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soils and plants in the experiment
2) LA P AE T E AR B PEIR
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PR BaE L 1 ¢ 2. 5); FHE 38 ¥ & (cation ex-
change capacity, CEC)2K ] 1 mol /L NH,OAC &
Bl G g A s 1 99 5 b SR W i R DR AR
D, R AR L 1,

DELEF M E . M HCL-HNO,-HCIO,
Wi M E CuZn,Pb.Cr.Cd.Ni 6 & 4 J8 & & ; 6%
SERE LR TR AR TS M E CuZn Pb.Cr Ni 5 ffiE
G/, TR RAE M CulZn, Pb.CroNi
K 26 BL B2 N Rl VISTA-MPX A 8 5 45
B TR R ST AL (ICP-AES) M AE s Cd & 3R A
WP WSO E o BT AT RO 2 YR E P AR
1.3 Sitoh

Bodg 4y A % FH SPSS 11. 5 For Windows 48T
BE . W T REAS G e IR DA R A B X
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HEAT 3T
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Table 1 Basic physico-chemical properties of soils tested

REX AR pH R/ g/ ke) CEC/(emol /kg) PHLVERRL/ % Clay

Sampling  Sample Organic matter
site size J5Hl Range M=+S, JuHl Range M+S, YUl Range M=+S, JuHl Range M-+S,
S1 2 6.45~7. 30 6.86+1.09 24.20~25.76 24.97+1.05 17.89~17.94 17.91+1.00 37.80~39.20 38.49+1.03
S2 8 7.21~7.98 7.58+1.04 27.62~47.17 35.24+1.19 17.30~23.60 19.88=+1.10 33.62~42.10 38.94+1.08
S3 7 4.82~7.81 6.92+1.18 26.21~40.40 35.54+1.31 14.07~28.86 19.26+1.25 26.21~40.40 35.28+1.17
S4 6 7.35~7.79 7.57+1.02 25.80~32.10 20.36+1.10 7.69~11.16 9.124+1.16 25.80~32.10 28.65+1.09
1 CEC: PJHE T3 #i kit Cation exchange capacity.

14 EHFHZE T {E 43 514 1. 40,1, 65.1. 98.1. 92 mg/kg, ik ¥

DHFEF 5 ML, BmHE T 5 338 8CR A
P,=C,/S T8, PN ¢ FhE 4R 75 YL 48
PO hEAR RS . me/ke; S MRS H i
() VE Ay bR fE. me/keg. 2+ HE IR BE R R G
FRufE

D ARFERAEX IS P S BTN . 48
iﬁ%iﬁﬁﬁl\%ﬁﬁﬁﬁpq = {[M3X<C;/S,, )E+ 1/n
>0 (C/S) /20 s Py R AR R RE X
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MR 2 Al g, 4 SRR Cd 75 Qe fi ™ 5L L

e L S EN YR 12, 3~17. 4 £, 2R K L
FREEE R S PR ED A 1. 4~2. 0 1% 54 D RAEIX Y
Pb.Cr Ni ¥k T 5. S2.83 # X Cu & 24 3
EERMEM 1.5 L2 5. Zn T EEZEHTHMEM 1.4
. USSR E.S2 B 8 MFEAH Cu.Zn.
Pb BHrF 43528 100. 0% .87. 5% .25. 0% ;S3 [ 7
AFEA T CuZn,Pb,Cr,Ni ¥ %5, HAR R 5] 4
100. 0% .85. 7% .28. 6%, 14. 3%.14. 3%; 4 &
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Pb.Cr.Cd. Ni ¥R HEBMEAF ML, % LAl A, Cu,
Zn.Cd R HFFE X e R H 4 R T5 5.

o FH B PR 7 2R G 75 Y 48 B0 F 5T X 4 48 I o
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G N T4 5 M A SR BE X CA Y B[R V5 Y 48 504
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Table 2 Heavy metals contents of soils in sampling sites mg/kg
EEIRMAE FKAEX (FEAR$D) Sampling site(Size)

Heavy metal species S1(2) S2(8) S3(7) S4(6)

JEHl Range 25.71~25.90 31.32~54.07 31.25~89. 88 27.30~34. 69

Cu(28.2) M+ S, 25.80=+1.01 41.14=+1. 23 39.57+1. 46 30.28+1. 10
R/% 0.0 100. 0 100. 0 83.3

i Range 63.47~65.17 62.21~139. 10 55. 25~536. 10 61.19~83. 73

Zn(77.5) M+S, 64.31+1.02 95.5241. 29 105. 102, 09 71.274+1.11
R/% 0.0 87.5 85.7 16.7

