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Abstract: Positive matrix factorization (PMF) is widely used to apportion the sources of heavy metals in soils even when the sources of the
pollution are unknown. However, PMF is sensitive to the data of receptor samples; thus, the results may vary significantly. To evaluate the

availability of PMF in classifying heavy metal sources in soil, this study investigated two factors: The composition of elements and anomalous
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data—using soil samples collected from Shuikoushan lead—zinc ore farmland in Hunan Province. By changing the composition of the elements

(whether crustal elements were added or not) and the composition of samples (whether the anomalous data were removed or not ), four datas-
ets were produced and used to compare the differences in the results. When two samples were removed from the dataset based on the detec-
tion of anomalies, the source profiles did not change but the contribution rates of each source to each element varied significantly. After six
species of crustal elements of the samples were added to the statistical analysis, both the source profiles and contribution rates changed. The
anomalous data had a much smaller influence, and the results of PMF were more stable and easy to explain when the crustal elements were
included. Therefore, this study suggested that crustal elements, in addition to the eight species of heavy metals, should be determined for soil
samples. Based on the documents and investigations on site, five sources were identified : Pb, Zn, Cd, and Sb came mainly from industrial ac-
tivities, such as lead—zinc ore beneficiation and smelting ( contribution rate of 26.81%); As and Hg were mainly from agricultural activities,
such as sewage irrigation and chemical fertilizer application (14.68%); Cr, Ni, Co, and Mo were found mainly in soil parent material

(24.41%); Mn and Fe came mainly from iron ore mining and transportation(16.39%); and Al and Ca were mainly from the weathering of ore

(17.72%).

Keywords: heavy metals; source apportionment; receptor model; crustal elements; anomalous data
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Figure 1 Distribution of sampling sites in study area farmland soil
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2 ZER5E
2.1 TEHEEXDH

AH OGN 73 BT 2 - 38 1 4 ¥ e SR U543 B 1 15
I iEZ— A R BB R, 10 [R] 5 AT R B o
A HT B /R (1), Cu.Zn Pb . Cd. As Hg FI Sb P
Wiz [a],Cu.Cr.Mo,Co Ni TILHIV P Z [H], Al Mg,
K . Na Fl Ca 5 2 ] , Mn il Fe 2 [B] 2] 12 {2 35 1EAH ¢
(P<0.05) , Pearson }H ¢ 2 ¥ KT 030, H:4,Zn . Pb
A Cd P Z 1], Co  Ni Al Mo P ¥ 2 1], Mg Fll Ca 22 [A]

®1 TEASEXME

Table 1 Correlation of soil components

EljeE iﬂ[ In Pb Cd Cr Ni As Hg Mo Mn Co v Sh Tl Al Fe K Mg Na Ca
Cu 1 0.306% 0.621%* 0.400%* 0413 0482%* 0.465%* 0461%* 0.552%* 0.744** 0.493%* 0413+ 0.717% 0378* 0048 0206 0038 -0.147 0.042 0048
In 1 0.808* 0.822%% -0.196 -0.183 0.663** 0.602** -0.005 0083 -0.152 -0.139 0.733** -0.040 -0.128 -0.113 -0.064 -0.273 -0230 0.041
Pb 1 0847% -0.041 0.100 0.607** 0.632%* 0.396** 0.357* 0.171 -0.002 0.790** 0206 -0.012 -0.007 0.095 -0.188 -0.048 0.240
Cd 1 0.040  0.041 0.499** 0.750** 0277 0205 0.060 0.034 0.842* 0233 0100 0.104 0095 -0230 -0.181 0.071
Cr 1 0.650% -0.066 -0.030 0.639** 0.369% 0.763** 0.649** 0.185 0.440* 0351* 0305* 0.321* 0322% 0.301% 0315*
Ni I -0.044 -0.024 0.898** 0.625%* 0.848** 0.634** 0229 0.506%* 0.304* 0225 0420% 0272 0307 -0.071
As I 0.690% 0272 0196 0006 -0.065 0.717%* 0257 -0.187 -0.045 -0.140 -0.281 -0.098 0.119
Hg 1 0235 0167 0022 -0.026 0.771** 0284 -0.102 -0.019 -0.281 -0.346* -0.235 0.021
Mo 1 0.379% 0.794% 0.541%% 0266 0498* 0283 0227 0437% 0.393* 0.320% 0.265
Mn 1 0317¢ 0307% 0259 0.320% 0163 0.637% 0229 -0.081 0.091 0.297
Co 1 0614% 0261 0472%% 0212 0218 0387% 0238 0311* 0.251
\ 1 0.207 0.532%% 0224 0.366* 0295 0.164 0297 -0.043
Sh 1 -0.006 0018 0058 0080 -0271 -0.104 0285
T 1 0236 0.156  0.254 -0.333* -0.378* 0.257
Al I 0375% 0.531%% 0.620%*% 0.600%* 0.593**
Fe 1 0279 0.311% 0309  0.294
K 1 0.322% 0302% 0.343*
Mg 1 0.773% 0.829%*
Na 1 0.686%
Ca 1

