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Abstract: Indoor simulation combustion experiments were performed using a dilution tunnel sampling system. The emission
characteristics of PCDD/Fs in PM,; from domestic biomass and coal combustion were analyzed using isotope dilution high-
resolution gas chromatography/mass spectrometry (HRGC/HRMS), with subsequent calculation of emission factors. By
integrating China’ s fuel consumption and population density data, we developed a “bottom-up” emission inventory for PM,;-
bound PCDD/Fs from domestic biomass and coal combustion in China. The key findings are as follows: (1) The mass
concentrations of PCDD/Fs in PM,; from domestic biomass and coal combustion ranged from 0.181 to 4.700 pg/m’, with
international toxic equivalent (I-TEQ) concentrations of 0.081 to 2.300 pg I-TEQ/m’. Congener analysis revealed that 2, 3,7, 8-
T,CDD (P <<0.01, R*=0.90) showed strong correlations with I-TEQ concentration, suggesting its potential as reliable toxicity
indicators for PM, ;-bound PCDD/Fs from domestic biomass and coal combustion. (2) The mass-based emission factors of PCDD/
Fs in PM,; were (1.8240.97) ng/kg for biomass combustion and (4.09+2.76) ng/kg for coal combustion. The corresponding
[-TEQ emission factors were (0.40+0.21) ng - TEQ/kg (domestic biomass) and (0.53+0.24) ng I-TEQ/kg (domestic coal). (3) In
2021, the total emissions of PCDD/Fs in PM,; from domestic biomass and coal combustion reached 90.0 g I-TEQ. With spatial
analysis showing emission hotspots (8 pg I-TEQ/km?) concentrated in Northeast and East China. Compared to previous studies,
the emissions of PCDD/Fs in PM,; from waste incineration (22.56 g I-TEQ) and industrial combustion (208 g I-TEQ) were 0.2
times and 1.5 times those from domestic biomass and coal combustion, respectively. These results highlight that domestic biomass
and coal combustion represent non-negligible and substantial sources of PCDD/Fs in PM, . (4) The estimated inhalation cancer
risks were (9.547.2) X 10” for domestic biomass combustion and (3.141.7) X 10 for domestic coal combustion, representing
3.3-fold and 1.1-fold increases respectively over occupational exposure risks for industrial workers ((2.8842.45)X107).

Key words: particulate emissions; PCDD/Fs; domestic biomass; domestic coal; emission characteristics; emission inventory; air

pollution.
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Z EW ORI X WY (PCDDs) fl 2 4 — R
Jf uk g (PCDFs) 48 #% iy — W& % (PCDD/Fs) , fE
Sy 4 18 BF IR BE AN 249 ) LA R R A A LTS
ey (POPs) , PR W &5 1 B0 5% 358 A P Fn A= 4 2
U T 4 5% 06 1 (Lammel ez al., 2013) .PCDD/Fs
KA &Y HA W FE R =57 (BUE B E
AR ) Ho 2,3,7,8- P0G R MY (2, 3,
7,8-T,CDD) #f th 7 T A= 4 41\ 2 b 2 0 75 M i
SR L2 W B 2 — L EE M i P (TEF) 8 4E
Jg B Al H Ml PCDD/Fs 26 1k & 9 3% 1 (10 3% i
(Grandesso et al., 2011; Lei et al., 2021). W AT9%
IR ER W, KW &% T PCDD/Fs o 5 3 N 4>
WAL M AR B R R AT SE 2 R S
% (Hites et al., 2011; Li et al., 2020). 1 F
PCDD/Fs W 8k fI ¢ A1k, B C #3 H
% 2 1k 8 BR B9 POPs ( Salian ez al., 2019) .

