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VIR BE Ay A . MM IR B AR S P A R S5 R R, A URMA LY PCDD/Fs e N = & B TR 2R
fI2% (345.02ng-g™) IR TIRSHIFERML (40.18ng-g™) . AINTH (8.13ngg™) FHFK (2.49ng-g7) ,
JEORL Ak B 0] A5 85008 2> PCDD/Fs B =4 5 N IR -4 4 BB A= i PCDD/Fs [R] 22 4 B9 43 A B AR 5 7S
SR ZEFF kN ( HXCDF ) ML EAC 2K 0k ( PeCDF ) Sy —MEIEFEME ) F stk . MM 900 C
F+ 2% 1100 °C B}, PCDD/Fs ¥ £ FI & & ( TEQ) 437> T 59.83% Fil 69.88%; F+Z 1300 C K,
PCDD/Fs ¥ & FITEPE 24 98/ T 11.59% M1 1.21%, 1100 °C L b = 16 ] A 34 Ak PCDD/Fs ¥ 3 R 514 24
B SLRIRE T2 2RI HEIIS (PCDDs ) W4 Sk B HITE 029 ng-g ' LR . B Je =4 b 5] A
0N E 1%, 40 T84 15 H M0 A o PCDD/Fs Y e FE R 75 1 24 vk BE A 38 1 115 %5 A 2.4 4% 5
PCDD/Fs [ &Y FELINEAR AR IFkmg (OCDF) 5-E& M 2RI0km (HpCDF) b3, HkBZ
i FETE 86.01% L. ZSAIFSE Ay St b P A A v MR A< W g A (L B A B 3 S 4.
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Abstract To further investigate the generation characteristics of polychlorinated dibenzo-p-dioxins
and dibenzofurans (PCDD/Fs) in the smelting exhaust gas generated from the import secondary
copper in China, in this paper, a tubular furnace was used to simulate the smelting proess of imported
secondary copper. The effect of raw materials of secondary copper, smelting temperature, and
inclusion contention the concentation of PCDD/Fs, homologous concentration distribution and the
concentration distribution of toxicity equivalency quantity(TEQ) in smelting flue gas were analyzed,
respectively. The results showed that the concentration of PCDD/Fs in the smelting flue gas of

secondary copper from different raw materials was as follows: high content coated enamelled wire
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(337.22 ng'g™") > low content coated enamelled wire (40.18 ng-g™') > copper processing material
(8.13 ng-g™") > copper rice (2.49 ng'g™"). The pretreatment of the raw material of secondary copper
can effectively reduced the generation of PCDD/Fs. The distribution of PCDD/ Fs homologues
produced by secondary copper regeneration with different raw materials is similar. The
hexachlorodibenzofuran (HxCDF) and pentachlorodiphenyl Parafuran (PeCDF) were the major
contributions to dioxin toxicity. With the temperature increased from 900°C to 1100°C, PCDD/Fs
concentration and the TEQ significantly decreased by 59.83% and 69.88%, respectively. At 1300 C,
PCDD/Fs concentration and the TEQ decreased by 11.59% and 1.21%, respectively. High
temperature above 1100 °C could effectively reduce PCDD/ Fs concentration and the TEQ. The
concentration of the PCDDs was lower than 0.29 ng-g™' at all experimental temperatures. With the
inclusion ratio increasing from 0 to 1%, the concentration of PCDD/Fs and the TEQ in the smelting
flue gas of copper processing materials increased by 1.15 times and 2.4 times, respectively. The
octachlorodibenzofuran (OCDF) and heptachlorodibenzofuran (HpCDF) were the main PCDD/Fs
homologues, and the total accounts of those homologues was higher than 86.01%. This systematic
study provides theoretical basis and data support for the emission reduction of dioxins in the flue gas
of the actual secondary copper smelting.

Keywords imported secondary copper, simulation research, PCDD/Fs, temperature, inclusion.

