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Long-Term Effects of Tillage Methods on Heavy Metal Accumulation and

Availability in Purple Paddy Soil

CHANG Tong-ju'"*, CUI Xiao-qiang' >, RUAN Zhen"*, ZHAO Xiu-lan"*

(1. Key Laboratory of Eco-Environments in Three Gorges Reservoir Region, Ministry of Education, College of Resources and
Environment, Southwest University, Chongqing 400715, China; 2. Key Laboratory of Agricultural Resources and Environment of
Chongqing , Chongqing 400716, China)

Abstract: A long-term experiment, conducted at Southwest University since 1990, was used to evaluate the effect of tillage methods on
the total and available contents of heavy metals (Fe, Mn, Cu, Zn, Pb, Cd) in the profile of purple paddy soil and the contents of
those metals in root, stem leaf and brown rice. The experiment included five tillage methods: conventional tillage, paddy-upland
rotation, no-tillage and fallow in winter, ridge-no-tillage and compartments-no-tillage. The results showed that the total concentrations
of Fe, Cu, Zn, Pb and Cd in the soil profile had no significant differences among five treatments, but it was found that total Mn has a
significant decline in 0-20 c¢m under conventional tillage, paddy-upland rotation and no-tillage and fallow in winter compared with
ridge-no-tillage and compartments-no-tillage. The availability of Fe, Cu, Zn, Pb and Cd decreased with the increase of soil depth in all
treatments,, but the availability of Mn was found to be the highest in the 20-40 cm layers except those in the paddy-upland rotation. In
the ploughed layer, the contents of available Fe, Mn was the highest in paddy-upland rotation, while the contents of available Znand Pb
was the highest in conventional tillage, but tillage treatments had not significant influence to the contents of available Cu. Correlation
analysis showed that available Fe was significantly negatively related to the pH values and significantly negatively related to the organic
matter of soils, available Mn was significantly negatively related to the pH values and organic matter of soils, whereas the available Zn

was significantly positively related to total Zn. The contents of Fe, Mn in rice root, the contents of Fe, Mn, Cu and Cd in rice straw
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and Cu in brown rice were higher under paddy-upland rotation, ridge-no-tillage and compartments-no-tillage than those in conventional
tillage and no-tillage and fallow in winter. Paddy-upland rotation can significantly lower the migration coefficient value of Cd in brown
rice, and the Pb, Cd concentration in brown rice in the treatment of paddy-upland rotation was lower than the upper limit ( <0. 2
mg-kg™") of the National Standard for Food Hygiene for Cd concentration. The content of Fe in root was significantly and negatively
related with soil pH and significantly and positively related with soil available Fe, the content of Mn in root was significantly negatively
related with soil pH and significantly positively related with soil available Mn, the content of Mn in straw was significantly negatively
related with soil pH, significantly positively related with soil total Mn and significantly positively related with soil available Mn, the
content of Cu in straw and brown rice was significantly negatively related with soil pH, the content of Zn was significant related with soil
pH and significant related with soil CEC. The content of Fe in root, Mn in root and straw and Cd in straw was positively related with
soil available Fe, Mn and Cd, respectively, but was negatively related with pH in plough layer soil, Zn in straw was also negatively
related with plough layer soil pH. From the results as above, it is concluded that different tillage methods can change the values of soil
pH, alter the availability of heavy metal in soils, consequently affect uptake of heavy metal by rice. Of the tillage methods, paddy-
upland rotation could increase the availability of Fe and Mn, but decrease the availability of Zn, Pb and Cd in purple paddy soils.
Paddy-upland rotation can also increase the contents of Fe, Mn in rice root and straw, but decrease Cd content in brown rice, and

could reduce the Pb, Cd contents in brown rice in a certain extent, however, attention should be given to long-term paddy-upland

rotation cause of leaching of soil surface Mn.

