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Pollution characteristics and spatial-temporal variation of organochlorine pollutants (OCs) in eastern areas
of Ningbo City, China
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Abstract: In order to explore the concentration, spatial-temporal variation and its potential sources of organochlorine pollutants (OCs),
polyurethane foam (PUF) passive air samplers were deployed in different functional areas in Ningbo from October 31, 2014 to October 30,
2015. The predominant congeners were DDTs, endosulfans, HCHs, atrazine, and chlorothalonil with mean concentration of 210, 160, 4500,
280 pg+m™ and 87 pg-m™ respectively. The highest concentration of OCs were observed in urban greening areas and tea plantation area,
while the lowest were coaslal area and flower plantation area. The concentration of OCs in different agricultural area had different spatial
characteristics. Pollution characteristics indicated fresh input of DDTs and endosulfans. Additional, high values of o,p’ =DDT and o,p’ -
DDT/p,p’ =DDT in coastal area suggested the usage of dicofol. The correlation between the atmoshperic concentration of OCs and the tem-
perature showed that the tea plantation and flower planting area was affected by atrazine, chlorothalonil and endosulfans.

Keywords : organochlorine pollutants(OCs); agriculture planting area; spatial-temporal variation; pollution characteristics

WA 2018-05-22 A HH:2018-10-10

TEFEB N 2RO (1991—) , 5 V00U %N A58 2L, FEAF5E 07 o FEE NI . E-mail : chpeng@iue.ac.cn

EEMEE:H Al E-mail:hxiao@iue.ac.cn

BEE&TE T E AR LI (2015C110001) 5 7 i Ab-E KR A1 1 AL H (2015BL.0002)

Project supported : Key Scientific and Technological Project of Ningbo, China(2015C110001) ; Technology Innovation Team Project of Beilun Districts Ning-
bo City(2015BL0002)



788

URIEIRCX ity F38EF 454

BHLETT2W( Organochlorine pollutants, 0Cs) H
AR AR SCAS I 5 SR R D s
Iz . H AT A 25 (Current—used Pesticides,
CUPs ) & — AU H5 A% HUR) BRBR AR B AL &4
FE I OCs B 1T OCs HAT XERF A A1~
PR MBI P IS AU iR B A L sy
MR SR AR, BARESE OCs A% 1
fd P AR SR T AR A% 2R SEA Jo (ORI L 71
K AW LI AFD PR . Ak, 0Cs M B 5 &
VR, AT YRR T A R A A
WA THEE ] . RGP i —FhEE 20 o,
J& 0Cs 5 IR IEATH) B e i B Bk Az, Wiy
KAHH OCs A F) T T i HAEPRE AL RS MU o

FT, R OCs 18 32 2R AL 45 A 24 W0 | 1 8
PR LT M IR A L V2 e R IR E R
TN TP T BR A1 208 AR A X OCs
15 YURAE A TR, R AN ) A A DX Y AR 245 5% B 5
RIAAAEIIR 22 55 . T e S5 IE & BT 980 %
Hi X HCHs A1 DDTs B J45 A A F], DDTs A IR T+
1 HCHs SEJRT KR, Silva-Barni & ¥ 0Cs 5%
BB 5 NIRRT % B AR AR OC , T Estellano 55 B
WA SRR CUPs MR BEJF JC 3 25 50 H e w]
W ARAT IR ARAE X R OCs HYT5 G E TG 7
WA TIRAMSR

Hh ] R R R K OCs A2 77 AN — KooK
7~ (HCHs) FIHE i B (DDTs) A= = E ™, K =M X AL
T R AR i, W B A E B A B T ik P R
1 OCs 1 FZ i b X 22—, OCs 75 YL 55 Ry J™ F",
TSR = AR SR DO . B AR S A
My & e, Ee X b H 2 BB . R CAX TR
b A3 v OCs B 4ERY, (BAT Bl = %) & AR AE IXRS
OCs 15 YLRpiE S OB TER IR RGN IE . TRATBRIEIR
(PUF) 88l KAt e HAT BRAE 5 (8 e v 4R, 2
B2 FHF RS OCs F CUPs (1) o024,

