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Fig. 1 Distribution of soil sampling sites in Xuzhou, Jiangsu
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Table 1 Descriptive statistics of contents of soil nutrients and heavy metal elements in farmlands of Xuzhou, Jiangsu

F# 43 Nutrients

TN" TP K ANY AP AK®’ B Mo Mn

Gt S
Statistical parameter
(gkg™) (gkg") (gkg’)  (mgkg') (mgkg') (mgkg') (mgke') (mgke') (mgkg")

RE S B Samples 9120 9016 9138 9119 8791 9011 8924 8 731 8 666
Fe/IMBEMin 0.14 0.18 4.7 4.44 0.29 18.64 0.62 0.25 140.9
T FMid 1.59 1.18 18.67 132 31 180 51.6 0.61 629
Fe KA Max 5.98 7.66 37.34 702.7 532 1729 262 19.8 6 500
HJ{H Mean 1.65 1.21 19.05 137.7 40.72 206.7 54.03 0.71 714.8
FRifE2SD 0.5 0.44 2.39 52.15 36.02 111.3 14.02 0.48 326.4
5 RECY 0.3 0.36 0.13 0.38 0.88 0.54 0.26 0.68 0.46
1 i Skewness 0.05 1.53 0.81 2.81 0.17 2.25 0.95 3.04 1.84
I JE Kurtosis 3.48 4.08 3.57 2.73 3.55 4.39 3.55 2.97 5.18
Al T Y 0.64 0.52 18.6 — — — 47.8 2 583

Mean of China

T3 - e 44 (H 1.24 0.78 18.1 — — — 55.5 0.52 629

Mean of Jiangsu

4> JE St E Heavy metal elements

SR

Statistical parameter

As Cd Cr Cu Hg Ni Ph Zn

(mgkeg') (mgkg') (mgkg') (mgkeg') (mgke') (mgkg') (mgkg') (mgkg')

FE B Samples 8 985 9 134 9169 9 041 8 783 9178 9010 9118
e/IME Min 2.52 0.06 9.5 8.2 0.008 7.7 7.2 7
P EeMid 11 0.2 69.8 25.4 0.039 30.7 25.8 70.4
% KAl Max 173 1.48 391 686 0.87 380.7 256.4 1098
¥ {E Mean 11.99 0.21 72 27.2 0.045 32.5 26.6 73.7
FRifE2:SD 4.46 0.07 12.04 12.96 0.03 8.82 6.82 21.35
s ZHCV 0.37 0.35 0.17 0.48 0.66 0.27 0.26 0.29
i JE Skewness 0.52 4.51 3.23 2.11 1.39 0.73 0.95 3.59
U4 )% Kurtosis 3.34 2.69 3.48 4.05 3.12 1.57 4.01 2.22
A T Y 11.2 0.1 61 22.6 0.07 26.9 26 74.2

Mean of China
VLI T3V 9.07 0.14 74.8 25 0.05 31.4 25.5 69
Mean of Jiangsu
TR 437 55 10.4 0.14 70.4 25 0.036 30.5 23.8 64.7

Background value of

Xuzhou

E: 1) 2, 2) 2%, 3) 2, 4) A, 5) A%, 6) MR VLR RHOTIE L PR 1 SE B R IR b E b TR A

JAETLIRE NRBUN AR V4 M A Ak & o =" FoREBE. T RINote: 1) Total nitrogen, 2) Total phosphorus,

3) Total potassium, 4) Alkaline nitrogen, 5) Available phosphorus, 6) Available potassium. Data about means of the soils in Jiangsu and

soil background value of Xuzhou are cited from the cooperation project between China Geological Survey Bureau and Government of Jiangsu

Province “Ecological and Geochemical Survey of Jiangsu Province” . “—” means no data. The same below
2 y g
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Table 2 Grading and area statistics of soil nutrient contents in farmlands of Xuzhou, Jiangsu

FE e rhg iz =
Rich Less rich Moderate Less deficient Deficient
a1 L A6l L A4l L 4] L. 1]
i ol i i i
Ratio Ratio Ratio Ratio Ratio
Content Content Content Content Content
(%) (%) (%) (%) (%)
TN >2 12.72 >1.5~2 47.99 >1~1.5 36.71 >0.75~1 1.4 <0.75 1.19
TP > 1 70.37 >0.8~1 18.62 >0.6~0.8 9.16 >0.4~0.6 1.03 <04 0.84
TK >25 0.38 >20~25 23.8 >15~20 74.06 >10~15 1.01 <10 0.75
AN >150 30.37 > 120~ 150 33.88 >90~ 120 27.68 > 60 ~90 6.3 <60 1.77
AP > 40 40.05 >20~40 44.33 >10~20 11.97 >5~10 1.73 <5 1.92
AK  >200 43.63 > 150 ~ 200 30.86 > 100 ~ 150 18.79 > 50~ 100 5.17 <50 1.55
B > 65 13.57 >55~65 20.7 >45~55 54 >30~45 10.79 <30 0.94
Mo >0.85 14.66 >0.65~0.85 21.1 >0.55~0.65 28.14 >0.45~0.55 30.21 <0.45 5.89
Mn  >700 35.63 > 600 ~ 700 20.3 > 500 ~ 600 30.92 > 375~ 500 9.53 <375 3.62

