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A Study for Estimation of Emissions and
Profile Characteristics of Dioxins, dioxin-like
PCBs and PAHs by Open burning

Dong-Ho Moon

Interdisciplinary program of Earth Environmental Engineering,
The Graduate School/

LPukyvong National Uniwersity

Abstract

Emission of PCDD/DFs, dioxin-like PCBs(DLPCBs) and PAHs
result from unintended combustion processes, most typically waste
combustion. Uncontrolled combustion, such as open-burning of
domestic, agricultural, and censtruction/demolition waste may produce
emission of this-compounds. However, few assessment of PCDD/DFs
emissions are available from these non=point-sources and guideline
about emission and activity factors provided by UNEP 1is not
accurately accorded to specific condition of each local case.

In this study, an enquete was done about waste treatment method
with 716 farmhouses and 112 construction sites to get fundamental
data for open-burning system and evaluating activities. And the
results of enquete showed that 2,270 tons of domestic waste,
1,649,528 tons of agricultural residue, and 656 tons of construction

wood was open—burnt.



After enquete, a flux chamber for simulating an open-burning was
set by the size of 3.5mx2.5mx2.2m, and flue gas from flux chamber
was estimated for researching characters of gas and contained
dioxin-like compounds and PAHs. Also the emission factor and the
emission amount of flue gas and incineration residue was presented.

Flue gas was real-timely estimated to brought a result that
average CO concentration was 403 ~ 1,605 ppm, CO: was 09 ~
2.9%, and NOx was 3.6 ~ 245 ppm. The ratio of 02/C02(%) was 3.6
~ 4.8(%) for domestic waste, 7.3 ~ 12.4(%) and 2.2 ~ 3.4(%) for
agricultural residue and construction wood, therefore the ratio of
02/C02(%) from construction wood burning was variable.

The concentration of PCDD/DFs in flue gas was 0.07 ~ 0.126
WHO-TEQ/Nm’ in case of domestic waste, 0077 ~ 0.178
WHO-TEQ/Nm’ ' in agricultural  residue and 0.224 @~ 0.274
WHO-TEQ/Nm® in construetion wood. And emission factor was 7.3,
89, 109 pg WHO-TEQ/ton for each case, which was much lower
than noticed factor in - UNEP:

Emission amount was estimated by multiplying emission factor by
activity, the total amount emitted from open-burning into air was
0.017 ¢ WHO-TEQ/yr for domestic waste, 14.86 g WHO-TEQ/yr for
agricultural residue and 0.008 ¢ WHO-TEQ/yr for construction wood.

In this category of open burning, amount of agricultural residue
burning occupied almost 99.8%, so open-burning of domestic waste
and construction wood was not a major source.

Analysis of homologue profile shows that PCDFs contribute more



than PCDDs to total concentration, and the most contributory isomer
to total dioxin amount was 2,3,4,7,8-PeCDF. DLPCBs were scarcely
generated.

PAHs were estimated to 137.8 /zg/Nrn3 for domestic waste, 288.7 ug
/Nm® for agricultural residue and 145.8 ﬂg/NmS for construction wood.
And emission factor was 7.5, 10.9 and 20.8 mg/kg respectively, which
shows a lower tendency prepared to previous studies.

Preparing the emission amount from open burning to that from
other industries, emission amount from open burning accounts for
1.4% of total amount, and emission from industries excluding waste
incineration facilities accounts for 89%, which takes the 3rd place
after ferrous industry and non-ferrous metal industry.

This i1s the first study in Korea about UPOPs including dioxins
produced in open burning, and further researches are needed to
control emissions of dioxins+and dioxin-like compounds systematically

considering these results.
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2 3 A EFEFY A - sFAAd B dde gAY o] thol
Ao T8 FAY F9 R dHA L o (Miles et al, 1987)
AAAxY Agode ST AHAA 2ArtolEd A8 F EFH U=

PVCSE 22 Zehzgo] £@so] tho]SAF7F BAse Ao 3

g A 102 R AVIRAAAM HolSAF7E 01~
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15ng-TEQ/Nm37} A%% Ao6% wuww 9l 2ew 274 23 A
d FAHANA 2z} H FZ(scrap ferrous)S £33t WA (Batch) E}
do gaRAE 110ng-TEQ/Nm39 tol &A1 {7 AEH glow
o= H

K

tho] £ 4% % PCDFse #Hfr&o] =

Mo
N

st 2l tH(Tysklind
et al, 1989).

MAESE BA

2.

lo

BArols EFvlw, 7, YA, vt § Aol

Fsm o5 FAAFAAE Dol SUF/ AEHE A0E wud

e

i 9TH(Ochme et al, 1989). A3 opa7x 2 WA FEe 4 golw =
A 27 AN FehaE, HAE B SAFY EA
oA AFUEF D JsLF

o] Ao AT EY S Ak ey, &R v E AAYFTAANM T

W

tlo

AgozA neel A THAN o

Qs w7bs Fol A 2878 TCDFE 43ng/Nm3% 7% % Ao Wi
skl 2 th(Aittola et al, 1992).

1988., Swanson%, 1988).
Hx ol #AHGIY] o] KA F B ARV} He HAs A4 ¥

gad Fol FiHol o fade AEdIrdY FREA ST= A
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ng-TEQ/kg-427t #H7| & =2 al
Lemieux % (1997)olA Ag3 AqgdgAF+A4x9E AHstd, 74 A=
o X AZY #Eg APgAFEZH 39 Minnesota study @t [linois

3
studygt Y E T4 A5 oS 5o A At}

L

Western Lake Superior Sanitary District of Minnesotadl A 3 ¥

Minnesota study®l ™M= rlo] KAl w= 2 Alojrp Fad AZHAIA
of w3 oF 20W) 7t ®2> FHogE H7lsiRoH, T E LHEH et

ATdE FAHA Ao
T3 Two Rivers Regional Council of Public Officials and Patrick
Engineering, Incorporate of ‘Ilinois® A <=3 ¥ Illinois studyolA &= x=

dazdss A7 G ool R zAES A Ao AFE T35

55 AAsH L, FAHAYWEFSL=ZE PM, SO, NOx, CO, HCI, VOCs,

PCDD/DFs, T 5% & AAsAT. tolSale A7t ¢3d A7+
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tho] &4l WAl 3 Apolo] 279 4bAvE AAE ] v FFEEA I
stx o 2 dibenzo-p-dioxins °l&t dHA dE FFEoltl. tho] S A
= Az 1~4 2 6~90 Frtete] ASE= d4 H VE TR
Az, 77 HdZ, ' F T AARE, o] 59 A
AAYPx7 AFHE dAa3st vhol2Al. F polychlorinated dibenzo-p
-dioxins & = A} F7FE dAaas B QAadAT AgE f Aol wet 75F
o] @ast tolsAle oA EAsta Yok g, o8k fFAE =2

H

7R s EEA 9 4ast gElxFeE, 5 polychlorinated

i

dibenzofurans ©| . om tlo]L Al mEZZRA R 279 HlASE A}lo] o
shibol AFAUA A3 SdEEA daAef 7ol whet 135F 9 4
23t gz T o] AR EAEHL H.

9 1 9 1
8 o) 2 8 I I
7 O 3 7 o
4 6 4
PCDDs PCDFs

Fig. 2-1. Molecular structure of PCDDs and PCDFs.

a9y, 2-19 FRAqA GFE A 2/7F A EH g3 AFE F
A A o2 Zg d3lr}o] 24l (polychlorinated dibenzo-p-dioxins)o]2Fil &
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717k 471wl st

T
75

U

-
o

viel

o

ol A 7}

3ol A

A tHU.S. EPA. Health

= A

Assessment Document for Polychlerinated Dibenzo-p-dioxins,

1984).

bl

EAHS Table 2-1.7 2-2.9]

A tH(Rappe, 1978; Mackay et.al., 1992).
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Table 2-1. Constitution of PCDD/PCDFs isomer groups(Rappe, 1978)

PCDDs PCDFs
No. Molecular Molecular No. of Molecular ~ Molecular No. of
Homologue Homologue

of Cl Formula weight Isomer Formula weight  Isomer
1 MCDD  CpHyCIO, 218 2 MCDF CHCIO 202 4
2 DCDD CppHeCLO, 252 10 DCDF Ci2HeCLO 236 16
3 TrCDD  CoHs5Cl:0» 286 14 TrCDE CpHsCL:O 270 28
4 TeCDD  CpHiCLO; 320 22 TeCDF CpHuCLO 304 38
5 PeCDD  CpHsCls0O, 354 14 PeCDF C12H;3Cls0 338 28
6 HxCDD  C;2HxClOn 388 10 HxCDF  C;,H,ClO 372 16
7 HpCDD  CppHCI,Op 422 2 HpCDF CpHCL,O 406 4
8 OCDD CClO, 456 1 OCDF CClO 440 1
MCDD ~ OCDD 75 MCDF ~ OCDF 135

_21_



Table 2-2. Summary of physical and chemical properties of PCDD/DFs

isomer groups (Mackay et al., 1992a)

MW* MP" BP* vp! WS®  Log Ko
Mono-CDDs ~ 218.0135 106 3155 0.075 417 4.75
Di-CDDs 251.9745 164 358 0.00924 149 5.60
Tri-CDDs 285.9355 129 375 0.00107 8.41 6.35
Tetra-CDDs  321.8936 305 446 5 1.18x10 0.0193 6.80
Penta-CDDs  355.8546 195 464.7 4.23x10° 0.118 7.40
Hexa-CDDs  389.8156 273 4877 1.45x10 ° 0.0442 7.80
Hepta-CDDs ~ 423.7767 265 507.2 1.77%10°" 0.0024 8.00
Octa-CDD 459.7348 322 510 9.35x10 7 0.00074 8.20
Mono-CDFs ~ 202.0185 NR# NR NR NR NR
Di-CDFs 235.9796 184 375 1.46x10 2 145 5.44
Tri-CDFs 269.9406 NR NR NR NR NR
Tetra-CDFs  305.8987 227 4383 1.99x10"" 0.419 6.1
Penta-CDFs  339.8597 196 464.7 1.72x10°° 0.236 6.5
Hexa-CDFs  373.8207 226 487.7 361x10°%  0.00825 7.0
Hepta-CDFs ~ 407.7818 221 507.2 5.74x107  0.00135 74
Octa-CDF 443.7398 258 537 1.01x107  0.00116 8.0

"MW=Molecular weight, "MP=Melting point (C), “BP=Boiling point (C),
“WP=Vapor pressure (Pa, at 25C), “WS=Water solubility (mg/m>),

fLog K,w=Octanol/water partition coefficient, *“®NR=Not reported.
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3.2 Polychlorinated biphenyl

Zeldshsd (PCBs)S Fig. 2-2.9F 2ol % 7je wal ol 947}
Q@Y TEE AT gor], AR AB AN} AF we
% 209%¢) ol4AE Mtk o5 F F Jle wAGe] B Hulel 9

Fsh#] ¢ PCBs (Non-ortho PCBs)%t

%] 8ko] ortho #1Ald d42E X

feis)

ortho ¥ A &9 dAA47F x8H PCBs (Mono-ortho PCBs) 12% 9
st g o] tho]l &4l 7 ARG SAY S S MR U AL

PCBs

Fig. 2-2. Molecular structure of PCBs and numbering system.

