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Status of heavy metals in vegetable soils under different patterns of land use

HUANG Shao-wen, TANG Ji-wei” , LI Chun-hua”
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory
of Plant Nutrition and Fertilizer, Ministry of Agriculture, Beijing 100081, China)

Abstract: [ Objectives] A national vegetable soil survey on total heavy metal concentrations under three patterns
of land use ( greenhouses with wall or without wall, open field) was evaluated to provide a scientific basis for
vegetable soil quality improvement, and high-efficiency and safe fertilizer recommendation. [ Methods] More than
five hundreds of representative soil samples at depth of 0 =20 c¢m were collected from the main vegetable production
regions in China ( Northeastern, Huanghuaihai, Northwestern, Southwestern, Central China, East China, and
South China) located in rural areas away from suburbs of their cities, and not affected by the waste air, water and
residue from industry and the tail gases emitted by automobiles etc. The sampling periods comprised after harvest,
prior to fertilization, or at late stage of growth in 2013, and the total heavy metal concentrations under the three
patterns of land use were investigated in this study. [ Results] 1) The total Cu, Zn and Cd concentrations in the
vegetable soils inside the greenhouses (with wall and without wall) are significantly higher than those in open
vegetable soils, with average increases of 12.2% , 21. 7% and 30. 4% , respectively. 2) The total Cu, Zn and Cd

concentrations in the vegetable soils are significantly increased with the elongation of vegetable production history.
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Co-contamination of several heavy metals often might occur synchronously in the vegetable soils under different land
use patterns. Significant correlation relationships exist between soil heavy metals (Cu, Zn, Cd, etc. ). 3) The
total Cd concentrations in 19.2% —22.3% of soil samples under different land use patterns are beyond the 2™
criterion according to the Soil Environmental Quality Standard for Vegetable Fields ( GB15618 —2008), and Cd
pollution indices of the vegetable soils for greenhouse with wall, the vegetable soils for greenhouse without wall, and
the open vegetable soils are 0. 97, 0. 98 and 0. 70 respectively. In 0 —14. 6% of soil samples, the total Cu, Zn,
Pb, Cr, As and Hg concentrations are beyond the 2" criterion according to the Soil Environmental Quality Standard
for Vegetable Fields, and the single-factor pollution indies of soil heavy metals are in the range from 0. 06 to 0. 52.
[ Conclusions] There are significant higher accumulations of soil Cu, Zn and Cd for the greenhouse vegetable field
compared with the open vegetable field in this study, which is probably caused by the corresponding higher
application rates of chemical fertilizers and organic manures, especially organic manures. The vegetable soils for
greenhouses with wall and greenhouses without wall in sampling areas are at the warning level of Cd pollution, and

the soils from the open vegetable fields are not generally contaminated with Cd. All the vegetable soils from different

land use patterns are not in danger of contamination of Cu, Zn, Pb, Cr, As and Hg.

Key words: vegetable soil; land use pattern; heavy metals; pollution index
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Table 1 Number of soil samples for different vegetable production regions surveyed

N AL s (L] farp ()] IR 1Erg
Hebir Iy =X X B - o N
North North Central South East South
Land use pattern Huanghuaihai ) ] ]
-eastern -western China -western China China
78 % Greenhouse with wall 23 64 14 0 3 8 0
JH Greenhouse without wall 20 38 4 22 9 60 4
#ZHh Open field 20 37 22 43 25 40 47
3T Total 63 139 40 65 37 108 51
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TR AT BB L (0. 149 mm) , T
THEE SRS EIE .,

+4E Cu Zn Pb Cr Cd JBiME  +HZTK
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Table 2 The 2nd criterion of soil environmental quality
standard for vegetable fields ( GB15618 —2008,

weight of air-dried soil )
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Cu 50 50 100 100
Zn 150 200 250 300
Cd 0.25 0.30 0.40 0. 60
Pb 50 50 50 50

Cr 120 150 200 250
As 35 30 25 20

Hg 0.20 0.30 0.40 0. 80
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ROk
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P, <0.7 424> Safety class
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Table 4 Soil heavy metal concentrations under different patterns of land use

