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Ecological risk and source analysis of soil heavy metals
in a Mollisol watershed of China

LIU Meimei, GAO Fengjie” , HAN Jing, WANG Xin, GUO Xinxin
(School of Public Administration and Law, Northeast Agricultural University, Harbin 150030, China)

Abstract To explore the potential ecological risk and pollution source of heavy metals. including Hg, As, Cr, Cu, Zn,
and Ni in Mollisol water shed, a total of 136 samples were taken as study materials. The potential ecological risk
index, correlation analysis, principal component analysis and PMF analysis were employed to reveal the heavy metal
pollution situation and source. The main results were as follows: 1) The metal pollution of Cu, Zn, Hg, Ni and Cr have
exceeded the soil background value of Heilongjiang Province., and the over standard rates were 16.2%, 28.7% .
93.4%, 48.5% and 19. 1%, respectively. They all showed a moderate variation and were impacted by human
activities; 2) The potential ecology risk index indicated that Hg was at a medium risk level and other elements were at
a low risk level; 3) Pollution source analysis showed that the heavy metal pollution was mainly from 4 kinds of sources,
e. g. natural and atmospheric subsidence source, industrial and agricultural activities source. domestic pollution source
and transportation source. The main source of Hg was coal-fired activity, Cu pollution was mainly due to excessive
application of chemical fertilizer, and the accumulations of Zn, Ni and Cr were mainly related to transportation.

Keywords soil heavy menta; ecological risk; positive matrix factorization; source analysis; a Mollisol watershed
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— o TR ] A A R e S . H R I
X FRIME T AR, ZF &4 EcREd K
SO AR DTSRG K HE L S iR AR A L AR
WX+ E SR BB E R, 2014 4R K A 1
(4 [ A 0 Lotk Ol I A 8 o R AR b 2 Tl
Hb 1 8 T e n) A Ry Y, 2017 AR AL B 2
Ivi) [ % % Jo Rl o 2 B 4 LIV B L R R L 3R
S AR AR FK R I G & AR AR b B AR 4 Rl
HE (20172030 4E)) L BIERIT X AR+
BEGEUR B R A XL R A AT R L AR R R AR
LA BEE R E R ST,

4R T e T L AT IS e i 2 )
JEE S TR R R A A DL S N R A
FRES B R 4R S Y KU AR DA 4 TR S
YRR RE 05 A RN 35 e KU I6 B4R R 22 K
oo AEXFEE 4 R EAT VR A AT IO BIE S v, B AR
R RO 5E 7 1 BEALHE 2 on Gt vk Ak sE T i
S A AR R 07 B R AE S L IE A I R o A ik B
o IF R K B X7 4 A i (PMIE) 6 i 47 U8 £ B B
ANTE SR R VB3 1 A SR 2k B v X PR 28 A A
1553 AR 1 29 AR S R R REAS B 51 B A
T o (g Ay 45 SR B 5 S PR B S, PCACE 4 43
M) 5 PMF AH 45 & 5 2 50 b7 45 Flois e B 7 X + 4
AR TTERR , fE ST AP BCE 4 R 15 Y 19 R )
K. HAT.CAEEIF R T LR EEE IS
FHOCHIE 52, 0 K 2 3 4 3k T 47 BUIX Wy B, & 5
EVIXH R A KD T RS AT R R & B A S
JRURSE DA 0 Bl =5 4500 e 1) 1 4 9 TR L A T kAT R
BB RN . Bl 3 TR X I, b 4 S0 % i

MR T rEEL AL County boundary of Harbin city
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Br (PMF) (# J5 33155 . B 76 X% b X 5 4 @ 5 ok
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Location of study area and distribution of sampling sites
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1.2 HERESHIELE
1.2.1 #&iFELHNE

L2825 3 4 40" 8] B % AIF 28 IX k4T 28 N I B
A o5, AE R AR i AR Rl L TR GPS b 4748 )
A LAGRAIE S A (0 v M . A i /b Bl AL 58 25 5 i i
FH L7 A AR R FE BB A R SR 2
B CRMEUREE 0~20 em, JF4 R FE + 58 B8 41 i i LA
VU 375 B B 500 B 1 - HERE S SR RE R I s 4
SR T (I W o s Y S I VAN 4 1 I o L
FHRIHT AR B 55 5 D HoR A 136 20 H AR .

