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Pollution characteristics and health risk of polychlorinated biphenyls in cultivated soil in the Hetao irrigation
areas, Inner Mongolia, China

LI Ya—fang, PEI Guo—xia’, ZHANG Qi, XU Ming

(Water Conservancy and Civil Engineering College, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: To explore the pollution characteristics and assess the health risks of polychlorinated biphenyls (PCBs) in the cultivated layer of
the Yellow River irrigation area, 74 grain crop soil surface samples were collected in the Hetao irrigation area in Inner Mongolia. The
content and composition of PCBs in the soil were detected and analyzed, and principal component analysis was used to explore their source.
The carcinogenic and non—carcinogenic risks of PCBs were evaluated using the United States Environmental Protection Agency health risk
assessment model. The results showed that PCBs concentrations ranged from below the detection limit to 246.13 ng- ¢, with an average
value of 35.63 ng-¢™', which is higher than that in other domestic irrigation areas. Among these, Urat and Ulanbuhe irrigation areas were
the most polluted. The irrigation areas were dominated by low—chlorinated biphenyls. The detection rate of high—chlorinated biphenyls was
less than 1%. Principal component analysis identified that PCBs pollution in irrigation areas mainly originated from the use and residues of
power equipment and domestic paint coating additives. The health risk assessment showed that PCBs in the soil pose a carcinogenic risk to
adults, and carcinogenic and non—carcinogenic risks to children. Oral intake and skin contact were the main risk pathways.

Keywords: Yellow River irrigation area; polychlorinated biphenyls (PCBs); pollution characteristics; health risk
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G 1y i AR T BRI K AT G AR BE IR, AR A
BT PN 58 B A AT LTS Y ) 40 A R RS R 1Y
98 & B, % Bt A 2 S WK K (Polychlorinated biphe-
nyls, PCBs) K H1P, PCBs f&—28 A T4 Al it L 71 5
AMEA DTS G o B R B BEAL 7 1 T
PCBs TV 4 25 il AR A 3 il 45 L iE VR4 &
TR AR 2 SE GRS 7 i U IR, PCBs B B
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JE T EL AT R G U PR R R AR R R AR R
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] N AT K HETBE A K JEE S i X - s rp
PCBs 15 YRR L I3 A il RS PEAR 4 E AT 1 Rt
FE H X PCBs 7 v HE DX A AW Fb ke - 3% vh 1 3% B
TR USRIk i JXURS: T e AT 1 . AN SO LA B
THE X —— N 520 T 2 DOl 50 X, MR VR D
FH - 3 O B 5 0 SR S PCBs 5 JL B 5T, R T 3208
53 3 A BT S ORI, 3T PEAf PCBs 3 A AR EL

I8 55 AR 0 KU, DU 8 30 X S -1E Y R g
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P B2 SR B MR , o PR RO 22 4 HAT
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T DX T 20T b i 9 5t Bt i i v AR
SR, 5B AR 116.2 97 hm?, 38R 5o Eh
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VEP AR S SR R AT o (2 DR e D, AR R K
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Figure 1 Distribution of sampling points of PCBs in grain crop soils in Hetao irrigation area
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1.3 #HambERoHh

SR PR 50 A5 R $E B - FE P PCBs . EFE R
T L 0.25 mm i , % B i e 4 1 A9 L9 [] 1 o fik
HIRS)E T ARG, DUARFEL 121 /9 1 & e F0 N B 1
S ZEBGR, FETRLEE 100 °C L JE 7 10.34 MPa 2514 °F , i
BAEB6 min, JHIA 3K o A UK 48T e 75 kAU 4
220 mL, K5 LA 1 -7 IR R RS I AL o 2
BaE A T AL, BRI 15 mLIE S BEFT 15 mL
A 2% PR ) IE O ek AT WOAR VR, VB
W R AL AR E A ZE 1.5 mL, R @37 .

K Varian450-GC <AH 3% A (B A Ni fL 4l
BRI 2%, 3% HE K 30 mx0.32 mmx0.25 pum [ SPB-1
FE) A7 6385 B, FHRAR T8 DI IR L 120 “COREF
18 min, LA 5 °C - min™ F+ il & 180 C & +F 5 min, UL
10 °C-min™ F4il 2 230 CLR-4F 20 min, #EFE IR LR
6: 1, HEFERN 1w, 2 R Al A <.