G iF 58 2 W1, PCDD/Fs T %5k A by P8R B2
ATl it 72 (Quab ez al., 2000). 8K 100, T 4F K , B &
T b A w0 AN W B [ A R R e X
PCDD/FsHERH sk H 25 ™ 8 . 2 BRIEHE N, 29 30
AC N AT HE AR 2B 0y 0 R0 e 390 A7k S B . A
o [ A R ML X, A R AT 1.8 42 P 5% JRE A i A ) 5 R

BEBAE g A 3 B I (Ward and Hardy, 1991;
Penner and Dickinson, 1992; Andreae and Merlet,
2001; Akagi ez al., 2011). 54 h X Tl A EL , X
L 3 R TR R IR AR Be B8R L Bk = 35 e 4
VOt I TR) K 3 2 HE B 2 Y A0S UKL
75 Y ¥y (Chen et al., 2011; Zhang et al., 2017;
Meng et al., 2019; Ssebugere et al., 2019). kL ¥
S R Y A BT (X AR VLA, 2023) , 5 B G
RN AR B 25 DIAH OC . Horb, iUk (PML) B R
B L 2 T B (G RT3k 5~20 m*/g) 42 & 1Y 3R 1
AE M, i H X PCDD/Fs %5 i K ¥ A7 HLY5 G 4y B A7
e 5 R W BERE 3 (X % S, 2016). Wu et al.
(2021a) W BIF 58 & W, 76 R T R AR R BHIR B8 o A2 o
WKL A PCDD/Fs & & 35 ¥ 24 & i I 7 i
88.7%~91.6%, i X # PCDD/Fs ) 5T ik 2 1L Ay
8.4%0~11.306. R JH [ MR BHIR be 25 I 35 3 i &= ™)
PCDD/Fs % & (Zhang et al., 2022). 7 W Kk A5k
Jr okt i 8P A R ORE 23 in R $R 58 H 19 PCDD/Fs %%
o, 5 B 0T R Gy M L P I R
S5 {el B 1) 85 (Pan ez al., 2021). PG, JF J& B 4=
) 5 A % PM,, F PCDD/Fs i OB 58 %) T fek
IR 1977 42 0 A O 42 ol B SR ) 7 A1 B A i 0 3L

HRIT, 7 B A= 90 I R0 2 1 R o8 1R 7 1w, AH
KAWFFE I Z KT PM, IR T4 B 48w KA 1
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Fs 9 HE il 52 00 7™ & A 5 . 76 HE O B 07, b
PCDD/Fs HE i i 50 1 BF 55 &2 25 A 0T 38 i, H &
AR AR B OB e R T R e JR (Zou et al.
2012; Wang et al., 2016; Zhou et al., 2018; Fu
et al., 2022) , B, B N 3T B LY A R
BRBE PM,, H 19 PCDD/F's HE 50 20475 R DL 4R i

A 5% 38 b 5 PN AR HULR e 2k R AR R A R
FERGE, R 6] A7 R i B e 43 HF SO €89 — 1= 53 %
J i vk, 6F RO AR W SRR R R B PML R Y
PCDD/Fs fF i 47 1 #F 47 23 #7 , 3845 T H PCDD/
Fs HE i B, b gt 7 b RO A W 0 R A AR
5 PM,; 'F 9 PCDD/Fs HE it 78 5, JF vF 4 7 H
fdt JE XUBS: . F 9% 4 SR O Y AT PCDD/Fs i ik iF
AL T B AR, [ R, B al S [/ PCDD/
Fs HE e i 48 B0 K 3 ) 42 It A 200 Bl 2 S
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1.1 BBREMSH

ABIFFE A [6] 48 03 B AR AN b XA AR 4R A5 1 4 A
R BT (ORSe AZAR AT F 3, BOR ) A3 I
W AR T M TR R OH H A 0 S R
BRBE T BLye £ 1 i 3 HhoaT Sk IR R AE
Wy J5 F1HE A A AE B AR U 25 T AR SE S
TE AR, B B 5 7E =S AN B B B 3 3R AT H R KT

& F f# [# Elementar 2 & 4 7 #) Elemental
Analyzer Vario EL 111 70 % 43 #7 A X B FH A= 9 o
FUBE B RE S P C CH UN S DU T 2 19 5 B E AT 2
M, BE N 0.02 mg~1 g, MEAEE R C . H.N,
S<C0.1% abs, BP N & {4 5 H 52 {4 =z 8] 09 I 25 ©
R 0.1% . W45 i B A= ) o R AR o B ol v 1Y
JTCE SRR R (H B %, 2025) .
1.2 ERERBEXE

