| 3.16E-04
consumption
Petroleum 5
refinery Asphalt roofing production production 893,125 ton | 1.10E-04 | 2.86E-03
Asphalt hot-mix production production 893,125" | ton | 3.90E-07| 1.82E-04
Cokes production coal o
M/T | 3.72E-0 T9E-
Cokes (charging, Topside, & Door Leaks) consumption 16.305.000 / 3| 279E-02
production | Cokes production coal o
M/T .09E-0 0.0
(pushing, Quenching, Battery stacks) |consumption 16.305,000 / 3.09E-03 53
1
Pulp & paper] Kraft Recovery Furnaces pulp. 319,000 | M/T | 1.23E-04 | 0.0213
production
Carbon black| Carbon biack production production 466,388' | M/T | 5.25E-04 | 5.04E-03
Cigarette | Smoking consumption {106,500,000'® | 103ea| 2.08E-09 | 1.38E-08
Cremation | Cremators capita 56,635'® | capita| 7.07E-11| 4.16E-08
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FoM =& ul2FE 2o A, 16-PAHse| 4
Sl Ajdel fA 4], Mo B &M, 4
o] {Lfe AR 2 FolM g WEFE 2o
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AYRE HEE AEEE AWEY AeFo
A 2 wgsa ded, 53 fAdd gRE
ol W=z gict #AAEe wj&7IHEE T-PAHs
o] < 63%, 16-PAHs9] 96%% o T, g
F % ARAME R WiEse Aoz e
t}, AYFEFHE PAHs W% 43 A§ B9,
7-PAHs'} 16-PAHsS] ¢F 90% ol/d<] d&FoilA
W&EE Aoz Yeigten & dge] Wiy
B Fe Aoz JEdd, dAdFIREY FuE
Z& 7-PAHs7} 0.002 ton/yrolil, 16-PAHsE
% 0.011 ton/yr2A 713 F-Eolvt AJFEH v
REA olF Ze Fo g Yelyt, oA %
gte] A% AU FFREANM Aste AR Uy
Fo] §7FuU 7t2F2H PAHs9 wi&do] e