Key words:tillage methods; paddy-upland rotation; ridge-no-tillage; heavy metals; purple paddy soil; rice
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Table 1  Effects of tillage methods on physiochemical properties of purple paddy soil

TiH TRHE em WA IKEEEAE bk ARG JREE
0~20 7.29 £0. 04aA? 6.50 £0. 08aC 6.77 £0.03aB 6.90 £0. 07aB 6.75 £0. 05aB
pH 20 ~40 6.91 0. 06bA 6.34 +0. 04abB 6.75 £0. 05aA 6.55 +0. 8bB 6.47 0. 05bB
40 ~60 6.59 +0. 18cA 6.28 =0. 06bB 6.63 £0. 06aA 6.54 0. 05bA 6.46 0. 01bA
0~20 37.32 £2.15aA 25.73 £1. 12aB 36.33 £2. 82aA 39.74 £2.73aA 36.45 £1. 88aA
HHL/ g kg ™! 20 ~40 26. 60 +2.63bB 19. 65 +2.05bC 24.18 +£2.29bA 30.27 1. 07bA 30. 55 +2. 53abA
40 ~60 22.41 +1.86bB 17.36 £0.25bC 24.45 0. 82bAB  25.46 £1.51cAB  27.95 +0. 58bA
0~20 21.42 £1.09aA 21.20 £1. 54aA 19.78 £ 1. 66aA 24.28 £1.51aA 22.45 £1.29aA
CEC/cmol -kg ™! 20 ~40 20.31 +1.29aA 18.06 £2.21aA 22.97 £2.11aA 20.52 £1.02aA 21.49 £0.95aA
40 ~60 20.03 £0. 33aA 17.09 £2.01aA 20. 46 £0.98aA 20. 44 £0. 88aA 21.01 £1. 68aA

1) BRI + bR, T IR 2) RFOCE A R/ NG T RER0R Rl — AR B R] 4 J2 IR 22 5 B3, AR QS TR 3R 1 [ — 1 JZ R EAR

[ Ab R 22 53 .3 (P <0.05) , F[A]
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Table 2 Effects of tillage methods on total contents of heavy metals in purple paddy soil

i H HEWE/ em R K E AR GepF4&oK ARG JRE
0~20 25.45 +0. 79aA 24.17 0. 89aA 23.30 +0.97aA 25.64 £0.77aA 25.55 +0. 62aA
B Fe/g kg ™! 20 ~40 25.55 £0. 27aA 24.99 £0. 62aA 25.17 £0. 48aA 25.17 £0. 60aA 25.42 £0.35aA
40 ~ 60 24.93 £0.35aA 25.01 £0.49aA 24.79 £0.75aA 24.69 0. 39aA 24.12 +0. 65aA
0~20 500. 81 +13.35bB  512.21 +10. 68bB  397.26 £11.03bC  642. 86 +8. 70aA 611.13 £9. 82aA
B Mn/mg-kg ™! 20 ~40 542.13 £11.50aAB  566. 36 +4. 57aA 477.53 +15.17aC 506. 51 +15.31bB  532. 16 +6. 46bAB
40 ~ 60 427.66 +7. 88¢cB 404. 38 +8.46¢C 399. 16 £6. 09bC 460.91 +11.03cA  459.48 = 14.24cA
0~20 14.30 £0. 23aA 14.12 £ 1. 20aA 15.24 £0. 90aA 14. 69 £0. 48aA 13.95 £0. 52aA
B Cu/mg-kg ™! 20 ~40 13. 64 +0. 48aA 12.36 +0. 29aA 12.99 0. 48aA 13.89 +0. 41aA 13.73 0. 60aA
40 ~ 60 12.31 £0. 83aA 12. 04 £0. 94aA 12.98 +0. 96aA 13.31 £0. 83aA 13. 11 £0. 24aA
0~20 76.25 +4.55aA 73.06 +3. 82aA 73.25 £1.17aA 75.03 £5.71aA 74.95 +2.48aA
S Zn/mg-kg ™! 20 ~40 69.49 +4.58aA 69.03 +£3.93aA 67.78 +3.06aA 72. 64 £2.96aA 72.28 +4.37aA
40 ~60 68.74 £5. 24aA 66. 78 £5.29aA 64.12 £4.67aA 71.46 £2.33aA 67.04 £2. 19aA
0~20 36.19 = 1. 58aA 36.65 = 1. 82aA 35.73 +1.40aA 38.57 £ 1. 66aA 36.54 +1.47aA
S Pb/mg-kg ™! 20 ~40 34.75 £1.07aA 32.53 £1. 15aA 33.08 £0. 73aA 34.05 £2.09aA 33.84 £0. 56aA
40 ~60 31.81 £1.95aA 32.55 £1.74aA 33.18 £1. 12aA 33.34 £0. 46aA 33.69 £0. 88aA
0~20 0.49 +0.02aA 0.48 £0.01aA 0.49 £0.01aA 0.50 £0. 04aA 0.49 £0. 02aA
B Cd/mg-kg™! 20 ~40 0.42 +0. 03abA 0.42 +0. 02abA 0.43 +0. 02abA 0.44 +0. 02abA 0.42 +0. 02abA
40 ~ 60 0.39 +0. 01bA 0.38 0. 02bA 0.40 0. 01bA 0.39 =0.01bA 0.40 =0. 02bA

