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(LR AR KA A b2 b, Vb, 410128; 2. EEHATHE TR SRRl 22 5 TR 240, B, 6505005
3RO K EE IR AT 2, KV, 410128)

W E TR SRS RS RIS m S IR, DL 30 RETR IG5 R ET L
JANRZ L HORTRRX G, RS EFIG R . WS TS 8 R A S XS R B (A i 13
15 Y R B AR E ) (GB15618-2018) PR 17 4847 (Cd). K (Hg). 1 (As). 4% (Pb). # (Cr™). 4 (Cu).
BLND). 5F (Zn) T GRRIL, S5 EMA A SRR T HIEE SR R IR. 25 1R, 5K
FE i Cd. Hg. As. Cu. Pb, Cr. Zn. Ni¥{H4 %% 322, 0985, 65.63, 67.43. 165.53. 94.07,
328, 439 mgkg', SHXT R SAE SN TN B R O R IME M 2.01. 3.66. 1.89, 1.98. 1.98. 1.14., 1.58,
139 % ; FibE 4 )8 5 H 75 48 (P) K/MRIRCH Cd>As>Pb>Zn>Cu>Ni>Cr>Hg, /K HE4&JE P, KN
IR H Cd>Hg>Pb>As>Zn>Ni>Cu>Cr, Fit B HE 48 P, K/MKIK N Cd>Zn>As>Pb>Cu>Cr>Ni>Hg, ik
WL & P R/MIT 5 R —3; NP R AT R R s, KH . BH . SR . Wiz &4
JBE IS L0 0 K 44.4% . 48.1%. 52.4%. 31.6%; LiGTEAEASKETEBOEME RAI, Sl
JKH L FERTHE . ARHAL TR B K DL B KU S LB 83.3% . T4%. T1.4%. 47.4%; A< XU & ¥ br
WEVEMN SRR, ETS LXK 93 A HIERE AL, PRSEORIPZE | 2 S F SR ™ 4% B 2R i L4943 3 o
10.8%. 50.5%. 38.7%. IRAGEATLE R, R IX 4 Cd. As, Pb. Zn. CuWi5 0] 682 | TALI&
ol S K AAOLTE S LA R, Cr B75 e mT BRI T A 1B, He A1 Ni f975 Y4 n] 8832 TG 3h
FEA. FGT A SRR, NN SR T B S 4 TR iR R S R ATV R 1 3 Cd, Hg. As. Pb. Zn WIRELY
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Evaluation and source analysis of heavy metal pollution in the soil
around typical metal smelting and mining enterprises
in Hunan Province
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Abstract In order to understand the current situation of heavy metal pollution in soil around typical

metal smelting and mining industry in Hunan Province, 30 enterprises in the metal smelting and
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mining industry were selected as the research objects in this study, single factor pollution index,
Nemeiro pollution index, potential ecological risk index and “Agricultural Land Soil Pollution Risk
Control Standards” (GB15618-2018) were used to comprehensively evaluate the polution status of
the soil cadmium (Cd), mercury (Hg), arsenic (As), lead (Pb), chromium (Cr), copper (Cu), nickel
(Ni), zinc (Zn), and the main components method and the correlation method are also used to explore
the sources of heavy metal pollution. The results showed that: The average values of Cd, Hg, As, Cu,
Pb, Cr, Zn, and Ni in the samples in the contaminated area were 3.22, 0.985, 65.63, 67.43, 165.53,
94.07, 328, 43.9 mg-kg', it is 2.01, 3.66, 1.89, 1.98, 1.98, 1.14, 1.58, 1.39 times of the mean value of
the corresponding heavy metal elements in the control point samples; The single factor pollution
index (P;) of heavy metals is Cd>As>Pb>Zn>Cu>Ni>Cr>Hg in dry land, Cd>Hg>Pb>As>Zn>
Ni>Cu>Cr in paddy fields, Cd>Zn>As>Pb>Cu>Cr>Ni>Hg in wild grassland, and the order of the
heavy metal Pi in woodland is the same as that of dry land. Results of Nemeiro Comprehensive
Pollution Index show that the proportion of heavy metal pollution in paddy field, dry land, wasteland
and woodland is 44.4%, 48.1%, 52.4%, and 31.6% respectively. The comprehensive evaluation
results of the potential ecological risk index showed that the risk levels of dryland, paddy field,
wasteland and forestland were 83.3%, 74%, 71.4% and 47.4% in intensity or above. The results of
the risk control standard evaluation of agricultural land found that among the 93 soil samples in the
contaminated areas, the proportion of samples in the priority protection category, safe use category
and strict control category was 10.8%, 50.5% and 38.7% respectively. The results of source analysis
showed that Cd, As, Pb, Zn, Cu in the contaminated soil may be influenced by agricultural activities,
industrial activities and transportation, Cr may come from the control of the parent material of the
soil, and Hg and Ni may be affected by industrial activities. The results show that the pollution
control of heavy metals in the soil around the typical metal smelting and mining industry in Hunan
Province should focus on strengthening the control and treatment of pollution sources of Cd, Hg, As,
Pb and Zn.

