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Fig. 1 Geological map of Sanligang town( modified after Chen Jie et al. 2018)
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Table 1  Descriptive statistical table of heavy metal elements in soil of Sui county

Geitit HfH brifEZE AR5 BB e/ ME S ONIE 2[R
As 11.52 8.82 76. 56 1.30 54.50 11.20
Cd 0.322 0. 208 64.52 0. 047 1. 962 0. 097
Cr 93.79 42.95 45.79 0.50 354.50 61.00
Cu 36.03 14. 37 39.88 4.10 98. 00 22.60
Ni 42. 64 18.26 42.81 0.40 151.20 26.90
Pb 24.42 5.95 24.35 6. 40 54.90 26.00
Zn 103.20 33.26 32.23 20. 90 290. 40 74.20
Hg 0. 065 0. 027 41.96 0.017 0.223 0. 065
pH 6.58 0.91 13.83 4.38 8.41 6.7

T OICR SR A AL 5 (1991) LR = %5 (2019) ;8 FE S Jm S0 me/kg, pH (HIEHA ;28 5 RBCAN N %

e GB15618-2018( +- I LT i A i+
5 Y RS T bR i (01 7) ) (LA BT RR AR IEY )
r 8 IXUISSE 57 326 1A P40 7 o (EDG BIF 9 DX 7K R FG
AL L A B GE T b 5 R AR 2, K2 UK,
WIS, Cd JTZR V5 Yt i 22, 7K H R b
Ik 32, 5 HN 5. 6% , HoAt b R AREE S ECH
379, 5 bR 38. 9% , 2 As JTUE , FEPIZE P
ABIRRE B T 5%, 1M Cr Ni Zn JCEBARFE
i BUATE 2% /645, Cu Pb Hg JCR TCHARFE i
BUORE WFEIX Cd TR bRRiIT it (& ETE
YuE A AR H A E SRR 7% A —
FE P AU (B PEXL 45 ,2019)

*z2

ST R TR R 5 IS PR R X Y X
7K 55 A b 38 b R 4 HEAT IR AN, TR bR
WEME R 2 LA PP 45 SR L3R 3, V5 Y b A v
L% 4B 45, 2022) . MK 3 AT LLAE H B
FEIX 8 FE & IR T RIS FHRBOE S /N 1,
WFFEIX 8 Fl 8 4 & 7 4= IX (1) - 75 P R R i,
B& Cu.Pb Hg SN A TCZE ¥4 15 Yo b i (H 1
Cd TCRIG A M EOE T T 20% , U B — 2 FUA,
ZERTS YRR P YR 0. 73 R4 3% 4 TPIEM
FRifE, BF 5T X R AR T Y A B AL T W Vi U5 S, A
253 1F P >1 W5 JeiEdh i ik 3 16. 39% , 151 1]
W5 DX V5 G i (AR S

BESRBRERBB ST’

Table 2 Statistics of the number of heavy metal samples exceeding the standard

JKH (pH=6.61)

HoAth FH Hb (pH= 6. 56)

Giitit
RO AR E(E HfH FEPRFEA A n=569 PR ARIE(E HfE HAREE AL B n =975
As 25 10. 31 31(5.4%) 30 12.22 64(6.6%)
Cd 0.6 0.318 32(5.6%) 0.3 0.324 379(38.9%)
Cr 300 98. 87 6(1.1%) 200 90. 83 25(2.6%)
Cu 200 37.20 0 200 35.35 0
Ni 100 43.41 13(2.3%) 100 42.20 18(1.8%)
Pb 140 24.35 0 120 24. 46 0
Zn 250 102. 74 2(0.4%) 250 103. 48 6(0.6%)
Hg 0.6 0.072 0 2.4 0. 060 0
TE @I E A =AY mg/ ke, BE B
*®3 EeEFLEBHHRGITES
Table 3  Descriptive statistics of heavy metal pollution index
Giiti Be/ME RAE HfE PR S FRE(%) TG YRR
Py 0. 04 2.13 0.41 0.31 75.97 95
P 0.12 6. 54 0.88 0. 68 77.50 411
P.) 0 1.76 0.41 0.19 47.23 31
p 0.02 0.49 0.18 0.07 39.87 0