2.3 KWIARBHES A3 HEESBAUES &
A

BHHEALFE 3 Fe . Cu, Zn, Pb #l Cd BUARL
BE b Z IR 2 B E RIS (R 3).
0 ~20 em 12T KPAAEZMT LA RL Fe
TR EETHE 4 NEBE, WiTE 20 ~40 140 ~60
em HJEH K ALBRAIA AL Fe SR LE2ZES &
WK AR RES (1 2 2 T3 Fe 3610, (HBHE Dy XXt
TR Fe WG MR/, KPERAESNT 4%
A 2 Mn &AL AR B B X ml B 3
BN O AR R A G, T 4 A Ak 3 A
AL Mn B H B A 2 R 00 1 A (R
3), X GBI ML GHEL KA B T IR
B Mn B8 F KA . 0 ~20 em )2, H3L Mn
i LUK R ey, LU ZE 1R S HE FURIAE St
DL FEAE R b 2K R 1%, 7E 20 ~40 em +)2 7K
AR RSB RURAE S b 2 TR RO
2K THTE 40 ~60 em +)2 , AU EA K b 3 i
FRAR A ALFRA) ) Mn &R 22 R L,
HEAE T 0T 34 55 Min (5495 W ot 8 88 %) 448 Jon 7 ik

N2 R REAR Co F RS HHE T B
AW, AW Zn FEAEO0 ~20 em HJEHLIF
PR, KR RAERAL, B 5HE 3 Mk
3] 9 22 5K TAE 20 ~40 F140 ~60 em 12
LR K R, IR R R R AR, & L2118
AL Pb SR DL AR B, R R Bk 4K
IKEEAEFAR, K IHEKAE 5 B3 Pb 1976
fb. £)2EHEAM Cd E LK RRAEL FEEAL,
Hay 4 MPHE M2 A RE. 45REIKREER
YER B TERZ L Fe, Mn {EMEHEE, Zn, Pb Fl Cd 7
PEREA , 5 R AESE Fe | Mn 35 PEF&AK, Zn . Pb I6 1
PEi 1M Cu FEPEZBHE T S ma AR /)N,
2.4 KIWARFBHE I ARG A B4R & &
Hp A

5 FhBEE TR, KRG Fe, Pb Al Cd &
R > ZEnt > BEK T Mn ., Cu, Zn AR SR FEHL
WG (£ 4). 2522 a KM@ MR, A
(R4 A P K AR AT IR 45 T 4 O R R R 3 T B
25, BHETT XX KRG E&EB0 Fe, Mn 7 5157
M ARRL , AR FIZE I Fe | Mn 254 A4 R/ INITURE 2 S 7K B
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Rt > BB RSB > B2k > H PR,
HARFRAESE TR | 250 Fe, Mn & B4 12
F o TR B AR AL B ik SR 5 K
IKFIREAR L, K FFEAEFT LA BE K AF XS Fe |, Mn FI
I ARAS A RS K Fe | Mn S EEBIC R FE 2. S4b
HUK AR Cu FidJo 3 22 5% (UK S48 1 | 28 4%
T SR B A T KRS 2 FRE K Cu B i
Fm THEACPE L oK. PR KRR S Zn

T TR SRR, 250 Zn SR LUK AR
trey , HLS R PR R 2 oK 0k B 2 3 25 57K
-, M ALBIRE K Zn &0 W EVE2E 5. A HHELL
HUKFER | Z50F | BEK Pb ST R EZET. S
VEALBEKREARER Cd & 22 5 A 3%, 22 Y Cd
EE RO K REeAE | B R
1o TR AR R R A KRR Cd 5 6 0 LA B
LR B, K AR R AR, Hah B 2 3% 25 57K

x3 BHEARMIESEERNSRENZM
Table 3 Effects of tillage methods on available heavy metals in purple paddy soil