Keywords metal smelting and mining industry, surrounding surface soil, heavy metal, risk

assessment, source analysis.
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TG QAR ROED WL 25515 Y8 B0k D | WRAE AR S R 18 00 LA 2018 4F4i 5 1Y B X A4 FH 7 £
b P B 775 Gy XS A R A ) Xof - SRR BB BEA T DA, 52 T 4 T G B XU KRS FE RS BR T
] P8 55 SRR AL R 3, TR A RE N R DT AR T Y WS Y B G A2 5 VS e g, U AR T AR
R/ SY AN v o e RN S I N T S v < == SR ) S A 9 o el el e [ R 1 = A L G ok
g R T R YT R, D32 T R TG Y IR AR SOR B AL TR R

TEARTE 1 HETE 5 8 15 Y R Ak S L i R 2 I, W 50 e B S T o U 2 22 Tl ™), Al ™
B B ™ S5 22 DN B . BLIBUVE 51 ) ] UNIMIX AR 2050k 4 1 <6 s ¥ e DR ige b e B, 1
RJZE Zn, Cu 2 32 ZORIYE Tl AL FIE I A5 A 16 Bl bbb A5 0 6] 180 g 5 e 8 3 sl e Pt 4 M o
AR5 G PR AR AT 7, AR T 4 Cd. As, Pb {59432 Tl A7 5 8l Sidia iy . A% s 2R 5 7
Wi, Hg Cr 2 ZORIR T LB BT 45 AR PR R BT ST BRI DX 8 7 3 s 175 e AN B R i
A, FEARSRA X270 EAE R S G R Al U A i T 28 Bl A S i R R S e
W B ARARIRTE . SR MTAEAS ] i FRIEE R 2 rh AN [ B 53 i JC 3R & B 2 32 B 22 il IR 3R A0 2 i ), T S5 B8O
[7i) DX Il 4 R 7 e HAT — s 22 S P, HL v o T S R 5 s 75 e 22 S U O W 0 22, TR MO 5 4 R SR 1
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BT LA RS 30 ZK MR (5 4 Ja SR e 55 v MR Al SR i 3R )2 S BIFTE R R, SRR 1 i5 e 4
ok . WS ZRG 5 Je s B0k Je CARH M 39895 e XU A8 P A 14 ) (GB15618-2018) - H 433 J 5 e A
JRE, IO FH VA A 2 XU i A0 PP 5 i B i 2 2 XU, M 2 180 e Ak A5 A S 12 08 9 e IX
<5 A A YA T AR AT . LAIYT DAy ) g i TR (8 < i SR B 5 R Al A 0 MR i 9 e ) SO BRI
Bres s,

1 MBS 5 (Materials and methods)

11 R3ERE SR

VEWOEI e 48 30 R MLAY 4 J& R BE 515 M Ak A i) £ 3o X 42, ARPE A ML R R R K HEBCREAE
5 MR IX T L B, IF45 A Al & Bl - R ERAR, 78 Al BT 78 b 4F 3 S XU R XUE A4l
JEAHERCT WA B RS (R D).

R WP A ST G R S R AT LAl R 30 SRR R R AR BE

Table 1 Collection list of soil samples around typical metal mining and smelting enterprises in Hunan Province

