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Abstract:

[Background] Waste incineration power generation is a main municipal waste disposal method,
but it also releases dioxins into the air, which can directly enter respiratory system and produce
adverse health effects.

[Objective] Passive sampling technique is used to obtain the concentration, pollution
characteristics, and seasonal changes of polychlorinated dibenzo-p-dioxins/furans (PCDD/Fs) in
the atmosphere around a municipal solid waste incinerator (MSWI) in Shanghai, and to assess
the exposure levels of PCDD/Fs in surrounding population.

[Methods] The atmospheric samples were collected every month in 2017 using passive sampling
technique from two sampling sites, 950 m (northwest, site A) and 700 m (southeast, site B)
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downwind of the MSWI in Shanghai. Seventeen kinds of 2, 3, 7, 8 substituted PCDD/Fs in the atmosphere were analyzed to compare the
seasonal variation and composition characteristics of the homologues. Principal component analysis was applied for source identification
of PCDD/fs in the ambient atmosphere around the MWSI. According to the atmospheric concentration data, the PCDD/Fs inhalation
exposure levels of the surrounding population were calculated.

[Results] The mean concentrations (ranges) of PCDD/Fs in the atmosphere around the MSWI in Shanghai were 1.23 (0.378-2.49) pg/m?
(Site A) and 1.37(0.487-3.36) pg/m? (Site B), respectively; the toxic equivalent quantity (TEQ) concentration ranges (means) were 30.9-195
(113)fg WHO-TEQ/m? (Site A) and 43.2-409 (119) fg WHO-TEQ/m? (Site B), respectively. The results of source identification showed that
the main sources of PCDD/Fs in the atmosphere of the study area were waste incineration and traffic pollution. The PCDD/Fs inhalation
exposure level for surrounding adults was in the range of 9.16-39.1fg WHO-TEQ/(kg-d), and the level for surrounding children was in the
range of 18.5-79.0fg WHO-TEQ/(kg-d).

[Conclusion] The concentration of PCDD/Fs in atmosphere (passive sampling) around the MSWI in Shanghai is slightly higher than that
(passive sampling) in the background area of Shanghai. PCDD/Fs in the atmosphere of the study area are probably released from waste
incineration and traffic pollution. The PCDD/Fs inhalation exposure levels for surrounding adults and children are all below 10% of the

acceptable daily intake amount.

Keywords: dioxins; passive sampling; waste incinerator; inhalation exposure level
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1 17# PCDD/FsMAAXZMIRXES
Table 1 Chinese names and English abbreviations of 17 kinds of PCDD/Fs

FS (No.) FISZZFF (Chinese name) 485 (English abbreviation)

1 2,3, 7, 8-TOEAZHFH - X - TR 2,3, 7, 8-TCDD

2 1,2, 3,7, 8 AERZEH -3 - ZIEH 1,2, 3, 7, 8-PeCDD

3 1,2,3,4,7, 8- NEKTEKH-I-ZEHE 1, 2, 3, 4, 7, 8-HxCDD

4 1,2,3,6,7, 8- "AMNTEH-XF-TRE 1,2, 3,6, 7, 8-HxCDD

5 1,2,3,7,8, - "8NRTFKH-3-TEx  1,2,3,7,8, 9-HxCDD

6 1,2,3,4,6, 7, 8- EEATHH-3F- ZIEHK 1, 2, 3, 4, 6, 7, 8-HpCDD
7 INERZEH -3 - B ocDD

8 2, 3, 7, 8- A ZZFH0LME 2, 3, 7, 8-TCDF

9 1, 2,3, 7, 8 ARRZFFHWKM 1, 2, 3, 7, 8-PeCDF
10 2,3, 4, 7, 8 AR ZFHKIE 2,3, 4, 7, 8-PeCDF
1 1,2, 3, 4, 7, & R"EATHEHKNG 1,2, 3, 4,7, 8HxCDF
12 1,2, 3, 6, 7, 8- NENXZEFHKIE 1,2, 3,6, 7, 8HxCDF
13 1,2, 3,7, 8, - NENZHEHKIE 1,2, 3,7, 8, 9-HxCDF
14 2,3,4,6,7, 8- "L ZEKHKIE 2,3, 4,6, 7, 8HxCDF

15 1,2, 3, 4,6, 7, 8- EEARZEFHKM 1,2,3, 4,6, 7, 8HpCDF

[
(<)}

1, 2,3, 4,7, 8, - EEATEFHKIE 1,2,3, 4,7, 8, 9-HpCDF
ISR ZEFHRIE OCDF

[y
~

1.3 @ifRigomEGt

DB-5 BIEHE : 60mx0.25mmx0.25 um ; FHEO
mE 1 270°C; TRMHEE , R 88 RE !
1ml/min, FHRIZRF : 120°C1R#F 2 min, LL10°C /min
F32 % 220°C, R4 7min, LL3°C/min 7383 235°C,
1RF 7min, RELL3°C /min FHEZ]310°C, 1R$F 10mino

