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Residues and Ecological Risk Assessment of Polychlorinated Biphenyls in Suburban Vegetable Soils of Jilin
City

CHEN Xiao—rong"?, WANG Yang", LIU Jing—shuang', LIU Qiang', CUI Zheng—wu', DU Lian-sheng'

(1.Northeast Institute of Geography and Agroecology, CAS, Changchun 130102, China; 2.University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: Polychlorinated biphenyls(PCBs) have contaminated agricultural soils. In order to investigate residues and ecological risks of
polychlorinated biphenyls(PCBs ) in vegetable soils in Jilin suburbs, we analyzed concentrations and distribution characteristics of 11 PCBs
in the vegetable topsoils from Jilin suburbs, assessed the ecological risks using environmental quality standard and toxicity equivalent factor.
The total concentrations of PCBs in the vegetable soils varied greatly, ranging from 58.20 pg-kg™ to 253.08 g kg™, with an average con—
centration of 111.00 pg-kg™. The total concentrations of PCBs in some areas exceeded the secondary standard of the national soil environ—
mental quality, indicating potential risks in the vegetable fields. Soil PCBs were mainly five— or more ring congeners. The highest concentra—
tion of PCBs was found in the northern suburbs, where chemical plants were highly concentrated, showing the impact of human activities on
the environmental quality of vegetable soils in this area. Principal component analysis revealed that the principal component 1 contributed
31.67% to the variance, mainly from paint, insulation materials and other industrial products. The principal component 2 made 20.05% con—
tribution to the variance, which resulted from power capacitor impregnant. The percent contribution of principal component 3 and 4 were re—
spectively 11.16% and 9.62%, which were waste incineration and volatilization of PCBs in plasticizer. Overall, the pollution level or toxic e—
quivalence of PCBs in vegetable soils of Jilin suburbs was at a moderate level, and posed a potential ecological risk. Attentions should be
paid to their threats to human health.
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Figure 1 Distribution map of soil samples
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Table 1 Statistical characteristic values of PCBs in vegetable soils

IRAMES BOR(E MR ARiEZE AR REL KR

4H 4
an ng-g"  ngg’  ngeg' ngegt CV/% %

PCBS8 291 55.76 11.25 11.66 103.64  100.00
PCB28 1.69 30.18 5.75 5.44 94.61 100.00
PCB44 1.43 11.85 4.92 2.80 56.91 100.00
PCB52 5.51 29.89 18.85 4.50 23.87 100.00
PCB101 0 12.77 4.90 3.39 69.18 82.00
PCBI118 0 19.97 3.32 3.27 98.49 72.00
PCBI126  2.26 67.30 13.06 11.83 90.58 100.00
PCB138  4.82 57.11 17.78 11.49 64.62 100.00

PCB153 0 9.20 0.41 1.67 407.32 4.00

PCB180 1.92 66.43 18.60 20.53 110.38  100.00
PCB198 0 77.62 12.16 13.07 107.48  92.00
2 11PCBs 5820  253.08 111.00 3851 34.69 100.00

R2 ARG EHMMX +1E PCBs iR EXTEL

Table 2 Content of soil PCBs in different districts

WF5E AT +-3Ty Frting- g E =BG
Nl SEHI 4 58.20~253.08 BT

M Ed k. 0.36~0.59 (8]
Jestim A FH 44 0.26~2.14 [5]
IR T2 0.03~1.80 [6]
i A H A4 0.07~2.53 [4]
LIRS 7Ly (A (R 0.78~937.00 [9]
T A H 5% 0.95~3.84 [10]
T A% H 112 0.55~55.00 [11]
%22 Katowice FE I 80.00~680.00 [12]
E | A< H -3 1.70~1 199.00 [13]
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T 5Erh PCB WA A KRR, 2 =& WE I
A NE A ONVEBOR E R4 5 PCBs BRI
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TP RS E A WOR N F, WA —
8 LA ) — SR VO SRS, 55 1 10 A5 ) AR b
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Figure 2 Distribution of PCBs content in vegetable soils