T RV 2 d A S T S e 67, (LR P AR BRI AN S, A R B R R ik — o i A R 20 2,
Sk F0 0P A JEORE 4 B, PR JEURE ) (GBY/T 38471—2019) 7 BB I . FWWERE A e 241y &
w2 A5 TR T M SR AR . 5 A = AR 0 AR AR E, TR AT T 63%—95% R RE IR, U
BT 65%—92% M AR AR HE . SR P AR AR 1 B AR T B S AR 22 AR RO IE S/ R
(PCDD/Fs) ¥~ PCDD/Fs X P45 FlA {4 fidt i H A ™ 8 95 350 L F- A2 40 16 S A < b 7= A= %) PCDD/Fs
MY U (4.2—38.0 ng-g™' TEQ) W Wl (= T4 7 1 # J < b 7 7 42 ) PCDD/Fs 3 7 4 ot vk &
(0.003—1.5 ng-g ™' TEQ) ", HAz ot Yy — BB vk i 15 1 oAt 4 J 1 e R 2 S A 0 JOT 72 A 1) W ik
JEUT 2 Te SEW 438 T 3R 30 ARG A E G HEBCW A ZRES R B, & IR A R AT
A TE e I B g, A RO T 1 7 A RO B TR AR AR VR R AT A R I A R, T
(A 7= A 5 TR RN R B A 3 106 R 05 10 AR A SRR 2 — LRI | BB )2 . )2, e —%
AR IRRL EARIE . BBy . SR, NF T8 M & R BRI A 22 5. 454 (R AR 4
BRI e 22 1 BR A , 7 SCEE s WIF S AS [R) P A A JEORE L 1R e TR R e 2 40 5 8 X6 0 e < P i
AR BRI, DA R SR AR A v R P N A el B (S B S R AR S

1 #MRLE5 7 (Materials and methods)

1.1 SZ50 Uk
TR L P AR A 1 e FE 0 Bk IR AN 3% 1 . DA T PN P A R R Aol s IBGEE TR | LR 2 1
BRI T . HOKR AR R M F o 6 4. o B R0 2 S AR R, 1| SR R 2 i
2%, 2 SEALIRE S 4.5%, HA b sy M) 5% DU 2032 DEAE IO RE 5 P 45 e BUS A e 20 i
JFORE 10 kg, BEREE 1x1 em?® 2 A7 dEATRE4DL S 56G
1 IR EFARE R RR

Table 1 Usage and sources of copper waste in China

JEURIIZS Material type i Eb/% Proportion SRTRSFIE Source or feature
Ha I T4 72.65 POKIEE | 2SI ikl TS
K 12.45 HLZk L B 3R A

Mk 6.82 P P B R B3R 2 T 24 0 22 R B AL HU AR
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JFURLRRZS Material type i F6/% Proportion VR EAFE Source or feature
BALLL 6.52 LIRSS, RIETA IR 2
JKUESR 0.5 ST WEE | TV R

Gaaisl] 0.16 U TR A L B IR
Ml KA 0.06 PETIRAIKAR | Bt Rk i
W KA (%)) 0.53 TRTIRTEKAR | HAGRIRE, B SRS g2
CASEST] 031 V3T B FEAR T R T A0kt

1.2 SLEiETt

S OG R A INAR AR A PR R =B AU (R D) AR SE RS RE A 20 g B AP
R 17 56 A SR T R EL LR, R S T RO e, DROEURE A S A A U,
BB T FRELE ATR A 25, BT AR P AR I SR UG A 3 VA 250 mL H R WO R, Bl HEA
A A PR A T OB IR, DA BRIG RS R R AR B O AR ASLADL AR A v B O R A
PRl ok I A R I ST A SE 6 S B0, DR AR VR R A SR T, R A S AR
20 mL-min™", %4 5250 5 I ] 24 30 min, 6 8 I EE 4391 900 °CL 1100 °C. 1200 °C, 1300 °C. SE46 T
WA 2 FieR.