1.4 REFEHFREMFIE

8 26 [ PR 5 (USEPA) B IS0, 18 B 7 128
F1 CEATREFIINERZS (19255, ff O S 56 55008 1 v
AT EEME o DL ) N 52l B b A 9 7 PCBs
(PCB5. PCB29., PCB47. PCB98. PCB154. PCB171,
PCB201) A 4K ¥ , & FH 432 45 8 F' PCBs 51 {& (PCBI1 |
PCB5. PCB29. PCB47. PCB98. PCB154., PCB171 #l
PCB201) iR AR . K H 5 MR L, PCBs TRt B fic
il A 4.20.40 100,200 ng - L™ 9 5 86 5F A bR M 75
B — W B E 3 P47 . PCBs BN Ax [l iR
78%~108% , J5 1% 0 hr HE I 25 (RSD) i il 24 11.64%~
28.64%, i /£ USEPA W AT 45 1 (70%~130% , RSD<
30%) , J7 EEREBR 4 0.1~0.3 ng-g ™'

1.5 iR

iz JT1 SPSS 25.0 # Origin 2018 ZbF A3 4kt . FL
Hh, SR OB S AH M 43 BT 2E 1T PCBs 45 B AR ] AH G
PE AT s K-SR S5 , A7 & R 0 A s T 0oy
M A7 58 5 A (KMO {B4 0.629, Sig.=0.000)

1.6 BEXEIEMNFi*
1.6.1 ZFEPFAh

K FH USEPA fit B XU PEAN A7 #54< H) H 2 7R
H(CDD , NZE T Rk VP 3 Al 28 R iR AR dE A T i
HEDM & 88 PCBs I R EE VAL . L3 CDIH R

ANRUF
_ CXIRXEFXEDXCF
CDlgn = BW X AT
Dl = CXSAXAF X EF X ED X ABS X CF
F BW X AT

CXHRXEF xXED
PEF X BW x AT

i CDI sy CDIyye CDLigy 5331 Ry 2 118N 2 42
fioh PN 3 FRIR AR LIRS Y 5 EE E, me -
kg'-d”'s €N+ PCBs IUWE , mg-kg'. HAES
B LR 1, SHOE S 25 USEPA Fr iR E Py b
AR

®1 REITESHEE

Table 1 Exposure evaluation parameter values

CD[u{.u& =

BTSN X SR {H Parameter values
Parameters Implications A Adults JL# Children
CF L E T 10° 10°
EF TEEEMF/(d-a) 350 350
ED TR PR /a 24 6
BW PNENENG VI 70 15
AT CPXSPERIETR], AE80sEA0Ed 8 760/25 550 2 190/25 550
IR B HEEA L3R/ (mg-d ™) 100 200
SA o ik - A Bz IR R A em? 5700 2 800
AF RO RSV (g cm™) 0.07 0.2
ABS B I A2 i g PR 0.13 0.13
HR I A I (m* - d ) 20 20
PEF F R (kg ™) 1.36X10° 1.36X10°

1.6.2 B A

SO RIFEA RN

R: = CDI; X SF,

R, = ZRi
b RONR RN A8 77 A 1 808 KUK 5 Reoh 2 Fhig 12
TR KU 5 SFOROR TR IR AR TR 1 08 RHR R T
kg-d-mg", PCBs £& 1 L Rz K ) SF B I 2 kg - d - mg ™,
1 B 2.18x 107 kg »d - mg ¥, USEPA HLAE , R, 1
R 107~ 107 I Sy FT 32 0 200 XU K P
1.6.3 JE S0 KU

JEB0RE XK HEHE AT .

_ CDI,
HO: = %
HI = Y HOQ,

orf: HQ N AR TR i 42 7 A 1 R 208 KUK s HI K 2 Fil
AR B AR EUE KUK ; RDN A TR AR 1R S0
SRS FI R mg-kg'-d™', PCBs 19 RfD {H L 2.3%
107 mg-kg™-d™"" HIMHA 1R ATHEZ 165 7 -

