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M E A 200 mx200 m PIAEAN S RTINS 3855 X 2 TR 5L 259 AR F ICP-MS Wl T 14
H4JE (Cd Pb.Cu Ni Zn Fil Cr) & it JEFEEEME T L369 Heg F1 As & & 43 BRI G Ye i fr 46 £ ( PLI)
FNETE A S A PSS (RY) PR 58T 4 15 e A B R 7 AR 25 XU 7K S, 102 TDW 25 TR 1L 12 43 17+ 38
4 B 5 Yo VAR AL 25 RV s [R) oA, It 3 4 S AR IR A T e G5 R . (1) T B Tlidk & A8 i IX )2 +- 4
8 Fd 42 JHITH Cd Hg Pb As Cu Ni Zn Fl Cr 1YF-X & #4050 1.43,0.37 40.77 ,7.13 ,33.92 ,25.28 ,180.23

49.00 mg-kg™". (2) A FEA 8 ML E - PLI K 1.93, 8K 18 TR EE VG Ye oAy, Cd M1 Hg HEH V5S4, Zn . Pb
I Cu MEREETG Y Ni Cr Al As AbF I3 Y tRAS . AR 8 FhoC R RICH 765.50, J& AR i A 25 XU H o
Cd Fl Hg A0 TSR FIAR TR XSS , AR T2 N R U (3) PLI (7340 55 RI 4 4347 A L AR B, & (i XA TR
T ARHET FARRE ] (HF 07 ) 1630 DI, I AE X A7 TR 5 X AR LR R F5 A ok s T 8L 0, R 2 vl AR b 1) Ve
RYE A (4) Cd A Hg WES2: S B2 75 Y IR 7 SR S B 20 25 KURS: DR, HOR IR 3228 S0 ) AR ) 1 i
IRHER S V5 K HEE AR AR U | 3230 15 Y LU B Ak SN 2805 3l 6.
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Heavy metal pollution and potential ecological risk assessment in
agricultural soils located in the peri-urban area of Kaifeng City
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Abstract: Samples of topsoils (n =259 ) were collected from a Peri-urban area of Kaifeng city in
Henan province using a 200 m X 200 m grid method. Metal concentrations in the soils were

determined by inductively coupled plasma mass spectrometry (ICP-MS) for Cd, Zn, Cu, Pb, Ni

2017 47 A 24 HIH (Received ; July 24, 2017).

* [H A RFIF A (41301336) , IR W 55 AE B T UM H (2015GGIS-016) , ¥ R A BHELBOCT H (172102110007 ) F1H 75
A e R BT AT BA (16IRTSTHNO12) 5 ).
Supported by the National Natural Science Foundation of China (41301336), Foundation for University Key Teacher by the Ministry of
Fducation of Henan Province (2015GGJS-016) , Key Scientific and Technological Project of Henan Province( 172102110007) and Program for
Innovative Research Team (in Science and Technology) in University of Henan Province( 16IRTSTHNO12).

# + BINBERAN, Tel:15137845039, E-mail : chenzhf0604@ 163.com

Corresponding author, Tel:15137845039, E-mail:chenzhf0604@ 163.com



514 B2 5% 1k 2 37 %

and Cr and atomic fluorescence spectormetry ( AFS) for As and Hg. Pollution load index( PLI) and
potential ecological risk index ( RI) were applied to evaluate pollution load and the potential
ecological risk of the heavy metals in topsoils. Spatial distribution of PLI and RI were analyzed using
IDW spatial interpolation, and their pollution sources were discussed.The results show that average
contents of Cd, Hg, Pb, As, Cu, Ni, Zn and Cr in the topsoils of the Peri-urban area in Kaifeng
City are 1.43, 0.37, 40.77, 7.13, 33.92, 25.28, 180.23 and 49.00 mg-kg™", respectively. The
average PLI of the eight elements is 1.93, which is light pollution in general. However, Cd and Hg
were heavily polluted, and Zn, Pb and Cu were slightly polluted, while Ni, Cr and As had not been
polluted. The average RI was 765.50, which belongs to the very strong ecological risk. Cd and Hg
are especially strong, and the potential risk of the other elements are lower. PLI and RI show similar
spatial distribution. Their high value area is located near chemical fertilizer plant, Zinc smelting
plant and HF River, and the low value area is located in the northeastern part of the study area,
including Kaifeng thermal power plant. Generally, PLI and RI presented an increasing trend from the
northeast to the southwest. Cd and Hg are not only the main pollution factors,’ but also the primary
ecological risk factors, which are related to wastewater discharge, sewage irrigation and dry-wet
deposition from zinc smelting plants and chemical fertilizer plants, asg” well asctraffic emission and
agriculture activities.

