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Study on Distribution Characteristics and Potential Ecological Risk of Soil Heavy

Metals in the Yellow River Beach Region in Kaifeng City

ZHANG Peng-yan'*, QIN Ming-zhou'”, CHEN Long'*, HU Chang-hui'*, ZHAO Ya-ping'*, DONG Wei-jun'"
(1. Institute of Resource and Environment, Henan University, Kaifeng 475004, China; 2. College of Environment and Planning,
Henan University, Kaifeng 475004 , China)

Abstract : The distributions, soil environment status and potential ecological risk of heavy metals were studied in beach soil of returning
the cropland into Yellow River beach region in Kaifeng by the Nemerows and Hakansons methods. The results showed that (D) as Among
the average contents of the five heavy metals Pb, Cr, Hg, As and Cd, the highest was the average content of Cr, and the lowest was
the average content of Pb and Hg. In addition to Hg, the coefficients of variation of other heavy metals were relatively small, indicating
that the content of heavy metals was quite different at different sites, and to some extent, relecting that Hg, As and Pb were the major
elements polluting the soil, among which, Pb pollution was the pollution with universality. There was little difference in the contents of
Cr and Cd from village to village the coefficient of variation was small, and the contents were below the national standard level. @There
was significant difference in the spatial distribution of soil heavy metal elements in the upper, the middle and lower sections of the study
area. The upper section was clean, the middle section was slightly polluted, and the lower section was enriched with pollutants. 3The
distribution of heavy metals in the beach region inside and outside the levees of Yellow River was closely related to the distribution of
the residential regions. In the upper section of the beach region (southwest) , the population was large and the contents of heavy metals
were high. The contents of heavy metals were lower in the near river zone than outside the levees of Yellow River. And the heavy metal
contents in the middle and lower section were higher than those outside the levees of Yellow River, while the lower section ( northwest)
showed a tendency of pollution enrichment. @]In the view of the average individual potential ecological risk index of heavy metals
(E."), the potential ecological risk of Hg reached intense levels, and the potential ecological risk of Pb ’s contribution to the integrated
risk was 50. 5% , which was the heavy metal with highest ecological risks. Cd and Pb had a moderate ecological risk, while As and Cr
had minor ecological risk. Ecological hazards of heavy metals ranked in the ascending order of Hg > Pb > As > Cd > Cr. ®The
ecological hazard of the heavy metals was ranked in the order Hg > Cd > As > Pb > Cr. Based on the potential ecological risk level
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corresponding to the RI values, it was shown that there was moderate potential ecological risks of heavy metals in the Yellow River

beach region in Kaifeng.

Key words: Yellow River beach region; soil heavy metal; distribution characteristics; potential ecological risk; Kaifeng
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TR FREIIEX o BE K 2 52 km, JE B
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TE/NIREEEAGS 17 R (2002 4F ) |, S0 47 ik X Jal
1 H 25 A2 AR kL K HE AR, 2002 4F/MRJR K
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Ui AR E R AR A AN, WX A LU
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(1) FESh ST

TR T 2010 4F 4 H R, R EE %
FEEF T E T X P BT A A 8 AR, SRAE AR S 50
A A S R 9 ANRE S, B AT SRR B E 5 A
FER AN TERS 6 DHE S, B SFRERT . Mg
FA AR AT CHE A 4 DR RS A3 A4S
FERL, 48 A ERIZRE A TEVE HFEM AN E S A IX
P, AT T AR AR AR ) T e B R BT AR
TE2E 5 K D PEMR A A T30 T 1 AR A R0 43 3
JZZ 100 em; 7E S HEATHIT 2 BAER A, R4
4 JZ2F 100 cm. KA ATAE 1 FR.

(2) FESL R AR SHIAL B

FEMIBIZR H 100 m® DL KA EHEERZ 0
~20 cm 1485 A ASUHBIR AR, IO Ry
1 kg MURESD  DRAETE A BHAS N AR M SE e 5. LIRS
W ESRRT JEEL S0 g, FIAR BT T EL O A% I FH F 5
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fEH BN T ESE NI E.

