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Residues Characters and Health Risk Assessment of PCBs in Agricultural Soils of Taiyuan City

ZHANG Jing-wen' ,ZHANG Hong'" ,LIU Yong’ et al (1. College of Environment and Resource,Shanxi University , Taiyuan , Shanxi 030006 ;
2. Institute of Loess Plateau,Shanxi University, Taiyuan ,Shanxi 030006 )

Abstract [ Objective ] To study the distribution and source of PCBs in Taiyuan’s agricultural soil and the health risks posed to the people near-
by. [ Method] Farm land soil in Taiyuan was selected as the research objective to measure the content of 7 indicative PCBs in the soil. Based on
the Taiyuan residents’ exposure parameter and some parameters of USEPA ,the health risks caused by PCBs were analyzed in Taiyuan’s farmland
soil. [ Result ] The average value of 7 indicative PCBs in Taiyuan’s agricultural soil was 87.29 pg/kg,majorly consisting of high-chlorinated bi-
phenyls with hexachlor or above ; Compared to the PCBs study in other regions,the PCBs residue level in Taiyuan’ s agricultural soil remained rel-
atively high and the residue volume of Y, 7PCBs at 35% sampling sites appeared to be higher than the limit of agricultural land ; The analysis out-
put of the major content revealed that the pollution of PCBs in the soil might be mainly caused by the leakage of insulation materials from large e-
lectronic enterprises and the impregnate and transformer of capacitor,as well as the paint additive containing Aroclor1254 ,insulation materials and
other industrial products containing Aroclor1260 used in the chemical production plants;The amount of PCBs accumulated in Taiyuan’s agricul-
tural soil would not bring any non-carcinogenic health risks to adults or children no matter in sensitive land use or insensitive land use. Consider-
ing the utilization in both these two types of land ,the amount of PCBs in Taiyuan’s agricultural soil only indicated a minor comprehensive carci-
nogenic risk to adult,while the risk might increase a little when it comes to children. The contribution of three ways of exposure to the health risks
turned out to be:oral intake > skin contact > respiratory inhalation. [ Conclusion ] The research can give reference for studying pollution residue

distribution and assessment.

Key words PCBs;Agricultural soils;Source ; Health risk assessment;Taiyuan City

ZHAMIE (PCBs) & —2R AN T & M B4 R i Hifpes
R ARTFREFAEEIG Y, 5 TXH
(CoHy), Cl FHEA bt B AS e i #4438 A 50k
ZEVRRAR AR B0 SR 0, R R T I ) S B ) R
HU S RS A 2R P 48 A0 TR 450 RIAL T b 28
A3 TR AL Toll H g Tl i 4 ol 25 458 3z el Y
PCBs HA =8, 76 R B4 53 P 10 i 15 B8 2 DA R A A W
TR T B AR T WP AR G R S AR B BT
HA—ZEWESMEN . RikE A 20 {4 70 R
2511 PCBs {45 F= Al A, (0 i1 F = Ab 2= R R DL K B AT,
A PCBs VEJg il = bk ABREE 7~ L AR PCBs /)™
AL TR RN TR JF AR 5 A2 K
BUIRESE N A AU R LR 8 i Rk R 2 Fhik
TR AW, 8 R BB AR A i I e e 4 R,

HETH BRaAHFZEALAR (41271513),

EZEBN RFEE(1992—), &, LB KRA, LR L, IR F @
IHRRAFEMNEF RS, B, #I%, HE,KE
A SRS RRAESFHR,

KFSHE 2017 -10-18

Herh PCBs 11475 Y R Agt5E XU i & 32 B A T AL
KIETF R E LI X EZ AN ) BRIERIR T
o Tlp R, TR AL X B A S > —
1R 3R [ 28 P 0 & R e i 2 i sk i [RT B, Tl oK
JES, TR R TS Y AN PR S BOR ST 3 X 358
VGG H 25, ST, A BT R A, SR ATE I
RROEER ) AR RN ST YU A 1 A K R T IR X
TOFEIP 330 SRR Il i (R A AR RS0 B Tl
FHHb AR A b, FFLL, R TEIRIX A TS Ye RS 005 A RER)
EHRfER B YIASC AT T3 T A 35 Y ik B oA S
TSR IR AT AR R A B T BB E L
EEXREH PCBs IBESE, AT SR 224 ot k)
PRI BERIZTUR Y PCBs 233 il— 22 iy AE 8 XU, T
X KA FH e PCBs {5 B3 1k B 40 A TR K A BB
AR XU A LARGE . HE 2 FoT 2 8 T A S BN B s 4
FRUEF Y 7 4S8 PCBs( PCB28 .PCB52 .PCB101 .PCB118 ,
PCBI38 ,PCB153 ,PCB180) FRAAIEATI-HE , X A SR 4k FH 3R 2%
BT OREE W T T R B -4 PCBs B2 B A% R, 18
TR FEATREACIE , SR FH A A8 i 5 IR DA A5 70 3 Ao A o A 3]