Fig.2-2.2] PCB numbering systemol A 22'66" 9 ¢ X*ZE ortho ¢
Zetar sl 33’55 $1AE meta, 44" YA E para ¥ X2 b owlA
rings o5& AZsteE A& FHE IAE F d=d F AY SEA
A Wi (F M WAl ringe] & HWAdo EA)S planarg} shar WAl
ringo] 90°¢ Z+%E o] Euw non-planargtil vk HA o] A EE ortho

AA el A ghe ol os) 245, ortho Aol = Fodatedl d4
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L

A7 gixE o H3te] Fx7F A4 A A "rh. Non-ortho 3%
a mono-ortho® X 3+¥l PCBsE< H T3 njdol

ghal b etd Had e U9 Wde] congenerdhal FFEh o E
B

flo
)

#1149 o] congeners H EE Y HAY S HAT YA gowH

¢
o
il

H] % 7% congener® 7+ ¥ U}

Table 2-3. Summary of physical and chemical properties of PCBs
isomer groups (Mackay et al., 1992a)

MW* MP” BP¢ vp! ws* Log Kou'
Mono-CBs  188.0393 ~ 25-78 285 0.9-25 1.21-5.5 43-46
Di-CBs 222.0003 25-149 312 0.008-0.6 0.06-2.0 49-5.3
Tri—-CBs 255.9613 44-87 337 0.003-0.22 0.15-0.4 55-59
Tetra-CBs '« 2919194  47-180 360 0.002 0.0043-0.01  56-65

Penta-CBs  325.8804 77-124 381 0.0023-0.0051" 0.004-0.02 6.2-6.5

Hexa-CBs 359.8415 85-160 400 0.0007-0.012- 0.0004-0.0007  6.7-7.3

Hepta-CBs 393.8025  122-149 417 0.00025 4.5x107°-0 6.7-7.0
Octa-CBs  429.7606  159-162 432 0.0006 0.0002-0.0003 7.1
Nona-CBs 463.7216  183-206 445 NR* 1.8x10 *-0.0012  7.2-8.2
Deca-CBs  497.1826 306 NR* 0.00003 1x10 -0 8.3

"MW=Molecular weight, "MP=Melting point (), ‘BP=Boiling point (),
YWP=Vapor pressure (Pa, at 25C), “WS=Water solubility (g/m>),

fLog Kow=Octanol/water patition coefficient, *NR=Not reported.
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Ha EWd PCBs ©|A A, & mono-ortho®t non-orthoZ 3% 9

%3 PCBst #7 S494 #golA PCDD/DFsst #48 722

PCBs o]l A9 &2, 384 542 Table 2-3.0] e AT PCBs
Mono-CBsoll /] 188, Deca-CBsolA] 4979 #x%F& 7HA a1, S&&/

rr

A= 43~839 WMHR @2 FEHE, ¥ TUId 59 5A
7AW da = S @A #8483 F7Ige] Astste] 874 Fol
AA Wl A Zafs 7] ol F73F 34 Foll dFdot

ol21gk PCBs9 & - 334 kA 5AS o] &3to] 1930dd o]
T® , w8A, HAE Tl 9y AlE
H o] gt} (Cains et al, 1994). 3], Wi alAd 7 &g - 53L2 orA A 9

54& 7HA £ PCBst #&#74 ToAE &2 A7 d A4 w545 7t

(il

o

i

Aol 4719 Addf, A FHA

A= Aow Hasta 9t (Tanabe et al, 1987; Patterson et al., 1989;
Takayama et al., 1991).

7], &, EY HAEN FHRI}E ol F (PCDDs, PCDFs,
dioxin-like PCBs)o"¥rgt7] & A9 B 7} stdE oA o 7]l A &) 5
HER olgdaE o 5249 2R w77k Aol 1 3l o™ PCDDs
Bt} PCDFEs7F 71 ¥b71E 7FA]H, dioxin-like PCBs7} o] EH.t} w7tk
717 9% doAes EAS M AE ¢ 5 Advh.(Mackay et al,

1992a).
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3.3 Polycyclic aromatic hydrocarbons
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of U7 gAEen 2ate PAHsE 2 Wed #4s fuadov w

© PAHs7F &A% A3 sddod s 7H A2 ofYARE o5 &

; Mix, 1986 ; Lehr and Jerina, 1977 ; White, 1986).

ddsow APgHoR wEH= i PAHs= #AAdeE e a9
A AH= d7zlTem sjEHH diiE AdEso wE wEo] A
. 715 PAHse tifE 42 =243 2350 JAT 724
FEH =2 A3 H(Yang et al, 1991).

7910

2

K

AL o 2RY wEd PAHsS #7499 Aol S gow,
Az Y T st =ufel steA Aol e ® A o]

kT
=l
)
k

i U tH(Kim and OK, 77&2 = EST ot3], 3587 333])
T3t B AL S 84T
i

A Az E vpade Bule] EASAS Hola v FoZ WA
dom, EgS HEI AAAY AFFTE w2 oz A U
53], d7l & PM 109 o} PAHs®9 kAol =i, Wb o] =&

SfEY] FRFEI B2 Ao® WEA dAA Y IFRAFT FAA
o] 2 Zo® AAHR JYur.(Kim and Ok, 2002)

Ao aAAe Bed it WEThaT) Ae
HA4 i &= PAHsY 71 2 2AY 59 shvboltH(Ramdahl et
al., 1982 ; Freemam and Cattell, 1990 ; NRC, 1983 ; Tan et al., 1992).
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AuelA Fujadr], Al vEr], S5 FHE A, a8 2 dw

of AMg¥E 7t Sl T 83 PAHsY wisdo= FAG glow

b

(Chuang et al.,, 1991 ; Hoffman, 1993 ; Mumford et al., 1991) =
FE 2YU7E A4 AF % obgE A F FWolA = PAHs7F Y
HtH(Nammari et al., 2004 ; Wobst et al., 1998).

Tang(2005)> PAHs¢] F%=¢ TOC7} 73e <o daaAAE 71zl
3 B askal 1o m ) Jones(1989)> TOCS PAHs % Abolo] oFdk ¢

i

o ARHAE Hvx Busta At (Zhang et al,  2005).
Simpson(1996)& PAHs® s %7} 2000 ng/kg °lAe =& w24 4%
ol vk PAHs®¢t - TOCete] AAaAde] Ava  Husty ok T
Launhardt(2000)2 <1 5 9 (spruce wood, hay, wheat straw, Triticale)ol
TOC® PAHs® A3#A7F #w$ @9u wHusu gow L
Mantis(2005)¢] <& Ao #3 AT Ao A= PAHs® TOCY A4

i

o] =X|+= ¢9ktl. Nguven(2002)= sawdust briquettes, U5, 5 <
2 A5 EY daoA BAF = PAHsZ) tiF 2 7h2go 2 gt
=

W Ea

32
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Table 2-4. Physical and chemical properties of PAHs ( Wey et al,
1998; EPA method No. 610)

Melting Boili Vapor
. .. Chemical Molecular eiing Loling  possure
Compound Abbreviation . Point  Point Structure
Formula Weight (C) (C) (mmHg,
25T)
Naphthalene NAP Colls 12816 80 218 71x10°
Acenaphthylene ACY CiHs 152.20 93 215 67x10° O‘g
Acenaphthene ACE Coly 15421 96 279 22x10° O‘O
Fluorene FLU Collo 16622117 295 60x10"
Phenanthrene PHE. Calty 1722 100 0 30 1240% (Y
Anthracene ANT CuHp 1822 218 342 60x10°
Fluoranthene FTH CigHio 202.26 110 393 9.2x10° 0’8
Pyrene PYR Cilliy 20226 156 404 45x10° “‘?
Benzo(a)anthracene BaA CigHio 228.29 159 435 2.1x10” OO‘O
Chrysene GHR  Cully | 2829 26 _qd8 64107
R
Benzo(b)fluoranthene BbF CooHiz 252.32 168 393 NR. OQ
Benzo(k)fluoranthene BKF CoHp  252.32 217 480  96x101 00»8
: BaP ool 252.32 177 496 56x10° CO
Benzo(a)pyrene a CooHio ) 5.6x10 909
Indeno(1,2,3-c,d)pyrene IedP CooHyo 276.34 162 534 N.R. o&“‘
0
Dibenzo(ah)anthracene DahA CopHu 278.35 262 535 NR. ‘OOO
. . = 10 O‘
Benzo(g,h,i)perylene BghiP CeHio 276.34 273 542 1.01x10 O?‘O

N.R. : Not reported.
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Fig. 3-1. Diagram for approach scenario of synthesis methodology of

open burning.
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Table 3-1. Sample design
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Table 3-3. Fieldwork Design
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1) 7t3 REHA7E

A=Al 2l 7, A7t Wdes ResAgds 3 7167 &, dUkE

Wz &3

Table 3-6. Status of peasant by regional

&7t 7} A Hl &
M &5 1,793 1,793 3,586 0.28
FAEF A 7,429 705 3,134 0.64
o -8 & Al 11,705 368 12,073 0.95
Q13 3F o A] 14,295 250 14,545 1.15
FTB A 9,750 116 9,866 0.78
o 7l g A 5,894 139 6,033 0.48
=239 11,172 342 11,514 0.91
871 % 142,391 4,163 146,554 11.54
A= 75,154 5,366 30,520 6.34
ST 83,890 3,664 87,554 6.89
TREE 160,784 8,047 169,331 13.33
deps = 117,762 5,769 123,531 9.73
depd = 199,053 8,538 207,591 16.35
BAEE 212,705 13,846 226,551 17.84
R 150,261 12,212 162,473 12.79
A 1,204,038 65,818 1,269,856 100.00

A E 7k 20049 A, 47219999 AR A A=
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Table 3-7. Result of assumption mother number

Ne/d71 A% <% Azt A
& 7t 136 109 143 157 545
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7P AT eAFS 2AE 23 VR W g A

3L

H 7] & 4.6keg, A% 1.1kg, Fo| 49ke, 31FA 4.0kg, 7€} 2.4kgZ L E
o1 Table 3-8.01 ZALZ %S el
ds =L AAste 7Y Agdries =AM 23 Tl
1915ke(84.4%), B D 220kg(9.79%), FFF 73ke(32%), A EF 32ke
(1.4%), Eek29F 23ka(1.0%), 1%, 7187 4ke(0.2%), 71} 4ka(0.2%)
o]

ol Ao ZAE 9o Table 3-9.01 ZALZTE e AT
wela] o]F 7| Z2E FolF 169kg(84.4%), ¥l'DF 1.9kg(9.7%), YF+F
0.6kg(3.2%), &4 & 7 0.3kg(1.4%), 28 F 0.2kg(1.0%), , 98 H

0.05kg(0.2%), 7JE} 0.05kg(0.2%) & F 20kgE AFUF A1=5=2 A3
.

Table 3-8. Amount of domestic waste

Ty B B
WA . =
LA = (kg) (£)
A2 7] = 1,204,105 46 5,549
REZ 71,945 ™ 78
Z o] 80,160 49 397
574 7] 69,508 4.0 275
71 €} 17,813 2.4 42
7 6,311
T Ag2Y) Y HE AZ2Er) 9 AR ek 1541, 54501

1LY A2 159 FA= 2442 03ke/L, 0.2kg/F- 2= FHAbsto] AHg
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Table 3-9. Open burning of characteristics of domestic waste

ey s AT A =
() (%) (kg)

Zol® 1915 84.4 16.9

| 220 9.7 1.9

R 73 3.2 0.6

&4 E 32 1.4 03

Eehag i 23 =0 02

EE kR 4 04 0.5

1€} 4 0.2 0.05

7 2,270 20
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o
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=
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Wik & 1,159513%, 27 89,058%,

100,088+=, <= < 15,894%, 7]E 221,902F
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’

7z

45,816+, 7| 117,257

1,649,528 0] AZA e HE ZAo&2 FALE S o1 Table 3-11.°

=
[¢]
ENEE!

=
[¢)

L EF L E

=
=

o= " 14.1ke(70.3%), Hl 1.1ke(5.4%),

T 0.5kg(2.8%), At 0.2ks(1%),

N

o 1.2kg(6.1%), S 0.2kg
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bt

20keE AT ARZ 35
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o &
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Table 3-10. Amount of agricultural residue

g dE FRAd Fa4d
e
34 2 (kg) () ()
s 969,530 3,407.3 3,303,456 1,159,513
H g 64,804 3,915.3 253,726 89,058
= 806,266 161.9 130,531 45,816
7 681,443 72.1 49,164 17,257
i 840,114 339.4 285,150 100,088
& 243,327 186.1 45,282 15,894
7] B} 480,748 1,315.0 632,199 221,902
Al 4,699,510 1,649,528

Table 3-11. Open burning of characteristics of agricultural residue

52:7% ul & e R
(£) (%) (kg)
2 1,159,513 70.3 141
LR 89,058 54 1.1
I 45,816 2.8 0.5
7h 17,257 1.0 0.2
i 100,088 6.1 1.2
ST 15,894 1.0 0.2
7] e 221,902 13.4 2.7
Al 1,649,528 100 20
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Table 3-13. Result of assumption mother number

A&7 L A <% A=t A
FAb
1201 s 23 16 8 11 58
F AL
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- o
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A 3 1. AZEZAE Bt a7t Bojdie AFEE Az O
g A ALE skt o]ek o] AA"E A= I Blaes At F

NEFS 20kgo 2 AAHE Y o™ Table 3-15.01 4 Table 3-17.9 =} A &

=R A B

FolF 84.4% 16.9kg
EIRCE 9.7% 1.9kg
L 3.2% 0.6kg
SAE 1.4% 0.3kg
Edt2H, 7B 1.4% 0.3kg
7 100% 20kg

AEe L RER

RS 70.3% 14.1kg
H o 5.4% 1.1kg
o 2.8% 0.5kg
A TH 1.0% 0.2kg
s 6.1% 1.2kg
ST 1.0% 0.2kg
7] e} 13.4% 2.7kg
Al 100% 20kg
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Table 3-17. Composition of construction wood