HEE TiH = (n=112) Kl (n=157) g (n =234)
Heavy metal Ttem Greenhouse with wall ~ Greenhouse without wall Open field

Cu JliF5 Range (mg/kg) 8.4 ~120. 1 10.3 ~171.3 4.3 ~113.6
S-34 Mean (mg/kg) 30.4 a 28.6 ab 26.3 b
HR gL Median (mg/kg) 25.5 24.3 23.2
WRRECV (%) 55.3 60. 2 60. 5

Zn Jli[5 Range (mg/kg) 24.0 —271.5 30.7 —314.8 8.9~—337.0
4 Mean (mg/kg) 83.0 a 88.8 a 70.6 b
{37 %1 Median (mg/kg) 74.5 79.8 63.7
AR ZECV (%) 42.9 46. 8 50. 2

Cd i Range (mg/kg) 0.05 —2.94 0.03 — 3. 64 0.00 — 1. 46
SEH4 Mean (mg/kg) 0.34 ab 0.39 a 0.28 b
Hi {3 8k Median ( mg/kg) 0.22 0.20 0.20
R ZECV (%) 116.0 148.8 93.1

Pb JEi[Fl Range (mg/kg) 8.0~29.4 6.9 ~152.9 6.7 ~184.1
-3 Mean (mg/kg) 19.1b 27.5 a 27.1a
rh i %k Median (mg/kg) 19.1 23.4 23.5
A ZHCV (%) 22.0 62. 4 67.6

Cr Jii[Fl Range (mg/kg) 10.6 —135.3 7.3~92.9 1.1—~192.6
34 Mean (mg/kg) 33.0 a 29.3 a 29.6 a
i % Median (mg/kg) 27.7 27.4 25.1
ARZRCV (%) 58.6 41.5 79.1

As 5 Range (mg/kg) 5.1—36.3 1.5~26.7 1.8 ~54.9
SP-35 Mean (mg/kg) 11.2 ab 10.6 b 11.8 a
H {3 4k Median ( mg/kg) 10.3 10.2 10.6
ASZECV (%) 34.7 36.7 56.9

Hg i Range (mg/kg) 0.03 ~2.77 0.00 ~1.58 0.03 ~1.12
S-34 Mean (mg/kg) 0.17 a 0.21 a 0.18 a
H{3 4k Median (mg/kg) 0.10 0.15 0.12
ARZHCV (%) 213. 4 107.0 94,8

1 (Note) : [AATEE G AS R T B FoR A Rl B 77 20 RI7E P <0. 05 /K22 5 i % Values followed by different letters in a row are significantly

different at P <0. 05 for different land use patterns.
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RS BRUFHEAEERREERSAFIHTHARKEAXKBLRESESE (mg/kg)

Table 5 Average concentrations of heavy metals in soils calculated by different land use patterns of sampling areas

of southern and northern main vegetable production regions, respectively

Jt. 77 Northern China

/7 Southern China

TFL)E 1% GH with wall KA GH without wall #&h Open field K GH without wall & Open field
Heavy (n=101) (n=62) (n=179) (n=95) (n=155)
meal g o W PR bk B e I ik

Mean Median Mean

Median Mean

Median Mean Median Mean Median

Cu 30.6 a 25.5
Zn 84.1 a 77.1
Cd 0.36 ab 0.23

25.8 b 23.1
79.7 a 70.1
0.42 a 0.22

Pb 19.1 a 19.0 20.0 a 18.8
Cr 33.7 a 28.0 31.0 ab 26.8
As 10.7 a 10.2 10.1 a 9.8

Hg 0.17 a 0.10 0.18 a 0.09

21.2 b 20.3
58.8 b 56.1
0.26 b 0.17
19.0 a 18.5
27.1b 25.0
10.8 a 10.5
0.15 a 0.07

30.5 a 24.8
94.7 a 81.8
0.36 a 0.17

28.8 a 25.8
76.7 b 73.0
0.29 a 0.21
31.3 a 27.1
30.8 a 25.5
12.4 a 10. 6
0.20 a 0.14

32.4 a 28.5
28.1 a 28.1
10.9 a 10. 4
0.23 a 0.18

1E(Note) : GH—Greenhouse. [A47 %85 A [l 5 Bk m A AR 7 HITE P <0. 05 K22 57 .35 (AL T5 e J7 20 3R i E PG 36 ) Values
followed by different letters in a row are significantly different at P <0. 05 for different land use patterns ( Data were analyzed by northern and southern

China, respectively). X Fg 7232 H A& MR B AVES T (H3EAE S BN T 30 /) Data was not calculated for soil samples below 30.