Pb(25.7) i Hl Range 13.58~16. 11 13.75~33. 28 13.85~99. 04 11.58~16. 36

M+ Sy 14.7941.13 21.7841.36 24.34+1.93 13.58-1.16
R/% 0.0 25.0 28.6 0.0

5l Range 25.68~27.77 19.96~34. 14 24. 42~90. 97 19.37~23.13

Cr(79 M+S, 26.70+1. 06 26.77+1.20 33.26+1.58 20.88+1.08
R/ Y% 0.0 0.0 14.3 0.0

i [ Range 1.35~1.45 1.52~1. 82 1.55~5. 36 1.78~2.08

Cd0. 113 D M+ S, 1.40+1. 05 1.6541.06 1.9841. 56 1.9241.07
R/ Y% 100. 0 100.0 100. 0 100. 0

J5Hl Range 25.09~25.17 23.23~29. 85 21.46~39.12 21.53~25. 84

Ni(34. 7 M+S, 25.13=+1.00 25.36+1.08 25.51+1. 22 23.02+1.09
R/ % 0.0 0.0 14.3 0.0

DR N2 R X EARFEA G SRR B H B DL 4 3 SN AR ME OLR AT SR 46 5 P Bl v Wb A U R E R EH . mg/ke) . R

is exceed the standard sample proportion of total sample in each sampling area, the soil background value of local standards,data in pa-

rentheses is the soil background value of each element of Hubei Province, mg/kg.

K3 EREREEFSEEHRARNESCENARTSRIEN

Table 3 Pollution index and degrees for the soil sampling sites
_ AR 15 4245 40 Single factor pollution index L yE YL R R o
RHEK S TS5 R
. . . ) Comprehensive .
Sampling site Cu Zn Pb Cr Cd Ni L Pollution level
pollution index
S1 0.26 0.26 0.05 0.13 4,66 0.50 3.37 ¥ Heavy
S2 0.41 0.32 0.06 0.11 2.75 0.42 2.01 & Medium
S3 0. 40 0.42 0.08 0.17 6. 60 0.51 4.77 ¥ Heavy
S4 0. 30 0. 24 0.04 0.08 3.20 0. 38 2.32 H1E Medium

B R 4.66.2.75.6.60.,3. 20, 75 Gt 25 g% g vh 5 Gt af;
HEIG Gl T Cd 1975 G ™ 8, S1,52,S3.,S4 [ 45
B YR By B R 3. 37.2. 01,4, 77,2, 32, K8
VoY T R
22 BREHRELESE

BEAE S Cu.Zn Pb.CroNi BY& L35 4, H
HALSE A S R N 5 R E 4R S
TFTHAMFE NG E: GO M GEERPES RS
AR AR . BT 8 AN EESEREA (7 FhgE ) w]
PLE R [R]85 3 v ] — 4 Je i & i AR T,
HR SR R ISR AR 7 Fh SRR Zn B AR AR