A BH] & A &
< 55% 11kg
pag- 15% 3kg
7] €} 3095 bkg

Al 100% 20kg
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221 NEAAY 0|28 27

W% b2 AAAE 002 ng/Nm' at 2,378 TCDD(H) 2] A %o &
Ao, SABA A, 20002 o] & wEas] e Hi
03mel Ag7h Basth gepd B ATe ARAATE o f &S 7
o] 35 ~ 36 m= AR

4 %4

A

TS UNEP Toolkitell A =47t wiE&Al+E 22 A A4#\71E 60
ng-TEQ/kg, 7FA4 ¥ 7] & 300 ng-TEQ/kg, ¥4 A = 30 ng-TEQ/kg =
AAE Ytk ol H7IE kg G WIESH= to]l Al mEHS 9oy

st=d AFES @ty wEAF #%S 1 ng TEQ/kgo =2 7143t

AeAH =+ 35w

o AF4d Jdds71=F 0 %F1,000m

Aol osl AFHE tho]l &4l & 1 8.5/1,000
tho] LAl wiE = 1 0.0035 ng=TEQ/kg °¢|E2 =

SR st 0.02-nge #ste] 5.7kgé A8V 8 ET. A B
JAxreAE AZAHAF 35 ~ 36 mE dHer Bodrs AsH
T 20kg= AREEEA=H, ol dwEe TE3] Aetstel 244

73

G+ A EEFE 64~136 kg A&
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24. AA= 2 717184
24.1 =3 AA

1) F=
B odAFold AHE AE GFF, PUFY 252 t7]1od A A IR (3
A, 2002) B WEu AN EAS AT (S Y
what A Al sk T
AHE GFFE EF4d3 ol ES 91 ¥ &= 200m ¥ FFFF 3
g on PUF:E £A8 22432 ol&dlo] oA%E 300m = 1647 ©

& FEsHth

PCDD/DFs, DLPCBs 8 PAHs: #% ¥ 2 g424d¢ %0 7%
SES ARE Ads Bulstel AgElgon AA N T maase
Fig. 3-3.3 21},
AEA A
—AEAAS WREFEL A4
| |
GFF PUF
T, oHAE % 49 3%
\
)

Fig.3-3. Diagram for extraction of samples.
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2) PCDD/DFs, DLPCBs? A A
Wi &7k~ 2 7] Al8E F%3% PCDD/DFs 4 A aE AAES 9
3 ®# 3 keeping solventzZX -1t (Pesticide residue analysis,

Fluka) 500 nLE #7ts & A42 F5ste #2895 AA 5 »- 9

M

How gul A@HH gl ABY A WrEFEI 15

of\

o]

(EPA-1613LCS, Wellington Laboratories, Canada)g 1000 pg2 +¢

ot
-

of p-Arto g &S 10 mL AT o]l &3l W Ed AAE 95
Figure 3¢ tt& Ag71A Zd a=zuvE a8y (Multi-layer silica gel
column chromatography: 70-230 mesh, 4, Merck)S A}&3Ut. &

A8 B pARoR dquARE B F

fus

| AsA ANERE AT
45 SEE FASEA -2 3 mLA. F H AFdBS A AT AA
Zge F94 F AAFY FNoR =6t AAE A AT
HE7]2 10 mL7HA] w53t 558 A S5 Figure 39 e
24 ¢Fry A4 Z=2utE 3 (Activated alumina column
chromatography: 70-230mesh, @A %= T, Merck)E& &I AIA AAs3

9. AF EuGARE FAa

>,
il
ol
S

LA B 3%

CHoClo/7= 312 70 mL= &FA 7150 5 s 2 &l 50% CHCly/72-
A2k 80 mL= §EaSiTh o] T 7 WA EIM f2d $EHS w0
o JAFTLE FF7E vFT ¥ d2vt2aE Ageto] AAG e F
50 uLE FAE T F 248 ARE 59

Canada)= 1 ng ¥94% %, PCDD/DFs AA¢} 2 Wyow vt Ag7t4
)

Y ARvtEada s AHEstglen o &S HFT wSete] B48 NER

stdth (Miyata et al., 1994; Ok et al., 1999).
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r—ls m m

Anhydrous Na>S O,
10% A gN O ;-silica gel 2 g
Siilica gel 0.2 g

300 mm 22% H2S0 4—silica gel 1 g
44% H>S0O 4—silica gel 1 g
5 Silica gel 0.2 g
e 2% K OH-silica gel 0.75 g
T Silica gel 0.2 g
.
~ — P o

4 ~

f7‘r PCDD/DF
, ‘
L
Anhydrous Na,SO; Q
S HS
250 mm —_—— "
Activated alumina 10 g
| Anhydrous Na,SO,
i

Fig. 3-5. Activated alumina column chromatography

for PCDD/DFs and DLPCBs analysis.
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Al&E activated silicagel(70-230

3) PAHs® A A
PAHs 4% & &g Imto]
mesh, Neutral, Merck) colum(250mn length and 15mm inner diameter)<
A silicagel 600C<2] 7= oA 2A17F &
% columne®l s xlsko] A A5k
Fstac.

o] g3sto] AAAY. T

gzt WF dA A E B

H A A A labeied standard(ES4087, CIL, USA)E bng

H, anhydrous NaSO4 1lcm,
Tow

°

Xé},——_

o

72 4= toluenel E A A, Axd &AH
600°C ol A 2213+ &4 313 silicagel 5g anhydrous NaxSOs lem 2
UH_% 1‘%% 4
&

1st fraction® Z n-hexane 6ml =S
2nd fraction2 10% CH>Clo/n-hexane 50ml/min 2]

R A=
Alge] &5
FEHEoR §Ea
EE5EEE H0nNE &30
oA Y-S Wol IASUTEZARE F5F F A2 E HA G
o AF FEF H0uUE BE AFE AJH.(Ok et al, 2005)
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24.2 717184

1) PCDD/DFs, DLPCBs®| 7]7] %4
PCDD/DFs¢ DLPCBs& 487 #stef HP-6890 iiels 7h=

A2 vE 238 = (High resolution gas chromatography, HRGC)9} JMS
700D a¥#-3le A =EA A (High resolution mass spectroscopy, HRMS)
& Abgeto] EA4ek itk PCDD/DFs® zF 549 2709 o] && o] &
sk A A o] 27 & (Selected ion monitoring, SIM)ol ]3] A A% o
o, AZntEaRe] g WAHORREH HUtE WRIEFSAEAL AA A
5 <% PCDD/DFs®o] 2Fthut-$-7Al 4 (Relative response- factor, RRF)&
T8ko] A sk ATt

Ao Abgek Alv ejE 42 SP-2331 (60 m length, 0.25 mm inner
diameter, 0.2 gm thickness, Supelco, USA)3} DB-5MS (30 m length,
0.25 mm inner diameter, 0.25 um thickness, J&W Scientific, USA)= A}
gt @& A% F7 4746709 STFEA 78 dFES A
Eiie

PCDD/DFs¢ DLPCBs®) 4o AL& ¥ Wi+ = 4SS Table 3-18.7%
Table 3-19.0] YeEF A3, 7] 714 271& Table 3-20. ¢ 3-21.°] g}
i ol ot
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Table 3-18. Mass Labeled compounds of internal standards solution (EDF-8999)

PCDDs

PCDFs

2,378-TeCDD (*C15,99%
1,2,3,7,8-PeCDD (*C12,99%
1,2,3,4,7.8-HxCDD (*C15,99%
1,2,36,7,8-HxCDD (*C15,99%
1,2,3,4,6,7,8-HpCDD (*C15,99%

)
)
)
)
)
OCDD (*C15,99%)

2,3,78-TeCDF ("C12,99%)
1,2,3,7,8-PeCDF (*C12,99%)
2,34,7,8-PeCDF (*C15,99%)
1,2,3,4,7,8-HXCDF (*C12,99%)
1,2,36,7,8-HXCDF (*C12,99%)
1,2,3,7,89-HXxCDF (*C12,99%)

2.34,6,78-HxCDF (*C12,99%)
1,2,3,4,6,7,8-HpCDF (*C12,99%)
1,2,3,4,789-HpCDF (*C15,99%)

Table 3-19. Labeled compound stock solution (EC-4977)

DLPCBs

IUPAC No.

3,3' 4,4'-TeCB (*°C12,99%)
3,4,4'5-TeCB (°C199%)
2,3,3' 4,4’ -PeCB (C15,99%)
2,3,4,4" 5-PeCB (C15,99%)
2,3",4,4' 5-PeCB (*C12,99%)
2',3,44' 5-PeCB (*C12,99%)
3,3',4,4’ 5-PeCB ("*C12,99%)
2,3,3',4,4' 5-HxCB (*C12,99%)
2,3,3',4,4' 5 ~HxCB (*C12,99%)
2,3',4,4' 55 -HxCB (*C12,99%)
3,3',4,4' 55 -HxCB (MC12,99%)
2,3,3',4,4' 55" -HpCB (**C12,99%)

77

81
105
114
118
123
126
156
157
167
169
189
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Table 3-20. Instrumental conditions of HRGC/HRMS for PCDD/DFs

Items 4-6 PCDD/DFs 7-8 PCDD/DFs
GC/MS HP6890 GC/JMS700D MS |HP6890 GC/JMS700D MS
Column SP-2331 DB-5MS
(60 mx0.25 mmx0.2 ¢m) (30 mx0.25 mmx0.25 um)
100C (1 150C (1
Oven min)—20C/min—200T min)—10C/min—250C

Carrier gas
Injection mode

Ionization mode
Ionization
energy

Injector temp.
Ton Source
temp.
Resolution

—2TC/min—250C (29 min)

Helium 1.2 mL/min
Splitless
El+

38 eV

250°C

250C
>10,000

—5C/min—300C (4 min)
Helium 1.2 mL/min

Splitless
El+

38 eV
280°C
280C

=>10,000

Table 3-21. Instrumental conditions of HRGC/HRMS for DLPCBs

Items DLPCBs
GC/MS HP 6890 GC/JMS700 MS
Column Yy
(50 mx0.22 mmx0.25 m)
90C (1 min)—20C/min—170C (4 min)
Oven —35C/min—290C (5 min)—5C/min—320C (0.71

Carrier gas
Injection mode
Ionization mode
Ionization energy
Injector temp.
Ion Source temp.

Resolution

min)

Helium 1 mL/min

Splitless
EI+
40eV
290C
270°C
>10,000
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2) PAHs®9 7|71 %4
PAHs 412 HP-5MS(60m, 0.32mm inner diameter, 0.25¢m film
thickness, supelco) column< AF&3t9low ER7|AI= dFS 1ml/min

o7 FAeAtt 71717 21 Table 3-22.¢ YebH LTt

Table 3-22. Instrument condition of PAHs by GC/MS

Item Condition

GC/MS GC-20107QP2010

Column HP-5MS(60m x 0.32mm x-0.25/m)

100C (1min)—8 C/min—250 C (1min)—10C

GG oven gr@y /min—300C(3mif)—10 C/min—310C (5.25min)

Carrier gas Helium 1mé/min
Injection mode splitless
Ionization mode EI'

Injection temp. 270°C

Ton source temp. 200C
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Table 4-1. Concentrations of PCDD/DFs and DLPCBs in Blank Test

concentration
Toxic compounds 5
(pg WHO-TEQ/Nm")
2378-TCDD 0.0000
12378-PeCDD 0.0000
123478-HxCDD 0.0000
123678-HxCDD 0.0000
123789-HxCDD 0.0000
1234678-HpCDD 0.0000
OCDD 0.2200
2378-TCDF 0.0000
12378-PeCDF 0.0000
23478-PeCDF 0.0000
123478-HxCDF 0.0000
123678-HxCDF 0.0000
123789-HxCDF 0.0000
234678-HxCDF 0.0000
1234678-HpCDF 0.1680
1234789-HpCDF 0.1620
OCDF 0.0050
33'44'-TCB(77) 0.0007
344'5-TCB(81) 0.0000
233'44'-PeCB(105) 0.0013
2344'5-PeCB(114) 0.0000
23'44'5-PeCB(118) 0.0048
2'344'5-PeCB(123) 0.0000
33'44'5-PeCB(126) 0.0000
233'44'5-HxCB(156) 0.0022
233'44'5'-HxCB(157) 0.0000
23'44'55'-HxCB(167) 0.0000
33'44'55'-HxCB(169) 0.0000
233'44'55'-HpCB(189) 0.0000
Total WHO-TEQ 0.6500
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Domestic Waste

160.0 25.0
—-e—- Temp.
—a—02
140.0
1 20.0
© 1200 t S
T {150 &
3 ®
g 100.0 + o =
o R 3
€ . 1100 2
o o o
~ 80.0 r X @)
Vad
4 {50
60.0  ®
40.0 0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time(min)
2.0 60.0
---m-- CO(%)
—e— NOx 1 50.0
15 % —A— SOx —
= : E
> -4 400 2
~ o
s =4
2 g
€ 10 | 1300 B
5 1=
(8] [0
s 2
Q 1200 §
© o
05
1 10.0
0.0 0.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Time(min)

Fig. 4-1. Continuously measured O: CO2 temperature(up) and NOx,

SOx, CO(down) for domestic waste.
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Agricultural Residue
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100.0 | e ..
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Fig. 4-2. Continuously measured O: CO2 temperature(up) and NOx,

SOx, CO(down) for agricultural residue.

