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Concentrations of PCDD/Fs in the Atmosphere of Chongqing City and Its

Seasonal Variation

ZHANG Xiao-ling, LU Yi, ZHU Ming-ji, JIAN Chuan, GUO Zhi-shun, DENG Li, SUN Jing, ZHANG Qin,
LUO Cai-hong

( Chongging Environmental Monitoring Center, Chongging 401147, China)

Abstract: As a comprehensive monitoring survey on polychlorinated dibenzo-p-dioxins and dibenzofurans ( PCDD/Fs) in Chongqing,
20 ambient air samples taken from 5 locations in four seasons were studied. The PCDD/F TEQ concentrations varied from 0.017
pg'm ™ t0 0.21 pg-m>. The average value was (0.094 =0.054) pg-m~—>. The PCDD/F concentrations varied by locations and
seasons, and the orders were: urban area > suburban area > background area, and Winter > Spring > Autumn > Summer. The
concentrations of PCDD/Fs were 2. 2-4. 6 times higher in the winter than during the summer. The PCA results indicated that PCDD/F
homologue pattern varied by seasons. The PCDD/F homologue pattern in particle dominated in winter and spring, and the pattern in
gas dominated in summer and autumn. The mass concentration of PCDD/F congener was significantly positively correlated with that of
S0,, NO,, PM,; and TSP, and insignificantly negatively correlated with that of O,, respectively. The results showed that spatial
distribution and seasonal variation of atmospheric PCDD/Fs in Chongging was consistent with that of these conventional indicators, and
the PCDD/Fs pollution was closely related with the emission sources of SO,, NO,, PM,; and TSP.

Key words : dioxin; atmosphere; seasonality; functional areas; conventional indicators
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TP 25 AR R W N A A R O L 3R

1. A0, A1, A2 A3 Fl A4 5351 s §HIX | ZBIX .
WX, MG XA TV IX, )z 0 T R
WEW S MTEX N, ZS EEZEE . FEAR
ETHESH T 2011 41 H(XZE),5S H(H
)T H(EZE)M10 A (BKZF) 7 4 RiltfT, —
SRR AE 20 AN RAHE S BN R A DLIR R
220 L-min "7 £ R 4 72 h. BE S B ARG B L
1.

A Ry R f 25 SR AR 4R (Echo HiVol,
TCR), Wt M # Bt b A 9% 2F 4k 38 B ( QFF,
MUNKTELL) F15 % 2 H R R 0 UK ( PUF, TISCH ).
QFF =M Fff 25 S UKL , %5 0.3 um FURE4)
IR <0.002% ,PUF EZW S AHL. REE
ZHT QFF JA S 34 e 400°C HE#% 8 b B HIS A
FHgde b fE E; PUF KRS, e )a FH S R A — &l
BB R, SRS A TR, AR T
FH. #E SR BT, I 3708 [l 7 28 2R A A 121 20 Jn 2
PUF L.

x1 HRERXERFER

Table 1 ~ Sampling Information

RAAS 7 L MEH/m R H SRAL I i) R AL S
A0 106°37'865" 29°82'789" 910
Al 106°29'529" 29°59'834" 314 .
A2 106°48'724" 29°59'516" 391 20”7 ? %ﬂj?o‘ g A 72 h IECRH(')LE&?
A3 106°50259" 29°53'559" 330
Ad 106°63'538" 29°49'021" 371

1.2 FESHT

A S8 T H bR ME W 3 W A Wellington
Laboratories. K ¥R : EPA-23SSS; #2 I NIrE W
Fl, —Fhh EPA-1613LCS, H FUE #7575 —Fh
i EPA-231S, HI{E PUF 4> #r. ¥ERE N bR: EPA-
16131SS.

FEMMHTZ I HY 77. 2-2008 FEZARES T, K
PRI QT A A AR AT I AR R AR B AR, A
YR AEUR AN PUF FH FF R ZE R [CHR A T 2K L 24
h, REBOR 4 B AR, el A T R R
ZIARENCHE | I PR R S O A AL AR BE, DLBR 2%
RS2 BT, AT S 78 R AR . R | A
MR, 2, H &2 #E 3B BE H ( HRGC/HRMS,
Agilent 6890N/Waters Auto Spec Premier TM) #417
SEMEE R, @i DB-5MS (60 m x 0. 25 mm
x0.25 wm) , BUi sl A& 3985 > 10 000.

