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Persistent free radicals formation during thermochemical processes
and their synergistic behavior with persistent organic pollutants
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Abstract Industrial thermal processes are significant sources of persistent organic pollutants
(POPs) in China. The generation of persistent free radicals (PFRs) during thermochemical processes
exhibits synergistic behavior with the formation of POPs. Clarifying the mechanisms of PFR
generation and their critical role in forming and controlling POPs is crucial for developing effective
technologies for the simultaneous control of PFRs and POPs. It serves as both a theoretical
foundation for the implementation of international conventions and a support for managing new
pollutants. This paper reviews existing research on the generation and identification methods of PFRs
in thermochemical processes, as well as the synergistic behaviors and control strategies involving
PFRs and POPs. Additionally, it provides an outlook on future research directions.
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2 7N 54 1t 2 44 3%

FE M H 3L (persistent free radicals, PFRs) J2 AH #1144 H H1 % (reactive oxygen radicals, ROS) 4%
W ] R SR A — 28 K A A S, WRA A PR SR A0 -OH [ pR 38 5 W 3E 5 LA RD T, T AT i3 v
PFRs P WA G HU/ NS L BORE =3 BT A RN . A WL TS e ) 38 | B AR AR A
J5 R 2] PERs A AETEY . PFRs AN AT LA S Az W 1A 804 o7 s Bt 3 - 1215 22, 3k m] 1 Sl Z2 e
M LTS Y ) (persistent organic pollutants, POPs ) A& A (14 5 B2 i [ 44 23, afy e 5 8 BRI AUR: . 15 2h
—RepkG YY), BETCA 186 A~ E KB HL XM A CE TR A A PTG G4 0 W 7 5f IR BE A 29 ) (LA
N RFR(POPs 2 2y)), LISEBUXT POPs [ AL [F) A8 45, [ B T 2004 AFIFIRIE 2. 2022 4F 5 A, 555
BEINAIT B AT T CHris B Wria BAT 8 77 %8 ), POPs WA S — 2815 e W g e Hodr . ISk 15 2 POPs if
PR T AR A H 2R, U BRI | AT AR U AR BILRL L T A R POPs 5 i el HE U 12, R TR
(POPs A2 )B4 78h KBl Y i S e v TAEM 8 D1 20K,

MFE ] PFRs (1) £ FE B POPs 1Y 4= 1A B Rk POPs 53k B 312, 44 B ia k. brile st
e AR L KR 7 IR A B A Tl G B R TR POPs %) 32 BEHRRIR D . AR E R A
R ZEIE-XF - —WEHL/mk iR (polychlorinated dibenzo-p-dioxins/furans, PCDD/Fs ) &5 ¢ i 98 A4 A= piid 72 th £
Bl % PFRs i A4 i, =3 09 A2 iU AU A FE — 2 B9 BB R A7 o . T T S il A8 1Y B0 0 #2 b PFRs
POPs )4 Ji S e A AR B DG 3R, ] 2R S IHT A 2% POPs 4 il i HEHe AR $2 AL B JE Rl 5 POPs 4E 1
FHICI) PFRs A RIEIS A i KA A 3t BERE A 3t MR IRZe AL, B A maLss, 1K
SR INIEL 1R UM AR 2 2R U PRRs, BB Tl A & b PFRs 5 POPs [ I3[R T R BRI, X AR
il PFRs ffi £ ¥ & POPs {5 S 45 il Dl HE 8 SR g 2 A 118 5 L. AWE SR T #uib 7 72 PFRs 194 S
BUNBESE, Z738 T k2= F2 PFRs X POPs A i £ i A F W 55 2F g, JF M\ PFRs 5 POPs 1 1fp [] 4% il
£ T A BF A A0, AN PFRs 20 #1 i 51 . PFRs 2 511 POPs A s 5 ¥ I ALHI & md b R, &
16 R 38 ] LR Y $ad R HERL POPs 2558115 Y WpiA HL T AR SR ALK Hs A ST i

o0 o

RIS A H PGB E G AR H
Phenyl radicals Phenoxy radicals p-hydroquinone radicals ~ o-hydroquinone radicals
R MR E B mE
Cyclopentadiene radicals Anthracene radicals

1 PFRs %514
Fig.1 Structures of PFRs

1 #4232 PFRs A R 5 iR ] (Formation and identification of PFRs during thermochemical
processes)

