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Evaluation and source apportionment of heavy metal pollution in Xihe watershed farmland soil

NING Cui-ping'?, LI Guo—chen?, WANG Yan-hong”, LI Bo?, TIAN Li'?, WANG Shi—cheng?

(1.College of Resource and Environmental Science, University of Chinese Academy of Sciences, Beijing 100049, China; 2.Shenyang Institute

of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China )

Abstract ; Long—term discharging of industrial and domestic waste water into Xihe, Shenyang, decreased the quality of water as well as the

surrounding soil. In October 2015, 134 topsoil samples were collected from the Xihe watershed farmland soil. Distribution characteristics of
heavy metals( Hg, As, Pb, Cd, Ni, Cr, Zn and Cu) in the topsoil of this area were analyzed and evaluated. The results indicate that the

contents of Hg, As, Pb, Cd, Ni, Cr, Zn and Cu ranged from 0.04 to 1.85, 4.80 to 11.70, 10.80 to 36.70, 0.09 to 1.50, 22.30 to 47.40, 19.60

to 104.00, 71.40 to 242.00 and 31.20 to 105.00 mg-kg™, respectively; The mean contents of Hg, Cd, Zn, Cu, Ni and Cr in topsoil were high—
er than background values of Shenyang soil with 3.80, 2.50, 2.04, 2.03, 1.14 and 1.02 times, respectively, which suggested there were vary—
ing degrees of enrichment of heavy metals in study soils; Compared to the National Standard for Soil Environment Quality (GB 15618—
1995), the exceeding rates of Cd, Cu and Hg were 48%, 9%, 9%. The mean values of single factor pollution indexes of Hg and Cd were

4.52 and 2.96, which were considered as the dominant elements causing heavy metal pollution in the soil. The average comprehensive pollu—

tion index of soil heavy metal was 4.13, suggesting severe pollution in this area. The sources of heavy metals was explored by Positive Matrix
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Factorization (PMF ) model, which showed there were four pollution sources: industrial pollution ( contribution rate 36.5% ), traffic pollution

and atmospheric precipitation comprehensive pollution ( contribution rate 23.5% ), agriculture pollution ( contribution rate 20.8% ), and

soil parent material (contribution rate 19.2% ).

Keywords: Xihe; heavy metal; pollution evaluation; PMF; source apportionment

A Tl FERR R A 25 A MBI A A S 757K
TR P38 B ), SO T R 4 R B A TS e ok
B H . Nguyen S5} RS Nhue 0] J&] Fl A b + 3
SIRIGY AT, AP E 4 R A el , Cd & &
A Ao 8 e A Y, - 48 4 SR AR ME A 5 Zou SEPHIFSY KRB
LR AR X H +- 3 4 )8 Hg As Pb 5 I
b+ e SR S, IR FORIEA 2% 3% 2014 44
] - 35 YR A 5 R, 4 FE Bk 07 A R AR
RikF 19.4%, FERLHIGYY), LIESE Cd M
Ni V5 Yedi NP, 4R e b B R AE AT
TP A A 2 RS PR, T o A A e R A A
1A, DT A At B 77 A A 30 TR I JR A 1 - 1 o
SR TE YR K5 YRR I TAE R+ w221

TR IR PE FE T bR K R 15 757K, 40
KT e b 2305518 2 AR 4 BT YL
PR T A S Yy T, A B AT R AR
T 5 P4 RIS Yt TS, BB 6 S 3 A
TEELE Cd Gy, AR EGAE] 1.02~
24.62 i, (HHEIREE T EBRE) (GB15618—1995 ) 41,
E T4 13 Hg As .Pb . Cd.Ni .Cr.Zn Fi Cu 8 Ff
4 A PR AR, (0 B AT AA SRR AT s A H
HErp Bk A 8 P 4R AT YR A T AT - 41
W FRE AR Ak T A 25550 B 58
SR 4] ] A S e 20k A B HES ,
R LR BT, AR 2R B SRR T TS YRR I SR K e
R RACTE I — A5 o AB SRR 398 5 4 15 Y Ui A
M5 WEAFAE R B ES, 32 F 2 AR AR ] L vRe iy PR
Hiufff BT+ R TS o . R R e L 1 T
AT RS IR S Y R JR AR T R )R
TR fE AT 5 A SRR A, AT TR TS YR R

