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Emission of PCDD/Fs from Crematories and Its Influencing Factors
YIN Wen-hua, YU Xiao-wei, HAN Jing-lei” , FENG Gui-xian, FU Jian-ping, YANG Yan-yan, JU Yong-ming,
ZHANG Su-kun

(South China Institute of Environmental Sciences ,Ministry of Environmental Protection, Guangzhou 510655, China)

Abstract: To analysis the influencing factors for the emssions of polychlorinated dibenzo-p-dioxins and dibenzofurans ( PCDD/Fs) as
structure of crematory, air pollution control device ( APCD) and funeral objects, etc, we collected and measured the PCDD/Fs
emissions in flue gas from 13 crematories in China. Then we proposed some supervision suggestions on measures of pollution control and
management. The results indicated that the emission levels of PCDD/Fs (as the toxic equivalent concentration, TEQ) was ranged in a
large gap from 0. 027 to 15. 8 ng-m | and the average was 3.2 ng-m . Emissions factor of PCDD/Fs (as TEQ) from 13 crematories
varied between 45.9 and 22 236 ng-body ™' ,and the average was 4 738 ng-body ~'. The emissions of PCDD/Fs from flat incinerators
were generally lower, whereas higher ratio up to the national discharge standard, than that of car type incinerators. Congener
distribution of PCDD/Fs in flue gas from 13 crematories were different from each other. Since the emission of PCDD/Fs from some
crematories remains in high level, it is necessary to control pollution from the source, improve the pollution control technology, and
strengthen government supervision, by following measures; 11 cremating funeral objects separately from corpse; 22 adding one
secondary chamber to one main chamber; 33 installing the bag filter system with activated carbon injection.

Key words : crematory; PCDD/Fs; emission; influence factor; supervision suggestion
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SR FZ 5 K AR LTS e HE A L

1 #MeEFZE

L1 FEACREE

AT REE 13 5 KAPLIE 16 NSRS, B
BRIV A O S T SE T, BT FH A 220 A B N a1k

FE RS 1 TR SR B A AR 3 K AT
I, B MR kA e R g . kAT T 29 30 ~ 60
min. % JEF AR R FR I RAIE R = 1Y
SRR, SRR R 3 Hast IR 4 22 kb ad AR
SRAERT  ICSEAEA AW | M| BEZES, | A
Jit FNAT oA AR S HEAE B

FE R T AR A5 2 AR AR e 2
FR0 2 (] 57 38 s 88 e 4 B ASOR €80 - e 0 T
) (H) 77.2-2008) #E47, R & 3 R AL SR
FEFTLE BT AE T a8 IRAE AR, SR A A T4 11
HER.
1.2 KA ATANEE

T T2 FHZ BFFAS i FH 300 mL I 2E2% FC A4 24 h
JeE s 2 2 mL, Ve BEK FHILAARTR 209% i — 4 Bk
AR 3 Wk e 5 5 RS A 01, FHIE C e Br
PEFIFEIR AT E 1 mL; INACHRIC I E L AR, 1T
ZBE A (N 2B R JG/K Na,SO, ., 40 ¢
40% FRVERERL . 3 ¢ TYEREIR . 4 ¢ 33% BTERERS | 3
g PMERERE . 3 g PERALAR . 1 g IR B AEEE £

JC/K Na,S0,) , i #ERT ] 80 mL 1E C BTk, 4t
JEARUH 120 mL IEC 4% | 30 mL IEC ke S P e
RAW(95:5 KT L) ke L Br T4E497, F 100 mL
T BEVEE PCDD/Fs, ¥4 2 50 L 5 A "Chx
ICRHERE R, AR 5T
1.3 (U5

% Fl HRGC/HRMS ( Agilent 6890N . Waters
AutoSpec Premier) B¢ FH 20 M A 43 8T, 43 O 4 Fl &%
A SCRR[ 20 ~22 1 ik,
1.4 Frat il Bt s

K FHUC IR 28 PN bR 8 A 32 60 R o 1E AT
i, FESLCREE AR KGR R 70% ~110% , ¥ AL P b
IR K 55% ~ 111% . 3842 AR ZS [ R
BRI HANT 67.0% ~106. 7% F166. 1% ~108. 6% .

2 RS

KABHUIE A P e H il e 72

KACHLIHS PCDD/Fs 43 R L3 1. rbrm]
UL, PCDD/Fs i it ¥ BE 5 Bl 24 0.65 ~ 415.2
ng-m " FHI{E K 48. 7 ng-m *[273.15 K, 101. 325
kPa, ¢(0,) N 11% T W58, B 3CA ], #rE Y a5
W JE B Mg 0.027 ~ 15.8 ng-m , FH{H N 3.2
ng-m . S5EPNFI2001 4 H AR AL R4, mAK
FHE AR, W 2. HEFEENRE, Tk
RIS Ry T T2 AR A HER, 5 B4 I Y
FoT A E S A R, R T 20% ,
JEEA RN B 5 (R RE AR B I AH X — 3B 40 & 13 K
FEHLIRERAR.