F4 Mk S WoR, ML fMEE It
ST AR Rl RE 7 203 T 3% Cr As Al Hg B Y
IR — 3 R E KW AEE H F 3% Cr As T Hg
S SR E 2 R
2.2 MEFEVMARHKEAAKHLIEEESES
=1:0pA1

H132 6 W UL, B FRAR FR A 3S I, 38 3 o
%)@ Cu Zn Fl Cd g i 335, A= 4F R 10 — 20
AEFN > 20 AR HIEE 48 (Cu Zn F1 Cd) S 30
SEAERR < 10 4F (1) 3G 0 i B2 7 34 43 B AE 12.8% —
33.3% f128. 7%~ 59. 3% 2 ], F3EAEIR 10 — 20
AEAN > 20 AR 1 HE Co B A A SRAREBR < 10 4F 1Y
SEF5 43 30 13, 1% 1 34. 4% , HipiE %8 + 3 Cu
SV 3G 0 14, 2% F132.0% , KA+ 3E Cu
SRS 43 0 38T 19. 5% F 48. 7% , 7% 4+ 3 Cu
SRS BN 8. 5% F129. 6% ; FSEAEFR 10 —~
20 4EF1 > 20 4F Ry 38 Zn SR RGP SRAE R < 10 4
FISF-2443 5038 12. 8% 1 28. 7% , Ho b il = 4 1
Zn B Y4y R0 14, 2% 1 33. 4% , KM+ 5%
Zn JAEESER4 SN 11. 9% F1 26. 4% | 2 b + 4
Zn B4y R0 12, 1% 1 34. 9% 5 Fp 2% - R
10 —20 4FF1 > 20 49+ 38 Cd S BFpSEARRR <
10 4 (1 5F- 35 43 53 38 i 33. 3% F159.3% , Hopi =
1458 Cd S 3543 3 N 33. 3% Fi1 50. 0% , Kl
+ 48 Cd G453 R I 43. 8% Fi1 56. 3% |, {5 b

3 Cd S EFH 5 B 0 42. 9% F1 81. 0%
23 AAKEAXFEHIEESEESEZEN
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AHIFFE B S OR35S 35k
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®6 ARMEHETARHBAXKHLIFEESESE (me/ke)

Table 6 Concentrations of heavy metals in soils under different vegetable production history

H"HE)E SR Y <10 4¢ 10 —20 4F >20 4F
Heavy metal Land use pattern < Ten years Ten to twenty years > Twenty yeasr
Cu #4Z= GH with wall {6 Mean 28.1+18.8 32.1+13.2 37.1+22.0
(v 5L Median 25.2 25.7 30.0
KM GH without wall ~ #4J{f Mean 26.1+10.0 31.2+17.3 38.8£35.1
iy 51 Median 23.7 25.0 27.6
T+ 3 Open field  HJ{f Mean 24.7£15.3 26.8+17.6 32.0x14.2
{7 % Median 22.4 23.4 27.5
40 Al {E Mean 25.9+14.6 29.3+16.2 34.8+24.1
iy 5L Median 23.8 24.5 27.6
Zn %= GH with wall {H Mean 79.3 £36.7 90.6 £34.3 105.8 £29.0
(v 5 Median 69.3 75.6 109.2
KM GH without wall ~ ¥4J{f Mean 82.5+30.1 92.3+45.6 104.3 £71.8
{7 % Median 74.6 82.6 81.4
T 13 Open field  1J{H Mean 65.4+£27.1 73.3£37.8 88.2 +53.5
Hi{vi 5L Median 61.5 69.1 69.9
23 All {H Mean 74.1£31.2 83.6+39.7 95.4£59.0
F1 {3 %% Median 68.2 75.1 81.4
Cd % GH with wall {f Mean 0.30 £0.41 0.40 £0.37 0.45+0.42
{7 %L Median 0.19 0.23 0.30
KMl GH without wall ~ ¥4{F Mean 0.32+0.42 0.46 £0.48 0.50 £0.45
Hivi 5 Median 0.19 0.25 0.27
M1+ 3 Open field  #4{f Mean 0.21 £0.15 0.30 £0.35 0.38 £0.32
H1 {3 % Median 0.17 0.22 0.27
430 Al {H Mean 0.27 £0.32 0.36 £0.56 0.43 £0.38
Hi{7 % Median 0.18 0.22 0.29

