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( 114°24’ 35° 00" 615 (
mm 7 8 ) 4500 kg/hm?( )
1 875.0 mm -
13.9 3 000 ~ 5 000 m*/hm*
0~34cm 34 ~90 cm
P0om h £1 HBMAAEY
1989 7 OM( Table 1  Fertilizer rates of experimental plots
)  OM-+NPK( ) NPK
NP PK NK CK( ) 4 (N, kg/hm?)  (P,0s, kg/hm’)  (K,0, kg/hm®)
47.5 m*7 OM-+NPK %0 7 130
NPK NP NK 60 0 0
60 60 150
PK oM 90 0 0
4 (10 )
100 : 40 : 45 (0 ~ 20 cm) 9
NPK 3 (0~20 20~40 40~60cm)
(D (N)300 (2009 ) 2 2009—2010
kg/hm’ (P,05)135 kg/hm® (K,0)300 1 4
kg/hm® NPK 24 h
F2 KERELTIEO~20 cm)E KRB IR (2009 )
Table 2 Basic physicochemical properties of top-layer soils (0-20 cm) in 2009
pH
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
OM 8.21b 9.83a 1331a 0.642 b 17.3 cd 3481 a 1238 b 141.6 ¢
OM+NPK 8.25b 7.65b 1.023 b 0.636 b 1790 2430 b 9.61 ¢ 120.2d
NPK 8.30 ab 515¢ 0.678 ¢ 0.619b 17.4 bed 20.25 be 6.70d 125.5d
NP 8.32 ab 4.86 ¢ 0.708 ¢ 0.627 b 17.5 be 19.75 be 7.16d 4721
PK 8.50 a 3.70d 0.553d 0.737 a 185a 14.05 cd 20.19 a 2758 b
NK 8.46 a 3.47d 0.538 de 0.449 ¢ 16.8d 23.54b 1.12¢ 301.9a
CK 8.53a 3.39d 0.517 ¢ 0.461 ¢ 17.7 be 12.66 d 1.10e 613¢
P 0.05 (n=4)
1.2 100 2h 100 ml
(18] pH Hg (high pressure
2511 (AN) ashing, HPA)®" 030 g
(AP) (AK) (PTFE) (30 ml) 8 ml (HNO;)
(TP) - 12h 3 ml H,0,
(TK) NaOH - (50 ) (150 )
5h
Hg 100 120 2 ml 10 ml
025g 25ml 1:1 10 ml Hg 10 ml I ml
100 2 h [19] (HNO») 0.5h
Hg 5.00¢g 100 ml GSS-1(GBW07401) GSS-2(GBW07402)
20 ml a:n GSS-3(GBW07403) GSV-3
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(GBW07604) 3 1989—1999 Hg
Hg (AF-610D2 ( 3)
) Hg
20 70
1.3 Hg 2002
SPSS 17.0(P<0.05) 199 Hg