Keywords: Kaifeng city, peri-urban areas, heavy metals, " potential ecological risk, IDW

interpolation.

Yk 2 S5t DA, T3l T O S5 AN A X8 2o P DI, A s 5 B, Sd (s TR I 2 Al o
e P Al A L R SR T ik DX RIS 2 T il Ity 528 2 3T B RO R A X, By % T
B =R S A PRI AR 2 N5 45 s YL IR 1 S AR DGR FE R B0 I & S8 B IX a4 Ay
b A A G R NI AR S Qe A LR, BRI DI A T S TR s < T i A T A
HEAS RS TBAE A 25 XU PP 2 i Hakanson ™St 14 T T3P AR R DURR A ARV A A S XU, — 262 200
HG IS e 4 8 15 Y T 7 A 25 RS EAN . Ekeocha 45 36 BB 7E A2 25 KUK 15 85 ( PERD) #5634 T 2
H AN Abuja 311X 3 A B9 1 88 s e AR B2, 25 SRR W] Apo AT AR 25 XU 48 80 ( PERT) H 5
Mamut 55 4387 7 v [ 75 31 b DX ARG 7R — AR B 2 A F 498 o 45 Ja 19 75 % 57 15 50 ( PLL) R
FEAZS KUK HE £ (RL) 25 Tl 51, WA 5T X 45 PLI V5 e e g i, 28 RI M. 340, B 52
JH Y 00 far i 0 R AE AR S A E R BOE P TR N T 2 Tk X L 4 Ji V5 e 25 R S
TEA:Z5 M FAREEVEA TR A 43 A rhi +38 5 4 o v Y H IR AR R o R i YR O
TELEZS RS UTIE o Ae T P MR DA T o < i 79 D P JEE 15 PR A A S AU

IR, BUAT B8 A A XU A 7 XU 25 K] A e LA 25 B ST L IR P2 A /N A7 2
S BRI T RIS K AR R (B ) FNZE A T AE AR S KR AR B (RL) 19 43 Gbife , (E A 45 11
Bk HA — 2 IR, HA AR — 2, R 1 PR 5 R A rT SRR, DX b, A IS LR A T BT
Yk & 5S4 XA -8R 01, SR FH TS G ffr 48 25025 ( PLL) WA + 38 8 4 @ V5 e R B, SR FHZE B i e AR R
B A8 B (RL) F R I3 GARAESEA T 18 BT FE P A 25 KU D, (0 HE B - 3h S R F 51X 8 o - 3 o 42
TR Z3E Ve A 2 XU, o A DXl M T < o ) 0 2 25 XU 8 80 00 ) 8 7 12 B (3 mT RV
Z7% IR ArcGIS 23 IR {EYA AR A PLI AT RT 25 (8] S0 AR , IS8 IX A 38 i IR0 2 75 e XU 22 3t
—E RIS

1 #BS 5 ( Materials and methods)
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X, 0 At Tl B 7 3R X ) A X ARl () b A 1 R S IX AR Y 20 km? 3% Xt B
Jo Ry TR AR, R R RO L TR, 2 R g DA AR X N A ) R
BET BT ARZGARRES MU 250 2w A K K T S T b AR AR (HF 307 pr b
B USRI e 55 T b (15) 7K, 7R3 1 AR 1 5 [T A IEA) 32 3 —— B 5T HF T 3
FEFR M 1962 45BN TF BRI b5 K dE A 7o, 9 C A WAL R 5 ') HF )5 X 4 49 A
PR T RO ENESER RS BAT, ZX IR T R E S I TR TS Y IR )
A
1.2 FRALCREE

K HH 200 mx200 m A& A s X IESE XA TR 3 BE 0—20 em Y3R)ZE L HERFE  HRER 2 LR
af (B X BERE ) 259 A RS AR AN A 1 iR, SEHUBURE S A5 b A5 - b A R 00 3 244 448 o s 20
SRAY A5 AN XA AR S E S A PR s T A AR AR VS N, 25 R FLTE Rl 200 m A ASCRAE X FHE
BRI A L 4% — 2 23 (40 10,3050 ,100 m) JIE SR A . - 4J8RE SR SR A MEAEIE” 76 10 mx 10 m
A5 AT PR SRR SR)ZE 145 200 ¢ 2240 Bt iR G 3 S VR et s o3 et i 6 it 2
1 kg ZE47 JUT A FE S FH GPS R ff s (37 % HERE DX A I A2 BE B AT X AL 2 km AP IR 35, 7E BT X
PIAE AR LA X 345 AT 3% 3—6 4> 10 mx 10 m Xf BEAEIX | R4 )2 4 30 RE S 3 12 A, % BE X 25 0
A X B i T I8y B — A AR AR ) AE X 7
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Fig.1 Location of study area and the sampling sites