JTLHE REE/em W HEE KA G K ZEAE St JRAE St
0~20 68.70 +2. 88aC 136.13 £7.79aA  75.01 £4.17aBC  86. 55 +3. 58aB 83.78 +1.92aB
F5L Fe/mg-kg ™" 20 ~40 47.85 £2.56bA 53.82 £2.44bA  46.38 +4.29bA  58.85 +5.11bA 56.38 +4. 61bA
40 ~60 43.70 £4. 63bA 58.28 +6.94bA  48.35 +3.80bA  54.08 +3.85bA 50. 10 +2. 71bA
0~20 18.13 £0.71¢D 65.37 +1.19aA  24.33 +2.98bC  37.05 2. 14bB 38.78 +1.76bB
H% Mn/mg kg ™! 20 ~40 31.93 +1.43bB 43.68 £2.04cA  34.48 £3.25aB  46.88 +2.41aA 46.12 £2.45abA
40 ~60 50. 60 +0. 49aA 54.25 +4.24bA  42.90 +0.95aB  51.93 +2.75aA 55.78 +£3. 10aA
0~20 1.96 +0. 06aA 1.97 +0. 09aA 1.94 +0. 15aA 1. 87 0. 09aA 1.92 +0. 09aA
B Cu/mg-kg ™! 20 ~40 1. 64 +0. 05bA 1.59 +0. 04bA 1. 48 +0. 04bA 1. 46 +0. 07bA 1. 66 +0. 14bA
40 ~60 1. 62 +0. 06bA 1.56 £0. 09bA 1. 44 +0. 04bA 1. 48 £0. 06bA 1.56 +0. 05bA
0~20 1.70 +0. 10aA 0.61 +0. 02aC 1.20 +0. 11aB 1.01 +0. 14aB 1.03 +0. 11aB
B Zn/mg-kg ™! 20 ~40 0.61 +0. 06bB 0.53 +£0.02abB  0.81 +0. 05bA 0. 64 +0.03bB 0.61 +0. 06bB
40 ~60 0.51 +0. 05bB 0.46 +0. 05bB 0.95 +0. 03bA 0.51 +0. 03bB 0.56 +0. 03bB
0~20 3.82 £0. 14aA 2.84 £0.09aB 3.59 £0.29aA 3.01 £0. 14aB 2.98 +0. 07aB
£ Pb/mg-kg ™! 20 ~40 2.70 £0. 16bA 1.73 +0. 11bB 2.36 +0.24bAB  2.31 £0.25bAB 2.33 +0. 19bAB
40 ~60 2.19 0. 11cA 1.43 +0.01cB 2.14 £0. 15bA 2.13 £0. 08bA 1. 88 0. 09cA
0~20 0.34 +0. 02aA 0.29 +0. 02aA 0.33 +0.0laA 0.34 +0. 02aA 0.32 0. 0laA
H% Cd/mg-kg ™! 20 ~40 0.22 +0. 02bAB 0.19 +0.01bB 0.23 £0.02bAB  0.24 £0.03bAB 0.28 +0. 02abA
40 ~60 0.18 +0. 01bBC 0.15 +0. 01cC 0.18 +0.01¢BC  0.21 0. 01bAB 0.24 +0. 02bA
x4 HEAXHKBEXKARBUIEEESENTEM) /mg-kg ™!
Table 4  Effects of tillage methods on heavy metal contents in different parts of rice/mg-kg ™!
] Qb Fe Mn Cu Zn Pb cd
WITAE 400.24 £10.90d 226.60 +6.28¢c 7.49+0.68a  18.77+1.20a 11.73+1.03a  2.20 +0.09a
IKEAAE 590.73 +20.91a 374.97 £17.77a  7.57+0.22a  15.41 £1.01ab 11.29 +0.64a 2.85+0.31a
his fBf%K  450.38 £10. 12¢ 237.62 +7.30¢c 7.72+0.39a  15.79+1.08ab 11.43 £0.57a  2.96 +0.38a
ZEfEfBE 513.33 £19.01b 262.54 £10.46bc  8.18 +0.40a  15.27 +1.49ab 10.64 £0.87a  2.72 +0.17a
JifERBE  525.87 £13.66b 324.97 +18.62b  7.13+0.23a  14.91 +0.54b  12.20+0.66a  2.28 +0.25a
WHOEAE 205.81 £17.18¢ 236.57 £15.40b  0.82+0.1lc  23.72+1.34b  4.81+0.3la  0.52+0.03b
KEEAME 342.03£12.85a 339.64 +£12.94a  2.31+0.08a  38.05x4.18a  5.23+0.47a  0.82+0.03a
B FaphaK 242.70 £20.09bc  257.76 +11.87b  1.23 £0.11b  27.18 =1.21b 6.00 £0.52a 0.59 £0.02b
ZEfEfBE 252.51£19.27be 335.56 £13.30a  2.10+0.32a  31.74 £4.00ab  4.80£0.38a  0.85 =0.13a
JAVE%#E  281.87+25.49ab  310.94 £5.63a 2.20+0.47a  30.724.0lab 5.37+0.78a  0.90 +0.05a
WA 11.51 £1.43a 15.22 £0.50a 1.00+0.11¢  18.53+1.0la  0.210.02a  0.24 +0.01lb
KEREAE 9.09 0. 56a 15.71 +1.38a 2.03+0.10a  19.36 +0.46a 0.22 £0.02a 0.13 £0.02¢
ik GBF K 10.24 +2.57a 15.47 +1.31a 1.49 £0.06b  19.16 £+0.55a  0.18 £0.0la 0.36 +0.02a
ZEAE Gt 10.08 +1.04a 13.39 +0.46a 1.97 £0.10a  17.96 +0.81a  0.18 £0.0la 0.24 +0.03b
JEAE St 11.88 £1.93a 13.85 £0.76a 1.94+0.20a 17.81+0.72a  0.1920.02a  0.26 +0.02b