H 2 48 J5 1 1 AR B 22 FT AR — 5 K LA A
GIHT o S I 5 E JSBRAE S 2% T PR TR TR A TR R
& & i 100 H Je Je i R 57 o M 46 C B A B+ 1 3F
B AR E ) (GB 15618—1995) 1 X4 i i#E 47 1T b
B 5 H ST Z-2000 B JEF- WSS 't BE TR D AR
PR B R VRS TR S ot R R
PR (b 50 KA A F] L AFS-820 B 2R 5
FHOCTEIEATRM . RS 3 IREE L BOF M,
1.2.2 #3m4am

ABESE 2R SPSS 25. 0 Bk {4 X 5 4 s 5K
o EAT 45 3 P GE 43 B RN I S 43 A A B, Ol o
Minitab A4 X538 53 B8 3 47 5% 3 LU & B8 50 A
(23K 5 7 4 J JC 2 175 Yl ok IR 40 BT A 45 A R4y 4y
Br(PCA) F11E & %8 [ B+ 43 Hr (PMF) , F % 7
SPSS 25. 0 1 EPA PMF 5. 0 % {4 v % % 4 3k 17
Ab B,

1.3 HIRF*
1.3.1 HEABZEERK
TR A A S AR H0E T DL T s TR
Yy 4 JE T e AR S T R AR A e N R AT
DL BB DR 5 4 S 1 G I O i RE E e BT 2
FeE & 8 2R G 15 e 00 A = 0h -
C

E:‘.=T;‘.><C;‘.=Ti><s—" (D

RI = ZE (2)
i=1

K E LA ES BB ELESEEREGT, . T
B0 M EE R R Bk S B T 4 E KA L DTAR
[E] AR R0 A ) AH 22 (8] B i N OC &R . 2% H] Hakanson
il %2 9 T 42 )8 bR ofE 2 0 Y &R $0C Cul Zn, Hg.
As Ni F1 Cr pyFFEm v 25849~ 5.1.40,10.5,
2;CL EmE /R, . mg/kg; S BMERIEICRNS
FUAR 43 0 2 2 (1 S PR 5 o 4 1 b, - 338 35 e XU
P RRE GRAT) ) (GB 15618—2018)"" rf iy 4 JH 4t
A T Y KUK O (O B R A LR R
(R D HHFR XA SE T RS EESTE
FIEORL A EN G FREL H TR R —
MEANTG YIS EAE S ERBNGAE. AT
Hakanson #& 1 A 174 6 45 2 T 8 # & & J&@ o
FOARRBMANESIEICR N 6 FLRIEES
Ja& 0 2R YRR T I N R OB R R S AT A AR S
FEIENHEAR, LR 2,

x1 BEESRESTRAE

Table 1 Evaluation standard of potential ecological risk assessment mg/kg
Z A . .
Cu Zn Hg As Ni Cr
Reference value
A 3t - 3835 e JRUBS: 57 28 50.0  200.0 1.800  40.0  70.0 0.3

Risk screening value of agricultural soil pollution

BT

Soil background value of Heilongjiang Province

1.3.2 EZ4EMRET 5 HPME) LA

PMF #5278 J2& — Fh ] i FH T f B 0 5% 35 42 17 U4
8 DR 43 BT A T8 o A it T 3R i 1 B B O
AT BT RR R B R T o AR L RE T, Q S PMF
(9 H bR R Y Q (23 BOHE 42 1 B PR B B 2R U
B AR A AN F

b
T, = Egilcfkj +e; D
k=1
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Table 2 Indices of potential ecological risk assessment
GABIEAS TR
Potential ecological risk index T 4R
VA f R VLA A
Potential risk level ~ Hakanson P4 r R IR VA0 45 A fh S
Hakanson’s Evaluation index RECE,
evaluation Index after adjustment
ik Low <150 <90 <40
14 Middle 150~300 90~150 40~80
5% Strong 300~600 150~290 80~160
e 5% Very strong =600 =290 160~320
f& B Dangerous =320