Y (Note) : GH—Greenhouse. FSEI77 42 <10 4F 35 % A A A% -+ HIERE 5 2040 51 62 109 1 141 -, FSEDT s 10 ~ 20 4EAGIRE M)
FF R KO B 35 27 0160 > FISER s > 20 4EA0IRLE M AR M - SERER B30 15 21 133 4 Soil samples collected from the

vegetable fields of greenhouse with wall, the vegetable fields of greenhouse without wall, and the open vegetable fields were respectively 62, 109 and 141

for vegetable production history below ten years, 35, 27 and 60 for vegetable production history ranging from ten to twenty years, and 15, 21 and 33 for

vegetable production history above twenty years.

ANl T Ao B A Hy B BT Y8 K0
T 95 Y B PUKF-, W] L3 SR EOR 23] Hg
75 g% AE M 0 o 3 52 FH 4388 He 1) — G bR 5
WIRF T —%E L, 7350 14. 6% Fil 12. 8% , X K
BN R SR TH 38 He (1475 38 ) U0 5 EE E AL

SRAE XA [R]85 77 S £ 3 Cu Zn (Pb Cr
T As 1) G HEER 3 e BT 5 Y RO LR, =Rl
B R ZGOBARRTE 0 — 7. 6% Z ], BTG Y4
$AE 0.06 ~ 0. 52 Z (8], {7~ B 35 A 3 M 5
+3% Cu.Zn Pb Cr il As $4bF 2 4, B R A AL
Xt A SNG4

RAE X Bt T 3w sk A i RR B T

S I 88 W2 KRS+ T 4 R 45 A0
YFa R R 0. 75 0. 81 F10. 56, ¥ e + 3 & 4 @
LEATS Y AN bR, B S 4 T 4R A T
TSR GOR DL , B HE I T 4R R e gk
3 e
3.1 BEFXATEESESBTUST
ABFFEF] R K (IR M) 32 0 +
HETE 4 J8 Cu Zn Al Cd Akt S0k [ 398 TR H 5 W
- PR SEAE BRI, T 4R Cu Zn
Cel 85 25N, 330 8 15 i 3 14 190 ok
% AHFSE B B R ) 5 77 25 1
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R7T ARAFHEAXNFATEESEZ EEXME(r)
Table 7 Correlation coefficients between the concentrations of heavy metals in
vegetable soils under different patterns of land use
K %
= Cu 1
Greenhouse with wall 7n 0.760" * 1
(n=112) Cd 0.350°° 0.485° " 1
Pb 0.191° 0.285" " 0.051 1
Cr 0.192" 0.429"* 0.278"* 0.162 1
As 0.193" 0.007 -0.030 0.374** -0.055 1
Hg 0.124 0.272** 0.065 0.286** 0.137 -0.004 1
KA Cu 1
Greenhouse without wall Zn 0.767° * 1
(n=157) Cd 0.271°* 0.468°° 1
Pb 0.360" " 0.422"* 0.055 1
Cr 0.282" " 0.351" " 0.410" " -0.010 1
As 0.312"" 0.347°" 0.215"" 0.387" " 0.150 1
Hg 0.203" 0.399"* 0.114 0.270** 0.078 0.033 1
i b 1 Cu 1
Open field 7n 0.565" % 1
(n=234) cd 0.222°° 0.387°° |1
Pb 0.338" " 0.463" " 0.332"" 1
Cr 0.438" " 0.309" " 0.106 0.169" " 1
As 0.531"" 0.477"" 0.304" " 0.459" " 0.487" " 1
Hg 0.215" " 0.352" " 0.212" " 0.261"* 0.130" 0.227" " 1

7 (Note) : #—P <0.05; % % —P <0.01.