1) R R)/ING F R R 28 Sk B 2 K- (P <0.05)
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2.5 KWIARFBHE 0 &4 m e L3RR IR R
rhIEFSBE T S

& 5 R %0 BCF (KRR #F  4x J % it/ 1+ 4
HORE N AR i) kRN A R AR R IR
[EERERE RN, HIE RS R 80 TF1 (KR 25 M H 42 )8
P/ KRR TR AR N 4 JE i) | TR2 (REOKEH 4
Ja& T/ KR 25 A Y A TR ) A R OR H A
JRAEAR-ZENF | ZEnREK R B R RE Y. Ik S
7R KRR R T 1 8 4 S Y A e 0 1Y KNI
J¥4 Cd > Cu >Mn >Zn > Pb > Fe, #MTEM T &
JEICE T, Cd [a) K FEAR BB A 1 A BE T 5k, BEAE T

RN KFEAREL Fe . Cu. Zn, Pb, Cd AU 5 RECY
BN TXT Mn B2 A, b K B4R 454 R K
FEARFRXT Mn (Y 48 REURK. 48 7E/K A AR FK-
ZEHE YIRS RE S RPN Zn > Mn > Fe > Pb > Cd >
Cu, Hori Cu. Zn . Cd 1o FEREIEREHE S1ZHHE T
KK, H AR . B 2K FF T TFL
BNTFoK S8R, ZE RS RiAE %P, M Fe,
Mn , Pb 7E 7K FE AR -2 i [i] i 1 7% A2 §FAE 7 X5 )
BN X T 5 4 JE 0 2 A 2R MR K B] iR R
$, Cd ZAHETT 2 5 m d5 K, HrpoK RASE &
T Cd WiEH R AU T HE 4 Db

£5 FEAMEAXNTESRELE- KBRENIBER

Table 5 Effects of tillage methods on translocation of heavy metals in the soil-paddy system