2 SRS

2.1 13 PCBs BT L4FE
TR X AR YR E L3 b PCBs BSE T/ A
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R ILF 2, 8 A TE & AR S TR A AR R AR EE Y
B, K Rl 98.65%, K Y R Bl N 2.7% ~
78.38%, PCB1 Fll PCB98 #i i K % 5 , PCB154,
PCB171.PCB201 £t #5K 2 10% . PCBs &% fE A
T ND ~246.13 ng-g", ¥4 35.63 ng- ¢, L L[]
+ 3 PCBs 1 515 (0.48 ng- ™)™, H.Hp PCB1 ¥ 1
(B e, 18 18.76 ng- ', i H HAt BRI ELF5 , PCB154
PCB171 1 PCB201 & FE 4K T 0.2 ng- g 8 il PCBs
PAAAR SR B 100% , B BURERE R, I &
T X PCBs I H B0 1 93 A 22 Sk

T EVE X PCBs R4 5L B = Hh B A A U 7043
A, W3 PN, ARHESL L35 h PCBs W 3
ER/NHET o SRR > 5 25 A0 F > @ > K5 .
b S R R SR 2 2 A R SR PCBs MR EE R K F
80 ng- g, I vy - H A VR 3, A B AR AR ) S
B 1A . AT RIS BT S 7 A RN 15 2% A I

Wb 28w VREURZS Wl AR L sl A vy A SR AR B
P 5 S5 R i SRR R R R TH o, 1 45, RS R TR 4
& RS E AP PCBs BT . H AW PCBs
B PR AN, 16 PH ] RS A A B vh S U5 g, [R5
AT SR B BHE U —E R R, K
feE AR At 25 5 S - RS (AR 41, 4% PR AE AR T
VRS S B DR R AR — B A3 A R, R
i PCB1 1 PCB29 % & %% & , PCB154, PCB171 f0I
PCB201 7 S e ik T HAth LA

A ST X PCBs 175 Yo /K -5 [ Py AR HAb il 52
XX H, 25 Rk 4 Fow o 5 [ P HA i XA EE 3o
EHEX A HE T PCBs V5 YL, b S hr R A 24 A
FNE 332 15 Y die ™ B . FR 1 A Ml X I T v
X b BT 2R e T X S X 4 358 b PCBs #4H R K]
B X 1720, gt ik T A58 X 43 3% PCBs ¥R 1
B KT HE X V5 YR B AR T B X, AR 9T IX

R2 AIEEXREIEYFIELTIEDR PCBs WEITHFIEE

Table 2 Descriptive statistics of PCBs in grain crop soils in Hetao irrigation areas

HEX7 Eibix WL HfH FRif2E ETE S (AR S
Homologues ~ Constituent Range/(ng-g™") Mean/(ng-g™") Standard deviation/(ng-g™") Coefficient of varition/%  Detection rate/%
15 PCBI ND~246.13 18.76 37.14 197.98 78.38
2% PCB5 ND~50.99 3.62 9.98 275.69 48.65
3 PCB29 ND~80.87 3.49 10.46 299.71 70.27
45 PCB47 ND~46.03 3.25 8.30 255.38 35.14
54 PCB98 ND~34.83 6.26 7.71 123.16 78.38
6% PCB154 ND~10.50 0.19 1.25 648.09 5.41
7T PCB171 ND~0.98 0.04 0.14 350.00 8.11
84 PCB201 ND~0.69 0.02 0.11 550.00 2.70
>PCBs ND~278.22 35.63 51.46 144.42 98.65
E:NDFER A . T,
Note : ND means not detected. The same below.
R3 AEEBREIEDFELIERPCBsHEE(ng-g)
Table 3 Contents of PCBs in grain crop soils in different irrigation areas(ng-g™")
iR T ¥ RS KGR R R & 22 A A
EES] ey Jiefangzha irrigation Yongji irrigation Urat irrigation Ulanbuhe irrigation
Homologues  Constituent
Y Range {i Mean Y Range (i Mean JEH Range Ml Mean Y& H Range (i Mean
154 PCB1 ND~6.94 1.89 ND~24.83 2.63 ND~112.79 52.24 2.39~246.13 49.02
24 PCB5 ND~2.90 0.41 ND~4.24 0.26 ND~50.99 13.75 ND~20.71 3.47
35 PCB29 ND~15.55 2.74 ND~11.54 1.61 ND~3.03 0.86 ND~80.87 15.54
45 PCB47 ND~17.03 4.67 ND ND ND~46.03 7.43 ND ND
Rk PCB98 ND~4.14 0.61 ND~25.24 5.73 ND~34.83 12.72 1.58~21.67 12.29
65 PCB154 ND~0.61 0.05 ND ND ND~2.52 0.16 ND~10.50 1.17
T PCB171 ND~0.49 0.07 ND ND ND~0.98 0.06 ND ND
RES) PCB201 ND~0.61 0.02 ND ND ND~0.69 0.04 ND ND
>PCBs ND~38.27 10.47 ND~41.70 10.24 0~180.78 87.25 ND~278.22 81.50
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Table 4 Comparison of PCBs in soil in different regions
i H . PARR PCBs 1% it Concentrations of PCBs SCEER R
Item BRILX Area Number of monomers  J# [ Range/(ng-g") i Mean/(ng-g") References
AFIEIX T X 8 ND~246.13 35.63 KNI
B5ess L Hl DT DX 5 T X 8 0.70~0.99 0.79 [16]
1.17~1.56 1.42
Jbm T ZR R AR X 58 ND~0.71 0.43 [12]
A5 R X T X TRV X 26 0.15~0.42 0.31 [17]
1.45~1.93 1.67
0.13~0.50 0.35
RIGEHTHEX 7 9.03~16.20 11.74+2.97 [18]
WA TS HE X 0.55~412.54 28.58 [19]
5 X 33 0.70~30.00 9.20 [20]
PUPESF AR AL X 13 5.00 [21]
RICHT5HE X 18 11.26~21.89 (8]
NG R A 44 51 0.14~1.14 0.42 [22]
RN IR AR - T B S 500 [23]
AR A TG g 1 21 0.36~0.59 [24]
VLU (4O 4 17 0.41~73.50 15.20 [25]
IR JEETT Coll DX 31 FH -3 7 16.88~256.04 87.29 [26]
VLA FH 6 0.05~0.42 0.19 [27]
FHHETARX 41 1.50~45.00 2.74 (28]
T il 19 0.02~288.09 90.07 [29]
T TR X 29 2.80~370.60 99.30 [30]