JE i BE3H E R A R 5 (Dekati FPS-4000, 4%
) (FLARAE, 2014) JF R = N BR85S 3 . R
ZBE S Wu er al.(2022) KB 0 B8 T2 2
VR A B e B DA IE R B B R AR W I
FE i E AR BE = M R be b B N AT R IR AR

F1 RASYRIEIR B R

Table 1 Characteristics of domestic biomass and coal fuels

C(%) H(%) N(%) S(%)

NS 41.21 6.00 0.56 0.03

AR 47.95 6.24 0.45 1.36

¥ 41.07 6.04 0.43 0.05

#HHOR 69.20 1.00 2.30 2.30
B 1 90.90 4.30 1.20 0.90
WA 2 48.60 2.00 0.70 0.90
WA 3 89.30 4.90 1.60 0.90

Yy Tk 6 29 2 kg, T8 AR I 58 A K be e (15~
20 mins) f5F 1k R AF . RF BB IR be w6 FH D i A=
Jo K B e 51 L 7 51 R W 58 42 Ik e (AN 5% i 458 e 18k
B W DN E ) BB R e L b R U R AR
529 0.3~0.5 kg, Fof 4 e 58 R be 5 (1~2 h) 45 1k
KRR X B A 0 S5 R I i AR 56 T P A I R il
FH R A AR HE AT 55 3R AE 8 — g IR < 2=
i FE BB SR AE R G CRAEA BT K, LKA
1 29 2 m M AR FE AR T S 4R 0 BRI g AT T
RS TE SRR NS — @ R B T ¥ A
BAIFRARBMR TR, MBI 18~
20 R R JE PR & TR SRR H BRI BT IR E
Je A8 PML s B 1Sk 8 08 e 0 R P R 4 B A
YL YEUE B b, R A X & 29 16.67 L/min,
M S 34 29 2 259.6 L/min. ¥ B 1 FEE T
BRBE b ELF Oy, RAIC S A W ORI AR D R 5% T
1 W] 4 5T 58 4 BA Be e AR I Y g5 2 T
1.3 BEXREHEmRAW

FH A4S 9 f 25 8 BERE L JF B F 600 C 5
shpr i #A 6 b, B O U8 B SR K AT R S % B
(S = 1 TN L R S e = R R R
AR K, OF OB L IE © b R VE VR B R
TG V5 g, B A uE B OE AT 25 1l 5 DB IR HE B
PE ORI W B, BT AT B 01 b 2K k4 g

16 $2 BUORE B P B9 PCDD/Fs /i, %8 hn g 48 4% 1k
EWVE R NS, AR R 0.4~2.0 ng. K5 UE i A &
FCHECRS i, FH 2R $2 B 16~24 ho 4R BUS , AR 35 FE
ai P PCDD/Fs B BE , 73 B 2500 ~100 %0 14 FE 5 i
W AE R 43 BT AR i, LR V8 JECOR A . 8 FH e 2 78 &)
W BE B RO AR E 1~2 mL, IF i 4 £ 2 RE AR
Trvgde Ak e L Ok E— 2D R AR AR L VR N
0.4~2.0 ng W5 . {1 1 /&5 43 B SO (3% — 2 43 BF i
X (HRGC-HRMS) (Dindal ez al., 2011) X &b 3 J5
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By FE S AT E T A B, OF SR D A AL R MR B 8
i PM,, 0 17 N oy B B 3 3 1% ) PCDD/
Fs [6] & ¥ 0 i & % B 1 L TEQ ¥ J¥ .
1.4 PM,;/# PCDD/Fs B HE B E F

BT RO AR W B RN R e AR e 1) AR A
PM,, ' PCDD/Fs 1y Jit & ¥ Ji 5 I-TEQ ¥ J£ 43
AT AT BB T Mk B sl I-TEQ e FE
PCDD/Fs HE it Bl + . HE s BB+ i+ 55 A L F
BT 75 (Chen et al., 2005; Wu et al., 2021b) :