HibhE 4RSS Zn 78 DIEP WAL S H
Ko WFHREMY Zn A P B DIE A K
DA LGS G A& S EYA B IE ST
23 TEHEESEZARESTEERMBEXME
S1 HA 2 DA, R IBEAT A &40, HiAth 3 A4
RAEIX 4 HE 4 ) ] A DG WL SR 5. S2.S3.S4
() Cu.Zn,Pb W5 ¥ [A] K Ni,Cd 2 8] ¥ &% i 2% 8§
W F A IEA ¢, S3 # Cu.Zn.Pb.Cr.Cd . Ni ¥ 7§
TEM 5 I IEAR DG 2563 2 b S3 1Y 6 Flve 4 @ 7
TR AR B BB AT AL XX 6 A E 4R
Al RESK B T A —T5 YL I, 5 JECRAE S BRI O . 15
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Table 4 Heavy metals contents in vegetables tested in the experiment mg/kg
g Jm A . ) T 5. i K
. B oS e . UES :
Heavy metal L. Sword Egg- Bitter . M+S,
. Pepper Water spinaih Bean Cabbage
species bean plant gourd
Cu 20. 69 32.83 18.92 16.92 33.81 35.03 33. 37 26.4641. 34
Zn 30. 47 52.01 38.25 37.65 37.08 87.96 94.79 46.2941.50
Pb 0.90 2.55 0.62 0.32 0.95 1.43 5.16 1.19+2. 34
Cr 0.37 0.94 0.11 0.73 0.21 0. 24 2.18 0.484+2.69
Ni 0.92 1.55 1.33 4.32 0.56 3.70 2.08 1.62+1.97
x5 AEREXTEELEMEXME
Table 5 Relationship coefficients of heavy metals contents in soils for the sampling sites
H 4 Ji Heavy metal Cu 7/n Pb Cr Cd
Zn 0.736"
Pb 0.938 0.718 *
C 0.824~ 0.789~ 0.790"
S2 ‘
Cd 0.336 —0.023 0.282 —0.155
Ni 508 0.189 0. 487 0.158 0.807"
Zn 0.989 " *
Pb 0.980" " 0.993" "~
C 0.988" * 0.994" 0.980" *
S3 i
Cd 0.983" " 0.997~ 0.985" " 0.995"~
Ni 0.963" " 0.982" " 0.973" " 0.988" * 0.986" "
Zn 0.948" "
Pb 0.965" " 0.888"
Cr —0.649 —0. 545 —0.763
S4
Cd 0.755 0.556 0.706 —0. 640
Ni 0.925" " 0.758 0.940" " —0.722 0.879"
Zn 0.908* "
Pb 0.940 "~ 0.976"
Bk Total Cr 0.891* 0.969" " 0.961" "
Cd 0.807" " 0.950" 0.903" " 0.893" "~
Ni 0.859* " 0.879"~ 0.897" " 0.859"* 0.832" "

D *  BF KT P<0.05; * * M FKF P<0.01, FEF,
level P<<0. 01. The same as below.

P T g S AN HETS 3

+HEHHLE pHLCEC LW Btk 5 + 3
GBI R 6, H,S2 ) Cu.Zn, S3
Cu.Zn.Pb.Cr,Cd.Ni }& S4 () Cd.Ni 5 + 354 4L
Jo S 7 S 3 B S 3 Y IE A OG5 S2 1 Cd LS4 1 Cu,
Zn . Pb Ni 55 1 9y 35 Mol R (8] B A T 35l bk B 3
MYIEFE G S3 T AT 6 AP 4 )@ . S4 19 Cu.Zn.Pb,

* means significant level P<C0.05; * * means extremely significant

Ni 5 + 8¢ CEC A HA B 3 s i 35 i e A ¢ .

MR 7 50, S3 K gk CEC 5+ HE &R
BB S ME IS Je s SA TEA ML M Hl B T
CEC 5 Cu.Zn.Pb.Ni i8R A 2 3% s B 2 19 1= A7
K TEY B R 4 A2 i T L, CEC 5 Pb 2 1 3
BAH G, A ) B 458 i A BIL BT A ) B R RL, U CEC
5 Cu.Zn on B FIEFH K,
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Table 6 Relationship among soil properties and contents of heavy metals
FHFEIX Sampling site Cu Zn Pb Cr Cd Ni
A HLF Organic matter 0.708" 0.764" 0.510 0.633 0.328 0.483
- pH 0. 304 —0.055 0.414 0.315 0.187 0.101
' CEC 0.241 0.229 0.233 0.029 0.612 0.521
YHAPER KL Clay —0. 268 —0.562 —0.318 —0. 660 0.786" 0.553
AHLF Organic matter 0.890* 0.921 % * 0.888" " 0.925" " 0.921** 0.935" "
pH 0.208 0.329 0.331 0.314 0.377 0. 382
S8 CEC 0.862" 0.880" * 0. 858" 0.867" 0.879" " 0.892" "
Py H MR R Clay 0. 267 0.238 0.192 0.274 0.229 0. 324
A LB Organic matter 0.696 0.458 0.653 —0.367 0.869" 0. 859 *
pH 0.443 0.413 0. 506 —0. 045 0.107 0.437
St CEC 0.988" " 0.896" 0.965** —0.621 0.782 0.960 " *
YHPER KL Clay 0.956" * 0.890* 0.988" * —0.690 0.666 0.920"
AHLFE Organic matter 0.831" " 0.731** 0.759** 0.766" " 0.560" 0.761* "
FENIN pH 0.154 0.157 0. 157 0.068 0.218 0.199
Total CEC 0.651" " 0.561** 0.623" " 0.618"* 0.362 0.678**
MR R Clay 0.314 0.176 0.228 0.228 0.016 0. 455"
x®7 TEBEAMREIESESESEEMNKEMERXLE"
Table 7 Partial correlations between soil properties and heavy metal contents
KHEIX Sampling site Cu Zn Pb Cr Cd Ni
A —0.161 —0.244 —0.017 —0.406 0. 548 0. 376 0.376
S2
B 0. 240 —0.295 0.349 0. 150 0. 104 0.348 0. 348
S A 0.216 0.185 0.207 0.071 0.176 0.195 0.195
3
B 0. 327 0. 446 0.426 0.446 0.493 0. 549 0. 549
s A 0.990" * 0.969" " 0.962" " —0.575 0. 334 0.904" 0.904 "
S4
B —0.673 —0.404 —0.908" 0. 684 —0.531 —0.449 —0. 449
A —0.263 —0.223 —0.116 —0.151 —0.307 0. 050 0. 050
BK Total
0.235 0.201 0.214 0.121 0.226 0. 336 0. 336