FHiDry land FHiPaddy field 7K [ Forest land T E HiIWild grass ground
BRI Xof HE A 153 R Xof B IEE ) Xof B LR O Xof HE R
Pollution Control Pollution Control Pollution Control Pollution Control
point point point point point point point point
AR 3 — 2 1 1 — — _
R 1 — 1 — — _ 2 _
FERE 2 — — — 1 1 1 1
TR £0AE I _ _ _ _ " s _
T R4 2 — — — - 1 1 _
i B E S Al — — — — 4 1 _ _
KA 4 3 _ _ _ _ _ i _
AR BHTIT SR E ), 2 1 — — 1 — — _
IR =7 4R M 3 1 — — — — — _
FEIE BRIRARAT X — — — — 3 — — 1
P ELAl 3 — — — - 1 _ _
BB IR AT 3 1 — — — — _ _
TR F L — — — 1 3 _ _ _
AMNERA 4R — 1 — — - — 3 _
BRI 4 — — — — — — _
FUFPRR — 1 2 — — — 1 _
i TEaR e XN |4 — — 3 1 — _ _ _
s P A 1 1 — — 2 — — _
WERTHET L — — 1 — 1 1 2 _
BB Jumstl — 1 2 — — — 1 _
TALEFEED 3 — — 1 — — — _
BIKITAH 1 9 — _ _ _ _ 1 _
W 2 3 L 1 1 — — 2 — — —
WL SRl 3 1 — — — — _ _
I 836 2 1 1 — — — — _
T BE A I 3 — — 1 — — _ _
S REBRY By — 1 1 — — — — _
EF s 1 1 1 — — — 1 _
SAaT 3 — - — _ _ 1 _

JRM M 1 1 5 — — _ _ _




2670 7N 54 1t 2 40 %

B HERE SR ST XK 30 mx30 m(Kex i), SR 5 s B RARARAE 5 A5 £ ZE 0—20 cm
R IR A 5], TR 2 kg, A 1 AT e I AT A HEAE , JORAE VS YT HERE S 112 A4S, Hob kb
724 (5R4b 54 4~ K H 18 4N, FE sl 21 A4, Ak 19 4~ 7B 1) Fi3 2000 m LLAh 35 E XU A
BE 25 AN B s, X F 5 0 - R R 2R R | A 2R R —E Hoh Rl 19 4~ (R 13 4, UK H
6 M), FEHHL 1A, PR 5 A
1.2 KRS E 5 BT 4

- AR T [ S5 5 R T A SR AT L RS R A L AR L3RR L 2D REAR 0.15 mm( 100 H ) i b
FEL AR S pH I a2 2R FH (6 oe 23 AR 0 el 25 JONY/T 1121.2-2006); 4 5% H R T 436k
JE L (GB/T 17141-1997), 7K R F S0 I /R 79 1 (HD 680-2013), A, By, 8%, 4L BF . BRI K
B X BT ETRE R (HT 780-2015). LAAR/DTF 10% B F 152 it A% 55 0 v fff J3E 42 o, 76 =i 43 s
WiH, H4 R H A pH 5 H 3L 56 % N EB A TEE BB 1 R0 100%, 71 B8 BB E A% 35 100%. 5
FEATRE AL 3 WG48 3 75.2%. FHL 8 W 4 &8 A 4% % 96.3%. H 4 B I H 4 bR 1) BB A% R
100%. J57 58 32 LA i 170 000 3 25 S o o 0 o 8 TR 5 A0 WA B A A B AR R ) P B 4 ORI T
85% HYEESR, SCI6 2 P S 4 S ARG 2 B RIVRE A Wl A2 i R A SRR B 100% A ZEK.

1.3 Pk
1.3.1 W G T5 e aadiak

DI 5 Ge 38 BOF- A vk R T R385 Yo P vk, 5 08 T AR 4R Do 2 % X R R ER 1 5
Wi, 98 TG Yol ™ B T 4 R 0TS e, LB AT . U i I - 48 11 5 YR i L,

BALPR T YR ORI PO B TS Y e B0 T ik WA R (1) A (). PG Y Lk 2.

Pi=Ci/S; (D
P2 +P
PN — ave 2 max (2)

A, POy H SRR R ¢ A RIS YRR R, COM IR R (SR, SO R E SR SR R
WARUER. Py BN THE B BIE, P A B T3 QAR BOP RO BRORAE, Py L3P T 4 R Y N g 2
IEE Sk

®2 BTG YAR RO SR

Table 2 Classification criteria for soil pollution index

ER BTG YR RO (P;) WS LR 15 YA BOTAN (Py)

Level Evaluation of individual pollution index Evaluation of the Nemero composite index
I P<1.0 Tei5 Y P\<0.7 e
I 1.0<P<2.0 BETY 0.7<P)<1.0 R
m 2.0<P<3.0 Hp R VS 1.0<Py<2.0 L RERC
v 3.0<P; G 2.0<P\<3.0 R L
\Y Py>3.0 GRS

1.3.2  WTEA S 15 B0k

Hakanson ¥ 7E A S K EE P LR H I8 T HEBMW ., IR MRS 8K At
AR SN E, AT TR LR DY) T A W AR A A KU, R T R LA S (3)—(5),
Hakanson £E 25 XU 48 80053 2 L 3% 3.