Tk i B /& PCDD/Fs, £ 44 B 7K ( polychlorinated biphenyls, PCBs) . £ & %% ( polychlorinated
naphthalenes, PCNs) . 544X 22 ¥/ 3% 42 (chlorinated polycyclic aromatic hydrocarbons, CI-PAHs) 55 A% 5 % HE
R, ELA 5T 3¢ B 3% b P fh 22 55 A2 v PFRs J& 42 Bl POPs 1Y 55w [a) 44K, 15551 JC 4 PFRs H [a] 44 1) 25 44
= [ B PFRs 2511 POPs A= BUAIL I i B B2 PR 15192 470 ) T A2 AE S5 M b i TR, B AR T3 b 2l 7
A= 18 PFRs POAIF9Y 32 BEAE S50 % N 58 B, 1% 52 B Tl At AR o A A S AR 6 5 /0 A A Ak 22 0ot AR
A= 1 PFRs (4544, W] PFRs 2B U7 AL BLTZ 58 3% POPs A= AL HI LS A R Y ATHE.

1.1 PFRs 4K,
KA W 25 1E (PAHSs) S H K AU POPs A il 19 B ZEHT IR 1A, )& PFRs A i1 2
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HTORAAR. NSy v O—H HEWr 24 ml A iR SR A i 26, oE— 2 AR R B i 3, R4 A i 2L o 2k
BUFR 0 PR BRS040 R ep ol 8 4 A AEAE W] LUK IS Jin PFRs Y77 38, AN G . S i K
A B 2] CuC 1) . ALCTT) . FeC ) 554 Ja S8 AW 3R 10, i — 20 Ak N RTIKAAR 0] 43 J@ 1) L 756 %%, B
B PFRs-4x J& LR FS 8 4540, W] i 4 J& B i it & A Ak 2 W B Bsf £ Bl 25 I3 HCL &% HLO Jse iz 2427521,
Za( 11 )W AT {2 #F PFRs (1942 i S AR E , (H L6 88 1 7 1) S DA 4 i 28 i SR AR %), a4 45 4y AT Al K3 in
PFRs (R E M, ZE 1 PFRs (921 56 1), 40 2,4- G- 1-Z8 W IS 76 ALO; R TH AL LY PFRs 2F 22 1 K 5k
108 d®. b Ah, MR | A S &5 PFRs AR B E B 3R, AN [R) 1 Pl 5603 RN 40 BB AN [+
WA M B B R A PR S R RE T, TR A BE RN R 428 A i B B R ) P e Tk e
J300, RV SR T S AR L 2552 ) PFRs (147358, RUHABIF S I Ay [T 1R 2 1] 70 22 Fir R 44 1 o O e A= vl
TR 1l PFRs 1Y 8 A g 12750 481 3 9] — I X i K A4 -CuO-Si0, AU 52 2E 1 PFRs MR FY &
B, 1,2- SR AT IR A i PFRs 77 %8 5 3% 112 FE A0 R B8 Al IE AR G, It — S0 A= % PFRs 7= %647 SR I 72
FEACTR BE A SE M AN, 332 R T — S8 0 1) T 0 5 2% 1 ARl A 2 B A o S S el AR A AR A
I — SR AR 1,2- GO 5 5 &) W B0 381 SR Y B A7 o, T 2 26 Pl 6 A8 A B PFRsP),
1.2 PFRs fR %I

B, I A e 9% 5 135 1 (electron paramagnetic resonance spectroscopy, EPR) J& 3288 H H JE B 3224650 /Y
AT B, W2 A3 A R I ASE A8, Tl A s A S 6 v A AR R 2R 1T PFRs 1 H v SR HH 18
IR, T — 2 Y B N A 1 5 B 1) T O R R s PN P IR 2 P Jo A T AR i T A B A i TR 2K
SR, W AR KR A R R, AR Ry e 07 A 0 R, At R A AR AR A Ol g DR I B0 0 RS A
T SLREAN g T2 BT i AT . A R JEES A TR ] A0 DG EEAE B (A&l 2 PR ) . RS 4l 43 S4RRE W] sz ke
Jilih B TR HBERYSE I, g (B A SRR AAEE. B B R g B 2.0023, 38 %A C Hul H
JLHY g H/NT 2.003, 0 ol H ) g (KT 2.004, C ot HLE B O B H B3 g AT 2.003 #1
2.004 Z [A]P7,

(@ 1 1 (®)

