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Distribution and sources of heavy metals in the farmland soil of the Hunchun basin of Jilin Province, China
GUO Xiao—dong'?, SUN Qi-fa', ZHAO Yong—sheng’, CAI He'

(1.Shenyang Center, China Geological Survey, Shenyang 110024, China; 2.Environment and Resource College, Jilin University, Changchun
130026, China)

Abstract: In order to understand the characteristics of the pollutants and the sources of heavy metals in the Hunchun basin farmland soil,
soil samples were collected and the contents of As, Hg, Cu, Pb, Zn, Cr, Ni, and Cd were measured. The enrichment factor (EF) was calcu-
lated. Multiple statistical analyses including correlation analysis and principal component analysis was executed. The results showed that
the mean contents of As, Hg, Cu, Pb, Zn, Cr, Ni, and Cd were 9.09, 0.06, 20.17, 23.34, 68.25, 65.02, 22.91 mg-kg™', and 0.12 mg - kg™ re-
spectively in the Hunchun basin. The values of the mean content were not above the criterion by the China Soil Environmental Quality Stan-
dard (GB15618—1995, CSEQS). The contents of all the heavy metals were lower than the limit by CSEQS. The contents of Pb and Zn were
lower than the background values of Jilin Province. However, the contents of the other heavy metals exceeded the background values, partic-
ularly for Hg. More than 20% of the samples were significantly polluted by Hg, according to the EF, and less than 10% by other elements.
The main sources of Hg in the Hunchun basin were artificial activity such as the lighting of coal fires by power stations and loose residents,
dusts arising from coal transport, pesticides, and fertilizers. The other heavy metals reach along with the parent material in the whole area.
However, in the high enrichment area, the sources of Cu, Zn, and Cd were farming, communications, and transportation; the sources of As
were sewage Irrigation, pesticides, and fertilizers; the sources of Pb were communication and transportation; the sources of Cr were dusts
from the mining, transport, and burning of coal.