e B A 0 I (K 246.13 ng- o', 2 AR T I X 0
EAY 1565, Wi 2575 HE X 1 32 v PCBs 1R v Rl 4 3]
EE XTI, 302 DR Oy P T A b DX TR R
TR, T 80% PCBs 15 4 ™ 5, (HAR (A5
Yo 5 X AR 22BN . X H ESNEE X, B S R
VS HE X 2 e TS HE X PO B F AR AU X A X
HE PCBs 75 4t 500 = T 3R B R 2808 X (B E
TE DX AR, 5 SN DX L, T B E X PCBs 4b F H 5
TG,

5 HAth s X A HH A 3 v PCBs ¥ B2 A LL , ] 5
DX T I e TR A - S M, s T P U 1 e
ARH X AR F R . (HAAFGE X PCBs 7 12 2 E1I%
TmE RN - m s R ME, FLEEh TREL
FERVE FH PCBs AR B, B 4 ik Bdg /o [l a] LA
F A H A 52 7 e AR R R AT Tl X R R
fif X
2.2 t1Edh PCBs B4R B 4HAE

T HE X 43 b 8 B PCBs ¥4 46 1, [E1 2 o 74
ASRAE 2 PCBs BRI 43 A 1E L, F 5 IX. PCBs 45 FL44
H N FE LA PCB1(52.66%)>PCB98 (17.56% ) >PCBS

(10.17%) >PCB29 (9.80% ) >PCB47 (9.11%) >PCB154
(0.54%) >PCB171 (0.11%) >PCB201 (0.05%) , Lk 5 &
S AT ARGy 3, i &R SRS 1%
ZRHIEAE G 3R B )2 L8 PCBs AL . 1k
A, EEE Tk 38 i B X+ 338 v PCBs 3~4 5 PCBs 5
A 8891, T R I Fig B AR AN 48y 4y i - 338 v PCBs TN
I ER G R A REY X SR X
A g SR A e, WIEVE X 38 PCBs (1)
ZH AR 5 0T N 52 iy BOK A PCBs BRI () 21 43 4%
¥ (PCB47>PCB29>PCB5>PCB154>PCB201>PCB9I8>
PCB171) ¥/ AR G ARG H R4 157, 106 B T /K TR
ITERE X AW+ PCBs 15 Y« BB R Z —, W
A A S EAA LR S HE A T 2 S, L R B Ao
P A AR B K T B (R MEAS [ D i 7K
MR AR SR, FEX P 1R 2 S
2 4R 6 AT RIC, AR R, L A YR
AR FH B AR A b o g 2, 0 O v ARt A
5% X+ 3 PCBs fE7E I SN , AE A= W iV
T, AR AR o AR, D3 A 5 A K rh
W EE AT T T ANHEBR A s Y s A AT RE
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Figure 2 Structural features of PCBs