S22
g
e
Magnetic field/G Magnetic field/G
B2 ARG ZERRAE Ak KR B (a) FTCKG 240 43 ZEARAE I 1 (51 7R 61 (B)
Fig.2 Spectrogram with (a) and without (b) fine splitting characteristic

H X T PFRs (928 T e i Y4778 RIME. BF 55 X PFRs ¥ B2 (9 2 18 (L RE B P47 L%, o
CuO JFit 7 2070 1% kB -CuO HE i, 230 °C F 2-58 W LR AL i1 PFRs 2928 310" spins-g ™', %%
Iy S AR A BB PFRs 244 10" spins-g "B, S8 3 ALK BE HE A BURL P H PFR 2494 10" spins-g '), KX
PM, 5 H1#J PFRs £ 10'—10" spins-g™'™> 1 YR AL REMENXT PFRs fFE 1, (AR | HEahiR
& E B PRIESERIN E 45 RA M, AN[F] EPR | 22AaR 1€ 1 07 IR DO, BRI e AT AR [R5
Z 18] PFRs ¢ B2 LG 55 I SE I (i), e AU D7 T, EPR 50O Je i 46: I 7l e SR B2 38 JiE PFRs Y SR
AR, (B TCIE R Tl Ao FE A 7 PFRs LS5, 3872 7 PFRs #Y R AUBURLYIRE i, Horh PFRs Ffi 26
%, H PFRs ™" [ £ fL 7 J8] B8 8 A 2 BEMEAZ, R 4050 B4R E 5 2, S BT 15 31 1 EPR 35 #1711
TSN — Jre e i Sl (&l 2b FT7i ), S5 il bt R

AR, WFoE E B BE TR Bk A I 55 7 v 5 EPR A AHSS &, JF & T 4EXF [ A& & b PFRs 1)
T SR W . AN AE — TR 0L P AR 06 HR  #2 PFRs 5 POPs (3 A1 47 24 A B 5% o, 38 i i A B 400 50 50
EPR 45 5 1 AL BB TR 455, TH RIS HI A R Th i i PFRs BOBRIE TG 18], DUSIETERE | g
T4 AR AR, K B 5 5 S B A S P PFRs B A I 35 B H X LG, B AR 2-58 1 B AR Y
PFRs i AR A i E7). Lin 555 038 i B S0 560 5 B TH 45 5, JE T PFRs P 0 256
1 P 005 2 AR, U SRR 2R F R LA TE CuO., ZnO, a-Al,0;. y-ALO; 73 il 7 78 I A2 il
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PFRs Fl 2, CuO Bk AR i SR A4 A i 2, ZnO =Bk AR R BR 26 A i 26, 1T ALO, - B i
Pl 1 R R B B R 2 3. B4, Zhong 451 i SE iR o R SUBOR H 5 O il PFRs HA i
5 Ak 25 B AL AH OG5 R0 & 4 PAHs MRS, i — 25 JF & T 3L T FT-ICR-MS 119 & % PAHSs fii 25 £ 7
2, TP RABRY) h O iy PFRs R ACTEN, 38 o # A B PFRs 5 0f# 46 1 PFRs 1Y FLA, 4211
KAL) [ O W PFRs OB IR 77 5. 24T Y PERs iR 75 BT WF 58K & . PFRs P24 —E oK,
AV FEBAT FE Al b ¥ & R 835 M Y PFRs 43 B Al 77 vk

2 AL T R PFRs 2 5 ) POPs 4 ML #] (Formation mechanism of POPs during thermochemical
processes involving PFRs )

PAb kB, PFRs 5 POPs EA AL AE AT, BILAZE . B, PAHs K H i A4 55 A Hir sk i, 2
4 R HEALAE S PFRs 42 2 POPs AF J0 A Hi [RIAC, AH OGSO Y AT P4 3 o B0 1345 3] EIE S ), iy
73— 751, PFRs 15 POPs X u] {1 4y B S A i) FAAL 27 7 WU A7 A, HLEROWE 2% F k72 I, PFRs 5 POPs FY 2R
Ko BB R AR ], 22 B 38 i Al 22 A U AR AT S T BBAAAE — 8 e G AR AN IRL 3 s, LAl
], S W AE Cu( I1) R, 28l T 568 R USRS A i JE-Cu( 1) FL4RASE 2540, X 45 H Bl K
WA ARG GREE 1), i — 0 R 2R “TR-F IR 8 -5 16 S50k 5 SO, TE R
SR A5 R A A R 3E (environmentally persistent free radicals, EPFRs). bAh, AR A H A
W] k3 & A A . B HESE IOV A B PCDDs, PCDFs 2584 %E 0 77291 (42 2). HAT R T & e
KRMIFFREERE D, AL EZ LGS T PFRs fE KRS 5 POPs A= il i AH CHIFFE i .