AN FE 2 X 20T - SR S R A 45 S B A
EFOL, 4B dninl v e HH 35 8 Rl 4 )@ a5 Y e
JE, 32 PMF BRI A0 IA] 37 dsl e H 398 v 4 o
VRAEA TR, 4 T4 s 0] 40 A RIAR S 404, W
AT sl A 4 4 R S e AR A A R KT
U5, o 35 4 R IR ATy vk 2E RN s eia B
ML S,

1 #REFE

1.1 AREXER

WFFE XA 3L T8 Dh BT 4R i3, A AR 4
122°59'48.30"~123°08"9.30", Jt4h 41°33'56.97"~41°
40'31.24", MIEFN 202.64 km?, LA % 12 . B
Tl Al KB 2 KU AR R 8.6 °CL 4%
B RS BOKED, HIREE, BRI,
F, BEAEDRIG KR F RIS %ot X
SRS KEBR 4 1, EL R i g sk st B [m) i, L
TS - AT SR AP AE T 4 B 1 BB, PR AR B AARATY
H—E M fEE,
1.2 HRHRESHTHTE

2015 4F 10 ., MAHRIG biE Rs dH 2 i 5%
BB R DUy B B U M S R A
BERME A, SR AR L3RR, RAE U 27 5
FIFE X, AT 134 AR, REE 0~20 em K2 T
58 JFHT ] GPS ISR s m A B HORAE AR A
134 A4~ CRAF SN E 1 PR

TR E NG, R, i 20 B,
i GB 7859—1987, I pH 1 5 34 S i pH
{H. 1 100 Hiffi , SR - & AR -2 R IR R A &)
TH i SRR A, 38 3 SR A O B T (AAS )T
Cr.Cu.Ni.Pb Fl Zn (A& . Cd FIHUEHR A &2 1K
JEIEAL (ICP-MS )il %E . #4% GB/T 22105.2—2008,
IR S ER TR AR (ARFR 111 )R R 0 R AU v T A 1
HERE & R 2O T (AFS) I -3 i
Hg Fl As, BRAMFESL S 3 A FATRE T R bR 1 4%
FEfh GSS—-14 F1 GSS—-16 17 aiHl,
1.3 BIERSWMRAE

T AR SRR IC S BT a4 R
Excel 2013 1 PASW Statistics 18, 7542 F& B PEM % H
B TR V5 Je 8 BRI N M B 25 G TS YR Ek ),
4R 25 4040 BR A AreGIS 10.2, 5 f# B>k F
EPA PMF 5.0

PMF J2& 5 T K 70 M B AR 18— B st A Ay 7 125
T£ 1994 4F-fH Paatero 251 IR H | iz Fl fe/MEA T
DA TIE S KD E B M X A3 o o B8O P



TR, A AT VS A SOR IR 489

Bl ARRKRETERESSH

Figure 1 Distribution of sampling sites in study area farmland soil
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Table 1 Descriptive statistics of study area farmland topsoil heavy metal contents

miH W/ ME/mg kg™ HK(H/mg kg ¥fH/mg kg  FREZE/mg-kg!  ARAF%  WHTT TS E/mg kg HR/%
Hg 0.04 1.85 0.19 0.27 136.64 0.05 3.80
As 4.8 11.7 6.91 1.14 16.52 8.79 0.79
Pb 10.8 36.7 18.00 4.22 24.45 22.15 0.81
Cd 0.09 1.5 0.40 0.28 70.74 0.16 2.50
Ni 22.3 474 31.18 4.52 14.49 27.92 1.14
Cr 19.6 104.0 59.00 14.70 24.92 57.66 1.02
Zn 71.4 242.0 122.12 24.35 19.94 59.84 2.04
Cu 31.2 105.0 49.82 11.00 22.08 24.57 2.03