T AR 0.01 7K CBUID 35 MG s . 78 0.05 K- GBI | 235 MG
Note: **. Significantly related at the level of 0.01(bilateral) ; *. Significantly related at the level of 0.05(bilateral ).
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Figure 2 Scatter plot of the concentration data of main elements
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Table 2 Source contribution rate of elements of the A sample set by PMF

P 51k Source contribution rate/%

TLHR

PR BTHRE Source contribution rate/%

JLR

Flement Pl P2 I3 4 Element P i) 53 T4
Source 1 Source 2 Source 3 Source 4 Source 1 Source 2 Source 3 Source 4
Cu 39.43 24.18 18.61 17.78 As 33.68 34.67 11.09 20.56
Zn 59.11 16.36 10.98 13.55 Hg 42.74 42.12 9.69 5.45
Pb 57.92 8.89 2.31 30.88 Mn 20.41 4.09 11.41 64.09
Cd 60.68 19.83 8.22 11.27 Co 0.12 23.07 50.56 26.25
Cr 3.07 36.39 46.18 14.36 N 8.23 30.04 48.71 13.02
Mo 5.05 16.49 26.84 51.62 Sh 45.74 10.35 27.28 16.63
Ni 15.24 17.99 36.52 30.25 SNy S 30.11 21.88 23.72 24.29
R3 PMFEEEHTH BIEAE S TRIFEREHE
Table 3 Source contribution rate of elements of the B sample set by PMF
. P8 5Tk % Source contribution rate/% . P 5Tk %K Source contribution rate/%
R W W2 W3 Wi o W W2 W3 Wi
Source 1 Source 2 Source 3 Source 4 Source 1 Source 2 Source 3 Source 4
Cu 32.99 34.88 21.36 10.77 As 37.95 43.05 7.81 11.19
Zn 51.16 18.33 13.01 17.50 Hg 32.97 48.87 13.45 4.71
Pb 53.18 5.47 13.12 28.23 Mn 20.88 12.04 13.04 54.05
Cd 55.78 16.16 10.84 17.21 Co 5.74 23.16 5791 13.19
Cr 3.94 31.81 50.70 13.55 \Y 4.55 32.33 56.07 7.05
Mo 0.17 29.90 12.20 57.73 Sh 44.45 12.41 25.36 17.78
Ni 3.28 3.83 37.68 55.20 BTTHERR 26.69 24.02 25.58 23.71
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Table 4 Source contribution rate of elements of the C sample set by PMF