JeAb 2t R
bzl Photochemical
Pathway 1 Hewk processes PREERF AR H 3t
Emission Environmentally persistent
cl, / free radicals
X

cl,
‘ |\ A
y
Z \ o 0]
OH -H,0 " w2 hhd I
0

OH H R OH  Pathway 2 ‘/ / N \‘ \ /\/ \/\ /
\ O
\ / \ / Cly a, a, al,
AY
cu®* Cu*
oy R hE-RIRTE SN POPSZE R 4 F 74
Adsorption PFRs-Cu resonance stabilized Stable molecular products like POPs

3 PFRs FyMRIA &R
Fig.3 Two fates of PFRs

Dellinger PRAIZH Y Xf T PFRs 5 POPs AE il i ¢ R WP 5T AL B R, 78 S -CuO 14 & AR TS F1
AL S Y, B S TE 4 2 1 A SRR AR R A, 7 A8 (B 7 FHAE B R, PCDFs 38 2o [ {4 3R 11 (1)
- R SRR 4 S 0 A= B . PCDDs 38 o [ 4R 3 18 A9 1 |R S -S0AH 2012 4 SO 2B 1 0 F-BIL T, JF
M ST A A FE T S N T B E T AT AT ME. Evans 25 8 28 34 T IR -CuO 1K R 2 b 270t
T Al 22 TR 2R - - /K iR ) AL, 5 S8 A i PCDD/Fs AL AR L. Kim 07070 5 X 58
M3-CuO 4 Z b i N B BT, 5 T A —SAOR R B R B G R IR, R AR B 5
RN, B H,0 2B i PCDFs, 8% AR M2 W5 43+ CO A i S & & LM, T4 A o S E HE LOA
F A % PCNs (9 48 F-HILTH . eAh, oAy B 150 AR 40 A i 2542 i PCNs. PCDFs 45 (1) A1 34 Jif]
B, WHoE 48 ) — M 2E i PCNs 19 3 2 Hh pt S Jid s 4E B &, A= i PCDFs I U AH 52, H. PCDFs A= i1
P AL BE 221K T PCNs A i D2 i 22, i BE T PCNs (&2 KT PCDFs, H PCDFs ;=4 ik i
5T PCNs #k B A3 42 7274, 53k e LR AE ST o X PERs A4 435 M B 5 32 558 1 %4017 W G 0 K ok Bz 7
B B 4 B ARAT

WFTSC1.27 iR, [ A4 &R d PFRs U5 2k B9 FF & & PFRs 5 POPs A= s (LML A ) I 446 T
T HZ A A I R . Liu 4507 56T X 2-58 By 455 400926 A 0 M 1ok R A 1) v SACR A0 A pR b ) 4 S
POPs =¥yt A HU, 46 th 7 ARG A= il AR A R 2, S SR A R S IR B i — G
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AR 1,2,3,4,7,8-75 AR REDE A AL, 388 AH B AR T XA 7R pR B A TS T B T PFRs 19 iy 541G
7 ok 1 23 18] A7 BEL7E 9 2R A 5 B B0 THD 235 4 3 — S B 20 R vh 9 BELASVE . stk &k, AT 42 J& % PFRs 5
POPs #A k2= A= B EALVE FH R 25 57, 76 U -4 810 - Si0, 14 R A i BB 480 S 0 F 9 v, il ik
X} PFRs 135 E LG R 51 K o 7= Wy i i 2 53 B, F5% & B CuO 1R & 1% PFRs J POPs /=) 32220 =&
AR 4 A R 28 A 18 PCDDs, ZnO 1K & =2 A KR [ iR 5 & 80 7, ALO; (R & i U2
SR B R R W), RIRIR & @ A A R R b ke A i 2 B sy R R AR E A ™
YA AN TE], CuO IR b by b s AR A A 2 S #5418 PCDDs 1 i, ZnO 1K 5
W 5y kAL N, ALO; IR R 5 & A BERG I OB, A B PAHSs (4 g7,

PAHs 1E R Tolk R B, R () 35 22 48, 2 2 81 POPs A= AU RITURAA. Lin 5509 DLECH
RO, ASLAUL A 0 ka2, T X4 PFRs A I0 A4 F= W i 2, 3 1 A B8 B i L (B 1 R ), idE
— 2P A R B AU A PR R R 1 S W BIL . A R SR PT A B CI-PAHS, IR 28 8 HE 45 S g AT
4 i, PCDD/Fs, PCBs 4.