Keywords: Hunchun basin; heavy metals; enrichment factor; resource
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Figure 1 Location of the samples
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Figure 3 The results of enrichment factor classes of heavy metals
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Table 1 Heavy metals content of soil in Hunchun basin(mg-kg™)
ATELIX As Hg Cu Ph Zn Cr Ni Cd
Mt e KAl 17.69 0.17 48.61 41.72 100.28 155.98 42.24 0.23
fe/MAE 1.44 0.02 4.47 10.27 20.59 16.72 6.90 0.04
SEHIE 9.07 0.07 17.47 21.23 64.03 56.40 20.90 0.10
Frifiz 3.52 0.03 7.47 5.33 14.30 20.25 6.81 0.04
CV/% 39 48 43 25 22 36 33 36
Mkl g IFNE] 17.48 0.07 34.39 37.32 97.33 149.04 40.69 0.35
e/MAE 4.33 0.01 10.34 12.06 45.16 33.70 11.43 0.06
S {H 9.08 0.04 20.32 21.77 67.56 80.32 26.12 0.13
brife 2 3.46 0.01 6.06 6.14 13.41 23.43 7.12 0.05
CV/% 38 40 30 28 20 29 27 40
ZHAER kAl 15.34 0.16 29.71 32.06 85.49 105.28 53.84 0.20
I /ME 5.75 0.03 11.48 14.69 49.48 41.94 15.25 0.03
M 10.36 0.07 19.19 24.18 64.50 64.42 23.61 0.10
brifE2E 242 0.03 3.96 435 10.44 13.15 7.34 0.04
CV/% 23 39 21 18 16 20 31 36
DF2 O] 16.11 0.16 41.68 32.02 137.20 91.43 37.71 0.27
e/ ME 5.20 0.03 10.81 17.22 45.47 26.16 13.74 0.05
EHIE 10.34 0.08 21.96 24.89 70.46 63.50 24.43 0.12
brifEzE 2.52 0.03 5.48 4.01 17.87 13.32 6.24 0.05
CV/% 24 41 25 16 25 21 26 42
=V Sk RME 14.52 0.13 36.86 29.28 99.36 101.04 42.70 0.20
/M 2.78 0.01 6.07 12.98 34.60 24.52 9.51 0.05
FHME 7.93 0.05 16.57 20.33 64.79 57.13 20.90 0.12
brifEzE 2.85 0.03 6.67 3.86 16.44 19.94 7.85 0.04
CV/% 36 63 40 19 25 35 38 32
il % SEONIER 16.18 0.10 31.48 29.82 111.75 96.55 38.21 0.23
F/IME 7.26 0.02 12.73 14.23 47.61 28.13 9.86 0.05
M 9.55 0.05 19.45 22.60 67.62 62.64 22.77 0.11
FrifEZE 1.93 0.02 5.07 4.83 14.28 19.11 8.26 0.04
CV/% 20 47 26 21 21 31 36 40
L IEONIER 16.73 0.24 49.97 45.67 146.98 134.68 38.80 0.32
i /IME 3.20 0.02 12.53 14.65 45.10 38.80 13.64 0.04
FHE 8.56 0.06 23.48 26.07 73.69 70.04 23.10 0.13
bR 2.56 0.04 7.97 5.03 19.08 19.55 5.55 0.06
CV/% 30 76 34 19 26 28 24 46
LI BRME 17.69 0.24 49.97 45.67 146.98 155.98 53.84 0.35
/M 1.44 0.01 4.47 10.27 20.59 16.72 6.90 0.03
FHE 9.09 0.06 20.17 23.34 68.25 65.02 2291 0.12
bRz 2.96 0.04 7.19 5.35 16.56 20.39 6.98 0.05
CV/% 33 60 36 23 24 31 30 43
HMRE 5 8 0.037 17.1 28.8 80.4 46.7 21.4 0.099
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Figure 2 Spatial distribution maps of heavy metals content in soils
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Figure 4 The distribution of enrichment factor results of heavy metals
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Table 2 Matrix of correlation coefficient among heavy metals contents

As Hg Cu Pb Zn Cr Ni Cd
As 1
Hg 0.177%* 1
Cu 0.395%%* 0.303%* 1
Pb 0.357%#%* 0.173%* 0.429%* 1
Zn 0.169%+* 0.460%* 0.778%* 0.213%%* 1
Cr 0.153%* 0.067 0.550%* -0.022 0.470%* 1
Ni 0.187%* 0.150%* 0.585%* -0.067 0.548%* 0.883%* 1
Cd 0.075 0.338%* 0.584%* 0.146%* 0.733%* 0.344%* 0.367%* 1

Ve LB BE ORI 2 0.01 B DG PR 35 11

R EERMKHAITIESSER R EXRER T ERE / 
Table 3 Rotated component matrix according to varimax 1ok Cd
' 3
normalized for soils Zn
- — - — o O
e AR 4 e A4 fe B 05F Hg Cu
Halm Ni
2 3 1 2 3 B o %
As 0.53 0.44 0.62 -0.04 0.36 0.85 N- or Pb o Cr
= As
Hg 0.52 0.51 -0.26 0.59 -0.13 0.48
Cu 0.92 0.08 -0.04 0.67 0.50 0.41 05
Pb 0.38 0.76 0.20 0.20 -0.13 0.84 0
Zn 0.86 -0.04 -0.37 0.85 0.37 0.13 ) -1.0
-0 s 5 05
Cr 071 -0.54 034 018 094 002 S0 05 T 05
H R W3
Ni 0.75 -0.51 0.30 0.25 0.93 0.04 }
Cd 0.69 -0.08 -0.56 0.86 0.20 -0.06 Es5 48 %ﬁﬁ@
SR /% 4782 67.89 8220  30.04 59.13  82.20
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Figure 5 Loading plots of the heavy metals contents

