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Risk assessment of heavy metal pollution in riverside soil of Jiaozuo segment in
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Abstract: Taking Jiaozuo segment in the Middle Route of Soutlr t e North Water Transfer Project as the study area, using field irr
vestigation and experimental analysis, w e collected soil samples from the industrial and mining area, urban area, and agricultural area a
long the main canal, measured the content of heavy metals (Cr,Ni, Cu,Zn, As, Cd, Hg, and Pb) in the soil, and evaluated the condition
of heavy metal pollution and its potential ecological risks using the single factor pollution index, Nemerow pollution index, and Hakanson
comprehensive potential ecological risk index. The results show ed that, according to the Grade 0 criteria of the Standard for Soil
Quality (pH> 7 5),the main heavy metal pollution risk element was Cd. The Nemerow pollution index of the agricultural area,
urban area, and industriat mining area was 37 56, 36. 65, and 37. 98, respectively, all reaching severe pollution level. T he conr

prehensive potential risk index of the three areas was 41 823 39,18 973 18, and 19 659. 09, respectively, all posing high ecologt
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cal risks. The analysis results showed that the soil of the agricultural area, urban area, and industriat mining area along the main

canal are all contaminated by heavy metals to different degrees. The industrial mining area has the most serious pollution, w hich

posed a great threat to the water quality safety of the canal. T he above results are of important significance to water quality pro-

tection and soil pollution control in the riverside area of Jiaozuo segment of the Soutlr to North Water T ransfer Project.
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Fig. 1 The locations of soil sampling points in the study area
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Tab.1 Grade II criterion, background value, and toxic

coefficient of different heavy metals

I Cr Ni Cu Zn As Cd Hg Pb
.
*’M’T{%/ 250 100 100 300 25 0.8 1.5 80
(mg* kg™!)
ol ®@5 48 i—‘—;tbfi
’Wﬁéiﬁﬁ_f" 63.2 27.4 20 62.5 9.8 0.065 0.025 22.3
fH/ (mg* kg™

HMERHT! 2 5 5 1 10 30 40 5

FLVEAN b W3 2.
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Tab.2 Grading standards of single factor index evaluation
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Tab.3 Grading standards of soil heavy-metal

pollution evaluation
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Tab.4 Evaluation standards of potential ecological risk index
K B 2% LL TR el
Hg o AR SR P JRR: SR
Ei <40 <40~ 80 < 80~ 160 <160~ 320 < 320

RI <150 < 150~ 300 < 300~ 600 < 600 -
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WIER 5 PR, TEAOW Xt 77 3% B Cr N
Cu.Zn.As.CdHg.Pb )\ Fc =M FIE & 50N
121. 88.44 78.39.74 83.13.42.14.33 17 mg/kg,
AW A T AR 1934 1. 634 1. 95. 1. 20.
1. 33,646 15.560. 1. 49 £i%; 17 X i 7] M7 1= 3 e,
Bk He & BeAE I H A 28 #8 4h, CriNi.Cu.Zn. As.
Cd.Pb LMICEIF ISR 8 110 11.47. 84,
48 34,130 05. 14 61.41.39 33 mg/ kg, & WA +
HETS B L 7441 75,2 42,2 08, 1. 49, 630 77,
1. 76 f%; A DXy My 38 v, B He AR H
BHREBAEAN, Cr Ni.Cu-Zn.As.Cd-Pb LR TG HE )
S & B4y N 119 334 43 27, 37 67, 84. 07,
13. 20,42 5034 8 mg/ kg, /& & HIELS SEK
1 89.1. 58.1. 88. 1 35.1 35.653. 85.1 56 fi%.

A5 BB Cv) BT SR FEAS o 5 R R
P AR R, — N = R BN RN RO TR
S NN s2m BORE FE, A8 S SR 0Bk =y Ui B 2 B0 K
ST AE IR . Cv< 10% 1RE 554 &,
10% < Cv< 30% & HFELR, Cv> 30% & & 5
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Tab.5 Soil heavy metal content in different land types

FELJE S E Heavy metal contents/ (mg* kg'!)