EF,:UX c X VX n’ 1)

w X M,

Horp i AR A R R EF AR R A A
B KL PM,, ' PCDD/Fs B Jit & ¥k B ok 1-TEQ
we B HE B T o AR R & o AR 3R PM,;
' PCDD/Fs B T ¥ & 5 -TEQ ¥k B 5 V AR
REFEERB o R BEMAE; o R RER
i MR RE ¢ R b T i
1.5 PM, ;5 PCDD/Fs B HER & 8
1.5.1 PM, ;i PCDD/Fs W ET EMA#HE &
ST T E R AW B AR R R R Y A
AL FE =R HE A T H PCDD/Fs HE ik & it
7T A R AL R

E, =M, XEF,, (2)
o E N R TR R PM,  th PCDD/Fs /) HE B
Ao, B AR BT 0 R RE S AR S U 1 W et al
(2021b) . B JHHE 5 0 R 6E I B 1 51 H A (b [ B
a4 %) (R Z g it Jm e i 481t A, 2015).

K FH 52 55 R 18 B8 43 B HE WO 500 AN 1
I 3l K OF 888 09 KN B € PR 20% (Zhao et al.,
20115 Niezal., 2015) , 3 £ A58 1Y 52 03 7T A
8 HE T PR 1 AN B o 1 (R 2 40 J5 R 3 e 14 43 5
SR 210 F 24 %) 1 Bl K- FHE A HE R e
RAEZS G AT AR S AT R AU i ] Crystal Ball
A AT 20 000 X BfBIL &Sl B, TH 38 M AR 9500
15 DX TE] R 09 AN A o MY BT AR A5 09 35 B K P Bk
T F0HE R 0 O B P AT 3 B0 HE R Al A
Ao, e AT HE OV B S B E P O B 4 OR
1.52 PM,:# PCDD/FsHHi = EH%Hm HTA
1% & %098 (Zhang et al., 2008; £ 522 ,2014) , iz
JH ArcGIS 3 (1 25 [a] 43 #7455 B, 5k R R A 40 Joa
IR BRBE PM,, tf PCDD/Fs # HE i & 9 47 25 18] 43
il B L AR T ITE (Wueral., 2018) .

P

E,~=—1XE,, (3)

L

Horp AR 1T km X1 km B RO 5 2480 £ A 7 B9 A
%y s E., %78 PM,, o PCDD/Fs B N 4% 16 HE il 2
P ACE Mg N 0% B P AR A D S
E, ;KRR G G Ok 1 PCDD/Fs HEBlCiE .
1.6 PM, 4 PCDD/Fs & Bt XU & i fiy

W A PCDD/Fs T 2 1y filt B K (ECR) #%
BLLTFARXITE(Wueral, 2021a) .

ECR=IR X C,.., X f/BW X

unit cancer risk (UCR), (4)

Hodr IR AR R A B W A B R (20 Nm’/d)
Coew f8 3R TEQ A~ NV 3 2 88 ¥R 5 £A0 R
A F (0.75) ; BW AR R B A B ¥ K & (&
£ 60 kg, B 1 70 kg, F 4 65 kg) ; UCR 1t %
BT R RE KU R, i T 3B B B R F (USEPA) 1Y
W AE (1.0X10 ° pg I'TEQd “kg ') .

ECRE/NF 1.0 10 ° 3 BA {t B XU n] 2006 A
I, ECRAEZE 1.0X 10 A1 1.0X 10 ° 2 [a] & 7w ik fil
B , ECRAEAE 1.0 10 °H1 1.0X 10 * 2 [a] & 7R
o S B AU, ECR {H K T 1.0 10 W) & B 2 fi
JRE XU . 7 8 R XURS: D7 Ak v o T B A T 58 A AR
W HEAE(E 51 A /T A W58 (Shih ez al., 2008; Hu
et al., 2013) . ECR FA K 2 43 25 (A 55 7 1 76
HI N B W55 A TE 48 3R (Petit ez al., 2019) .

