+ 1% (Soils), 2009, 41 (4): 588~593

KT =M E B FRIRIRE X TR S SEE R B YS

12,

WKEAT, B N, sInE?,

IR\, % F, FRS

(1 v R B A v QB ST S & (Rt HIEITACT), F st 210008;

2 B ML R 2 AR B IR L AT 22 e, T

B OFE: IMRE (1.0 km x 1.0 km) KA T VL= AN i BB IREIX 38 AL JFE A,

210037;

3 SRR AR, SePH 550025 )

W Tz 17 Bt

L GUKIE (PCBs) MR BIRFIL. 45 RRW]: WFFTIX L HEPCBsys YL Ll Ay 4o 3, I 17PCBsIUR I Z N 65.8%, Fih
JUFEEND CREGHD ~ 1528 pg/kg2 18], P55 EH 19.9 ng/kg £ 32.5 ng/kg, T IEPCBsITL HFEE /LR KINZE S, JREB
P23 7 P E g L 17 BRI R UL 3 ~ 5 WA R, =F R RY A S 98.5%, HPCB28. PCB77. PCB118
ST AR R, 429 443, S29F110.1 pgkge A MR 7 2 4 HERR B RIUT o L > K F > S > bt > S
L, ZHX L HEPCBsYS Ye ] SR A0, R NIESLEE], JF s S s, CRBe L3 () 22 A vl FR R A

KA
FESES: X53

Z Z L7 (polychlorinated biphenyls, PCBs) &k
IRAE il N S ATE LAY, I R4 20k
SRMEREET T Z TR R g k2,
[, & RPN GUR 7 (170 1 45k SCE T B IR
KEE R e e A SR H I O
A7, FEREBINT (BTEEEREEA L) POPs 445, VF
Z [ 5K R e s . IEE 1965
3] 80 AW RIMERS PCBs 4 1 Ji t, U4k, 20
el 50 ACH] 80 AR, s fa MELRIING . [ 55
FEHE KRR PCBs RO R gl Hal, X
Lo )R E R 2 Dk ST, Hh i) PCBs nl gl A ke
KAVURE T57KIB33 B A ) HE TR 5 45 22 Mg 4%
BENIREEA 5T, 1 IR MR K B, s AT
HOEFE AEG YL Y1) = E Bz AT, [l S
K= FE L 2 —, KIS PCBs V544 H 652 2
KiF o

ST R R R KL =AM A X, H 20
g 70 FAKRFIT A FES ML, 2id 20 24
PRI, HETZh X oy 5 Bk IH s 2
(R MR 2, AH I TR 5 KPR vy 3 (e PR FH -
HpY PCBs #YUHK A . AR A 1

B, T BEICE; SRERRHE; IR

IRKEeH, HZ 2 AMED AR, 0 IR o )
JT AR KB AIFFCRE, 12 DX 538 s o AR
BEOAFAE™ ) PCBs 54, 1 HAESY AN A
TR ARSI, (I, B %X 14 PCBs V5
PEITin FRAR T A DG, ASCiz A% (1.0 km %
1.0 km) XJiZ#AX +3 PCBs (175 4RILHEAT R4
WANS, 200 7 3 17 F PCBs SRR B4
e, BAER %M X I EREE (75 e RS B2 B AR
PEHEAEE .

1 #MR57FE

1.1 HRRESHE

2006 4F 11 Az ML (1.0 km x 1.0 km) 76K
VL= A UNIE IRy 5 L X 27 4 k> WA B OFRAE T 38 4
F2 (0~15cm) HIEFES, P aREKHE (20 ).
St (3. S (5 ). B @A) HE (6145
5 BRI, EREAS TR R R U
Fu B R RAE 5 AMFER, TRE R 1 AMRERFE 2.5 kg
fiti, BETARLS, R FEERSEN KT,
WEEE, J35k 10, 60 A1 100 Hf, DLt EeATifl
PEFFIPCBs 73T o