45 % 35 4

RFEHF RRTRE LV § AR T RHIERALR R 97

] P A h X R T R i SR SR 25 5 Pkl TR
A R T A HE 1) S B 22 588 S 800, 0 R i A 3 v iy
PCBs EAT AU DA, 71550 2 28 4+ 1R F O =0 L A
WNAE PCBs 2287 T (19 30m KU FEE SO R . S R A
HH 438 o B PP RS TS G B A SR R A 48 5, OF X
IR T RS PEA B T 4 S A il

1 #MRFZ*

1.1 FRAIRE 2013 4F 10 78R JE 3 X G P A AR
FH AT RAE SRS R ILET 1, 76 48R 5 A R S i A
o R GPS 78 31 AR FE SUE AL, H/N 47 BR L+ IR Z
3 mmZE AT TR B2 AR A R AR 3R )Z 138 (0 ~ 20 em)
B HIEREADT 1 kg HI MM GER S ~10 A~ A3
SYUR G, SR AR ) IR RO T IS BB, 5 4%
HRARKT G IFEE L 100 B4 o k58 B 15 344
WY T EER

1.2 SSHFORNEREES METRIL2.5 g -85k
f T 50 mL BEEE BSOS R RIBIIA 5 ng AR, B
AR L hJE T 2 YRR AR 1 IRAE R R i B O A8 o
A 20 mL Nl IECHE(L:1,V/V) 55 2 IREEI A AR i B O AE
A 10 mL A/ IECHE(1: 1, V/V) J5, B 5k 15 min
FEAMRS) SRR AR 20 min, A B0 3 000 r/min 2§
O 15 min 2K 2 B LIS WAL B 50 — A B 0
o EEHE 2 IR EIERIR G o ARG S A/ R R
WAl DA R T AR e 4 2 25 28 500 pL, 5645 2 AR
R, A EALAT.

SR HP 6890A S AH 8343 ( Agilent, USA ) Fig - Ni
TR A I %, B35 A HP -5 1 95 B 404 HE (30 m x
0.32 mm x0.25 pm), K #5 M 280 °C, JEFFE 25 0 1R B
250 C, FEFF TR FEIR LA 10 °C/min AYE N 80 CF+ &
200 °C {58 1 min, SRS LA 5 °C/min (3R T} Z 280 °C 453
5 min, JOATIRIERE, SRS 1 Lo ARYEAR Y 0T 0 45 B4 5] 1)
PEATRE M, A bR R AT E B[R MR L O 30 1, Ny PCB28,
PCB52 .PCB101 .PCB118 . PCB138 .PCB153 . PCB180 & 7 Flifs:
YRR I E ZAREN A0 SBOS — 174—2008 A3k .

TESHTRE S AL R rpr, S (o 85 SR O i v A, LA L =
AT A A R, T RS A8 MR i T R, 0 T
THRWE I 5 B 8 ANFE A BT 1 AN 4 i v ) v BE A
HESWE , B3 10 AMRERL AT L ANEE RS, BilE 14w ml
R IR [ 3R 34K 71.92% ~115.50% (32 1), PCB209
FER T 2848 Fr ) AF + BB AE & b 9 TR 265 56. 28% ~
146.27% ,if i 85 5 5L U Aw , 45 2] PCBs 1) J7 32 46 i BR A
0.06 ~0.6 ng/'kg,
1.3 AEBEREIENAZE R EPA £ 0 R XU
P UL X KRR AR FH 4= 438 rf PCBs 78 AN [ 4 H Fi FH
B2 DA SR o PRI 3 Fh E R R R
Xof LB RSN 350 AR S0 25 88 B EA T3 AT PPAR K
Ji g -3 rb g PCBs 5% B A (G fE REIXURS: '