2 ZER518

21 KA &Y ERE B PM,; 1 PCDD/Fs 1y
HE PR AE

R A= 9 o Fn e B¢ #5 58 PML,, th PCDD/Fs
By o g E M FTEQ YW JE Ik 2 s - R A&
Yy I A R K 58 PML; o PCDD/Fs 1 Jit & vk JiE
SE 3 43 ) 4 1.979 A1 1.070 pg/m’, I'-TEQ # J¥
SEHAE 43 5 0.413 F1 0.134 pg I'TEQ/m”, 1§
A A R 9 0 [6] B8 B2 AL ) PCDD/Fs ¥
FEAAAE 22 7 RTAE W) B A 4% PML,, f PCDD/Fs
(5 B R R T-TEQ ¥k B 38 [ 43 51 o 0.544~
4.700 pg/m® Fl 0.181~0.950 pg I-TEQ/m’; F H]
JE B K B PM,, t PCDD/Fs 4 Jit & ok BF Al 1-
TEQ & J& 35 B 4 % & 0.41~2.30 pg/m® A
0.081~0.240 pg I-TEQ/m’, X 7] fig 5 4 b 45 1k
) 2 5 A 5 (Chen et al., 2011) . 5 #if A BF 5% #H
Lo, A il 58 A5 1 45 R HA AT e ME (Lavric er
al., 2004 ; Lin et al., 2007 ; Zhang et al., 2017) .

PCDFs 5 PCDDs i ki J2 i # PCDD/F's 2k
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Table 2 The concentration of PCDD/Fs in PM, 5 from domestic biomass and coal combustion

PCDD/Fs SPCDD SPCDF Total PCDD/Fs (pg/mx) Total PCDD/Fs (pg I-TEQ/m?) PCDFs/PCDDs
MC 0.170 1.400 1.570 8.240
NS
IC 0.100 0.140 0.240 1.400
MC 1.300 3.400 4.700 2.620
A
1C 0.560 0.390 0.950 0.700
MC 0.074 0.470 0.544 6.350
F
1C 0.110 0.071 0.181 0.650
o MC 0 1.100 1.100 /
AR
1C 0.130 0.150 0.280 1.150
. MC 0.386 1.593 1.979
A B
1C 0.225 0.188 0.413
o MC 0.531 1.096 1.613
bR iR 24
1C 0.194 0.121 0.312
. MC 1.100 1.200 2.300 1.090
M1
1C 0.120 0.120 0.240 1.000
MC 0.076 0.410 0.490 5.390
e 2
1C 0.034 0.048 0.082 1.410
MC 0.074 0.330 0.410 4.460
e 3 _
1C 0.041 0.039 0.081 0.950
MC 0.417 0.647 1.070
A
IC 0.065 0.069 0.134
o MC 0.483 0.393 0.873
FRifE iR 22
IC 0.039 0.036 0.075

T MC FTIC 43 AR 3 o v S R - TEQR S 5 /" Rm B0 0, R F % )&

U5 R BGRAR A EAT O 1) 2248 A5 (Lohmann and
Jones, 1998; ] 7 M 45, 2021). #F 58 % B, PCDDs
= 2 ) H R B A G T PCDF s ) 32 22k 5
M3k & RN (de novo synthesis) (Wikstrom ez al.,
2003). X — 22 5 KRB PCDD/Fs 1915 4 5 Jz H 37
BEEEAE T R R 2 iR, T A R
BT B W 89 PCDFs/PCDDs {3 >1, X
5 Tl 8 b v R B K B 9 PCDFs/PCDDs L fH
45 2K Bl (Chen e al., 2011). X 2 B , /& #F 5%
PM,; # i PCDD/Fs Ll PCDFs & &, & % 3@ i
kA R R i & AR B (Wikstrom ez al., 2003) .
B A W T3t RS e 48K pe PML,, T 17 Ff PCDD/
Fs [F] 2 9 () e e B R0 T-TEQ ¥ B 43 i an & 1
BT 7R . D e MR RE o A R, 85.7 %0 1 R AR W I
FHRE e A i # B BR m TR R EE ) O,CDD Bk
2,3,7,8-T,CDF, X %M OCDD & 2, 3,7, 8-
T,CDF 5 A E 2 R A 9 0 R Ik BA 4% PML,;
PCDD/Fs Jii & i B (0 RRAE [/ 2 4 . N FTEQ ¥ J&
oy A &, BOF AR W o AR R R R R, 2, 3,7, 8-
T,CDD Xf & FTEQ ¥ B i) Tk o) K, P ¥ 29,5 17

PR AY FTEQWEH 31% i i H A 16 W R 4 .

