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Abstract: [Objective] The comparative analysis of heavy metal contaminations in open and protected
vegetable lands with different planting years was conducted to improve management of vegetable lands and
prevention of metal pollution in soil. [Method) Open and protected vegetable soils on alluvial plain at
Hongzhuangyang village in western Henan province were taken as research material and the soil from field
was used for comparison. Based on cultivation years including four groups:0 to 4 years,5 to 9 years, 10 to
19 years and =20 years,the concentrations of Cu,Zn,Cr,Ni,Pb,Cd,As and Hg were analyzed. Heavy met-
al contents and their accumulation characteristics for open and protected vegetable soils were evaluated u-

sing geo-accumulation index and Nemerow integrated index. [Result] @ The concentrations of Cu,Ni, Pb,
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Cd and Hg in both open and protected vegetable soils exceeded the standards to different extents, while the
concentrations of all metals except Ni in soil from field did not. Except Ni,the amounts of heavy metals be-
came higher as the planting years increased. However, the concentrations of some heavy metals in open veg-
etable fields showed certain fluctuation due to external influence. @ Concentrations of Pb, Hg and Cd accu-
mulated in both open and protected vegetable soils in an order of Hg>>Cd>Pb. Furthermore, the degrees of
accumulation pollution increased with the increase of planting years. @ The concentrations of heavy metals
in both open and protected vegetable fields reached the pollution level of strong. At the same time, the pol-
lution levels had an aggravation tendency as the increase of planting years. The integrated pollution index
of open vegetable land was higher than that of protected vegetable land. [Conclusion) Vegetable soils in
studied area have produced accumulation pollution of heavy metals. The open vegetable land and protected
vegetable land present similar pollution characteristics,and the accumulation pollution aggravates with the

increase of planting years. However,exogenous factors play a more extensive role on heavy metal pollution

in the open vegetable land.

Key words: vegetable land; soil heavy metals; accumulation pollution;alluvial plain in western Henan
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Fig. 1 The location of study areas
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Table 1 Statistics of heavy metal concentrations in open and protected vegetable soils
b 44 1) 1R
Tl 4 17 Cu Zn Cr Ni
Type Index
A50E /(mg « kg™ 1) 20.0~62.0 31.0~81.7 44,0~70.0 31.7~45.5
N
B S FEHE/ (mg « kg 1) 32.019 48. 990 54.410 37.703
Protected ) kr’l 1108 ) _ g
vegetable land PR/ (mg » kg™D) . 986 7. 445 473 4.433
5 RE/ % 37.4 35.6 15.6 11.8
A50E /(mg « kg™ 1) 20.4~41.0 27.6~67.9 43.6~72.7 30. 8~44. 1
R SEHME/ (mg » kg™ D) 27.989 43. 885 58.011 38. 504
Open vegetable land FrufE22/(mg « kg™ 1) 6.210 11. 658 9.581 4. 300
AR RE/ % 22.2 26. 6 16.5 11.2
A5/ (mg » kg™ 1) 17.7~21.3 31.4~36.2 41.6~47.8 33.2~143.3
e X R SEHME/ (mg » kg™D) 19.782 33.970 44. 044 37.065
Field control PR/ (mg « kg™ 1) 1.872 2. 406 3.256 5. 466
R RE % 9.5 7.1 7.4 14.7
o 0 B S G ) T
24. 1 71.1 66. 6 29.6
Background values of alluvial soil elements in China
R TR Sl 2 62 5 63, 2 974
Background values of soil elements in Henan province : o :
+ A Type fE 5 Index Pb Cd As Hg
A50E /(mg « kg™ 1) 27.3~79.0 0.1~0.3 3.8~10.0 0.03~0. 23
N
5L Jiti S5 1, SEHME/ (mg » kg™ D) 52. 651 0.180 6.148 0.109
Protected e - . g -
vegetable land FrfE/(mg « kg™ D) 6.093 0.089 . 206 0.064
5 RZE/ % 30. 6 49.7 35.9 58. 2
A50E /(mg « kg™ 1) 31.0~70.3 0.1~0.3 3.9~9.6 0.047~0.218
*ﬁf“ﬂl FHIE/ (mg - kg 1) 52.336 0.171 5. 942 0.127
pen e -
vegetable land PR/ (mg « kg™ D) 12.919 0.077 2.174 0.058
AR RE/ % 24.7 45.0 36.6 45.7
A5/ (mg » kg™ 1) 19.9~25.4 0.04~0. 1 3.7~4.0 0.02~0.03
jchl-zﬂﬁ FEXE/ (mg « kg™ 1) 22.370 0. 060 3.872 0.027
1e
e R . -
control FrifE/(mg « kg™ D) 2.778 0.020 0.158 0.005
R RE/ % 12. 4 33.6 4.1 16.9
o 0 B S G ) 1T
21.9 0.103 9.6 0. 047
Background values of alluvial soil elements in China
N N J* Hb 5 :18]
I kML A R 22.3 0. 065 9.8 0.025