1.3 FRARATALEE S 4 b E 4 R TR B

T HERE AR TR T ARG, AR, 2308 1 mm R ; 7R A5 6 T 580k
JE I i XA BEATLERAS AR 2 20 o FHISSGIMER IS | (4300 48 0.15 mm JEJE MG , 48 FH PR E A A
fi 0.1000 g TIHARE T, S T 88 A M, R HNO,-HCIO,-HF (¥ R 90 400 ) 1531 i 1+ 1k
i, A I TR R A5 A TR T A S 2 1 A 3 T s B CORDIR R IA 11 R RS H)
B ARG E E 100 mL 5290, I ZROKE A E] 100 mL, 78500 A F8 4T, g I S ke
i BARE 428 (Cd \Pb .Cu Ni Zn Cr 1 As Hg) #4338 i ICP-MS & ICP-AES 7.

AT AE . FREL 0.2000 g iFET 25 mL HLEAF 1, TA 3 mL T/K 57K BIRATR ( TR 5K ELF1
9:1) IR JEE T A /M 1 h, hiR$Rsh 2—3 W TR0, ILA 5%BR R +5% B3R IR 1 TR &
W5 mL, 255 0 5.0 g- LA ERAY 3.0 mol - L™ HCI B BB 211 V5 5 16 542 il AnviE TR M 2640
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[ 1) 254 T

FRIFINE . FREL 0.1000—0.5000 g iXFETF 25 mL He @& v, KRR, iMA 10 mL EK S5KRA
W EAKEAKEI R 1) B, T K @29 2 h RS S 1| RECR R AU, A 1—2 1Y
5% FEETREPV I, T KRR R 20 B8 TR A% 8 V0, IRlHL A 25 11, 2 il n i th S AR ) 9 25 1 T
1.4 HHEESEGIEN A

K5 YL AR 5L (pollution load index, PLI) ™™ PE4T + 38 48 15 Yeib i HHE AR

cr, = & (1
e )
PLI = ./CF, x CF, x --- x CF, (2)

Kb CFONESE i TR C o ERE o & 5 S0WME ; C o E 48 @ M5 5l , ABFFCR T E
WA S RARRUE R | PUR.CF M5 R bR S CP<1 ATETE (1), 1<CF<2 A%
JEG R (1) ,2<CF<3 R ETs g (1) ,CF=3 AHEAETG Y (V) . 5T PLIBYT5 Re o3 hnife, A2
X5 HAT AR 43 AR , Tomlinson 25 06 PLI<1 @ W TG54, PLI> 1 A5 Yy A 264 OV Hok 47 1
RISy PLIST HIEI5YL, 1<PLI<2 WP EETSYE 2<PLIS3 WHRAETSYE PLI=3 bl B s e i ot
HRO R R B V5 Y A TR 43, ORI S5 7 i A SERE 0K PLI JRAEN PLI<1 A JEI5YE( 1), 1<PLI<2 N
R (1) ,2<PLIS3 AR EETG R (I) , PLI>3 B BTG Y (IV) 2
1.5 WA RS B P ik

TTE A 25 KU AN S ] Hakanson ' 32 H A8 ¥ 76 A= 25 XU 5 B0 potential ecological risk index, RT) 3§
BT TS A R

n ) n . . n . C]L
RIL_=ZE/E_=2<T/XCJL.)=Z(WXE) (3)
j=1 j=1 j=1 a

K RN i HE R 2P E S BB WA AR ISR B Foh T A AR 0 AT e AR SRS 1 45 T
HEER j R T =40>T“ =30>T = 1057 = T" =T " =5>T" =2>T"=1) ; C.HELJR j B35
PAREC R i FES R E AR S S i O M E AR j S .
1.6 il 58 o dr