DA ERAHIEE T CEC 5 + 4 & 4 )8 i) fm A1 5P Partial correlation of CEC and heavy metals in the soil under the control of organic
matte; B: # fil ) BLHE Kk F CEC 5 £ 48 8 4 & 19 A & P Partial correlation of CEC and heavy metals in the soil under the control

of physical clay.
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Table 8 Heavy metal contents and the sample number in the cluster

B E 4R & i/ (mg/kg) Heavy metal content K4 I AEAEL Sample number
Cluster Cu Zn Pb Cr Cd Ni S1 S2 S3 S4
1 28.57 63.32 13. 34 23.78 1. 66 22.92 2 1 1 3
Il 41.14 97.23 20. 87 26. 38 1.68 24.73 0 2 1 0
Il 33.73 80. 89 18.58 24.91 1.78 24.68 0 2 4 3
N 50. 10 122.90 29.63 32.08 1. 66 26.09 0 3 0 0
s W B HCHR 2, (2 05 25 4 1R 1 A 2 A

DL DURN R 2 w) S 2 b DR F 5 X, I T R
1) 23 A HEREAH 8 A EEEREA S Cu.Zn. . Pb.
Cr.Cd Ni %58 48 & & X ek, o0 1Ll
HLC IR DRI R A T X 3 1 4 i e IR
A7 e AR AL TR AR BRI A R R
BDUH RN B R 5T X 4 @ s Y ) 2R Cu,
Zn A Cd, Horp Cd V5 e 5™ 8, U] 408 2 1 AL &
FIERE R 12, 3~17. 4 554 DN REEX A Pb,
Cr Ni MR THFAE. LA 548805l 3. 37,
2.01.4.77.2.32 R B h e F V5 QR AR AT
FHEMER L RNPELSE T ER S, 9K,
+3E Cu.Zn . Pb BIHIH] & Ni 5 Cd Z [a] BA7 & 3
e S P AH A 5 S3 SR AR IX I T 42 R AT W 3 1 A
Kbk, ATREA L R IR . TR 0 T R A B R AR

S T R A B AL 25 R T GPS
T3 i, 58 6 I TH H A AT X BB W L S ek T
Tl DX 30 A S8 Y R P R i) T A R A 4 A R
R

2 % X W
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Contents of heavy metals in soils and vegetables around
Wuhan Iron and Steel Corporation

WAN Tian-ying HUO Qing QI Zhi-fu CAO Yan-li HU Hong-ging

College of Resource and Environment s Huazhong Agricultural University sWuhan 430070,China
Abstract Twenty three soils and 8 vegetables around Wuhan Iron and Steel Corporation were col-
lected and the contents of heavy metals Cu, Zn, Pb, Cr, Cd, Ni in these samples were investigated. Re-
sults showed that Cd content in all soils was higher than the background index of Hubei Province soil
(BIHBS), indicating that there was serious soil Cd pollution. The average contents of Pb, Cr, Ni for all
soils were below the BIHBS. Cu and Zn for most soils were medium or severe pollution. There were
correlations between Cu, Zn, Pb, Cr. Cd, Ni contents and soil organic matter, and soil physical clay
contents. When organic matter and physical clay contents were controlled, the cation exchange capacity
and Cu, Zn contents showed significant partial correlation. Through Q type cluster analysis, soils from
four sites were divided into 4 types based on the pollution degrees. Cluster I had the lowest pollution,
which was consisted mainly with some samples from site 1 and site 4; Cluster IV had the severest pollu-
tion, which was consisted mainly with soils from site 2.
heavy metals; iron and steel corporation; soils; vegetables; pollution index
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