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CHEN Yusj Jla , QU Xmg-.,chen2 ZHANG Bin®|, L¥F Xian-ta0® , ZHU Guo-ping’, ZHA Tong-gang'-*°
(I Scﬂ’()o 1 offSail and Wdter Consérvation, Beijing F(nestry UaneISlt)}‘ BeljmglO'OOS} China; 2. Gansu Mining Development Research Institute, Lanzhou 730000, China;

3. Beijing Zhoneqi ngcheng Environmental Technology Co., Ltd., Beijing lOOﬁSg China; 4. Jixian County National Forest Ecosystem Observation and Research Station,
Beijing Forestry University, Beijing 100083, China, China; 5. Key Laboratory of State Forestry Administration on Soil and Water Conservation, Beijing Forestry University,
Beijing 100083, China; 6. Beijing Engineering Research Center of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)
Abstract: In order to systematically study the soil heavy metal pollution of agricultural land in Xianghe County, Hebei province, 288 surface (0-20 em) soil samples were
collected using the grid method. The distribution characteristics of Cd, Cr, Hg, Ni, Ph, As, Cu, and Zn in soil samples were analyzed, and the single factor index, Newerow
comprehensive pollution index, geo-accumulation index, potential ecological risk index, and human health risk index were used to evaluate their pollution status, ecological
risk, and health risk. The results showed that; (D) the contents of heavy metals in Xianghe County soil were all lower than the screening values, but there was a strong spatial
variation. Enrichment factor analysis showed that 20. 74% of Hg and 0.33% of Cd were significantly polluted, 68. 56% of Hg and 20.40% of Cd were moderately polluted,
and the other heavy metals were at the level of no or weak pollution. @) The over-standard rate of the Newerow comprehensive pollution index was 8. 68%, which was mainly
distributed in the western and central parts of Xianghe County. () The geo-accumulation index evaluation showed that the soil Cd, Ph, and Zn pollution was relatively serious,
Hg pollution was the most serious, and the sites with moderate pollution and above accounted for 46. 50% . @ According to the potential ecological risk index, the soil was
dominated by medium and strong potential ecological risk, accounting for 46. 15% and 37.46%, respectively, with 1. 34% of the heavy metals reaching the level of extremely
strong potential ecological risk. The heavy metals that reached the level of medium and above were Cd and Hg. () The health risks of soil heavy metals were low , and the non-
carcinogenic risks from any exposure route were generally acceptable. Soil Cr, As, and Pb were the three biggest contributing factors to the non-carcinogenic risk in each
township, and As in the soil was the main carcinogenic risk factor in each township. The health risk caused by heavy metals in soil was higher for children than for adults, and
exposure through food intake was the main exposure route. This suggested that Xianghe County should take corresponding measures to strengthen prevention and control
according to the differences in industrial distribution, soil heavy metal content, and ecological and health risks among townships and towns.

Key words: soil heavy metal pollution; ecological risk assessment; health risk assessment; Xianghe County; farmland soil

R AR — B2 B35 Yot e A e LA B 1Y
AR 3 B BUR — B B AR T e R R AP AR

H T Y R A | REE AN DX Sl 5t WL
R AN TP R R R A S T sk ]
PR NS AR, BT 5 R )32 1 . 3275

R EEE: 2022-02-17; 1&ITHHEA: 2022-04-11

TIEAMEIE T T R S R AR iR T HL ik 2
FHEYE SR W A, B Y U A e
ST NS AR AF B A TE B, AR AR D M B 5

EEWA . EZMll sl B R 70055 5 ([2019]03)
YEE® N BRIIE(1998 ~ ) , & WL R Ak, R B 5T 7 1)y + 3
15 e85 5 KR PEAT , E-mail :y2038853_20@ bifu. edu. en
s JBAHEVEA , E-mail :zhtg73@ bifu. edu. en