FEI 2 AR, AT R0 A i 22 244 1 7 + 5% LA, A ke SR B 5 b o R ( GSS-2, BE45 1 )
PEAT RIS G FREE Cd  Hg . PbAs , Cu Ni' Zn Fl Cr AR X 224351 47 :0.02,0.01 ,0.08 ,0.09 .0.09 .0.04
0.77 .0.14, [ 343 511 100.00% ,105.01% .97.32% .99.80% .101.06% .96.20% .100.51% .97.87% . A B
FE A B AL B 5 e 114 Microsoft Excel 2007 #A4F#E4 T , A S 43 #1iz F SPSS17.0 #1458 i Ek
A3 AFGE XL 1 0 A L 62 3R PLI I RI 23 6] 43 A7 2R ) AreGIS 10.1 #4458 1.

2 R 5158 (Results and discussion)

2.1 HEEHELSEEES

TFETIR & 2248 X 4 126 )2 13 Cd . Hg . Pb As Cu . Ni.Zn fil Cr B F2& 85350 1.43.0.37,
40.77 7.13 33.92 25.28 .180.23 .49.00 mg-kg ™', 4155 1 frz. i Cd Hg . Zn .Pb 1 Cu A& 843 52 b
FE ) 75 50 13.84.7.96.2.53 .1.86 Hil 1.41 £ WM Hr R, 55 ML, 8 MES R TR &
PIf g2 RITE T & S XAR AT EC 52 21 ik 8 FhEE 4 g 175 4.

X} FREE X )2 3% Cd Hg .Pb As .Cu Ni Zn F1 Cr (2583514 0.36 ,0.17 ,20.68 .3.67 .20.67 .
24.76 .63.49 43.59 mg-kg ', MHF5E X 32)2 1 Cd Zn . Hg .Pb As . Cu.Cr Fl Ni fJF2 50 51) 2% i
X F)3.97.2.84 2.18 .1.97 .1.94 1.64 1.12 F1 1.02 5. 403 1 fizs, WM R0, S50 IXA G, Cd |
Pb . As Cu fll Zn &AW 225 He Ni Al Cr (&R C I ETE2E S RIS X K2 14 Cd Phb,
As Cu Fll Zn ZAMFA-HRHO FRIX5R AN,

W5 X B 4 & 728 53 R BOR/IMR YN 1 Zn (102.19% ) >Hg (96.14% ) >Cd (82.57% ) >As(62.82% ) >
Pb(50.50% ) >Cu(34.77% ) >Cr( 14.55% ) >Ni( 11.62%) , 28 5 ZEUHENE [ e + 38 vp Foou R0 A 9 3 ) 1
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B AR S R RO, UL &2 A 2RIE sh T ism 2, e s 0] B A A 5K 2253 % Zn Hg \Cd  As \Pb Y75
SRBIIKT 50% , Horp Zn 19748 55 ZBCEJ2IAR T 102.19%.Cd Hg . Pb  As Zn 7£ L Z [H 58K 1 AR 57
PRSI TSR] s X 5 P G JROC R SR AES M A LA KRE S RICHTE S E X ik 2
S XA T A3 2R 2 = A T IR AR P R Cr N AR SR BN, RIVZS [l 43 A 22 SN, U
HHIX 2 FhOCE B A7 AT SRR RE I, S AT AE X —.

x1 MRXEEELESESIT(mg-kg™")

Table 1 Statistic of heavy metal concentrations in the studied top soils(mg-kg™")

oy - Y b i 22 AR R it B IX GEAIE
JLER 112 .
Mean * Standard Coefficient of Contrast Background
Heavy metal Range .. ..
deviation variation/ % area mean value
Cd 0.45—9.31 1.43+1.19 82.57 0.36"" 0.103**
Hg 0.10—4.39 0.37+0.36 96.14 0.17 0.047 **
Pb 20.41—187.39 40.77+20.74 50.50 20.68 " 21.9*"
As 0.46—29.86 7.13+4.56 62.82 3.67"" 9.7"*
Cu 18.03—120.90 33.92+11.87 34.77 20.67 " 24.1""
Ni 18.97—40.75 25.28+2.94 11.62 24.76 29.6""
Zn 71.19—2242.41 180.23+184.17 102.19 63.49 " 711"
Cr 28.47—118.17 49.00+7.13 14.55 43:59 66.6""

. o TR X EL)E SR RX R ENER D %‘[‘i(Pd).Ol ). * Indicates that the heavy metal content in the study area is

significantly different from the background value and that in the control area (P <0.01).

