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Abstract: Forty-two farmland soil samples| were gollected frem the mining area of Huize' City, Yunnan Province, to identifysthe sources

Geotechnical Engjﬁeel:ing & Geology Institute Co L
; L

of metgals in the farmland soils, and 14 selected/eléments in/ farmland soils were detected.! The UNMIX model was applied to identify the
sources of the metalsi=The inverse distance wgighted ihterpblation. method of statistical analysis in ArcGIS was used to develop a spatial
distriﬁnutiof{ map of the sixi8éverely polluted metals to, Vali(lluate""‘t}’lp source apportionment results of the UNMIX model. The results
indicated that ; @ the metals, Pb, Zn, and €d, in the Stpajg.d'fgrmlan(l soils were seriously polluted according to the soil background
values of Yunnan Province and the Chinese environmental.quality standard; ) there were three potential sources of metals according to
UNMIX/iodel: source 1 was the anthropogenic sources caused by industrial activities with a source contribution rate of 16.32% ;
source 2 was the anthropogenic sources caused by coal combustion and fertilization with a source contribution rate of 68.26% ; and
source 3 was the combined sources caused by mining related activities and soil parent materials with a source contribution rate of
15.42% ; and @) the spatial distribution of selected metals was in accordance with the local land-use and the results of the UNMIX
model. Therefore, the UNMIX model can be effectively applied to the source apportionment of heavy metals in farmland soils around
the mining area.

Key words : mining; farmland soil; heavy metal; UNMIX model ; source apportionment
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Table 1~ Statistical characteristics of the selected elements in soils
P A R EL 22 % — el L — 2k

Pb 130.33 ~3987.74 1117.47 873.59 78.2 40.6 250

Zn 284.39 ~9120.41 2273.77 2070. 13 91 89.7 200

Cu 89.83 ~316.6 191.05 46.05 24.11 46.3 50

Ni 63.11 ~157.99 110.59 18.55 16.7 42.5 40

Mn 675.64 ~1990. 12 1508.58 338.96 22.5 626 —

Sr 23.98 ~138.48 57.49 21.41 37.2 85 —

Cr 91.94 ~249.78 148.27 39.58 26.7 65.2 150

K 4162.85 ~23 658.38 8 580. 58 3971.06 46.3 16 100 —

Ca 1112.31 ~41574.75 7054.33 6 670.36 94.5 1 600 —

Ti 10 400.57 ~37423.07 23943.84 6 055.07 25.3 7100 —

\ 306.4 ~835.18 588.02 133.02 22.6 154.9 —

Cs 32.44 ~96.39 54.14 12.95 23.9 11.47 —

Ba 234.47 ~499.93 363.03 63.19 17.4 346 — =

Cd 4.68 ~46.88 13.37 10.78 80.6 | 0.218 o 0..3,.r‘ Iy i
2.2.1 PR Hr r i, =B 3 kaﬁbéﬁﬁﬁiﬁﬂﬁ ﬁﬁ( gt

F# 2 A1, UNMIX ﬁ’i*fﬁiﬁ%ﬁ/\ﬁﬂﬁ 34
FEORIE. AEIR LAYIR A5 P K (Cs #1 Ba %

&mfmwmm%ﬁ%wAﬁaﬁwﬁlﬁK m%ﬁ

Ba G MG 5 1 1 a%%#?{ﬂ%#
AR A e T 95 <L
AP o A 25 R e 6 k)

G NG B S N

B oA AT L0 L 0 O e AL e
GEE USRI B, BFSC X FTAE 1 20128 i
LIva 4 | Bk SR R 6 T, Cs il Ba
TCE AR JE T Tl 75 e v . IR, I 1 4%
F TV TS SR TS Y U5