R ) G b o R v =X R A B R S5 B ) HE
JCFRAEY (GB 13801-2009 ) , AHF 5% H 43. 8% MU FE
SR B — AR UE (0.5 ng-m ™) ,62.5% ik 3| 9%
FR#E (1.0 ng-m ) ,25.0% ## 1t = Y Fr (2.0
ng-m ) #Y 3 F5LLE AR IR bR R B
TH K.

2.1

#£1 NWES$ PCDD/Fs iRERZW YL ERE
Table 1  Total concentrations and TEQ concentration of PCDDs/Fs from crematories
Jprl T H )
1 2 3 4 5 6 7 8
WL /ng-m 9.0 1.3 6.01 165.2 91.1 415.2 2.4 4.6
KA I-TEQ/ng+m 3 1.2 0.027 0.92 10. 4 7.5 15.8 0.41 0. 69
R/ % 17.7 16. 8 16. 1 20.3 20.5 19.2 18. 4 18.3
pow W ik
9 10 11 12 13 14 15 16
YW E/ng-m =3 8.2 3.3 1.4 5.8 50.2 2.6 0. 65 12.3
AR I-TEQ/ng+m 3 0.81 0.27 0.24 0.48 10. 4 0.19 0.11 1.3
R % 15.5 18.5 11.5 17.0 19.3 20.7 19.2 15.3
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Table 2 Summary of data concerning flue gas emissions of PCDD/F's
from crematories in different countries and regions
. HER e /ng o m 3 FE YT /ngom ~? i . .
AEALN =] EL AN 3 i
[E /i IX )y S e S Wi FE S ECER/A Bk ik
2006 89 ~350 236 1.5~5.4 3.5 3 [13]
2009 9.2 ~120 33.9 1.0~8.1 4.1 6 [14]
EPN T 2012 9.86 ~428.6 / 0.16 ~6.03 / 11 ©(0,) 11% [23]
2013 52.0~333.0 112.5 0.28 ~5.14 2.4 10 [12]
2012 ~2014  0.65 ~415.2 48.7 0.027 ~15.8 3.2 16 ENI T
2003 3.93 ~5.78 4.85 0.322 ~2.36 1.3 2 [19]
hE AT 2006 / / / 3.00 3 ©(0,)11% [24]
2011 / / / 0.139 1 [25]
2000 2.2 ~290 47.7 0.0099 ~6.5 0.9 10 ©(0,) 12% [15]
) TREYCH TRE Yk
H A 2001 4.9 ~1200 120 0.064 ~24 2.4 17 L 00, ) [16]
2014 4.2 ~540 46.0 0.000 053 ~ 11 0.8 14 12% [17]
Bl 1996 / / 46 / / ¢(0,) 11% [8]
s 1993 / / 8 / / [10]
2002 / / 0.24,3.71 1.98 2 / [11]
2.2 KRARHUIEAS H g A A R AE
ARHFFE T 3 W53 4 (PCA) X A3 BE i o .l
PCDD/Fs W S A K 23 A1 A7 43 B, A [RIFE & b iy o6l
PCDD/Fs 7] LA 43 1(80.5% ) FIALS> 2(12.7% ) ‘
KA 93. 2% AR RLE . A1 AT 7, &
9, 14 F1 15 5 # &, H PCDD/Fs 41 i 4F ik N S o0
2,3,7,8-TCDD (5 I ik %1 30.0% LA I, & F 8 1k &
2,3,4,7,8-PeCDF 5 11, Joh 7. 14 F115 5 on -
REZE S K AL IR FES. A 2 B EFRIE N ol
2,3,4,7,8-PeCDFX} 257 M 24 & v & 10 o ik HL A 4 l . l J l
X, 20 27.9% ~47.9% , 17575 1R W 3B v HE 0 02 04 0.6 08 1.0

JICRFAE 202 S E SRR R P A, i H
AR E A LI2,3,7,8-TCDF B A BTk i K.
A3 AARBET 2 M6 SRS, B R
2,3,4,6,7,8-HxCDF (i L3 17% ,PCDFs/PCDDs Lt
B8 5.7 13,3, oAb By A3 A S B LU AELZ9 R 1.5 ~
3.1. 16 MESKES B PCDD/Fs B 20 Aii BRAE FEAE 22
S, R A Rp e —20 40T HEMAIT F , PCDD/Fs 1)
EEEE[/J\ Denovo M%/ﬁ\ﬁfi@yﬂjﬁ:12,14,15,19,29~31] . [7§]
1 BRT 2 AFEHE T
2.3 RIS YL R R AT
2.3.1  kAbpLZER

£ A PCDD/ Fs BEPE S iR BEYE I 0. 027 ~
15.8 ng-m_3 ,%i’a{ﬁﬁ 4.6 1r1g-rn_3 ,/ﬁ\:qj 2 SRk E
K 0. 027 ng-m 7, HABYY K F 0.4 ng-m ™ ; FH
§* PCDD/Fs 2 T 24 & W B3 B2 0. 11 ~ 10. 4
ng-m " SEHEHN 1.7 ng-m . T A

431 (80.5%)