Aoz, 5 NFERTPIEE § TR WE  mg/kg;
wy 5 RS AN TR IR BN E B s g s
55k FRORUEXTRE S 0 B TTHR: £y 58 R RORIE RS 5
FRoC R WL s mg/kgse; R ZEM M, i HAR R %L Q 11
F/METHA . i PME 34 8 4 )8 oo R b7 ok IR
fif AT B 5 B 3 Ak Bk A OT 2R MR B RN T R R R B 2
JE AR5 P R 4 vk B A R T O A PR O A
BERTHRE T

UNC = /(6 X )’ + (MDL)? (5)
o B X AR AR 2 5 ¢ T 4 8 JC R W mg/ kg
MDL, J7 ¥4 H R, PMF 36 78 3158 5 #& b 7% 32 0
W K504 B B 4 S AN (] R v 4 ) 1 Dk
RGO TR M 2 5 3 A 3 5% i b 25 2R 1 Al
B2, FEM Y FHRE/ME Q ke N TR, &
i O 2 A S 2 Y RO E 4
23t 20 ERIE R B B R/ QAN 4.5, 58 22 8K
EHAEL—2, 2], /] LT R G . AT & Cu,
Hg Ni fil Cr ({51t S/N #>1,70%K Zn Ml As
(1415 W B =>0. 6, DAASE Y (%) F50300 {5 S 3000 £ 7 0045 3%
WokF ,ou#E Cu.Hg Ni Al Cr B 32 25~ ¥I6E
KF] 0.999, I Zn Ml As (9 7~ >0. 8, ¥ Hi% PMF
A (14 8 (A DL G RO BT BB 5 40 ik R L 5 A v
T A L T 4% 5T L TS 4T

2 HBREHSW

2.1 TESEREERITHIESN
% 3 M, Cu.Zn, Hg  As Ni f1 Cr [ 5 4
BE RSN 16. 334,70, 684,0. 063.,0. 058,

21.775 F1 49. 649 mg/kg. 6 P E LB ICK ML R
RAEFHNKBINFEIR N Zn>As>Cu>Hg>Ni>
Cro Ut Z X E 48 c £ Zn 240 5 5%
R Cr & EZEmER/N, -8 CV ITAibs
HEL,CV<10% A 5§52 F 4 CV,10% ~100 %6 A Hh 4
AR CV=>100 % g5 A8 4

M3 AHL.X 6 FEAeBITETRNERR
WHEIE TP SRE, URBRITE Y REN
P T SRR 5T X 4 9 T 4 S O 3 A AR L 45 R
WL bR As Hiofth 5 Fh e 4 & o0 R A0 A7 7E AR O,
Horp Hg e R WY AR 28 5] 93. 4%, R HIZ M X
AEAE — o P B 1 o 4 T Vs i O .

X6 A E SRR T RIET K-S KIS
Hg Ni fil Cr f# & IE &40 i R A Minitab 3 {4 X}
Cu.Zn M As P47 56 e J5 G 2 15240 A5, vl 17
BRI, L35 4,
2.2 1TESEEAESBEEMSM

1% 5 AT, 20 ) DA AR FH Hb 4 98 35 e XU B
E AR IE VLA H 3 Sl S 5 K W6 B B s
X+ 4 R AR S E AU R R
St B 2l A, 2 LR FH b A TS G XU T 16
{H A2 AR % /N ik 6 Ff 4 8 o0 % Cu.Zn.
Hg . As Ni fil Cr pyHuig e A S FEREE, <
40, J& TR0 Y BB i An il N SR B E A S G
F e RT AR 5 /) T 52 075 U 0 b e L 3 W 5
X 4 & o6 R B T5 G R A 25 00 18 3 KU # D L it
Fb A5 BRIV 7E AR A R B T L A S AR E
KENF 518 Cu>>Ni>Hg™>Cr>Zn>>As,
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4 5t i AE

Table 3 Descriptive statistics of soil heavy metal contents

L ¥y (i / (mg/ ke o 7 A 22 TREP/ % HRME/(mg/ke)  HERE/ %
JLZER > mg/Kg
Standard Coefficient of Background Excessive
Element Mean
deviation variation value rates
Cu 16.334 5.689 34. 83 19. 700 16.2
Zn 70. 684 60. 849 86.09 68. 400 28.7
Hg 0.063 0.021 32.94 0.033 93.4
As 0.058 0.033 56.79 6. 300 0
Ni 21.775 5.419 24. 89 21.600 48.5
Cr 49. 649 11.323 22.81 58. 500 19.1

e rp R 136 AR,

Note: Number of valid cases listed are 136.