(3) FEEL ST BT
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BT LA AR5 SR I SR 8 A 5 o e A o —
BRI 398 AR S (BT S8 o) M DX T B - 30 4 7
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*1 ERTEFERESE

2.1

Table 1~ Soil environment quality of normal value

25 — % =%
+HEpHE HARTR <65 6.5~7.5 >7.5 >6.5

Cr=< 90 150 200 250 300

Hg< 0.15 0.30 0.50 1.0 1.5

As< 15 40 30 25 40

Cd= 0.20 0.30 0.30 0. 60 1.0

Pb< 35 250 300 350 500

SIS P BARERA TP (MR 2).
®2 TERBEREBTENSHER(CB 15618-1995)

Table 2 Soil pollution graduation standard( GB 15618-1995)
RARE HRRE SROKF SFR
s 0.7 LA Bk T4
0.7<p,s1 5K R 1%
D L L
2<p,s3 FREETS Y M AR BIP RS Vg
Pa>3 RS L AEY RIS Y O V&

FFEFTTHRMEX 3 P, Cr, Hg, As Fl Cd X
5 FhE SR & R RR G (W3R 3) R L

Study area and sampling sites

SFEEIT S, Cr B9 {E R, HK Oy Pb, Hg B9°F
e /. Bk Hg Z4b, B B & R IT R 8 5 R EL
IR/ UL T e X T B i 32 15 YRR AR L
X BB BT -3 TR AR B AR G, Cr
1 Cd FEA AT ] FH AR K, A8 S R AN O B
ST K —HARMELL T, Hg 724 B ] B ez
TR, A8 5 R BUR K 48. 00% , o5 1 L 3k iy
M 0. 17 mg-kg ™' ,Pb BYAE S R E0CN 21. 00% , 4%
FE S B ANRRE , R He A Ph 19735 5 i 10 2
FEl R — b, (EFR R KR Hg 1 Pb &5 T
FE R — bR, XS] 3 b Heg A1 Pb 255+
PEICH R 2 FE S R n] LAV 25 Dy 32 X 1% TL 7
TERAN—28 T L F YRR . As B8 57 3R
ALK T Hg, oM 28.00% , AFFRE (A %) A EAK,F
PIE R 11,69 mg-kg ™", Rl e T B K —Jebrife
BCTRE D B IS e Y As ok AR ZG AR B
AR Y it BRI i ) 3 B K i HE TS
A R
®3 FHTEARRIESSESSNERMESIT
Table 3 Descriptive statistics of soil heavy metal contents

in the Yellow River beach region in Kaifeng

FEmZEA Pb Cr Hg As Cd
R/ mg-kg ™! 74. 4 79.75 0.17 18.78 0.129
B/ M/ mg-kg ! 30.9 51.37 0.02 7.22 0.083
S/ mg kg ™! 48.26  62.99 0.076  11.69 0.103
Frif 22 10. 13 9.47 0.04 3.26  0.01
5 R % 21 15 48 28 13
2.2 IR

AT T TR VR o, R 5 e
BT O BT S OO o T R4
R TTE 0 RS B, P 04T



9 14 SR A TR e DT B T R o A R AIE SR KU DAY 3657

VPO T R T R
LT A O R e 215
TR A

S, SREHTIE e R § 15 R R
[t 48 K cp o j DR TS B Ry S
(Ing-kg_');Sgﬁ%ifﬁé%iﬁﬂﬁﬁpfﬁﬁﬁﬂf(Ing'kg_l)- +

e () ORHITHTL Y S 9 WD U
b=y BEbR A HE T 2R TS U ST A LG 55 4.