12 WRamAEAE . A ELA I - e T 5 ¥ Y A 25 S AR XUB A 5729

S ) o B T RE DGR R T AR T 4 e i
R RIT AR 7 TN B AR 1 3 U0 AH G Y A R TR
B H R T T A X R
JE 0T B TR T XA AR b s g R 30 B it
gt ,Xﬂ“%ﬁﬁ%%ﬁﬁﬂl:ﬁﬁiﬁﬂﬂiigi J
TS U TEAR R AL A AR T2 2 15 YL Biiin T AR S k.
TENF EFERETHEEIESE ., Wﬂ’? 2N S
et/ N G Ry N TR 2 L0 o e S
Fy £ 285 RIS A0 Ak B2 IR TP T s
A B T AR RO, S PR Rt M A A B
i P 2L S . A T LA D 3 1 R P 114 LA, O e
R4l 5 Tl e, A8 B IE AL EZ KR
AP B R R, DI A AT B 0
A SN R S R IS W e ok & AR O |
AV, G LT R R T ORI AR S S
AR RIS, , DA Ry 32 DXl - il ) P O J R L Aol 2E
7R I R A e £ 16 4 BRSO

[

1 MRS
L1 BRI A &) =
ﬁn&Lﬁnjbé £Pj‘—fsuff<39937 39251

N 1651 - 1,17 12'E), E?%%&J@ﬁ@“ﬁl& s
%“@Iﬂim AR B TR 458 k', éju:l 35)77)\
Jﬁﬂtﬁnﬁﬁ*ﬂmﬂﬁé SRRl M. 27 | AR |

wW%%%Wammnﬁwmiﬁ¢r6ﬁﬁf¢g

bR . R AT W LA,
E#ﬂ%%ii%ﬂtiﬁ )+ ERAE R, KD
A R B RAEY LU/ NZE ( Triticum aestivum L. ) |

fﬂé ( Zea mays L.) F1#5 1€ ( Gossypium hirsutum
Linn. ) b 3, [IA D240 %[ Ipomoea batatas (L.)
Lam. ].

AP I3 A R WUH B, 2B R DL AR Y X
I AR HLIK GEd A 32, HIFREY 245. 90 km?*, (5 &
FHH AR 55%; MBI AR 28. 56 km®, i S LT
B 6% . ARG A B 3 9K B IR Jag 179 1 b AR
R, AT B3 - AR AR R T R I 7 X e
0 T G TS YRR | VA BT SURT BE S 52 AH I 1Y
FHHB AL 0
1.2 FESLCREE R AR

A T b3 Bl PN | 5 T 3 R A5ORT b b 1) ] (5]
EIEE, 4% 1 km x 1 km SEAT PR T2 A7 o5 S5 LA AR
FEI , A AR H Y AR AN A T 0 A () I AR AR B T
L SN i) B8 = B I T B 17N [ U /Y =K VA DA
WS B B A T 288 AREESAL (R ). 7E
FEASSRAE R #% S” TR AR A B A 3 10 > 5, JHAR
i T HRIERZ (0 ~20 em) HREIR A H—FEM,

[ AT B0 5. SR TR S X T R, 40
SALEE B <2 mm A S HEI 2 3% pH, <0. 15 mm
BRI - e R A

39°50000" =

0" 39°45'00" 39°47'30"

fﬁ-”ﬁ] R NE Al EE Te m TR O T .A .
-Eﬂ')b[){ ‘ e mmeiealteie & .

= 1’51"]!-%-'

_‘\‘F'-‘u'[]‘UU" 3974273

=
e imﬁg\' 0 5 km
-l 1 1 n |
1165230" 116%57°30" 117°02'30" 117°07°30" |]7”12'30"E
@1 ﬁf]%fﬁﬁfﬁ’.mﬁaﬁ?ﬁj'ﬁ f -
Fig. 1 Dlétrlbutlon of sbmphng points for dgHLulH]I‘dl
~ A
ldnd in denghe County = &

o ¥\ -

1.3 #mﬁﬁﬁﬁ%ﬁﬂ‘ (4

35 pH ERTB AL R HECd TP, N
Cr, Cu Ml Z6 %1 IR ¥ (HCI, HF. HNO,/H
HCIO )(ﬁ%F FH R WU 53 66 BE T (GTA 120
SEEZEHER) M LI As, Hg R E K HRHR
/i{ﬁﬁ’éﬁ?x;‘é;‘ﬁfiﬂAFS-8220,jE;? oK)
SEVT R R B R T E S ARMES Y
(GBW %%1)GSS-1 Fl GSS-5 Fl & L yEAT IR 15
il , T A PR A I SR B AR R R 99. 7% bRt LA
WIS % 88% ~ 94% , 7 BT 45 45 6 SCHik [ 18 ] A5
Fok. e ¢d, Hg, As, Pb, Cr, Cu. Ni F1Zn fJ
K BR324 0. 01, 0.005, 0.5, 2.0, 0.40, 0. 15,
0.50 A1 0.20 mg-kg™", H0l & SCHK [ 19 ] B9 #H ¢
1.4 PHNIE
1.4.1 FEHNFE