Hg
2 (1989—1999 )  Hg
2.1
(0~20 cm)
Hg
3 1989 e
—1999 Hg Hg (275.01 pg/kg)
1999—2009 (2.10 pg/kg) (3.47 ng/kg)
He Hg ( 3~4)
NK CK Hg (1999—2009
R 3 FRIAELED Hg B2 2(ng/ke)
Table 3 Hg contents in soils of different treatments
(cm) OM OM+NPK NPK NP PK NK CK
0~20 1989 20.55 Ba 24.55 Ca 19.80 Ba 26.05 Da 26.05 Ba 25.05 ABa 18.80 BCa
1994 42.05 Aa 40.05ABCa  32.88 ABa 36.05 BCa 51.80 Aa 35.30 Aa 35.06 ABa
1999 38.80 Aab 54.30 Aa 50.05 Aa 46.05 Aab 50.55 Aa 31.55 Aa 40.05 Aab
2004 24.55 Bb 45.30 ABCa 4530 Aa 43.55 ABa 40.08 ABa 25.05ABb  23.30 ABCb
2009 23.80 Bb 30.55 Bab 39.30 Aa 32.55CDab  35.30 ABab 10.80 Be 10.30 Cc
20 ~ 40 1989 29.55 Ba 30.05 Ba 27.80 Ba 26.05 Ca 28.80 Ba 21.05 Ba 21.55Ca
1999 44.830 ABab  39.55 ABabc 45.80 Ba 45.05 Bab 31.80 Bbe 29.30 ABc 34.80 Babc
2009 60.03 Aab 58.03 Aab 65.95 Aa 55.70 Aab 63.35 Aab 42.03 Ab 59.03 Aab
40 ~ 60 1989 46.80 Aa 48.30 Aa 52.05 Aa 40.80 Aa 51.30 Aa 49.55 Aa 54.55 Aa
1999 52.05 Aa 49.05 Aa 50.05 Aa 50.55 Aa 46.55 Aa 37.30 Aa 39.80 Aa
2009 41.03 Aa 49.95 Aa 40.45 Aa 43.20 Aa 53.70 Aa 47.45 Aa 49.20 Aa
0~60 1989 32.30 Aa 34.30 Ba 33.22Ba 30.970 Ba 35.384 Ba 31.88 Aa 31.63 Ba
1999 4522 Aa 47.63 Aa 48.63 Aa 4722 Aa 42.97 ABa 32.72 Ab 38.22 ABab
2009 41.62 Aabc 46.18 Aab 48.57 Aab 43.82 Aab 50.78 Aa 33.43 Ac 39.51 Abc
P 0.05 (n=4) P<0.05 (n=
4)
F4 1989—2009 F£ZALE 1B Hg BN & (g/hm?)
Table 4 Input-output balance of soil Hg from 1989 to 2009 in different treatments
oM O+NPK NPK NP PK NK CK
1.51 2.97 4.43 4.39 4.41 0.07 0.00
5.60 5.60 5.60 5.60 5.60 5.60 5.60
3.55 4.19 5.10 422 0.85 0.65 0.79
3.55 4.38 4.94 5.78 9.15 5.02 4.81