STEREIX Bt RH _
Cr Ni Cu Zn As cd Hg Pb
F ND 37.67 38.67 62. 67 13.33 48 ND 31
¥y 128 50 33.33 62.33 11.33 40 ND 27.67
Fs 108 51.33 36. 33 73 12 38 ND 32.33
fll X F4 ND 40 39.67 76. 67 13 ND 14 38
Fi Fs 113.5 41 45.33 85.33 15.33 ND ND 34.33
Fe 138 48. 67 40. 67 89 13 ND ND 35.67
SFYME 121. 88 44.78 39. 00 74.83 13. 00 42.00 14. 00 33.17
BB Cy(%) 47.80 11.99 9.52 13. 60 9.59 50. 53 37.27 10. 04
Ci 110 52.67 39.67 75 15.33 ND ND 21.67
Cy 106 48. 67 36 77.33 13 ND ND 26. 67
Cs 110 47.67 41 76.33 14 41 ND 28
HR G, Cy 134. 67 39. 67 54.67 324 14 ND ND 57.33
Cs 91 44.33 77 150. 33 15. 67 ND ND 75.33
Cs 109 54 41. 67 77.33 15. 67 ND ND 27
FHME 110. 11 47.84 48.34 130. 05 14. 61 41.00 0. 00 39.33
TR FRE Cr(%) 11.65 10. 14 29. 10 69. 84 6.90 37.27 0. 00 50. 56
M, 134 40. 67 37.67 124 12. 67 ND ND 36. 33
M, 119 46.33 40 90. 67 13.33 ND ND 29.67
M; ND 47.67 43.33 84.33 16. 67 ND ND 41. 67
lf;l_'z My ND 42.67 34 61.67 11.33 40 ND 34
' Ms 105 39 33.33 59. 67 12 45 ND 32.33
FEIH 119.33 43.27 37.67 84.07 13.20 42.50 0. 00 34. 80
BRRZBCv(%) 49.59 7. 60 9.92 27.82 14. 08 49.13 0. 00 11. 68

¥E: ND RoR A AR
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Zn As\Pb GFIIT K 1075 Y48 503 K 1E V5 Jebr
1, T Ri5 Uk A
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Tab.6 Heavy metal pollution index of soil in different areas
o PR 5 QAR P, P B S
KX B — _ - . . PABH P oy
JLER Cr Ni Cu Zn As Cd Hg Pb -~ 4%
F, ND 0.38 0.39 0.21 0.53 60. 00 ND 0.39 43.05
5 e / ESEES ESEES EREES KiGg  EEG G / EREES EEREE S
F, 0.51 0. 50 0.33 0.21 0. 45 50. 00 ND 0.35 35.75
HREY RIS ESEES ESEES ESES Kisge  EREEGHR / ESERS T
Fs 0.43 0.51 0.36 0. 24 0.48 47.50 ND 0. 40 33.96
QRS RI5R ESEES ESEES EREES Kigg  EEEGRE / ESEES NSRS
Fq ND 0. 40 0. 40 0.26 0.52 ND 9.33 0. 48 6.73
LN X F;
5 Qe s g / ESEES ESEES EREES ESEES / HEEGR Ri5H o g
Fs 0. 45 0.41 0. 45 0.28 0.61 ND ND 0. 43 0.53
YRS RIG EREE S EREE S RELS ESERS / / ESERS A
Fe 0.55 0. 49 0.41 0.30 0.52 ND ND 0. 45 0. 50
TR RIGH ESEES ESEES ESES Hey5 g / / Hei5 g 74
SFHME 0.49 0.45 0.39 0.25 0.52 52.50 9.33 0.41 37.56
TR RIGH ESEES ESEES EREES Kish  EEER EEERE S REH ENEREE S
C 0. 44 0.53 0. 40 0.25 0.61 ND ND 0.27 0.52
QRS RI5R ESEES ESEES EREES ESEES / / ESERS A
Ca 0.42 0. 49 0.36 0.26 0.52 ND ND 0.33 0. 46
TR RT5 ESEES ESEES EREES ESER S / / ESERS TA
Cs 0. 44 0. 48 0.41 0.25 0.56 51.25 ND 0.35 36. 64
PG RIG EREE S EREE S EREES K5  EEER / ESEES EiEE S
— Ca 0.54 0. 40 0.55 1.08 0.56 ND ND 0.72 0. 89
TR RIGH ESEES Ki5g  RBERE K5 / / EREES Bk
Cs 0. 36 0. 44 0.77 0.50 0. 63 ND ND 0.94 0.79
TR RIGH ESEES ESEES EREES ESEES / / ESEES Lk
Cs 0. 44 0. 54 0.42 0.26 0. 63 ND ND 0.34 0.54
TRREG RT5R ESEES ESEES EREES ESEES / / ESERS A
FY1E 0.44 0.48 0.48 0.43 0.58 51.25 ND 0.49 36. 65
[EE = /S SEr S ESEES ESEES EREES ESEE I ¥iae s / ESEES o g
M, 0. 54 0.41 0.38 0.41 0.51 ND ND 0. 45 0. 49
RS RIG EREE S EREE S RELS ESERS / / ESERS A
M, 0.48 0. 46 0. 40 0.30 0.53 ND ND 0.37 0.48
TR RIGH ESEES ESEES ESES Hey5 gL / / Hei5 g 74
M, ND 0.48 0.43 0.28 0. 67 ND ND 0.52 0.58
TSR / ESEES ESEES EREES ESEES / / ESEES A
TH X M;
M4 ND 0.43 0.34 0.21 0. 45 50. 00 ND 0.43 35. 88
TSR / ESERS ESEES ESES Kisg  EREEGHE / ESERS Y
M s 0.42 0.39 0.33 0.20 0. 48 56.25 ND 0. 40 40.21
TGRS RT5 ESEES ESEES EREES K5y  EEEH / ESEES i AEE S
“FEIME 0.48 0.43 0.38 0.28 0.53 53.13 ND 0.44 37.98
YRS RIG EREE S EREE S EREES K5  EEEH / ESEES EiAEE S

