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Characteristics of heavy metal pollution in surface soil and geographical
detection of potential ecological risk sources in Yuanzhou District
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2. Jiangxi Vocational College of Tourism and Business, Nanchang,330100, China;

3.Jiangxi Provincial Department of Natural Resources Land Resources Survey and Planning Institute, Nanchang, 330025, China)

Abstract; In order to explore the spatial distribution, pollution level and main sources of heavy
metals in the surface soil of Yuanzhou District, the contents of eight heavy metals, cadmium,
mercury, arsenic, lead, chromium, copper, nickel and zinc, in 162 surface soil samples from the
region were examined. Geostatistics, enrichment factor method, single pollution index method,
potential ecological risk assessment method and geographical detector were used to evaluate and
analyze the sources of heavy metal pollution and potential ecological risk in the surface soil of the

study area. The results showed that the spatial distribution of heavy metal content in the surface

2020 4£ 9 A 27 HUH ( Received ; September 27, 2020).

* E K HIRFHFH 4 (31660140, 31560150) FIVLFGA b FF A& B3 0300 H (2019-026) ¥ HY.
Supported by the National Natural Science Foundation of China (31660140, 31560150) and Land Development and Consolidation Center of
Jiangxi Province (2019-026).

* * JBHLEX R A Corresponding author , Corresponding author, E-mail ; caihsh@ 263.net


Administrator
Highlight


Administrator
Highlight


Administrator
Highlight



2 7 S A 1 40 %

quality and agricultural product safety soil of the study area was significantly different. Cd and Hg
posed a great threat to the soil environmental in the study area, and the cumulative effect of heavy
metals Cd and Ni in the soil in the study area was the largest. Some areas in the middle, northeast,
east and west of the study area had a strong potential ecological risk. Natural sources, agricultural
sources, industrial sources and traffic sources jointly affected the accumulation and migration of
heavy metal content in the soil of the study area, and Industrial sources and transportation sources
were the main sources of spatial differentiation of Cd, Hg, Pb, Cu, agricultural sources, natural
sources and transportation sources were the main sources of As, Zn, Ni, Cr.

Keywords: soil heavy metals, soil pollution, ecological risk assessment, geographic detector,

Yuanzhou District
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1 #8577 ( Materials and methods)
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Fig.1 Schematic diagram of geographical location and spatial distribution of soil sampling points in the study area
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Table 1 Enrichment factor grading criteria

EES e T EAEIEEER R
Concentration index Degree of enrichment Concentration index Degree of enrichment
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Table 2 Classification standard of single pollution index

BAYIS R P, 1 RER ATTS Qe P, V5 YLy
Single pollution index Pollution level Single pollution index Pollution level
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Table 3 Classification criteria of single-factor ecological hazard index and potential ecological risk index

T A E %% A AR A R K52
Single factor ecological hazard index Risk level Index of potential ecological risk Risk level
E<40 B RI<150 B2
40<E<80 T 150 <RT<300 T
80<E<160 =114 300<RI<600 L
160<E<320 iR RI=600 it
E=320 e
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Hu PRPRI 25 ( Geographical detector) Hi Y EIRL 2 BE £ 2N WA RIS 51 BRI TT | Bk T 25 1] 40 5 B e
PRITAL B 1B Sl 5 LA R s el PR 8 38 AR AN S TR OQIR Y — M Ge 2207 s BB i DR IR 2% 32 |
PEFRTRI 2 XU &5 DA S A S TR S A0, BT )2 B T A e PR a5 g | R HER o it
TR B F 2545 0 AT S BT GeoDetector 2015 AR {44 Al - 450 5 I HAEHBENES  2Wiif 5 X
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2 5 5958 ( Results and discussion)