WH Qb B Fe Mn Cu Zn Pb cd
WA 0.02 0.45 0.53 0.25 0.32 4.51
KBEEAE 0.02 0.73 0.55 0.21 0.31 5.89
BCF Gk 0.02 0. 60 0.51 0.21 0.32 6.08
Ve H 0.02 0. 41 0.56 0. 20 0.27 5.58
JVE Bk 0.02 0.53 0.51 0.20 0.34 4.63
WA 0.51 1.04 0.11 1.28 0.42 0.24
KEFAE 0.58 0.91 0.30 2.48 0.47 0.29
TF1 i 0.54 1.08 0.16 1.75 0.52 0.21
ZEAE At 0.49 1.29 0.26 2.12 0.45 0.31
JPE S B 0.54 0.96 0.31 2.08 0.45 0. 40
H-E 0.06 0.06 1.23 0.78 0.04 0.47
K E AR 0.03 0.05 0. 89 0.52 0.04 0.16
TF2 Hah& K 0.04 0. 06 1.23 0.71 0.03 0.61
ZEVE Bt 0.04 0.04 0.94 0.58 0.04 0.29
JAE St 0.04 0.04 0. 88 0.59 0.04 0. 30
3 i SRR H AR | B K MoK RS R

3.1 KIARFEBHE 20 e 4R & SR 1
4G Jm KT TR 15K HEBE
ARNEFNA 245 1) it FH 55 73 42 i3 A A H A8 T 3 vh AR
F, B AR R A A 2SR R XURS:, 52 3 iz ok
FEP L XERFBEE 20T # 4R AR R i B A K
w5, 40 Diiring 2160 3 SR 12
Cd & & K RZ Zn B & T W AL 8B,
Hargrove' ™ & B HHE Mn Fl Zn 1£ HIERZFR,
Fe (1) BRI/, 1M Cu AR RS HHE I LT0C.
AR A FRAE DT KRS L SR & &
FAEREARDL A SEM] , 458 % B, AN [RIBE Ak 0 - 43¢
&k Fe HITH 73 A7 TG 35 52 W, 3% A BB |y T g
Fe F iR, A FBHE T XEY R A L
(853415 SAERIRS T Fe WIS 5200 AN 2 LA S0 + 35
H Fe Fra . 13 Mn #I1H A R G2 BHE T X

FJZ LI Mn A BR  )T R L e B I
VE R AR KR R385 vl i 2 3 BURJZ 1 Mn
L=, T 220 S pF R St ] LAAE— e FEJE
e AR T HE Mn B B SG. SgE  H
J& R A AR DL S W - HE A7 T Y A P A B < A
FIEFRITRROL, — BAFOL T, e 5w 5 b
SR TREE o e AR 2R P 52 BN 2 sl iy i
el ARBEGE T AP Cu, Zn | Ph S RTEA
TR S, A AL B AR )R Cd R
BT TR RINZ KT shxh - e & A
B8 10} 2P I e &/ A SR N R P S S S
KB RADURE . AL . BEBEREIARAE. AR
Wiz 3 Cu, Zn, Pb &2 1R K2R 520
BN Cd 22 Y RE M. KFEXT Cd HLA B0 1 &
SERET), LHErP B Cd 23X R oK A4 o 2 4 )
PR TR B e G 1) e P i AR )
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KRR . AFEBHEZRAET 1A )ZE Cu, Zn,
Pb, Cd SEBICEE 2SR, SRTAMFTEGRA A
6], v AR TR g i R BT AR AR A MR
PSS | 7K Bt N 8 B il 25 1) A [) BT 38, 5 B3
— I IRABIIE.
3.2 KIWIARRBHE I L0+ 4 e A s & &
AL

A RS 4 R AR RS AR R SR T R 4
5 SRR DIARSC, Horh 14 pH A HLOR
e S G R A S R EE N R, ANFEBE)T
O H 4 S A R 8 52 e B H 5 - S R o 7 5C
RUARZ WA, B5 B WE8A AR, W
Edwards 2% KRB, BT 13ER)Z Pb, Co )
AR SERE T EIE, M Cu, As. Ni (ARG S EI
ANZEBHEDT A REIA AR As TCHA S 6% 5 T A1 B
A B LR TR A RS & 2 U BE T2 0 iR 5
EREMLA S Santiago 45 AR bk H R EA
B Mn., Cu, Zn HETEIBE, A% Mn | Cu, Zn 56
A A TE A DG OC R, WA B A R S B 1
RS R A RCGS S BT S R R 2 R pH R
(2R (£} Fergusson[m fRih, DIEESENARCEE
TR RE ST A - AR 5 114 22 SR i .