EEFEF(EF) J& 0 Hr fA W AR5 A 28 IR

X ORI TR 5 R TTIEROK S E RIS e
B GG gk R e AR 2 R AR,

EF = (Ci/cref> [:@/(Cz‘/cref)ﬁt‘fu
A EF HEEREG ¢ W EEESIETE i 1)
o Crefﬂv%%fn%ﬁ% S RUNE S POR &
HFEH Se B AR BN A5 BB Se
KB ITE ,Se TMERR LA L IEE L8 Sc 15
FEP . S EISE, #ise ™ Cd. Hg, As, Pb,
Cr, Cu, Ni, Zn 1 Sc Wy £ 4354 0.2, 0.08,



5730 EZ8 by Bk = 43 3
1.8, 13, 100, 55, 75, 70 Fl 22 mg-kg ">/, SR YG e.
Sutherland ¥ B4R F EF 434 5 MU0 L,EF <2 1.4.5  WAE SRS B0k

MG ~ 597554, 2<EF <5 54, S<EF <20
J R FIGY; 20<EF <40 N&EEI5YY; EF=40 K
e 5 4.
1.4.2 PG YHEE0E

T HEp R — A R TR TG Y R R R
Yee gk  Hota A F

P, = C./S. (1)

K, P EEESIRICE | ISR R C
HNELIEICR i TIE (mg-kg™" )5 S, WEEE i
MIPEM AR IE (mg-kg ™), 18 FH AR FH 1l 4 5875 e XU
TR AR AR Sk [ 29 1 P 45 HE 14 S 9 43 oA
AR R P <1 RoRIG, 1 <P, <2 FREBEMIG
P2 <P, <3 FREEIFY,3 <P, <5 FnhEls
B, Po>5 FoRE BTG, B
L.4.3 WP LT RHREGL | b

G T AR ITR M HHEE AR R
ﬁHW?(Neweroyv) ZEA 1T U A5 BUA. IZﬁffﬂéﬁ

T2 1 1= S 4505 Y 0 34945 K O e g5

e ™ B 1 A 24 i R i SR
mrl = S A
—~ Py =P+ PP 2
Koy, B D A5 IS BT AT T4 4 BT M o/

AFRE i AR ORGP, s n AR B

AT T 4T T8 2 R T 15 S B K (L
PR n ARFES NI EL B TR R T
15 YL B (.

WA MDD 25605 e ok vl i R E SR T
PRIy 5 ARG 0 ] e g Py <0.7;
B 2,0.7 <Py<1.0; . BEGHY,1.0<
Py<2.0; V. FEGYH 2.0 <P <3.0; V.HE}F
G0, Py >3.0.

1.4.4 i BPRECE

b BAREER (1, ) 3B TR Miller 4555, 2 X 53

NN S i B SR AR TR

I, =log,[C. x (kxBE)™"] (3)
Ao, 1o BBIREG ¢ O EAE S E &
fH; k WBIERAB(EH1.5); BE, NELJE i
(T S (E, AW L db s R SR =
057 W E L RABR R 1, K5 559 R 7
g HA 0 ~6 AR K 1, <0, TT5 ;5 0
L, <1, I RBP GG 1<1,, <2, PETGY;
2</,, <3, MEGYRRGY; 3<1,, <4875
gy 4<Il,, <5, IR BN ETT Y 1, =5, ]