2.1 HHEESE G ERHE T
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SRR —BOR UL R T 0.36 AR R (HAE 0.15—0.36 Z 6] Ry AR S fH/NT 0.15 g5 7as
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Zn>Cr.iz ] SPSS24.0 F At - ERE AR #E1T K-S K550, 45 &I Cu Ni il Zn 5 G IERS A0, 2 X041
5, Cd P 43 BIAF A REOE 2520 A AL A BOE S 0 A, &7 T iR 45, As FF & F i IRIES 4
A, Heg 1 Cr £F G 3T 5 R 34, 2o 40 J 1 8 P e 4 00 1200 2 Mb e 27 0 A g i 25 1 vt B2 R
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FRRE , Hoof X (E MR SR 5 1R A5 40 A0 A0 252 S B b A 40 s A 0 e T JEL 0 38 RN B8, Cr T Ni
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Fig.2 Boxplot of heavy metal content in soil samples in the study area
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Table 4 Descriptive statistical characteristics of heavy metal content in soil samples in the study area
I5N:] e/ MA A B " " et} (g
7y T » il W BREM s TR
Max/ Min/ Mean/ Partial . Distribution The background
Heavy metal o 3 4 kurtosis CV o
(mg-kg™) (mg-kg™") (mg-kg™") degrees type value/ (mg-kg™" )
cd 1.00 0.07 0.42 0.82 0.12 0.45 XHEUE A A 0.10
Hg 0.32 0.05 0.15 0.45 0.26 0.33 I RE I R IEZS 4 A 0.08
As 49.10 1.61 12.07 1.76 6.93 0.53 SEITARIER AR 10.40
Pb 89.60 16.70 41.33 1.37 2.54 0.35 IR BOE A 32.10
Cr 114.00 28.80 76.23 -0.49 1.33 0.19 I R IEAS S A 48.00
Cu 54.70 11.80 28.86 0.54 0.30 0.32 ERS 20.80
Ni 47.70 9.66 26.84 -0.20 0.42 0.27 Nyt 19.00
Zn 142.00 37.50 85.59 0.29 0.33 0.24 ERA 69.00
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ZIRPTT 22 B ZR  FE T ArcGIS10.2 BB 8 BB Am (E VA 2 W5 DX - 38 <63 i 2 1) A
K1 3) SRR 8 b b i R /e 25 18] oAb B — 5 B 22 5. Cd B9 e (i X AR AEL X A B 4
o R EIX R B R T AR DU AL £ A5, B A R A T P B R R XA R A X H
A2 ) AR S Cd 28 5 AR v (L DX F2 28013 T P4 38 LT A AR AL AR A% 350 20l DX, 8 | g 780 A AR 7
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SET ARSI ARACES A Ph A RISMERME X, 5 Zn — B, = X B T8 X AR . Cr 19 S {E
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Fig.3 Spatial distribution diagram of heavy metal content in soil in the study area
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Table 5 Semi-variance functions and fitting parameters of heavy metals in soil samples in the study area

HE)R PRI Cy/ Ao

Heavy metal Function model Co CorC (Cy+C) /% /m R? RSS
Cd FEHORY Exponential — 0.00795 0.02086 38.11983 850.00 0.80600 2.374x107°
Hg ERARAERY Spherical 0.01372 0.02860 47.97203 2920.00 0.76200 4.735x107°
As BH R Exponential  0.03840 0.14310 26.83438 71100.00 0.86100 5.844x107*
Pb ERARAETY Spherical 0.00391 0.00844 46.30332 17160.00 0.78400 7.155%1076
Cr = 47K X Gaussian 0.00518 0.01146 45.20070 9120.00 0.75500 9.565x107°
Cu ERRAIM Spherical 0.02708 0.09680 27.97203 14930.00 0.83700 2.805%107*
Ni ERRAEA Spherical 0.02530 0.08860 28.55530 15750.00 0.82900 4.490x107°
Zn R Spherical 0.01472 0.06240 23.58974 14960.00 0.91600 1.782x107*
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A, H 82.24% 4 F 0 3w BIRES ILANE A 8.55% 4b T M & IR A, Ph 73 A 59.219% Al
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Fig.4 Boxplot of heavy metal enrichment index of soil samples in the study area
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Fig.5 Spatial distribution diagram of single pollution degree of soil heavy metal Cd in the study area
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Fig.6 The spatial distribution diagram of single factor ecological risk index of soil heavy

metals Cd, Hg and As in the study area
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Table 6 Detection results of soil heavy metal influence factors in the study area