G
Cf=5 (3)
El=TixC! 4

RI= ZE (5
i=1
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A, COARE S SEINR B, mg.kg',C1oh T4 i TR MY S0(E, AWM A 48 5U(E (Cd. Hg. As,
Cu, Pb, Cr, Zn, Ni 75 5{H4 54 0.142, 0.09, 12.8. 25.0, 30, 58.3, 84.2, 27.8 mg.kg ", T A5 i Fi
&R ICR BRI R AL, EDASS | R S R OT R AR S KU R AL, OO i PG TR TR T R
B, RUN 2P0 8 43 @ 15 e Wy v 7 A 25 XU Hi8 k. 2218 52 i X 2R ] Hakanson il 2 80 £k 5 43 J 1) 1
ZBCHITMARYE (Cd 7 30, Hg 40, As A 10, Pb 95, Cr 2, Culy 5. Ni K 5. Zn Hy 1),

F3 TR S AR R bR

Table 3 Classification criteria of potential ecological risk index for soil pollution

TR R S5 B s s AR5 &
Potential risk rating Low Medium Strong Stronger The strongest
Ey E}<40 4OSE}<80 80§E}<160 1605E}<320 E}z320
RI RI<150 150<RI<300 300<RI<600 600<RI<1200 RI=1200

1.3.3 A b A 385 G XU A8 4= 1y

SR (B BRI i A Y+ 49875 G XU B P h i G0 7) )(GB 15618—2018) (L3 4) X5 Y4 X 4
FH 3t 0 SR R AT LR AR PPN Y. R i 8 b e 3 Jm T R O 1 /N T AR T RO i R R,
He)m TOLe b 3s 1 A 3R, 3R 7T LA Z2m ; 24 L% b Cd. Hg. As, Pb, Cr BEE —F & &5
T XU i S8 B EL/N 45 7 XURS A8 i (ELN , 3847 A 15 e KUK, (HUR T4 2R HI2E (B 3878 ); 24 12358
H1 Cd. Hg. As. Pb., Cr FUAE B —Fh & i T XU A (B, e 0 e XURG 5, Ji T i A 428 T C &
R,

R4 AU L IETE G JE T R B AR E (mg-kg)

Table 4 Evaluation criteria of soil heavy metal Pollution risk control in agricultural land

s DI$& R Monitoring indicators cd Hg As Pb Cr Cu Ni Zn
7K H 0.3 0.5 30 80 250 150
pH<5.5 N 60 200
He 0.3 13 40 70 150 50
JKH 0.4 0.5 30 100 250 150
5.5<pH<6.5 . 70 200
i HeE 0.3 1.8 40 90 150 50
AU i 156 {1
7K H 0.6 0.6 25 140 300 200
6.5<pH<7.5 . 100 250
H 0.3 24 30 120 200 100
SRl 0.8 1.0 20 240 350 250
pH>7.5 . 190 300
He 0.6 3.4 25 170 250 150
pH<5.5 15 2.0 200 400 800 — — —
] 5.5<pH<6.5 2.0 25 150 500 850 — — —
AU B
6.5<pH<7.5 3.0 4.0 120 700 1000 — — —
pH>7.5 4.0 6.0 100 1000 1300 — — —

LIRS R, AT AL B CHRR.

Note: priority protection, safe use and strict control are expressed in A, B, C.

L4 BARALBES i
K Excel X 848 & S HEATGETH 045 FHOCHE A A 25802320 M il SPSS 20.0 SE K.