OFLETE: HEKARFHAILE T SIE (40432005, 40621001). [F 5 E s IEART 70 & MEITE (2002CB410810) Al [ERHE Fe J1iH G5 T2

ELTT I (KZCX2-YW-404) %),
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1.2 MO

.21 fERSEG AAHERECND BRI
#% (Varian CP3800 GC-ECD), Btk ik 7%
2 ER

2 @I OEARMEYI R : PCB18. PCB28. PCBS52.
PCB44. PCB66. PCB101. PCB77. PCB118. PCB153.
PCBI138. PCBI26. PCBI28. PCBISO. PCB200 .
PCB170. PCB206. PCB209 It 17 PR ARSFE (BF
¥4 IMPAC %w'5), T AJERTE A .

2R IE Okt NS HLAR, A dral,
HAnt &P as R G B ALtk . IRERIR, il
JEMTHIRERE (100 ~ 200 H) 400°C ¥tk 4 h, /KA
RN 400°C T4 8 h.

1.2.2  FE&HHTALBE FREL 5 g il #51F 1 1 18 FF
i AN 40 ml IE CURERTIAER (121, viv) JREWGHE
FASH 3min, BRE 12h JE4REHER 1h, FEOUEE
AL FEA 2 YO 20 ml IR EREGRIEE A 30
min, B0, GIF LER, SREEARKRFER 5 ml,

FIE OBt B N0 2F 16200 o N 4 He
FHARRL 110 oA R IR, %% 1 min, i 15325,
FEmMRE, % ERPBREGHIR, HEMAKHE
TP AT ST T2 R OB W 1, SRS 1 5T 2B R
SRS T MA AR — A1 20 g/L IR
W, R 10 RIK, FEILEEY G 3T OK)E,

W RO P, AR SRR R A L
HR—TC KGR R -HER A, ] 40 ml 1E vk
LA 5 mi/min FITUEVENG, e 28 R E 1 ml
Kot RGBTV HONIE Ok, Wi ARET R
MIECHEE RS S5ml, f#t GC-ECD !,

1.2.3 GC-ECD 7p#frs&ft (B4t CP-sil24CB(30
mx0.25mx0.25m), FFEH260°C, Fll# 300C,

FEIRL: FEFPTHIEL, #I4A 120°C{#HF 0.5 min, L 10°C/min
EFFE 180°C, f44F 1 min, P 15°C/min _EJF4 250°C,
{435 26 min, FLL 20°C/min _EJF4 280°C, 144F 1 min.
0.75 min J5 0 3HEFE, Uit ieh 300 AN RgA,
JiiE 1.0 ml/min, Z&3EH 13.5 cm/s.

AMFRIERL 6 AR EEX bR U T AT VI LA RS I
PCBs &[RRI R BN R 1. LR B B [R) kAT
M, WA E R
1.3 HMPRFAEULE

LLS mg/LI 17 FIPCBsIRARrFE 6 WKHERE, 15
el 2o, AXERRIIFRIDL = 3.36 6, fH4 0.3 ~ 0.8
pg' (F D).

F 1 LifEd 17 # PCBs F R BEMIR . B3R K& 48X RE
Tablel Detection limit, recovery and correlation

coefficient of congener

e S B Pl HARAE AR RS
(pg) W (%) iz (%) (RH
PCBIS8 0.5 61.1 230 0.9985
PCB28 0.6 78.0 10.9 0.9998
PCB52 0.8 81.6 11.9 0.9985
PCB44 0.5 66.7 2.60 0.9998
PCB66 0.3 87.5 4.50 0.9995
PCB101 0.4 88.8 8.40 0.9997
PCB77 0.5 60.8 5.50 0.9989
PCBI118 0.7 117 18.3 0.9997
PCB153 0.6 65.1 6.50 0.9999
PCBI138 0.4 73.9 124 0.9997
PCBI126 0.3 98.3 1.5 0.9995
PCB128 0.4 77.8 1.20 0.9998
PCBI180 0.9 67.6 9.90 0.9999
PCB200 0.7 83.5 16.7 0.9995
PCB170 0.7 74.7 126 0.9997
PCB206 0.6 87.7 2.90 0.9999
PCB209 0.8 83.3 4.10 0.9999