H 4B Heavy metal X X, A5 X, Xs Xe X; Xy Xy Xy
Cd 0.0994 0.0110 0.2871 0.1281 0.0216 0.1607 0.0259 0.0134 0.0201 0.0243
Hg 0.1370 0.0173 0.1071 0.2239 0.0280 0.0055 0.0120 0.0151 0.0910 0.0165
As 0.1416 0.0165 0.0778 0.1080 0.0987 0.1485 0.1798 0.0029 0.1424 0.0675
Pb 0.0413 0.0349 0.2150 0.3432 0.1461 0.0333 0.0612 0.0354 0.0603 0.0469
Cr 0.3995 0.0142 0.1581 0.2083 0.0144 0.1564 0.0221 0.0169 0.1506 0.0873
Cu 0.0856 0.0240 0.1015 0.2215 0.0985 0.1303 0.0084 0.0073 0.0368 0.0602
Ni 0.1651 0.0313 0.3352 0.1835 0.1281 0.0479 0.0099 0.0102 0.0537 0.0615
Zn 0.2165 0.0325 0.1082 0.2259 0.1357 0.0889 0.0143 0.0130 0.0139 0.0349
TR

0.0701 0.0073 0.1096 0.1652 0.0085 0.0420 0.0101 0.0099 0.0433 0.0103

Potential ecological risks

TE X NIRRT, X, 08 NDVIL X AR F X RN BB RS X OB T RS X AR JRIE B, X N X o R, X oy 88880 X o
HIRFH.

Note: X, is the parent soil, X, is NDVI, X5 is the amount of fertilizer applied, X is the distance from the highway, X5 is the distance from the factory, X is the

distance from the water source, X is the slope, Xgis the land use, Xg is the soil type, and X is the soil texture.

H S AR FHAR NS SR nT A P P S8 ) S A VR PGSR T B DA T RS2 S BE AT 2557, S8 LA
2 AR SR A . 25 R i 1l S5 AR MLt ) 52 A R AT 57 DX A A 2 XL ) 2 ) 70 S 5
Fe , U MLt - K PR BE S, S BARHT g (EXR T PN T I Y g (A, BA AR g n
SRSl A o S5 AR A it P A R A1 X Cd  Hg \Pb  Crr, Cu T N 52 ) de e, o 5 i K T B 28 A
ZAERIXS As B2 IR, b B B-HE T BB RS2SR HIXT Zn BORZMR IR , S HARE ] ¢ fES R TN
FEMAE I g (A, BRI SN Cd Al Cu AR I 5 5200 PR 382 1 BR BT -BE K PR R 25, Ph il
Zn (YR A R PR 2 AR it -5 T B, Cr Hig Ni \As AW AR PR 38 4 il il - R -+
SIS AN P - TR B R BE T B S B - AR P R S AR A SRR AT ST IX
HeE BRI RRZ ZMINRE G, T S EHIXHIRE X e 4w (19 RT3 G
TE FARIR A IRFN B IR AL RS A5 E IX 4 L B AN [7) B 2 [ o A HL e,
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B 7 W58 IX T AR S K R S A A s
(B2 55+ Quaternary red clay, TATHIMITIEY River and lake sediment, ZIRMEZEMALY) Red sandstone-like weathering,
ZEAE IS Crystalline rock weathering, JEFTEZERIEY) Argillaceous rock weathering, FRFRELAZERXALY) Carbonate weathering material ;
HHHb Cultivated land Bl Garden land, #HL Woodland, Bl Grassland, 7K3%, Water area, AL Construction land HoAth+-#b Other land ;
11 h %48 Mountain meadow , KRG+ Paddy soil, £ IR+ Caleareous soil, £T3% Red soil, I Yellow soil, #EHEEE Yellow brown soil
At Clay, #58+ Clay loam, HEFURE 1+ Loamy clay, AbFiE+ Sandy loam, #PBK#E L Sandy clayey loam, #HPFUHERS 1 Silty loam clay,
MR L Silty clay loam. )