I 5Tk Source contribution rate/%

TR BTHR R Source contribution rate/%

JLR

Element Pl 2 133 T4 s Element P T2 I3 4 I35
Source 1 Source 2 Source 3 Source 4 Source 5 Source 1 Source 2 Source 3 Source 4 Source 5
Cu 38.75 12.63 30.78 8.29 9.55 Al 4.49 6.76 22.06 11.61 55.08
Zn 58.99 12.74 4.42 13.44 10.41 Mn 10.50 11.23 14.32 42.42 21.53
Pb 71.67 8.39 3.68 4.88 11.38 Fe 16.31 1.44 17.14 62.42 2.69
Cd 64.63 8.48 2.00 8.16 16.73 Ca 8.69 6.62 15.10 5.63 63.96
Cr 14.23 17.35 48.21 14.32 5.89 Hg 40.78 51.79 2.18 0.22 5.03
Ni 10.58 6.07 54.11 27.76 1.48 As 29.47 46.82 11.54 12.09 0.08
Co 18.01 5.34 50.47 14.02 12.16 K 14.02 5.61 30.14 21.78 28.45
Mo 24.14 2.56 48.64 24.30 0.36 Mg 11.32 0.21 14.31 13.23 60.93
Sh 45.41 19.71 20.85 10.97 3.06 BELTTHRR 28.35 13.16 22.94 17.38 18.16
=5 PMFEEBITH D H#EARERZ TERTEBE
Table 5 Source contribution rate of elements of the D sample set by PMF
_ JEFTHEER Source contribution rate/% . BTk 2 Source contribution rate/%
Element 1 P2 I3 4 S Element Pl 2 3 14 5
Source 1 Source 2 Source 3 Source 4 Source 5 Source 1 Source 2 Source 3 Source 4 Source 5
Cu 38.03 13.74 32.34 11.16 4.73 Al 2.13 8.47 25.55 13.84 50.01
Zn 53.65 14.64 5.01 14.69 12.01 Mn 9.23 3.24 9.46 51.21 26.86
Pb 68.44 5.19 5.07 12.88 8.42 Fe 9.27 5.76 16.59 63.57 4.81
Cd 60.24 9.57 3.19 8.15 18.85 Ca 9.42 6.08 17.76 10.53 56.21
Cr 17.03 15.91 48.99 13.33 4.74 Hg 35.49 55.76 4.56 1.03 3.17
Ni 10.92 12.11 51.07 19.42 6.48 As 24.68 48.54 15.45 9.09 2.23
Co 14.21 11.40 52.13 17.38 4.88 K 16.26 5.24 33.09 13.47 31.94
Mo 14.46 8.97 50.69 22.75 4.12 Mg 16.85 1.48 18.62 4.53 58.52
Sh 50.40 21.41 22.32 4.63 1.24 B 2681 14.68 24.41 16.39 17.72

PMF R A7 - S T J WA AT T, SO O o AT
Xt 5w AR BEA TS, AoRE 3 0 S W (B S BR , S 2R 3R
B, S I S LU, PMIF AR TR REAS 20 Hh 500 45 B O
FRMTAE R o oA FLUIA 2 AR A DT s e, 5
W i B A PO AE (R S 2 s IR R T
T PMF BT 05K A S B, 22 00 e D45 S5 W (ELRE H AR
PR RIS, S B0 Y IR BB SRR 1) S W L. AN
FERER T A S RHEAS  H Ca Fe ,CAd FI Zn S5O0 &
IR SR ERER G XL R TR TG Y
PR TTRRRAL /N e — PRI 1 S (B0 AU M 2
IR, SRR B DR AT 45 SR RE A8 S5 P S ke 2 3
5 SIS L
A5 CHLE BE DAL, SIAMTCILERAG 15
QWAL AT ST 1 1475 G PR B RS B4 e A
AL PR A CREIE KRBT — Al Z A g
U AEEA 75 Y YRGBT I, 5 %A ) 3 1T e o0

Tk WY M ARG B SO R SRR
UNMIX AR HY 56t I fy 98 42 X+ 38 51 4 Ja 04 7 V5 gt it
BRI, 51 A AL Mg Fll Ca S50 K, IR MT 45 S A
FIFJE 105 el R AL B . AR 7R LI Aih |
- 5 v A EUAE X AR B 5T T E (Al Ca e,
K.Mg.Na) 5| A PMFBLRY, iy FH L P AN 52 Sk 15 Gy
Y5 A 52 A A JRC S 0 SR Y G 3 AT DA S Gl 5
T ZEHEAT 43 B, DT BE 25 52 A A 4515 SR R o