S mAr: 110 gl GLpdl . HABILL
11 IE e R P TR A VROR T Y 1) - R R
[(FIPCBsHEH 5E 4 )i » 40 ~70°C T4 2.5 h, HFHEE
120C Ht 4 h, TP LRA P 5 ml 100 mg/L
17 FPCBsiE & hrFE, 48 LR AT AN, W45 % 5 ml,
Rrille, w6 MNES, BN 60.8% ~ 117% (£
IDR

2 HR5WE

2.1 MHRRXLEPPCBsHIBE

TEPTRAEN 38 AN EFEM T Y 17PCBs [ th
RN 65.8%, WWILILHAE ND CRAELHD ~ 152.8 pg/kg
Z 18], TP (0.625 ~3.501 pg/kg) MR
Rysge IR (036 ~ 0.59 ng/g) 1, diflhy 3.3
ug/kg, PSR 19.9 pg/kg +32.5 pg/kg, T T Hi
JiH3erh PCBs HI4R2MH 20 pg/ke, A T-H 5
FiEm 10 AMX R E LS 7 FideaRtE PCBs
RMESFIME (8.04 ng/g) P, (HAE, L3 PCBs 5%
PAEAEIR KN 22 5%, PCBs SR JZTLIAE SO 1,
ATLLE Y, 65.8% (25 AN MR- 3% PCBs 7k
EHMC T E7 g+ 3% PCBs 198 S48 20 pg/kg, 12
34.2% (13 ) [+4% PCBs Hidi%fl, 23 754,
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Fig.1 Distribution of PCBs concentration in soils

Hrp 3 ANEEEBEET 60 pgkg, 20k 83.0. 107
M 153 ng/kg, SZEEVGH, UiiZHLIX +1E PCBs

D 76

o = pcBs &
[ 3t
A Hg/kg

IR DL AR ek 32, HOA T — @Y Bl d i
FHFES T8 PCBs St oA E 2 fiow, &t
G AFAE R B s, A 1) o LA B 2 i B A
VA RIN, 7k B B AT — B K ) o b S R
R . AUPRERY], RYHER. IR e R
PCBs [WHEZRAS, AU = ATl , %
X PCBs 175 Gt A1 nl g 5 SLHw M A8 e I 1H L i &
HL T 77 S B X R IE A 26 (B AR R 3. NIk, AL
HEM = 5% B AL PCBs nl REE 27 PCBs HIHLT
BERARMEAE e TS, JF AR R AR B A A6 KO
AIHEFRAE (FEAbE D sgm R BRI 21— 2 1
PEEOMUIRE R RAERE T3, (BAHBR L Ahid 127 ok
(5 g, Hoyg g i) 75 it — S IR IT
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A
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B 2 +i#Eh PCBsAEBHZ=ESH

Fig.2 Spatial distribution of PCBs content in soil

2.2 FA3X1IE PCBs 4HB4HE

T EPCBs W4 A5 HAUEFN ] R JTAH Ko
F2 LA ZHhIX T I3EHPCBsLL 3 ~ 5 &N T,
—H HPCBsE R 98.5%, X4 TR IE %X
+- 3 P PCBs LM U AN —507, th 5 i X PR )
HLA B R B S 3 ~ 5 APCBs) &7, X UULA
PCBsH AR RNE, BREGERB P IS
KPS EHR — & P B My ) 4, e —s
FERE bn] DAUE BT (Y HERT RIZ X 118 PCBs (1) 1 %2
SRR AN BRI L 1 SR AR AR A e S KIS H R
PCB128.PCB180. PCB200. PCB170. PCB206. PCB209
S A SRS R R ARG, R
5 YRR R i ik R R, R g LT AR Y