3 Tk# g PFRs 5 POPs Kt A3 (Synergistically control of PFRs to POPs formation during
industrial thermal processes)

CaO. JRE | BilREE Ca. S, N BHI I C A WEA R 4719 POPs AE il &R, H 7 & 7 S5 bs
Tolk AR 7= 2o # e B A LA 2 POPs A i K HE . BIF 58 25 B CaO By A X G2 L S AR K
PCDD/Fs 4 il 350K =53k 99%, M HlHLEE N Ca e SRR CL 454, kM 2> POPs 45 S CA HL™
YA, B S W AT LA I & A S K O IR DA R fif i 4k 57 2% 15 U8/ PCDD/Fs 2B B, & N W5
AL I A3 A N THFE CLUS AT f 70 2 8 S B0 ) i SR 01,

TEXT PFRs 22 5 1) POPs A= AL B 7% B A I, #R859¢ POPs FH ¥ ) % PFRs A= A 52 M ] i — 25 5¢
3 POPs A= B A AL FEIE , IRl R 71 & Tl #d 72 PFRs 55 POPs Bip [ B £ R A2 HESERE . 58 2
PCDD/Fs BH# 7%t PFRs 4 4E it A B R . Elisabeth %50 #8571 & Ca. S AYBHHE X PFRs AE Y
FZMA), T DL R B ) A — i i i RS AN B PR 4, & B 0] A ikl PFRs 1A %, 145 o0 R o br Je ik
15347 T Befa th A I HLIECA A 5L SO, 5 &8 R 4E 6T U AR £, D8l 1 4 J@ SR I is M7 a5, FEAIK
T4 JE R TH XA MLTT SRR 1 0 B 2 ). Lin S8V SCTE T Ik B b CaO Xf PFRs K 2 Fl POPs £ i
(4 A/ L DL ET SR AR, CuCly A i b 551 35 11 A5 80 #4 52 55, CaO 9 Jin A %F PFRs, PCDD/Fs,
PCBs. PCNs A= 5 19 30 3R 43 51 K 85%. 97%. 93%. 97%, 4 LA CuO A AL i, 1 it AR 28 v JC s i
CLE, CaO M in A X} PFRs A B A3 5k 45%. A & IEAR R T CaO By HLICE IR A & CaO [
X} PFRs il 38 155 2 40%, HHEI X843 &5 iAok A T CaO XTSRS AE, M Hl 542 519 PFRs (1)
A=, FWATHAE CLUE AT REJ CaO 1] PFRs A A 1Y B 48 2 — . kit — 25 U W K [] LI 770 X+ PFRs &
POPs 4= il 1Y 521, Wang 2502 DL BN BT 9K, CuCl, M AE1L 5], CaO, CaS, CH4N,S, (NH,),S0, P #
F, WM PAEA S LG, #RT Ca. S. N Y BH A AR K AL . 25 55 2% B DU Fh B 750 %) PFRs & POPs (194
BEA B A OR, P& SN BHAEIXF PFRs ISR i, 1 CaO %} POPs il 50 R fe bt 12 00F
FLiE—2P Ve T PFRs 55 POPs BHfir i B ) 4, AH SC 1 43 Hr 4 SR L W, PFRs #J¥ 5 PCDD/Fs, PCBs ¥
JEE LA IE AR G, U 5 s S A W i ok B AH G TR 5, 1T PFRs V¢ & 5 PCNs W BE AR GR35, &
PRI PCDD/Fs, PCBs 945 s il 22 i PFRs A9 A s il S 30, PCNs A= 3l =22l C1 IR B I #E
S5