2 R 54508 (Results and discussion)

2.1 RIS TR E SR & R REIE

Al 8 75 G W 5 BT AT e RE S b Cd, Hg., As. Pb, Cr, Cu. Ni, Zn & W3 5. NFE 5T
L & Jm SRR SR A 112 415 4L W00 SR & Cd. Hg. As. Cu, Pb, Cr, Zn. Ni ¥J{H 554
3.221., 0.985, 65.6. 67.4, 165.5, 94, 329, 43.9 mg-kg ™', 5 F & + BT 5o (H PO X Fb & B, Wil R i
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H 8 BT E BME AR AL T s, s Ao XN E & B ou R I s E R 227, 11, 5.1, 2.7, 5.5, 1.6, 3.9,
1.6 155 % B S RE S Cd. Hg. As. Cu. Pb, Cr. Zn, Ni ¥J{E 2> 51 85 S AY 11.3, 2.9, 2.7, 1.4, 2.77,
1.4, 2.5, L1AE, U0 T &8 R 516 He A b AR 73 gl ) Ji i 36 J2 3B i Cd. Hg. As. Zn.,
Pb Y5 . IS S R BOE, 15 YL Wil ik 5 Cd., Hg. As. Cu. Pb, Zn., Ni #4JJ&8 T3R5 5%, Cr &5y
5. 25 A% RE S - BERE AL P Cd. As, Pb. Zn ¥JJE T9RAE 5, He. Cu. Cr. NiJ§ TP &84 5%, 3 5 i07]
1, 8 Cr, Ni Ak, 75 3 il S RE S o Cd, Hg, Cu. Pb., Zn Y{EHF I i % BE A5, 1560 42 J8 Rk 516 4
Al A 7= S L B T Cd. Hg. Cu., Pb. Zn 1975 4%, I\ AR AUEE Sy rp Cd, Hg. As. Cu,
Pb., Cr, Zn, Ni &% &2 &, AN ISR + 50 Cd, Hg. As FEFAE—E 22 7.

£S5 CBEEREA P EESRE SRR (mgke")

Table 5 Characteristics of heavy metals in soil samples

+ K RSoil type Tl H Project Cd Hg As Cu Pb Cr Zn Ni

FERYM 0.015—44.050 0.063—3.21 3.9—1139.3 13.8—454.7 27—2953.6 16—708 79—1165 9.5—104.5

FHIE 3.515 0.615 76.1 66.5 179.6 98 275 33.7
Fi(544) o
brifE: 6.787 0.699 167.9 73.5 4379 96 242 15.2
AR % 193 114 221 110 244 98 88 45
FEEE 0.026-12.238 0.114—14.4 3.9—221 33.9—615.2 26.6—879.9 28—124 114—585 8.9—506.3
FHEIE 1.497 2.734 373 92.6 135.8 79 252 61.5
K (184) o
bRz 2.675 3.941 475 131.5 191.6 21 139 108.5
BREZE% 179 144 127 142 141 26 55 176
FHME 0.03—48.456 0.092—2.88 5—277.6 16—521.2 152—2712 41—552 41—10426 10.5—299.8
e FEE 5.581 0.678 57.1 74.6 216.9 109 670 50.2
S (214Y) e
FrifE2E 11.487 0.789 70.5 113.6 566.9 110 2187 59.7
AR RZE Y 206 116 123 152 261 101 326 119
FEVUE 0.014—10.120 0.096—3.62 83—713.6 16.2—101.4 19.5—603.4 37—123 58—629 9.4—404.5
FHIE 1.408 0.721 72.2 383 96.9 79 175 492
MHB(191) o
brifE 2 2.627 0.917 154.5 24.6 153.3 22 148 85.2
AR % 187 127 214 64 158 28 85 173
FEIEE 0.014—48.456 0.063—14.40 3.9—1139.3 13.8—615.2 15.2—2953.6 16—708 41—10426 8.9—506.3
o FHEIE 3.221 0.985 65.6 67.4 165.5 94 329 43.9
XA (1124
bRz 7.168 1.892 138.4 90.3 405.1 84 980 63.4
BRZE% 223 192 210 130 244 89 298 144
FRMEE 0.019—29.513 0.050—0.979 3.9—132 12.7—86.0 11.6—742.3 14—251 62—1897 5.7—67.8
) SHE 1.602 0.269 34.6 339 83.2 82 207 315
Xof B SRR (259) o
FrifE2E 5.717 0.189 353 16.1 142.1 44 354 13.3
AR R 350 70 102 49 170 54 171.8 42
Wa 0.142 0.09 12.8 25 30 58.3 84.2 27.8