Background values of soil elements in Henan province
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Fig. 2 Comparison of heavy metal contents in open and protected vegetable soils with different cultivation years

To better show the changing patterns, contents of Hg and Cd were multiplied by 20
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Table 2 Geo-accumulation indexes of heavy metals in open and protected vegetable soils with different cultivation years

K
LHXR ﬁ]*ﬁ%m/g Cu Zn Cr Ni Pb Cd As Hg
Type Time
0~14 —0. 42 —1.50 —1.05 —0.25 —0.13 —0.04 —1.85 0.25
C o _ — — _ _
— 5~9 0.16 1.28 0.77 0.08 0.68 0.19 1.52 0.72
Protected 10~19 0. 00 —0.95 —0.84 —0.13 0.71 1.05 —1.35 1.86
vegetable land =20 0. 66 —0.31 —0.61 —0.08 1.07 1.66 —0.62 2.33
SFY{E Average 0.02 —1.01 —0.82 —0.14 0.58 0.72 —1.34 1.29
0~4 —0. 20 —1.56 —1.01 —0.02 0.12 0. 00 —1.90 0. 45
- _ _ _ _ _
—_— 5~9 0.33 1.23 0. 64 0.32 0.69 0. 28 1.80 1.57
Open 10~19 —0. 26 —1.09 —0.79 0.01 0. 60 0.93 —1.17 1.95
vegetable land =20 0.27 —0.69 —0. 46 —0.08 1.00 1.51 —0.71 2.38
SEHIE Average —0.13 —1.14 —0.73 —0.10 0. 60 0. 68 —1.40 1.59

H1 2% 2 A] R B DK SR Ml M DR i b A T G
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F14 by 22 BRI 50 R L A PR R MR B B R
Bt Ny 3% shx % 4 FOT R HA —E#0. Cu

JC % HATERRLAEBR =20 4F B, HoH 2 R854 K
F O, HEBIG Y RERR (O H) ., 2 FKH 4 1
Pb.Hg.Cd JCF ¥ 4778 A Al B2 B 1 2R FR5 e o i AL
W o AL A B 1 385 i b 52 R 08 A S B e 1
P18 8 A 5 XoF = R [ A AT B 1) 8 DR S5 il A 35 e S5 b
445 Pb.Hg.Cd o % 8 FUI5 Yo 5 B o 3 LA [ 3L

>N



130 P A e MR K i AR

#%

o Pb A Cd 2R VG G B8 B i 8 B o B S gk (2
g0, 1M Hg RFG Y 8 B 5 38 21 o B 75 4 (3
40,