DfRH, WY, B, KL,
B, R (D

YTIRT S, B0 AT BEAT 2D B () R AR PCBs i,
1T HIX LW A TEARAG, #ERVER TS, W E T o,
R GAE R KRR, s US55, BT,
WAELL AR FREAA, DRI BT G B AS e AN 17
Bl 2ok G, B TPCB128 AIPCB209 & &k T
KRR AL, HoAh &4 B A FRE R A, A%
5 2 PCB28 (T34l 4.43 pg/kg), Hoim HPCBs
SV 22.2%, PCB77 MIPCB118 k2 (HAFIIME 5353
h5.29 ng/kgF10.1 pg/kg), ool by B 1) 26.6% Al
10.1%. (HAVERME, PCB28 & 7 MR R EPCBsZ
—, PCB77 #IPCB118 J& T3> FIiPCBs, —&#HAA
B R, IXFEPCBsIETE 1 AR A 25 1 R AE 28 XU 13
7 LA

KV = At X LS FABE U A ST V. R IH A SR 3 SR AR P L & S LS i 4 53
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%2 WMREXLIEA PCBs B R4EMAFHE
Table 2 Composition of PCBs in soil in studied area

ERBO EEX) K (%) TEIE R (pg/kg) KA (pglkg) B (%)
3 (30.1%) PCB18 26.3 1.59 329 7.95
PCB28 553 4.43 440 222
4 50 (39.8%) PCB52 23.7 0.97 14.0 4.86
PCB44 15.8 0.46 9.09 2.29
PCB66 26.3 1.22 9.00 6.10
PCB77 36.8 5.29 31.3 26.6
54 (20.9%) PCB101 36.8 1.17 6.73 5.85
PCB126 29.0 0.98 7.17 491
PCBI118 36.8 2.01 12.6 10.1
6 (7.7%) PCB153 26.3 0.70 5.82 3.53
PCB138 21.1 0.83 7.10 4.15
PCB128 0.00 0.00 0.00 0.00
7HAKLE (1.5%) PCB180 2.63 0.05 2.05 0.27
PCB200 5.26 0.06 1.32 0.31
PCB170 2.63 0.08 3.05 0.40
PCB206 10.5 0.11 1.47 0.55
PCB209 0.00 0.00 0.00 0.00

2.3 AELHFIAARTLIES PCBs HIF% BHFE
HE 3 oA H, 5 R R T g
PCBsHI H 3 T 60%, 5% Lt m, A =0
J7 9 S b > LT > REE RIS L > UK . B B R
(B 4D, FlE > 7K > 5k > R > Sehh . ¥t &
T 95 FE T G b X R H - 38 R PCBs [ 5% B /KT
U0, 58 W 224 b PR A gL 2 28 36 S [i) = 3t R O o 38
PCBsi5 Bty K T i, JUIIE H 5 AR ™ i e A 4 0%
(7K FH A SR e S AR Ml 398, SPRAI RS ey 1 Atk 1
FIF 5 A1, 439008 23.9 pg/kgfl 33.2 ng/kg, HAE
PR 0 bR A O 22 0 LL 3R OK, 43 il A 40.58 ng/kg
35.39 pg/kg, i W IX PRl A R 2 R R
B 22 R e AN IRE SRRy YR, TR A (e
100

80 —

60 -

40

KR (%)

KH BRRE ML i R
LA I 5

B3 AELuFAFRLED PCBs

Fig. 3 Detection rates in soils of different land use types

55354 152.80 pg/kghl 82.90 pg/kg) F3 T FHMH
B, Wb, VEUKEEE . (AR 25 TR 2 —
SEMAPR 35 o MRHE RIS — 5 T A2 = G U LN,
FEN, ZNIGEH TP RN, MR xR
PCBsit A — & AR B 20N, i LART fig 2 FAH R /N T
Dol FZK A Y B 40 I AEND ~ 23.7 pg/kg FIND
~30.5 pg/kg ), T SRR PR HUFTAL 5 R SR 4K
Yy 13 rh 6 FIPCBsHI % 843 I 7E 2.0 ~ 34 ng/g 1 5.2 ~
77 nglg (AP0, S+ 3EPCBs T & N 9.20
ngkeg, X HALJLR EHAH 7 LS &, HE
ST ARG Y X S 3 BT T, AT RES
BT RV L R 2y TORLEE K K W AE

i (pgkg)