1.3 SRR A s il

FEARHE L3 B AR A% ST HY 77. 2-2008

I (18 S5 B AR I RO o s AR AR, AT 25 S
SLEE S A AR AR T IE M R E R 1710,
R O S = ¥ i | G e N I N 8 o
80% ~ 120% H1 59% ~ 100% , ¥ #F & HJ 77.2-
2008 T ESR (CREEMNDR:70% ~130% ; $EHLA
P5:17% ~185% ). HAR¥57C [F7 2 A0 XS ) 7
AF (6] RN 7 3 8 L 3 4 & EPAL613 23R S/N b
>10: 1 REAE HBR 7 0. 003 ~0. 057 pgem . 1Y
oG 3 [, vl D A R A oA A 1% DU AR Ak <
20%.

2 ZR5iTie

2.1 K5 PCDD/Fs V54K

P45 D fig XA [] 2275 R A b vk i
(LATEQ 1) W& 2. &5 IR, 2011 4FHE K TH KRR
o RS B KB RIS 0. 017 ~0.21 pgem 7 4F
SR B AT B 43 5 M (0. 094 +0.054) pgem Al
0.084 pg-m~*; FrAFES h ZEd ik B K 4K
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H A g 23 SR AR E (0. 6 pgem ™). FHor X
HRAS(AO) B 2 B PR 858 23 A b i) i R 32 /K1 B
iK%, 0.017 pg-m =, ZiHAK AL X (A2, A3) & R}
IR 25 S O Wk K O B, B Ol 0021
pg-m_3. R 5 Fiedler"®’ HRAH ) R e B RR AR
#E, 5 BRXS IR (AO) A, B AU 25 b iy s
Y R A I T S R Ik R K DX S LA
(0.070 ~0.35 pg-m ) ; ¥ HE &L (A0) 255 Hh g
e BEAIC T Fiedler 75 H B3 TT 25 A w3 vk
KA. S BRAR (AO) IR A0 B vk B 3 L (4E 2
fH) 4 0.017 ~0. 078 pg-m > (0.040 pg-m ), 7Efff
A WS A5 A7 R I, AL R A4 pS IR R R Y
(AEXIME) 23 91 R 0.052 ~ 0.13 pg-m > (0.091
pgem ) F10.042 ~0. 12 pg-m > (0.080 pg-m 7).
PR R e ik B AR A T R — K X AT
REE O AL A4 S A TARRIX, Hir A4 fi B
Tk R X (E R DX R B L s KR
HEBCIR. A2 F1 A3 s AL T 5238 K A R AE X,
KA e ok S R (AR XME) 4300 R 0. 074 ~
0.21 pg-m (0. 12 pgem ~*) f10. 059 ~0. 21 pg-m >
(0. 14 pg-m ) | WIF AL T 6] — /K-, 2 5 T XF BE 5
FZBIX R e i B, 2F 1 rad 2 B, AR 5%
KA e 5 g XS A an s - iR X (A2
A3) >ZBIX (AL, A4) > XFHEA (A0). X—Ha%h s
VP2 H AT 45 AT — 55 3T i 322 X Rk
X 57 R A HE s i

YT Gy b B R BR TR R T Vs g
AW SR 526 T S P R T R AR e ot
FEAER(FK3). Wk 3 Frdl, &R =
WS 5 e 7K S AR A6 R G b g v VR R IAE TN
i (1.279 pg-m ) "V RIPEHE S AN ZE B JE WA T
ALIX (1. 196 pg°m73)[“] ,ﬁ%f&(&ﬁﬂ!ﬂﬂjf}rﬁ?@ﬂ
KA (0. 009 pg-m ) 1. L5 H ALK 57 245 F 41
Fb, PR T KA R v K B B K T b
BTN ATCOH R b A AR X R R e s
JKFE(0.268 ~0.40 pgem )02 (F3)
MTeiE, HAMOW(XRY) FENUFRL
SR 5 R A e XA T v B Y
P — 3T (R 3) . AL 3% RN R IR
SRR FE KT Y R VR A X AR, 43 R
0.044 ~0.119, 0.0074 ~ 0.055 #l 0.009 ~
0.017 2 pg-m %2 =21 B B — 150 K 0 W 00 AF
FERM, B 1991 ~ 2008 4F (220, S 10 W7 Re ok
T R 30 A T R A A R v i R R
20 t 22 90 AFAR B, KA ZmEde vk BE > 0. 10
pgem 5 2005 ~ 2008 4F & W] fE = AL F 0. 050
pg-m_3[9]. PEEEF MBS R T IX | THIX 1S
PR A s ) S B B 4 50 R 0. 140,072
F10. 028 pg-m > 5 AHE g opA X R X 35K Y
TSP PR FE AT . R ROFIK 2% i Al AR AL X
KA ZnEs ke B R 0.22 pg-m P 5 ARBFS
A2 FII A3 54 Z I G W 00 245 S A — 2L

x2 EKWASH PCDD/FsiRE" /pg-m3
Table 2 Atmospheric PCDD/F TEQ concentrations in Chongqing/pg+m 3