UNGIE S Six el R/ LY ES €y A B | SV VR P S s

HHAR 0 F
_ €, xOSIR xED x EF x CF

[61) P (D
LA BW X ATm(nc)
C, x CF x SAE x SSAR x EF x ED x ABS
CDLy s, = BW x AT, ., )
o C, x DAIR x ED x EF 3
FERA o T PEF x BW X AT o) )

1. C, g PCBs (IR BE 3 CDL, g ace HE TR 135
W) 2R 5 (ca R BURAN , ne HAEBUEEY) 5 CDLyymipeacne)
Ry B A fioh - 18 1) 5% 5% ik (ca B0 RN, ne R AR BUE AL
) 5 CDT e nenney N VIR WA A 33 11 2 55 8 (ca B AL
L, ne SHAEBUERN) o AP HARSEU L 2,

F1 PCBs EHMtRRE FRERE EZE

Table 1 The mean spike concentration, standard deviation, recovery
rate of PCBs
- o Elres
Pollutant Spike S tal.ldszd Recovery
concentration deviation rate // %
PCB28 16.302 49 0.260 806 81.51
PCB52 21.851 65 0.212 813 109.26
PCBI101 15.438 47 0.094 068 77.19
PCB118 14.383 36 0.070 290 71.92
PCBI38 15.918 68 0.028 990 79.59
PCBI53 23.100 47 0.054 383 115.50
PCBI180 14.430 92 0.021 518 72.15
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ISR, USEPA thiRqit 3 FhRERR1E T RID S%(H R
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Table 2 Selection of exposure parameters

RS Hf T Adult JL# Children A Adult
Exposure parameters Unit (BB HE Non-sensitive land) (£ HE Sensitive land) (/S FH L Sensitive land )
BW (SZ{Afh) ™ kg 60.5 15.9 60.5
OSIR (4 HHEA L3edd) mg/d 100 200 100
SAE( Bz ki mf) = m’ 1.614 0. 866 1.614
DAIR (4§ H IR <) m’/d 14.5 7.5 14.5
SSAR (43 — Je JIRFh R 2 %0 mg/cm’ 0.2 0.2 0.07
ED(Rg) a 25 6 24

EF (RFmsg) d/a 250 350 350
CF(55H 2550 kg/mg 10°° 10°° 10°°
EFO (=4 g iR ) ' d/a 62.5 62.5 87.5

AT it i, AR 20w/ 2o@) d 9 125/25 550 2 190/25 550 2 190/25 550
PEF( -gec = o 1) 1 m’/kg 1.32x107° 1.32x107° 1.32x107°
ABS(Wie ) 1 Tt 4 0.1 0.1 0.1

iK% 100% ,PCB101 [ #: H SR AL 61.30% o, HiAx [
Z % PCB153, PCBI38, PCBISO () ¥ i} % ¥y 96. 80% ,
PCB52 [k H 3K 87.10% 7 FidE 7 1 PCBs ¥ JE (175 57
FHUAE 81.20% ~ 176.77% , F& WK 5T A4 A 345 R A 45
6] PCBs %% B8 e BE AT 3e K25 57, PCBs i AT E My 16. 88 ~

256.04 pg/kg,PCBs F-Y5{H 15 87.29 wg/kg, i T VU4 H
F (113 ~ 13,2 pg/g) AR B R 5 e - HE (0. 36 ~
0.59 pg/kg) ™ AFh PCBs [7] 2404 & kA, PCBI3S (1)
SERAE e ik 31, 47 we/kg, PCB118 [ SF- 1 & 8 fe K Ny
1.17 pe/kg.