TEE A 25 XU 48 5 B i 27 % Hakanson 2 1
F 5T 4 1 B R DL BB A A L A P
W2 SR EAS AT LE P S0 B R 5 G A T T
#H53 HFE AR IR
R = D E (4)
E =T xP, (5)
of B TR ITE | 00 T A KR
B, B <40 WM E LS, 40<E <80 K
AR AR 25 KUK, 80 < B < 160 R IR A A5 K
K, 160 <E' <320 RAR5® I 7E A S K, EL=320
IR S R PN L E AR TR i 1
SRS RAR R T W AR | AREPE R, H
T2 AT — i L9 PO 1 R R 1 T T 22
B T4 R R P R I CaE30) Cr=2,
Hg =40, Ni 55, Pb =5 JAs = 10, Cu =5, Zn# T
T AT Tl B A2 15 Hakanbond™ (5
AR AR 488 Bl L 7 e R & 2
25 R L T X g R ML 3 7 3 % A
S B0 I R, & 110 s A A
W, 110 SR, €220 o) 45 8 75 A 25 XU 5220' R,
<440 R AEL: A5 R || R, =440 b o e/

1.4.6 fREEXESTFAN
K FH 25 E AR B (UL S, EPA) #E 75 10 16 3 7
(HQ) F/RE 4 i Ao fa B RS AT
CR, = EDI, x SF, (6)
HQ, = EDI, x (RfD,) (7)
X, CR, B LR ¢ BRI 2% EDI, M
Sa i MR HP RN S pe (g-d) 7' 15 SF,
N R R g d-pg T ] HQ, FR
He R | ARSI REG RID, WESE i &%
MIERINSHE R0t [ pg- (g-d) '], Hrp, L EHES
J& 5 Y T T YRR | R R B AR 1
WA 3 Fiadk 12 58 ) A (AR {gE B 3 i 2 BR AR 7 S8
WUE L2 1. 5 48 ARl 5 #8 %42 T /9 SF, Fll RFD,
U L3 2.
1.5 EdE ot Sl
TIEE SR IE | BRE S/ ME R
FEERERIEGE T R SPSS B T B
GErHRRE, DL 5 YR RE R Ay 25 5 W (L, 4R
RERE % 18 2] 5 (5 1) & B B AU E (IDW) 3 78
ArcGIS 10. 2 TP AT H (B A5 5 B8 A0 ). 48
FRE(CV) = b2/ FHMHE.



12 WRs S . B Bk I 1 E 4 8 V5 e A A S R KU TN 5731
x1 EBREREITHMEESH
Table 1  Exposure parameter values of health risk assessment
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Table 3 Descriptive statistics of soil heavy metals

o FE{E SEONIE HR/ME b2 AREE WALATRME AT LTS Yl UK 1 (e
/mg-kg ™! /mg-kg ! /mg-kg ! /mg-kg ! /% /mg-kg ! /mg-kg !
Cd 0. 14 0.48 0.02 0. 06 0.43 0. 09 0.6
Cr 55.03 218.00 22.00 16.78 0.30 63 250
Hg 0.07 0.21 0.01 0. 04 0.57 0.02 3.4
Ni 24.52 94. 00 7.00 7.97 0.33 30 190
Pb 28.79 79. 00 8.00 7.79 0.27 20 170
As 4.88 13.90 0.72 2.38 0.49 11 25
Cu 24. 65 156. 00 5.00 10. 98 0.45 21 100
Zn 87.83 800. 00 42.20 47.15 0.54 60 300
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Table 4 Evaluation results of soil heavy metal geo-accumulation index (/ aﬂ’>
SRFEEE/ %
it L A T g T i
o ~ . ~ s S~ -
I iy 3 o
Jeis g o 7 T e, I VR T 5 5

Cd -2.75~1.83 -0.09 53.2 43.1 3.7 0 0 0 0
Cr -2.10~1.21 -0.83 99.3 0 0.7 0 0 0 0
Hg -1.59~2.78 0.82 29.4 24.1 29.8 16.7 0 0 0
Ni -2.68 ~1.06 -0.95 99.7 0 0.3 0 0 0 0
Pb -1.91 ~1.40 -0.11 62.6 37.1 0.3 0 0 0 0
As -4.52 ~ -0.25 -1.94 100 0 0 0 0 0 0
Cu -2.66 ~2.31 -0.45 84.6 15. 1 0.3 0 0 0 0
Zn -1.09 ~3.15 -0.11 70 28.4 0.3 1.3 0 0 0
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Table 5 Evaluation results of single factor potential ecological risk index for heavy metals in soil

