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Distribution and source apportionment of heavy metals in farmland soils using PMF and lead isotopic compo-
sition
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Abstract: To identify the distribution characteristics, pollution status, and pollution sources of heavy metals in farmland soils of the Jiulong
River Watershed, the concentrations of Cr, Ni, Cu, Zn, As, Cd, and Pb, along with the lead isotope ratios in the soils, were measured. The re-
sults showed that the concentrations of heavy metals in the soils have increased significantly in the studied region over the past two de-
cades. Among all the heavy metals, the rate of increase in concentration was largest for Cd. Pronounced spatial gradients were observed in
the concentrations of soil heavy metals at different functional areas, thereby indicating that human activities have important effects on soils
in the Jiulong River Watershed. High concentrations of soil Cd associated with agricultural pollution were observed at all stations. The re-
sults of the potential hazard index assessment indicated that most studied areas were moderate ecological risk zones, with Cd being the ma-

jor contributing factor. Principal component analysis (PCA) and positive matrix factorization (PMF) revealed five primary factors (pollution
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sources) with the following contribution rates : industrial emissions (26.3% ), vehicle emissions (23.2%), natural sources (22.0% ), agricul-

tural activities (16.2%), and other mixed sources (12.0% ). The results of the Pb isotopic mixing model demonstrated that Pb mainly origi-

nated from vehicle exhaust(57%), coal combustion(34% ), and industrial emissions(9% ). The results of the three methods used for source

apportionment were in good agreement. Thus, these methods can be used complimentarily to effectively constrain heavy metals pollution

sources.

Keywords: heavy metals; lead isotopes; positive matrix factorization(PMF); source apportionment
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Figure 1 Location of sampling sites of soils
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Table 1 Indices of potential ecological risk assessment

H S XS FE A7 Indices % Low H145 Medium i Strong gl Super-strong b3 Dangerous
E, <40 40~80 80~160 160~320 =320
RI <150 150~300 300~600 =600
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Table 2 Heavy metal concentrations of soils in study area

T H Ttems Cr Ni Cu Zn As cd Ph
/M Minimum/mg - kg™ 9.42 3.63 8.78 52.33 5.77 0.247 25.86
B RAN Maximum/mg - kg™ 72.04 21.89 121.22 242.50 26.44 0.653 131.71
F-H{H Mean/mg - kg™ 37.25 10.76 34.59 112.04 12.17 0.403 60.54
F{E Median/mg - kg™ 33.88 9.76 27.80 95.65 11.90 0.394 61.04
B2 Std. Deviation/mg - kg™ 18.76 5.17 23.83 45.66 3.96 0.099 2291
A5 ZELCVI% 50.35 48.09 68.89 40.75 32.58 24.55 37.85
i) Skewness 0.28 0.46 1.95 1.53 1.56 0.63 0.66
W43 Kuttosis -1.11 -0.90 4.17 1.73 3.73 -0.25 0.65
#5441 Background values/mg kg™ 413 13.5 21.6 82.7 5.78 0.054 34.9
XU 55 156 {1 Risk screening values/mg kg™ 150 60 50 200 40 0.3 70
FRE AL VEAERE B 1 43 e/ % 0 0 0 6.7 0 84.4 37.8

T R R E R ES R A TR H R EVF0) T,

Note: The background value of heavy metal in the soil refers to the average value of Study on Background Value of Soil in Fujian Province '
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Table 3 Concentrations of soil heavy metal at different functional areas

Tl H Ttems LA Countryside AL Suburb Tolk Industry area 2% i Traffic area
FEAHEL Sample/ 4~ 12 11 13 10

Cr/mg-kg™' 22.97+3.78¢ 29.01+11.45bc 56.51+11.34a 38.44+17.82b
Ni/mg-kg™ 7.24+3.76¢ 8.06+2.81bc 16.43+3.66a 10.55+4.22b
Cu/mg-kg™! 31.58+11.83b 23.22+15.22b 32.78+19.74b 51.87+37.31a
Zn/mg- kg™ 91.78+18.71b 94.50+29.87h 110.76+39.16b 157.33+61.28a
As/mg kg™ 10.92+4.02b 11.20+2.44b 14.73+4.77a 11.42+2.92b
Cd/mg-kg™ 0.377+0.083d 0.390+0.083¢ 0.401+0.126h 0.451+0. 088a
Pb/mg-kg™ 51.43+19.22b 53.74+19.22h 58.25+12.24b 81.91+29.68a

T - AT AN R PR R 22 5 3% (P<0.05) o

Note: Values followed by the different letter in the line indicate significant difference at P<0.05 level.