x4 BHENKSKHIE
Table 4 K-S test of data

I 2Ch) Al n, AR e 48 R R H A 2 1L
{ELIY  BIF S X RO 9 7 A 25 18 3 15 BBk T R He LSk
f14 H At . <5 i 0 3R e K BRI 008 <40, ZR R I AR

. R P RS e st 1 S,
‘E/\ P Converted Probability éiz;w\ﬁ::*ﬁ ﬁm‘ﬂ:ﬂiﬁﬁ%ﬁ& {57&5!]1:/]‘{@59{& Hg
Element P value distribution ﬁ%E@QQIﬁ{ﬁfiﬁﬁ%?gﬁipmﬁﬂﬂ 76. 91, E
TSR FE A NG E, HERKKME>160 B4 W 5Ef2
Cu 0. 000 0.200 IR ARSI E, M X N EE R 2 E He TR R TR
Zn 0. 000 0. 200 i 2 F LA 45 . B FHonsE He ouR M 335 21, LB 1k
Ju N b 5L
He 0. 079 — s EEREFEH—-ENERSEE, DEBITAE R
{02 AR AT T3 v e AR 2 fa 3 R 21/ 53]
As 0. 000 0. 200 EE
N Hg>Ni>Cu>Cr>7Zn>As, X 5 L& I #o 1 15
Ni 0. 200 T 1 81 E DX 075 356 1 M s o T 8 A0 45 SR M A S TR L 22 B AR
Cr 0.057 T EA (=R oA ey e 1 7 N O A 1 I Ry e e N i R kA
KBRS RE TR .
RS 1TEESEERELESEEIEY
Table 5 The potential ecological risk index of soil heavy metals
VA ROBEEERERN E WA
Evaluation standard Cu 7 Hg As Ni Cr ¥ RI
A FH b = 398 XU 7 25 1.633 0.353 1.410 0.014 1.555 0.662 5.629
HopE £ RE 4.146 1.033 76.910 0.092 5. 040 1. 697 88.919

2.3 TtESESRETHERES
2.3.1 E ROy

H1 2 6 AT, M5 DX/ O dol - 3 o J U R
IR IUE 4 A E . BT B TTRCR X

FEA T DL 4T S i T 4 0 2 AU SR IR O
B— T PCAL B THR 3R ik 36. 78 % . fE As
A Cr b HA 8 E 09 1E 2 a7 . 38 1 48 1 FR 1 2 81 &

88.70%, PG X e rh As IR R £ S = Ad 0 Cr 1)
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B2 REESESEESTN
Fig. 2 Ecological evaluation of heavy metals

in the watershed

TREABEIMESECE PR/ R 22.81% ., 1]
DIAS iz sy 2 B g AR K. O A
FRY] L, Cr e B3 iy B 258 o Tl A 7
KA B TR T i R 32 4 T LA i R
Sk B 8k ok UE R OK KU B S Y A 4 A TS g

9% 84 PCA2 7E Cu.Zn Hl Ni b 4 4% fif 48
Bt 0.5, BTTER R K 24, 15% % F A FE R H
Tk RN B B . Ak A T AR T I
A AR A 245 55 1) J2 A HILAE 9 kit A . 43 1 AR Cu Al
Zn IR R, A, Tk A= g B RS
B HE T B AR 1 A FH 25 ik it B 42 8 Ni Al Zn, Bl
KAV T F A2 i ik A+ PR BT, B0 3 o0 7T
il & Sy Tl A Al 1y 3 [ 35 G U

55 = F B4 PCA3 STk 5 [ oy 14. 90%, Hg
V14 1 28 iy $5c 8 5 — A 32 R VR B e i R B
G XAV 3 () o 0 X, SR R A R B I e 11
it AR L BR b 5 7 AR I A BL B A R R
R PR E A 3, HWF5R X N Hg oo E i FEA
AEAR R A . a8 B 93, 4%, X 5T X N RS AR
2 H oy WCRBE 7 20 2%, BT LA 32 1804 ol i 18k A=
RCECY/ -

B0 K 4 PCA4 WL Zn B £ FICE, BTk
BN 12,87 Yo S W XA T30 T 300 G IR X 5 A Ok A8
WARK L SE IR WA SR g B b &7 A4
Zn JF 0 KA R A2 E AR i 3 2 S Ay mT LA
T Ay H A2 3 i i 5 | S 1 ¥ R U