PR 2 (IR % d V. Ti. Mn., Ni., Cu #1 Cr
TEEM AR THALICE , R WIE 2 FEAh 6 Ff
SEEAT TR, TR VT R, ok
VBT AT S BOHERL , A0AL IR R il IR
PR B B R B 2 S sk R AT s s Y
H Ni Bl Cr R T E R AKTE S, A IR
FRALREeh Cr A i LU s, B AR b Cr S ke LT
#)252. 0 mg-kg ™' . EHHIE IR ANG T K
R S B AL 20 5% (A 4 A B AR )
FIAHUIE (TSR . J53% | B AIHEAR ) fr it R 7T fik e
I - 498 2 SRR B 508 A LA T 2 L5140
Rt T 2 A AR R A At P S B0 75 e U5

TEVR 3 M PERSME T Ph | Zn . Cd FI Ca & AR

- ﬁ%‘fﬁ_‘ 7064 R, A KB TR, elf

F R X B %mﬁT‘HF%%M%ﬁ
B TRt 2 ek | e M
ATREE, A HeeF G Pb Zn A1 Cd /" TR Ph..
Zn 1 Cd Eﬁ#ﬁﬁﬁﬁﬂmﬁiﬂzﬂ;@ I 27, 55
25.3 1 61. 3%, LB 3 T 2 1+ e B et

SR, JRIR IS X B BB L e
FEfi 42
7 A W B 7 25 96 4 I 6 R 030 A -
VY R Ca i B ES, KZ ORI T A
PR, — Il A WAxt Ca 1 Tk

®2 TEEEEZRERSIE
Table 2 Three source components in heavy metal soils
JLHE 1 2 T3
Pb 0.018 0.034 0. 197
Zn -0.031 0.029 0. 226
Cu -0.054 0. 405 0.092
Ni 0.070 0. 408 0.022
Mn 0.093 0.49%4 0. 043
Sr 0.112 0. 060 0.122
Cr -0.039 0.283 0.117
K 0. 296 -0.020 -0.051
Ca 0. 041 -0.030 0.133
Ti -0.013 0.584 -0.078
\Y -0.042 0. 620 -0.051
Cs 0.278 0.110 -0.042
Ba 0.282 0. 157 0. 058
Cd -0.124 0. 129 0. 208
Js¥il 1.090 4.560 1. 030




34 PR HET UNMIX SRS ) X s A P - S o 5 Jos U5 1425

HARERTE. L, AR 3 J& 87 1IR3 ) 5 80
MAﬁm 5 e A BB Bl B B AR5 R IR 2R
15 YL
2.2.2  JEBTERAHT
pE 2 B, W 2 BT 7 L R R, TR R
68.26% , M Tk i5 Y | HRHE DL K it FH RE ) 45 3
Xk A R TS ge i E R R R 1 AR
3 B TTERR AR 2 35/, BH B ARTG IR L B
ﬁﬁﬁ@ﬂiﬁi%ﬁi@ﬁ%m THRACSS. &
WL WX FF R K0 s N % R I b X
ﬁ%%ﬁﬁ,@@mﬁﬁﬂ%ﬁm%%ﬁ%ﬁ%
7 U BTk L 15, 42% , SR =R B R R B/
{E. 7T RE MY JE PR 23 B Y b ot B 7 0 5 R
el A 7 12 ok OB 27 A8 BR84S, X BR
BE & B s e I il 2 g /b, T Tl S Bl R K
A Akt FH 2 12 Hb X 32 B0 5 LR, o 2 4 e IR PR
1) T A
A5 RFF S 3 AR DT IR AEL S 50 LI 3. dhern]
LR H2.5~10,12, 14 ~17 .19 ~20, 220223
26 38, 41 ~42 5 RAE SRR BTk H AR K, i

SRR 4 B P B A T B B
%meﬁaars;ezmmwwﬁ%mﬂﬁ; 5

ﬁﬂ@ﬁﬁlnﬁﬂ&@ J
ﬁ2$4 Su)u 18, 201~21 /23 ~ w M
~M:%38394L42vxﬁ5ﬁﬁﬁ%

wwkthﬁﬁmmigﬁ$r%aﬁﬁﬂm”

52
68.26%

B2 tEFESREARBRETRKE
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