VE: ND RoR A .
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Q 58, WAL T2z A5 N, MaMs 8N HE B 5 e ds
oy HN 35. 88.40. 21, J& T HE T Y. THHE & 5
PR MRS V5 gL F8 405 . VR T 8 R 1 N A
B YARBEEIAE 0 46~ 43. 05 2 [A], 17 AN s fiz
LA VLR R S Y P R S Y R R S G BT o
ELZ 23 A 47. 05% 11 76% .« 0.0.41. 18%, K &
G352 5 e r AL T LR Bl R T YK, T
HIEAR DA S LR 2. 438 = AN X BRI
GEAL ARV IX T X A X = AN 9 X B VT - 438
(P8R G 15 G 18 2090 il 8 37. 56,36 65.37. 98,
HHREER IO TH X > RALIX> WX, BE8 T
HE5YOKF.
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Fig.2 The distribution of pollution levels in the study area
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ARSI RSV ] DABR A2 A R0 5 XU 15 G4 YR
Z BB Z, INTITH T A 55 0 SRt AR 7 &R 42 b (1 AR
Yre A VG T RO MR AR, AT e 7 AR I AT AR
BRONHEAT VR A R o B AR AR 2 KU T B ik
CEA FRE T T XA B 42 V5 e AR RS RN X 45
R ENZE 5, B4 8 TR KT AR TR Y T
e (1) IE RS A AR, 8 e T SRS YR X ek %
frszma >

SR FH B T AE AR 24 RIS i 280 E A 10 45 SR L 3R
7, RN X 3 Fo Fa Fs ) Cd e &P REE
XU T8 207 B 22 153 85,18 461. 54,17 538 46,
F4 sSALH) He 70308 78 XU 15 Hom 1822 400, 48T
W Z AU 7KF, e A o0 2 IR BRI A AR 28 XU 4

s 114 ET5TKR

B RIS AT R OR S 7K ST, B 4 VL AR A AU
FeEUK I N Hg> Cd> As> Pb> Cu> Ni> Cr> Zn;
FETT Xy 3 b AT C3 10 Cd oo = TBAE XU T
#0918 923. 08, IAF B 5 F4 RS 7K1, HARITTE 1)
BT G KU FE A b T B ORI K, R
A S RGTE XK VN Cd> As> Cu> Pb> Ni> Cr
> Zny 75 TH XU 3, M4 M5 5547 Cd Jo 3R
(78 70 X 63 2020 79 A 18 461. 54,20 769. 23, 15 F|
W ZURE K P, Fe R0 3 I B I 5 G R 48 203
AbF AR ARG AR, 4 T T A A IXURG: i B Ik
N Cd> As> Cu> Ni> Pb> Cr> Zn. KHZEEHE
FER SR BP0 B PR SR LR 7, T IX L LTI
AR X P VERIRT M V5 e DA 55 S T I R, = 2Rt
FUIX 3 17 345 G 78 A R T4l 7 o 18 973. 18,
19 659. 09,41 828 29, ¥ HLA 1R5& A4 XU .