22 HEEEEIETGYLRG
2.2.1 {5 Y X 4T G BN TS Qe R O

RIS TR - ST 4 0 BT 35 AR 5 (P) TP 46 50 WL 6. T2 6 AN, 7 otb 1 He R 0 B 2
TCR PIE K /IMKIK N Cd>As>Pb>Zn>Cu>Ni>Cr>Hg, Cd ) P 1A I #5155, As &b T H B T5 ¢,
Pb Al Zn J % J 75 %, Hg. Cu. Cr. NiJy JE 75 %e; 7k HIRE & 5 4 J8 I8 % PAY I K /MK K
Cd>Hg>Pb>As>Zn>Ni>Cu>Cr, Cd i P4 15 B H BEi5 Y2, Hg A TR EEi5 4%, As. Pb. Zn N FI5 4L,
Cr. Cu, Ni 2 Joi5 4 785 5 M dh v 5 6 Jm O0 3R PRI IR /IMK IR Cd>Zn>As>Pb>Cu>Cr>Ni>Hg,
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Cd A PYIHIB BN 5 Y, Zn A T EET5 %, As #1 Pb 942 FE 5 4%, Hg, Ni, Cu, Cr ¥ 8 i5 44 1EAK
MR T R TT R PR R/ NI 5 5 — B, Cd B PR B T TG 0, As W R TS g%, HiR
6 P @ ICR B R Ioin e, 25 Ll i, v5 g X BT A L SERE G 252 21 Cd 5 3, 15 R BUR FIA I 5
B S E A

6 LI PN TR ST AR (mgke )

Table 6 Statistical results of single factor index evaluation of heavy metals in soil

i JKH S h N
JLE Dry land Paddy field Wild grass ground Forest land
Elements  P3Y TG YR P TG YR Pl VYRR Pl TG YR
P; Mean Pollution level P; Mean Pollution level P; Mean Pollution level P; Mean Pollution level
cd 11.23 il R0 3.35 TG YL 14.25 R 4.69 R
Hg 0.3 Jei5 gL 2.89 LUERCEA 0.29 Jei5 Y 0.39 Jei5 gL
As 237 R e 1.33 BRRETG Y 1.93 RS Y 1.88 BRRETS Y
Cu 0.95 Toi5 Y 0.57 Toi5 YL 0.78 pREE A 0.64 Tois Y
Pb 1.94 BRRETS Y 1.55 RSy 1.52 RS Y 0.94 Tei5 G
Cr 0.55 Toi5 YL 0.29 Toi5 YL 0.55 pREE A 0.49 Toi5 Y
Zn 1.20 BRRETS Y 1.16 RSy 2.34 R EETG e 0.82 Tei5 G
Ni 0.42 TeV5 Y 0.7 Jei5 G 0.45 P REE 0.59 TeV5 Y

222 VSHIX T IEE G RN LA T AR BTN

1Y X TR 4 JE AP SR G TS PR BOT M 45 S 0L T 1. IR 1 Rl K RS 5 b 4w N A
AT AR EA T BB RS s Y TS P ) s A B 3 R 0. 5.6%.
33.3%. 16.7%. 44.4%; 51K 7.4%. 7.5%. 18.5%. 18.5%. 48.1%; Fit S 1N 19%. 14.3%. 9.5%. 4.8%.
52.4%; MHIK 26.3%. 10.5%. 31.6%. 0. 31.6%. 7E45 FH HEZSTRUAE i v, 60.1% 97K HIRE i 32 2 8 4w
FE R UL b5y, F%5h Cd. Hg 5% 66.6% 15 HIAE & 52 3 81 4 & th E Je DA b5 4y, £%5h Cd. As¥5
Yus Sic BRI AR D 23 B 67.2%. 31.6% BIFE 32 B 4w P R DL s g, H o b £ B A7 Cd.,
Zn 5 YL, Mk Z Cd ¥5 5.

60 oy Clean
a Z 4 Cordon
sok o %% 35 YsLight pollution |
B s 1 i Moderate
o 7
£ 4o} o 5 Ji¥ Severe
8
<30}
8
=20}
o
[aW
101
0 i B - N
Paddy field Dry land Woodland Wild grassland

B 1 5 G XA T BUIR e i b B G AR SRS R L
Fig.1 Neimero Integrated pollution index of heavy metals in soil samples in contaminated areas

223 {55 IX b G Jm R AR A XU R RO

15 Gl DX % FH Hl BHUBRA: ot VS A A 285 XU 48 B2 SR WL IR 2. JNIE] 2 W] R, Cd i Heg 72 523, 7K | g 5L
M, i b 98 v b T i KU B DA B A 3 K SR B R R, A 6 Rl 4 Jm AL TR BUE T K
s BRHBAE G SRS WA AR A KU AL T AR PR SRR | ARSR | AR AFE SR Y FE A 43 R 0. 16.7%.
27.8%. 22.2%. 33.3%; /K HURE AL TR, v e | SiEE | ARG | B 0 A5 S AR L B EE 1 20 5 O 5.6%.,
20.4%. 25.9%. 16.6%. 31.5%; PRHUKE S AL THE 0. P RE | 92 | AR | A% 5 A5 G 6L B9 EE A9 0 )
10.5%. 42.1%. 5.3%. 26.3%. 15.8%; Jic . HURE i Ab TR fole . vhBE L 938 L ARG | R 50 25 2w (02 1) L 51l 2
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A 9.6%. 19%. 19%. 28.6%. 23.8%. £ [ ] 1, 75 YL [X 5% FH Hb 2 RURE 5 25 A T8 7E A2 25 XU b T 1R i
Ke UL 22 BT o5 B8] B4 /NI RRAR YR Ay 5 3> B b >7K >