(Cu)
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ESTRA A W/IME W KAE ¥i{E 2 R E (%) V5 YR
Py 0 1.51 0.43 0.18 42.82 31
P 0. 05 0. 46 0.19 0. 05 25.72 0
P 0. 08 1.16 0.41 0.13 32.23 8
P 0.01 0.37 0. 06 0.05 89. 02 0
P 0.19 4.71 0.73 0. 48 65. 06 253
EEIONCE iy & W L I S Y & (X AR O
x4 SRITMIRE
Table 4  Standards for pollution assessment
BTG Y HE AL V5P EE R AT R 15 e 7K
Pi<l Tk P 4:<0.7 LA ()
1<Pi<2 LEATREE 0.7<P 4:<1.0 W4 T T
2<Pi<3 BT 1.0<P ££<2.0 BTG
3<Pi<5 H R e 2.0<P ££<3.0 rh B g
Pi>3 GERCE P £i>3.0 G
3 9 i%ﬂf@éj@r@%[ﬁ*ﬁ BRI (R 55,2016 55K 55%,2020) , 11 8
' FhIC R BB A5 & IR 0 A FRAE, iE 172 AR
FIFH GS+AR A X E 8 AT A2 S bR BB, S pREROOT T AT ER 8 A e 46 A 4 i IS 1Y) i 0
FEARYEIE RE R BT 1 FR2ZE P A RSS Bk RECT LR 5, LS mEUres R IL%E 6,8
T 0 MRS RY LA B By i R e IS G B AT R e RELR? KT 0.7, 8825 7 5 FI#p
AU AR S R BT B SR B AT & IR o A 8 PN, UL AT
x5 RIEERFRE
Table 5 Test of skewness coefficient and kurtosis coefficient
Gz ERAET Bl A4 ) A
T 1 W it Vg
As 2.29 6.00 pOR¢ 0.46 0.03
cd 3.25 15.61 pOR¢ 0.53 1.37
Cr 2.80 10. 90 PR 1.43 5.49
Cu 1.41 2.85 pOR¢ -0.23 1.61
Ni 1.74 5.36 FITAR 0.59 2.41
Pb 1.11 3.74 IR 0.35 2.46
Zn 1.46 3.99 POEAY 0. 08 1.20
Hg 1.79 5.50 pOpe 0.18 0.51
Fx6 FLREHSH
Table 6 Semi-variogram analysis
ik masn g ot ROMC BEUL smm) ow RSS
As BRRABETRY POR: 0.13 0.41 0.31 5 680 0.90  6.95E-03
Cd FEE Y POEie 0.02 0.24 0.10 1 740 0.71 1. 11E-03
Cr RG] PR 1.08 3.98 0.27 8 730 0.99  7.95E-02
Cu BRRAZE Y pOR e 0.05 0.15 0.33 5410 0.95  3.54E-04
Ni BRORAHY PR 0.68 1.78 0.38 5 640 0.96  4.15E-02
Pb BRI A IR 0.17 0.36 0.47 6 480 0.86  3.24E-03
Zn TR PR 0.01 0.09 0.13 5310 0.92  2.43E-04
Hg TR POR' 0.02 0.15 0.12 1290 0.81  8.10E-05
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o (L SR BN = T5% I, TR
27N 1R 2 5N Sk 1 B S B AL PR 25
P4 BON A T W0 22 (6] i, 2 B 2 9 Fefr PR 25 4 [
S (Yang et al. ,2009) , BF5EIX 8 FMEE 4B ICR
H1,Cd . Zn Hg JCER M4 R0 A B 25% , 1L Ny
0.10.0. 13 #1 0. 12,3 W] Cd .Zn F1 Hg HZ 23|+
e SRS AR R ; As | Cr, Cu MY 4R
i, IR T 25% (HHRAE 30% 2247 1% 8 RIR
0.31.0.27.0.33,Ni.Pb Fifh T & ib B 4 8500 5%
& AHA A T 25%~ 75% 2 1), 43 51 9 0. 38 Fi
0.47 X FRUIX 5 FoCEZ B AR B E A AR H