ARG KA BE I RL Fe, Cu, Zn, Pb Al
Cd ¥JRI R Z = F 2L S oK R4k
Ah AR Mn 1 & Rl 1 2 IR TR, 72 0 ~20em
(22 I K R AVERB MR ZE Fe | Mn M4 R
RS FRHERZE Zn, Pb FI Cd (AR B
FAAR, 18 FOEAE 248 F Fe, Mn G PE#AK, Zn . Ph
TR H Cu WA RS & 2 ZHHE 7 Xy 52
RN, FEAWEZE Fr ) 4 )8 LR, Fe, Mn,
Cu Fl Zn ZFEY) A 5 B R T R |, MR 6 138 3408
TR TG R FARIEANFE bR, 5 A PR 2 A 5%
Fe. F % Mn XA %L Cu J& FARE K, K R4 R &
PR R HEA R Zn JE UK M E 4 SabEEE T
K. MRELEELSEANES pH, AL
it CEC K4 @ B it AT b S5 S =W A
B Fe 5 pH B BEM M LR, SHEIGE DR
F AR AR Mn 5 pH FIA HLITY 24
FTAE LR AR Zn 55 Zn BB F AR
Z,MAX Cu, Pb Fl Cd 544 pH, HHLIE, CEC
FH BRI AR E (F6) , XiESHE
PR J5 U S8 A AR D L A7 B o 2R [ 38 A FH B4 R i)
AR AT 5 X e R A RS

®6 TEESEEAUSLESIEEAMRRESELZENMAXXR(n=15)"

Table 6  Correlation between soil available heavy metals, properties and total heavy metal

HL Fe L Mn F5% Cu HEL Zn FEL Pb FxE Cd
pH -0.703** -0.792** 0. 255 0.503 0. 479 0.326
BT -0.568* -0.680" " -0.219 0. 104 -0.133 0. 123
CEC 0.148 0. 020 -0.229 -0.229 -0.356 0. 461
M Fe 0.114
B Mn 0. 126
M Cu 0.129
B Zn 0. 608 *
HPb -0.381
Bocd 0.282

1) * FIRFE P <0.05 KV LBEFEMIA; + = FRTE P <0.01 KF_EBEHE, TR

3.3 KIAAREBEE T 2R KA i o 45 i 1) 52
WX R VR 7 =0nT DAek s +- 48 pH | A HLIR
Fit, CEC MAEY YR R AE L3 b iy 20 A AR B, 3
SEAR AR AT fE 23 5 e B VR )0k 4 AR A Gao
SFUVRAE 5 e B L, ST DL RRAR N2 R
¥ Cd &&=, Lavado %:34] TEXT BEAE 7 0k /N 22 -
KRG/ EARRAERGEEGRZ WA R, R R
REAAR D Cu &5 BB S T 9B, AR S Zn & &
Wk e bt v TRk, R AR Zn & it 5 11 Zn
BB IEM I E R, Diring 2 Ak BHBE A 1
UM Cd W T R T R

IR AR, N B AR Cd S
FEARCTE. Tiller 287 1 Oliver 2567 90, 5 BH#E
AR L, ST A R Cd & & G B E R, (AR
WG EYXT Cd B, Tt R AT R R S bt 2k 1
THEYIMR R EZ AR AE Cd & & M 3R 0 3R 2
e

ARHFFE KB, BRVE )y SO 4 R A R IEOKRE R
S ERAT B 2. K FEARER Fe, Mn 1% & DA
KRN E R, Zn 5 LR ROEVE B, X AT e
M TR AR = 1R )2 14 Fe . Mn 3G P H M
AR T R R Zn 3SR RTEL, KRB AR ER Cu,
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Pb, Cd & Wz BHE T 2 AR/, A K R
K uBAE A i SR U DR A et AR fE
IR SC R VKRR, 250 fEKRESE S rS £
JZHHE pH, AHUE, CEC, T4 Ja R A RET
AT SET, G5 R I, KRR SR Fe S5 pH
B ERMCKR, SHM Fe B FIEM KK
A M Mn 5 pH EWMBEAM LR, 5F
A Mn AR B EIEA KR, ZEMH Mn 25 pH
ERENOMHLCKER, 55 Mn 2B FEHXLR,
A% Mn SRR Y IE A SE56 5, 25T FIRE K Cu
Fri g pH YRR E AR BEK T Zn &
w5 pH 2R EAMHLEKR, 5 CEC 2B EIEH
KKAR(ET),£HpH MESBAUESEEY
M 7 A X 45 i I A ) e R R R
3.4 KIARFBHE I 00 8 4 @ Ae KR o 1
A