RBAIARZ B Tl =" R R E TS AR 3¢
M., #E EaREEh&a - EarieE, A
PUEH Zn Cu,Cd 45 4 8 & A , i B It 25
WHCEH TP ES R R, BRI WUEL, A
[ Rk 3 Ty X5 FH R T 22 AR K, Bt =2 H A N
P,0; #1 K,O0 G KA HUE &34 3 T8 b o
H, N.P,0, fil K,0 s 3450 44. 1% 92. 0%
AL 46 £ H AP A HUE S N P,Os F1 K,0 flat V-1
A3 1,31 1. 44 F11.39 {3,

BOMEAR I AT, MR P Oy 1 38 SR Bt A 32
St e e 3 ERE M N T I S i
T gim HIERHA &K, A IE A HLIE 1 # A &
T R T i g SR, RO B S AR Al R
R4S B R R i = 7 X/ (N (i (P,05) B
(K,0) 4F ¥ i A & 4 3] Sk 4670, 1409 F1 1916
kg/hm® | 43 5141 24 F %t FE A FH A9 7.0,12.8 F1 18.6

355 BT B ST B AR . AR Xl
ARIF IR E RS DL R A B, A MR LAXS 3
G R 32,56 % ()il = 2k B 2 A I (N -
P,0,-K,0 3} 15 =15 - 15) , IR E 4R K 5 4E NP, 0,
K, 0 BF- 345 A1 43 ) ik 1) 4088 3656 il 3438
kg/hm®, Huang F Jin"*" Xt 5l K H b4
LA 4 AT 10 A4S X7 S % RE e fe A% 1 2F
TR ST, 1Rt 5 5% 0 8 b i =% 110 R it S i ( 3%
A A B VEMI B 5.2 A5 2.5 £, 18 5%
SECTNHR S IO TR 2 A X B S S - S T
& @ P Bon , A AUIE G A - R 4
JE A S EORUR, (A ) 89% , -4 Cu Zn
Cd %P R s . 2P i 1 76 H il
FFJR AW AT: [ 67 330 B 9 (R 245 R 3R W, B it
SERPRE I R T A I A B AR 20k AL A
BUIE , oA AL X 15t =5 o 4 Ja 1) A3 f e
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Table 8 Percentage of soil samples with heavy concentrations beyond the 2™ criterion of Environmental Quality Standard for

Soils, and the single-factor and comprehensive pollution indices of soil heavy metals under different patterns of land use

HEJE BIgE| R=E K L
Heavy metal ltem GH with wall GH without wall Open field

Cu T HFRE PSS-SS-SEQ (%) 2.7 3.8 1.7
IS YL FE % SPL-SS —SEQ 0.39 +0.28 a 0.39+0.28 a 0.36 +0.27 a

Zn T YRR PSS-SS-SEQ (%) 0.9 1.9 0.4
PATGE YL S % SPI-SS —SEQ 0.34+0.17 b 0.39+0.19 a 0.31+0.17 b

Cd TG EARER PSS -SS-SEQ (% ) 22.3 20. 4 19.2
AT E YL S % SPI-SS - SEQ 0.97+1.32 a 0.98+1.49 a 0.70 +0.69 b

Ph T Y EERAR PSS-SS-SEQ (%) 0.0 7.6 5.6
PATH VS YL 48 %L SPI - SS —SEQ 0.06 +0.02 a 0.09 +0.06 a 0.09 +0.07 a

Cr TR HBERH PSS-SS-SEQ (%) 0 0 0.4
PTG S YL HE % SPI-SS - SEQ 0.17 +0.11 a 0.15+0.07 a 0.15+0.13 a

As Y BERFE PSS-SS-SEQ (% ) 1.8 2.5 5.1
PTG E YL % SPL-SS —SEQ 0.38 +0.15 a 0.35+0.16 a 0.40 +0.23 a

Hg ZHARE PSS-SS-SEQ (% ) 3.6 14.6 12.8
PTG YE YL 4G % SPI-SS - SEQ 0.34 +0.90 b 0.52+0.75 a 0.41 +0. 49 ab
7 FE 4B LR AT YR CPL-SS-SEQ 0.75+0.95ab  0.81+1.06 a 0.56+0.50 b

