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2001 ( pH 8.6
OM) (NPK) 8.7 g/kg
Sm 25m 3 1.2
2013 (0~20 20~30 30~
10 000 kg/hm?*( ) 40 cm) 5 2 mm
400 100 200 kg/hm? pH (N P K)
(N [10]
F1 HETRERMRO~20 cm)
Table 1 Basic soil properties at tillage layer (0 — 20 cm)
pH (g/kg) (mg/kg) (mg/kg) (mg/kg)
oM 8.41 18.2 155.26 118.6 159.5
NPK 8.44 14.8 74.63 18.33 93.47
oM NPK
HNO;-HC10,4-HF (EXCH- ) (FeMnOX-
(N P K) ) (0X-
5.00 g 100 ml 100°C ) (RESD
30 min 50 ml v 20%)
200 ml HNO;- [12]
H,0, 1 GSS-1(GBW07401) GSS-2
(DTPA-metal) (BW07402)  GSS-3(GBW07403)
DTPA ( )-CaCl,-TEA( ) 3 +5%
(pH = 7.3) 1:2 (ICP-AES)
BCR (ICP-MS)
#2 BRI EEETHENFHEE@mgky)
Table 2 Heavy metal concentrations in pig manure and phosphate fertilizer
Cr Cu Zn Pb Cd As
63.2 947 987 3.21 0.25 0.60
11.9 14.8 100 55.2 0.39 6.83
( ~ 30%)
1.3 NPK Cr Pb Cd
Excel 2010 SPSS 17.0 Cu Zn
Photoshop 7.0 Duncan (0 ~ 20 cm) As
As
OM NPK
2 (20 ~ 40 cm)
2.1 oM
« 3 ( 2
Cu Zn
3
(Cd As) NPK (0 ~ 20 cm) 13 Cu Zn
100% Cr Pb Cd As
[3-4, 8, 13]
oM
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Table 3 Heavy metal concentrations in soils under a long term fertilization