. R 53 AR
Ventilation part Temperature control part et Gas collecting part
Flowmeter
1 4% Quartz tube
ZREERI RS
S k Dioxin absorption system
G i
mEit Quartz boat Filter
Flowmeter
%
o HRH
O (F O O O | Tube furnace

i
Gas cylinders

B SR KPR N R AR R G R K

Fig.1 Schematic diagram of a laboratory simulation reactor and a collection system

®2 AFHNRLRBGHE

Table 2 experimental design values of different factors

i ‘5 Number FE il Sample 18/ °C Temperature Je 24y HuA5l/% Percentage of inclusions
1 SR LAA 1200 0
2 Bk 1200 0
3 RERE RS 1200 0
25 HEL 1200 0
5 T AF 1200 0.5
6 BT AF 900 1
7 BT AF 1100 1
8 I TAF 1200 1

9 T AL 1300 1
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1.3 FESL AL EE

P S AW % 28 KB, A 5 pLPC,,-PCDD/Fs N 45 (EDF-8999) , fdf i 25 kX8 & &
1—2 mL J& i 2 A R L. E A RERKE 2 gAgNO; FEIR . 4 g BRIERERE . 10 g FRTERENR . Jo/K i
FREN (2—3 cm). 4 g WG ALRERAY B, I 100 mL 1F C % Pk v . 00 o e 4 TR 7% 28 10 2 S i e A v,
FH 150 mL 1F CVGepe M, Pe e e % 258 R A AR B2 v 46 28 1—2 mL, SR 5 el tE AL 40 A L kAT 43 8.
B SR AR 8 g Bt AL AR AN 2—3 om MY TC/K BRBREAHFA L, F 50 mL 1F OV e Wi 2 28 A 5 I AKE
WA e 100 mL 1E C %e+ 5 e (95/5,V/v) Vel oAl AT HILI5 Y LA LBk 2 S8R (PCBs) 458 T4,
PEVR I FE 2 BT 100 mL 0F © ke +— S H %52 (50/50, V/V) e PCDD/Fs, ¥ 1k it 18 e i 26 kA5 &
2 | mL B2 NS, HASUREILE T, A 5 uL®C,-PCDD/Fs W1 (EDF-5999) 5 L HLIAH.
L4 SrHr ik s e il

S H o B AR AT/ 2 3 BB, AR 4 (il Agilent(“Z4E(2) DB-5ms(60 mx0.25 mm i.d.x
0.25 um), FF BRI B, 23 08 4l %075(99.9999% ) ; it i 4 1.2 mL-min !, % FAJr W #E kL (SSL) JF
=, PR 1.2 pL. S AR THEFRF N 160 °C {5435 2 min, LA 7.5 °C-min™' J}3) 220 °C (4E4F 16 min),
FELL S Comin T3 235 C(4E4F 7 min), 55 2L 5 C-min™ F+8] 330 C (4E:F 1 min) . i 4 U h
(PFK) #r 1E AU, 7653 BER KT 10000 1 5544 T 478000, s BE it (ED 2 38 eV, B FiRIRE N
270 °C.

SR VPAR AR LS 06 ) T M, X R S AT 3 AT SE R, SE5G = W PCDD/Fs ¥ B 9 AH XA i
2= (RSD) N 5%—23%, 1€ AT HE 2 Ju [ PN, 088 A 140 S 06 F oy 25 B b 24 I A B AE S EE E 3 IR SE
46, B Y TR 2RISR S I I e 4 . BB = v PCDD/Fs IR Y [BLICRTE 70%—130% =2 J8], 15 /&
#E(HI77.2—2008 ) Ffr ZWEHE AT 5 14 o et 42 1) 0 0T et R IE. SR DA S 1 28 B ) 02 500 , i A R 5
IS S5, BT A 45 FLRE S o PCDD/Fs (15 34K F RO =W 14 0.5%, BRI AR 52 56 BF 5 A5 400 7= 40
1 PCDD/Fs 9k BE A $11BR 25 1 SE B0 .