F4 BARRTEESEHARLGAERTFITERR %

Table 4  Sample proportion of single factor pollution of soil heavy metals in the Yellow River beach region/%

LR FEdn A%k I (¥1) I (i) INEESETS) V (hEEG) V (HEIGH)
Cr 48 60. 42 39.58

Hg 48 79.17 18.75 2.08

As 48 47.92 29.17 22.91

Cd 48 100

Ph 48 56.25 47.25

BN TG QAR BOA AR, P BT T Y
SE, OGS, B B S Je A M As Al
Hg 4 R 42 BE V5 G, Cr, Cd WA 1 105 9 B4

X, P NS LRG TS AR 8 P, AR 0 5%
W& SN S HE (AR S5 H 5
{H) BILEAE s P, 945 6w iR ORI ¥ e 18 By

SR e KAR, X7 TR W TR 25 SN 55 1 T 4% s G
WS (NLNemerow ) Z55 75 Qe ik, A0 Wi F 5 Gk W e 135 4 b > B i 5 44 9
N RGN L E .
(P + (P, )2 AR ) 5K PR o i bR v AT PPA, L2
Py = 2 ) s
®5 MRIBELETLRER
Table 5 Soil heavy metal pollution index in the Yellow River beach region
- B I
JLE AR THE YN, FERT LT AR YRR (40])
Cr 48 0. 698 0.571 0. 886 1. 160 I 44 B T
Hg 48 0. 500 0.133 1.133
As 48 0.775 0. 481 1.250
Cd 48 0.515 0.414 0. 643
Pb 48 1.919 1.236 2.976

1) MR [ 5% - e BR Jotde— b ifE

HR 5 [ 5 BRBEA 47 o 1 H 3R 5% I A o (GB
15618-1995 ) Fil -+ 5875 4L 7 W AR fE AT IFAN. R
WS TG Yt 0, M o X s 8 T 4
RPETG Y. ARYERAE BT 2 b N\ 53177 ] S H 3 458
5% X JE AR T LI TE @ PR A &
HEVE. FEZEIFK 20 4 90 4ER LK, &
B sz 2w G YO R K K B AN B
AT PR 2 i35 R, 0T 7K s S TR e Rl X b,
Z WX N A PLZE AT AR 7 R by AR ) K iR
& 0@ K G Y A M X AR B (S T 4R U
K5 Yy gk sk i) Pl A R RS . B4R, BT
SOAR W REJLRAG, X N A Ch TG s 2, 5 80X
R ETE7K . B4 HERC, [R] B ) 1 e X+
7 375 L1 ] e

3 BRITEEESES WL

3.1 MEXE R R

23 AR BT 53 00 AR B gl A 230 5 2 ] AR AU
A HE TR T B R S IR 43 A R AE Y eR SO R
ARSI (1 1 PR 2+ 9 4 V5 YL i 1 Sk
W38 57 A& 7% ( Ordinary Kriging ) % 138 {22 PE B
SFEHS B AR b 88 VAR SR i U ik o R
WF5E N 18 58 AR I AT I N A7, 27 1 A&
SIRITRA R R E (E2). A2 hEg
JE WA ATRRIE 3B & B, W DX v BRI VY R S JE R A
o DX 9 T 4 T A A W DX P B DX i
At TUZE ) hk, PO v B FE A — A R e R R AR
WFFE X AR AL 1o T35 G e AL A H
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Fig. 2 Spatial distribution of heavy metals As,Pb,Cd,Cr and Hg

in the Yellow River beach region
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Table 6  Distribution of average concentrations of the five heavy metals in the soil profile/mg-kg~