6 EHRDAWMER

Table 6 The result of principal component analysis

JLE Fsr 1 FHSr 2 F4r 3 B
Element PCAl PCA2 PCA3 PCA4

Cu 0.318 0.653 0.102 —0.531
Zn 0.363 0.575 —0.102 0. 681
As 0. 882 —0.434 —0.024 —0.012
Hg 0.477 0.223 0.781 0.058
Ni 0. 445 0.522 —0. 490 —0.149
Cr 0.877 —0.425 —0.147 —0.033
FRAFE{E 2.207 1.449 0. 894 0.772
THkER /% 36. 780 24,153 14. 893 12. 869
BHTTHR R/ Y 36. 780 60. 933 75. 826 88. 696




18

bR R R R

2020 4 55 25 &

2.3.2 PMF £ A 54

R 7 AR 1 EEMATEOTE N As Fi Cr,
55— TR 25 R R — 80 O R B R kR 1Y
B SRR S UTRE IR AR 25 & 5 U5 2 v 32 22 1 oy 2 [
T4 Zn Ni Hl Cr R 5 IR B 40 A 1) Zn DL R
FAges iyt A AP Ni il Cr &8k A KR 2l
16 RS B A UL B L B Y BT LOZ IR F 0T i B R 58
MR PR 3 f He (19 5T Rk Rk 85. 3%0 . nl fif Bk i 4t
HARBEIE T HE R R He TR 55 = F o 4 ik
— 30, Al R R AR TS S YU R 4 R CulZn NG HAT

B TUBRAS , 3X 5 55— FE 0 o M B 45 SRR AR — B,
AREA 24 13 it 5 T 15 KR U Bl R i 2
M X LA 4 A P Y R R AL I TR
e Tl 36 s el 16 sh L R 51k g . PMEF 2R
R RS AT 25 SR 5 T I3 23 B T B 5 SR AR 2R D F ST
DX/IN I 38 0 95 R RIS RE Oy 4 ol e LR BF
FEKIG R TR HE R 20502 L As #l Cr 5 51
FT AR UEURT Tl A5 2 S B0 R LR 75 e UL L Cu,
Zn Ny F @ Tl Ak I 30 L He o 32 5 A%
BRBE = 1 HE TR 1S YL K DL Zn ol R3S E TS YL IR

*8 ITHESCESHRERBE

Table 8 The contribution rate of soil heavy metal pollution sources %
ik W1 2 3 4
Element Source 1 Source 2 Source 3 Source 4
Cu 27.9 10. 2 0.1 61.7
Zn 16. 8 18. 6 16.0 48.6
As 64.1 1.3 34.5 0.1
Hg 85.3 14.7
Ni 8.6 65.6 2.5 23.3
Cr 41.8 25.3 19.9 13.0

R 1 EZERMEICERE N As B Cr 55— A0 A9 85 5 W8 — B0 il BB R 9 A AR TR R <

UUREIRARGS & 5 VR 2 o FZMAT R T4 Zo Ni Bl Cr 3K E 8RB B A 1Y Zn LU BOREAEIZ 1T
P RSP NiRI Cr &3k AKRSR G188 B A UTRE R £ 30 D24, BT LAZ D ol A T Ay 538 U8 5
3 th He BTk w1k 85. 300, Al R ME SR BE 5 7 AR i K i Hg 03K . 588 = TR 4 it —

. AT R R LR TR TS YR U 4 P CulZn A0 Ni B B85 5T

FIR 4, 33 15 55 = 2 S M R 45 R R A —

AR AR 25 19 3 T 5 T 15 K B AR B T 2 0 O LR T e i AR S A O R AR
PR B0 9% S IR Tl 3 Bl Aol 3% S 3L R 5 R A9 .