X} 17 A 7 PCDD/Fs B [a] 2 ¥ 19 it B
JE5 BT TEQMWE AT LM A, LR H A%
P2 R (K 2). i, 2,3,7,8 T,CDD(P<<0.01,
R*=0.90) M Jii 5 v B 5 B T-TEQ ¥ B A0 06 M 4
B, #EW2,3,7,8T,CDD A /E Jy B FH AR 9 ot A A
Mk be PCDD/Fs 8 M 1 B AF 48 /R ) . 350 43 54 [7)
F W)Y B R B S M T-TEQ e BE (9 A 6 P8 59,
KRR A B RRE X — R i
580 o O IE R TR A B R O, R
It AR BT A R HS & S AE 8 PCDD/Fs B8 78 90
22 R AEYWRME BB PM,, 7 PCDD/Fs
Ho HE i B F

F 2B W Jot R0 BE e #R ¢ PML,; Hh PCDD/Fs 1y
He P 7 an B 3 s . R AR R R R R e S T
JoT Vi B ) PCDD/Fs HE 5 K 3 [ 43 51 R 0.62~
3.17 1 1.19~7.81 ng/kg, ¥ ¥ 1A 4 %l & (1.82+
0.97) F1(4.0942.76) ng/kg. B FH £ ¥y 5 F 4 ¢ R
JRET -TEQ M FE 19 PCDD/Fs HE i B+ 3 Fil 43 )
7 0.19~0.66 F10.23~0.82 ng ' TEQ/kg, V- ¥ {8 43
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I o.coF
I 1,23,4,7.8-H,CDF[_]2,3.4.7,8-P,CDF

I 1.2.3.4.7,8,9-H,CDF___] 1,2.3,4,6,7.8-H,CDHIN 1,2.3.7.8.9-H,C DI 2,3,4,6,7,8-H,CDHII 1,2.3.6,7.8-H,CDF
I 1.2378P.CDF [ ]2.378T,CDF  []0,.CDD

[11,2,3.4.6,7.8-H,CDD

a B 1.2,3.7.8,9-H.CODI 1,2.3,6.7.8-H,CDD [l 1.2.3,4,7,8-H.cDD [ 1,2,3,7.8-P.CDD [ 2,3,7.8-T,CDD b
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5 R (0.4040.21) F1(0.53+0.24) ng I-TEQ/kg.
RO o K % R T T kR R I-TEQ ¥R BE 1Y
He B T 4 02 RO AR W B 2.2 % R 1.3 4
SR E L BE I HE R AR TR S
HE R [R] 98 2R PML, Pk T T-TEQ W ¥ /Y
PCDD/Fs HEm KM 45 5 an & 3 s . R AE )
JF A BE PM,; Hh (1 PCDD/Fs HE it A 48 il oy 0.24~
1.60 ng I-TEQ/kg ( B4 7 3 %5 , 2011; Black ez al.,
2012; Chang et al., 2014; Zhang et al., 2022) , & K
AW TR BE PML, w9 PCDD/Fs HER K 138 Bl N
0.7~52.6 ng I-TEQ/kg ( s 8 3 % , 2011; Black et

al., 2012; Chang et al., 2014; Zhang et al., 2022).
AW 5T o R A R Be 1 PCDD/Fs HECH + 5
JeRT AR oY 45 R B A AT e L RS PM,
PCDD/Fs HE i K F i A A WL 45 20, AR 5 T
R PM,, h 89 PCDD/Fs HE R R F 8E 4T T X B
Tl #5 B PCDD/Fs ik I+ 3 [l 24 0.023~
0.620 ng I-TEQ/kg(Chen, 2004; Lin ez al., 2007;
Cheng et al., 2015; Li et al., 2015a). M4 F & 1t
APCDs Ak B J5 (9 Tl S5 A B8 (Li ez al., 2015a) ,
R TH 8RB IR 58 20 AR, JF HL Bk = XTI A Ak
Ab HRE R W 5 ik W PCDD/Fs HE ik . itk 4h , A
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Table 3 Emission factors (ng I-TEQ/kg) of PCDD/Fs in PM,; from biomass and industrial combustion sources based on I-TEQ