Hg

1.35 216.00 2.01

74.93 mg/hm?
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) Hg Hg
OM+NPK NPK NP PK Hg
2009 [13-14, 22]
NK CK « 3
Hg Hg
2.2
Hg 1989 Hg
Hg (0 ~ 20 cm) (20 ~ 40 cm)
( 4 Hg (40 ~ 60 cm)
Hg
[3] ( 3 5)
Hg Hg
9. 11-12] 20 ( 3) 1989—1999
Hg 3) Hg 10
Hg Hg 1999—2009 Hg
Hg
2.9%
Hg (1112, 21] Hg ( 5 1989—1999
Hg 10 CS/CF(
Hg / Hg )
Hg 1999—2009
Hg Hg Hg Hg CS/CF Hg
Hg ) Hg
Hg Hg”" Hg’ Hg Hg
Hg
pH Hg
*5 ARLES Hg BLLE
Table 5 Hg partitions in different soil layers of different treatments
oM OM+NPK NPK NP PK NK CK
CS/CF 1989 1.90 Aa 1.28 ABa 1.40 ABa 1.00 Ba 1.20 ABa 0.92 Ba 1.26 Ba
1999 1.15 Aa 0.77 Bab 0.93 Bab 1.01 Bab 0.65 Bb 0.65 Bab 0.91 Bab
2009 2.82 Abc 1.89 Ac 1.77 Ac 1.76 Ac 1.82 Ac 4.28 Aab 5.35 Aa
CT/CS 1989 1.19 Aa 1.79 Aa 2.15 Aa 1.75 Aa 1.96 Aa 2.52 Aa 2.56 Aa
1999 1.15 Ba 1.22 Aa 1.16 ABa 1.12 ABa 1.48 ABa 1.35 ABa 1.16 Ba
2009 0.72 Ba 1.05 Aa 0.64 Ba 0.79 Ba 0.86 Ba 1.20 Ba 0.83 Ba
CF 0~20cm Hg CS 20 ~40 cm Hg CT 40 ~ 60 cm Hg
Hg 0~34cm
34 cm
3) Hg 16l Hg
CT/CS ( Hg / Hg
) Hg Hg
« 3 Hg Hg
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PK Hg
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6 LI Hg MEBETIFMN
Table 6 Single-factor evaluation of soil Hg
(cm) OM NPK CK
C/C, Ci/C, C/C, Ci/C, C/C, Ci/C,
0~20 1989 0.44+0.13 0.04 +£0.01 0.42£0.02 0.04 +0.00 0.40+0.13 0.04 +£0.01
1994 0.89 £0.08 0.08 £0.01 0.70£0.31 0.07 £0.03 0.75+0.39 0.07 £0.04
1999 0.83+0.11 0.08 £0.01 1.06 £ 0.06 0.10+0.01 0.85+0.20 0.08 £0.02
2004 0.52 £0.09 0.05+0.01 0.96 £0.17 0.09 £0.02 0.50+0.17 0.05 +£0.02
2009 0.51 +£0.18 0.05+0.02 0.84 £0.25 0.08 £0.02 0.21 £0.10 0.02 +£0.01
20 ~ 40 1989 0.63 £0.29 0.06 = 0.03 0.59+0.21 0.06 = 0.02 0.46 £0.07 0.04 +£0.01
1999 0.95+0.19 0.09 +£0.02 0.97 £0.22 0.09 +£0.02 0.74 £0.08 0.12 £0.00
2009 1.28 £0.36 0.12 +£0.03 1.40 £0.27 0.13+£0.03 1.26 £ 0.05 0.12 £0.00
40 ~ 60 1989 1.00£0.10 0.09+£0.10 1.11 £0.31 0.10+0.03 1.16 £0.35 0.11 £0.03
1999 1.11 £0.29 0.10£0.03 1.06 £0.23 0.10 £0.02 0.85+0.04 0.08 £ 0.00
2009 0.87+£0.12 0.08 £0.10 0.86 £0.14 0.08 £0.01 1.05+0.23 0.10 £0.02
G Hg (0N Hg (0.047 £ 0.0521 mg/Kg) C, Hg
(0.5 mg/kg)
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Chemosphere,

Long-term Fertilization Impacts on Hg in A Typical Fluvo-aquil Soil

WANG Qing-yun'?, ZHANG Jia-bao'", ZHAO Bing-zi', DENG Xi-hai', XIN Xiu-li',
CHEN Ji*, QIN Sheng-wu'
(1 State Experimental Station of Agro-Ecosystem in Fengqiu, State Key Laboratory of Sustainable Agriculture (Institute of Soil
Science, Chinese Academy of Sciences), Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing
100049, China; 3 Suzhou Agrifood Testing and Environment Monitoring Station, Suzhou, Jiangsu 215011, China)

Abstract: This experiment was conducted since 1989 to study soil Hg balance and transfer with soil depth under the

influence of long-term fertilization. Hg contents of surface soils in different treatments increased first and then decreased, in an

order of NPK=NP=PK=OM+NPK (Half organic fertilizer + Half chemical fertilizer) > OM (Organic fertilizer) >NK=CK

(Control, no fertilization). Hg contents in some treatments were higher than the background value due to the use of phosphate

fertilizer. Hg content in soil depth (0—40 cm) was affected more by long-term different fertilization than the underlying soil

(40-60 cm). Hg transferred downwards mainly in soil and accumulated in subsurface soils (20-40 cm) continually, which may

hide the ecological risk of Hg. Hg content in soil was mainly affected by phosphate and organic matter fertilizers as well as

irrigation water, but less affected by nitrogenous or potassium fertilizers, and the use of phosphorus fertilizer was the major

reason which caused the accumulation of Hg in soil.

Key words: Hg, Long-term Fertilization, Accumulation, Transfer