500
400 1 b
a
>320 f& & 4001
o 3007 ffé 300~600 3
) B o300f----f-mmmmmmdm e d e ----
5 200 ﬁ
o - 3
% | teo-oM Lo & 2001
&) %= | _150~30001%F .
o = <1501
gz 100 | 80~160 5 2 00k i
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Figure 2 Ecological evaluation of heavy metals in the watershed
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BLGTERE Fo0 Cdo AS[RI T AE DX RS BRI HH K E]/IN
MR 4238 (298.74)> Tk (259.38) >IRAR (254.06) >4
F(232.63) , B BH AR 52 H A 2238 DX AT Tl X AR H
FeZ B T AR (R BN ) 2838 K Tk ik 2 5
R X SETRE X AR IS Y S5 RA TAE L B
2.3 E 5 PME 4347

X IUIB YL A i X S8 HH T 4 )& 751 T Pearson
FHSCAIHIT , 45 5 B /R 25 DR - 22 ) HLAT B8 A A 6 56
%, Hii Cr-Ni-As(a=0.01) . Zn—Cu(«=0.01) .Zn-Cd
(a=0.05) Fil Pb—Zn(a=0.05) 5 . Z IEAHIE . PCA LK)
KMO K564 4 0.58 (33 0.60) , Bartlett BRIEAG 56 PAH
7 0.000, K F e K7 2 WG 32 0T S A AR T, B
A H A 5 05 BB BUE 7 95% VL b, W] R B 97%
W5 B, 15 BIHE R 5 1 A TR - 3ms LR 4. Ik
BV T 322 AMLAR ) o (S B H b 3R 5™
vk 3, R UFTAE AG A SE R e Tl X LAHL T 428
il A LB 3 A —ehg 3k
T 1B )7 22 5Bk 3 N 42.55%, 76 Cr Ni AT 5 KR %
fa , XEAS R Ty il DX 4 1F) 76 4 JR e i & 80 Tlk X Cr (Ni
5 A XS AF RG24 25 5, IR B 7 1 ] REAR
F Tl v5 YU s IR 2 1 J 22 BTk R 26.12% , 7E Cu
N Zn b A7 R B ar , B T S R BT T — S A
16 DX G K B RO AR, B Cu Zn B B T
oA DX B G  ARIF 5 1) — e FH TR AT B35 R
G, RIIE AT DA K B 2 S — A 06 15 e AR ST R
EMIRGE . 1 307 22 5Tk R 12.37%, Hrp

Cd HAT B KB Zn HAT — 8 807, WF9 X I - g v
Cd 1728 8] 22 57 A8 S0 35, 3% -5 D 3 A3 1 % Cd
HEASE B A A O, A0 4 i A & Zn, PRLMGIA Ry
T 3 S SR ARV IR ; TR F- 4 7€ P A B8R4, Zn
A — AT, S 2 Ry A8l iz f IR 7 5
As B far e K, Cr NG IRAT — 5 fir , Ly S F 58 IA
SR b R 3 B X, e Co BN Y - HEAR
JI 32 20 B A B3 i s, B9 X3 As 5 Cr NiAH
KRR A 5 R A AR Z R AR,
R IA A i R PR SRR TR

TR 43 M JC AT R RS kR S
T, SR P I B TR - 43 BT RSB (PMF) 3264 7437
15 BB 5 DX 30 A 398 b 25 P B 4 R AR 20 i O B Ba.
HE 3a il A1 As . CA7ER F 1 F B AR W E , Ni Zn
WA — W, HoA 14 As 19 5Tk R ik #)
48.1%, K A SRRV ; Cu . Pb ZnTEH T2 FA —ER
WeBE, IF 2 X% Cu 9 BT AR A 31 49.5% , I J& 4 & 16
P AT BRSSO IR SR A U5 5 Cr N A
AsTEH 3 135978 S v i Tk B A, X Cor R N 1Y) 5
BRI 9K 57.3% F155.1% , 2 Tl A5 5 N7 4 78 P
AR, X P I BTk R IR F 62.7%, [ LR
SRR N5 F Cd Cu Fll Zn HAT 8 e B, %)
HBTHRR K 39.1% . 41.1% F11 40.4% , 2 e ) 2 4%
. DA B RS Yl 50 2 )2 4 1 A o ik SR A (E I
I 3b, BTk AR B/ IME IR R Tl i (26.3% ) > 52 38
P (23.2%)> B SRE (22.0% ) >RV IR (16.7% ) > 7 457
W AR AR (12.0%) , A WL VL AR AR H A48 rp
4 A2 TV IR R S8 PR R 2 2 R IE#E L T H
SRUF BRI, T AR M VR A 7 3% S5 TR A TR R S R AN 25
Z . PMF RIS E] Y Cr Ni Cu Pb As BRI A

Table 4 Results of principal components analysis

®4 EBTAI(PCAER

T H Ttems PCAI PCA2 PCA3 PCA4 PCA5
FEEAE Eigen value 2.98 1.83 0.87 0.61 0.51
BLHk % Variance contribution/% 42.55 26.12 12.37 8.76 7.29
ZPTTHLA Accumulated contribution/% 42.55 68.67 81.03 89.79 97.08
Cr 0.962 -0.116 -0.069 0.045 0.175
Ni 0.952 0.037 -0.125 -0.089 0.208
Cu -0.027 0.968 0.068 0.058 -0.079
Zn -0.063 0.831 0.395 0.219 -0.094
As 0.343 -0.133 -0.148 0.014 0918
cd -0.153 0.271 0.924 0.130 -0.144
Pb -0.025 0.163 0.120 0.977 0.011
PR 51 Source apportionment Tk TRA Al 23 SRS
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