concentration
PR Y FHEF EF [ EE PN
AT 0.24, 0.26 0.07~0.57 M3 45 2011;Zhang et al., 2022
RAA TR ARG AT 1.04 12.6~14.5 [ #3245 20115 Chang et al., 2014
W Bk R i Lk 0.63 0.10~1.49 PR 4, 2011
H 0.49, 1.60 Black ez al., 2012; Zhang et al., 2022
B RA R A REY 52.6 0.01~150 Black ez al., 2012; Zhang et al., 2022
Yy Bk R PO 0.7 0.4~1.0 Black ez al., 2012
Tl 45 ¢ 0.223 0.025~0.550 Lin ez al., 2007; Cheng et al., 2015
Tl k4% Tl M (22 APCDs AL 3 0.039 Lietal., 2015a
PRI 0.620, 0.087 Chen, 2004; Lin ez al., 2007
T Az 3 s 3 8.8, 12.8 0.32~166.56 Zhang et al., 2019; Lei et al., 2021
Ak 50.04 Lei ez al., 2017
N K e 7% 2 b 3 0.028~0.084 Yang et al., 2019
lz‘ﬁiﬁi;& 0.78~473.97 Gao et al., 2009
I AR O 30 USEPA, 2025
T Az 3 b ) (28 APCDs Zb3#) 0.5 USEPA, 2025

W58 ik 5 B 58 B¢ PM, i PCDD/Fs HEjif K+
AT T XS b B B 3% 88 BE i PCDD/Fs HiF ik A
F 3 [l b 0.028~473.970 ng 1- TEQ/kg (Gao et
al., 2009; Lei et al., 2017, 2021;
2019; Zhang et al., 2019). 3% [E ¥ {5 B 44 3 00 5%
A7 e B B HE B F oA 30 ng I'TEQ/kg , 4
APCDs 4t ¥ J5 F& 2 0.5 ng I'TEQ/kg ( USEPA ,
2025) . X KW B TR MAER, RHAEY R
FIE 7 R b s 2% 77 42 K & 1 PCDD/Fs.

Yang et al.,

2.3 FERAEYRMER B L PM,;H PCDD/Fs
E‘]ﬂFﬁﬁ?ﬁi

2.3.1 20214 PM,,H PCDD/Fs IHEREE 2021 4F
4 [ R A 9y o AV R R 8 PML, b PCDD/Fs 1Y
HEJBCE A 90.0 g I-TEQ. H o [0 A= 9 5 8% be 1) HE
it 59.1 g F'TEQ, RIS B HE ik & 30.9 g I-
TEQ. WA 3 K F (E 4) ,PCDD/Fs HE it i 17
FERH G X 22 5 TR L AR SRRV T
A AR RS e R, A
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T B 5 1) PCDD/Fs HE il 3 848 v 76 78 e VL 3]
[ I LT RN NN W N = 7 i == I Lt N
Sl WAL RIS G HE R 2 g 1
TEQ. iX %6 #b X 1Y F5 FF F1 37 48 46 0 FH & 48 K, e
HORAE A OB A H R AT R IE Bl 8 R
R BB B PCDD/Fs E it & % 4 v 78
WA AR B S BN R L A Oy, HE
At 2 g FTEQ. X AP 25 3 2 5 4 1 X
I R R o A RR e 2T B DL B R A OG

BE T 52 R RIS ARG R A AR A T R G A
BRBE PM, Hh 9 PCDD/Fs HE A9 A B & PR R 4T T
GyAT AR R RO AR W T RV i k5 PCDD/Fs
HE WA B M B S —49.9%~60.9% M
—88.80~108.4%. 5 W #& #& 55 (2020) 1y #F 5% AH
Ll , A AR 5 30 4o S 0 45 4l R BT v R R A A R
HE AL PCDD/Fs HEC B 7, FEAR T H HE il A
A1 I {7 Nl S 1 N O S RN S L
SRR JE SR AR S AR AR T SR o A 00 B S A

