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Contamination Characteristics and Source Apportionment' of Soil Heavy Mefals :in an

Abandoned Pyrite Mining Area of Tongling City, China 0
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Abstract: To inveéﬁéa’{e ﬂlej'impact of pyrite mining--n'f; the?l-"ﬁj\;y {n.e,tiirpoﬂti'ii?x}:iﬂ the surrounding soil in Tlor'.lgli.p City, 50 surface soil and sediment sambleg,were collectefl E‘l”)’l’l‘l‘
mining.‘ fieIHs, faruﬁénd,lfo;ésts, villages, and the rivér. The_,-l;;)llifems of Zr\“;';".Cr, Cu, Pb, Ni, Cd, andAs ni{i.(;ils and sedi‘ﬁfeyns were analyzed. Then, t}‘le spatial d'l_ ibution
Q.b.amﬁ-terisgjlcf of heavy me}fﬁ; in soil were analyzed ar“\d the "(.i.ei:;:;%lse of i.he‘\ 7?{::;’[16{&1 pollution and potential ecol(l),g'ilcal risﬂlc;:_l]evel were assessed. Finally, the sources of soil H;eavy metal
'boll‘}xﬁon wete fidentified. Tr‘l-%enerfil, rlhe soil in the study arena‘.:yvas W'éakly'-:icidic (fi_vérage pH = 6.32), and'the contents of other heavgmetals except Ni exceeded the background
values] of th(i sail in I?lgling City;’M?)?eover, Niand Cd \vellré;‘enricﬁed}il th(“a_rivﬁ:; firlents. According to the Nemerow pollution index, Pb and As reached heavy pollution levels,
Cu arld Gd ge;a%hed 'r.l"loderatp pollution levels, and other elements belonged mﬁg‘ﬁfor non-pollution levels. The comprehensive pollution index of different land types was ranked in the
order of ml';i'.ing field > river > forest > farmland > village. Mining fields and the river were heavily polluted, forest land was moderately polluted, and farmland and villages were
mainly Iﬁ.{ldly polluted. Pb, As, and Cd belonged to the medium ecological risk category. The contribution rates of the potential ecological risk index were 33.27%, 27.39%, and
20.22%, which were much higher than the other four elements. The ranking results of the potential ecological risk index of different land types was the same as that of the
comprehensive pollution index. Mining fields and the river were at a high-risk level, forest land reached moderate risk, and the rest were at a slight risk level. The consistent results of
correlation analysis, principal component analysis (PCA), and positive definite matrix factor analysis (PMF) indicated that Zn, Cu, Pb, Cd, and As were mainly derived from pyrite
mining activities, Cr mainly came from the parent material and agricultural production, and Ni was mainly affected by soil-forming parent material and pyrite mining activities.

Key words: pyrite mining area; heavy metal contamination in soils; potential ecological risk assessment; source apportionment; Tongling City
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Table 1 ~ Characteristics of heavy metal contents in surface soils and sediments

WiH 7n Cr Cu Pb Ni Cd As Fe
KAl /mg-kg™! 330.50 206.92 838.25 2292.50 79.00 6.16 1394.68 1.82x10°
/M /mg-kg™! 47.42 7.25 1.67 10.00 3.00 0.11 0.19 1.44%x10°
Xl /mg - kg 157.73 93.54 139.12 287.90 21.11 1.31 84.80 1.62x10°
A5 R % 47.04 51.45 122.59 155.32 101.74 109.28 287.91 6.23
il 1 - HETT F 2 /mg - kg™ 139 78 79 67 33 0.709 22.70 —
TR S g - kg™ 144 84.71 57.04 26.9 68 0.45 15 —
TR T g kg 62 66.5 20.4 26.6 29.8 0.097 9.0 _30x10*
1)“—"F R T [ g r:f' \.“,"'
3.2 B G R A5 (R4 A REAE WUT@TEF*@