BN %
o o1 E, <40 40 ~80 80 ~ 160 160 ~320 =320
T IREOTIREER SRR g 110 ~220 220 ~440 — =440
B théE pi AR5 g
Cd  6.67 ~160.00 46.32 39. 46 54. 85 5.35 0.34 0
Cr 0.70 ~6.92 1.75 100 0 0 0 0
Hg 20.00 ~412.00  134.54 5.69 33.78 25.75 31.77 3.01
s N 1.17 ~15. 67 4.09 100 0 0 0 0
" Pb 2.00~19.75 7.20 100 0 0 0 0
As  0.65~12.64 4.44 100 0 0 0 0
Cu  1.19~37.14 5.87 100 0 0 0 0
Zn  0.70 ~13.33 1. 46 100 0 0 0 0
R, 67.98 ~475.92 205. 67 15.05 46. 15 37.46 — 1.34
F6 ITEBELEIBENKRISHTHED
Table 6  Average non-carcinogenic risk index of soil heavy metals’ F i =
oy : HQ _ : HQ(].(-‘,n‘nal _ HQ 1 HQ:;JI “"':.-"m
PN L PN L A = 7 A AL
cd 2.62x107%  1.85x107% 2,28 x107* 42,96 x107*  2.45x10°% | 4.34x10°% | 4.89x107* 2. 15X 107°
Cr 3.45x1072  2.45x107" 1.50x1072 _ 1.96x1072  3.40x10~* | [6.01x10~*' | 4.99x10-2 | 2465 x 107 0
He — 4.22x107%  2.99x107°  4.59%1075 £ 5.98x107°  3.96x10°% _ 7,0K%107° | '4.68x10~* | 3.05x10
Ni 2.31x1073 L63x1072 7/44%107% 9,69 %1075 2.10x1077 _ 3¥2x1Q77 | 2038 x1070 164 %10 7
Pho= 1.55x107> [1.10x10"" 898 xi0 # & m 107 1.44 x1079%" 1 2.86x107° _41.64 x10 2 L11x}07
A 13070097 Fo 7107 2erlo T a0 701x10°0 ) Lpax1085 % 3.09x102  2.17x107 )
Cu 1. 11><1'0 S0 7.83x1077 837K10 743810 7 1.08x1077 .1.92x103 1.14x1073 | 7.87 x10 7367
Zn| 551x104‘ 3.90x107°  "2.40 xJO5 S 38x10  5.17x10°% W9, 15 x 107 4 J5.75x10 3.93 x10 3V
-
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Table 7 Average carcinogenic risk index of soil heavy metals
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BRE XU | 1 4 1 45 @ 6k L 51 A A% 2o XU = T

PN

e CR,.. CR yermal CR,,,

A JLE A L3 [N L3 N JLE
Cd 5.47 x1077 5.39 x10 ¢ 4.76 x10~° 1.25x107%  1.51x107'*  4.86x10""*  552x1077 5.40 x10°
Cr ND ND ND ND 1.40x1077  4.49x10°7 1.40 x10~7 4.49 x1077
Hg ND ND ND ND ND ND ND ND
Ni ND ND ND ND 1.25 x10° 4.01 x107° 1.25 x10° 4.01 x107°
Pb ND ND ND ND ND ND ND ND
As 4.73 x10°° 4.66 x10 73 4.12x10°8 1.08 x1077  1.27x107"2  4.08x107'2  4.77x10°° 4.67 x1073
Cu ND ND ND ND ND ND ND ND
Zn ND ND ND ND ND ND ND ND
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Table 8 Evaluation results of health risk of heavy metals in soils in different zones

PR R et i BER S RO AT R iy ks mE/ME XRE

FELEAR: o5 L/ % 0 0 0 0 0 0 0 0 0
adut FHIE LI1Ix107"1.09x107 " 1.16 x107' 1.04 x10 7' 9.25x10729.98 x 10 2 1.08 x 10" 8.77 x 10 "2 9.80 x 10 ~2
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Fig. 7 Health risk contribution of heavy metals in soils of different towns
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