2 R 530G (Results and discussion)

2.1 AS[RJEUARE R S A il ) 5 0

TE 1200 °C SCHGREE | AN INIe A LB 200, AR Hm T8 . 1 S a g 2 SR ms
g JERLBEATRLLA 1, AT JFURE R PCDD/Fs ¥ & . PCDFs/PCDDs H A K B 1 24 e v 8 it 52 56 45 S 4
%3 R,

%3 AFJEFE T PCDD/Fs # i . PCDFs/PCDDs HAH K 3P 24 ik JiE
Table 3 PCDD/Fs concentration, PCDFs/PCDDs ratio and toxic equivalent quantity under different raw materials

J7 I Raw material
S ¥ Characteristics HES B Tk 15k 2L
Copper particles Copper processed material Low content enameled wire  High content enameled wire
PCDDs/(ng-g™") 0.18 0.56 1.74 8.26
PCDFs/(ng-'g™) 232 7.57 38.44 336.76
PCDFs/PCDDs 13.24 13.52 22.17 40.75
TIE SR/ (ng g ) 2.49 8.13 40.18 345.02
TS S AR Y e
(ng-g")TEQ 0.055 0.060 0.293 3.055

i 3 E [ LIE i, PCDFs/PCDDs B{EIAIE KT 1, o T W85 Sk G B s g 54 ) 145 i PCDFs!'),
ot B F A R v B e v S Y A LB F2 B LMK A R . PCDD/Fs ¥R B RT3 24 1 M s BIIRAK
YO 2 SR 1 Sk, 4 TAH K, Horp PCDD/Fs #7014 345.02, 40.18, 8.13,2.49ng-g .
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VR AL 2R I 4 2R U 2 R P AR ) R EORVR, AR R TE SR T AR T 2 R, Potter SR &
SRR TN KA Y 262 551, Wang 5PV 45 i) PCDD/Fs Wk i 5 @00 % % & A AR OCHE:. K4t
Meng % BF 57 42 J& ALY AL ) %) PCDD M Sk iR A Hh & B CuCly, B9 P R 5k B A4 & 3
Pagh FoRE Y S0 & i 0.04% 14 % 0.06% I, PCDD/Fs Sk B M 0.55 ng-m™ 42 55 51 0.82 ng'm >, %)
Wi B &R X PCDD/Fs A= BT 252 M. AN T AP M3 T AR e 22 & i &, Je =2 b i il . G005
J& PCDD/Fs % UMY DGR BRI R 24250, e LA I T 44 v () PCDD/Fs #k B B2 gt B8R, i b o] 60 ot
e = () FRIA B RN 4 25 % 2 1) 25 B, PTR80S PCDD/Fs BRI

) ECRRG B ST 17 FhoAT B 751 24 A9 PCDD/Fs [7) 22 Wk B rh 181 2 Fros. i 181 2 o], 4 Fh
J5 K} PCDD/Fs 57 14 142 ¢ B2 d oK 19 1 R /AR Z 28 3 ki (OCDF ), HC ik B AR WK A Wk BE AR IR
279.93. 33.43, 6.08. 1.68 ng-g™';s HYR A 1,2,3,4,6,7,8-HpCDF, ¥ FEH K Ky 33.82. 2.62. 0.889. 0.296 ng-g ™.
Hung 555 R G0AEC ZE4R G R R FRA A 60 4 v R A0 3 T 0 0 ) g S P AR I VR 3 e &2
4 1,2,3,4,6,7,8-HpCDF Hl OCDF, 5 A 5 45 S AR Bl ALk rh 45 S ) A Uk 85 34) g T JHL Al 79 o ket
TERK . AN A A 1 S 3 ZaE b, 28 281 g% (PCDD) [A] &9 A N R TF
—IEHE(OCDD) Al 1,2,3,4,6,7,8-HpCDD % Jif.