Note: The main load elements of source 1 are As and Cr, which are consistent with the results of the

first principal component. The source 1 mainly comes from the combination of natural sources

brought by the parent materials and atmospheric sedimentation sources. The main load factors in

source 2 are Zn, Ni and Cr. Zn produced by automobile tire wear while Ni and Cr in the exhaust

gas of the car during the operation'?!), so this factor can be interpreted as the traffic source. The

contribution rate of Hg in source 3 is 85. 3%, which can be interpreted as a large amount of Hg

element produced after coal combustion and is consistent with the result the third of principal

component. This factor can be interpreted as a source of domestic pollution. Cu, Zn, and Ni in

source 4 have a higher contribution rate, which is the same as the result of the second main

component analysis basically, the excessive application of fertilizers and pesticides and the random

discharge of factory waste water will cause a large accumulation of these heavy metals in the soil.

This factor is caused by industrial activities and agricultural activities.

3 #
RS 4TI D ST R 75
AL AT 25 M B P A 0 RO 2 b

vt AR B —E 22 0 . A8 DU b £ 35
DRI s 35 4L by b o 547 T I8 o F 50 IX - S T G )
HRAL T B 2 e IR A HAE DLR T T W R (o

RN H 5

PRUEFEAT A B )8 He AP SEASREE.

ng|

Z‘IZ
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SR T TS B0 A G (A 5 PR I A ) M
5 G KU 4 15 b ofE G A7) ) (GB 15618—2018) 1
KPR o AR R KA R A JE S Y i
T8 B A0] Fhobs o AT W AE AR S KU TR, 2 kA 4
J& B+ 4 JE R O T R AR, W
2 KB BT N T W0ORNA B, (6 153 ik — 20
it

i ok 3 Ao B S PMF A58 89 X6 A 5% X /) Ik 5
- R 4 T YL IR A A3 v AT 0 B T A ik ) A
SRR IR X I E SR B 4 FORUR.
Ar KB T F(E H A5 AR S R RO AIG, Bk
V5T B BRI Cr A /N 25 18] 48 53 R 80 bR T
B FOR IR SN A B R R R AR R Tl ke
HES WA vk Cr B R VTR I8 2 - e b
o Cu F1 Zn W) 3222 Sy Al A 7 2o 2 A0 T8 A 24 it
1 B TE e B AR BR T AR VR AN, Tl R
BHR B K2l IR E R IR B &K Zn
7 b 5 e i AR Tl % S HE R R DT R K b
FKRW A N R R Heg A8 —#
fip HL AR e VT A8 4 35 5008 A A o o 3R R84 1 1
o A 25 RS B4 A HL At B 4 J ™ UK L 3X 5 BIF 5 X FE VS
18K (04 BB B R e K I R B R Y

WFIR 45 R A AT G A58 X AR A 7= 4 5t B
B — 75 YL IR A3 1% AN B S )R] A L s T i
W ELAA B 15 Y . AT D A BT S AR R A 5 b G 1
HEAT S5 43 AT 459 AT Ak VR o7 ik 2 8] 43 A5 L RE 6S
ACEE B SRS M 0 R TR L Ry A T vk R AR i T
17 2 A0 B SR AR i

4 & g

1) 38 o % BF 51X 4 S 5 i 5 i B9 S8 320 B A
A S PE H RT3 9T X/ i e R
JE AR AR B G (H XS T PR BT ) 1A A A5 G T 2
AR Al T AR A ARG R, DR e VLA e SR
ZFpRiME. LR He M MBEEAESEFERLC K
I8 B v A A A RV B (L 5 ZEEE X He Ju R e
10 3 AP A 285 A T SR B — 7 5 it 2 A7 T BT R B

2)E XY T 4 Jm BE AT R IR A AT o A R SR R
PCA I PMF #E8 2 f il M1 77 35 - 4% Hh 19 73 #r 45
FAW) G . PME BRI R E R B - >0, 8, BERISL
0L -5 ST (A0 5 B8 A e T 3 D 3R B 6 9T 0 i
JE U6 B Hh v B B A R, BT AT R R A AR B
AR

3) 18 A T 51X 4 J ) A YRR A L AR T LA
WIBR I 5 IX L e G Jm 2 295 Qe URAT 4 . i X
15 Qe SRR A /MR YR B AR IR AT 5 e
= Tl AR 75 G P8 = A 5 35 G R > A T e R H
T He (19 S 2506 34 ¢ 5 Cu Zn FI NI Y
SR EZEH TAN G TIE; As Al Cr EZ5 L
REBT A F AR MO S R R NiLCr 55 Zn
B9 BB TR R LA G DX R Y
SR T2 By EE b Al R A DL R & T A
U SR 51 .
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