_68_



Construction Wood
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Fig. 4-3. Continuously measured O: CO2 temperature(up) and NOx,

SOx, CO(down) for construction wood.
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A F A= 9 AL Table 4-2.0] 47t~ w5 9 #j&4d
@9E Table 4-3.o1 dedHAH. 74 A2HA7I =9 4+ CO 409 ~
579ppm, NOx 3.6 ~ 9.3ppm, SOx 3.0 ~ 3.6ppm CO: 0.9 ~ 1.4%o°|H
FHA/ANELS CO 1,134 ~ 1,605ppm, NOx 16.1 ~ 189ppm, SOx 4.7
~ 85ppm CO2 1.3 ~ 1.6%, AAZAEL CO 403 ~ 986ppm, NOx
12.7 ~ 245ppm, SOx 1.2 ~ 86ppm CO» 1.9 ~ 29%= }E} ATt

TP ™A F oY A A (biomass) AR w=HA7Ze] F8 AREJAAR
0; 559 CO/COx%)2] W&ol F2 AL HtH(Andreae and Merlet,
2001 ; Zarate et al., 2000).

CO/COxA%)e A= Avrd 714 A&H7E 36 ~ 48(%), ¢
TAE 73 > 124(%), AAHA7NE 22~ 342 THIAE W5 Fo
NE ol 7t AL HZIEe 457 CO/COA%)9 A
Eo] HuA Fow WIFHL X @G A}E YHE AT Hay et

al.(2005)2] Aol =™ CO/CO02(%)e] H| & o] U (wheat straw)2 0.1

1] O
B A

o
f
o
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55.5g/kg(H it 404H)= FHIA=o] 7HE AZH T Eoly A H &l
Hlsto] oF 3u] A= w2 Z34E5 Yerliddth

CO:¢l A= 7H

O_L/

ALH 7| & 1,4831 ~ 2,206.5g/kg (¥ v 1,899.3),
THLAE 16147 ~ 2410.7g/kg(H+ 1,969.3), AA#H 7= 1,3076 ~

2,7849g/kg(H v 2,091.0)0 8 3FF EF H=gd 52U o= gQy
AT}

G. Kamalak Kannan et al.(2005)2] 1ol <lstd Y=Y 1,064g/kg,
U3 7hA] 1423g/kg®E A9 vlwA dA = A
Brocard et al.(1996)2 2z} 25g/kg, =& # 2 99g/kg, THHAE
8.7g/kg(Hao and Ward, 1993)2 £ <o n]s} A
. ole R dAAxHdoM e & BEAE A
o Aoz FATET

NOx9 A%+ 714 ALHA7IE 0.7 ~ 1ldg/kg(H 1.1), sd7A=
24 ~ 3lg/kg(H+ 2.7), AAH 7= 09 ~ 3.0g/kg(HE 192 TP
Azol 7HE msken, 3FF T HAA 2 HgE 2 Qe o= u
Ebwk o

G. Kamalak Kannan et®al;(2005)2] Atef ofsl® &9 3.0g/kg,
U7 46g/kg, % 22g/kg, Y9} XA E 1112 Zek A

28g/kg® o]F ¥ A Asst M5 FEA Ao FAHUL
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Table 4-2. Mass of waste burned during testing

Initial Final Combustion Combustion combustion
conditions weight weight weight rate time
(kg) (kg) (kg) (%) (min)
Blank
Test 11 11 11 30
Domestic
Waste 20 47 15.3 76.5 90
20 47 15.3 76.5 100
20 3.0 17.0 85.0 100
Agriculturall &, o 2.8 17.2 86.0 86
Residue
20 2.6 174 87.0 84
20 2.0 18.0 90.0 73
Construction
Wood 20 0.7 19.3 96.5 77
20 0.6 194 97.0 82
20 0.6 194 97.0 92
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Table 4-3. Summary of gaseous emission data

emission factor

concentration(ppm) (¢/ke)
weight o CO2 N0y sOx CO CO» NOx SOx
(kg) (%)
Domestic o) sros 14 93 36 516 20083 14 07
Waste
20 4091 09 36 31 450 14831 07 08
20 463713 69 3.0. 505 22065 12 07
Agricultural o0 sace 13 187 84 127816147 24 15
Residue
20 14760 13 16185 1398 18824 25 1.8
20 11843 16 189 47 111824107 31 1.1
Construction o J0o7 19 127 86 181 13076 09 0.9
Wood

20 986.0 29 245 25 476 21805 19 0.3

20 6354~ 2.0 21.0"-1.2 555 27849 3.0 0.2
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1.3 PCDD/DFs, DLPCBs 2 PAHs®9 s%4% %2 profile 54

1.3.1 PCDD/DFs 2 DLPCBs

)73 REA7E

712 ® =%+ PCDD/DFs¢ DLPCB® WHO-TEQ %%+ 13
0.1264 ng WHO-TEQ/Nm’, 2%} 0.0703, ng WHO-TEQ/Nm' 3%}
0.0889 ng WHO-TEQ/Nm' (3 0.0952 ng WHO-TEQ/Nm')E EU
At wiE7F29  PCDD/DFs ¥ DLPCBs® congener ¥ %%+ Table
4-4.0] Yeplom JHAE9 congener ¥ FLEE Gkl Table 4-5.
of el At

xoA & 4 %ol 1,234,789 -HpCDF, OCDF, 1,2,3,4,7,8-HxCDD,
1,2,3,6,7,8-HxCDD, 1,2,3,7,89-HxCDD, 1,2,3,4,6,7,8 ~-HpCDD, OCDD+ X
= AR5 A HEHA Ekor 123789 HxCDFe 75+ 33 &4

231 = HEIA @ 13 HEH A

ol

2,3,4,7,8-PeCDF 9] .congener’} 7} =& 5% 5ol 2378 TCDF,
2,3,7,8-TCDD, 1,2,3,7,.8-PeCDD % congenerZ} W% 3=
T o JAEE o} H=g FPOE YEuth

DLPCBs® 7%+ 1, 2, 3x4 X 33'44'5-PeCB(126)7} A== %loH
33'44'55'-HxCB(169) congener’} 12 HE=" AL A9std &
congeners< RET HEHA gUth

WHO-TEQY % ¥%% PCDFs7} AAet+= & 12+ 70.7%, 22 62.8%,
3z 735%(H 1 69.6%)°]" homologue pattern 1, 2, 32} A oA =
T AR Ao 2 vEwth oA A dse] 94 AA pattern A

AL 7AW v E71 29 congener ¥ % Fo]: Fig. 4-4.9F £t}
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Table 4-4. Concentration of PCDD/DFs and DLPCBs (ng/Nm®) in

domestic waste(gas)

Domestic Domestic Domestic

Toxic compounds Waste(1st) Waste(2nd) Waste(3rd) Ave.
2378-TCDD 0.0211 0.0094 0.0127 0.0144
12378-PeCDD 0.0140 0.0155 0.0103 0.0133
123478-HxCDD 0.0000 0.0000 0.0000 0.0000
123678-HxCDD 0.0000 0.0000 0.0000 0.0000
123789-HxCDD 0.0000 0.0000 0.0000 0.0000
1234678-HpCDD 0.0000 0.0000 0.0000 0.0000
OCDD 0.0000 0.0000 0.0000 0.0000
2378-TCDF 0.0266 0.0094 0.0155 0.0172
12378-PeCDF 0.0026 0.0014 0.0021 0.0020
23478-PeCDFE 0.0459 0.0237 0.0372 0.0356
123478-HxCDE 0.0022 0.0010 0.0021 0.0018
123678-HxCDF 0.0038 0.0027 0.0035 0.0033
123789-HxCDF 0.0000 0.0014 0.0000 0.0005
2346783-HxCDF 0.0030 0.0020 0.0029 0.0026
1234678-HpCDF 0.0005 0.0004 0.0004 0.0004
1234789-HpCDF 0.0000 0.0000 0.0000 0.0000
OCDF 0.0000 0.0000 0.0000 0.0000
33’44’ -TCB(77) 0.0000 0.0000 0.0000 0.0000
344'5-TCB(81) 0.0000 0.0000 0.0000 0.0000
233'44'-PeCB(105) 0.0000 0.0000 0.0000 0.0000
2344'5-PeCB(114) 0.0000 0.0000 0.0000 0.0000
23'44'5-PeCB(118) 0.0000 0.0000 0.0000 0.0000
2'344'5-PeCB(123) 0.0000 0.0000 0.0000 0.0000
33'44'5-PeCB(126) 0.0065 0.0033 0.0021 0.0040
233'44'5-HxCB(156) 0.0000 0.0000 0.0000 0.0000
233'44'5'-HxCB(157) 0.0000 0.0000 0.0000 0.0000
23’44’55’ -HxCB(167) 0.0000 0.0000 0.0000 0.0000
33’44’55’ -HxCB(169) 0.0001 0.0000 0.0000 0.0000
233'44'55'-HpCB(189) 0.0000 0.0000 0.0000 0.0000
Total WHO-TEQ 0.1264 0.0703 0.0889 0.0952
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Table 4-5. Concentration of PCDD/DFs and DLPCBs (pg/g, drybase)

in domestic waste(residue)

Domestic Domestic Domestic

Toxic compounds Waste(1st) Waste(2nd) Waste(3rd) Ave.
2378-TCDD 0.8850 0.4450 1.8470 1.0590
12378-PeCDD 0.7540 0.2230 1.0030 0.6600
123478-HxCDD 0.0337 0.0237 0.0992 0.0522
123678-HxCDD 0.0643 0.0335 0.0883 0.0620
123789-HxCDD 0.0883 0.0775 0.1837 0.1165
1234678-HpCDD 0.0202 0.0508 0.0934 0.0548
OCDD 0.0037 0.0070 0.0088 0.0065
2378-TCDF 0.0669 0.0557 0.0992 0.0739
12378-PeCDF 0.0499 0.0376 0.0519 0.0465
23478-PeCDFE 2.9650 2.4435 45130 3.3072
123478-HxCDE 0.2012 0.1994 0.5926 0.3311
123678-HxCDF 0.3009 0.1092 0.4025 0.2709
123789-HxCDF 0.0229 0.0334 0.1224 0.0596
2346783-HxCDF 0.1290 0.2091 0.3227 0.2203
1234678-HpCDF 0.2011 0.1866 0.3784 0.2554
1234789-HpCDF 0.0398 0.0109 0.0489 0.0332
OCDF 0.0038 0.0033 0.0088 0.0053
33'44’'-TCB(77) 0.0000 0.0000 0.0000 0.0000
344'5-TCB(81) 0.0005 0.0000 0.0034 0.0013
233'44'-PeCB(105) 0.0000 0.0000 0.0000 0.0000
2344'5-PeCB(114) 0.0070 0.0020 0.0000 0.0030
23'44'5-PeCB(118) 0.0000 0.0000 0.0000 0.0000
2'344'5-PeCB(123) 0.0000 0.0000 0.0000 0.0000
33'44'5-PeCB(126) 0.2800 0.1980 0.4429 0.3070
233'44'5-HxCB(156) 0.0050 0.0007 0.0094 0.0050
233'44'5'-HxCB(157) 0.0020 0.0000 0.0021 0.0014
23’44’55’ -HxCB(167) 0.0001 0.0000 0.0001 0.0001
33’44’55’ -HxCB(169) 0.0700 0.0080 0.0740 0.0507
233'44'55'-HpCB(189) 0.0000 0.0000 0.0000 0.0000
Total WHO-TEQ 6.1942 4.3579 10.3957 6.9826
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Table 4-6. Concentration of PCDD/DFs and DLPCBs (ng/Nm’) in

agricultural residue(gas)