LA B3 M mT i, AR 51X 2 250 M+ 4 2 A
£ Pb.Hg .Cd e &M ZF5 4L, H RS Y B il
RE)/NE R Hg>Cd>Pb, K Hg juR R T5 %
B S5 i o OF- 4935 B b B Y5 G, 1 Cd L Pb DG 1y
BRG R RERR., Wik 5 Ca tRBAR R
AR BB g A EARE Y. A 4
(14 J5 R 26 2 R UA 45 R Tl 3 h T Bk i KRR T
B BRI A 25 AL AR I R . Bl i — SRR R
RAVURE T 28R 4 3Rk BBl P 33 23 4 Jm 1 o
Pa B B Tk AN S B H Xt A B R
Bl T Y5 e R K B, He 0 2 A Tlk >R I
FERELMAT BT 4RI T H He
JCE M HETS J5 A 32 3 5 R AHE R, e R
WA KA R B Z Y A5 Qe i A KRS R
(10 7R T R AT B A A 0T O X BRI 1 T 15
LT 2 3R A R e 9 R R I T L T X L R AR
A3 AT A 22 FE L B e Uk | e R Ak T AE Al
KB AFEFHEMESBITROHR R, el
Xt & Bl - e AE A A S Y i T REES . Rk, K3
Tk % B B = AR 1 Hg HEC, o1 38 i K BE B 1% A
0 1 s ) R Al P M iy BB . ki Tl
I Cd 5y LA e LA B KA 1 T XS B4 K
B BIERE ™ X R 58 X 38 b - HE Cd 15 Y 1
K Z— AL T A2 Tl it Joot &= RS AE 0 3l
PESZ I . 5 Hg JTER A L KRRV T 51 Cd 5
YU B AR R, gk 2 K AR IR (1 it 2 S SO
S X 3 3 Pb Hg (Cd 15 YL iy 5 — E R ED
PL Hg e R i) 36 SCk i =, B 28 He & &
iAF) 0. 094 mg/kg, WAL Heg & &35 /0. 052 mg/
kg, #iAE Hg & ik %) 0. 207 mg/kg, 408 Hg &
Ik E] 0. 903 mg/ kg 17 3 Hi it BE A5 25, 6 &5 F K H
YEW i B AR A 25 LR A IR AR S 3 L il b 1
Herp He 0. WFFTIX S8 M+ 1 Pb 5 e 2 %
A ARRE it FH A R L i e Tl T 8l = 2R 1 P
X HZ WAL SS , S He A . Ph REUE YL,
2.3 XTI ESEEEMNEETLIFME

R T N S B 5T X - TR 4 T Y T etk
50+ 43 590 SR R AT e 48 M 5 (E R R X R A S 3T
MrirdE RO AESHER HIERES BN
PeAR B EE R OLIE 3, Bl 3 AT, G SR R A T
Hrbr i, 2 28 b + 1T & 8 15 Y 1Y 25 A 15 Y g8 8K

AR T L I UL I AS BF 5T L St A i Ok T AR Oy
PR A SR, mE 3 T LUE 2
JE S T R LR 1 e A KR R AT R AE K
R B, 20 AR I8 B TSR BTG K CV 20 L i
L3R R+ S i £ 5 15 e i HORH X IRt 3
. RN ERAE T BAR 2 3 B 5 g
JLEAMML HEZEH T Pb.He Cd LK. Hih T
LRGP AR O 1T 4% 15 B W i F 275 gk
U o () S LSBT 1 b 75 e 0 1) B ROK P o RIS Bl
Ge ) & ik 0 AR KA I o 23 X DA DX Y 1 398 3R
B A AR R TR P A R E A . AEABESE B
R+ 3 G Jm He JLR A RS Qe ER R T
Ve R (R 2)  BOfE 2 2858 4, He Do R X
REBHFEmm G g sTik iR R, & 3 iTRUA 2
JESEH T G Jm LR 15 Y KV BE R AT BB
EIE S b 0~4 AF SR AL TR S G
CIT 40 55~9 4F 14 B it 3¢ b - 398 38 31 v 2 35 4 (IV
G o 10 i RS M A R Ik B 7 g R s e (V40 L I
LKt AR AT BRI L 75 Ge e ik — 2D N

6 -
4
&
2
0 1 1 1 ]
0~4 5~9 10~19 =20
o L 4 PR/
Time

P 3 S [m] ol 4 R 35 it 336 1l 0 88 K S
TR S JE LR A TS YR AL
~a-- Bl SEHLCK FH R 1 VA B ) ;
-0 B S MG R S8 VA A )
—a— 5 R 3 H(CK X A VA A )5
—a— 5 RS T S50 VR A )

Fig. 3 Integrated indexes of soil heavy metals in open and

protected vegetable soils with different cultivation years

--a-- Protected vegetable fields taking the field values as standard;

--o-- Protected vegetable fields taking He’ nan backgrounds as standard;
—a—Open vegetable fields taking the field values as standard,
—=—Open vegetable fields taking He’ nan backgrounds as standard
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