*3 KIEWRELEZES PCBs MSEitH#IA 547
Table 3 Descriptive statistics of PCBs agricultural soils of Taiyuan City

i e NS A 152 PrifEzE
R W M Mew Do S LA
No. Homologue Component e/ ke e/ ke we/ke rate. )/ % deviation CV// %
pg/kg
1 = PCB28 46.49 0.84 9.97 100 8.87 88.96
2 e PCB52 59.25 nd 11.88 87.10 14.01 117.92
3 Fik PCB101 28.44 nd 4.52 61.30 7.99 176.77
PCB118 4.27 0.45 1.17 100 0.95 81.20
4 NEA PCB138 166. 87 nd 31.47 96. 80 52.73 167.76
5 EHEULE PCBI153 80.19 nd 17.86 96. 80 23.11 129.83
PCB180 58.87 nd 10.41 96. 80 12.83 123.24
§5878 PCBs 256.04 16. 88 87.29 100 75.86 86.91

T :nd FORAAEH

Note;nd stand for not detected
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Fig.1 Distribution of soil samples and exposure pattern of PCBs agricultural soils of Taiyuan City
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Table 4 Concentrations of PCBs in urban soils around the world

i HX PCBs #(H PG 2]icH
No. Area PCBs number Concentration Mean // ng/kg

range // g/ kg H
1 Jemi > 7 ND ~9.33 3.55
2 FIH 7 3.1~14.9 8.0
3 RGE1iT-e 8 0~261.0 56.0
4 Sl e 36 0.7~1443.0 458.0
5 K 11 27.7~219.5 83.8
6 bk 11 58.2 ~253.1 111.0
7 TR T 7 3.6 ~2061.0 240
8 T B 37 0.53 ~114.00 7.40
9 2 E AR g Y 164 3.00 ~1 200.00 56.00
10 iRl 2 17 3.10 ~42.00 13.90
11 e — 9.00 ~2 642.00 123.0
12 | el g B — 1.7 ~1199.0 —
13 e - g — -3.84~0.95 —
14 KJETT 8 16.88 ~256.04 87.29
15 B R X ) — 0.38 ~937.00 75.70
16 T s A 5 e [ — — 788

2.2 KEWRMHALTE PCBs kiESH  FIA SPSS 19.0
FFAJETT 31 4¢3 PCBs &40 40 EFF 5007, $2
BUHEFERF 1 WEZFE T A58 2 25, Ea AR
SEONFR 5. 33X 2 A F U1 25 DTER R 5300 43.916%
21.107% , B3 TTEk R IK 65.023% , B A5 19 2 4~ 855 AE
i R e 7 AR AR AL B B 65.023%

F 4> 1 #£ PCB28 . PCB52 PCB101 #4545 iF 847, HL
T 25 DTHREN 43.916% , iX SE[R] R Y KIEAFAE T Aroclor] 242

P, H PCB28 \PCB52 Y78 1 FK I vE g, LA 5
T KRR AL 3, DRI, 2R 1 AT5 e ml RESR IR Tk
HUA Y FL T F TR A b AL A R 25 (R IR R LA 2 AR
AR (2 6) o F4 2 o, PCB138 \PCBI53 Jif i 2 fif
R, HEEADG, HoJ7 22 5Tk 21.107% , BRIk, 845
2 AJRES & Aroclor] 254 JHVRAS NG Lk bR Ak 7= 42
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Bk ATk A5 1 Sl I T A 3875 G ) B



100 GBR A 2017 £
FENE, K M 3 PCBs 2k i T 55 51 PCBs L g TRRAER
R BRBRIA R AL Tl SR T 5 K A, X R SCEIEEN LTS S
SR A H A3 rh Us s A PCBs Sy 2875 e i) 20 ke =5 006} - ﬁg";ﬁi
3 N
TEEEAW) G, W5 Dy FORE T — B DR AT SR iR 235 0.05f ™ Hezw
B R AT T 0, A PCBs Tl g 9 %g 0.04
SRR G ge oof
- W 0.02f
x5 EEHES w5 o L0 s 0.010 7
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root rate // % contribution rate // % Fig.3 The non-carcinogenic health hazard index of PCBs agri-
1 3.007 43.916 43.916 cultural soils of Taiyuan City
2 1.447 21.107 65.023
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Table 6 Rotated component matrix

EEX7] F 4y Principal component

Homologue PC1 PC2

PCBI153 0.578 0.614
PCB118 0.573 -0.420
PCB101 0.793 -0.241
PCB52 0.891 -0.037
PCB180 0.552 -0.572
PCB138 0.451 0.718
PCB28 0.696 0. 146
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Fig.2 The carcinogenic health hazard index of PCBs agricultur-

al soils of Taiyuan City
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