RMILFEFZ 1T As  Cr,Cu S22 Y 7 SR 52 M AH T
B2 Ni Pb 52 N TG 2 (0 5% i A X &2,
ok, 8 A 4 JE Ju R B & UM AR A 5, 32 5]
EESESESpA I IE A

3.3 +1THEFESJE PMF AT

FIH EPA PMF 5.0 %} 8 FiiE 4 J® ot R A7
PMF JEA#HT AR 4 Q,,,/ Q. HEIE PR IER FEAL P 5
B (20 45,2019) B e 4, R 7
I T 4 A 8 BT ER IR s R IR BT AR
R, B2 & KX 45 o0 R 0 IR BT AR, R
ArcGIS X} PMF W BTk Z AT 5 BLAK 4 (6, 25 1 1
4 AR TTIRR S EL(E 3)

&7 PMFIRM@EHTHASRRDERETHKE

Table 7 Component spectrum and contribution rate of each source resolved by PMF source

o U1 (mg/kg) IRTTHRAR (%)

T 1 A2 K53 HT- 4 K51 N2 A3 K5 4
As 8.16 2.16 1.05 71.78 19. 00 9.22 0
Cd 0. 032 0. 052 0.235 9.99 16. 24 73.77 0
Cr 1. 80 8. 64 0 79.59 2.00 9.60 0 88. 40
Cu 0 2.71 3.47 28.42 0 7.82 10. 04 82.14
Ni 1.36 0 3.29 36.79 3.28 0 7.94 88.77
Pb 5.32 14.99 2.76 22.45 63. 28 11. 67 2. 60
Zn 4.37 25.20 26. 82 41.27 4.48 25.80 27.46 42.26
Hg 0. 006 0. 046 0. 008 9. 66 76. 96 13.37 0
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Fig. 2 Factor source contribution rate of each element
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Fig. 3 Distribution of factor source contribution rates

WIER 7 ME 2, 1T 1 FEE As TER
SRR X As JCE W IR BTER R =ik 71.78% , X Pb
JTLEWA —E IR TR (22.45%) . T FE

BT As TR F AR m (H ) &,2003) , (=i
JEIRGert i As 8 2 33 A BR 5 H (Finkelman et
al. ,2018) (HSEIARE A 2 S 30 He 15 44, 1 K+
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1 XFF Hg MR TTHORAARAL, IR 1 R
HoAbske PR, I MBI 1 FIE 3 R 1 R TR
FOAMAEATUAER, HF 1 SERIRESEER
(Z) B H¥EZR (K) M2 EA AR & B e A
T 1R S HBE AR KCE, &8 4&it T 1544
HEEN ARAEHZE T 8 i E GBI RN &,
A3 YRR TAEKA, T A kS5 5%
It IR 6 A LIE 32 B R LU E R )2
Y As 51 (15. 13 mg/kg F1 14. 79 mg/kg) A1 Pb
(25.70 mg/kg F1 26. 66 mg/kg) 5 5 AH Lt it b
JEHE i, [ A TR AR XA i B (As:
11.52 mg/kg;Pb.24. 42 mg/keg) HHEF 1 4%
FIRIE R RREHRMAERZEA

MF 7 K 2 T T2 X Hg Pb PTG
ZHYIETTIRR F 5 76. 96% .63, 28% , % As Cd . Zn
FE MBI T — 2 BRI, TR 4 B

19.00% .16.24% 25. 80% ., W58 2 MH , 28 18 HE L
R NE S E SR (45 Hg Pb .Cd FITR) ok
JF(Liu et al. ,2012;Yang et al. ,2017) 1l —H. 5 %
FHE R 4 X, WE 3 WAl IE 1, T 2 JH 5T
BRAE AT 24. 20% MY IXIAE A X430 )3z, BRI P
+ 2 N2 B T A HE R Ok By 5 e B A
WX R £ B, Gt ad s /0, B DA A HE g 2 4
b pyE 4 JE F IS &, B DO R AR S
Hg Pb &bl WU i ve(l , Hk, 181 3 R A+ 2
E VR ST R X 8 (> 34. 34% ) A3 AR AR AL R L
Fera il , S5 1 el R (o) HE R SRR, U
WA 2 AT REAZ 3 1ok A ol SR BEA B
Mo, P8 S pR Ao T 2 B P 32 31 [ AR I AT
Ry FE AL K R 2 R S o A =
Bl 5 18 P A E HE A 2R RS i o A