Table 7. Estimates of PAHs emission from fuel combustion (kg/yr)
Fuel Industrial Comg\:;lciical & Residential Transportation Total
7-PAH | 16-PAH |7-PAH|16-PAH| 7-PAH | 16-PAH | 7-PAH | 16-PAH | 7-PAH | 16-PAH
Coal 3.6 156| 22| 98| 2015] 883.0 0.1 05| 2074| 909.0
Bituminous| 673.5 [ 34,176.3| 00| 00| 00 0.0 0.0 00| 6735| 34.176.3
Anthracite| 853 | 3740| 02| 08 00 0.0 0.0 00| 85| 3748
Crude oil | 0.00 00| 00| o0o| 00 0.0 0.0 0.0 0.0 0.0
Gasoline | 209.0| 3782| 00| 00| 00 0.0| 3.3175| 6.002.2 | 3.526.5| 6.380.4
Naphtha 0.0 00| 00| oo0] 00 0.0 0.0 0.0 0.0 0.0
e 0.0 00| 00| 00| o0 0.0 0.0 0.0 0.0 0.0
(3';;) 0.0 00| 00| 00| 00 0.0 0.0 0.0 0.0 0.0
Kerosene 0.0 00| 00| o0l 469.1| 5807.2 09| 11.3| 47r00]| 58186
Diesel 935| 3269| 00| 00| 201.2| 36053| 731.1[ 2573.9| 1.1158| 6,506.1
Residual 0.0 00| 00| 00 0.0 0.0 0.0 0.0 0.0 0.0
(B-A)
Residual 0.0 00| 00| 00] 00 0.0 0.0 0.0 0.0 0.0
(B-B)
! 0.0 0.0/ 00| 00| 00 0.0 0.0 0.0 0.0 0.1
LPG 0.0 00| 00f 00| 00 0.0| 2666| 4785| 2666| 4785
LNG 0.0 00| 00| 00| 28| 1769 0.0 0.5 28| 1774
Woods 0.1 55| 00| 00]1.601.9| 26.139.4 0.0 0.0 | 1.602.0 | 26.144.8
Total |1.065.0 |35.276.5 | 2.4 | 10.6 |2.566.5 | 36.611.8 | 4.316.2 | 9.066.9 | 7,950.1 | 80.966.0
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BEo|7] qEolt), 8A A&EH 22 fEV 7f2R
AEAHgo] o] Fojxm Q7] e Felo) AT
FHEoA dRALe 2§ PAHs W& Fo] ZA
Z7Hg AL Adz wdEd. sPREe
PAHse| W& 4323 E A9Ed 7-PAHs9
A Aol M 62%, T % ARl 39%71 wiE
He Aoz Jegon 16-PAHs A% A@olA
7% A=, T/ L AR 30% A= vigsHE
Aoz vept, &% 7-PAHs?t 2.6 ton/
yrel9iil, 16-PAHs7t 36.6 ton/yrelth. 713 %
7o A% 53] Ag, & BNl 2@ wiEr)d
=7t Bgted, 2 8 dete] A¢ dE di
2 FEaA gA=n 7] dEe FHele o] ¥
Fo wiz o] AP ZA¥ Aoz wadr),
FE2 4-d, FATE At 4 §FSF
0.2 ipo] viZFE A AT, EdFE F
vl &% 7-PAHs7} 4.3 ton/yrel 2, 16-PAHs7}
8.8 ton/yr{th. QEFFUE AW EE HdR
A 2 PAHs7F 243 dedl, ©] 98§ AME
e g dRE AtE s8I ojeox
A9 LPG 2ol M= 4% PAHs? 43 A
o2 Jepgch 3Hes aFe varlde&e B9
7-PAHs®| ¢ 76%. 16-PAHs9 68%8& wi&sle
Roz Jeiygth #3549 34 ARdzel o
e BRAFA vEdedE e, /Y
YA FE AHS3he dYe] Afde A4 2dY
o] W& UTH E H L3l Wi FE AU
444 dAadie AL AFae Az 4
33 tt27] o §ol PAHs Wl&UEHE Folg A
o2 HeER g ol 7a] MAZAqME o] AR
of dig AAF wiASE A Rin e
AAoltt, wWi&FE A ERY, 7-PAHsE 0.043
ton/yr, 16-PAHsE 0.158 ton/yr A= ¥l&3=
Aoz Jveiyth dadz AvRA gy uia
o] 44 AR o]FoR e AR UEtE,
7-PAHsS} 16-PAHs 25 Wl&%9] 99% °]io|
A%l ddEA wase Aoz vyt xS
o] A% 718x € §ate] AR dE =
Fae BRI HSYTHE o &3t wiEPE
FA &% o0, 2 A LAV} 43 § AL
2 #ddd. A43dARE AR, 7-PAHs%
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Fig. 1. (a) Sectoral contribution to 7-PAHs
emission from fuel combustion
(1995), (b) sectoral contribution to
16-PAHs emission from fuel com-
bustion(1995).
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Fig. 2. (a) Fuel contribution to total 7-PAHs
emission from fuel combustion(1995),
(b) fuel contribution to total 16-
PAHs emission from fuel combus-
tion(1995).
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Table 8. Estimates of PAHs emission from industrial and other processes

Emission rate (kg/yr) Contribution (%)
Emission sources
7-PAHs 16-PAHs T-PAHs | 16-PAHs
Municipal solid wastes 6.6 0.00 0.00
Wastewater treatment plant sludge 3.1 594.5 0.01 0.09
Incinerators
Medical wastes 10.1 0.00 0.00
Hazardous wastes 3.3 27.9 0.01 0.00
Foundry 13.6 40.8 0.02 0.01
Metallurgy
Secondary lead smelting 405.7 0.00 0.06
Refinery - catalytic cracking 4,748.6 90,394.6 8.57 12.99
Pet
etroleum 7 halt roofing production 446 1.158.6 0.08 0.17
refinery
Asphalt hot-mix production 0.2 73.7 0.00 0.01

Cokes production
Cokes (charging, Topside. & Door Leaks)

27.512.5 206,343.5 49.65 29.65

production | Cokes production
(pushing, Quenching, Battery stacks)

22.853.1 391,978.7 41.24 56.33

Pulp & paper| Kraft Recovery Furnaces 17.8 3.082.0 0.03 0.44
Carbon black | Carbon black production 111.1 1,066.2 0.20 0.15
Cigarette | Smoking 100.5 666.6 0.18 0.10
Cremation | Cremators 0.0 0.0 0.00 0.00
Total 55,4084 |695,849.5 | 100.00 | 100.00
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Fig. 3. (a) Sectoral contribution to 7-PAHs
emission(1995), (b) sectoral contri-
bution to 16-PAHs emission(1995).
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