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1.2
(CK) (HF)
(NPM) 3 (NM1 NM2 NM3)
(LS)
1 (HF)
1.1 3
1
35°12' ~ 35°16'N  107°40" ~
107°42'E 940 ~ 1220 m 50 ~ 80 m “
580 mm 9.1 171d 58”
CK
350 m* HF2704m’> NPM350m’> NM 11998 m
NM21332m* NM3666m> LS999m’
F1 BN XHERKT(keg/hm?)
Table 1 Fertilization levels of monitored areas
CK 0 0 0
HF 100 ~ 150 38.7~90 0
HM 100 ~ 150 38.7~90 65 000
NM 40 ~ 300 38.7 ~ 280 30 000 ~ 80 000
LS 100 ~ 150 38.7~90 0
1.3
0 - 2
10 10~20 20~40 40~60 60~ 100cm 2.1
“w” 2.1.1 cd
5 3~6 Cd (D
1 mm 0.149 mm 0~10 cm CK HF
NPM NM cd 0.162
cd HCI-HNO;-HF-HC10,-H,SO, - 0.165 0.169  0.149 mg/kg NM
Pb HCI-HNO:;- cd 3
HF-HCIO,4 -ICP-AES Cr Ni CK HF NPM 3
HCI-HNO;-HF-HCIO,  -ICP Hg 1:1 10 ~20 cm cd
- As 1:1 0.150 mg/kg CK 0.154 mg/kg
- NPM 0.143 mg/kg
X 1 20 cm
1.4 Cd
20 ~40 cm HF
20] SigmaPlot Cd
12.5 SPSS 16.0 0.192 mg/kg NPM 0.162 mg/kg
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NM 0.153 mg/kg CK Pb 22 mg/kg 2
0.138 mg/kg 40 ~60 cm Cd 20 cm Pb

CK NM HF NPM 0.176 0.163 20 ~40 cm HF NPM
0.145 0.121 mg/kg 60 ~ 100 cm HF CK NM Pb 237 2273 21.37
0.165 mg/kg 3 Cd 21.23 mg/kg 40 ~ 60 cm CK Pb
0.130 mg/kg HF Cd 23.57 mg/kg 3
3 LS Pb 22.50 mg/kg 60 ~ 100 cm
Cd HF Pb 3
Cd 24.87 mg/lkg CK NPM NM
0.154 0.140 0.153 0.126 0.141 mg/kg 0~ Pb 2277 2247
I10cm 20 ~40 cm Cd 21.77 mg/kg 0~20cm
0~ Pb 21.40 mg/kg
100 cm Cd 20 cm Pb
(<0.20 mg/kg) 20.00 mg/kg
Cd 1
LS NPM Cd 0~100 cm Pb
(<35 mg/kg) Pb
CK Cd 2 CK HF NPM
HF Pb
NM NM Pb
Cd LS Pb
Pb
Cd Pb
d it (mg/kg)
oqdlo o012 0114 J016 018 020 bt (mefke)
T T

10~20 f
’g 10~20
ﬂl\H/ 20~40 1 5
H _ D&;/ 20~40}

40~60 - ol

60~100
60~100
1 FEMERLELTIE CdTERELT)

Fig.l Profile distributions of Cd contents under different
fertilization levels

2.1.2 Pb
Pb ( 2
0~10cm HF Pb
22.33 mg/kg CK NPM
21.90 mg/kg NM
Pb 21.43 mg/kg 10 ~20
cm NPM Pb 3

21.17 mg/kg HF NM CK

B2 FERERLELIEPy TEEETWN
Fig. 2 Profile distributions of Pb contents under different
fertilization levels