2.2 THEE LTS YRHIE S A ] o A

FEETTIR 2 285 XA R 2 L1 8 Tl 4 J8 s 2 24\ CRE R /MR R - Cd (13.84) >Hg (7.96) >
Zn(2.53)>Pb(1.86)>Cu(1.41)>Ni(0.85)>Cr(0.74)>As(0.73) . Hrp  Cd #1 Hg J& T HEIS YL, Zn BT
HHEETS YL P A Cu J& TGS %, Ni Cr A1 As J& T-J875 4. 3R 2 Foos  WF 9 XA A s, Cd 19 CF
EATRIE T IV, B A AL S Cd S0 B8 TS 9% R3¢ a5 He 1Y CF fHJE T IV, IV 405 Jept il b
SVEE BB 97.98% 5 KA 43 FE s Zn b F Ca' & T 11 2%, 1 975 Yot s 800 5l i BRE s 800 57.09% |
74.09% M1 77.73% , MR EETG Y s KR FE S Ni (Cr T As JB T [ 9%, T ZAE 508000 ) o 31 SRt gk
94.33% 97.98% 1 74.09% , HeA% J& T ICi5 YL o Hg Rl Cd & 75 Ye R 1 25— 5245120 3] i 4 (24)
FIRFFE S AL /R Cd A Heg S 2 BEAYY5 YL [H 7.

R 2 WIS QGO RS SRR (%)

Table 2 Percentages of sites at different pollution levels in the total sample sites( % )

PEIE b TP BEREC) TG () HEFHE(V)
Evaluation index Non—pollution Lightly polluted Moderately polluted Heavily polluted
Cd 0 0 0 100
Hg 0 0 2.02 97.98
7n 0.40 57.09 25.91 16.60
CF Pb 1.21 74.09 16.19 8.50
Cu 12.55 77.73 8.50 1.21
Ni 94.33 5.67 0 0
Cr 97.98 2.02 0 0
As 74.09 24.70 0.81 0.40
PLI 0 66.40 26.32 7.29

FR4E PLIAE, AF5E X AT AT R b R B TS YeRE 2 66.40% , TS YLt S 80 26.32% , T 15 e bk
BB 7.29% WF5EIX 8 FhEE 48 -1 PLI N 1.93, BIJTF &I £ sc s XK K 2 H iR E 4 )R %IR8 T
TR VE Y 3 U 9T DX AR A B 5 e 1) SR R AE I OY X R 2 -4 8 Fh iR 4@ v, Cd  Hg 1B b 2L
TS YLY SR o e T D A R AY 13.36 17,76 135, IS Y LA™ TR H As Ni Il Cr B (R T 5
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{8, A TC RN T b A W L AR A AR 8 PLI A A = P98 X 62 4 T 4w 19 F- 1 PLI
J& TR TS Y. T T A S et o X - HE T 4 | PLIL 9% [B] 70 A REAIE , 76 ArcGIS10.1 SZHEF,
iz R B B AR (IDW) 25 (B4R (B VA 15 B 5T XA [ AE S 3B 4 )@ PLI 23 (8] 0 A [, Ani&] 2 R, il
K 20T IE 5T IX - 4 8 PLI A (B DX AR BRBE) BRI LA K HF Il S DX 3, 725 Ak v el
TE 3.12—4.91 Z [A] , 3K 3 H B V5 YK s Hy O HRBE TS e X, 8 DA (A X R v ) U JEL 0, A8 Ak 3 BBl 7E
2.03—2.94 Z[8) ; PLURAE X AL T8 X B AR LA (R HG KCh T Jilih ) B4 L o 1.10—1.99 Z [H], J
KRG TR Y.

/\ L ves N
zy A
@?ﬁy
TFE— |
A Kaifeng therinal

power plant
o3 TR e 0 ¢
DOC alkang me .lcmeA‘
. Ak,
.‘—:‘.Cpl_nt.)in,e haryester

[ Legend
« A 5 Sampling point
A T.) " Factory
— Mk Highway
——&k% Railway

#E3R Trrigation canal

—A[{ii River
=i [X Urban area

PLI {§

=12

m2—3

-3

0 650 1300 2600 m

Bl 2 WX RS LR SR PLI 28 [6] 4015

Fig.2 Spatial distribution of heavy metals'in soil PLI'in urban and rural areas of Kaifeng City urban and rural areas