T AR ) DGR TR AR A T I A R U
FH IR R AL GERR I D 30, BEA B EoR , HL
A B0 , Hg FEAS LURURE S A7 A , £ R A B
AT 8 TR TT A S IR Sz i e
A R R LI He B AR EEORIE ., 53 4h
Hg & e 46 B0 (6 X A6 Hh BUTE T RO X, 7T BE
52 BN ARG B P ARG A NE SF 520 o 32 DXCHA T
MG B A K5, Hg 15 4R 52 HoAth Tl A= 7= 14 52 0
D

it

ISR
w

4

(DB X 4 i 1 e At 3 o A 8, A 1ot [
KA A e 1 JebrifE. (HBR Pb A1 Zn 4, As Hg.
Cu.Cr Ni il Cd f-F- ¥ (E ML T 5 M IR BT e (H
Hop He N5 MR8 W S AE 0 1.56 £, 75 B oL .

(2) W% X 4 i s A6 555k He Ah , R4 A
15 Yl H R 5 Y, As . Cu Cr Al Cd #5235 10% (AL



1882

YRIEINC RS Y F3755 98

REL BTG Y, Ph I Zn JCHEE BV YU A, He H RS
UL 20% , T 5 Y X 2 B T30 X R0 X A5 .

()WY X 4 Jm Bk He Ab, X3 280 [ SR
JE Pk H R S AR R R XA AN IERRHE , AT RESZ
T A A= 7= A8 3 35 iy LA SRR SR 6 S I s ) o T
He HLAT WL A A R RARAE , F2ORIE T/ ) Ja R
BARIE SR I Reis i AR

S 3Lk -

[1] Nriagu J O, Pacyna J M. Quantitative assessment of worldwide contami-
nation of air, water and soils by trace metals[J]. Nature, 1988, 333
(6169) : 134-139.

[2] Arora M, Kiran B, Rani S, et al. Heavy metal accumulation in vegeta-
bles irrigated with water from different sources|J]. Food Chemistry,
2008, 111(4):811-815.

[3] Ding Q, Cheng G, Wang Y, et al. Effects of natural factors on the spatial
distribution of heavy metals in soils surrounding mining regions[J]. Sci-
ence of the Total Environment, 2017, 578(6) :577-585.

[4] Mazured R, Kowalska J, Gasiorek M, et al. Assessment of heavy metals
contamination in surface layers of Roztocze National Park forest soils
(SE Poland) by indices of pollution[J]. Chemosphere, 2017, 168 (6) :
839-850.

[519K =, dKF0E, W1 T, 55 . g a0 IR) DA DX 4 B B R A R
TG YEPFA IR AT (I BREERLABESE, 2010, 23(11):1376-1381.
ZHANG Yun, ZHANG Yu-feng, HU Xin, et al. Assessment of heavy
metal contamination and source identification of dust deposited on
roads collected from different land—use zones in Nanjing[J]. Research of
Environmental Sciences, 2010, 23(11):1376-1381.

[6] RALE, BN, JHILIC, 46 FE TG T M BEHU DL A () R e
BT X ST R IR AT . FRERLEE, 2016, 37(7) :2756-2762.
SONG Zhi-ting, ZHAO Yu-jie, ZHOU Qi-wen, et al. Applications of
geostatistical analyses and stochastic models to identify sources of soil
heavy metals in Wuqing district, Tianjin, China[J]. Environmental Sci-
ence, 2016, 37(7) :2756-2762.

[7] INE R, BT, T 3%, 5 . Zoege i HE IR L 3R BR AT 7 4 7
L T S P EL A SRR )). RBER}, 2016, 37(6) :2304-2312.
SUN Jing—wei, HU Gong-ren, YU Rui-lian, et al. Tracing sources of
heavy metals in the soil profiles of drylands by multivariate statistical
analysis and lead isotope[J]. Environmental Science, 2016, 37(6): 2304
2312.