1 (Note) ; PSS —SS —SEQ—Percentage of soil samples beyond the 2™ criteria of Environmental Quality Standard for Soils; SPT-SS —SEQ —The
single-factor pollution index based on the 2™ criterion of Environmental Quality Standard for Soils; CPT—SS —SEQ —The comprehensive pollution index of
7 heavy metals based on the 2" criterion of Environmental Quality Standard for Soils, respectively. [RI4740HE 5 A [f] ER:Fe R A Rl 35 7 =0l 7E P <
0. 05 7K -25 5t 2 # Values followed by different letters in a row are significantly different at P <0. 05 for different land use patterns.

R9 FEBIEHXIEME 2011 — 2013 £ ERHE A 1E R [ ke/ (hm® - season) ]

Table 9 Fertilizer application rates from 2011 —-2013 for vegetable soils under different land use patterns

78 % Greenhouse with wall FH Greenhouse without wall 24 Open field

Akt (n=376) (n =202) (n=649)
Fertilizer ¥l T ¥l SRR ¥l SRV
Mean Median Mean Median Mean Median
N ABAE Chemical fertilizer ~ 501.8 +438.2 406.9 514.3 +598. 4 310.5 434.2 £322.5 366.0
HHUE Organic manure  300.7 +309.9 234.9 325.4 +463.4 155.6 135.6 £180.5 81.9
M Total 802.5 +579.5 705. 8 839.7 +958.7 543.2 569.8 +348.6 492.1
P,0; AKAE Chemical fertilizer ~ 352.4 +371.2 280.5 344.7 +444.6 192.0 218.8 £161.9 183.9
HHUE Organic manure  349.3 +382.6 233.6 321.9 +486.2 145.9 137.4 +204.8 48.8
Mt Total 701.7 +587. 1 536. 1 666. 6 +750.2 380.9 356.3 £266.0 288.6
K,O  fLJE Chemical fertilizer ~ 461.9 £429.6 377.9 566.4 +630.5 240.0 206.3 +170.7 174.0
FHHUIE Organic manure  268.8 +309. 8 172.1 277.1 £432. 4 104.9 114.2 £165. 4 58.3
S Total 730.7 +585.8 607.0 843.5 +993. 1 410.6 320.5 +234.9 279.0

TR LIS . SR G, T A R AE B 3
AP O RS2 R AR WA A AR Y

£ 153.9 —240.0 v/hm® Z[a], 5% Ak 48
e, 1l AR 750 T B 5 SR A HUIE AR R 3
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207.2 t/hm” , 5 =it HE A 51 493. 8 t/hm”, [REEAE
R CRINEIF T WA ik A e 3 N0k
7N, it B 21 A i S A LI A it 4 )P
K% 150 F1100 v'hm® o [H G, T B0 32 FH K 3005
ML HE AV T - E 48 CuZn,
Cd W R, 1 52 78 42 @ V5 L 1 V8 7 I 4 85 b
SEH SR A R SRR IR AN, HIEh AR
HESHZ,

ABFFEILFRIT , RAE X 150t (Il 3 AR ) =2 H
3 Cd SR A TS B R PR DL, B R
oA R AZF] Cd {75 G SRAE X 1 it F1 25 b 1
1 Cu.Zn Pb Cr As Fil Hg A BT - 8 A9 V5 G
Jiti P A BIUIE A i S P05 e 7 A 4000 B FAS AT ke
DRy E SN BA YL E P ESR R EN E
BORWR . R H AR AL X it H 38 Cd Bk -
Wb 15 GUETRGCIR B, (H 2 57 3R 1 S i E
13 Cd W FE R k. (EARHE A A2, A B 5% Jm) 3 b
X kit S FH 338 Cd b T 45275 Y GO O, X Tax 2k
b TR BE TG Y () 15t 3% 39, ] LUR I ]/ B AE 45
(AR T B, P PR Bt i 25 26 7 119 [m] I8 52 9l 5
ey g, SO ER SR, A el A B IR
R IEMA YL, 255 L 2w AL 1
KHE
3.2 XHIESEEREZEMNXR