Agricultural Agricultural Agricultural

Toxic compounds Resi.(1st) Resi.2nd Resi.3rd Ave
2378-TCDD 0.0120 0.0135 0.0182 0.0146
12378-PeCDD 0.0152 0.0000 0.0354 0.0169
123478-HxCDD 0.0000 0.0000 0.0010 0.0003
123678-HxCDD 0.0000 0.0000 0.0013 0.0004
123789-HxCDD 0.0000 0.0000 0.0012 0.0004
1234678-HpCDD 0.0003 0.0004 0.0004 0.0003
OCDD 0.0000 0.0069 0.0000 0.0023
2378-TCDF 0.0067 0.0114 0.0165 0.0115
12378-PeCDF 0.0037 0.0071 0.0085 0.0065
23478-PeCDE 0.0240 0.0437 0.0696 0.0458
123478-HxCDE 0.0037 0.0061 0.0083 0.0060
123678-HxCDF 0.0035 0.0066 0.0092 0.0064
123789-HxCDF 0.0000 0.0025 0.0047 0.0024
234678-HxCDF 0.0000 0.0000 0.0020 0.0007
1234678-HpCDF 0.0004 0.0006 0.0007 0.0006
1234789-HpCDF 0.0002 0.0003 0.0002 0.0002
OCDF 0.0059 0.0071 0.0000 0.0043
33'44’'-TCB(77) 0.0000 0.0000 0.0000 0.0000
344'5-TCB(81) 0.0000 0.0000 0.0000 0.0000
233'44'-PeCB(105) 0.0002 0.0002 0.0001 0.0002
2344'5-PeCB(114) 0.0000 0.0000 0.0000 0.0000
23'44'5-PeCB(118) 0.0010 0.0005 0.0004 0.0006
2'344'5-PeCB(123) 0.0000 0.0000 0.0000 0.0000
33'44'5-PeCB(126) 0.0000 0.0000 0.0000 0.0000
233'44'5-HxCB(156) 0.0001 0.0001 0.0001 0.0001
233'44'5'-HxCB(157) 0.0000 0.0000 0.0000 0.0000
23’44’55’ -HxCB(167) 0.0000 0.0000 0.0000 0.0000
33’44’55’ -HxCB(169) 0.0000 0.0000 0.0000 0.0000
233'44'55'-HpCB(189) 0.0000 0.0000 0.0000 0.0000
Total WHO-TEQ 0.0771 0.1069 0.1776 0.1205
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Table 4-7. Concentration of PCDD/DFs and DLPCBs (pg/g, drybase)

in agricultural residue(residue)

Agricultural Agricultural Agricultural

Toxic compounds Resi.(1st) Resi.2nd Resi.3rd Ave
2378-TCDD 3.8470 4.9950 6.4930 5.1117
12378-PeCDD 2.2260 2.8480 9.4830 4.8523
123478-HxCDD 0.1113 0.1203 0.4827 0.2381
123678-HxCDD 0.2048 0.1394 0.3049 0.2164
123789-HxCDD 0.0884 0.0129 0.4284 0.1766
1234678-HpCDD 0.2088 0.1105 0.0903 0.1365
OCDD 0.0075 0.0080 0.0099 0.0085
2378-TCDF 0.2994 0.3525 0.8307 0.4942
12378-PeCDF 0.1942 0.2647 0.6473 0.3687
23478-PeCDF 6.9230 0.6970 14.1875 8.9358
123478-HxCDE 0.8537 0.9039 1.7385 1.1654
123678-HxCDF 0.5339 0.5001 0.9594 0.6645
123789-HxCDF 0.3572 0.2994 0.4395 0.3654
234678-HxCDF 0.4908 0.3027 0.5403 0.4446
1234678-HpCDF 0.2000 0.1930 0.2795 0.2233
1234789-HpCDF 0.0594 0.0237 0.0694 0.0508
OCDF 0.0099 0.0076 0.0149 0.0108
33'44'-TCB(77) 0.0000 0.0000 0.0083 0.0028
344'5-TCB(81) 0.0064 0.0000 0.0134 0.0066
233'44'-PeCB(105) 0.0048 0.0005 0.0049 0.0034
2344'5-PeCB(114) 0.0007 0.0000 0.0000 0.0002
23'44'5-PeCB(118) 0.0000 0.0003 0.0007 0.0003
2'344'5-PeCB(123) 0.0000 0.0000 0.0000 0.0000
33'44'5-PeCB(126) 0.8860 0.7730 4.4497 2.0362
233'44'5-HxCB(156) 0.0790 0.0060 0.0819 0.0556
233'44'5'-HxCB(157) 0.0039 0.0004 0.0185 0.0076
23'44'55'-HxCB(167) 0.0000 0.0000 0.0000 0.0000
33'44'55'-HxCB(169) 0.1275 0.1194 1.0053 0.4174
233'44'55'-HpCB(189) 0.0000 0.0006 0.0000 0.0002
Total WHO-TEQ 17.7236 17.6762 42.5820 25.9940
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3) AAA7E

PCDD/DFs¢ DLPCBs9 wl&7F2~ & WHO-TEQ ¥%Z+ 1z 0.2240
ng WHO-TEQ/Nm', 22 0.2248 ng WHO-TEQ/Nm’, 32 0.2740 ng
WHO-TEQ/Nm' (3 v 0.2409 ng WHO-TEQ/Nm')E YE AT
PCDD/DFs ¥ DLPCBs®] congener¥ %% A& 35te] Table 4-8.0] %+
A =2 congener¥® ¥ T+ Table 4-9.0] Y e ST}

1,2,34,6,7,8-HpCDD 9} 4 %= 33] A 5 23 HAE=HA &1 13+
Az9 Aoz Fas A
A RBANEOIG PR BT A ke At B A

2,34,78-PeCDF congener’t 7} =& & FToly F2 HE5 &

rl

congener+ 2,3,7,8-TCDF, 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD ¢!
A A

DLPCBs®\ 4 714 AZ#7 =0 sddAex= G 127] oA
A F 97 ol AAA HEE U o 344'5-TCB(81), 33'44'55'-HxCB(169),

L
t
o

d

233'44'55'-HpCB(189)& A =& A gk},

1 % 33'44'5-PeCB(126)7F 7HY =& TR FEE HoOH
233'44'-PeCB(105), 23'44'5-PeCB(118), 233'44'5-HxCB(156)7} F+= 4l
=% & congener?l Ao =z FIE AT},

WHO-TEQY % #%% PCDFs7l #Ast= vl &2 13] 72.4%, 23]
70.6%, 33] 65.8%(H+ 69.1%)°]" congener pattern T3+ 7} A &y
ZlZoly sHAEIL FAFE FEH ] patterns 7HAE ASE FALY
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Table 4-8. Concentration of PCDD/DFs and DLPCBs (ng/Nm®) in

construction wood(gas)

Construction Construction Construction

Toxic compounds Wood(Ist)  Wood(2nd) Wood(3rd) Ave
2378-TCDD 0.0277 0.0328 0.0503 0.0369
12378-PeCDD 0.0208 0.0256 0.0390 0.0285
123478-HxCDD 0.0000 0.0005 0.0000 0.0002
123678-HxCDD 0.0000 0.0010 0.0008 0.0006
123789-HxCDD 0.0000 0.0000 0.0000 0.0000
1234678-HpCDD 0.0000 0.0002 0.0000 0.0001
OCDD 0.0000 0.0000 0.0000 0.0000
2378-TCDF 0.0424 0.0519 0.0515 0.0486
12378-PeCDF 0.0063 0.0057 0.0060 0.0060
23478-PeCDFE 0.0646 0.0745 0.0994 0.0795
123478-HxCDE 0.0031 0.0025 0.0037 0.0031
123678-HxCDF 0.0074 0.0052 0.0075 0.0067
123789-HxCDF 0.0000 0.0010 0.0006 0.0005
2346783-HxCDF 0.0029 0.0032 0.0044 0.0035
1234678-HpCDF 0.0005 0.0004 0.0004 0.0004
1234789-HpCDF 0.0000 0.0000 0.0000 0.0000
OCDF 0.0000 0.0000 0.0000 0.0000
33'44'-TCB(77) 0.0001 0.0001 0.0000 0.0001
344'5-TCB(81) 0.0000 0.0000 0.0000 0.0000
233'44'-PeCB(105) 0.0061 0.0015 0.0003 0.0026
2344'5-PeCB(114) 0.0015 0.0003 0.0001 0.0006
23'44'5-PeCB(118) 0.0148 0.0032 0.0006 0.0062
2'344'5-PeCB(123) 0.0002 0.0000 0.0000 0.0001
33'44'5-PeCB(126) 0.0152 0.0117 0.0088 0.0119
233'44'5-HxCB(156) 0.0085 0.0028 0.0005 0.0040
233'44'5'-HxCB(157) 0.0018 0.0006 0.0001 0.0008
23’44’55’ -HxCB(167) 0.0001 0.0000 0.0000 0.0000
33’44’55’ -HxCB(169) 0.0000 0.0000 0.0000 0.0000
233'44'55'-HpCB(189) 0.0000 0.0000 0.0000 0.0000
Total WHO-TEQ 0.2240 0.2248 0.2740 0.2409
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Table 4-9. Concentration of PCDD/DFs and DLPCBs (pg/g, drybase)

in construction wood(residue)

Construction Construction Construction

Toxic compounds Wood(1st) Wood(2nd) Wood(3rd) Ave.
2378-TCDD 0.7420 0.2980 0.1730 0.4043
12378-PeCDD 0.3500 0.5480 0.4620 0.4533
123478-HxCDD 0.0563 0.0736 0.0389 0.0563
123678-HxCDD 0.0450 0.0554 0.0449 0.0484
123789-HxCDD 0.0250 0.0398 0.0392 0.0347
1234678-HpCDD 0.0295 0.0391 0.0301 0.0329
OCDD 0.0022 0.0031 0.0028 0.0027
2378-TCDF 0.0750 0.0830 0.0840 0.0823
12378-PeCDF 0.0420 0.0460 0.0361 0.0414
23478-PeCDF 1.9905 0.0400 1.0465 1.3590
123478-HxCDE 0.0980 0.0750 0.1023 0.0918
123678-HxCDF 0.2883 0.3940 0.1992 0.2938
123789-HxCDF 0.0410 0.0220 0.0339 0.0323
234678-HxCDF 0.1500 0.2850 0.0981 0.1777
1234678-HpCDF 0.0775 0.0988 0.0703 0.0822
1234789-HpCDF 0.0198 0.0211 0.0209 0.0206
OCDF 0.0036 0.0059 0.0049 0.0048
33’44’ -TCB(77) 0.0000 0.0000 0.0000 0.0000
344'5-TCB(81) 0.0002 0.0002 0.0000 0.0001
233'44'-PeCB(105) 0.0003 0.0000 0.0000 0.0001
2344'5-PeCB(114) 0.0030 0.0000 0.0040 0.0023
23'44'5-PeCB(118) 0.0001 0.0000 0.0002 0.0001
2'344'5-PeCB(123) 0.0010 0.0000 0.0000 0.0003
33'44'5-PeCB(126) 0.1520 0.1180 0.1180 0.1293
233'44'5-HxCB(156) 0.0020 0.0040 0.0050 0.0037
233'44'5'-HxCB(157) 0.0030 0.0000 0.0030 0.0020
23’44’55’ -HxCB(167) 0.0010 0.0000 0.0000 0.0003
33’44’55’ -HxCB(169) 0.0000 0.0000 0.0000 0.0000
233'44'55'-HpCB(189) 0.0000 0.0000 0.0000 0.0000
Total WHO-TEQ 4.1983 3.2549 2.6172 3.3568
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1.3.2 PAHs

1) 73 REA7E

US EPA°IA AAE 16F <] 1652 PAHsol diste] 74 A7 &=
of gt EAZA¥ 14 209.298 pg/Nm', 22k 151.342 pg/Nm', 32 52.786
pg/Nm' (3 137.809 pg/Nm')o 2 ERSETE

TARC(1989)ell A "ty #ASe] Class 2A  (probable human
carcinogen)®] =23 BaA, BaP, DbA % C(Class 2B (possible human
carcinogen) = ¢l BbF, BKF, InPoll t3to] 2ol4 PAHs (carcinogenic
PAH)Z ##F39& v, 94 PAHs ¥+ 1xF 17209 pg/Nm', 23
8.657 pg/Nm';, 32k 6.065 wg/Nm' (1 10.580 wg/Nm')=Z 7+7 UEFS:

7t A7 =9 16§ PAHs 5= B 294 PAHse s%=E Table
4-10.°1 YERH AT

7Hg A7 E AdL4A A EH= PAHs 555 A3 H W NaP, PhA,
AcPyd FEZE =2 AS&Z YN ring® PAHs 32> 3
ring-PAHs, 2 ring-PAHs7} 2+7} 39.8%, 30.7% 2 -2 WHAH] L} E}
i AT

o
tlo

kol A PAHs® 4% A A PAHs Y] 57 ~ 115% (HF 7.7%)°|H,
1% DbA FE7F Wit 0509 pg/Nm'Z 714 e Ao 2 FAE )
Fig.4-8.o1 PAHs 5 %9 Ring ¥ PAHs %5 717 "2 3lo] e

et
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Table 4-10. Concentration of PAHs(yg/Nm') in domestic waste

Domestic  Domestic  Domestic

PAHs Waste(Ist) Waste(2nd) Waste(3rd) ¢
Nap 69.037 48.950 9.001 42.329
AcPy 98.055 98.686 12.351 93,031
Acp 1.169 1.627 0.900 1.232
Flu 6.803 5.468 2717 4.996
PhA 34.663 21.257 8.849 21,590
AnT 5.185 4.963 1.891 4013
FluA 16.583 11:833 3.179 10532
Pyr 13.848 11782 3.319 9.650
BaA 3675 2,266 1.115 2,352
Chr 13.943 6:522 3.371 7.945
BbF 3.367 1.294 1.068 1.909
BKF 3.732 1.942 1.476 2.383
BaP 2,550 1.670 1.274 1.831
DbA 0.982 0.304 0.240 0.509
InP 2,794 1.182 0.883 1.596
BghiP 2.984 1.597 52 1.911
9-ring PAHs 69.037 48.950 9.001 42.329
3-ring PAHs 75874 62:001 26.709 54.861
4-ring PAHs 48.049 32.403 10.984 30.478
5-ring PAHs 10.630 5.209 4.058 6.632
6-ring PAHs 5.708 2.779 2.035 3507
>'PAHcarc 17.029 8.657 6.056 10.580
SPAHs 209298  151.342  52.786 137.809
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2) Q9T AE

FAAZ Y] BAZAH 13 323333 wg/Nm', 22 278.254 pg/Nm', 32k
264507 pg/Nm' (F++ 288.698 pug/Nm')o = Elyton welAd PAHs &
T 1A 20.821 pg/Nm', 22 18341 pg/Nm', 32k 17.099 pg/Nm' (1t
18754 pg/Nm')= z+7b vFERwE T,

THAEY 16F PAHs % % 24 PAHs® % F Table 4-11.
of el oA

THAAE AxA HAEE T PAHs ¥
Ash= PAHs¢F wlaske] oF 28] %2 o= yetytom w94 PAH
Al o 18 = A YEus A4S BEATh

PgEEZ AR 7ry A& 7] EZ o] NaP, PhA, AcPy9Y X7}

H

= A AZH 7] Eo A

=L ZAo=w uyEehwi ring® PAHs 33 ES 3 ring-PAHs, 2
I

ring-PAHs”7} Z+2} 47.30%, 285% = 714 A& ¥ 7| &3} dH|ndH 3 ring
o] vl &o] w2 WY 2 ringd HlEo] HolR S & F Q.

2ok PAHsS 44 AAPAHs tlH] 64 ~ 66% (BT 65%)= 33
d B vl v &9zl ® vEhgon, 15 DbA vt i 0.868
pg/Nm' =2 7bg srol 744 A2# 7|53 Fdek A% dS et A

Fig.4-9.o1 PAHs &%¢ Ring ¥ PAHs ¥%%5 7Z}7 wlwsto] LpeR
=g
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Table 4-11. Concentration of PAHs(yg/Nm') in agricultural residue

Agricultural Agricultural Agricultural

PAHs Resi.(Ist)  Resi2nd  Resi3rd Ave
Nap 87.234 81.332 78.196 82.254
AcPy 62.682 38.426 36.625 45.911
Acp 9.450 9.609 9.169 9.409
Flu 26.677 26.009 24.869 95.852
PhA 45.871 41.785 30.741 42.466
AnT 14.127 12.694 12.011 12.944
FluA 17.623 14:290 13,521 15.145
Pyr 15.646 12.640 11.973 13.420
BaA 6.368 6.107 5.635 6.036
Chr 20.886 21.691 19.946 20.841
BbE 2.961 2.900 2,677 2.846
BKF 3.851 3.161 3.019 3.344
BaP 3.853 3.487 3.254 3.351
DbA L 118 0.763 0.729 0.868
InP 2.675 1923 1,786 2.128
BghiP 2.315 1.435 M357 1.702
9-ring PAHs 87.234 81.332 78.196 82.254
3-ring PAHs 158.807 128523 122415  136.852
4-ring PAHs 60.523 54.729 51.075 55.442
5-ring PAHs 11.779 10.311 9.678 10.589
6-ring PAHs 4.990 3.358 3.143 3.830
STPAHcarc 20.821 18.341 17.099 18.754
STPAHSs 323333 278254 264507  288.698
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Fig. 4-9. Profile of PAHs (up) and ring-group PAHs (down) in

agricultural residue.
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A 7Ee 443 12 203445 pg/Nm', 22 35.053 wg/Nm', 32k
198.773 pg/Nm' (F 3t 145757 pg/Nm') o= e o 2ok PAHs &
T 14 12349 pg/Nm', 22 2111 pg/Nm', 32k 7485 pg/Nm' (331
7315 pg/Nm')= 2tz} byl

THAXAEY 165 PAHs &% % 24 PAHs® 5%E& Table 4-12.
of vtk et

24 E TAEE PAHs 355 1x 944 FluA, Pyr, PhA9 <
ojw 22 A4A] PhA, AcPy, NaP9 £2 = 3% AA4Al+= NaP, PhA,
AcPy9 o= Yyeuy dAF AFS dedA @tk s= =T 23
A2A = 1, 3&Fel Hlste] % 17% FELE BHA UEWT shA T H gt
4 PAHsE AA A 49%° vl&l] 223 A4 A 6.0%= A WA &
5 4 F AT

Ring® %3 PAHs 3 %%<% 3 ringPAHs, 2 ring-PAHs7} 717}
42.3%, 31.6%= 7}A4 A& A7 =3 vl=e AFS B3
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Table 4-12. Concentration of PAHs(¢g/Nm') in construction wood

Construction Construction Construction

PAHs Wood(ls) Wood(2nd) Wood(Brd) V&
Nap 8.172 3.903 126137  46.070
AcPy 17.908 6.373 12.019 12.100
Acp 2.072 0.539 0.481 1.031
Flu 12.218 2.659 3.316 6.064
PhA 18.313 9.558 21.255 37.375
AnT 11581 1.952 1.544 5.026
FluA 2573t 3.040 10.180 12.984
Pyr 20.822 2.865 8919 10.869
BaA 2173 0.503 1,538 1.405
Chr 8.362 1601 5513 5.159
BbF 2172 0.360 1516 1.349
BKF 2.642 0.453 2.078 1.724
BaP 2.429 0.359 0.713 1.167
DbA 0.537 0.124 0.337 0.333
InP 2.396 0.311 1.303 1.337
BghiP 2.916 0.452 1,924 1.764
2-ring PAHs 8.172 3.903 126137  46.070
3-ring PAHs 12509321082 38,615 61,597
4-ring PAHs 57.090 8.008 26.149 30.416
5-ring PAHs 7.779 1.297 4.645 4574
6-ring PAHs 5.312 0.763 3.227 3.101
>'PAHcarc 12.349 2111 7.485 7.315
>PAHs 203445  35.053 198773 145.757
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14 MEs= FF9 Hugrt

1.4.1 PCDD/DFs 2 DLPCBs

Artd Ang 7 3 44 Rodrs AAFYEH, 1 F @A
A dad NFe dad gYE WEEE GEdA 27 Bad AR

2ol APd WiolAM AmAFH= v EPACA AAlsteE Wy
TO-9A° Aod WyHoz HdAsigion YEdXM AgAF= o7
S ATAANITHEE R 2002)% WEHAZAEDSA LT (T HE
474, 2002)0 wek A A

ZF Algd &7k gato]l £Al FEE Table 4-13.0 YERH AT
FolAM Hi= ek o] HEoA At £4 437 AP fiFelA B
t 13 ~ 93 " 2 Zow FA HALE

THRIAEY] Ay vl A4E UEHASH, A4 E
© YER WlEsH s =27 84 =8 ol wWEvksY ==, CO

0: 5% 5 olgf adP BFgAoz 488 AL LY FF A

Table 4-13. Concentration of PCDD/DFs(ng/Nm®) in duct and inside

) Agriculturual Construction
Domestic Waste )
Residue Wood
Inside
(WHO-TEQ) 0.0669 0.1062 0.2045
Duct
(WHO-TEQ) 0.2240 0.1378 1.8468
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Table 4-14. Comparisons of Dioxin concentration from open burning.

Concentration

Study and Year (ng I-TEQ/Nm)

burning Type

This study 0.070 ~ 0.1264r Domestic Waste
This study 0.076 ~ 0.177" Agricultural Residue
This study 0.224 ~ 0.2744r Construction Wood
74% w +
Wevers et al. 1.146 26‘?/0 leoaovdes
(2004) 0.591 t
0 +
002 "3 5% tesves
0.682 household waste +
wood
Nammari R. et al. 12.53 municipal waste
(2004) 14.09
13.86
Gullett B. et al. 0.400 winter wheat
(2003) 0.631
0.364
0.657 spring wheat
0.321
0.362
0.607 rice

t : ng WHO-TEQ/Nm'
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Table 4-15. Comparisons of PAHs concentration from open burning.

Study and Year Concentraﬁtlon burning Type
(ug/Nm')
This study 52.7186 ~ 209.298 Domestic Waste

264507 ~ 323.333 Agricultural Residue

35.053. ~ 203.445 Construction Wood

Kakarekas et al. 151.7
(2003) (n=777)
409.1
(n=840)
1,090.4
(n=842)

agricultural debris
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PCDD/DFs¢} Coplanar-PCBsE& WHO-TEQ®] T=%& 2 &3t wj&A
FE Tkt

ole} o] ALAN} VA ALEIEY WEIE T WEATE
PCDD/DFs7} 7.325 ug- WHO-TEQ/ton, DLPCBs 0.324 pg WHO-TEQ
/ton, PAHs 7.515 mg/kgolal, 7FA4 A& H 7= 243 EY wEAF<
PCDD/DFs7} 6.614 pug WHO-TEQ/ton, DLPCBs 0.369 pg WHO-TEQ
/ton, PAHs 10.945 pg/kgo 2 = H v stz wiE7ts < )
=A<+ PCDD/DFs7F 8940 pg WHO-TEQ/ton, DLPCBs 0.065u¢
WHO-TEQ/ton, PAHs 10.945 mg/kgelil, QA= A7t wjEH
= AAE9 wiEAS4E PCDD/DFs7F 23464 pg WHO-TEQ/ton,
DLPCBs 2530 g WHO-TEQ /ton, PAHs 20.844 pg/kg o 2 }ERGETE

AdHAZNE] wWE7t~ F wEA5= PCDD/DFs7F 10876 ug
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WHO-TEQ/ton, DLPCBs 1.082 pg WHO-TEQ /ton, PAHs 20.844 mg
/kgolal,  HAHVES A5 HEFHe WA wWEAse
PCDD/DFs”} 3.219 pg WHO-TEQ/ton, DLPCBs 0.138 xg WHO-TEQ
/ton, PAHs 7515 ug/kg o = EFSET]

st Adidoz AAdAE wEA57T 7

g
c
5o
@)
e
w0

d
i)
2

Al

Z7t2 2 FA9 congener® HIEA S F A ST

Table 4-16. Emission factor for open burning(yzg-WHO TEQ/ton)

PAHs
PCDD/DFs DLPCBs

(mg/kg)
Domestic gas 7.325 0.324 7.515
waste residue 6.614 0.369 10.945%
Agricultural gas 8.940 0.065 10.945
Residue residue 23.464 2.530 20.844%
Construction gas 10.875 1.082 20.844
Wood residue 3219 0.138 7515+

t o oug/kg
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Table 4-17. Emission factor for open burning in different gas

Toxic compounds

emission factor(ug—TEQ/ton)