2.3 LEEESEEERE N
2.3.1 T UELE AN AR UERG IR

Hakanson' " 7£ 1980 4F %% T AR PCB Hg .Cd ,As . Pb . Cu Cr fl Zn % 8 Fii5 YL@ 1 A= 25 K
S, HAE T R B0 T) 43410 40,40 30,105 .5 .2 Al 1, AR4ET5 e b e K TE R B TP =T" =40) FiI 8 Fif
15 YL ) B TR R AU AN (133) #2418 T E A RT A9 43 G br e ARIEE G022 45 E (B AU 43 2 Y
B2 FRRE AR B Ts e REL(C=1) 531115 e h i KB R EOH e 15 21, oAt XURS: 2% 1) 1 B
I3 M L —GR 0 o e 2 153 A5 8 Rl 4@ He 1Y T {HIR K (40) 4l AR BIABIR E 15—
A 25 IRV (R RURURS: ) 2 G R <40, A B AR R T 2 15.81). fi 3K (3) AT %0, RT K/ S S5 YL A Fh 28
FEC A G, IS g H R 2 | SR, RT (BB DRt , 1 RT 647 AR 28 XU AN B, A AR 5 2=
VTS YL il 28 R0 50 B b FE A7 8 B AR SCAR SR BF 5E 14 8 Fh R 4 @ X R EAT 0 T I AL L SE AR B
Hakanson 55— FLBRIE(150) B LA 8 L 4@ 15 Ye W 25 Mk R B AN (133) 153 B F i R B0
RIJFRAE (1.13) ;R 5 3 LAASBIE 5 8 8 4 J& 19 53 1 R ACEV(E (98) , T HURE 2075 3] RI 25 — SRR (H
(1.13x98=110.74 = 111) ; HAZ N A 53 B AE 5 5 - — iy 53 9 i Tfe 2 153, i FAWESE R u 22 fk
B, BT LAAS SO AR 5 RS, 5 48 5 U 6 A 7 i — 25 R 43, nké 3 .
2.3.2  HHEE SR A KRS K& R 25 [0 5 A5

PAH [ A S VRN S A AR ST S T S S X 1 8 MR 4R E (A FE S RI
{8, ARG 3 B84 obn e T J AR 28 KBS PR A 5T X 38 8 Fh i & 8 -3 E (H AP AR - Cd
(415.29) >Hg(318.23) >Ph(9.31) > As(7.35) >Cu(7.04) >Ni(4.27) >Zn(2.53) >Cr(1.47) . Hrh  cd J& T
PR XU, s He J& TR 5 XU ; P As \Cu \Ni Zn ,Cr J& THR GRS W3R 4 Fros, T3 Cd AT 7E AR 28 XU:
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TR f e, 38 B AR 5 RIS i XUBGE A AR s 8000 31 o B AT B 47.77 % \44.53%  HAU R H, 38 B AR 38 A
S XU, O RE S 8500 1) o R J B 57.89% . 29.96% 5 Cd Fil Hg 2 =5 iy 2k 28 KUK 15 As .Cu \Ni . Zn
Cr W T BE S 208 TR U, Ph 3R A 8 T 52 S XURG. X B8 26 24 X K T AR 25 Rt iR T Cd
M Hg J2& F 2 A S KA

3 ARWIIEE AR 2MbRES Hakanson 732 bRIE HLEL
Table 3 Comparison of £ and RI standards for different ecological risks with heavy metals

between the Hakanson standards and this paper

I RI A= 3 AU 2]
Hakanson ARW5E Hakanson ABFE Degree of ecological risk
<40 <40 <150 <111 BRTRURUS:
40—80 40—80 150—300 111—222 rh 25 R
80—160 80—160 300—600 222444 i XU
160—320 160—320 =600 444—888 AR AL
=320 =320 — =888 5 3 XU

PEATE TR 431 RI AF R, SR 5T DX A FA00m AR5 AR 3 Az A8 UL, i 4 Bz b 5 XU
t7 18.62% AR5 XU 5 59.119% , M3 XU (5 22.27% JF 5T £ 3048 XA 1 36 2 145 1 4 J8 -1 RI (.
h 765.50 , B R JE FAR SRR 32 Dl Cd Fl He 1 32228 i A= R0 R L i R (T =40, T =
30) BHA 4 JE K, A0 R 2 AT AR A B PPN B 5 Y ) i B P R BORTR] ZEPEA D7 vk v i L
AR, A2 X B934 RIJ&E AR 38 XU R FH IDW 25 [af (145 2 58 X Rl R 5 H 3R 48 RI
2[R ATHRAE (8] 3) JTETT IR £ 23248 X 32)2 13 RI 2384390 5 PLI 25 6] 43045 (18] 2) Z8 A AL, ZERTF 5T
DX AR AL 5 [l £ P R 1] 328 20 38 0. e (B DX AR MR BE T B DA K HF YTl 30T X 38, RT (A8 1k
JE N 2075.98—4048.53 Z |8 | J& T3 A= A8 XU ULJFHE29 Ml B A0 BIAL T B KT F B Z 8 i)
LR LIV | 4 3Ab T AR 3 AR 58 XU | RT (B 254k VLR 444.00—4048.53 Z [a] ; 43 F DL T J& 3 X 48
K, AR AR FEITE 270.16—442.26 Z 4] | J& TR A 25 XU