TR A
A0 Al (A2) (A3) (A4)
1A 0.078 0.11 0.21 0.21 0.12
5H 0.041 0.072 0.11 0.16 0.10
7H 0.017 0. 052 0.074 0. 059 0.042
10 A 0. 024 0.13 0. 090 0.12 0. 057
[X 35 25 7Y RB S uT uT S
. 0. 040 0.091 0.12 0.14 0. 080
PR (sd) (0.027) (0.035) (0.064) (0.065) (0.038)
- 0. 094
BOPIE (sd) (0.054)
{E 0. 084

DR &R Uk, TToll; SARX; B & 5; T2l

2.2 KRS PCDD/Fs 5 Y&+ 28 4k,

TRERAE S PR EEZ R 2 R R RS
G B, W B XU I PH S R G AE T
I, 28 R e VR B 22 Bl 2R AR . AR A
W) 5 23 S T B A B A AR A R .

2 Jn B AL W SRR S R i R v B A
10 Afm T 1 A4h, HE SRR 420 (1 )1y
TN UK B R 5 (0.078 ~0.21 pgem ), HZE (7
A ) &A% (0. 017 ~0.074 pg-m ) , FZ=FIFkZ M}
IR 25 A A R ik B ) ik T FR A TR
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SRIGEIE A5 . H R T R T5 k7 =128 4k 25

6], HLER A1 i oh, e s 2 P i e e JE A
RNIR R TR 8 LA AR P E R 4%

W S FRBE s AR P A Rk B T AR AR R R
KB SHEESHE>HE,

®3 R EHKSH PCDD/Fs TEQ iRE LR /pg-m

Table 3 Worldwide comparison of atmospheric PCDD/F TEQ concentrations/ pg*m ~

3

HiL X i ] X328 5 e FEE R (M) =531 CEk
|y 2006-02 ~2006-12 Wi 0.018 ~0.644(0.268) [12]
TN 2004-07-2004-09 0.0567 ~1.279(0.341) [10]
Bl 2009 0.34 ~0.44(0.40) [13]
ki 0.36 i [14]
B () 1999-11 ~2000-07 0.056 ~0.348 [17]
B () 2003 0.063 ~0.15 [18]
=3 0.032 ~0.26(0.092) [19]
itk 2000-01 ~2000-08 0.018 ~0.43 [20]
2002 ~2006 0.046 ~0.082 [4]
i [ 2000-06 ~2001-03 0.169 ~0.882 HhE [15]
HA 2002 ~2004 0.066 ~0. 84 H A [5]
FEGIRJEIE (A i) 1999-03 ~1999-10 0.04~0.119 el [21]
HESE (A ) 2000-07 ] 0.042 [22]
WA 0.007 8
PEPEZF ( Catalonia) 1994 ~2004 TalkIX 0.005 ~1.196(0.14) [11]
gl 0.010 ~0.357(0.072)
ey 0.005 ~0.045(0.028)
HeH 1991 ~2000 IR >0.10 [9]
2005 ~2008 ] <0.05
KT (RERH]) W (ZSmARAL) 0.22
EE| 2004 ~2007 Wi Sk 0.007 4 ~0.035 XKH
PRH (1) 2002-09 ~2003-04 i 0.04 ~0.055 [23]
HRARFE 2002-09 ~2004-02 Wi/ Toalk X 0.009 ~0.017 AR [2]
ZREY 2000 ~ 2001 W 0.047 ~0.751 ) [16]
IR GEAH T FRBS b R A T T e