BRI, 55 2 BTS00 2 DR AR B RO B A5 KU A 1131
3 PCBs iRER K SE] Pearson tHK RENERE
Table 3 Pearson coefficients between PCBs and PCBs and soil properties
i H PCB8  PCB28 PCB52 PCB44 PCBIOI PCBI118 PCBI53 PCBI38 PCBI26 PCBIS0 PCBI98 X 11PCBs A7#LF
PCB8  1.000  0.155  0.097 0405% 0092 0254  0.103 0039  0.35 -0.055 0.280%* 0.518%  0.069
PCB28 1000 0.007  -0.088  0.062 0365% 0462+ -0.168 -0.096 0219 -0.131 0232  -0.053
PCB52 1000 0014 0011 -0.117 0034 0129 -0013 -0.026 0.181 0223  0.174
PCB44 1000 0375%F  0.065 -0.024 0.662%% 0491%% —0296% 0.575% 0.608%*  0.154
PCB101 1000 0459+ 0319%% 0510%%  0.105 —0.366%* 0.433%% 0342%%  0.060
PCB118 1000 0.549%% 0068 -0.032 -0.077 -0.003  0.196  0.097
PCBI153 1000 0.068  -0200 -0.175 0002 0083  0.084
PCB138 1000 0.563% —-0.506%* 0.744%% 0.547%%  0.156
PCB126 1000 -0.181  0.648%% 0.658%%  0.048
PCB180 1.000  -0370%% 0.144  —0.036
PCB198 1.000  0.730%%  0.103
> 11PCBs 1000 0.139
AL 1.000
Y 1 FORTE 0.05 KOOI ) A+ FR7E 0.01 KR 1 @ E I,
H 50 AN RS K2 3 PCBs (1 85, %) ®5 BFHER
PCBs % 415347 E UM MK, SREUSAERIAT 1 10 Table 5 Factor loading table
FEER 55 4 A F RS, FRU R UL R4, - FEHOY
WK 4 ARG 1 7 2 TR R 52 R 31671% rCl PR3 et
20.053% 11.161% F1 9.624% , 2 i} 5t fik & ik :;;288 (;312391 gg; gjjz ‘000(2222
P N . -0. ) ] ]
Z.SOE%; BIPF 4 /I\\Iﬁkéj\ﬁb%&% R PCB52 0.126 -0.060 0.195 0.941
e E B 72.508%L) . PCB44 0.791 -0.055 0.249 -0.160
=4 TRATRHSNE PCB101 0.616 0.438 -0.348 -0.009
Table 4 Results of principal component analysis PCB118 0.151 0.822 -0.007 -0.198
o WEREE-7 FIAR A PCBI153 0.108 0.818 -0.181 0.172
At BTk % FBikR/ % PCB138 0.884 -0.149 -0.184 0.077
F 1 3.484 31.671 31.671 PCB126 0.662 -0.302 0.275 -0.234
F i 2 2.206 20.053 51.723 PCB180 -0.575 -0.030 0.509 -0.094
FRs 3 1.228 11.161 62.884 PCB198 0.867 -0.135 0.122 0.081
FRS) 4 1.059 9.624 72.508

MRS ATLLAE M, ERsr 1(PC) W R Y
PCB44 .PCB101 ,PCB138 .PCB126 1 PCB198 H. 74 4
KB IEZ AT (>0.60) , 171 J5 7] 24 PCB180, PAl %k far E
i 0.50, HAR AR 8 A K. X 6 Fil[R R Y7E
Aroclor1254 F1 Aroclor1260 HHAEXT & &y, KL
BT 1 TS G AT BB 25K H & Aroclor]1 254 [RHES |
o 2k pFORHAE Tl b o L4 2(PCL) H , PCB28 |
PCB118 .PCB153 HA B KM IEZ AT (>0.65), Har
SRR /N . X 3 R &Y rh PCB28 1) F it
&7 60% L) I, HAE Aroclor]1 242 FAfxT S i, Rt
ATLIAR TR 2 175 Y 2R VA T HL T AR 1
Bile X E RS 3(PC3)FIE 4 4(PC4), PCBS

(>0.65)F1 PCB52(>0.90) 431l H AT 4 K Y 1F 28 fof , H
A= a0 P R = W T 2 N = RV R0 o €2 [
PIMREAR PCBs Fb G5 40 i (1 = 4G PCBs 7874
JEm, B GAERAPHATIERS , RALE KA TR
FACIR [l b2, PRI =820 3 5 sy 4 s e nl g &
SRR T RSP 5E K A¥BR hPCBs M35k . LU L
S F RO RS MR I AR B S PCBs AR5
& PCBs g A AFHEAVI &, 5 HMiE R E
SLATHAL TR & PCBs Tolk b S S2AHAT A
2.5 PCBs R4S IEMr