290
47 >k Copper particles

JI T A#Copper processed material EI
270 k=

o 18-% 4 Low content enameled wire

280

28 %% High content enameled wire

34 -

Concentration/(ng-g”)

B2 AREEEE 17 MA IEGREE 5 5 1 PCDD/Fs [F] R 97

Fig.2 Concentrations of 17 PCDD/Fs isomers with definite toxic equivalent under different raw materials

AN TR JEARR G R S rf A i PCDD/Fs [R) 3 00 B 1 43 B S bE 2 o 1 40 08D 3 T, 4 B ERL A
i, PCDD/Fs [R] & 91434 HAA ALY, B Heid #2 5 PCDD/Fs 925 sUHLEE 2 AH LAY, PCDD/Fs Ji vk
JEE 1 S D v EAR R IR e ok 2, e NG R IR KR (OCDF) (f [ 67.46%—83.21%, £ &M
Ik IR (HpCDF) 5 [t 8.31%—13.48%. 7K &S B AU & BAE i A 52 90 i B S8 A0 i 1k A i — g e
f) 5 PCDFs ¥4 KT PCDDs, 5458 45 AR BLAk, A A JOBHG B0 < Az i PCDD/Fs 198814 XY &
PCDFs(92.05%) i K F PCDDs(7.95%) , i L7548 2% 3 vk g ( HXCDF) 1 #1058 A8 2% I 0k g
(PeCDF) Jy =, P 2 X B3 M 10 DTk R 2 Fl143- 01k 58.58%. 49.72% . 71.36% . 68.43%.
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9 9
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Qz} & &
K P
&P 5 «2»\%

3 AR L PCDD/Fs [/) 2 40k B2 (a) FIEEME 2 45t (b) 71 705
Fig.3 Percentage of concentration(a) and toxic equivalent(b) of PCDD/Fs homologues generated from different raw materials
2.2 AN EE X REHE A B A S )
R RN NE AR Y BN R S5 S ARG R T 2 Ris TR, B 900—1300 °C Z [H] 4 4>

TR A, DA TR Ry S5O 22 B e A2 Wy BEA T BN G R 2 36 AN [T 1 el Jin A4 16 48 < rf PCDD/F's
(1 SV B . PCDFs/PCDDs ¥} B L1 J2 751 2 i e 40 5% 4 7. i 36 4 AT, 2% SE S8R B2 T, PCDDs (19
A E I TE 0.29 ng-g ' LR, H PCDFs/PCDDs #4378 KT 1, M8 b I3 9 A AL BEAR SR LA Sk &
R . BEAE 1R R EE 9 T R, S0 PCDD/Fs 1Y BT i 2 A 10.53 ng-g ' FEAIRE)] 3.01 ng-g ', B4 i
WP 0.083 ng-g ' TEQ F#MIF 0.024 ng-g 'TEQ. X 7] A& Hh TRl 2 T ima J5UR AT B 3 it EAIG, 30
J T WESE B HIT KA /L, (M P PCDD/Fs B BE R ARG, 243 HE DA 900 °C 3 1% 1100 °C I5f, PCDD/Fs
e AR 24 5 (TEQ) 430D T 59.83% Fl1 69.88%; 1100 °C 34 i %] 1300 °C [, PCDD/Fs ¢ i Fl 7
25 (TEQ) LA 2> T 11.59% H1 1.21%. iX Al G fH F IR i 1000 C B} )5, PCDD/Fs H 8 E i =
) C—C s W%, M52 PCDD/Fs Kt 3 fiff 7). K B i 45 08 726 4 w4 b B 7 ORI BiF 9 v
B, YRR L 1000 C 1 KK Y PCDD/Fs JLF-58 42 73 fiff s S G Ll © 2% B 24 i KU il B2 ol 1350—
1500 °C i}, "®KH ) PCDD/Fs #7317 99.9% LA b FIMEE & B EE I 1000 °C FHE5 %] 1100 °C B, 38
IR 3 BRI 28 B A M0 < PBDD/Fs AR S M 1.647 ng-g ™' F&°4 0.047 ng-g™', 5ABIIT 4516+

# 4 RFEEEF PCDD/Fs B & . PCDFs/PCDDs ¥ i tb X% B3 1 4 i vk E

Table 4 Total PCDD/Fs concentration, PCDFs/PCDDs concentration ratio and toxic

equivalent quantity concentration at different temperatures

“ i3 /°C Temperature
Z % Characteristics

900 1100 1200 1300
PCDDs/(ng'g™") 0.21 0.17 0.07 0.29
PCDFs/(ng-g™) 10.32 4.06 3.51 2.73
PCDFs/PCDDs 49.14 24.62 50.14 9.41