ABIFFER ] PUF ¢ 8l R AE a8 R A AR i, 204
P AYAAE XK OCs BTG Yo Rp Ak S TR IR . A
TR A B T3 RS 0Cs 15 L AFE AR, SR
AP G PR A 18 785 7 1 5 51 1 2 AR ;B 4%
R B LAl B

1 MBEFE

1.1 XisHR
WIS AL T WL TP IR T AL T LA AR

T, Ji S B 2 XU, 2422 2 P54 A I P A8 Z= X
SR AR D, B S KR T AU, i 22
o TP AT 280077, THIARZY 9300 Z-F-J5 A HL .
TU T HIE Z 4, 1O KR 2 PR R 2
Syl o ASWFFEALHE AL AR X S bl I S AL A
ANFIIRELX o HARAE S B E AR X BRI X i
BEIX, Horp b XA RE s L TS 18, J2 B AL
ARFAE X, e 95% 114 #F b B FH A 46 K A 77 (http://
www.bl.gov.cn/doc/bmjd/cqjd/zjcq/qygk/index.shtml) .

SRAE S A LI 1 T oRAE s T T
BRI E W 24 400 m, J&] ] 32 02 254 Fil
D5 FoRAE fUL T DX 7 1 i+ DX, )
SLRVER L, JRFR B ] T AR S R AR ; CORAE LT
T D, ML RR R LT, J B A s 11, 63129 2 km Oy
ARAb =P g 1 LK R1RAE ORI R2 SR AL T 7
P e AL X, o FEl 2 bl BE A
1.2 KB

AR i 20 B3GR S PR (A 2, SE 1 Tedia
A IEC KRR, K T EE (kA 3¢ )
FERECRIR S H) o HiH RS (o,p’-DDT \p,p'~
DDT.p,p’-DDD.p,p’'-DDE) .5 S}2 (a—chlordane ,
y-chlordane .trans—nonchlor) A F+2E (B - 1 A ft-
I BFHRRRER) 7575782 (a-HCH ., B-HCH . y-
HCH .8-HCH) .-E % (Heptachlor . heptachlor epoxide ) |
B[ 447 78t (Atrazine ) . B 15 ( Chlorothalonil ) | 75 ¥4
(Simazine ) % OCs b & F1 22 385 12 09 i A A O
J#-D10 i D12 JE-D10) ¥4 & F Wellington Labo-
ratories (Guelph, ON, IIEE K)o
1.3 HmRESRLE

RFERFE] M 2014 4F 10 H 31 H 2 20154F 10 H 30
H, BEASSRAE RUCE P 5KF- 17 PUF B A (AR 14 em,
JE1.35 cm, E 4.4 ), B Hik—, 212400 ik
SEAOHE S Pz [ S50 %, PRAFAE-20 COKA ELE 43
B, SIS PUF £ 1324

B R B J5 B9 PUF B Jr T PR 33 2 7] 25 B0 A
(ASE350, ZEER K, SEIE) AR, A= ORI N |
Ml IEC b, 2KIUR T2 e 28 R Ak 4 22 24
2 mL, ¥ % 10 mLIEH, KRR 1.0 mL, ¥
Poim S or b R 2 1.5 mL AR . ZE XA
BCHTHA 20 ng 2 3855 12 i AR N AR L SR 5 34T UM
35— FE I L (GC-MS, “ZHEAR 7890B-5977A ) 43
Hro

OCs 73 M1 J7 14 2 2% 26 [ 30 R B EPA-525.2 b 1fE



SRR 65+ T AR DK S A B e O 25 50 S S 789

N

-..__\‘ I
30.2° ( N
30.0° > T

A
29.8° > =
S -
2040l | W RN
29.2° 1 . l.i{.;,i%;

N4

121° 121.4° 121.8° 122.2°

...,-.»';f- \_’:-h_ p }1\

1 TR RERNSE

Figure 1 Distribution of the sampling sites in Ningbo City
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Table 1 Concentration of OCs from the atmosphere of Ningbo City (pg+m™)