. TN, TP, TKé\ﬁi{\L]ﬂﬂg kgil, ,\1ﬁﬁ§é\ﬁ$1\‘7jﬂmg kg’lC FA] Note: The unit for TN, TP and TK is g kgil , and for all
the others mg kg™". The same below

R IFHMNRELRESRBTRSEN RS LLAIFKIT

Table 3 Grading and area statistics of soil heavy metal elements contents in farmlands of Xuzhou, Jiangsu

T I TR TR BT oY gL JU G Y
Clean Less clean Light polluted Moderate polluted Heavy polluted
L il L 451l NS FEEC LBl L il L 15l
W2 HE 5L ) W2 HE 5L ) : ) N2 85K i N2 85K )
Ratio Ratio Nemerow Ratio Ratio Ratio
Nemerow index Nemerow index Nemerow index Nemerow index
(%) (%) index (%) (%) (%)
As 94.66 5.16 0.16 0.02 0.01
Cd 97.44 2.39 0.16 0.01 0
Cr 99.96 0.03 0 0 0
Cu 99.34 0.52 0.13 0.01 0
P<0.7 0.7<P<1.0 1.0<P<2.0 2.0<P<40 P>40
Hg 99.99 0.01 0.01 0 0
Ni 77.32 21.58 1.11 0.01 0
Ph 99.80 0.15 0.04 0 0
Zn 99.97 0.037 0 0 0
brdE (P>1.0) My HIEFUE2 000 km?, 7T TH R O FR AR, TN, TP, TK,
4 JRIu R, (H@RREWUN1.12%, AN, AP, AKE & AYAS B340 KTl & B8
23 BHMKELESERNZES S B XA A AEE S X VAL . PU R AR, S

XA A SRS R s RIETR ST Bt R I A AR JE IR A TN TP, TKE Y
BT, e RN1.5%, 15%. 25%. 75% . SR EI S, MAN, AP, AKS 5972 [0 431
95% . 98.5%VE RN EARIE, & LTRSS | MXTENM; B RS M XA AR X AR
(423 18] 43 A A 7R o APEREH, & R BAK A X A A ZE T Moty
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IS ity

{5

RE. A Legend 133094 17.7 103 17.3 131 455 0.51 524
» = 6 1.18 0.82 17.09 88.4 12.9 108 42.7 0.47 491

£ <
(Zn) LN 0.66 0.53 14.88 36.8 4.6 60.9 342 0.38 404

1.9 1.38 202 165 48.7 249 584 0.73 761 13.3 0.25 77.9 30.1 0.048 36.8 29.4 83.1

9.4 0.16 64.121.4 0.031 26.6 22.3 60.8
8.7 0.15 61.6 19.8 0.027 25 209 56.5
6.6 0.1 549 14.60.01820.217.7 45

e F/NE A XA EERL X Note: The blank area in each figure represents the built—up area of Xuzhou
B2 TR BN A - S 5R o0 i E < Ja DG 3R 5 i 2 () 20 Af

Fig. 2 Spatial distribution of soil nutrient contents and heavy metal element contents in farmlands of Xuzhou, Jiangsu
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24 FRTEXBETEIEER
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Table 4 Statistics of soil nutrient contents and heavy metal element contents in soils of Xuzhou, Jiangsu relative to soil type

e vl FEA KL TN TP TK AN AP AK B Mo Mn

Soil type Samples (gkg') (gkeg') (gkg') (mgkg') (mgkg') (mgkg') (mgke') (mgke') (mgkg")
&>+ Blow sandy soil 201 1.19 1.34 18.52 96.17 25.75 138.5 47.63 0.6 483
b+ Sandy soil 1132 1.53 1.39 18.62 119.2 34.07 167.8 51.22 0.61 541
&+ Mixed soil 1980 1.71 1.39 19.33 139.4 38.18 206.2 50.82 0.72 593
IR ESilt soil 1553 1.99 1.24 21.62 154.3 39.25 301.3 47.68 0.95 769
P 1= Alkaline soil 238 1.5 1.27 17.87 121.1 29.83 120 51.96 0.47 499
M 1 Saline soil 1178 1.58 1.33 18.39 132.9 33.41 155.1 51.01 0.64 530
i 4 44 1.87 1.79 18.58 176.4 63.33 177.5 51.25 0.51 555