Domestic Agricultural  Construction

waste Residue Wood
2378-TCDD 1.1460 1.0732 1.9252
12378-PeCDD 1.0864 1.2531 1.4867
123478-HxCDD 0.0000 0.0260 0.0064
123678-HxCDD 0.0000 0.0341 0.0315
123789-HxCDD 0.0000 0.0329 0.0000
1234678-HpCDD 0.0000 0.0250 0.0026
OCDD 0.0000 0.1739 0.0000
2378-TCDF 1.3581 0.8630 2.3750
12378-PeCDF 0.1638 0.4829 0.2885
23478-PeCDF 2.8664 3.4413 4.0471
123478-HxCDF 0.1426 0.4500 0.1555
123678-HxCDF 0.2712 0.4825 0.3302
123789-HxCDF 0.0410 0.1861 0.0269
234678-HxCDF 0.2142 0.0521 0.1784
1234678-HpCDF 0.0352 0.0413 0.0204
1234789-HpCDF 0.0000 0.0178 0.0000
OCDF 0.0000 0.3053 0.0000
33'44'-TCB(77) 0.0018 0.0012 0.0032
344'5-TCB(81) 0.0001 0.0004 0.0001
233'44'-PeCB(105) 0.0011 0.0122 0.0988
2344'5-PeCB(114) 0.0007 0.0000 0.0236
23'44'5-PeCB(118) 0.0023 0.0418 0.2318
2'344'5-PeCB(123) 0.0001 0.0000 0.0037
33'44'5-PeCB(126) 0.3143 0.0000 0.5361
233'44'5-HxCB(156) 0.0012 0.0078 0.1502
233'44'5'-HxCB(157) 0.0001 0.0015 0.0315
23'44'55'-HxCB(167) 0.0000 0.0000 0.0010
33'44'55'-HxCB(169) 0.0025 0.0000 0.0010
233'44'55'-HpCB(189) 0.0000 0.0000 0.0006
WHO-TEQ 7.6492 9.0054 11.9561
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Table 4-18. Emission factor for open burning in different burned residue

emission factor(ug/ton)

Toxic compounds

Domestic Agricultural  Construction

waste Residue Wood
2378-TCDD 1.0590 5.1117 0.4043
12378-PeCDD 0.6600 4.8523 0.4533
123478-HxCDD 0.0522 0.2381 0.0563
123678-HxCDD 0.0620 0.2164 0.0484
123789-HxCDD 0.1165 0.1766 0.0347
1234678-HpCDD 0.0548 0.1365 0.0329
OCDD 0.0065 0.0085 0.0027
2378-TCDF 0.0739 0.4942 0.0823
12378-PeCDF 0.0465 0.3687 0.0414
23478-PeCDF 3.3072 8.9358 1.3590
123478-HxCDF 0.3311 1.1654 0.0918
123678-HxCDF 0.2709 0.6645 0.2938
123789-HxCDF 0.0596 0.3654 0.0323
234678-HxCDF 0.2203 0.4446 0.1777
1234678-HpCDF 0.2554 0.2233 0.0822
1234789-HpCDF 0.0332 0.0508 0.0206
OCDF 0.0053 0.0108 0.0048
33'44'-TCB(77) 0.0000 0.0028 0.0000
344'5-TCB(81) 0.0013 0.0066 0.0001
233'44'-PeCB(105) 0.0000 0.0034 0.0001
2344'5-PeCB(114) 0.0030 0.0002 0.0023
23'44'5-PeCB(118) 0.0000 0.0003 0.0001
2'344'5-PeCB(123) 0.0000 0.0000 0.0003
33'44'5-PeCB(126) 0.3070 2.0362 0.1293
233'44'5-HxCB(156) 0.0050 0.0556 0.0037
233'44'5'-HxCB(157) 0.0014 0.0076 0.0020
23'44'55'-HxCB(167) 0.0001 0.0000 0.0003
33'44'55'-HxCB(169) 0.0507 0.4174 0.0000
233'44'55'-HpCB(189) 0.0000 0.0002 0.0000
WHO-TEQ 6.9826 25.9940 3.3568
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Table 4-19. Result of activity

construction

agricultural

domestic

residue wood

waste

5,549

4.6

Activity

1,204,105

(ton/yr.)
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23 MEASF A g 2@

2.3.1 PCDD/DFs 2 DLPCBs vjZA ol W3 nz
A ROAALE Folo] wMEEHE WEVME B AL AEY] wWE
AFE mEer] Astel A7E Su dAW ARAAY BAYOR 4
Tol oy & o] o= AAHoltl, UNEP TOOL KITol A= v #da dAaA
< A Al(Biomass)aZt# #H 7| E47F 2 AfaskAe] F A OFo 2
532 9ttt Table 4-20. ol = UNEP.-TOOL KITol A #| &2 &=
H A AL 3H e &7 WMEATE e AT
Table 4-20. Emission factor-for open burning(UNEP, 2005)
Emission
Classification Factors
(ug TEQ/t )
1. Forest fires 5
2. Grassland and moor fires 5
glom.ass 3. “Agricultural residue burning(in the 05
urnme field); not-impacted '
4. Agricultural residue burning(in the
. . . 30
field), impacted, poor conditions
1. Landfill fires 1,000
2. Accidental fires in houses, factories 400
Waste
Burning and 3. Uncontrolled domestic waste burning 300
Accidental
Fires 4. Accidental fires in vehicles 94
5. Open burning of wood 60

(construction/demolition)

- 108 -



AARNA HEEE YLHANES =122 A HI) B FHHo] g
ol a4l AFEZoY Egdddie oste] tho]Sal {7t wlEE &
UNEP TOOL KITolA = ti7l=9 wjEA4E 300 ug-TEQ/ton, A
2o mEASFE 600 ug-TEQ/tono & A A sta gtk US EPACA &=
A Aol ols 728 ng I-TEQ/kge Wi&A+E AAstx oy, A
Pkl Fol AX S0l wi¢ Avk ®Wasta o

TAE FEF IAES dhdte AA AR tol KA FE wiEH

UNEP TOOL KITeolA = 2tz tisto] ztd wiEsA+E v A=

O

Arolz sdeA AHEstx d=d, drizef wWEAFE 5 ous
-TEQ/ton oW, B o 29 wj&A57F 4 ug-TEQ/ton ©] Tt}

NAA7NE =L FALeHAl AdE ol A Bt B di
AN E the] & Alol wlEHT. AAE BA Az #EAFEe

UNEP TOOL KITolA ti7]29] wiEAl+=5 60 pg-TEQ/ton, IAl&=

¥

ol MEAFS 10 ug-TEQ/ton & 2 A|AldaL 9)

UNEP o] & wjE&ATS A, g g 7] wjEATF=
0.337~0.602 pg~TEQ/ton, ¥ -2 0537 pg-TEQ/ton(Gullet et al.,2002)
of A¢rHAL, Ao Wel v HiEATE AHEE <ol 46 ug
-TEQ/ton, ®H& % =77} 202 wug-TEQ/ton, W7 &o] 674 ug
-TEQ/ton &% & YEStH(Ikeguchi et al., 1991).

e ool AE oy FHo g AF7F o] Fo HEd LxEEo}
A= UFE A 2335 ~4.710 pg-TEQ/ton, 7] ool A= =z

AE A 130 wg-TEQ/ton, 55U E EWHIAZIE AZA 755 ug
-TEQ/ton, =+ YF, HZ T& dALA 141 ~ 29.15 ug-TEQ/ton
o % UERTh

nl oo Al = "z (oak) A4 1845 ~ 568 ug-TEQ/ton, AU
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(pine) 94A] 1514 pug-TEQ/ton, &4 (log) A4 Al 2,826 ug-TEQ/ton
ol AL HIEL 462 ~ 493 pg-TEQ/ton, MELH A = #H 7]
58 363 ~ 523 ug-TEQ/tono 2 Y EFLTE

G FR ARE daste] wHidel U £AE A4 A3}
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i
N
B
e
>
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o Fol wel teFskAl vEbsk=tl Table 4-21.0 o
:rL

oA AT WEAFE Y
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Table 4-21. Comparison of Emission factor of Dioxins from open

burning

Study and year

Emission factor

Burning type

(ug/ton)
This study 7.325 Domestic Waste
8.940 Agricultural Residue
10.875 Construction Wood
Gullet B. et al. Ud = a0/ Forest
(2003) 0.337 ~ 0.602 Wheat straw
0.537 Rice " straw
Fingas MF. et al. 0.428 Liquid fuel
(1996)
Lemieux PM. et al. 0.768 Household waste

(2003) 1.34x10 %(PCB)
Ryan JV et ak 4,450 Automatic shredder
(1993) residue
Ikeguchi et al. 4.6 leaves
(1992) 20.2 Bundles of straw
67.4 Rice husk
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Table 4-21. Comparison of Emission factor of Dioxins from open

burning (continue)
Country Emifzig(;ilof)wtor Burning type
Austrai 0.0024 Wood
(1994) 0.0047
Belgium 130 Agricultural waste
(1995)
Germany 75.5 Incineration of domestic
(1991) or municipal waste(illegal)
UK 5.39 Clean wood
(1194) 22.36 Treated wood
1.41 Wood clean
13.08 Wood treated
29.15 Straw
USA 493 Avid recycler
46.2
52.3 Non recycler
36.3
184.5 ~ 568 oak
1,514 pine
2,826 log
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2.3.2 PAHs W& A ol dg 13z

PAHs= AlgFol 2T U= F7I=29 ZFo] F dAAdoR
a4 9ow (Schleussinger et. al, 1996) g Al F ol F¥ Fi
o] el WHtAE Tl Wele Ao® WA A=dH FEFxE 10
~ 20% 9 uw Acenaphthene, Naphthacene® ¥ %7} 7}4 wron S
FE 15% 9 v Fluorene, Phenanthrene, pyrene, Acenaphthene, % 2
s}
2001).

teol MiEs w7l 71 w*e Aoz ®uy i 9vh(Korenaza et. al,

I

Aa Abel ot ALY Y 7] &9l Scrap tire, Automobile shredder
residueol A& 1558 ~ 4,363 mg/kgl & A AL oy wA
o8y & AA&AE 590~ 141 mg/kg o= YEFU AT

Zou Y. et. al.,(2003)2] A= o] 9sld 471% 24 wE A9 =
ALE FE AN A3 wE 4B =9 Aid A PAHs §%
7FH =2 A0z 2AEN S mlEAdAlsE 4HEd 60 ~ 15 mg/Kg
of FFoE & A9 wdAstE AES UEHSdE.

Table 4-22.o G+ & A2kl el A5 wiEAlg o £ AFA +
g AT E vauske] e o

¥
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Table 4-22. Comparison of Emission factor of PAHs from open

burning

Emission factor

Study and year Burning type

(mg/kg)
This study 7515 Domestiv Waste
10.945 Agricultural Residue
20.844 Construction Wood
Jenkins BM. et al. 141.69 Barley sraw
(1996) 53.34 Corn stover
18.89 Rice straw
218.26 Wheat straw
20.05 Douglas fir slash
25.24 Ponderosa pine slash
11.82 Almond pranings
21.74 Walnut prunings
Lutes CC. et al. 39.33 Tennessee debris slash
(1998) 31.29 Florida debris
Pyne SJ. et al. 26.87 Red oak
(1982) 15.60 Sugar maple
16.48 sycamore
Lemieux PM. et al. 36.48 Household waste
(1997) 4363.6 Scrap tires
Ryan JV. et al. 1558.8 Automobile shredder residue

(1993)
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Table 4-22. Comparison of Emission factor of PAHs from open

burning (continue)

Emission factor

Study and year (mg/kg)

Burning type

Oberacker DA. et al. 405.0
(1992) 301.0
49.0

130.0

Empty thimet bags
thimet bags
Empty atrazine bags

atrazine bags

Zou Y. et al. 11.51+3.95
15.40+5.49
5.97+2.44
10.74+2.62
7.86+0.97
7.78+2.92
8.11+2.36

10.88+4.85

Pine(fast burning)
Pine(slow burning)
Red gum(fast burning)
Red gum(slow burning)
Sugar(fast burning)
Sugar(slow burning)
Yellow box(fast burning)

Yellow box(slow burning)
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o} o] A g3kl A A Table 4-25.91 t7] 2 EYo =

=4 =S delA e 247; isomer ¥ Ml E 2 Table 4-23.9

wA279) AL bz R AARe] BE 7 FOR WMEHDE B
F & oEFe FYLAE, M BANE, ALANE 02 FAD

AEe] wjEaFo] ALV E oF 830ul, WA= oF 21000

o)t FPAATY AT WA B wA2Y Fol W Ao] Ao
AR
Table 4-23. UPOPs emissions into air(g/yr)
PCDD/DFs DLPCBs PAHs
air land air land air land
Domestic
16.6% 3.103% 0.7% 0.173% 24.8 107.8
waste
Agricultural
14.7 4.8 0.11 0.515 34,382.8 127,785.9
residue
Construction
7.1% 0.067% 0.7% 0.003* 49 16.6
wood
t o omg/yr
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Table 4-24. PCDD/DFs emissions into air(g/yr)

Toxic compounds

Emission amount(g/yr)