TEPWES EGRAEERDRE—-ELSEITR
HEAKRZRZILFE S JE TR RS R R A1
o, R -4 4 ST R Z (8] AH S A R
AT BRI T, SRR BTk
EAHENTG S, L & im e AR i . Ea R
AT YATE T X 53 XU X ) 48
A T BRSO B3 A R i A e B
FAEDORTE KD — BRYH — W KRR i R
() 143 Cd ,Cu Ni,Pb Zn WP Z [A] X547 7EAR 0 25 1Y
FHOCE , R WX 2670 R EA AL AR IR, 1 AT e -5 1)
RV A €k P Zn  Cd 16 4R 1 sl % 4E
T KT HEBCE VAR SE . P AE -7 B 5T
Heyg i + 3 As (Cd  Cr,Cu Hg Ni Pb Zn [1)%5[H]
FHOCHE 3 A 7E 8 MhE S @ ou R LB IR A5
WAEfa 1 PR A Z U5, Cr N 5 LAl e 5 T
XA K, Zn Pb Cd As FEZRIE TR R
TR AR B i vt ) ik Y LA K e G R AL A 1
1, Hg \Cu 175 9« F Bk [ A 15 15 YL A2 el S dth A
ZHALIETG Y, KRS RS R, Bh Ll T AR

St 4% Cu Zn Ni \Pb #l Cr 2Z W] £7 £ .25 5 8
FIEMRKR , BN 2K A 15K R, HA WA
IR, I RRE BT UA S AP L,
T A T BRI S P A7 AR 2 b R R S
Qe A QB o AN R B 7 A W R Y
JLE Cu,Zn, Cd 25 2Z 8] A7 5P 2 38 B . 35 K
W GRS T AR AR RIS T AR IR E SR E S
TR RA REIE . TR AT PR 32 25
DA ) 5 77 35 FH 14 08 32 9 3058 1) R 32 31 T lk
SR R RAEIG R S, R G
J& T ERPET R R ALIE A S FEAEA UL, ek
M EENEEEFEH —E R Cd Zn FHE
J& , APULH Cu.Zn Cd SF 48 & BB, HIt,
T [ 2R AN RIS 7 3 R e et S e
JERE T S FME A 1 L CuZn Cd 55 H
IR R MBS

4 Z5ig

1) RAEIX B0 (IR E M) 2 LR SR
Cu.Zn F1 Cd i S A 348 T 55 =R B 148, 3068
M3 B LSO 4 9k 12.2% L 21.7%
30.4% . W TAMRGERRN FZER XA RS 7=
S H P B MR AR SZ 3 Tk =K IRERS
S5 L AR S B0t =R FH K U o i A G 2
AHAET REE IR FE SR Cu Zn Cd 555 Hi L 2
() F2 2R R R okt st it =5 A 37 4 g Vs G T 7
JEUM R B b S FH Ry 5 i

2) BEEFPSEAEBR B3 M, S H LI E 4 )8 Cu,
Zn Fl Cd g I 2 35 in, RS 48 R 10 — 20 41 >
20 4R LHIEFE AR (Cu Zn Al Cd) SR BRI AF R
<10 4 B 3 0E S 2 0 B AE 12.8% ~— 33.3%
28.7%~59.3% Z |a], A[RHkR: =X H 33y
fEfE LM RS E R s e AT e Blg, Horp 3¢
FH A [l 35 5 A0 1= 8 8 4 J & s i 8 KAy Cu
Zn [ Cd & Z [a] B AH S 2438 B AR 0 K OF G &
e 0. 222 —0.767 Z .,

3) RAEXAN A T S H 124 Cd i — 908
FRFETE 19. 2% — 22. 3% Z [i), it (Il 25 FRH) 32
H 438 Cd Sk b AL T 5 Y B ORI, 75 b 5 H
AR F R F Cd T 5y A EUR [ 8 7 0
3% H £3 Cu Zn \Pb Cr As Fl Hg () R RLEO
~14. 6% Z [a], Y& iti 1 7% #o 1 € Cu . Zn Pb Cr,As
F1 Hg SR FIAA B0 0I5 Y. Fe i -1
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