Zi LB 5 A HREE AU BR 24 S A, A el AR 4y
REER Y IEAIREE 4, RUUE Tk C 5 At
B ANGIAMISEICER | B8 43 R4 IR (V5 YLl iy 4 4> 72
B5AY) o C5 DA AR 24> 7, AR ek 22 4
HREER TGP RRE 54, AMUE TR ;B 5 D 1
B ANGIAMISEICER A8 43 2845 R (15 Yl ol 4728
BSAY) o EBIGI AT G R BB A S A R, SR
SIBR A TTERR . D5 AR, RESIBR T 2% H, X



SR, P BORR IR % 5 5

PASEAY R F 100 A T - 8 o < Jam A Ay 491 2555

SIAMSEIC R, TR S, B2l 4 M54,
FEAHE— 1N, & BT 1) 3 (R4 A U3 A
AL IFEAEYRAVER

A FEAS TR AT 1 (2 6) : A 5 BARAT H AG TR 1 2
F 1 (Sig.)/INTF 0.05, 6B 5 B 55 (B R 1A 53
SENR 5 TR 2 U8 3 AR 4 19 Sig. KT 0.05, Bl B AIBR
WAELJE X TS S A UR 2 R 3 AR 4 To i R . C
5 DA, 575 YL IR Y Sig. YK T 0.05, 6 7E 5 B3
SEEAESE XA 5 A5 YL IR I8 T B R
I, BIAMFE T ZE G (CHID) , AT 25 52 S (e Y
MRS/ R MR . T PMEF B X 4 A K
R M, T B B R i DR A2 4 TR] A
B BESW 2 R L, 51 AT RS, SR &
SEHE B 1 H AR T AT BT 5 T e A R
X RRE MR R 22—
23 AOWSFHET AL KEIIEESEMNTEKRIE
S

X 2.2 53 1 4 FAS [ REARSE R 3BT Al A1, D
FEASE IR AT 25 AR o &5 W B 2 1) A 1 (TR
3) X DREA LS 75 YL 54341 5 1 X Pb . Zn .Cd
A1 Sh A 5T ik 2 5 35 50% LA b, X As F Heg A7 42 5
F TRk R . AR SR K IR X AR B T
KA B A K R R R KA Zn Ph
Cd As F1 Hg 250 &K , HEAUS 1 2 45 Fh ik A2 0E A 145
SIS YLS, Sh 5 XJUMITER BB EIEAK, B
A FIEYE . I HLPh R Hg B e B2 858 3 1L R B
JoRE . BRIUL, HEWTIR 1R SRE T BB S T Bl
U35 L7 2 X6 He i1 As B DT R H5 vRy o VR B2 23 ] 43 Al

7, Heg BRA™ LB A {4, 76 5 VLS i iy
LB WA S X o AT A SE PR R 2, BT X 32 2
FHE K R RER 2%, T I A K K 225k 1RV 237
FE AR 2 R P DA ORI A T2 A 24 DA R it FH 4%
FhEAIAERL . R BEA S (AR AR 255 & 1
Hg.As.Cu.Zn KL RS LR a8 (Ui
M5, As 55— BE 20~50 mg - kg™, HAS A #i
Sl b As it E T R, HEWTIE 2 s
TIHE TR RN A 24 A T it P 48 A8 M 355 Bl 5 TR 3 %6 Mo
Co 1 Ni Ay Tk A4 8 12k 509% ., Ni Al e JiE 2 A 3 A [
WR BRAE A B A S X MR 22, H IR T
T DUE 3 3R OT R 1A 5 R B LA T R Y
P/, 6 A 3 Fh e K By 4 [ AR SRR /N, R sz A
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WA T 5ol BRI TR 3y 38R BT 5 7 4
X} Fe Fl Mn 9 57 #k 28 L6 48 w5, 43 5l 4 63.57% Fil
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Table 6 The factors’ paired samples test