ASCRH HATE PR 32 0 0358 5T A
DRSS FA (L FD 254 24 e R -3 3 525 PR T 200 8 2 1
Herh PCBs 15 JLIRBLIHA T TN -
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2.5.1 AEERTRARE RS A

iz 126 [E % Long 5P ST (1975 YL XU VA
PRUELEA PEAN 75 PRTIT AT 8% 2% 1= 5 b PCBs W 7E X
i, SROMZE R IR 6. Hh  ERL FRKEETk
N, 24 -3 Z &R KT ERL, A 25 XU AR /)N
T 10%; ERM F&REEHR0W HME, S T3 rh 2 &R K
T ERM, WA= ZS XU HE S KT 75% . M3 2 A1, 50
A ERE L R PCBs (& B KT ERL,2 KT
ERM., #fg bt o] B, 25 AT 28 5% 3 b PCBs X
AR LR T 10%~75% A8 /R 4 B
BN, KA AT Y 5 T RS EE A

&6 TIEREZIEEESKEITMN

Table 6 Ecological risk assessment of PCBs in soil

) ERL/ ERM/ FEAEA
lﬁ H -1 -1

pg kg pg kg >ERL >ERM
PCBs 22.7 180 50 2

252 #pfEYE Rk

FE1E 24 & K 7 (Toxic Equivalency Factors, TEFs)
J¥k, B3 PCBs iy #E S 2,3,7,8-TCDD(2,3,7,8-
tetrachlorodibenzo—D—dioxin ) I EEPEAR L A3 B 10 2250,
FE it 5 PCBs (1) J57 5 Wk 32 B8 0T i 49 0 5 B e Y
K TEF (3, RIS HREPE 2 & (Toxic Equiva-
lent Quantity, TEQ )V , A ih i 85 PR K/ N5 T4
an TP PR TEQ AR, THEA T

TEQ=2 PCB;xTEF,
A TEQ 2 PCBs #EMEY1i ; PCB; g4t PCBs Jir i ik
Ji ; TEF, 3t PCBs 5 2 f A1

ASCHERHE A T A 41 2L (WHO ) $2HE R JLR & O
&/~ M: PCBs 11 TEF, {E 1155 138 PCBs (814
PR 7). IELILRY], A5 PCBs #M Y it
(TEQ) {936 Bl H 0.323~1.717 pg-g™, F-HI{H H 0.898
pgrg’e SEPHAML AR, AT I KB S 1
PCBs [ TEQ B2 /& T F 1 (8x107 pg-g™ )P, {HAEAIK
TWIL(0.153~34.8 pg- g™ )L 2 1H HL 25 245 47 51
+38(9.94 pg-kg), 5650 (0.350 pg-g™) Pk F [
— RGBSR, AT I RBEE S 1 PCBs A=
A T8 T Hhr A K, 5 KU BT e An e ) PPN 25 SR —
G H R TSEE EPA #la iy + 5815 4L TEQ 451/HE

250 pg-kg™, I FAR L HoAb 5 52 fm A1 b 1= 3 o — 063
TEQ 5 il A5 i CBr 7 222 1.50x10° pg - g f8 [ 2y
1.50x10° pg- g™ . E[E K 1.00x10° pg- g™ . H ARy 1.00x
10° pg- g™ I35 220 500 pge g™ )P, FOMKHT ARG 44
H PCBs HYTEQ & AR, 7538 H i Bl A, HloXUR: 1
BN (A H TPCBs HA AW BAFUWE MERARIE S i
BT A AL

3 #i

(1) EMATIE AR S % - 58 PCBs i A ECK
W23 (Bl A3 A 22 5%, EEE DL R SRR 3oy -4 rp
PCBs & 8 H GB 15618—2008( + HEF 4% i F A vfE
(BT ) = A il bt , Horbdge i (A 32 24530 A1 7E 808
JLEB.

(2) B 43 o0 B A B, 3% AT 3 A0 2% 1 v
PCBs A EEACIEIZINIE . bR Tolb St K )y
HL S g iRt A, O IR 50 56 e S 20 590 B &
PCBs B % .

(3) P ARTT I RB B% 5 - A BT i & O 32 BTG
Bl R R, PCBs A 28 XU e (A Ak F rh 45 K7, B
A TETE ) N R AR
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