1

. HTHT 1 T 2

TR 0~20 c¢m 20 ~60 ¢cm 60 ~ 100 c¢m 0~20 ¢cm 20 ~40 c¢m 40 ~70 cm 70 ~100 cm
Pb 30. 00 28.10 25.90 28. 60 31.00 39. 60 31.50
Cr 56. 10 54.41 40. 81 55.33 60. 94 64.90 55.77
Hg 0. 031 0.013 0.011 0.018 0.015 0. 028 0.024
As 8.59 7.42 4.95 8.23 7.00 11.17 8.70
Cd 0.083 0. 080 0.083 0. 080 0. 089 0. 103 0. 097
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Table 7 Concentration change of soil heavy metals from the upper section to the lower section in the Yellow River beach region/mg-kg ~

1

(A= i Pb Cr Hg As cd
Q23 35. 80 56.32 0.04 9.73 0. 09
Q24 40. 80 54.56 0. 06 9. 64 0. 09
B Q25 34.70 53.27 0.05 8. 24 0. 09
027 37.30 53.35 0. 09 8. 47 0. 09
SR 37.15 54.38 0. 06 9.02 0. 09
Q10 38.10 60. 17 0.02 7.22 0. 09
Q11 72. 40 78.98 0.17 18.08 0.13
Bt Q34 51. 60 72.93 0.15 13. 65 0.11
Q35 56.70 72.27 0.13 15.04 0.11
F-HE 54.70 71.09 0.12 13.50 0.11
043 58.50 75.13 0.10 14.78 0.12
Q44 50. 10 72. 60 0.07 12.97 0.11
TE 45 37.20 56. 87 0.15 17.76 0.09
046 31.50 52.91 0.02 7. 80 0. 09
FHE 44.33 64.38 0. 09 13.33 0. 10

3.4 MDA A SR SR SN R A AL
BERLZEI L BL . A BRI R BORAE s % M DX AT

DX AMIRAIR SR A 4 3 G Ak 2 LU o0 B (L3R

8~ 10), BB XHER T Cr 17 8 RIRIMET

MEDCIN,Pb, Hg, As H1 Cd By & 52 RIE2A >
DCHNAR > WEDXHTAT X o Be DI B X e 45
A5 BRI DI TR] DX e iy, 100 380 DX T X e
GIETRELITRR AR,

®8 BMEAZKEN LE) HEELBE BTN /mg-kg !

Table 8  Concentration change of soil heavy metals from the inner region to the outside region of the

levees( the upper section) in the Yellow River beach region/mg-kg ~'

(VA s T Ph Hg As cd
WX TR X Q27 37.30 53.35 0. 086 8.47 0. 091
MELX A5 Q21 43.50 55.11 0. 050 9.30 0. 094
KIS Q6 54.40 52.47 0. 060 10. 62 0.114

£9 MEABXEIN HR) LHESEEL mg ke !

Table 9 Concentration change of soil heavy metals from the inner region to the outside region of the

levees ( the middle section) in the Yellow River beach region/mg-kg ~'

frE ' Pb Cr Hg As Cd

W DX VT X Q11 72. 40 78.98 0.17 18. 08 0.13
AR Q13 41. 40 51.81 0.05 8. 40 0.09
KIgS5h Q48 45.00 63. 69 0.06 12.32 0.11
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Table 10 Concentration change of soil heavy metals from the inner region to the outside region of the
levees( the lower section) in the Yellow River beach region/mg-kg =

A=+ ' Ph Cr Hg As Cd

e DX AT X Q43 58.50 75.13 0.10 14.78 0.12

WX AR Q1 46.70 54. 12 0.03 8.98 0.10

KIgsh Q28 34.70 55.55 0.08 8. 69 0.09

4 . 11 ESENFSUHRERESILE
M7
4 ESKEITEM Table 11 Toxicity coefficients of heavy metals and reference values
— 5 ey N WiH Pb Cd Cr As Hg
>R Hakanson Y7642 A5 /5 FH 0L P74 £ e . m : T m
BE N DU 41:*‘ =N
HeE G R W R FOT R A UN - ZHE 21.9 0.1 66. 6 9.7 0. 047
. C
Gl = (3) £12 Hikanson HEESBES DT
i ; ! ; Table 12 Grading standards of Hakanson potential ecological risk
E'=T'xC (4) - - p
A6 H B A i
RI = ZEi (5) E! <30 30 ~60 >60
= Hy, <135 135 ~ 265 >265