Paired Differences

iSeS » ; R . .
Source profiles Vean SuDeviation St Error 95% Confidence interval of the differences t df Sig.(2-tailed)
Mean Lower Upper
A
1 3.414 5228 1.450 0.255 6.573 2.354 12 0.036
T2 -2.136 7.495 2.079 -6.665 2.393 -1.028 12 0.324
U3 -1.858 6.232 1.728 -5.624 1.908 -1.075 12 0.304
T4 0.581 9.831 2.727 -5.360 6.522 0213 12 0.835
SN
P 1.546 3.801 0.922 -0.408 3.500 1.677 16 0.113
T2 -1.515 3.788 0.919 -3.463 0.432 -1.649 16 0.119
T3 -0.713 5.268 1.278 -3.422 1.996 -0.558 16 0.585
T4 0.993 6.300 1.528 -2.246 4.232 0.650 16 0.525
s 0.444 4.306 1.044 -1.770 2.658 0.425 16 0.676
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Figure 3 Spatial distribution of representative components of main pollutant sources of soils
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Table 7 Statistical analysis of elements in the study area farmland soils

i )r‘.}i./J\{ﬁ ’F}}.ﬁfﬁ HfE H\Yﬁ% . AR EH% e NS el {5
Element Mr;ZI-T;T/ Mg:}i;ﬂl/ mN;(?ir;/,. Stand::'(llj;\ganon/ Coefficient of variation Backgrounig.alil;i of Hunan/ Mean/ Background value

Cu 34.53 1.88x10° 64.60 30.16 46.6 27.3 2.36
Zn 1.01x10? 5.45x10°  4.86x10° 8.55%10° 175.8 94.4 5.14
Ph 41.98 1.80x10°  3.62x10° 3.54x10° 97.6 294 12.32
Cd 0.38 54.95 5.97 10.19 170.8 0.126 473

Cr 36.33 125.46 77.57 26.29 334 71.4 1.08
Ni 11.63 75.54 37.69 17.39 46.2 31.9 1.18
As 12.08 1.02x10? 31.67 18.74 59.2 15.7 2.01

Hg 0.12 2.60 0.68 0.63 91.9 0.116 5.88
Mo 0.50 3.48 1.74 0.81 46.6 1.4 1.24
Mn 26.33 1.45x10° 1.05x10° 4.61x10° 43.9 4.59x10° 2.29
Co 4.26 44.40 17.34 9.84 56.7 14.6 1.18
AY 83.90 317.04 182.16 50.69 27.8 105.4 1.72
Sh 3.76 40.37 12.05 9.25 76.7 1.87 4.44
Tl 0.40 1.82 1.13 0.52 46.1 0.61 1.86
Al 2.21x10* 1.68x10° 8.07x10* 4.57x10* 56.6 8.55x10* 0.94
Fe 1.48x10* 9.04x10* 5.02x10* 2.70x10* 53.8 3.96x10* 1.26
K 6.52x10° 3.94x10* 2.24x10* 1.09x10* 48.7 1.86x10" 1.20
Mg 1.44x10° 1.08x10* 4.25x10° 2.09x10° 49.2 4.00x10° 1.06
Na 16.77 1.06x10* 2.17x10° 2.12x10° 77.7 1.7x10° 1.27
Ca 2.35%10* 6.65%10° 1.76x10° 1.29x10° 73.4 1.3x10° 1.35

SRR A W S E EEXK IR R Y
EHAOAPATHITE R B WX TN AR A, ALTE S
LR A RS E , Ca T 5 AR BRIR 1 1k 1l
AR TR o IR, HEWTIR S e AR

3 &g

(1) S AE BT E , PME K55 750 i By i 05 4k e
ANPGRS AR ], HA 75 QLI XT JC 2R 1Y BT MR BT
[ Sy 2 e A

(2) #1752 JC & B9 5| AN} PMF #5584 £ M7 1 75 YL I3
FEARVFNASH™ A2 ol 25 15 e %) 42 S5 B 25 5
N IFHBIAMTE TR G, IR 45 R 2 5 E %
W48 /0N | R 1 B iR

() EFEEA B DAEALE AR AT 45 2, 45 B %
25 [A) o0 A EAS 5 15 YRR SR BER™ FOR S5 Toll
15 3l (26.81%) 5 7K VE I 1A 25 4k I it FH 46 % b
TG SR (14.68%) L3 RE TR (24.41%) R0 41 2R
Fsg iz R (16.39%) A XA (17.72%)
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