[8] Lazhar B, Lotfi M, Tahoora S N, et al. Evaluation of potential health
risk of heavy metals in groundwater using the integration of indicator
Kriging and multivariate statistical methods[J]. Groundwater for Sustain-
able Development, 2017, 4(9) : 12-22.

[9] EEHs, 2 O ARIN T )2 L rh G R oL R 1Y w BURRIE 50k

TR R Tl #2441, 2006, 35(1) :84-88.
WANG Xue - song, QIN Yong. Accumulation and identification of
heavy metals in Xuzhou urban topsoil[J]. Journal of China University of
Mining & Technology, 2006, 35(1) : 84-88.

[10] 72 B, MR, WG, 45 . I s SR X 3 o < s 2 ()

AREAE SRR Aolk TRE#4H, 2014, 30(6) :88-96.

LEI Ling-ming, YU Da-song, CHEN Yu—-peng, et al. Spatial distribu-
tion and sources of heavy metals in soils of Jinghui irrigated area of
Shaanxi, China[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2014, 30(6) : 88-96.

[0 2 WF, BRMEVE, IR I, S5 . ROpRynr Ji 1 98 o 4 g ¥ YL ARRAIE 2

KA. Al TAREZAHE, 2016, 32(19) :226-233.
LI Jiao, CHEN Hai-yang, TENG Yan-guo, et al. Contamination char-
acteristics and source apportionment of soil heavy metals in Lalin Riv-
er basin[]]. Transactions of the Chinese Society of Agricultural Engi-
neering, 2016, 32(19) :226-233.

[12] /N3E, AL, 4 UL, 45 . bl R ] LT 4 43 A 5
KA HTLIL. FREERLE, 2010, 31(3) 1 768-774.

XIE Xiao—jin, KANG Jian—-cheng, LI Wei-jiang, et al. Analysis on
heavy metal concentrations in agricultural soils of Baoshan, Shanghai
[J]. Environmental Science, 2010, 31(3) : 768—774.

[13] Yang Yong, Christakos G, Guo Ming—wu, et al. Space—time quantita-
tive source apportionment of soil heavy metal concentration increments
[J]. Environmental Pollution, 2017, 223(4) : 560-566.

[14] Neda R, Mirzaei R, Saeed M. Determination of heavy metals in surface
soils around the brick kilns in an arid region, Iran[]]. Journal of Geo-
chemical Exploration, 2017, 176(3) :91-99.

[15] Hu W Y, Huang B, Tian K, et al. Heavy metals in intensive green-
house vegetable production systems along Yellow Sea of China: Lev-
els, transfer and health risk[J]. Chemosphere, 2017, 167(5) :82 — 90.

[16] SBIVEAR, BX T I . 34573 2 b b 7K [ A 1 5 PR B 0], 15 /K B8,
2014(10):33-35.

GUO Xiao—dong, ZHAO Hai—qing. Groundwater intrinsic vulnerabili-
ty assessment in Hunchun basin[J]. Water Saving Irrigation, 2014
(10):33-35.

[17] 3B e A<, BX I . 345 35 0 0t b T /K K Ak 25 R AE 43 BT (D], 7 1] 3
Ji, 2014, 41(3):1010-1017.

GUO Xiao—dong, ZHAO Hai - qing. Hydrochemical characteristics
and correlation analysis of groundwater in Hunchun Basin[J]. Geolo-
gy in China, 2014, 41(3):1010-1017.

(18] 2= A 25, EAHE, X 3, 45 FEE P L3 HoT K MRk AL 2 4
ELI]. A M5, 2008, 27(2) : 178-182.

LI Yue—fen, WANG Dong-yan, LIU Shuang, et al. Geochemistry of
major elements in soil in central Hunchun of Jilin[J]. World Geolo-
gy, 2008,27(2):178-182.

