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Abstract: The soils surrounding the Yiliu mining area in northern Guangdong were analyzed their Cd, As,
Pb, Zn, Cu, Hg, Cr and Ni abundance to determine the pollution degree and ecological risk of these heavy
metals around the Yiliu deposit . The geo—accumulation index and potential ecological risk method were used
to evaluate the degree and risk of heavy metal pollution in soil. The results show that the soils surrounding
the Yiliu mining area have been polluted by heavy metals with different degrees. The pollution of heavy metal
elements such as Cd and As is the most serious; the comprehensive pollution degree of heavy metals is seri-
ous; the potential ecological risk of polymetallic elements is high in the soils surrounding around the mining
area, so ecological restoration should be carried out.

Key words: soil; heavy metal pollution; ecological risk assessment; the Yiliu mining area; northern

Guangdong Province

B 2 2 B B DROE R, NN 7 BE IR sl BE TR i A AR, ol T AN [ 3t DX 1 3t
TP H IR, 87 L A TP RN I6 2 i X B R 79 YAl 2R A P AN ], 7 XA i Y
LB XBOK RS LR R R R HEE L SRR AAARRRRE . R B L
Y A A Y B O R KD R HE AR BYERAT X A 1 R DR R ] L AR X L

Y #s B #A:2020-10-14 ;&[5 B #7:2020-12-24; HIEREE : 7 I W

BE&WB : 5 E AW H 12 BURR B8 48 75 U 58 SUPL T (2017YFD0800304 ) ™ ¢ 1h

FE—1EE LU (1988—), T, TREU , HbBRAbE b, 32 BN S 7= A BR AL 24 8 A5 T4 E-mail :443225300@qq.com
WISVEE UL (1972—) , 3, B G S TRV s BR AL 2 %l , 32 %8 A s BR AL 2 5T, E—mail : 357563192@qq.com



55 36 45 4 1]

ChHIZNGE AL — N ] S G T RO R A A R

369

ez B e EH N TE A RS Y, RS20 LTSRS Y
i DX - 4 PR EL AT A 1 M T M, 2 BUOR )
FERE 0 B 4 J8 15 Y 5 PV S AR 30 1L X 42 )
WX A AR R R B, IR S R A —
CRAVBAEAE AR NS, BARAL T SR TR ORI
Cd 1 Heg Je W 7E A 285 RUBS 11 35 22 Tk I 7 5 5= 3 i
SRR BT X AR RIS & B, A 1
BV YKV R R 25 A A A KRS R e, AR
Cd M oIk ok,

BAL— N0 XK BT R AR, 1910 4F B Ik
HPEENFFR GG 2 A 2R AT T
B BT IR TR B2 AR IR ETIE
By, 1 BT L b TR M SR S 0™ B A AR AR R R Y
WOl KA R AR E SR, OF BB HE ()
FEK YA L 3SR B A B L, T O
JIT 5 T 4 WL T 0F R 0 RT3 ke 3 X
B L EROK MR K R JE i AR A R B A ™
S o A — 7S AL 2 Y R A
A AR DL SO A R AT R S T AT
WEFEES, S Ak F AR — A8 KA PEAT T 1 5
IRBE A A A0 DR B B, EEE A T LB
P50 o5 FH SRR W Hi 500 1 B IR L % [ % 2 7K
{14 53 A7 B LT b J53 P 355 114 5% Wi 45 ASORT A /N 43

BRAEAT I BURE 23 BT MRS DAY, S R 23 R A B
FEl N AFAE Cd A As B9 F0T5 e (5 i R XA —oN
A DX\ R 4 i 75 e e A A1 A 25 AU T 1) EA T
RABETE o AR SCLA— 780" X JH 1 L 3 R BEFE X 42
SR AT XA 10 R e Y =S 8] o A ML R TR
A R 730 R A A 25 AU i 2, 3 — X DX 3
S v A BT R AE B AR A KU R AT A 5
M, A iz DX g 7KObK FH ) 55 AR S PR B AR 3P 1B
PR

1 WF5E XA L

— N XAL T ARAE T, O MR AR A
R 113°257207, 4645 24°50°50", & X A2 TR i1l
JikHh B 7 J b AR AR bR ) 75~300 m Z [H]
g F I B T R KU DY R ] SR 2 A
R AR -3 20.3°C, A PR B 76% , 1Y R
M 1540~1674 mm ., fF 5 X P 3230 30 o F K,
J& EVL S P, IK H P 9 1 AR G 5 A R R R
FE K E R R A AR B
BEOLIE T,

5% X PN H R 10 )2 32 Oy g U 4 1 K T
H(Dyt) Az KA AP0 E IR iR K 5 B8

20°
n3*

okt

24|

{/ﬁxﬁ&uﬁag

—

g ) @] e mn © | | man
4 @ o | ##HE . HE L LB
N\ | e I_I s a2
Lh' i |_ i
N e |_, RO K SR
. I8l | ‘ R AHE AL
L (O | wmae
] 25 50 75 10.0km

20°
13’

K1 BF5E X A8 3 o K

Fig. 1 Traffic and location map of the study area
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Table 1 Test results of GSS-24 standard sample

JGE €l Cr Ni Pb Cu Zn As Hg

MEL{E 0.106 61 23 41 28 82 155 0.072
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Table 2 Grading of the geo—accumulation index
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Table 3 Grading of potential ecological risk degree of

heavy metals
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Table 4 Statistical analysis of heavy metals content of 22 surface soil samples