R4 ARSI SRS (%)

Table 4 Percentages of sites at different risk levels in the total sample sites( % )

A MR e e AR RS B
R bR Slight risk Medium risk Strong risk Very strong risk Extremely strong risk
Evaluation index
Hakanson — ZA8ff%%  Hakanson — ZXHF5%  Hakanson  ZASHf%Y  Hakanson — ZASfF%%  Hakanson — ASHF5T
Cd 0 0 0 0 7.69 7.69 47.77 47.77 44.53 44.53
Hg 0 0 0 0 12.15 12.15 57.89 57.89 29.96 29.96
Ph 99.60 99.60 0.40 0.40 0 0 0 0 0 0
E As 100 100 0 0 0 0 0 0 0 0
Cu 100 100 0 0 0 0 0 0 0 0
Ni 100 100 0 0 0 0 0 0 0 0
Zn 100 100 0 0 0 0 0 0 0 0
Cr 100 100 0 0 0 0 0 0 0 0
RI 0 0 0.40 0 47.77 18.62 51.82 59.11 — 22.27

M PLIL A RL Y28 8] 3 Ai A, 098 o 4 S 7 Gt LA R A 2 XU v (L DX I8 B e i) S AR T i
PAKe HF 0 i R R ) BT M T 5 A T figp i 0 3030 2 S i)™ , LK F2 2 i FSE X A Y
HF 0] FIr 4441 HF {0305 2 30204 1 A 1962 A5 TF ik RIVF FI T v 35 K R AT HE R , A< 30 A 35 98 LA S HE 35 1
K BE G B4 T 3 G AR 3R [T 3ok il A ST AR 28 HIE TSR 45 DA 1) 38R TR 0 B 2 A
FT - 75 G B TR 5 2800, B R S AT R A T SR P el T R, — 2l A A=
77 A A A BUAR IS BT , R M TRl A A A P 4 9 4 s PR BB AR SR AT A AR S ) R 25
S ARAE X 2L TR FE XA AR AL, 4% T vl R ) A 3, 3 ml 8 -5 12 DX el - 3t A1) T 45 4 A AR RS
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Fig.3 Potential ecological risk of heavy metals in soil in urban‘andyrural areas of Kaifeng City Urban and rural areas

2.4 HHEEELSESENT IO

F 48 HARTEACATE IX 55 R F e AR A T 2 1), X i 5% IX o 4 @ TR P o M B 4 SR an e 5
iR Cd P As Cu Fl Zn 78 3805301 i zs 85 i, R ABFSE IX 48X 5 A 4@ oo = 1Y
PR 2B TR AR A5 M 3 2 A DX R B XA % A (R A5 e X R 4 T KT el
CHREET ARRE 45 B 0« Z 08 S il o 15 3 AT K BB gk A 3R 8 b S E 4R
TEAR A 48 I T IX e 5 Fh i & @ e R 1) & B 2 8 Tk IR AR A2 . Cd
VE R BTG Y R 1 BEORIR SRR AR 25 HE ) R K RV 2 A5 G AR B ) R ) HE il (%) B
KRS KR Cd, 3 FF BT ER5E Wo Il R0 ol , AR IE T HEVS Il T8 (HF ) 5 Cd 5 &7 2005 4F LAFT
st 1o 3 ) e P JHEBE /K AR v ( Cd << 0.01 mg-kg ™) ) KA HF 3035 /K B8R4 FH (1962 4T 4 7
) i f5 J 0 R 3k A U R E AR Cd V53 53 AMEIE ) HER R & Cd SIS LL K HF )50 X 82
8 R IR ICRRAR TR R Cd 75 e PR AE AR XU As 7E R 1 e
s R s, UBA [RIRE 2 2 Tl 3% 2h 52 i RS ARBF I8 P As 1P 348 B EL T SR (EAIG 26.51% , (2
As TR S R B (62.82% ) , F IS OB BE A0 A, X AT BB Tolb % shIr S8 7 521X As 1Y)
R T IRIX (P<0.01) X iE— 25 R IE X -4 As 223 T AR IS5 .