2.3 11 PCBs BISRIRFRFT

T A= 77 (1) PCBs 32 %A 5 — SRR A S B
A U = AR 2 T AR T AR AR AR R
o, — B OIS E AR AR s im0 B Y
PCBs 7 it AL 45 48 Fe 4 L HL 25 4 Fl 3 A7 PCBs 19 3 #4
T RR I, B S R . TR T O
Yy 3 PCBs 9 = 2R IE , XHIFIE X 74 4R i Sk
HH 2R A 1R ) PCBs FRAHEA T AH G E 43 B A 3 43 43
BT, AW 5% v 2205 0 DX PN 5 /D T /N 6 S LA
414y, LME ST

PCBs #4153 A AH AR S BT 25 3R AN 5 e o B
PCB29 4, Higx & B R A7 A B35 IE A R R, R B
HAFTERRITG YR . 2 F R M A 45 B fe K O
ZENEAC R SRR R T 1A IR, 45 31 24~ 2 AL
I3 EATRHIR SR XY TS G BT ER 2R 43 51N 42.604% Fl
22.992% , F 7~ X WA T 53 W] LA B 4R 20 o0 A
5B 65.596% , HoAth i 4 v Z AT

x5 WEEXREBMEY LT PCBs B /REMEX REEFE
Table 5 Pearson coefficient matrix of PCBs in grain crop soils in

Hetao irrigation area

PCBs ¥ifA Monomer  PCBI1 PCB5 PCB29 PCB47 PCB98

PCB1 1

PCBS 0.309%* 1

PCB29 0.113  -0.029 1

PCB47 0.091  0.559%* -0.022 1

PCB98 0.494%* 0.437*%%  0.153  0.314%* 1

T #RTE 0.05 /KT OBUR ) | I 3540 G 5 #+ 3 R 7E 0.01 /K- (3L
) bW,

Note: * means correlation is significant at the 0.05 level; ** means
correlation is significant at the 0.01 level.

a3 BT TE B I i DR - 3 A 1 (8T 3) L 2R3 1 LA
PCB5 #l PCB47 2 &, &5 G AH OGR4 B 45 5, PCBS il
PCB47 5 PCB98 {2 # #H 3¢, = # R IS AHAL , PCBIS J&
F AR E P R A S, R
FIWT PC1 E 2k B 3 ERE A g . s
2, PCB1.PCB29 F11 PCB9S % fiif # i , Ho v PCB1 /X
A 1A SR RO, 5 A R 3R P AR L, 7 A FE N
KRR logK MK, 3 5 AE IR B A it A% 4 L TRl
BHE b A E TR o SRS B A o I AR
Py, PCB29 J& T — I AL, FR % Ak 7 (1 748 e gt v v =
SUBTR I T 5 53K 63% , I PC2 J B 2 P54 ot
(A IE R T AL AR TR TN 7R | L 08 28 I 34 Ak B A T
A R R R A . LR AT EVE X PCBs i 41
BRI , B9 X PCBs 15 44 1 A Bk U 3 22 A K0T
B O RAZTE SR P DL S F 254 28 R 25 g SR il
FHER B AR R BB A5 1

1.0
PCB29 O PCBIO o
05} PCBS
bl PCB50
R
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-05
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B3 PCBs & HGKETFHEE
Figure 3 Load factor diagram of PCBs

2.4 15 PCBs BO%E B XURE V1Y

T EHE DO VR L3 b PCBs TR ] 2 5 14 A%
XA BUE S AEEUE AR A R LR 6. SR
7N, WESE X PCBs Xof A AR B T — i fa B XU . %
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Table 6 Carcinogenic and non—carcinogenic risks of PCBs in soil under different exposure routes

BEENFE PCBsPAfk U Carcinogenic 9k £ Non—carcinogenic
Crowd Monomer R R R Ry HOQ 50 HO oy HQ v HI
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