2.1.3 Cr
Cr
Cr
Cr
« 3 0~10cm
Cr CK HF NPM NM
7793 7697 73.67 67.17 mg/lkg NM
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Cr 33 mg/kg 40 cm Ni
10 cm Cr HF>CK>NPM> HF CK NPM NM
NM 10~20cm 20 ~40 cm 40.1 37.5 363 35.6mg/kg
78.70 76.67 71.87 68.7 mg/kg 0~ 10 cm Ni 30.13 mg/kg
77.33 77.16 758 68.06 mg/kg NM Ni
Cr 40 ~ 60 cm 30.75 mg/kg
Cr 72 ~78 (<40 mg/kg) NM 0~10cm
mg/kg 60 ~ 100 cm CK HF Cr HF 60 ~ 100 cm Ni
84 mg/kg NPM NM Ni
Cr 77 mg/kg LS 4 LS Ni
Cr
67.50 mg/kg NM Ni
65.00 mg/kg 3
0~100 cm Cr Ni
(<90 mg/kg) 3
cr Nifyfit (mg/kg)
o 30 2 34 36 38 4 4
NM Cr 40 cm
3 Cr 60 cm 10~20+ —e_ CK
Cr . —o— HF
E 20~40} v NPM
I —a NM
Crir it (mg/kg) H 40-601 — LS
0102 65 70 75 80 85 9
60~100 |
10~20+ e CK
5 ol ~r 4 FRBELRLR N TEE RN
i - Fig. 4 Profile distributions of Ni contents under different
4 ——NM fertilization levels
40~60 1 ——LS
2.1.5 Hg
60~100+ Hg
(0 ~20 cm) NPM HF NM CK
B3 FEEBLELECr TRSBTW 0.041 0.036 0.032 0.024
Fig.3 Profile distributions of Cr contents under different mg/kg 0~10cm 10 ~20 cm Hg
fertilization levels 20 - 40 cm cK Hg
2.1.4 Ni 0.042 mg/kg HF
Ni ( 4 0~ Hg NPM NM
10 cm NM Ni 0.027 mg/kg 0.023
40.03 mg/kg HF mg/kg 40 ~60 cm Hg
34.97 mg/kg CK NPM HF CK NPM NM Hg
33 mg/kg 10 ~ 20 cm CK HF 0.024 0.020 0.019  0.016 mg/kg 60 ~ 100
NPM Ni NM cm Hg
31.8 mg/kg 20 ~ 40 cm LS Hg
NM Ni 37.6 mg/kg Hg
CK HF 35 mg/kg NPM 0.014 mg/kg
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Hg 0~100 cm As
Hg 11.00 11.17 1097 11.13 10.43 mg/kg
(<0.15 mg/kg) 5 (<15 mg/kg) CK
(0 ~ 20 cm)Hg HF 60 ~ 100 cm NPM 10 ~
10 ~ 20cm 60~ 100 cm As
20 cm 60 cm As
6 CK HF NM As
He it (mg/kg) 0 ~40 cm NPM
0. J010 0015 0020 0.025 0030 0.035 0.040 0.045 40 cm As
As
10~20} LS As
e
2 20~401
5 10 11 12 AS/IE;E (mi{kg) 15 16 17
40~60+ 0~10 + - —a— - - -
60~100} 10~20F
—— CK
5 20-40 - HF
5 TEMMAIETIE He TES BT i DER
Fig. 5 Profile distribution of Hg contents under different H 40~60 M
fertilization levels ——LS
He oH 60~1001
pH 5 pH
Hg** (21-22] 6 AEEALELIE As TERETL
Fig. 6 Profile distribution of As contents under different
pH 1.5 fertilization levels
Hg2+
Hg
2.1.6 As
As
NM As
( 6) 0~10 cm
NPM HF CK NM As
14.67 14.50 13.43 11.53 mg/kg 10 ~
20 cm As 30 em 0 ~ 100 cm Cd Pb Cr Hg
As
HF CK NPM NM 20 ~ 0~10cm HF 60 ~ 100 cm Ni
40 cm As 14.27 13.53 Ni
13.00 11.27 mg/kg 40 ~ 60 cm 14.97 60 ~ 100 cm
14.83 145 103 mgkg 60~ 100 cm 10~20cm 60 ~ 100 cm As
15.83 15.80 1547 10.57 mg/kg
NM As Cd
0~30cm As
CK HF
NPM As
LS As
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2.2 SiO, Al,O4
CaO=Fe,0; K,0=MgO Na,O TiO, P,0s5 MnO