pH 6.1 7.7 6.8
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Figure 2 The spatial distributions of heavy metals in study area soils
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Table 2 The classification standards of soil integrated

pollution evaluation
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Table 3 Pollution evaluation result of study area farmland soil heavy metals
B TITRP) GATIIRI(P ) TR
Hg As Pb Cd Ni Cr Zn Cu
PNis 2.96 0.90 1.02 5.07 1.16 0.76 2.09 2.35 4.15 Ve, dmy5ie
W 3.17 0.75 0.76 2.03 1.21 1.03 2.07 1.88 2.87 IV, Hi5 g
R 5.11 0.80 0.92 297 0.97 0.90 2.02 2.28 4.21 V&, Hmi5 Y,
DU G4 8.15 0.80 0.80 2.56 1.01 1.03 1.94 2.18 6.53 V&, Hmi5 Y,
K EAE 3.23 0.80 0.80 2.18 1.04 1.12 2.03 2.03 2.88 V&g, Hhi5ge
HE 4.52 0.81 0.86 2.96 1.08 0.97 2.03 2.14 4.13 V&, Emi5ie
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Table 4 Descriptive statistics of heavy metal pollution index in the study area farmland soils
K BUME Bk i = = - r
RS % BEAREC R BERE SR BEEREC BR%
Hg 0.79 37.02 4.52 2 1.5 45 33.84 43 32.33 43 32.33
As 0.54 1.34 0.81 125 93.98 8 6.02
Pb 0.49 1.66 0.86 114 85.71 19 14.29 0 0 0
Cd 0.55 9.40 2.96 10 7.52 61 45.86 31 23.31 31 23.31
Ni 0.80 1.69 1.08 30 22.56 103 77.44 0 0
Cr 0.34 1.80 0.97 58 43.61 75 56.39 0 0 0 0
Zn 1.19 4.05 2.03 66 49.62 64 48.12 3 2.26
Cu 1.27 4.27 2.14 77 57.89 52 39.1 4 3.01
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Figure 3 Fitting between heavy metals observed concentrations and predicted concentrations by PMF
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Table 5 Correlation coefficients of heavy metal contents in soils

JLER Hg As Ph Cd Ni Cr Zn Cu
Hg 1
As 0.131 1
Pb 0.07 0.506%* 1
Cd 0.086 0.387%* 0.736%* 1
Ni -0.019 0.16 0.093 0.029 1
Cr 0.006 -0.02 -0.069 -0.28 0.236%* 1
Zn 0.216* 0.304%* 0.348%* 0.196* 0.409%* 0.164 1
Cu 0.266%* 0.404** 0.400%* 0.423* 0.063 0.165 0.339%* 1

T2 FORTE 0.05 AP CRUI) | 8 ZE AR 5 FIRTE 001K OBl b i 3546 .
3 6 PMF f#f &5 LM RIE R RBKE
Table 6 Source contribution for different elements by PMF

. S img - kg IR TR/ %

TR Tk BT 2 BT 3 T4 BT 1 T2 BT 3 BT 4
As 2.29 3.72 0.36 0.53 33.1 54.0 5.20 7.70
Pb 8.43 3.37 2.45 3.64 47.1 18.8 13.7 20.4
Cd 0.28 0.000 7 0 0.06 82.0 0.20 0 17.8
Ni 7.28 7.52 12.2 3.93 23.5 243 39.5 12.7
Cr 0 8.13 21.1 29.7 0 13.8 35.8 50.4
Zn 40.2 16.8 56.4 7.23 334 13.9 46.7 6.00

TR TTRR — — — — 36.5 20.8 235 19.2

1 X} Pb W) DTHR AL E 5, IA 5 47.1% , A OCA% 43 ik
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