BTEEETFR ; BTFHEE :35ev; AR :
ZBEFHM ; INEEBE 8000V ;9 ##E 110000 b E,
EE2HRNNEMURBERE, FRERLAER IR E T/
XA AR E FI9 9 6.40%.
1.4 REFRIESREET

DIERET, FRASEEHENEMNEENREHK
TR, HEESMEREETE P EIERIZE
X MR ARFF1E 10000 LA ko

KRS EFERSIT 1 EERTA, 2EFT
HEAERKPLUIEFLTES FIWEM, cirid
FRERFEIWERSEERN 77.1%~98.2%, “CiRid /&R
FREIWERSEE N 75.5%~93.9%, £ & HJ 77.2—2008 {IF
BESMES ZERENNE BUEHESOHS
MBI - SO MERIEE) P FEePA 23 HIENEEE
K, FEKERH 0.023 5~0.235 pg/m
1.5 BN IEBSEREMT

B 5T S B WHO 2005 T MRV “ I a5 4

ERFITESHYERE, S TRTHERZE LR
NWELERERFRQERN1/2TESHEHE (toxic
equivalent quantity, TEQ) KRR ),

IRIER ST XA BT BE TS GV RRIERT, LUK 89
FER DD, EELIRFE R BREYMRG. @R
(ESHRMEHFM. 50h) . B AKIERNAR XK
S PCDD/Fs IR BESRIR Y, KAl gE S RRT R R Y
AN SHRXKIER G EINASER WEhEE)
[B 2 ¥)£H A FI B XLSTAT (2016 hRR) #1TER D 240
1.6 FLEEE

RIEMET TSN E B E)R 24h/d, BEIMI
ERNTSWNBEREMER. TEAIR : Inh=VxCxfxt/
BWHI, A i inh AR R EE, pg TEQ / (kg-d) ;
VAFIRE, m¥d, B, RAZEIRF158 (L&
X), JLE (006 %) N 6.78 (LiFHIKX) B4 ; cAER
FA PCDD/Fs BYFII TEQIRE, pg TEQ/m? ; fAT STERT
AP SAEIERRE DL, AR LEEUE .75 ;
t NRENEISE, BRENES5 24hBIELE, ZE
RAEAL; BWHAHRE, LARKEREERRATFIE
F62.2kg, J LE (076 %) BX 13.2kg (19 LigHIX) (34,

2 4
2.1 BIRIPABAKSILIEFPCDD/FsEE

2017 1B 1H—12 B 31 HEfE), HRE24ME
o, RS AN B RS PCOD/Fs IR 2R E 7257
0.378~2.49 pg/m* ((EIIEA 1.23 pg/m?) #10.487~3.36 pg/m’
(FEEN 1.37pg/m?) . WE 1. RESANBASH
PCDD/Fs B9 TEQ K £ 93 5] /9 30.9~195 fg WHO-TEQ/m?
(F391E /9 113 fg WHO-TEQ/m?) # 43.2~409 fg WHO-
TEQ/m?® (FIY{E A 119 fg WHO-TEQ/m?) o FiFEm AF]
B T iZEA PCDD/Fs IRE AR E 73579 120, 1273 pg/e,
FRZAY TEQIRE 5 319 1.58. 5.86 pg WHO-TEQ/go
2.2 BIRIPAINAKSH PCDD/Fs IET L

FhZ=E % 4P B i K[ PCDD/Fs B9 TEQIK E &%
1%, 9359 84.9fg WHO-TEQ/m® (R#¥ = A) #147.9fg
WHO-TEQ/m* CRIE R B) o LEMEEM I RIERKAS
F1 PCDD/Fs Y TEQR EAE i, £ZF 5359 142fg WHO-
TEQ/m?® (R#E 2 A) #1121 fg WHO-TEQ/m® (R = B),
EZ 957127 fg WHO-TEQ/m® (R = A) F100fg
WHO-TEQ/m® (R#¥ = B). EEXFESATBASH
PCDD/Fs I TEQR E E R IR K, 73 579 99.2fg WHO-
TEQ/m?® (R#¥ 5 A) #1205 fg WHO-TEQ/m?® (RA¥ 4 B) o
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Figure 1 Atmospheric PCDD/Fs concentrations in the vicinity of a
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Figure 3 Concentration distribution of 17 kinds of PCDD/Fs in the