®8 FRERIHESHELETLELE"

Table 8 Contents of eight heavy metals in strata of different ages

Ve TGS e H AR FER AR S e H¥ER EX D
R AL 391 177 378 68 12 262 221
As 8.86 15.13 9.71 5.02 6.32 17.49 12.37
Cd 0.249 0.389 0. 382 0.276 0. 264 0.325 0.308
Cr 81.43 94.24 96. 47 177.34 102. 77 81.57 98.55
Cu 32.28 40. 33 38.32 59.17 34.57 28.01 35.56
Ni 34.50 47.55 48.49 70. 49 42.92 35.69 42.65
Pb 23.35 25.70 23.83 19.37 28.96 26. 66 25.80
Zn 92.47 127.83 117. 61 111.33 87.23 83.67 98.48
Hg 0. 062 0. 069 0. 063 0. 062 0. 066 0. 063 0.071

VL @TER AR IBRH mg/kg, PSR,

MR T L 2 TTLAE Y - 3 %) Cd A
SRR, I EN T 73, 77% , % Zn JCR YR 5Tk
RWIKF| T 27.46%, WMEKE 1 FAE 3 HF 3
TR R o A v L& B, BT 3 TR STk R (>
32.40%) X E5ZEH R (Z) MER R (€) HIZE
AR R, N 8 ] LIE H A2 Cd
Zn A LA 2 T Horh Cd & R A e
0.389 mg/kg Fl 0.382 mg/kg, Zn 5 & 73 5 N
127. 83 mg/kg 1 117. 61 mg/kg, KK T 3 A LA
ek AR E R FERR 2 MHZ A, Xt
FEAr A 3 5181, 1 1 R 3 @R SR L
AA X, SR RAMEAMEA X,

MR T DL RE 2 A, T 4 X T Cr . Cu,
Ni 5% W B g, 43 535 2] T 88. 40% | 82. 14% il
88.77%, IRl By X} Zn LR M sk R Wik 5 T

42.46% ., ME 1 K E 3 h T 4 I 5TEkE A0 n]
VA, BT 4 SR TRk R (>39. 87% ) IX I 5 B
MARFEER(O-S) MZEEEES, NFE S
A DVAEH, Cr .Cu Ni 7EFER R FEH R M=y
S THAM)Z RS R, Zn TR TR
TG XSG, BT LA T 4 0] DU R N B P &R
F R R MRS

4 it

AR SO FH 278 S5 pR B PMIF AR 6 = L g
B8 P 4 JE UL R 1A BORTRUEAT T 4347, 45
R,

(1)8 FhE 4 J8 L E bk He  Pb SMW A H AR =
T[T L, R (v ) v R 25 H % IR B 12k
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[ Abstract] With the development of industry, mining and agriculture , heavy metal pollution has been found
in many countries and regions of the world. It is necessary to master the sources of soil heavy metals for maintai-
ning ecological security. In this paper,eight heavy metals in Sanligang town were analyzed by content analysis
and semi—variogram analysis, and the sources of these eight heavy metals in soil were explored by positive
matrix factor ( PMF ) decomposition combined with spatial distribution characteristics of source contribution
rate. The results showed that the soil contents of As,Cd,Cr,Cu,Ni and Zn exceeded the national background
value ,and the average value of Nemerow comprehensive pollution index is 0. 73, indicating that the study area is
still at a clean level. Semi—variogram analysis showed that these eight heavy metals were more affected by struc-
tural factors. The four sources obtained by PMF source analysis are interpreted as the influence of the rocks in
Sinian and Cretaceous ,the mixed source of Proterozoic strata and rural road traffic emissions,the influence of
the rocks in the Sinian and the Cambrian and the influence of the rocks in the Ordovician to the Silurian ,indi-
cating that the natural origins are the most important contributors of heavy metals in this region. Furthermore , the
study shows that the PMF model can play a very important role in the source apportionment of heavy metals.

[ Key Words] Sui county in Hubei province ; Soil heavy metal ; Semi—variogram function ; Positive matrix fac-

torization ( PMF') ; Source appointment