K, ¢ O HRIE Y REL, O FES TS W i )
S, C NS YY) S AL E, N5 ) i
() BRI A AR S B HE 5, T, s e i@ s tE R
W 11) ,RINGEBEASNE L. £ A
RI ] 43 5P S i i G 9y f 22 Fis G ) ) s AE A=
AR REE.

i 0, 75 B 584 PP 48 b 6 4 90800 43
(F12, £13).

R13 ¢/ HHFirk

Table 13 Grading standards for evaluation factors of C,

15 YA B g Ci AR5
C <1 1~3 3~6 >6

BEBEASEZAEN C LI+ 5
YE RS, ¥ 0(3) ~ X (5)ITHEER HIESAE
SR C' . EL M RI{H (3£ 14).

® 14 EHARRXIESESEEBEEESKEITMN

Table 14 Assessment of potential ecological risks of soil heavy metals

(o

E'

= I Pb Cr Hg As Cd Pb Cr Hg As Cd H
FRME 3.40 1.20 3.62 1.94 1.29 16.99 2.39 144. 68 19.36 38.57 232.05
WX 13 fe/ME 1.41 0.77 0.43 0.74 0.83 7.05 1.54 17.02 7.44 24.86 65.62
TFHE 2.19 0.94 1.60 1.20 1.03 10.95 1.89 63.85 11.98 30.93 126.55

M 4B P BRI e R C) R E (£ 14,
F15) WM X IF BB He 2R F1ITG Y, Ph
As Fl Cd Hrp &5y Cr RRMISE, &1 HEE R
AV5 YL FEEE ) Hg > Pb > As > Cd > Cr. HH# 15 1]
UL, 3 He V5 Yl 35 51 5 Z10 AR B A b 45 2 B A0 A 51
B4 EAY R 6.3% | 68. 8% ek €, ITE T3k
R 11 SRS (C " =3.62). +3E Pb 5Lk s
TR HORE ST BN 95.8% ik ¢ I IRAE T,
JEACI 14 SHE 8. WEEH, BAR 1 As 2 AR
BHESE  EMEX LI EERZE 64, 5% HH il
BT A As 155,

MNEE 4 @ X B AR AR S S FR 8L (K, ) ok

B(F 14, FR1S5) EITMEX TF BB -4 He 157
S IA R 5 ZUKF (B, =144, 68) , Pb X HL 4
JBR LR TAE AR SRR 19 DT IR = ik 50. 5% ,
B AEASAR Hg Jm. AE B L X Ph | Cd AN
Hg ELA RT3 o 09 A A5 RS 8 5, JUHZ Pb (197
FEXU A s 0. 8 Cd J& S AR S KUK, Ph
As Al Cr JB Rl SR, 25 4 I8 A S8 E IR
F£} Hg > Cd > As > Pb > Cr, e K E, "V BLAE 2 S A
111 SHER R B I ITE R R 41 54
MGES RS R By RAEER G BAE SR E
LR 18 S HE . 2o SEH S HBIE, 18 54 15
SEIT IR Sk FO%E M.
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Table 15  Percentage of the samples in different C;’ and E,’ grades for different metals in the Yellow River beach region/%
C,! E'
Gy P T P T . T
LR SELS ARG R FIFAREDS AR5 S AR AR A SR R
Pb 4.2 95.8 0.0 0.0 100. 0 0.0 0.0
Cr 66.7 33.3 0.0 0.0 100. 0 0.0 0.0
Hg 24.9 68. 8 6.3 0.0 12.5 35.4 52.1
As 36.5 64.5 0.0 0.0 100. 0 0.0 0.0
Cd 45.8 54.2 0.0 0.0 45.8 54.2 0.0
N 761-768.
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