YL SR/ (ng-g ) 10.53 423 3.58 3.01

S SR R/ (ng g ) TEQ 0.083 0.025 0.019 0.024

AR T SN TR B R 17 Rl B B R 4 5k 9 PCDD/Fs [ SR Y)W 141 4 BT, 4
JEE A 900 °C 3 /% 1300 °C i, OCDF ¥ i M 8.60 ng-g' F[# = 2.14 ng-g”', 1,2,3,4,6,7,8-HpCDF ¥k &
M 0.94 ng-gt W/NE 0.37 ngrg !, FMIRIE T4 1 LA ROBE R SR PCDFs (50, 50 o T 7 8
A P A B B — WS R R B U5 52 4 A — SR, 1T M Sk 5 1 PCDD/Fs A IR s FL i
SEANAE S S IR BT A T B SRS, A v SR A A B W BE AR, AR Sy i 2 o fe DA TG 7 — i
B A B P AN RIR T, AN TR HRE R 2 W AR RS (PCDD) Al R 4 h A VA
ZIf " WEYL(OCDD) Al 1,2,3,4,6,7,8-HpCDD 4 JilZ.
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9 —
L :
6 L 1100 °C

99729777 .
s eEE v

1300 C

4
3

Concentration/(ng-g™)

B4 AFEEEET 17 M Ba6 1 2 & 6 PCDD/Fs [7] ik &

Fig.4 Concentrations of 17 PCDD/Fs isomers with definite toxic equivalent at different temperatures
AN 5] il BE R B i A R AR A PCDD/Fs [R) 2 W9k B 7 70 B0 25 1 24 1 1 0 20 i 5 B . i
1 PCDD/Fs [f] 22 41 20 i 3222 LA s s AR e o 32, Hrh /A SR 1wk il (OCDF) /5 1L 71.05%—
82.11%, L5 =231k (HpCDF) 15 [ 12.04%—15.01%. Wang Z507 ZE A58 M0 0 %oF LA Sl v 4 A=
i, PCDD/Fs 14 5% i v & B1L, S5 R ¥~ OCDF. HpCDF #1 OCDD (1) i . F1 5 PCDD/Fs i & 1Y 98%
DL b, 5AWT 45 RAH{L. PCDD/Fs [6] 22 ) 58P 24 B 1Y DTk 32 22 S R 285wkl (HXCDF) AL 54

PRI TFf ki (HpCDF ), W4 35 X 58 1 1 STk Z RT3 518 61.23% ., 75.87%. 84.25%. 53.36%.

100 - 5 5! B 100
%55, 995525525
%A £959525%%
SRA PRRRRRRARR
994, 992925%%
%55, 595525595
4
992, £959525%%
%55, 595555525
4
80 S B 80 |
4
s m HxCDF
PRRRRRRARR,
655545955
: 655544955 PeCDF
1999 V4
N 60 %955, 4955555555 A S 60 /) TeCDF
= asood B E|
S i Booa g OCDD
2 4 4 -8
S 0595555552 059955552 S Ry
g i g 8 HpcDD
= 0595959545 0995959544, =
= 0555555552 0595555555 o
4
40 asood B 40 -
SRR 0400492499
092522545 0992909029,
25952555%% 0999929049,
0595555555 0995555554,
092522245 0920209029,
2595955555 0995909042
8555595555 0595595554 ‘:I TeCDD
0595555554 0595555555 S
2222222222 0292909992, N
20 2222222222 025295592 20 \ HpCDF
Q 1222524222 o AN p
N [5%9%3
\ O k224 OCDF
0 1 s 0 : 2 J
900 C 1100 C 1200 C 1300 C 900 C 1100 'C 1200 C 1300 °C