Kl 4 X} 34 W55 T PFRs 5 POPs Y P [ 4% il i A2 2047 T A BE, & S N BHE 7 n] LUH i FEAIK 4 )8
(AR 15 P D> PFRs H )4 (4 A= B, 2 1T 400 61 /5 22 POPs BEIRS5#4 19 42 B, % Ca BHIEFI AT LI C1 4%
B LA GG AEAE, WA HLE= P A B, SR S EERTIAAR R R v, & S N BEE ]
A & 52 ¥ PFRs 5 PCDD/Fs, PCBs 1Y lp [ 45 il , &0 Ay 15 8K 4 B9 4 & v, & Ca BH i 500 AT A 20000 2>
PCNs A= B 19 S A6 S . 16 41, PFRs 5 POPs 19 [ [A] A Jli iF 9 3¢ BH G028 | 580 0 i 00K A ] LAl 2o AR
PFRs H [ {35177 A B PCNs, % #2275 4 PCNs (1) 32 A2 s bL I, DL R # DL BH i 751 %HiZ o #2 PFRs 5
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POPs {14 {3 [a] 47 il R M ALHIAPRRIE . S . S | U= Tl PR QO EE i rp A9 S Y UK, J 25
NIRRT IS LR L, T XS PR O LA 73 K< T AU o ARl 5 38 i DL BEL s 77 o 22 b gL Y
B BEAARAE BG PFRs e POPs BURCR KAMRIHLE BIE K &, S PFRs [z POPs bl #2177 15 T K I ACHE

NFH #5 & CaFH ]
ﬁ‘;ﬁ‘ﬂ%ﬁ?ﬂ Inhibitors
containing S,N containing Ca
OH } N O _ |
N N N / N
= - BARE bR |
@ @ > PFR intermediates o O
Cl, Cl, . ~ —
7 e 4 _’ \ v \ é/
Vs % ’ [ e Cl, y
X
’
7 \

1
7 - o X
’, - Cl CLN\ / 7\Cly
" (3
— —— = =
2%
/77,

C X
B 4 PFRs 5 POPs ({45 il ik £2
Fig.4 Synergistic control of PFRs and POPs

4 E%(Perspectives)

A & JmIA R A Tl #Ge A2 2 3R [ POPs 19 = BEHERCE, f#: 77 POPs AE ML, T & POPs A= it fH
i B AR TR [E (POPs A 24 ) JE 2947 sl MUB 5 Y G B TAE A 75 5K PFRs J& POPs #44: it id 2 iy 2 v
A, — B A AT o B —E M R, AT & PFRs 5 POPs (138 Sk B [ 3 il B RS2 48L T 464, A&
SCXFBRAT PFRs 5 POPs 193tk A i e BEI (9 DR RIAT AT 04T T 2838, 7E 0L L ah b, Rk 55 n]
LA 7 1 AT R AR

(1)PFRs (58 M e s ST 2417 PFRs (120558 245 RARE ] T8 2 2 R He e, BOR TR 2
B E5 8 P L A 22, AR v S F R AR E ) 0T, S bRk A 7 S A SR AR IE . BeAh, R 4kl
T 2% 8 Jg 5 M () PFRs Z5F0 1RG0 5 ik, T 32 bR Tl B 72 KK 7 PFRs AR, & PFRs & POPs [
A B B e BIE R AR B

(2)PFRs H1[E[{& X} POPs J EPFRs B 4E il T BRAHF 5% : P2 45 Ja 06 B A5 Tl #iod #2 H 48 PFRs A i
IR SRAA . 4 SR A AL 0] | TRLRE 45 45, AR W) PFRs ] E— 4542 i, POPs, B A & M HE T A FRES KR,
LI EPFRs B 2UA7 76, ARk il 78 PFRs HEMf 2 B 5L Al L, 25 G R B B S B, MR AR T
PFRs X} POPs J EPFRs [ 45 i 57 ik S ML, #5177 7 & AN [8] Tolk 4 # v POPs., EPFRs (1451 % 14 4 1l
HA.

(3)PFRs 5 1 Z Ff POPs 4= iUHLiHI K 5200 R R WF5E: 24/ % POPs (19 [ H &4 LI B9t 86
{1 PCDD/Fs, %I PCNs, PCBs %54 # 70 WF 5%, X Tl #4d F HE il i HoAth A5 AL e A8 4 4 C1-PAHs %8 1 H
A A AL DG T 40, AR T ik — 2B TR A SR ST Z P POPs A= Y [ H AL, 5835 Z 50 POPs K 2K 4L)
WAL 22 A ML S AR R, fRREAN R Tl #7220 POPs RSBl Hy 11 S A AL 2.

(4) BH #i F % PFRs F1 POPs A= 9 b [R] 40 0 5% - Bk . & S, & N 4% POPs FH# 71 %F PFRs /4=
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