#2144 Slight @ EModerate B 98 & Strength ] fR38% Very strong = M IEExtremely strong
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Fig.2 Potential ecological risk index(a)and comprehensive potential ecological risk index(b) of heavy metal

Wild grassland

elements in soil in different land use status

224 VG XA R )ZE 5 & | XSS IR

TG YL DX SR | K R T b 4 i e XURS A AR AR ME S PR 45 2R LI 3. DNIAL 3 T, 7E 54 R
HiFE i 1, Cd. Hg. As. Cu. Pb, Cr. Zn, Ni 7 & M i 3% (5 19 A & Le 5] 53 5108 40.7%. 3.7%. 35.2%.
25.9%. 27.8%. 5.6%. 37%. 1.9%; Cd, Hg. As. Pb ¥ i #8 4& il {5 £ & b 6] 4351 35.2%. 1.9%. 9.3%.
5.6%; A, B, CZEELH143 50 9.2%. 35.2%. 55.6%. 1E 18 /K HAEES: A, Cd, Hg., As. Pb, Cu, Zn, Ni &%
(R A RE S L 143 3N 55.6%. 33.3%. 50%. 38.9%. 5.6%. 50%. 11.1%; Cd. Hg. As, Pb & &
B HIERE S B EL D23 508 16.7%. 22.2%. 5.6%. 5.6%; Cr & i A I e 18 ; A, B, CZEH 143510 0.
44.4%. 55.6%. 1E 21 NI G HLEE B b, Cd. As. Pb, Hg. Cr. Cu. Zn. Ni & &8 5 (R 5 L 14351 N
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Fig.3 Evaluation results of risk control standard for heavy metal in soil samples in contaminated areas
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BT, B 9 A, B8 — E R4 Cd. As, Cu, Pb, Zn E.A 8 & 27, 43 %) b 0.609, 0.706, 0.701,
0.786. 0.577; 5% — F 5> Cr B9 #R M7k 0.839; 2 = F i/ B E I ML T Hg A1 Ni )= 15 8., #1705
A 0.747 F1 0.651.

F7 BYX IEE AR ARG

Table 7 Correlation of heavy metal content in soil in study area

JLZ Element cd Hg As Cu Pb Cr Zn Ni
cd 1
Hg 0.040 1
As 0.223* -0.033 1
Cu 0.371%* 0.064 0.282%* 1
Pb 0.288%* -0.004 0.459%* 0.473%* 1
Cr 0.014 0.017 0.008 0.080 0.166 1
Zn 0.424%* 0.047 0.188* 0.271%* 0.677%* 0.222% 1
Ni 0.238* 0.152 0.014 0.130 0.209* 0.114 0.407%* 1

RS IGULX HIEE SR A E RO oA

Table 8 Principal component analysis of heavy metals in soil in study area

WIHEFFE(E Initial eigenvalue RS FHIEE Eigenvalue extracted A3 JE R E{E Exchanging eigenvalues
WOT TR R % THEM R 20% THEE R 20%

Components Characteristic Interpretation Characteristic Interpretation Characteristic Interpretation

FR/%
Cumulative

FR/%
Cumulative

FR/%
Cumulative

value variance value variance value variance

1 2.681 33.516 33.516 2.681 33.516 33.516 2.342 29.281 29.281
2 1.213 15.161 48.676 1.213 15.161 48.676 1.315 16.442 45.724
3 1.029 12.864 61.540 1.029 12.864 61.540 1.265 15.816 61.540
4 0.899 11.239 72.779

5 0.756 9.448 82.227

6 0.624 7.801 90.029

7 0.600 7.494 97.522

8 0.198 2.478 100

RO HIEEEE TR0 R

Table 9 Component matrix of heavy metals content in soils

WA HF 207 Component matrix Jie%%s Ji IR F-#k fuf Rotated component matrix
JGZ Elements
F1 F2 F3 F1 F2 F3
Cd 0.623 —-0.009 0.304 0.609 —0.008 0.331
Hg 0.095 0.527 0.553 —0.044 —0.181 0.747
As 0.510 —-0.559 0.068 0.706 —0.101 -0.262
Cu 0.638 —-0.235 0.198 0.701 -0.015 0.099
Pb 0.832 -0.187 —1.148 0.786 0.362 —0.002
Cr 0.259 0.339 —0.728 —0.057 0.839 —0.067
Zn 0.801 0.221 —0.165 0.577 0.543 0.301
Ni 0.465 0.606 0.086 0.160 0.377 0.651