& T F C R1 R2 TUTH
0,p'-DDT SR bR 2 7121 120+14 110£13 9120 74+13 97425
T /IME ~ kAl 28~110 110~160 98~130 69~130 52~99 28~160
p,p’-DDT S R 7178 4326 3317 120£47 120£32 78+57
e/ ME~FRAE 7.0~250 14~91 10~58 54~220 69~178 6.9~250
p,p'-DDD SEIE bR i 2 15+11 8.1+4.0 10+6.9 8.7+4.4 7.2+1.8 9.9+6.8
e/ ME~FRAE 4.7~42 ND~16 ND~21 1.5~18 ND~11 ND~42
p,p’'-DDE S b 22 63=11 34+13 28+11 42+21 35+14 40+19
e/ ME~ e RAE 41~74 15.33~57 13~47 15~80 14~55 13~80
SDDTs A R A2 210+85 190462 170256 250+100 220+56 21077
I/ MA~ R AE 80~400 37~280 21~220 49~440 111~320 21~440
St 1 SEEE AR 59+63 45438 32429 35438 33428 40+39
I/ MA~ R AE ND~220 3.4~105 5.4~90 12~150 11~120 ND~220
Bift-10 SEEME A2 81+45 29+7.5 38+18 78+31 97+36 65+40
e/ MA~ R ME 34~170 17~39 23~88 35~130 35~140 17~170
B S Hm R AR YA +hR i 22 92+54 39+13 2111 73+17 82+19 73+38
e/ ME~ KA 41~198 ND~49 ND~36 49~116 56~110 ND~198
R S bR 2204120 8143 79+40 19073 210+53 16095
B/ M ~ Rl 96~420 26~160 40~160 110~390 130~290 26~420
a-HCH S R AE R 310023100 890590 1080690 2300+1400 29001400 21001900
e/ IME ~ Rl 550~9700 330~2400 480~2500 1100~5200 1790~6000 330~9700
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T/ ME ~ Rl 150~2700 68~690 89~350 260~1100 420~1200 18~2700
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T /IME ~ kA 100~1300 42~430 64~190 200~720 240~750 41~1300
SHCHs YA bR 2 6100+5060 1800+1200 20201100 5600+3030 7030+2800 4500+3600
Fe/ME~FRME 1300~16 000 650~4700 970~4300 2700~11 200 4400+13 000 650~16 000
LIEEEIAE S E AR 2 390+420 130+88 150+73 350+200 400£190 280+250
e/ ME~ R AA 43~1300 27~300 55~290 121~747 170~760 26~1300
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/M~ KA 7.6~78 ND~15 18~63 4.8~12 11~31 ND~78
T - A R 2 150120 32435 62+64 78+74 120277 87485
/M~ KA 24~340 3.3~140 9.2~210 17~240 24~250 3.3~340
30Cs A E b2 9600+6800 33001500 4100+1400 89003500 11 0003100 7400+4800
Ie/MA~ IR AE 3200~23 000 2200~7200 2560~6600 4900~15 500 7300~16 800 2200~23 000
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Table 2 Comparsion of the concentration of OCs from the atmosphere of Ningbo City with other studies (pg-m™)

eSS ARMHFFE TLDOF J ! TR X E[EEAR M X TR Al X B BT AR A2 ARl (X
0,p'=-DDT 92425
p.p'-DDT 77257 930
p,p’-DDD 9.9+6.8
p.p'~DDE 40419 250
SDDTs 22077 154 2~100
St 1 40+39 320 2770
=11 64+40 909
T PHR R R 73+38
LR S 160+95 2~12 000
a-HCH 2100+1900 292
B-HCH 500490
y-HCH 16001300 812 ND~932
3-HCH 3002250
SHCHs 4500+3600 18.8
EEEnAH 280250 ND~53
[p2hes 22+16
R 87+86 2~160
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Figure 2 Box Whisker plot of atmospheric OCs in Ningbo City
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