Si0,
95%
O Si Al Fe Si0, ALO;  Fe,Os 1 caO  P,05s
[24]
MnO,
LS
2
Si0, Si0, Al,O4
Al,O4 Ca0O Fe0; K,O=MgO Na,O TiO, P,0s
70% Fe,O; CaO MnO
50 g/kg MgO K,O Na,O Si0,  Al,O; CaO
MnO P,Os
*2 TIET RATREARSRKILER
Table 2 Composition of soil mineral elements and soil weathering indexes
SiO, Fe,0O; MnO TiO,  AlLOs CaO MgO K,O Na,O P,0s
(cm)  (gkg) (gkg) (gkg) (gkg) (gkg) (ghke) (ghkg) (gkg) (gkg) (gkg)
CK 0~10 600.9 50.7 0.9 6.7 127.3 64.9 22.9 25.7 13.7 1.9 4.72 11.84  3.37
10 ~20 601.9 50.6 0.9 6.7 127.1 65.2 22.9 25.4 13.8 1.9 4.74 11.90 3.39
20 ~40 605.3 50.4 0.9 6.7 127.4 62.8 22.7 25.5 13.8 1.7 4.75 12.02 341
40 ~ 60 624.0 51.5 0.9 6.8 131.5 49.2 22.8 26.1 13.5 1.5 4.75 12.11 3.41
60 ~ 100 631.6 54.1 1.0 6.9 136.7 39.5 22.3 26.9 12.7 1.5 4.62 11.67 3.31
HF 0~10 604.3 51.0 0.9 6.7 127.6 63.2 22.8 25.6 13.5 2.1 4.74 11.84  3.38
10 ~20 604.5 50.7 0.9 6.7 127.6 63.3 22.9 25.7 13.7 2.0 4.74 11.92 339
20 ~ 40 612.2 50.3 0.9 6.8 128.1 58.8 22.9 25.6 13.8 1.7 4.78 12.16  3.43
40 ~ 60 635.3 51.9 1.0 6.9 133.2 43.5 22.7 26.4 13.5 1.5 4.77 12.23 3.43
60 ~ 100 635.0 54.8 1.0 6.9 138.6 36.4 22.2 27.1 12.5 1.4 4.58 11.59  3.28
NPM 0~10 605.3 50.4 0.9 6.7 127.5 61.3 22.9 25.5 13.8 1.9 4.75 12.00 3.40
10 ~20 614.6 51.3 0.9 6.7 130.3 54.3 22.6 25.8 13.5 1.7 4.72 11.99  3.38
20 ~ 40 607.2 50.5 0.9 6.7 127.8 61.2 22.9 25.6 13.7 1.7 4.75 12.02  3.40
40 ~ 60 629.6 51.7 0.9 6.8 132.8 43.5 22.8 26.2 13.5 1.5 474  12.17 3.41
60 ~ 100 627.9 54.4 1.0 6.9 137.2 39.1 22.4 26.9 12.6 1.5 4.58 11.54 3.28
NM 0~10 604.6 49.4 0.9 6.6 124.6 65.6 22.7 253 14.1 1.9 4.85 12.24  3.47
10~ 20 601.5 49.9 0.9 6.7 125.0 67.0 22.8 25.4 13.9 2.0 4.81 12.06 3.44
20 ~ 40 604.9 49.1 0.9 6.6 124.3 65.4 22.7 24.9 14.2 1.8 4.87 1233  3.49
40 ~ 60 634.7 50.9 0.9 6.8 129.6 48.4 22.6 25.9 13.9 1.6 490 1246 3.52
60 ~ 100 629.5 53.9 1.0 6.8 134.8 43.5 222 26.7 12.8 1.6 4.67 11.68 3.34
LS 0~10 563.4 48.5 0.8 6.5 118.6 94.7 23.4 23.1 14.1 1.7 4.75 11.62  3.37
10~ 20 559.6 48.6 0.8 6.5 118.5 96.6 23.4 22.9 13.9 1.5 4.72 11.51 3.35
20 ~ 40 560.7 48.7 0.8 6.6 118.7 97.2 23.6 22.9 13.9 1.5 472 11.52  3.35
40 ~ 60 560.0 49.6 0.8 6.6 119.1 98.6 23.7 23.1 13.7 1.4 4.70 11.29 332
60 ~ 100 561.1 49.5 0.9 6.5 119.3 97.6 23.9 23.2 13.7 1.4 4.70 11.34 332
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(Sa) (59 (Saf)
(Sa)
(S) (Saf)
45~49 113~125 32~
3.5 (Saf)
Si0,/ R,03>2
3
1)
CK
Cd Pb
Cr Ni As
HF Pb Cr Ni
NPM Cd
Pb Cr Ni As NM
Cd Cr Ni Hg
LS Cd
Pb
20 cm Cr Ni Hg
As
2) Si0,
ALO; CaO Fe,0;
Si0, Al,0; CaO=Fe,0; K,0=MgO Na,O