2.3.2  2014-2021 £ # [E PM,, 1 PCDD/Fs HE i B9
B2 B4 AE 2014 — 2021 4F of [ B FH 2 ) 5 F
PR IR 2 PML,. (9 PCDD/Fs HE 7% 28 4k an 18] 5 BF
N BRI AS BB, 2014 — 2021 AR A ], P [ RS AR
Yy I R I 1% B PML, . o PCDD/Fs 9 HE il 2 &2 2X
Bl TR #a 3, i 297.2 ¢ - TEQ MK % 90.0 g T-
TEQ, KR &5 69.7% ,iX 5 Song et al. (2023) (1}
FAER B HARNTE R Y Tk be PM, i)
PCDD/Fs HiMci i 202.8 g ' TEQ FHEZE59.1 g I-
TEQ, B 5 1%k e PM,. H i PCDD/Fs HE it &
M 94.5 g I'TEQ K = 30.9 g I'TEQ. X & Z Al
AT AR BB VR S T BB R A A LA B ]
Pl H AR R 1 2 A 56 (Chen et al., 2022).
55 H A 5 28 PM,; 0 1% PCDD/Fs HE BCAH L
2020 4%, [ Tl A= W BT RR R RS i T 24 208 g 1-
TEQ ) PCDD/Fs(Zhang et al., 2022) , 3% 17 3 % 48
BB T 22.56 ¢ I-TEQ B PCDD/Fs(Wei et al.,
2022) , 43 5 J2 A 5% B A= 9 S5 R AR e 18R e HlE ik
9 155 F1 0.2 4% . 3X 2 B, AHE T Tlk 4 e Fi I it
B A be B AR W B AR R B PML, P i
PCDD/Fs HE it i 1 kb F %5 5 K F , & B PCDD/
Fs HEBOA 25 200 1) B 2R VR 5 22 54T A R0 1l
2021 4F v [ R A= W 03 RUBE S R 956 ML, Hh i
PCDD/Fs HE il =5 18] 43 4 (1 km X 1 km) 411 [ 6 fir
7~ . B A W RIS g R e PML, ;i PCDD/Fs HE
JHCTE 2R AU Hh DX A2 2R b X S 4 h HE SR B R T
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AW 5% 7 VA RO AR A R e Bk R e
4 1 PCDD/Fs A~ N % 88 WU B, AL % 8T )
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(1) B A= 9 5= A ok R 56 PML,. Hh PCDD/F's

B R M VI L M 0.41~4.70 pg/m®, - TEQ ¥k JE
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ik B 19 PCDFs/PCDDs B 1 > 1, ¢ B A BF 5%
PM.Hf PCDD/Fs LA PCDFs 2 3=, H 3 % 1 )
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T IFTEQ ¥ B2 9 F ¥ HE s K+ 43 3 o (0.40+
0.21) ng I-TEQ/kg Ml (0.53+0.24) ng I-TEQ/
kg) s MHE TR T BRE  RAAEY
Jo R e R B AL 2% 7 A2 R & i PCDD/Fs.

(3)2021 4%, v [ [ FH A 9 o FGE 7 R 4% PML,
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YT PCDD/Fs HE /8 59.1 g I'TEQ, R H
IR PCDD/Fs HEl i 30.9 g F'TEQ; M5 [H]
Gy AT FORAE v E R AE W o R e I Be PML
PCDD/Fs HE i {8 3 242 v 78 7R b Hb X R4 7R Hh
B, HERCSR B K T 8 pg I'TEQ/km?. Aif AWF5Eh, T
b AR s Ik T 37 e AR e B T ) PCDD/F's 43 i) J&: A%
W 5% B 2B W ot R A e K b HE B0 i 1.5 4% Fn 0.2
fis 3k W, RO A W 5 R MR e IR pe s R [
PCDD/Fs H il ) 5 225k Ui, 75 22 5| i 2 6% & 41 .
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