3

FETH X R X T [X e o]+ 3 e 4 v s
JLE 1, Cd JEFR A IR™ 5175 4o, HF I E (42
mg/ kg) J& " KArHE(O. 8 mg/kg) AV rE A LI
FHE (0. 065 mg/kg) [ 52. 5,646 %, % EH Cd 7o
RN ZECm, S BEA X B g T Y,
HIn 7 YR M A AR R . TR IX oY A
HRLE HR 4R S KL RS AL DL AR AN S B
K2 18], %X BoE AT T Al o i 5
EP X IR, TRy X EEE SRS REA T
WroT, AN EE S5 xR A Ll B i 3o b R B,
b Pb.Cu. Cr FI Ni & &M -PMEY & T 13
Sff s B YR Bt 7R U A R il L e Cd. Pb
I Zn 15 YR B fo ™ 5 5~ B 250 PR R X R
FE - 3807F 72 % R, B FHE /K TS RE AR B3R Zn RO Cd
TR S G KT, IR A TS YAk 3R Zn . Cr
A Cd LB RS YooK T ] L, K I R I R AE
X R R OK i R A M, DA SRR K AN & 3
FIETSAE A AR AT X 32 Y B A5 3 R FY S

AR X5 Yo K 22 45 R PRI 2SI A, L 3R B
JER DR S A VR T IRRT 3 K 22 58 A Al il HE v R,
T AL HER & 5 bR E 48 135 K& RS
IRI BB AT K, FRE R T3, 5
FUROV X (1 1 A7 EA% ) B 4 TS R . TR
TS b R K A6 R AR R B X R 2 Hh R K
TSY BT R, BF FLIX R E R R K B4 s Y™ .
A, AR o E R R i 2 RS g, 3
A AR ZE BB R A B BRAS TR AR 1Y Cd.
A BRI, R AR X T P A R R A
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JEAR Z5thfin 1 A FH 3% B s G KM =R HE TR, - R < g et B A T
T X S e Vo e E ORI T Ak ) AR S R A TR RIR S K AL . T AR
7

Tab.7 Potential ecological risk index of soil in different areas

BTG LR KU TR 2 EL

RHKE R
SIS Cr Ni Cu Zn As cd He Ph WHREL R
F, ND 6. 87 9.67 1.00 13.61 22 153.85 ND 6.95 22 191.95

TR 5 / B B B B & / B AR 58
F, 4.05 9.12 8.33 1.00 11.56 18 461. 54 ND 6.20 18 501. 81
TR 5 B B B B B g / Bl AR 38
Fs 3.42 9.37 9.08 1.17 12.24 17 538.46 ND 7.25 17 580.99
JRIR: 5 2% B B B B B e 3 / B R 3
RV F, Fyq ND 7.30 9.92 1.3 13.27 ND 22 400.00  8.52 22 440,23
JRR: 5 2% / B B B B / T B R 5
Fs 3.59 7.48 11.33 1.37 15.65 ND ND 7.70 47.12
A 46 4% LY LEX LY B B / / % B
Fe 4.37 8. 88 10. 17 1.4 13.27 ND ND 8.00 46. 10
JRI 5 B B B B B / / B B
YE 3.86 3.27 9.75 1.20 13.26 19 384.62 22 400.00 7. 44 41 823.29
TR 5 B B B B B e e Bl AR 38
o 3.48 9.61 9.92 1.20 15. 65 ND ND 4.86 44.71
JRIR: 5 2% B B B B B / / Bl B
Ca 3.35 8. 88 9.00 1.4 13.27 ND ND 5.98 41.72
SRR 5 2% B B B B B / / Bl B
Cs 3.48 8.70 10.25 1.2 14.29 18 923.08 ND 6.28 18 967.29
JAIR 5 2% B B B B B [T / B TR 5
Cq 4.26 7.24 13.67 5.18 14.29 ND ND 12. 86 57.49
1ilX C;
JRIG 5 B B B B B / / B B
Cs 2.88 8. 09 19.25 2.41 15.99 ND ND 16. 89 65. 50
TR 5 B B B B B / / B LA
Cs 3.45 9.85 10. 42 1.4 15.99 ND ND 6. 05 47.00
JRIR: 5 2% B B B B B / / B B
¥E 3.48 8.73 12.08 2.08 14.91 18 923.077  ND 8. 82 18 973.18
JRR: 5 % B B B B B o / B TR 5
M, 4.24 7.42 9.42 1.9 12.93 ND ND 8.15 44.13
JRIR 5 2% B B B B B / / B4 B
M, 3.77 8.45 10. 00 1.45 13. 61 ND ND 6. 65 43.93
TR 5 B B B B B / / B B
M s ND 8.70 10. 83 1.35 17.01 ND ND 9.34 47.23

— TR S / B B B B / / B LR

M4 ND 7.79 8. 50 0.9 11.56 18 461.54 ND 7.62 18 498. 00
JRIR: 5 2% / B B B B L& / B AR 58
Ms 3.32 7.12 8.33 0.9 12.24 20 769.23 ND 7.25 20 808. 45
JRR: 5 2% B B B B B o / B R 5
¥IE 3.78 7.90 9.42 1.35 13.47 19 615.385 ND 7. 80 19 659. 09
JAIR 5 2% B B B B B [T / B TR 5