vicinity of a municipal solid waste incinerator in Shanghai in 2017
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Figure 5 Scatter plot of principal component analysis of PCDD/Fs in

the vicinity of a municipal solid waste incinerator in Shanghai in 2017

2.5 ¥iEIPREIBAEEPCDD/Fs MRS EKF
M A B PCDD/Fs I B ERIK T, L5RKREFLERE

SRR IEF AN A PCDD/Fs IR R ER EEE N

9.13~39.1fg WHO-TEQ/ (kg-d) , ) LEE PCDD/Fs MM 2R
235EE N 18.5~79.0fg WHO-TEQ/ (kg:d) o FAET TS,
RERAR) LEM AL SR PCOD/Fs EIRREE KX
?Eé MRAE = BHY) LEM K A EZ89 PCDD/Fs I
LBEEEATELE, REEZE, B XESBI PCDD/Fs
ﬂ?ﬂxﬁ%* SERELFHRAK, hFEH/\. ) LE PCDD/Fs M
hREEEHMAL 102%. 3K 2,

®R2 2017 F EBERRIFAILXIEHAEER PCDD/Fs
B3
Table 2 Respiratory exposure levels of PCDD/Fs of residents in the
vicinity of a municipal solid waste incinerator in Shanghai in 2017

SPCDD/Fs FHIRE PCDD/Fs PRIR R EE &
(fg WHO-TEQ/m”) [fg WHO-TEQ/ (kg-d) ]
REFET SPCDD/Fs average PCDD/Fs respiratory exposure
Sampling season concentration A (Adult) JLE (Child)
A B A B A B
£Z (Winter) 142 121 27.1 23.1 54.7 46.6
&Z (spring) 127 100 24.2 19.1 48.9 385
2= (Summer) 99.2 205.0 18.9 39.1 38.2 79.0
#Z (Autumn) 84.9 47.9 16.2 9.1 32.7 18.5

] AL BRRIARER AR B,
[Note] A and B are site A and site B respectively.

2.6 tH5RFRM (WshEF) PCOD/FsEITEQ iRE
=3 5% T R B M B s KA IRENBIIF IR K
S A PCDD/Fs B TEQIRE

®3 WRBWAS (WEHRF) P PCDD/Fs SHEHERE

Table 3 Toxic equivalent quantity concentrations of PCDD/Fs (passive sampling) across the world

ExRMES REESR RAEATiE] TEQIREE (fg TEQ/m?) BE
Country and city Sampling site Sampling time TEQ concentration Reference
RE L el EA AEFR

2017

Shanghai, China Around a municipal solid waste incinerator

30.9~409 (M : 116) (WHO-TEQ)
Current study

10.8~259 (82, M : 63.4) (Summer)

hELSE e 2013.07—2013.08 (EZ) (Summer) N = . )
Shanghai, China City background 2013.11-2014.01 (£Z) (Winter) 24.1154 (£3, M : 83.4) (Winter) (4]
(WHO-TEQ)
i SR AR 2012.05—2013.08 (EZ) (Summer) ig'iégi(iz’ ’\A/L’ '_5541'32)) ((S\;\J/T]Tz;) [15]
China Around a municipal solid waste incinerator ~ 2012.10—2013.01 (£Z) (Winter) ’ ST
(WHO-TEQ)
FEER B 8.4~179
Beijing, China City background 2011.02-2012.03 (WHO-TEQ) (16]
FEXZE WS R 4.08~325 (M : 91.4)
Tianjin, China City background 2008.06—2009.01 (I-TEQ) (17]
HEER g/ Tolk 34.9~231
Seoul, South Korea City/industry ZORLOS 2012 (I-TEQ) (18]
HERHZE Tk 26.4~636
Gyeonggi-do, South Korea  Industry 2010.02-2011.02 (I-TEQ) (29]
BRI BRI XA s bl 6.10~16.8 (M : 10.1)
Tarragona, Spain Around a municipal solid waste incinerator 2003 (L. E25) (S (WHO-TEQ) (71
] IR Re ) T AL EB X Tk 210~350
Northern Algeria Industry 2009.09—2009.11 (I-TEQ) [20]