1 NHRS PCDD/Fs £ 5 EF
(PC1 #1 PC2) 4>tk i

Fig. 1 Principal components (PCl and PC2) analysis

loading plot for PCDD/F's from crematories

BRSPS G h (KK B ) S8 PCDD/Fs B
PEMBWE N 0.3 ~6.4 ngem ™ Al 1.0 ~ 8.1
ng-m " Y{ES 34 3.0 ng-m 7 F1 4.0 ng-m ¥
PLal SR A 58 B SR 4% B R4 76 e AT, LI 2.
SRTIT S, SEARY PCDD/ Fs HERIE 0 486 %
B, 3T REBR B 25 44 A Ak O A 6L SRR
PR EL AR SE 5 TORE B IBUR 97 R BE AR AN K
TG IR A B LK AL 58 58 5 IR K R BBUR SR ) o5
KRR KALT —HL 3RS BRI B B, b R
MBS T 200 ~400°C Z 8], 41 PCDD/Fs %5 % TR
SUN Rl e ol AN C T ) 5 e £ R =¥ AV (A i 41
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Fig. 2 Toxic equivalent concentration of PCDD/Fs

I A

in flue gas from two kinds of incinerator

B8R, PCDD/Fs HERCHR BEBRAG; Sy iR & T
800°C B, e i B b R ARG PRI b A AR R ARG 3 T
JEIU ) BRA A CRASFR e L E |, R A 1445 B 1]
KT 2 s, IR R, 7T LSS e ek be , &
IRFNFE PR Sk gz PCDD/Fs A2 A H Y.
2.3.2 HRTAE

3 A A ARG A A BT T KRR, R
B Py A KA HLAE B s R Az AT R ™ T H A )
e A R DA R AR BRI, 2
15 R [R — G0 SRR, 2 S5 e RERT L 1
SEMWIFET T M= (WK 3),2 % PCDD/Fs
BEYMEWERERE 1 5 2.3%, hfE—KF 0.1
ngem " PURES . BT UL FE KA A G
I Z A RESTTREA BB PCDD/Fs HEBOK
A RTNRIRRFE 25381

Fx3 AU TIRSHE

Table 3 Operational parameters of crematories

Al =2 FpEE C MAFE/m  IWRIRE/C IR Bifi 35 i
1 750 5.5 102 IKFERRAE () LY
2 750/ KR IREE 850 5.5 61.5 T
3 850 12 130 L% + BEXBRA + M48ERA(d) &Y
Il 4 750 ~ 800 12 96.8 IKEEBRA ()
5 400 ~500 10 120 IKFEBRAE + BLE (b)
6 600 3 78 P K AR DA B (b) &Yy
7 750 3 80 IR + T AR + T TER (¢) ¥
8 780 5 120 208 + KRR + BEXBRA () AR
9 985 5 137 IRFEBRAE + HE AR (b)
10 850 5.5 113 IKFEBRA () &Y
11 850 7 42 WS + A ASBRA + TR (¢)
P 12 800 ~ 850 10 80
13 700 ~ 800 15 72 IRFEBRAY + T48BRZAE (b) AT A
14 15 70 T
15 15 66 IR + T AR + T TEIR (¢) ¥
16 850 ~ 1000 11 45 IR + BB + A 48BR2AE (b) AL

1) AL PRI R 32

2.3.3 MR IEIE

R B PCDD/ Fs 1945 ] 32 0 3 ok /b
TSk 5 Y IR R S A B 35 it ) 25 PR SR R S
BRI AE ) 2 PR K % I s A0 Sty i D g 3o T A
FOE R 2R 28 4 M0 <. PCDD/Fs Y 25 B 4% R fik ik 2]
85% Lk b, EIWBIFSE R, A1 4 BR 20 25 I 7k e 21
B RER T 22 B KA PCDD/Fs > Ai4%
Bz x H A KALHLIE S h PCDD/Fs BRI A
58% ~70% "7

13 5 AR BE & 19 0 A4k B 35 it 4% 3% 3 i
RO RIUKFERR A (a) L AKEEBRZAE A E (b) | fid%
BRAFEPER N F (c) . AW TN (),

PCDD/Fs Bk 4 5 v B I 5 B HE PRI A a > b
>d>c, G 3. Z5RFNT, A48 ER 2D &5 FE Pk e
Rk B KA T PCDD/Fs , 5 [ Y AF 58 45 541
{u[m}.
2.3.4 FfiFES

FEIB AR KA R B ZE L 5 AT &
PPURFR R R T 0. F A LT AR Tt gk e
OISR EN ) A 0 NI B R N T N S ol Y S =
L IR BRI YL [ P A A B ek A BN
TR FF R ) T4 8 A TN B 28 & o TF Kofk, B F AR
WHBCK BEFE S 7 ab B

M T4 B TR, 3T % B K B R, (R FE %)
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Fig. 3 Relationship of air pollution control device and the toxic

equivalent concentration of PCDD/Fs in flue gas

—4H A | TobEZE S H A SR AN AR B[R] — 5P Al
THSHRE S B 13 F1 14 5, 45 B & B 5 3% PCDD/Fs
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