¥E: ND RoR A AR
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ETT TR A DA ki) e T 55 Al K
“ IR HETS 2 0] JE B RO B S Y. AR R
S\ SHEETTIRIX 3 Cr Cu Cd P 3t 4 Fh
FHE BIAS (048 57 45 M RO A 8% SRy 34T T 0 A, &5
RELW Cr Cd 5 RBONE; F 4k, e KGR i
Tt FE A AT FEAR AR, ARiE B SR B Ab B A
P mliaE o St A AT o o by B 3 il —
FEPE 5 Yo B0 2 M2 XA VR B I B 8 A 3
)2 TIERE SR USRS e L AT
GBI KT, Hoh Cd TTHREE ik 79 63 %; 4R
TR S0 P T DX SR R AR A = DA i B 3 1
G BTG YRR AR JE R LR I Cd  CusZn F1 Ph
i A N e 1 2 5 B I G o

WS R R, B XA ANTE Fa S G
MEI Hg JCE(9- 33 mg/kg), (HENZ “briE(1. 5
mg/ kg) MV B 44 1 2 50 /H (0 025 mg/kg) Y
6 22.373. 2 fi5, B Hg 1) HH 15 L 45 B0 5. 10
TEAE XU 8 5043 5318 9. 33,22 400, J& T HE JE {5 e
AT Ao A XK. T X V0A] H3EH Ca (1) Zn
JGE( 324 mg/kg), & bRiE(300 mg/ kg) FIIAT B
BT FE (62 5 mg/kg) [ 1. 08.5 18 1%, J& T
B H AL T8 WO K o BT HE SR
7], 4 B IS YrE FEANE AR A AR 45 R AT AE 1E
ZE 5, TG RAREOMN A T R AN 4 BT R
L DX AR Ay 5 R B, T VB E AR S SR SN T
48 0 3R I Ve SR A LS T Ry
o NG B, 1T Zn (B RECH 1, T8
FEARS RS BUR. He HFRVE RECN 40, WS
KEEHEZ, T E 4 He X A fE 5+ 5™ =,
AN TE T LAE A, HeAh, X W Co A7 Zn JER AR
FRB(69 84%) A= MWFFLIX )\ Fh ot 2 KI5 = {H,
ERAR AT (R AT R A2 2 W IX Y /N FSR A
RLE 5, (2 AR 2 FF BN —80A N Zn o £ &
IR T RET Y R 2ot B R G

K2, AN AR B R 4y E 4R O 48 X Y T b Ay
IR R AR FE TS e, G0 RS R R
Jit, AN SO0 AT | A A R AR S 0T R K
TR PR 22 4 i R AR Kt g i, T 5 i 38 AR 2
AN RR. 456 i A 4 R EoR, R
DX PR EE U A A T X Ak S5 rd 7K AL 220 4k, BA
T rd KA S HE IR It 2 X 3D 438 TN 5 e
(1 EE 48 E A A5 IRV, %o IX 380 A A 58 L J T 3R
KRR 2 4Bk o R, AT DARR 4 AN ] - 2K 7Y
IR E SRS &S A e, X RIS XOT R
HG BTG Y o X G B, DA Hh iy 1 18 4 )

s 116+ ETERE

T Xt 7K T RR A 5 e RS o
4

JE I ) R KA TR VS VAT Bb Ay b IR AT R AR A,
ME L3erh 8 M & B n & & &, MILHITHE
JETG GRS BT 25 G 15 A VEAN AR S RS VA, 15
HEL RS .

(1) FEZK AT A 46 T A2 £ A B T b Ay -+ 438
FEHESJRGREARICEN Cd. R XE, B4
JEIS AR B N Cd> Hg> As> Cr> Ni> Pb>
Cu> Zn; fETI X B, HLJRI5 AEUKICH Cd> As>
Pb> Ni= Cu> Cr> Zn; 7E TH X B, B4 & %154

BEUIKIN Cd> As> Cr> Pb> Ni> Cu> Zn.

(2) FEAONVIX B, W AEAE S RSB EUK N H g>
Cd> As> Pb> Cu> Ni> Cr> Zn; 7ET7 X B, ¥ 1E 4
BREFE B IR N Cd> As> Cu> Pb> Ni> Cr>
Zn; fETH X B, B & 8 W e AE A XS 48 8O I
Cd> As> Cu> Ni> Pb> Cr> Zn.

(3) L7 =T X BL B VPO S5 25, 75 Jefs FEAK
U T IX> Aol X > 17X, H 35 4b T3 5 4Lk
s RE RS WS SR AR O R IX > T X > 1
(X, H5HA 1R85 A AR
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