HEi%EﬁEﬁiéﬂﬁﬁ%ﬂmﬁzTu
FH,Zn, Pb%uAswm{Ei’JtﬂiﬂfﬂcﬁfiZ:&ll PLIX
i&ﬁ%ﬂammemmeﬁrwm#aﬁ s
C/ 3 3L AR b %ﬁfﬁ;@@ﬁ@ﬁﬂ%%
@a%ﬁ?%ﬁ(mmmﬁixﬁﬁﬁf%?%
&H@ﬂi?ﬁt*%%ﬁ@ﬁﬁ&ﬁaﬂmm
F Wvs i;’ﬁ_ N1%’ﬂ*Cd%B%fJLﬁfﬁtﬁf%%ﬁ/ﬁ?ﬁﬁﬁﬁ

*ﬁﬁﬂﬁ%*%%%ﬂxﬁ¢mﬁmﬁ&%ﬁﬁf

Bk WCdei’%ﬂMWkE PG, IF 16 0T T
A& BRI FEJ7 4 & . 5340, Zn . Cu 1 Cd 763 18 4
PR AR B e T A RIS T G2 5 YT T Y o T A
e b G O T A B A A R WA
TR R A T DX T 4 S G Gl ) T U b DX A% i 1 3 1 1R
FH . R PB4 8 Fe & & /0 AT BRECH 5, H X
AT R, 5 As AT KAL) 25 18] 43 A1 25 34

AR EFE X L IEE SRS W R
T 2R AU Y R L T G X TR R IR B R
Gy AR, T RE S K BT T R TR 3 T B E 4R
JC R R KA B DU R K o L DR A R A
HEADT DX 31 A A O AR B ] 4 H At
& B X TF R G B, AT REAE — e R R T
TR X ORI Y 4 8 & iy 25 ) 43 A
3.3 LEESEIGIIFH

VIR 45 SR AE S0 G 2 BRI T UL 48 8, 15 31

i PO - ST/ R o F IO Wl A AN N S Ll
4 B 22 505 R B G, Horp P B EE S e S 07 A
ik 38%, As. Cd Fll Cu /i [ ik 18%~22% , HiAth & 4 )@

5{4 X H  Zn. Cr Cu;‘__];_‘b Ni.
Ca i As A FE 5 4 HlEAE 15 4 0 R
R A 'Jk%% 96% 72% . 52% . 100% 68@’?/%11
78%. *ll;'ii": . ! '_
4@%Ei%@%%%%ﬁ?ﬁﬂ@ﬁﬁy
4 ILAE 2 g G ) S S B P WS90
F I ﬁEJ‘?j@ Pb>As>Cd>Cu>Cr>Zn>N1 Jh Ph
A1 As 1 PEE BB 80 T BV Bk 7, Cu i Cd 355
T RIS Y K, Zn B Crik B TR EE TS YLk N
J& T Iei5 Y. X HL,Pb, As. Cd fil Cu Y 5 V5 YL Rk
S B SR 3 | A InT K 3% 38 T 2 A HE K VA
FLAH Y A P, KT oAt FH 3 26 9 5 Zn AUAE R B 35 5
DUR A B TR RS Y Cr R TS Y X AR

HLE SR 3 A L BOR e AR ) 8 D R 95 3 5 NiAY
TESRAT 5 R AR P8 0 SR i ) B 3 75
5750 M R A 2 255 15 Qe AR BOS fEHEE

KW 37 (25.30) > W3 (17. 17) > Ak (2.55) > 4
(1.75) > R E(L.36). Jorfr SRw™ 3 Rl i vh e A3 a5
V7 359 b F TS Y, BRH b R R R DA s oK
SRR S L RIS T1% , S A R Ak R
T BE VG Y oK AR 13% 1 R4 0 Ab T 5 B V5
YRS T R .
3.4 - HEEE SR AR AR S R PR A

FE T A 19 50 4 SR AE A B D 4 R 1 W e AR
A UES ZR BOAb T 48 AU S g my o LT 0 UL 3R 3.
SR A Ph AT As 75 8 43 2R A AR B 1 A R XU 7K
S, Hodr Ph AL T i XU Kz L XU 45 2% 04 R R S
20% , As ik 16% ; LUK J2: Cd, &b T i KUK FiAR i XU



14 RO B R R AR T X S R 4 R T YR E Rk TR AT 411

o(Zn)/mgkg™!