[19] 2 H i X 3l 2R AL 2 98 A5 B3 (1:250000) DZ/T 0258—2014]S].
JERT H EARIE AT, 2014,

Multi—purpose regional geochemical survey standard (1:250000) DZ/
T 0258—2014(S]. Beijing: China Criterion Press, 2014.

[20] BRAEHE, X FH, BAZSAE, 5 . ZouHeit7E L5 d 4w i5 QL IR AT
FR R L) HER 58T, 2011, 39(4) :536-542.
LIN Yan-ping, ZHAO Yang, HU Gong-ren, et al. The application of
multivariate statistical analysis in the pollution source recognition and
analysis of heavy metals in soils[J]. Earth and Environment, 2011, 39
(4):536-542.

(20 SRR, 3 A, £ S, A5 PRI T K 2R HG i e X e -3 T



201849 B

SRIGEAR , 25 - PR A M AR I o 53 JaR A1 R B U 1883

S TR h EERERLE, 2016, 36(8) :2437-2443.
HAN Pei—pei, XIE Jian, WANG Jian, et al. Source apportionment of
heavy metals in farmland soil from new submerged area in Danjiang—
kou Reservoir[J]. China Environmental Science, 2016, 36(8) : 2437—
2443,

[22] H B WISt v [ OO R BB M. ALt P PR
H At 1990.
Environmental Monitoring Institution of China. Background value of
soil elements of China[M]. Beijing: China Environmental Science
Press, 1990.

[23]1 Liu Y, Wang H F, Li X T, et al. Heavy metal contamination of agricul-
tural soils in Taiyuan, China[J]. Pedosphere, 2015, 25(6) :901-909.

[24] HHEFREE T AR ifE, GB 15618—1995[S]. b5t « 7 [6 b ife it iRk,
1996.
Standard of soil environment quality, GB 15618—1995[S]. Beijing:
China Environmental Science Press, 1996.

[25] Guo G H, Wu F C, Xie F Z, et al. Spatial distribution and pollution as-
sessment of heavy metals in urban soils from southwest China[J]. Jour-
nal of Environmental Sciences, 2012, 24(3) :410-418.

[26] Fl kR, T RIL, Ml W, 45 SRBEHL T SR s PR A 20 Al R
SPWFFEHE )], 13, 2016, 48(3) :419-428.
SITU Gao—hua, WANG Fei—er, HE Yun—feng, et al. Distribution and

accumulation of Hg in soil around coal—fired power plants: A review
[J]. Soil, 2016, 48(3) : 419-428.

[27] Mk, BRI, 525, 45 . R AYPRIE M Bk Ak 2 0 5T 0 S (0],
Py AT R A3, 2013, 32(5) : 105-108.

FENG Xin—=bin, CHEN Jiu=bin, FU Xue—wu, et al. Progresses on en-
vironmental geochemistry of mercury[J]. Bulletin of Mineralogy, Pe-
trology and Geochemistry, 2013, 32(5) : 105-108.

[28] s, R I, S e, A5 e BRI R HI I B A4 A0 2 ST,
FREERFE, 2005, 26(2) :34-39.

JTANG Jing—kun, HAO Ji-ming, WU Ye, et al. Development of mercu-
ry emission inventory from coal combustion in China[J]]. Environmen-
tal Science, 2005, 26(2) :34-39.

[29] Schroeder W H, Munthe J. Atmospheric mercury: An overview[J]. At-
mospheric Environment, 1998, 32(5) : 809-822.

[30] Wu Y, Wang S, Streets D G, et al. Trends in anthropogenic mercury
emissions in China from 1995 to 2003[J]. Environmental Science &
Technology, 2006, 40(17) : 5312-5318.

[31] EEE, R, U2k, 55 RSORM A SRR IEAT FE 0L SR )], sk
53155, 2006, 34(2) : 1-11.

WANG Shao-feng, FENG Xin—bin, QIU Guang-le, et al. Progress in
research on natural sources of atmospheric Hg[J]. Earth and Environ-

ment, 2006, 34(2) : 1-11.