Ni Fl Cr 76 E RS 2 ko A G er , X PR G 26 91 25 25 40 301 Eb o 0 75 SR (B 26.43%
M 14.59% , H 5 1978 53 2R BRI 40N | 3X R IR 5% X AR FH 4 Ni il Cr BRFPOCR B2k H T A
SRUG, 52 BRI . He 76 8040 3 s Hh B s i, He MR IR FLAR & 4%, — A He J& TR
BRUR, FEZIGE X TA A BE 25 BRI 3038 75 Y DA R B A 6 V5 YL i 2 i 7 G (0 4 SR VR AT
b, P s AR RO R IR R R HEGR | T RE S0 12 14 s ™ E Y Hg 155 ARBESY
oA 2GS HERAY A He B K 1 75 K VI T RE 2 i - 39 Hg R0 RN BRIk
AN, R ARA R R ARN FE R —" KA He i TR IS FHERZ L HEb He (1
FUER. T AN, TF B S A BRI TT | 17 He FLA KBB4 R AR rh = A i RS H mTRE BB L
EWFFTIX NI F 5T X b Hg (A B H Z= 5L,
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Table 5 Component matrices for heavy metals and soil major elements in studied topsoil

HE)R A Component matrix JiE k% 1534 % Rotation component matrix
Heavy metals PCl PC2 PC3 PC1 PC2 PC3
Cd 0.934 -0.206 -0.097 0.960 -0.008 0.038
Hg 0.193 -0.243 0.899 0.110 -0.036 0.944
Pb 0.926 -0.006 0.045 0.893 0.207 0.137
As 0.603 -0.029 -0.402 0.646 0.037 -0.326
Cu 0.846 0.117 0.086 0.785 0.315 0.145
Ni 0.260 0.779 0.170 0.074 0.834 0.038
Zn 0.791 -0.284 -0.014 0.826 -0.100 0.121
Cr 0.232 0.798 0.050 0.060 0.826 -0.085

3 4512 ( Conclusion)

(1) B £ 3e 5 X 4 22 )2 138 Cd Hg .Pb As .Cu . Ni Zn Fll Cr f9°F3 585350 K 1.43 .0.37,
40.77 7.13 33.92 25.28 180.23 .49.00 mg-kg ™', Hif Cd Hg Pb Cu FI Zn AF-2 5 5 2w T rp [ 4
5 5efA.

() FHTIWS KHEXRAKHRZLFE S MESIRE TR L CF HER/MKIK K. Cd(13.84) >
Hg(7.96)>7Zn(2.53) >Pb(1.86)>Cu(1.41)>Ni(0.85)>Cr(0.74) >As(0.73) & Ni.Cr 1 As 4}, Cd . Hg.
Zn Pb Fl Cu iy CFAEXIRT 1, Ul E I 2 S X R RIS IR R E E ;S Hd Cd A1 Hg
IRBNE TG YL, Zn IR B P EETS SY  Ph Ml Cu J& FRGRUG S, Ni (Cr Fil As Toi5 448 P &)@ 19734 PLI i
S 1.93, 84k g TR Y. RUFH TN S X 22 A H e JEm 5 4L,

) FHHWM S LR AMNERZ LTS M ELTRITTE T E M RK/IMKIK M. Cd(415.29) >
Hg(318.23)>Pb(9.31) >As(7.35) >Cu(7.04)>Ni(4.27) >Zn(2.53) >Cr(1.47) . H: | Cd J& T M0 KUK
Hg J& TAR5E XU ; Ph  As  Cu Ni Zn Cr J& FERIHUAR.8 FhvEL 4 & (134 RI 24 765.50 , - Ik £ 5C 44
ALK |- Ja TAR AR A5 XURS . RL AT PLUB (B DCAHARL , 86 R A0 A 7E HE J] REE] AR BRI Y DXCH.

(4)Cd 1 Hg REJ& 2015 e I ORS00 A 28 KRS R 7 HOR IR e )z, B2 S8 ALIE
TS B R KRS 75 K HE R AR TR TR SC V5 Y LR AR D A T AT Ok
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