LR Cd As Pb Zn Cu Hg Cr Ni
i H (mg/kg)  (mg/kg) (mg/kg)  (mg/kg)  (mg/kg)  (mg/kg) (mg/kg)  (mg/kg)
NI 19.641 2172.3 1956 2782 378 0.344 107 50
I /ME. 0.122 38.1 31 85 21 0.060 47 12
V- E{E 2.411 630.5 473 371 88 0.206 78 27
T 1 A 2 4.19 655.42 589.65 568.22 87.10 0.08 18.55 10.68
25 Z (%) 174 104 125 153 99 38 24 39
B 0.056 8.9 36.0 473 17.0 0.078 50.5 144
SV SN 43.1 70.9 13.1 7.8 5.2 2.6 1.5 1.9
x5 BELEEERLERER
Table 5 Heavy metals content of slag soil samples
JLHR Cd As Pb Zn Cu Hg Cr Ni
Pl 5 (mg/kg)  (mg/kg)  (mg/kg)  (mgkg)  (mgskg)  (mgrkg)  (mgskg)  (mgrkg)
T12 16.659 2145.6 5694 1780 224 0.245 63 24
Mn-01 56.523 12228.3 20759 6152 995 0.405 65 45
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Fig. 3 Contour map of heavy metal geo—accumulation index in the Yiliu mining area
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Table 6 Potential ecological risk indexes of soil heavy metals in the Yiliu mining area

Fe s Cd As Pb Zn Cu Hg Cr Ni RI
Tl 314 71 14 2 6 153 2 4 567
T2 143 181 2 7 130 3 9 481
T3 65 74 2 10 106 4 6 271
T4 203 43 2 6 57 2 6 328
T9 273 134 17 2 7 69 3 6 511
T10 189 231 17 2 8 133 3 5 587
T16 159 98 8 2 7 108 3 6 389
T17 305 114 15 2 6 31 2 4 480
T5 3994 2441 249 9 50 102 3 11 6859
T6 1669 1790 153 8 51 152 3 13 3839
T7 10522 2195 272 59 61 95 3 16 13223
T8 815 1261 23 10 111 51 4 17 2293
T11 1499 408 53 8 14 177 3 13 2173
T13 1022 785 174 15 30 111 4 10 2151
T14 620 657 103 12 25 126 4 11 1558
T15 612 1860 156 10 55 169 4 11 2877
T18 480 377 25 3 17 113 3 7 1025
T19 351 294 9 3 12 113 3 7 790
T20 1661 982 49 5 25 44 3 12 2781
T21 1693 555 53 6 19 131 2 12 2472
T22 1334 570 28 4 25 78 2 9 2051
T23 493 464 10 4 21 73 4 12 1080
% B R 4 (%) 0.0 0.0 59.09 95.45 77.27 4.55 100 100 0.0
rh R AU (5 EE (%) 4.55 13.64 13.64 4.55 18.18 27.27 0.0 0.0 4.55
5 KU 7 L (%) 0.00 4.55 0.00 0.0 0.0 4.55 0.0 0.0 31.82
ARSE AU (5 H (%) 31.82 22.73 27.27 0.0 4.55 63.64 0.0 0.0 63.64
A KU o H (%) 63.64 59.09 0.0 0.0 0.0 0.00 0.0 0.0
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Table 7 Correlation coefficients of soil heavy metal contents in the study area

EER Cd As Pb Cu Hg Cr Ni

Cd 1 0.683% %  0.758% *  (0.934% * 0.426 % -0.025 0.045 0.564 % *
As 1 0.885% %  0.619% *  (0.764 % * 0.124 0.371 0.705 % *
Pb 1 0.739 % * 0.518 % 0.226 0.308 0.531*
Zn 0.479 % 0.027 0.26 0.588 % *
Cu 1 -0.087 0.544% % 0.801 % *
Heg 1 0.226 0.032
Cr 1 0.554 % *
Ni 1

* % TR AE a=0.01 KV R EMC, * TR a=0.05 KT &5 EHK.
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Table 8 Principal components of heavy metal concentration in soils of the study area
LR CEER (R[N PEURE
FALIr
FREIE{H it T 22/ % BRIT %/ % i AE B it & T 22/ % BRI %/ %

1 4.555 56.94 56.94 4.56 56.94 56.94
2 1.304 16.30 73.24 1.30 16.30 73.24
3 1.098 13.73 86.97 1.10 13.73 86.97
4 0.491 6.14 93.11
5 0.340 4.26 97.36
6 0.153 1.91 99.27
7 0.046 0.58 99.85
8 0.012 0.15 100.00

R ARREIBEEESESEETRAATH4E

Table 9 Component matrix of principal components of heavy metal concentrations in soils of the study area

ERE:
EL)R
1 2 3
Cd 0.815 -0.532 0.086
As 0.913 0.009 0.033
Pb 0.868 -0.166 0.29
Zn 0.837 -0.365 0.09
Cu 0.796 0.306 -0.385
Hg 0.123 0.384 0.887
Cr 0.503 0.747 -0.047
Ni 0.837 0.248 —-0.246
2%
\ 56.94 16.30 13.73
LR/ %
B2
56.94 73.24 86.97
TR/ %
:l: N
5 én ®

P4 3 i 4 Jm T 3 A A

Fig. 4 Heavy metal loading of the principal components BN EE 2R E L, K Cd £ 4k
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