Cr Cu Zn
(cm) oM NPK oM NPK oM NPK
0~20 58.16 £3.21 aA 52.29+1.26 bB 39.71 £4.31 aA 18.55+1.55 aB 83.26 £4.00 aA  55.87 +3.98 aB
20 ~ 30 60.56 = 0.90 aA 58.42 £1.93 aA 22.45+0.19 bA 18.71 £0.15 aB 76.37+8.39aA 57.71£2.35aB
30 ~ 40 60.56+2.81aA  57.54+244aA  21.80+0.62bA  20.06+3.88aA 61.12+2.96bA 5873 +7.91aA
Pb Cd As
(cm) oM NPK oM NPK oM NPK
0~20 1525+4.49aA  17.15+£3.62aA  0.13£0.0laA  0.14+0.01aA  935+1.14aB  12.01 £1.18aA
20 ~ 30 15.65 £ 4.09 aA 14.01 £ 4.08 aA 0.11 £0.03 aA 0.12 £ 0.04 aA 10.70 = 1.24 aA 10.41 £1.17 aA
30 ~40 17.69 + 3.58 aA 19.35+£2.31 aA 0.12+£0.01 aA 0.09 £ 0.03 aA 11.21 £1.36 aA 8.58 + 1.20 aB
2001 (0 ~ 20 cm) Cu 18.71 mg/kg Zn 53.64 mg/kg Pb 16.21 mg/kg Cd 0.12 mg/kg  As 10.32 mg/kg
(P<0.05)
(P<0.05)
As OM (Cu 100 mg/kg Zn 300mg/kg Pb
NPK (30 ~ 350 mg/kg Cd 0.6 mg/kg As 25 mg/kg)
40 cm) [13]
As Cu Zn
Cu Zn oM
(20 ~ 30 cm) NPK 2.2 DTPA-
As
DTPA-
pH ( 4 Cu Zn As OM
(4] NPK
DTPA-Pb
Cu Zn DTPA Cr Cd
( 3
#4 FEEEBLEENXT LR DTPA-EEE 2 E(me/ke)
Table 4 DTPA-heavy metal concentrations in soils under a long term fertilization
Cr Cu Zn
(cm) oM NPK oM NPK oM NPK
0~20 0.02 £ 0.00 aA 0.02 £ 0.00 aA 8.45+0.75 aA 1.45+0.15aB 11.44 £0.36 aA 3.05+1.31aB
20 ~ 30 0.02 £ 0.00 aA 0.02 £ 0.00 aA 3.05 + 1.08 bA 1.46 £ 0.08 aB 9.32£6.70 aA 3.73+1.75 aA
30 ~40 0.03 +£0.01 aA 0.02 +£0.01 aA 1.88 £ 0.06 cA 1.47 £0.05 aB 10.56 £ 5.41 aA 3.40+1.96 aB
Pb Cd As
(cm) oM NPK oM NPK oM NPK
0~20 130+ 0.07 aB 1.64+0.17 aA 0.04 £ 0.00 aA 0.04 £ 0.00 aA 0.29 +0.03 aA 0.07 £ 0.03 aB
20 ~ 30 0.99 +£0.03 bB 1.28 £0.25 abA 0.02 £ 0.00 bA 0.02+0.01 abA 0.21 £0.03 bA 0.03 £0.00 bB
30 ~40 1.00 £ 0.07 bA 1.16 £ 0.10 bA 0.01 £0.00 bA 0.01 = 0.00 bA 0.05+0.01 cA 0.02 £ 0.00 bB
DTPA ( 3
Cu Zn DTPA
DTPA-Cu  Zn ( 4) DTPA DTPA
Cu oM NPK
[16-17] DTPA Cu
DTPA-Cu
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DTPA-Cu DTPA
( 4 pH Cr Cd
Cr Cd
&1 As OM Cu Zn Pb As
NPK( 3) DTPA As oM
( 4 4 2.3
OM
As
As 318 DTPA Pb
OM NPK
Pb ( 5 1) Cr
(>90%) (D DTPA-Cr
Pb [13,19] Cr
x5 RELEO~20 cm)EEEHS S H(ng/ke)
Table 5 Fraction concentrations of soil heavy metals at tillage layer (0-20 cm)
Cr Cu Zn
OM NPK OM NPK OM NPK
EXCH- 0.15+0.02 dA 0.15+0.05 dA 9.75 £3.34 bA 2.81+0.89 bB 15.01 £0.32 cA 236+ 1.11 cB
FeMnOX- 1.05+0.01 cA 1.06 £0.17 cA 4.84+1.29 cA 2.11 £ 1.19 becB 2593 + 1.39 bA 9.02+2.19bB
OX- 1.82£0.13 bA 1.71 £ 0.12 bA 1.28 £ 0.44 dA 0.88 £0.95 cA 1.82 £0.14 dA 1.29+0.17 cB
RESD- 55.15+£0.16 aA 49.37+0.34 aB 23.84 £2.66 aA 12.76 £2.29 aB 40.50 + 1.85 aA 43.20 +3.47 aA
Pb Cd As
OM NPK oM NPK oM NPK
EXCH- 1.82 £ 0.02 bB 2.16 £ 0.04 bA — — 1.48 £0.10 bA 1.19 £ 0.05 bB
FeMnOX- 7.53 £0.44 aA 8.31 £0.42 aA - - 1.26 £ 0.06 bA 1.15+0.04 bB
OX- 0.79+£0.04 cA 0.74 £0.01 cA - - 0.95+0.03 cA 0.80£0.01 cB
RESD- 5.11 £ 0.61 aA 5.94+0.38 aA - - 8.99 £ 0.29 aB 11.68 £0.20 aA
EXCH- FeMnOX- OX- RESD Cd
O EXCH- B OX- Cu Zn
FeMnOX- O RESD-
100 Cr Zn Pb
- (NPK)
80 o =, Zn
3 m om s0%
= 6 = =l NPK (78%)( 1)
5 . | (5 owm
@ 40 o Cu NPK 11 mg/kg
ﬁ 50% Zn
20 7n
0 . . | . . (12.65 mg/kg 40%) (16.91 mg/kg
OMNPK OMNPK OMNPK OMNPK OMNPK 60%) oM
phrL]
Cu
(EXCH- FeMnOX- OX- DTPA-Cu (4
RESD- )
| HEESEREAH Cu
Fig. 1 Distribution of soil heavy metals in different fractions DTPA-Cu ( 4 DTPA
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(10, 12]
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Impacts of Long-term Livestock Manure Application on Heavy
Metal Accumulation in a Typical Fluvo-aquil Soil

YAN Pei'?, WANG Qingyun'”, ZHANG Jiabao'", XIN Xiuli', ZHANG Congzhi', DENG Xihai'

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 College of Resources and Environment, Anhui
Agricultural University, Hefei 230036, China)

Abstract: An experiment was conducted since 2001 to study the accumulation, fraction change and transfer of heavy
metals in soils under long-term livestock manure application. The treatments of field experiment included OM (pig manure) and
balance-fertilization of chemical fertilizers (NPK). The results showed that over 13 years (2001—2013) of livestock manure
application, Cu and Zn in soils, especially in tillage layer (0-20 cm) significantly accumulated, But in 2013 heavy metal
concentrations (Cu: 38.71 mg/kg; Zn: 83.26 mg/kg) were very low, loading little negative effects on eco-agricultural safety.
Results of sequential extraction showed that Cu, Zn, As concentrations in DTPA-, acid soluble (EXCH-), reducible (FeMnOX-)
and oxidizable (OX-) factions under OM treatment were significantly higher than those in NPK treatment. However, Cr, Pb and
Cd stabilized in soils, was less affected by different fertilizations. The dominant fraction of Cr in soil was residual fraction
(RESD-) (>95%). Most of Cu added by livestock manure was accumulated in RESD- fraction (>50%), while added Zn was easily
accumulated in EXCH- (40%) fraction and in FeMnOX- (60%) fraction. Long-term application of livestock manure is not only
the major source of soil heavy metals, but also significantly affect their fractions through changing soil properties, which are also
important reasons for more metals transferred to deeper soils.

Key words: Heavy metal; Livestock manure; Accumulation; Fraction change; Transfer
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