5 R[AR R 2E i PCDD/Fs [a] & 9k B2 (a) FIEEE 2 B (b) 7 704K
Fig.5 Percentage of concentration(a)and toxic equivalent(b) of PCDD/Fs homologues generated at different temperatures
2.3 AN[E LA e 2 hk — WS AR B 5
BBk AR R T A AL RET A iR B T A E R, G Jm S AL W) X PCDD/Fs A=
R AR HIIF 3 S, SR 2 © AN i L P 19 PCDD/Fs A= A AR B, X JsURE b e 2y it A7
XRF 5347, S50 n i, 2k BRI IT R 405 15 H 43.53%. 5.91%. 0.97% Fl 1.19%. 7 1200 C S50 iR
JETR, AR AN AL SR JEORE, 23 301450 0, 0.5%. 1% 143 28 W AT Bl k. A TR] el Sk 2, i T
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MG H A PCDD/Fs Y B & . PCDFs/PCDDs i} i b S 35 Pk 24 Je vk B W35 5 s, BliE e 249 e
BN 0 5 E] 1%, M8 PCDD/Fs e B FEE M 2 5 v B2 43 038 T 1.15 £5 #1 2.4 £%, PCDD/Fs i
5 e e & B L IE MO B HEST £ &5 PCDD/Fs 4 AE J i 5 1E A 509, Sle ) v ity S 05 0 1ot
R[AA VY 7 FIE AR EOR . 2 ER IR AR ZIERCRT IR 1, #E 17 523 PCDD/Fs 1Y BE 38 0. b
Je ey eI 22, 28 Z R Ik S (PCDFs) f= A it K T 2 8 R JF 925 (PCDDs) = A dit, iX 5
Everaert 2607 & BUTEAR IR L T S & 4 in 5675 FF PCDFs A A &5 1S A

x5 AFHHBIIEZY T PCDD/Fs i Bk & . PCDFs/PCDDs ¥ B bk J B4 24 1 ik 4

Table 5 Total PCDD/Fs concentration, PCDFs/PCDDs concentration ratio and toxigenic equivalent
quantity concentration under different proportion of inclusions

Je 44 L5 Inclusion proportion

2§ Characteristics

0 0.5% 1%
PCDDs/(ng'g ") 0.44 0.67 1.44
PCDFs/(ng'g™) 6.58 10.66 13.63
PCDFs/PCDDs 14.95 15.91 9.46
B R E/ (ng g ) 7.02 11.33 15.07
ZIEHE MM ik (ng-g ) TEQ 0.035 0.095 0.119

AN TR e Zi2 Wy Lo A5 A TR KR A 17 B W R B2 14 5 1 i PCDD/Fs [R] 2 9k B 5] 6 Jie
7. BB 6 AL Je 281 H 4]k 0. 0.5% F1 1% i, PCDD/Fs S k4Kt OCDF [19%¢ B i K, 43 91K 5.92,
8.69. 10.70ng g™, H¥KH 1,2,3,4,6,7,8-HpCDF, HYK L5358 0.425. 1.145, 1.825ng-g™!, OCDF #11,2,3,4,6,
7,8-HpCDF ¥ Ji£ 55 Je 2+ W) LU 49 522 TEAHOC. BEE Je 22 A 0 3% in % 1%, OCDD. 1,2,3,4,6,7,8-HpCDF ., F
OCDF ¥ B 43 B3 HN T 1.59. 3.30. 0.81 1%, W Jsikk v G 5% 48 i 2 5 80w & A PCDD/Fs 19 HE ik
T3 N, Hatanaka 55 5% 76 (o A ADLI Ab R 5 07 2 14047 308 T o7 390 3 958 S5 6 b J 300, 95 o 4 Ak ) 2 314
PCDFs 5 i, I B oy i g SR R R FE RS AR 22 W Eu T, B Tah e i b 2 =
A JF ZWESE (PCDD) [a] & A /NG 45T ZEYE (OCDD) 1 1,2,3,4,6,7,8-HpCDD A Ji.

o 0%
0.5%

AARAAR Y
1%

Concentration/(ng-g™")