BEE 7 X0 5 4 8 76K RE AR EB-25 0 18] 1 12 B8
A —E s, K AR, BERPE, MER
BRI Cu, Zn, Pb TR R AT B B T M
SEAEF G BEAK A AN R K REAR T & 4w %
SEAEIEAE ) ZEM- 5 8 v 28 B A T A AR A P
SR W S TIRZE MR SRR 0 H L
ARG A KA L, K R AR . ZBAE b, R
BRI R KRR AE Y RGO AR R TG &, 1 R
ZBCE A nzax 3 FEE Al 4 Fe
Mn 375 14 B 8 52 5 RE A% 18 sl K R B A1) X
AR RE— e R 4R m KRR I ZE s i, T
R ESREMZEN TR R, FBOKRRE, &
YEGE . RIVE B T2 Cu, Cd S EEES
TR HER G K KRR S F2EM Zn &5
R TR R K. K&K Fe, Mn,
Cu, Zn B2 ANKDTHEFRICE, =2 5 FHEWHR KL
A ANHIRSE 5 0 SR A S B KM B, K R4 |
ZEAE B RORAE BRI FREK Cu i A i
P (BB HEAL BRA]REK Fe . Mn, Zn S0
FH2ES XA BE S K REXS T R AR, A i A
JLE MM EAERA . Pb, Cd EM AERYAEL T
T, SR sl 20 L 1) 7K ARG FF AL I e 32 ] LAREAIG
YRR FEFE AW 58 H AR . bl &k ab # RS
K Pb F o KBS A bR (GB 2762-
2005) 1 K FREAE | BB TR e BRSOk
K Ph Fri MG T H 22 R0 B 3, R IABRE
FE X BEAR 3 Ph 1) KRR R B2 19 4 FH A B
+8E Cd 1 K RE AR AT RS BE T i, K R AE T

DLBA W REAIG Cd A 25 -tk (8] 19 i 75 R 4L, 3 nT g
SEHTKBRAESM T 13 Fe G MEM B & (F
3), RHOKRERN iz 8 H D, 52l Cd Rk
(TR AR S e oh , A HF 5 A 25y Cd
B A ) R T A AW BFERL, Zn AT LA
Cd 7EF) iz R 10 25 2% fn 32 B, vk 2D H: 1) kR 14 1T
B0 | ARG PR AR S A KR ZE M Zn i
B (R 4) %) Cd FEZEMF-REK A IR R AH —E W
HIER. Bk R4erEsh, e 4 ANAbEERE K Cd &
Y T E KA A RRIE(GB 2762-2005) 1
FRHIK AR AL Cd Ta K B PRAIE £ 5h 22
AR UL,

4 i

(1) A% T AR L KRR K 4K
FAF W 7K Bl R I T 2 R AR A X, 2B R S bk
FURIVE S BF AR T 135 Mn [ F 2SR E
ANEHFHETT LA Fe, Cu, Zn, Pb Fl Cd & 095
GIATIR LS M A B .

(2) KPR AEMER)ZE T4 Fe, Mn A23E B35
PER, Zn, Ph A RUCE B3 T R, W ROTEM R R +
5 Fe . Mn 72800 W 2 FE A%, Zn, Pb A RUE W& T+
. RETHEAM Fe, Mn &85 pH, ALY E
WERAAELER AR Zn 55 Zn 55 E W IEAM

(3) M T FEVE R R 4K K R 1E | 28
YESME SRR T /K AEAR TR Fe . Mn 31,25
i Fe, Mn, Cu, Cd &, fiK Cu A — &R
BEfHE . K RERAERE I B RN Cd AE KR 25 -
K] RS 2R A, o R K Cd &

(4) 13 pH | F 48 AR AR EHE T
S 7K R ) B 4 S MR AT 1Y) e R L IR R
(1] WSOk, RN, SR, % KRR R
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