I 47.42~74.01
I 74.02~102.74
[0 102.75~133.77
[ 1133.78~167.30
[ 1167.31~203.50
[ 203.51~242.61
I 242.62-284.86
I 284.87~330.50

o(Cu)/mg-kg™!
B 1673526
[ 35.27-49.28
[0 49.29-55.14
[ 55.15-69.16
[ 169.17-102.76
I 102.77~183.26
I 183.27~376.14
I 376.15~838.25

o(Ni)/mg-kg™!
B 3.00-3.16
Bl 3.17-5221
[ 5.22-8.38
[ 839-13.28
[ 13.29-20.88
[ 20.89~32.63
I 32.64~50.83
I 50.84-79.00

o(As)/mg-kg™!
B 0.19-2.25
I 2.26-2.85
[ 2.86-4.92
‘ [ 493-12.02
[ 12.03-36.41
[ 36.42 ~120.15

I 120.16~407.63
I 407.64~1 394.68

4

o(Cr)/mg-kg™!
B 7254247
I 42.48-69.71
[ 69.72-90.78
[ 190.79-107.07
[ 107.08-123.37
[ 123.38-144.44
I 144.45-171.68
I 171.69-206.92

o(Pb)/mg-kg™!

B 8.25-34.06

I 34.07~46.01
[ 46.02~71.83
[ 71.84~127.65
[ 127.66~248.33
[ 248.34-509.22
B 509.23~1 073.22
I 1 073.23-2292.50

o(Cd)/mg-kg™!

B o.11-0.18
I 0.19-022 i
[ 0.23~031 J
032048
[ 0.49-0.84
[ 0.85~1.57
B 1.58-3.07
B 3.08-6.16

o(Fe)/mg-kg™!

B 1.44X105-1.50 X 10°
I 150X 10%~1.54X10°
[ 1.54X10%~1.58X10°
[ 1.58X105%~1.61X10°
[ 161X10%~1.65X10°
[ 1.65X105~1.69 X 10%
B 169X 105~1.75X10%
Bl 175X 105~1.82X10°

B2 HIRRIFEESEAIETESH

Fig. 2 Spatial distribution characteristics of soil metal contents in the study area
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Table 2 Pollution assessment of heavy metals based on the Nemero index method
‘ .5 T 15 AR (P )
gt AT YRE(PY)
Zn Cr Cu Pb Ni Cd As
IS oNE 2.38 2.65 12.23 45.11 1.75 13.68 61.44 44.94
fie/IME 0.34 0.09 0.02 0.12 0.04 0.15 0.01 0.87
FHIMH 1.12 1.19 2.02 6.93 0.52 2.41 4.57 6.27
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Table 3 Percentage of each heavy metal to each ecological

risk level in all sampling sites

R A /%

ikl

BB AEBE AR AR B R
Zn 100 0 0 0 0
Cr 100 0 0 0 0
Cu 88 8 4 0 0
Pb 62 18 6 2 12
Ni 100 0 0 0 0
Cd 68 14 12 6 0
As 82 2 4 4 8
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Table 4  Potential ecological risk coefficient and risk index of heavy metals

Wt /BB AR RECE)

ES AN RI
Zn Cr Cu Pb Ni Cd As
PN ;] 2.38 26.53 85.59 360.89 15.75 191.52 614.40 1031.32
e /ME 0.34 0.86 0.15 0.99 0.35 2.16 0.08 25.59
FHE 1.12 11.94 14.15 55.46 4.66 33.70 45.66 166.69
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Table 5 Correlation analysis results

Zn Cr Cu Pb Ni cd As Fe
Zn 1
Cr -0.401" 1
Cu 0.6817 0.050 1
Pb 0.716” -0.056 0.746" 1
Ni 0.437" -0.436" 0.202 0.060 1
cd 0.700” -0.419™ 0.606" 04157 0.655~ 1
As 0.545™ 0.143 0.8227" 0.926™ 0.003 0.342 1
Fe 0.558™ -0.201 0.635" 0.628" 0.318" 0.642° 0.590” 1
1) 4R AE 0. 01 K (U 35 AH5E , #7780, 05 /KCF (U 8835 41 56
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Table 6  Principal component analysis results 100
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