B 6 ANEJIWLBEIT 17 Fia B Y & 1) PCDD/Fs [6] & ¥k &

Fig.6 Concentrations of 17 PCDD/Fs isomers with definite toxic equivalent in different inclusion ratios
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AN TR e Z2 9y L A5 T 4 in T 44 PCDD/Fs [R] & W)k B 43 BOM B M > 15 A 20 BCan 18 7 iz . 16 1
. PCDD/Fs 1 [F) & W 20 1 3 22 DA ey EAR 28 kg g o 3=, NG 28 5F Wk (OCDF) AL 4
R 2K Ik M (HpCDF ) ¥R & 2 Fil (5 FUTE 86.06% LA L. Bifi 5 I 229 Le 4938 K, OCDF (& Fbidi b, Kk A
84.32%. 76.70%. 71.05%; HpCDF 119 (5 FL34 I, KUK 6.06% . 12.22%. 15.01%. [7] R P35k 2 &t 1 v ik
F % & OCDF. HpCDF Hl 7N &A% — 48 Ik il (HxCDF) . Fifi %5 3¢ 2% 9y L 01 385 K, DU 48040 = 2 3wk il
(TCDF) 8 & 7 i)y, £ S 28F g9 (HpCDD) B 2 & Hh3E K.

100 7 100~
Lo
04000002424
8o} - sof \ —
[222Y PeCDF
N N /7] TeCDF
S 60 S 60 |:‘ OCDD
= = T
g 2 & HpCDD
= 40+ = 40k HxCDD
PeCDD
TeCDD
20}k 20+ NN HpCDF
OCDF
0 ‘ | 0 B i |
0 0.5% 1% 0 0.5% 1%

B 7 A A2 4 i PCDD/Fs [8] 2 40 B2 (a) FEEME 2 5t (b) 71 404K

Fig.7 Percentage of concentration(a)and toxic equivalent(b) of PCDD/Fs homologues generated in different inclusion ratios

3 4518 (Conclusion)

(1) SEBAMR, AN R AN [R) v BRI B TS [R] e 22 ) LU ) 35 AN el A8 DA Sk A B I A 32 B2 4L
PHAE Bl . A E TR RV S ERE A A AR A3k s JRURE R Y e 2, AT JEORE T AR
FE LA SRR TR 2, R IR B HIAE 1100 °C DAL,

(2) ATa] R 8 PCDD/Fs 1 60 B FLEVEE R 2 i AR B/IMKIR R 2 S gk L 1 SRk,
Hal i TAF L K, Hodr 2 5 0 28 PCDD/Fs 11 5 e B K 75 P 24t e 3 328 1 L Ath Rk o ol D sk
PCDD/Fs 5 ¥4 4 ¥ [ 43 4 1% & 2 A AH AL P, 2 % L HpCDF A1 OCDF & &£ . /< &A% — 2% JF ok i
(HxCDF) Fl 18 2 -0k il (PeCDF) g — W FEPE 19 3 2 Tk

(3)SZE IR EE M 900 °C FHiErF] 1100 °C 1, 4 i T b4 v 5 40 S b A2 A PCDD/Fs 9 8 A i 3 24
AR T 59.83% 1 69.88%; M 1100 °C FH %] 1300 °C i, PCDD/Fs ¥ & FlE B 1 24 5 4 51k
T 11.59% F11.21%, 1100 °C LA_L 15 AT A5 8% %I PCDD/Fs ¥k B FN 8¢ 14 X4 . PCDD/Fs [f] &) 32
X OCDF 1 HpCDF & 3, W& HeBE 2 il 5 1 86.06% LA |5 3P 244 5 i KR4 HxCDF.

(4) PCDD/Fs ¥ & Fifi fi i T 6% JrUR} Hh 3¢ 249 5 1 3% 2217 3% K, PCDD/F's [R] 4 32 22 DA v AR oK
FEwkmg Ik 32 Bl e 42 HUABI A 0 14 % 1%, OCDD., 1,2,3,4,6,7,8-HpCDF H1 OCDF [ & 43 5| 4
BT 1.59. 3.30. 0.81 1%, PCDD/Fs [F] &4+ OCDF ¥ J¥ /5 He iz #isi /b, HpCDF ¥ JiE 7 He iz s ok, i
BB Z G AR 86.06% L L.
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