KH ME e
A5

b N

4 FEREHFBAXLES PCBs B8

Fig. 4 Concentrations in soils of different land use types
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& 5 ATLLE Y, AN R 5 2R - 3EPCBs
#LA 3 ~ 5 S 32, HAAL R AL, AT ke
IR LR FT5 4okds, 6 &F 7 &Ll bk &
V) LA K AR g D A, 1T REAE R D X
Fo R 7 AN BRE ey Qe R, A
S PCBsHii AT 8. (H & 32 N 2835 3l 5% i L K K
M SRPEAISER 3 ~ 5 G075 Be -5 PRIEHD AN Sie Hh g A7 A
[F]o ATREA PN 7 RS OABEFUR I BENLRFE,
& L R 7 R B R SHOR R, T A R
TFRIRBE B R], AR, A FEUREPCBs
BEAE 1T % B8 AN ) e S % RIS (1 5% Wi 575 U5t Jl a0
DX 109 93 A1 43 Qi 125 SR (R LR AE ), ir LA ) &R 4 20 A
A ] e I8 A AR . @A [A] A FH 7 XN A0
KA PCBs#k 7 78 1A ], AS[R] P 0T 380 PCB s Fft
SRR AR, BT LAPCBsIFI i N\ 53 AN [H] K
M 5 2% 5] R A LA AN ] o
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Fig. 5 Distributions of PCBs congeners in soils of different land use types

3 #Hig

(1) ZMA G Y X 1% PCBs 5% B LLi % i ,
PL3 ~5 500 3, UGS HAT B s 2L PCB28 . PCB77
M PCB118, 5iZim D iy bR BIcH ¢ . iy BAFAE
oy EYG Y L, BT A T R AR A e
Y RAhIX o DRI, BEE TG Gt — D i AR
UGS, i B, JF SRR T TS G i)
AT, e s 4.

(2) ANl oty 20N 383 52 B — @ B EE 1Y) PCBs
Vg, AR R AR RE O A lE > 7K B > Skl > bR > S,
1M H 4 B 7 2C 3B AT AR R R4, RILA

3~ 5 AR HIRA L

B BRETERNFRLIEMESSRMEEER
XBERBEL, XEEFL, EBREL, EE
MEAERFLRFALTHARDHEL !

S5 3

(11 FRE, RF%E, BRTAR, #rl. LS 2 JURAERE.
IR, 1993, 14(3): 69-72

[2] Breivik K, Sweetman A, Pacyna JM, Jones KC. Towards a
globalhistorical emission inventory for selected PCB congeners-a
mass balance approach 1. Global production and consumption.
The Science of Total Environmen, 290(1/3): 181-198

[3] Zuzana M, Elizabeth O, Michal T, Bernhard H. Impact of
nutrition on PCB toxicity. Environmental Toxicology and
Pharmacology, 2007, 25(2): 192—-196

[4] =g, g, BACE, SKHR, MU AT
IV AU S I & AL, L 3E2E4R, 2006, 43(2):
220225

[5] Rubt, L3, T, FHEN. 2B G R 0
PN, R EFAETIN, 2005, 21(4): 52

[6] Meijer SN, Ockenden WA, Sweetman A, Breivik K, Grimalt JO,
Jones KC. Global distribution and budget of PCBs and HCB in
background surface soils: Implications for sources and
environmental processes. Environ. Sci. Technol., 2003, 37:
667-672

[7] Harrad SJ, Sewart AP, Alcock R, Boumphrey R, Burnett V,
Davidson RD, Halsall C, Sanders G, Waterhouse K.
Polychlorinatedbiphenyls (PCBs) in the British environment:
Sinks, sources and temporal trends. Environ. Pollut., 1994, 85:
131-146

[8] HEETAL B, IRIEA. £ SRR KR P IR AT A
IREERMFE 4R, 2001, 21 (4): 454-458

91 W% KIL=AMynasys Gor m 3 2 SR i . BUEYIRL
REAAEME ERT (L2030 |« st T ERE bR
TIEWFFTIT, 2005: 31-33

[10] FHRZH, SR, BANGE, ok, BeM, Bl 1= Mt
DXk Ye th 2 SR MA AR A S /G HGUTR. T8,
2006, 38(5): 539—546