Domestic Agricultural  Construction

waste Residue Wood
2378-TCDD 0.0026 1.7703 0.0013
12378-PeCDD 0.0025 2.0670 0.0010
123478-HxCDD 0.0000 0.0429 0.0000
123678-HxCDD 0.0000 0.0562 0.0000
123789-HxCDD 0.0000 0.0542 0.0000
1234678-HpCDD 0.0000 0.0412 0.0000
OCDD 0.0000 0.2869 0.0000
2378-TCDF 0.0031 1.4235 0.0016
12378-PeCDF 0.0004 0.7966 0.0002
23478-PeCDF 0.0065 5.6766 0.0027
123478-HxCDF 0.0003 0.7423 0.0001
123678-HxCDF 0.0006 0.7959 0.0002
123789-HxCDFE 0.0001 0.3070 0.0000
234678-HxCDF 0.0005 0.0859 0.0001
1234678-HpCDF 0.0001 0.0682 0.0000
1234789-HpCDF 0.0000 0.0293 0.0000
OCDF 0.0000 0.5036 0.0000
33'44'-TCB(77) 0.0000 0.0020 0.0000
344'5-TCB(81) 0.0000 0.0007 0.0000
233'44'-PeCB(105) 0.0000 0.0201 0.0001
2344'5-PeCB(114) 0.0000 0.0000 0.0000
23'44'5-PeCB(118) 0.0000 0.0689 0.0002
2'344'5-PeCB(123) 0.0000 0.0000 0.0000
33'44'5-PeCB(126) 0.0007 0.0000 0.0004
233'44'5-HxCB(156) 0.0000 0.0128 0.0001
233'44'5'-HxCB(157) 0.0000 0.0026 0.0000
23'44'55'-HxCB(167) 0.0000 0.0001 0.0000
33'44'55'-HxCB(169) 0.0000 0.0000 0.0000
233'44'55'-HpCB(189) 0.0000 0.0000 0.0000
WHO-TEQ 0.0174 14.8547 0.0078
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Table 4-25. PAHs emissions into air(g/yr)

Emission amount(g/yr)

PAHs Domestic Agricultural Construction
waste Residue Wood
Nap 7.576 9833.457 2.024
AcPy 4.237 5383.723 0.378
Acp 0.231 1128.761 0.028
Flu 0.910 3095.998 0.169
PhA 3.868 5070.146 1.044
AnT 0.735 1544.299 0.131
FluA 1.892 1798.697 0.383
Pyr 1.750 1593.581 0.324
BaA 0.423 721.704 0.045
Chr 1.409 2499.852 0.163
BbF 0.338 340.563 0.043
BKkF 0.428 397.431 0.056
BaP 0.333 421.287 0.033
DbA 0.089 102.376 0.010
InP 0.284 251.210 0.041
BghiP 0.343 199.696 0.056
2.PAHs 24.846 34382.780 4.929
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Table 4-26. PCDD/DFs emissions into land(mg/yr)

Emission amount(mg/yr)

Toxic compounds

Domestic Agricultural  Construction

waste Residue Wood
2378-TCDD 0.497 1039.933 0.008
12378-PeCDD 0.310 987.161 0.009
123478-HxCDD 0.024 48.439 0.001
123678-HxCDD 0.029 44.025 0.001
123789-HxCDD 0.055 35.928 0.001
1234678-HpCDD 0.026 27.770 0.001
OCDD 0.003 1.729 0.000
2378-TCDF 0.035 100.541 0.002
12378-PeCDF 0.022 75.009 0.001
23478-PeCDF 1.552 1817.915 0.028
123478-HxCDF 0.155 237.091 0.002
123678-HxCDF 0.127 135.187 0.006
123789-HxCDF 0.028 74.338 0.001
234678-HxCDF 0.103 90.450 0.004
1234678-HpCDF 0.120 45.429 0.002
1234789-HpCDF 0.016 10.335 0.000
OCDF 0.002 2.197 0.000
33'44'-TCB(77) 0.000 0.570 0.000
344'5-TCB(81) 0.001 1.343 0.000
233'44'-PeCB(105) 0.000 0.692 0.000
2344'5-PeCB(114) 0.001 0.041 0.000
23'44'5-PeCB(118) 0.000 0.061 0.000
2'344'5-PeCB(123) 0.000 0.000 0.000
33'44'5-PeCB(126) 0.144 414.248 0.003
233'44'5-HxCB(156) 0.002 11.311 0.000
233'44'5'-HxCB(157) 0.001 1.546 0.000
23'44'55'-HxCB(167) 0.000 0.000 0.000
33'44'55'-HxCB(169) 0.024 84.917 0.000
233'44'55'-HpCB(189) 0.000 0.041 0.000
WHO-TEQ 3.276 5288.266 0.070
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Table 4-27. PAHs emissions into land(g/yr)

Emission amount(g/yr)

PAHs Domestic Agricultural Construction
waste Residue Wood

Nap 0.0 80237.4 9.8
AcPy 0.0 545.2 0.5
Acp 0.0 0.0 0.0
Flu 0.0 4239.7 0.0
PhA 0.0 21214.9 3.2
AnT 0.0 4223.5 0.7
FluA 0.0 3906.1 0.6
Pyr 0.0 2400.6 0.7
BaA 0.0 1790.3 0.1
Chr 0.0 9228.1 0.8
BbF 107.8 0.0 0.1
BKkF 0.0 0.0 0.2
BaP 0.0 0.0 0.1
DbA 0.0 0.0 0.0
InP 0.0 0.0 0.0
BghiP 0.0 0.0 0.0
2.PAHs 107.8 127785.9 16.6
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34 MEF AR AP 1F

US EPA ORD(Office of Research and Development): 199213 t}o]
219 Z 2 AA AN gk AHIME FAISH] 19943 Review

Draft R4S 2719 e, o] RaAo s 1987d 2 1993dS 7]

US EPA¥E 1998W¢] 1987W1 % 19959 S 7|F#l%= AAsi 27}
HEE5E A4S 93 EUE Sy 9, 4% AldA Ry A=
ANE RE A EAAHOZ ¢atst Top Down B A 839t

(US EPA, 1998). 71<&d 224 d=FSs M54 AH7ste] I-TEQ ¥

Mol M= th7l, A, EFoze volSa mEFS AAgste] vsta

oo w3 HAF ZIAES dHolHMo AR FEsto] BAHAY o]& S

1. u o A Al ZAFel9o 40%7F AN =" AzS T
2. HAoR n=F AWE dY 372 F=o nH ] E(H L2
A 9)E vl (== 616kg/person-yr)

3. FAAOR wHAZE st MM ez 63%E 24
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(616kg/person-yre 63% % 388kg/person-yr)
4. 1994 5279k QIH7E M= A A ol A A ST 1990 ol = 50.79 vt
of A A ol A 75
5. Wi = A4 4
Ereq = EFtEQ X P XF xW
Eteq = Annual TEQpr emissions(g/yr)
EFtrq = TEQpr emission factor(g TEQpr/kg of waste)
P = Nonmentropolitan population of U.S. in reference year
F = Fraction of nonmentropolitan population assumption burn
husehold waste(0.4)
W = Mass of household waste burned per year on a per

capita basis(388 kg/person—yr)

- 129 -



341 9= WEF wa B}
T =HAZ R QA "] FoR wMEHE o] S

rr

14.88

I

g WHO-TEQ/yr= A=A & w7l59 a7t o= o)
1<l

(o,
rot
N

&S A HEE vl3ro] 916 g I-TEQ/yrZ 7H B &%

o

MZ e Aol glol WEe AL FAEH A GO TR ol
At Qled FALLE 625 g IFTEQ/yr, At &dA 291 ¢
-TEQ/yrel MZHs Ao AAstn gov, Sde Ag4anse

o zEgo}l, Hupa, I Fx FoAE AL o3 wiEFS

AN e ol

e #ZolE AW L2Edel, vdgs Wy, «
H O dFEY Aw7kEY B o8 AESLO
= = 37k v
Uthe] vlelH Atidor o How FALES]
base year’} H%E 19959 dHFEE V|Fo =
WEEFe AR Eg o5 A== DLPCBs F%27F F+53#
International - TEQE #8337 Lol A =3 Bl
A= Ao® BT

Table 4-28.0 &= A AAl st = A7bol A vl &5+ PCDD/DFs
o wiE = & AFolA A wiEFS Blaste] et

flr
kv

& Aol 7

- 130 -



Table 4-28. Comparisons of PCDD/DFs emissions to air from open

burning source.

Country cource Base emission per year
year (g I-TEQ/yr)

(thifogtejdy) 2005 14.88 (g WHO-TEQ/yr)
Austria (m e aW%Og Sty 1994 3.93"
e e ey 1994 3.64"
Belgium Agricultural 1995 5,0*
Denmark wood stove 1997 4"
straw 1997 007 ~ 66
wood 1997 025
FRANCE wood 1997 4"
Germany domestic furnace 1998 107
Sweden wood burning stove 1993 e Y 9.8**
Switzerland household 2000 298"
Netherland combustion.of wood 2000 9"
UK wood combustion 1997 19"
straw combustion 1997 107
Canada wood combustion 1999 357
USA Woi‘ieg%:gzsﬁo“ 1995 625"
Australia W0 combustion - gaq 15 ~ 98"

North Rhine-Westphalia State Environment Agency, 1997
UNEP, 1999
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342 718k Ful WEA3te) ww B}
GolSae) # WIS ses] AAMY APRFAY 2AR SO
deja glon fHAde] MEedE AP gL = A4
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B>

9] 251% = AY How, AAFAH(sinter plants:17.6%), 7} A

(residential combustion - woods ; boilers, stoves, fireplaces :16.4%),

W A ¥ 7] & 4 Zt(incineration of hospital wastes :14.2%) <o 2 HjZ
FS Bged, o] HiEYE0] 73.3%9Y 7R E AAdE AR H
= Sl

1,023.2 g I-TEQ/yrel ¥ o] & A ZtA|A o] A A st= v o] 83.7%, &7

Aol 84%z o F Abdel A AAskE Hl&o] A 921%= 7+
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Table 4-29. Comparison of emission amount of open burning and

other dioxins emission source(base year : 2001, 27 %)

emission per year

Emission source (g I-TEQ/yr)

Open burning (in This Study) 14.9 (g WHO-TEQ/yr)’
Municipal waste incineration 204.7
Industrial waste incineration 361.6
Hazardous waste incineration 290.3
Iron and steel industry 85.5
Non-ferrous industry 54.6
Cement Kkiln, and lime 3.2/
Glass 0.09
Ceramic and asphalt 0.20
Production and use of Chemicals 1.06
Pulp and paper 0.003
Power/energy generation 9.98
Crematory 11.92

*  Base year : 2005
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5. Wl&7}2=9] PCDD/DFs %% 7F4 A&HA7]E 007 ~ 0126, L%

N

A= 0077 ~ 0178, A4 HZIE 0.224 ~ 0274 ng I-TEQ/Nm' o] &
Al profilex #4135 PCDFs7F PCDDsH.t} t}o] -4l Fko 2 o

o2t
o

FRoew zk AsHE o4 Fiel ZHE A ldst= ol A=
2,34,78-PeCDF & YeElSton DLPCBse 719 HH|g 508 WAL
= AoZ e

6. =7t PAHs w443 7k A& 75 3 1378 pg/Nm', &
A H 2887 pg/Nm', AAZAE Hat 1458 pg/Nm'o|H, wj &7
Z+ 75 mg/kg, 10.9 mg/kg, 20.8 mg/kg® A3 AF o vlwA] e F=Fol

oz s

P

7. PCDD/DFs®| #i&Al7+ 7H4 AL97]1&E 7.3 ug-TEQ/ton, & A A
2 89 ng-TEQ/ton, A AZAE 109 pg-TEQ/ton® UNEPo| A A A]3}=
7} 300 pg-TEQ/ton, 30 wg-TEQ/ton, 60 pg-TEQ/ton HEt} @& Z o=
L ER sk
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8 METF AN A3 =

)
B>

Ztow Qg wr7lF wE%FS PCDD/DFs %
DLPCBs9 %% 714 A&5H71% 0017 ¢ WHO-TEQ/yr, 544 E
14.86 ¢ WHO-TEQ/yr, 1A A& 0.008 ¢ WHO-TEQ/yre]™, PAHs+
7hA AFH 7S 24846 g WHO-TEQ/yr, #d &AL 34382730 g
WHO-TEQ/yr, 1A A& 4929 ¢ WHO-TEQ/yr FQztA& 0] A s}

w2zt BAEE del8a 5 UPOPs £ A7t Syl A
AEE b gloty, Woenas wEae welse AAA Bt Be

st &g, ofoll Wie o w2 Al Agele=a el e+ E v
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