233 ;4R 4 Jm R AR AT

FH 32 B350 BT AT A, 2 A SRR DG o b A A I — 3. B — A 1 TR R R 33.516%, H:
H1 Cd. As. Cu. Pb, Zn HAE S WA, HiX 5P E S JE & &4 EBEbR, 8o | KBl s
S EMAEH. BTG Qe XA TFHYEE . Bk S0 SRRk Ak R 3, 3585 52 B4l A M A %
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P Cd. Cu. As, Pb, Zn 555 4 J@ 15 Y O i HAE AL G A 7= Kof & Tl i 44 Cd. As. Cu,
Pb. Zn %5 & JE BLA Y AL B, X e 805 e X 4R & B AR 7R 4R e A
S TR A B AR, XA I AR MR B As TU A BHE, i As TUE AR, TR SCECD BT Y )
M b Cd, Zn, Po EESRIE TR EMET R KHER, £HESES S P WE £, fE25iis ki
J5 1, Pb WA AL 4275 Y IR A HE R PE G R . 9 X A A KRS . oK BRI Rl Ak
YA h &A1 Cu, As FT0 R SFE P ER R, QURBEIE T 5, As 1Y & 7 — B A7E 20—50 mg kg,
HAGHEH S 3D As ST A R 2 & S 2805 2 XD As, Cu I RKEBLR. R
8 VA4 Fr mT DA 32500 1o Tl . 3238 Al iR 4 .

5 A TTRRCR R 15.161%, Cr J& BEE W STk 7. AR0F 58 o Cr 5 H AT 2 A B
AR R BN EAS S, LIS A TR R H A LR A SR AR R, Cr A7 2 ( dums & 1151 R
BEEM. RZH Cr & RS ARG, Cr nTAEZ A 4 BE BT A4 6103, B 4509 Zad B o o i 1
T Cr EZOR H T 3B . PRI HEWT 3258050 2 3B .

5= E A I DTSR 12.864%, EZETTHORIE T He Al Ni KZE0 58 IA R L3 rh Ni i A TS
YePRTTRRERL /DN, T2 B AP, (E R AT 24 B2 N BRAZ A SRR IR AL, AR 36 Sl A X Ni ()7 &
WA — R, L4 2 PG5 T LA Zn T Ni AR DGR B 3, LA AR, DR 9 1B Ni 37 5]
T 3% B (AR T SN S g SR R A RV AT e T4 SR AR, He EEORIE T Tk g 3h K
FEAE IR TTRE . IR BT Heg Je 2 MR ME AR & B, BFIE X N AEFE K iR iR, IR ey
TR BRI R 22—, SR AT Rk G 0 E ABIESE X P L TR I, 4T 3 A4 3 A Tk .

3 4518 (Conclusion)

(1) 8RB SR Hr Al X 8 0 3 4 8 2 — e 09 & 4, Horp 1 88rh Cd. As, Pb i5
FEEEL ORI R S SR S AR 22, As FE R SRS, Cu, Hg, Ni 787K H P& i,
Cd. Pb. Zn, Cr f£ i HHh b & A0 .

(2)Cd FEi5 Y X e 4b F 3 B2 15 YooK, ik 8 TR A S 8% Mt T & 8 & m A — e e
JE AR T At A= R FH ST, A2 3075 Y die /N, FEA M 38 v, oK FERE 2 4 i 5 O 32 160 R A o 1L
FIAE i LBk 100%.

(3) ZEA M RAE ST AN B2 BT, #EWE Cd. As, Cu. Pb, Zn Mgk, Tk FAIzgil IR AR, Cr &
Bk AT HARUE, Ni 328 Tolki& 3hi i, Hg 32 2R R T KA.

(4) 5] r B 45 J8 v MR 5 SR AT M Aol E 6 LR 3 - B8R B T Cd. Hg. As. Pb. Zn B3 4%, W AN
I 4 JE VR B S R AT Ak A HE Cd. Hg. As, Pb. Zn f75 Qe JHIGHEAL L LR 4R
15
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