Fig.7 Spatial distribution diagram of soil heavy metal influencing factors in the study area
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Fig.8 Distribution intention of discrete points of impact factor
F 7 WX L HEE S R R 38 BRI 45 R
Table 7 Interactive detection results of soil heavy metal influence factors in the study area
it Hy C A+B s Y
Heavy metals Sorting Results Type
* X1NX3(0.4565) X1+X3=0.3865 C>A+B E|229 é i
e e X1NX6(0.4457) X14X6=0.2601 C>A+B AR
ES X1NX3(0.7759) X1+X3=0.6078 C>A+B E|22 d i
o e X1NX9(0.6533) X14X9=0.5501 C>A+B A
ES X1NX3(0.4120) X1+X3=0.2441 C>A+B AR M
He W X3NX9(0.3663) X6+X7=0.1981 C>A+B e s
. * X1NX3(0.6695) X1+X3=0.5003 C>A+B B2l
N e X1NX5(0.5780) X14X5=0.2942 C>A+B AP
ES X1MNX3(0.5385) X1+X3=0.2563 C>A+B B[22 d i
rh w X3NX5(0.4729) X3+X5=0.3611 C>A+B [T
+ X1NX6(0.6184) X1+X6=0.2901 C>A+B et R
As w X1MX3(0.5248) X1+X3=0.2194 C>A+B ARtk
F X1NX3(0.5585) X1+X3=0.2437 C>A+B BT
Cu w X1NX6(0.5415) X1+X6=0.2159 C>A+B AL pEsoi
. * X1NX5(0.4208) X1+X5=0.3522 C>A+B B[22 a0
N X3NX5(0.3871) X3+X5=0.2439 C>A+B |22 dii
VTR A A U * X1NX3(0.3535) X1+X3=0.1797 C>A+B LMo
Potential ecological risks /e X3NX6(0.2937) X3+X6=0.1506 C>A+B R R

WX BB, X S i, X W BE ) B X N BEK IR B, X, R Xy e A,

Note: X, is the parent soil, X5 is the amount of fertilizer applied, Xy is the distance from the factory, X is the distance from the water source ,

X; is the slope, X, is the soil type.

R T RN S BRI A5 2R, S T ST IX L G )8 Hg (Pb Cu  Ni S5 A% 8] 73 51k 2 232 3 T
Nl SRS TR A S0 , K A4 e B S X T DX A T 4 R SR UK B Pb R [ S HE L ; Wang
SEUOIRTARA B T R D A R R IR ST A5 R R Pb I Cu EERIE TR AR MRV, He
EER [ DS S REEE DT DR B I AR X R B2 G R B NI AT RESR [ T A A R
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1%, T 0 T e L IR AN AR 4598 5 X S — B, DO T BB R T R Tl R SHE A R
BHOR T R GE B0 38E T HIE SR Y KAV BT X £ X s 4 R e £ 1) R
. Zn As TCEBRISHE B & &S H R TFHICRHE % | Bl 6 0 55 9 B R A VR i i gk e kL v (R DG A
gy R AL S i IR A R R B MR B S I A WU & Cu # T X A
FFT et R R B As Cu Zn S5 28 (8] 40 S0 3 A2 R0 TE SR B2, 1T R /R T3 KOsl A 7= i
T K it A AT A 24 AT S 35 v i S T 4 Ji 1) BB A SE o ) K B P L 3 R Zn 023 ]
oy St REZ AR R AR, AR A KRB R T R E R A K 45 X AR Zn 1 3R
B RIS Zn S5 AG HLSl 22080 T 55 0% SR S N5, 7 3 AR AR IR Y A ok 8 A5 2SS L Zn
Y F R X R 3R 2 R RS X 3 P Y Zn 35 A2 B A YR Y 52 0[] B K IR R 3 A
WX HIEE SR Cd As Cu 7 LRV A S NG 25 R0 22 R EE N E.