Brown alluvial soil

Wt 99 2.22 1.16 23.41 184 37.86 369.1 44.72 1.04 846

Lacustrine yellow soil

i 5B+ Mound black soil 248 1.62 1.08 16.34 146.2 62.45 225.6 52.87 0.7 1264
1A £ Hill silt soil 985 1.55 0.96 17.57 141.2 55.47 197.6 62.99 0.65 905
11# - Hill yellow soil 612 1.42 0.89 18.06 133.2 50.03 188.1 67.24 0.67 1004
2T+ Hill red soil 269 1.4 0.87 18.62 125.7 43.09 198.5 63.83 0.59 831
4 # 1 Golden soil 140 1.42 0.84 17.45 160.3 64.44 211.5 62.09 0.57 828
[ 1 Albic Brown soil 97 1.42 0.79 15.98 157.2 49.68 174.1 58.15 0.64 952
TR AT+ Gravelly soil 349 1.55 0.89 19.8 131.3 34.79 209.6 66.92 0.71 843
+ e FEAEL As cd Cr Cu Hg Ni Pb Zn
Soil type Samples (mgkg™) (mgkg"') (mgkg') (mgkg') (mgkg') (mgkg') (mgkg') (mgkg")
K £ Blow sandy soil 201 8.1 0.17 63.4 20.8 0.036 23.3 21.8 61.2
b +-Sandy soil 1132 9.85 0.2 65 23.7 0.043 27.6 23.1 70.5
P4t Mixed soil 1980 11.42 0.23 68.3 26.3 0.048 31.3 24.9 76.7
it 1 Silt soil 1553 15.96 0.29 80.9 33.3 0.046 40.8 28.6 91.2
B 1 Alkaline soil 238 9.26 0.17 61.3 19.3 0.035 24.9 20.8 60
£k +-Saline soil 1178 9.89 0.2 64.3 22.2 0.043 27.6 22.6 66.9
B 4 44 9.99 0.19 67.3 25.5 0.055 28.1 24.9 79.9

Brown alluvial soil

W 1 99 18.74 0.32 89.7 37.7 0.047 46.8 30.6 99.8

Lacustrine yellow soil

i<} & +-Mound black soil 248 12.85 0.21 80.2 36 0.05 38.2 33.6 80.1

192 2 Hill silt soil 985 11.97 0.18 75 28.1 0.045 33.1 30.3 67.2

1118 £ Hill yellow soil 612 12.49 0.17 77.8 27.9 0.042 33.4 31.8 65.5

IIZL - Hill red soil 269 11.32 0.17 75.1 24.8 0.037 31.4 28.1 63.7

4% 1+ Golden soil 140 11.02 0.15 74.4 25 0.036 30.8 28.1 60.6

1 1= Albic Brown soil 97 11.41 0.13 73.9 28.8 0.038 31 29.7 52.3
A L Gravelly soil 349 12.64 0.2 80.3 31.1 0.046 34.9 29.4 72

. B IGESEGOHE NEEAYIE,. FlANote: The statistical values in the table above are means of the samples. The same below
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213.85 mg kg™, 5l TR H25.50% . 8.62% .
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4.13%. 1.91%. 23.50% . 15.36%; P+
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Table 5 Statistics of soil nutrient contents and heavy metal element contents in the soils of Xuzhou, Jiangsu relative to type of farmland

2 REAEL TN TP TK AN AP AK B Mo Mn
Type of farmlands Samples (gkg') (gkeg') (gkg') (mgkg') (mgkg') (mgke') (mgkg') (mgkg') (mgkg")
[7El Hb Garden 451 1.38 1.21 19.37 118.6 33.6 185.4 54.3 0.62 644
FHbDryland 4789 1.49 1.16 18.49 132.3 41.74 201.8 57 0.72 793
7K H Paddy 3667 1.87 1.26 19.74 146.5 38.54 213.9 50 0.7 621
2% FEAEL As Cd Cr Cu Hg Ni Ph Zn
Type of farmlands Samples (mgkg') (mgkg') (mgkg') (mgkg') (mgkg') (mgkeg') (mgke') (mgke')
[7El i Garden 451 11.28 0.18 70.1 28.9 0.043 30.2 24.8 69.8
FHDryland 4789 11.95 0.2 72 26.9 0.043 31.9 27.4 70.7
7J(BE]Paddy 3667 12.09 0.24 71.9 27 0.046 33.3 25.6 77.2
3 i e AW INGE , FARB A ERRLE i, izl