[E] wHO-TEQ M I-TEQ DRI ZHE R BE AR AFHFRANARREN _RBESHLUBTE %,
[Note] WHO-TEQ and I-TEQ are toxic equivalent quantity concentrations proposed by World Health Organization and North Atlantic Treaty Organization,

respectively.
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3 itie

FRMEIRE, AR 2017 F LBFEEENIR
B IR BB K S5 PCDD/Fs IR ERE S RRIBTEDS
0T 2014 FEF B IR REIR RGBS
F PCDD/Fs IR 2R E—3 (B2 : 0.472~1.22 pg/m?,
¥{E 7 0.816 pg/m® ; £Z=: 0.561~3.91pg/m?, JEN
146pg/m*) M ; BEEF EBESEMXASH (WX
£ ) PCDD/Fs B9 7R EE 7K F (E = : 0.0779~2.81 pg/m?,
¥{E 7 0.629pg/m® ; L2 :0.198~1.89pg/m*, EN
0.909 pg/m*) “s FE 12N AMITIRIAN, KESRAK
SHPCOD/Fs i ARELHIITE 12 B, XEFESABHIE
6 H. BRIFEXREZBEIMREASH ZIERNERITE
8, SREXMETSRhEINERE (0.6pg TEQ/m?) ,
AR IR AS H PCDD/Fs BY TEQ IR EHR/ N FX—[R
&, BESTHERFREFELXE " SHEI R
MEEXIH ; 5XE SEEREHHXKSH
PCDD/Fs Y TEQREAR Y W IETHER&EET
A3 B Bal /R Re AL AL EB T ol 30 X K S, 5H PCDD/Fs
89 TEQ KRS 2,

Eb 3R 78 N A s LA B 2= 13 K S 5 PCDD/Fs BY
TEQREAM, REFERAEZ KIS PCOD/Fs BIF1Y
REPERTLE, XI—FTHEBERSHIARE
—5%0e; MEESBNRZ, ESASH PCDD/Fs B
TEQREMHESTELE, X—FTEBSVIDHR
SR, AT WERERE S Z XX, BENTM
M EER RN, ERSTRYSRKEESHN
WHIMER, XMEFEIEMNEE. BFTER
BFHELMENFAMENSRY, FRUES-EHE
HRER|EELMER. EEE, KRRERS, 8
NFLESHELETRENEHISES , MELS, K
SEERME, KEPRKRIH ZIBEEFETINS L,
WohRIEFSINFERSH LN TIRIIRE, X—45F
ENMELEEASBZHIERE, SFOREEED
N, FEMBZ R, ATRESBEHRFENIFEAS
BIENEDRIIEE —TER.

RIS 28 PCOD/Fs S &2, BRIV ABMINE
SHAEE. EEHXIE, BTERAY. XBETEHN
PEFR, E18FE T XA XY KF = PCOD/Fs B EF ML
B 6. 7TARIFERBIFMRF PCOD/FsBEEHEST
KIEFESA, AlBEBRTFRIFSBLIEFRPCOD/FsBEL
5.86 pg WHO-TEQ/g, BAE =T K4¥ = A 1EA PCDD/Fs
&= (1.58pg WHO-TEQ/g) , LMK 6. 7 B F &R

B8 33.4°CH39.6°C Y, S BB R REFES L
127 PCDD/Fs IR NIFRE RS,

i X A SENIR R IR A B 12 A ¥ PCDD/Fs PRI,
SEKFESTEEMX BRI : AtRIEH
X35 p% A PCDD/Fs MR 22 55 & SEEl /7 1.8~38.4 fg WHO-
TeQ/ (kg-d) , JLE} 3.2~68.0fg WHO-TEQ/ (kg-d) ¢ ;
AU X APCOD/FsIEIRBEBEETERN
2.0~97.0fg WHO-TEQ/ (kg-d) , ) LEEJ9 2.0~147 fg WHO-
TEQ/ (kg-d) @ ;M AR B REFETE 5.27~35.5fg
I-TEQ/ (kg-d) Z 812 ; SEPEI A XA A PCDD/Fs I
kR EEEEN 1.0~86.0fg WHO-TEQ/ (kg-d) , JLEH
3.07197 fg WHO-TEQ/ (kg-d) ¥, 1RIE (X F#H—F N
SREYIFL I B B IITN B 1B T ER@A) (R
% [2008] 82 5) HifF “ ¥ Bk BRI B IR IR &2 MM
XHEENEAERRHENER ), ZIBREENX
NI ESRBAKAITZIBNE 4pg TEQ/ (kg-d) 5
B HANARNAFBAERSHARMZIEN
20910% 17, LiEM X FEATENIRIE IR BB R
A PCDD/Fs IR R 5 = HARE 0.23%~0.98% ; JLE

PCDD/Fs M IR 22 52 2 H iR E 7 0.46%~1.97%, IZ1KF
RIFBANE,

GZER, EBEEFERRIPELOARSESR (B
nRHE) FAPCOD/Fs B ERET LERTERXE
KSR (BEhERE) B PCDD/Fs IS8, R XIEA
SH PCDD/Fs A B8 3 B RIR T 1R I 5 RAN 3 3875 2
TRAVEN, Z G AN AR LERY PCDD/Fs FEIR
RESENRTALAESBEIMZBAEN 10%,

SE R
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