[11] Akug, Z2309, 5KT, BEFEDE, Ho0E. JURY 2355 R
BUEAR L 5 et 73 AT 10 T o CRAIE R R4 . PRI 462, 1999,
18(2): 115-122

[12] PMAE, BRIRFHS, Pheazsm. mal & buug i X A7 ML & s
Y. BT, 1986, 7(6): 64-69

[13] Borghini F, Grimalt JO, Sanchez-Hernandez JC, Bargagli R.



o

bl

4 I

AL = A PRE R 7 5 R A DX 35 v 22 GUBR AR B R R A

593

[14]

[15]

[16]

[17]

Organochlorine pollutants in soils and mosses from Victoria Land
(Antarctica). Chemosphere, 2005, 58(3): 271-278

FRA, REIT. HRIEEE STk Jbat BieFg
4k, 2004, 539-541

kAP, ZR0Me, Mk, KR, e, F R
OCPs I PCBs {5 RBULRBEIL. 77 8 K # A RCEREBANR),
2006, 21(2): 42—49

Hippelein M, Mclachlan MS. Soil/air partitioning of semivolatile
organic compounds 1. Method development and influence of
physical-chemical properties. Environ. Sci. Technol., 1998, 32:
310-316

D, T, RIRH, XITEAL.
B B 2 DR (PCBs) M T LT 2.
199-203

A g Qe XY A -3
TESRELREY, 1995, 15(3):

[18]

[19]

[20]

[21]

[22]

Alexander M, Elena M, Victor S, Boris S, Nadezhda V. Numerical
evaluation of the PCBs transport over the Northern Hemisphere.
Environmental Pollution, 2004, 128 (1/2): 279-289

2, Honte, ERE, BRDF, sRE R AT = AN A X OR H
45 2 SRR BRI, FREERL, 2006, 27(3): 528532
Wilcke W, Krauss M, Safronov G. Polychlorinated biphenyls
(PCBs) in soils of the Moscow region: Concentrations and small-
scale distribution along an urban-rural. Transec. Environ-mental
Pollution, 2006, 141(2): 327-335

Wilcke W, Amelung W. Persistent organic pollutants(POPs) in
native grassland soils along a climosequence in north America.
Soil Science Society of America Journal, 2000, 64(6): 2140-2148
XRIEIE, GRS, WSO, R PR I A AR A B 2 S
ORI YRRAE. PRI, 2007, 26(2): 249-254

Residue Characters of PCBs in Soils of Typical Polluted Areas in Yangtze River Delta Region

ZHANG Xue-lian'?, LUO Yong-ming', TENG Ying', YU Yuan-chun?, WANG Jia-jia'?, XU Li',

LI Zhen-gao'

(1 Key Laboratory of Soil Environment and Pollution Remedy, Institute of Soil Science, Chinese Academy

of Sciences, Nanjing 210008, China;

2 Institute of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China;

3 College of Life Science, Guizhou University, Guiyang 550025, China )

Abstract:

17 congeners of PCBs were analysed in 38 soil samples collected in typical polluted area in Yangtze River Delta Region. The

results showed that residues of )’ 17 PCBs ranged from ND to 152.8 pug/kg with the average of 19.9 pg/kg + 32.5 ug/kg. 3 ~ 5 chlorinated biphenyls in

soils accounted for 98.5% of 3 17PCBs. The residues of PCB28, PCB77 and PCB118 were 4.43, 5.29 and 10.1 pg/kg respectively, higher than other

congeners. The order of residue levels in different land use patterns as follows: garden > paddy filed > wasteland > shrub > pot garden. Therefore, we

should pay attention to soil PCBs pollution in this area, and strengthen soil remediation and management in order to guarantee the safe and

sustainable use of farmland soils.
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Electronic Waste, Soil, Polychlorinated biphenyls (PCBs), Residues, Utilization
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