b AT 5 A XU T 0 45 5 S | K DRI S Y 7 AN Cd L As i DL R T A AR 25 KU 14 23 T
Oy AT A R 2E S B I R RN, Cd 9 8 3 22 S B 2 I, Als 190 25 30 T 1 3 I K VR B
TR 7S ZER (11392—16375 m) FIEB L2590 (16375—24254 m) () Cu S SRS EA R ELES 4
SR A A 22 S e B/ s BEK UR PR B A 5 A8 90 (1740—3741 m) 5% =455 (3741—5923 m) 5N
YN L PN A A KUK 23 [ oA AT 35 28 5 5 Al S P 2 S B K 45 5 BUIR R 437 45
T BIRGE XN AN 75 e disll, = PR AC PR A s 07 B | 3 4o 7 5 2 11 55 4R 15 IR i 36 DA A8 A1 A8 3 Y XS
BT A F I RK IR TS Y W RS IR TAE , TR B R K 7738 B 2 e A b RV SR B AR, B st o) 1k i
iz AR ZGACIEAT | A6 S0 45 15 8 RS 13 B 18, A3 I 53 DX AR -0 BE- A 25 4 [B) R i e
K.

3 %518 ( Conclusion)

FEIRIX 4o+ 45 7 4 Jd A BRI A 15 Y SR JRA T 2 T A , X TRl g 52 b+ 398 75 e o 4
B2 2T ARSI i s AR R A EE S AR LA HAE T EMXERZE
THEOR XSGR A G DUBEE B HT 28 ()28 52 R A 6] 43 B S A VR R | 2 1 4B T F
FEIX R P SR A A B 15 YRR iE SO e AR SRS R B R TR X LI &R
SRR A 25 KU 18 2 ) e A 25 S Mk SR IR S VR ISR, B L5180 T

(1) Mg |8 Fh A3 H 4 JR 1Y & e 25 [A) 20 A b S 0 R PR A, B 9% (X 4 398 0 4 S 95 e i i
T A Fi2 - K rRE R AL ARAGER AR EB LR VG 1838 o0 b IX A7 7E 6 AR SR 0 ¥ 7 A S KUK, Cd
Hg B 5T kR K.

(2) 5 PR X0 5 4 T 2 () 0 AT RIS A A 25 B (R 5 e A i 22 57, AR AR T, Tl 15 28
VAL RIS 2 9T X 4 T 4 T 1) BABURIE B, Fovh Tl YR 28 M 2 Cd \Hg \Pb . Cu 45 [A] 43 41
TSR RO IE | A RIEFAS B IR As Zn Ni Cr B9 F R JA.

(3) BT P98 X 3 R EUR DL Cd JeET5 Yoh 3=, i ARSI 3 3¢ 8 38 A Toll el X, 58
Wik T A R S HE R L B AT A 24 1) asd k(o P 2 5 e >4 - AR o a1 R T
P U T X a4 T R S A S HERR AN S 1 A WE R AR H2 AR | 1 45 55 A Al 75 Y I 45 1 BERRBE a7
KR fEE , 53 ANE TN IKIRTE Y Bl 45 7 B ik 35 18 4205 BR AR S5 it A 1) 0 Ml 058 R0 58 3 Yo B
() 42 1) BB
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