TlOz P205 MnO Fez()}
CaO PQOS NazO

(Sa) (Sf) (Saf)
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On Profile Distributions of Heavy Metals and Mineral Elements in
Farmlands in Gully Area of Loess Plateau

XU Na" %3 DANG Tinghui®"

(1 Shaanxi Provincial Land Engineering Construction Group Co., Ltd. Xi’an 710075, China; 2 Institute of Land Engineering &
Technology, Shaanxi Land Construction Group Co., Ltd., Xi’an 710075, China; 3 Institute of Soil and Water Conservation,
Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Abstract: In this paper, in order to assess soil health and soil properties in local farmlands, the profile distribution
characteristics of heavy metal and mineral element contents in soil of dry farmlands in the gully area of the Loess Plateau were
studied. The monitored area included two kinds of soils: black loessial soil and loessial soil. The black loessial soil locates on the
table-land terrain. No fertilizer monitoring area (CK), chemical fertilizer monitoring area (HF), inorganic and organic fertilizer
monitoring area (NPM) and farmland monitoring area (NM) were set up according to fertilizer management. The loessial soil
locates on the terrace, and the fertilization management was the same as HF. For the black loessial soil, the results showed that the
contents of Cd in top layer and middle layers were higher than that of bottom layer; the contents of Pb, Cr, Ni and As were
increased with the increase of depth in CK treatment. The concentrations of Pb, Cr and Ni in HF treatment were accumulated in
the profile bottom. The content of Cd was decreased with the increase of depth in NPM treatment, and the contents of Pb, Cr, Ni
and As were accumulated in the deep layers. For NM treatment, Cd and Cr were higher in the bottom profile, while Ni and Hg
were higher in top layer. For loessial soil, the content of Cd was higher in top layer and the middle layers. The contents of Cr, Ni,
Hg and As changed little in the profile and the contents of heavy metals in this soil were lower than those in the black loessial soil.
The contents of Cd, Pb, Cr and Hg in 0—100 cm soil profile of each fertilization monitored area were not exceed the values of the
1*" grade standard of soil environment quality, but the contents of As in 60-100 cm layer in CK monitored area and HF monitored
area, 10-20 cm and 60-100 cm layers in NPM monitored area were exceeded the standard value. For NM monitored area, the
content of Cd was slightly higher than those of other fertilization monitored areas, and the other heavy metal elements were
relatively low. It indicated that the current fertilization in the study area does not cause soil heavy metal pollution and soil health
status was well. The profile distributions of heavy metal contents in loessial soil were all smaller than the 1st grade standard of
soil environment quality, and soil health was well too. The total mineral content of soil in this study area were in order of
Si0,>A1,0;>Ca0~Fe,0;>K,0=Mg0>Na,0>Ti0,>P,0s>MnO. Soil weathering indexes indicated that soils in the study area
were developed maturely and had good tillage.

Key words: Fertilization monitoring; Farmland management; Heavy metals; Total mineral content
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