R AR B IR 5, = TR &
SRR, R AR AR LI RO 32, SRR
i) iz B AR, BHED L I&A, BHEREEE S
BAR, AHTLERDEE. LHEE 24
K, BEE A B KRR K, AR IR IR

PR FSE R, i AR P AR 2R gk T 1 R
T, AHT R PR A RS e, fe i i
TRy S 2D RN M X 3R B /)
E-3NI/ i I 5 SR B N X (/DO R B LT &
FAXTER, A< - S b 1 BT AR ARG RO, A
EEEA . BRARX AR . R, WS IR e
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Contents and Distribution of Soil Nutrients and Heavy Metal Elements in
Farmlands of Xuzhou

WANG Yujun" > OU Minghao'’
(1 College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China )

(2 Geological Survey of Jiangsu Province, Key Laboratory of Earth Fissures Geological Disaster, Ministry of Land and

Resources, Nanjing 210018, China )

Abstract [ Objective] Xuzhou is a city with economy based mainly on traditional agriculture and
mining. In order to get to know soil fertility and pollution of the farmland soil of the city and provide references
for fertilization, pollution control and agricultural layout in the region, a total of 9 232 soil samples were
collected from plough layers of the farmlands in Xuzhou for analysis of 17 indices, including total nitrogen

(TN ) , total phosphorus (TP ) , total potassium (TK) , alkalyzable nitrogen ( AN) , available
phosphorus ( AP ) , readily available potassium ( AK) , B, Mo, Mn and heavy metal elements, such
as As, Cd, Cr, Cu, Hg, Ni, Pb and Zn. [Method] TN was measured with the volumetric method;
TP, TK, Mn, Cr, Cu, Ni, Pb and Zn, with the x-ray fluorescent spectroscopy; Mo and Cd, with the
inductively coupled plasma mass spectrometry; As and Hg, with the atomic fluorescence spectrometry; B,
with the emission spectrometry; AN, with the sodium hydroxide solution diffusion-volumetric method; AK,
with the ammonium acetate solution leaching-atomic absorption spectrometry; and AP, with the ammonium
bifluoride and hydrochloride leaching-inductively coupled plasma atomic emission spectrometry in acid soils
and with the sodium bicarbonate solution leaching-spectrophotometry in alkaline soils. Descriptive statistics
was performed with the helo of the IBM Statistics SPSS 20.0 software and Kriging interpolation, spatial
analysis and geo-statistics with the aid of the ESRI ArcGIS 9.3. Soil nutrient contents were graded according
to DZ/T 0295-2016 and soil heavy metal contents, using the Nemerow index. [Result] The descriptive
statistics showed that the average contents of soil nutrients in Xuzhou were higher than those in Jiangsu and
China, while the average contents of heavy metal elements were higher than those in Jiangsu and China,
and than the background values of Xuzhou, too. The variation coefficients of AP, AK, Mo and Hg were
higher than those of the other elements, which indicated high variability between soil samples. Over 80%
of the farmlands were rated as moderate or higher in soil nutrient content, while over 99% of the farmlands
were sorted into the category of clean or safe soils. Farmlands lightly polluted by As, Cd, Cu or Ni were
very limited in area. The higher soil nutrient contents may be attributed to long-term farming cultivation and
application of organic manure, meanwhile, the higher heavy metal contents may come from mining and
smelting of coal, iron and copper and relevant industries, as well, like thermal power. All the soil indices
exhibited significant characteristics in spatial distribution and their spatial correlations with soil types and
farmland types. Spatial distributions of TN, TP, TK, AN, AP and AK contents were apparently quite
similar, but those of AN, AP and AK varied sharply, while those of B, Mo and Mn did even more. The
distribution of heavy metal elements in farmland soils exhibited a declining trend from north to south. The
sharp spatial variation of soils in composition was mainly related to soil type and farmland type. Soils derived
from lacustrine sediments were higher than those from hill slope sediments and from river alluvium in nutrient

content and heavy metals content, and paddy soils higher than dryland soils and garden soils, too. Besides,
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landform was also an important influencing factor. [Conclusion] The average contents of soil nutrients and
heavy metal elements in the farmlands of Xuzhou are generally higher than those of Jiangsu and China and
than the background values, too. Over 80% of the farmland soils in Xuzhou can be rated moderate or higher
in nutrient content level while merely less than 1% is polluted by heavy metal elements. The main factors
influencing contents and distribution of soil nutrients and heavy metal elements include soil type, soil parent
material, landform tillage, fertilization, as well as mining and industries.

Key words Soil nutrients; Heavy metal elements; Plough layer soil; Spatial distribution; Soil type;

Farmland type
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