THEBMAL . U1 Coutinho 252 il T #j45
S W 0 11X A% 2 s PR 225 A0 e (1) S 2k B R
HZEWI 3 A%, H A k4 2] 52 B 58 e AR <
JZI R AR A S E RN, Katsoyiannis 25
T T HE 6 AW s A7 M 2001 ~ 2008 4F %5 S
W 1) 3% 2 W I 485 2 < 6 A 1 57 KA i i)~
WA TN E B 1.5 ~ 8.0 fi5. ASHFFE 2051
W T A ZFME Faf £ W Sz < 7 A4
PCDDs ., 10 4> PCDFs #1 17 4~ PCDD/Fs [AH. &l
LR, 5 A Wil g3 & 28 B 38 58 25 < PCDDs |
PCDFs 1 PCDD/Fs (1) ¥ & #5735 8% 2 Z= 0 =5,
PCDD/Fs W20 L F0F 19 2.2 ~ 4.6 f5. (HE 15
£i728 5.1 PCDDs il PCDFs ¥ i 75 4 3 W 2 1] 4 22
fEEUARIFA—E. QnfE A0 1 A1 S, PCDFs (1)
e A 2505 509 B KT PCDDs 19, BB & ZE RS,
o PCDFs fT o7 L) 7. fE A2 A3 5 Bisf U AH
/2 ,PCDDs HYAH 2 {5408 8 K F PCDFs (1, Ui B4
=i} PCDFs [ LLBIAT T T B A4 SSAE MR R
o1 PCDDs F1 PCDFs AYA5 500 SEAS PR 45— 2L

7
é
/
.
.
.
.
/
7
Al A2 A3 Ad
RS
E1 ZZFEMEZFIREFSH PCDDs, PCDFs
#1 PCDD/Fs iR E Lk

Fig. 1 Winter/summer ratio of PCDDs, PCDFs

e fi

1]

AL

and PCDD/Fs concentration

AT, Bk AT B AE R I ) 56 e
R4 IR HR A5 15 G AR S (9 PCDFs HE 3 #4508 R
F PCDDs( Ry > 1) 22 KA h PCDFs fi 5 He
BITH B, A Z2 0 A0 A AL & ek B T
HIHCAZ M S ¥ YR A S e B . 3 AT B R Ay O T
PIHARIRAR , 422 i R B 22 DA SR e A kO =tk
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TTHUE ; A2 Fl A3 sS4 = PCDFs T F#, PCDDs Ft
T U AT BB 5 32 PR e o7 32 3 3 i B R A . Chang
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Table 4  Correlation analysis of PCDD/Fs concentration and SO, , NO, etc in Chongqing atmosphere

L=V ALYN S0, PM,, TSP NO, 0,
2,3,7,8-TCDD 0. 440 0.804( * *) 0.577( *) 0.562( *) -0.333
1,2,3,7,8-PeCDD 0.524( * ) 0.799( * =*) 0.672( * ) 0.579( * ) -0.379
1,2,3,4,7,8-HxCDD 0.555( *) 0.693( * *) 0.648( * ) 0.569( * ) -0.497
1,2,3,6,7,8-HxCDD 0.626( * =) 0.739( * =) 0.791( * =) 0.643( * =) -0.436
1,2,3,7,8,9-HxCDD 0.292 0.545( *) 0.700( * =) 0.275 0.018
1,2,3,4,6,7,8-HpCDD 0.600( * ) 0.670( * =*) 0.760( * =) 0.605( * ) -0.417
0CDD 0.576( * ) 0.522( *) 0.691( * ) 0.543( * ) -0.350
2,3,7,8-TCDF 0.607( * ) 0.804( * =) 0.704( = =) 0.775( * =) -0.510
1,2,3,7,8-PeCDF 0.568( *) 0.796( * * ) 0.730( * =) 0.694( * %) -0.470
2,3,4,7,8-PeCDF 0.562( * ) 0.525( * ) 0.750( * =) 0.661( * =) -0.670( * =)
1,2,3,4,7,8-HxCDF 0. 466 0.621( *) 0.711( * ) 0.593( *) —0.562( *)
1,2,3,6,7,8-HxCDF 0.539( =) 0.783( * =) 0.726( * =) 0.611( =) -0.377
2,3,4,6,7,8-HxCDF 0.649( * *) 0.786( * *) 0.590( *) 0.558( *) -0.241
1,2,3,7,8,9-HxCDF 0.755( * =) 0.612( *) 0. 259 0. 493 -0.240
1,2,3,4,6,7,8-HpCDF 0.711( * =) 0.703( * =) 0.737( * =) 0.662( * =) —0.566( *)
1,2,3,4,7,8,9-HpCDF 0.664( * *) 0.797( * =) 0.716( * *) 0.629( * * ) -0.355
OCDF 0.514( *) 0.639( * *) 0.737( * *) 0. 666( * *) -0.617( *)
PCDD/Fs 0.658( * ) 0.743( * *) 0.782( * *) 0.680( * *) —0.485

*
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