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Pollution Characteristics, Source Analy51s and Risk’ Assessment Of Heavy Metals in

the, Surroundlng Farmlands of Mangﬁnese Mining Area 3
YU Gao CHEN. Feﬂ ZHANG Xiao-dong' | SUN Fue- b(n/g‘ / ‘ = &
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Abstract In order toltinderstand the status of heavy metal pollution and the resuhmg eco OglLdl risk of farmland soil surrounding the manganese mining area, 174 soil samples
were collected "and the heavy metals(Cu, Zn, Pb, Cr, Ni, Mn, As, aid Hg) were analyzed. Principal component analysis (PCA) and the positive matrix factorization
(PMF) qué,l were used to determine the source of heavy metals in the soils. The single-factor pollution index method, geo-accumulation index method, potential ecological
risk assessment method, and US EPA health risk assessment model were used to evaluate the ecological environment risk of heavy metals. The results showed that the average
values of Cu, Zn, Cr, Ni, Mn, and Hg exceeded the background value of Guizhou. 100% of Zn samples and 38.86% of Cu samples exceeded the risk screening value for
agricultural land soil pollution. Source analysis revealed that the main sources of soil heavy metals were mining emission, mixed agricultural activity and transportation , nature ,
and agricultural activities. The risk evaluation showed that Ni, Cr, Pb, and As belonged to the clean level, Hg and Cu were in a light pollution stage, Zn fell into the category
of moderate contamination, and Mn reached the heavy pollution level. Cu, Zn, Ph, Cr, Ni, Mn, As, and Cd posed low potential ecological risk, while Hg caused a
considerable potential ecological risk. In total, the integrated potential ecological risk of heavy metals was ranked “strong” , eight types of heavy metals had carcinogenic risks
and non-carcinogenic risks for children aged 0-5 years, and the main contributing factors were Cr and Mn, respectively.

Key words: manganese mine; farmland soil; heavy metals; source analysis; pollution evaluation; health risk assessment
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; . . L3 A
2R e s 0~5% 6-17% 1875 %
C T SR O mg-kg ! S
CF et N+ mg-kg ! 10-° 10-° 10-°
EF REHUR d-a”! 350 350 350
ED RTEAEIR a 6 6 24
AT FHR B a AT (BUB) =T4.8x365
L AT(AEEUR) =EDx365  ~ 1 |
BW PR E kg- 6.4 26.5 60,6
PEF UKL HE TR T m? - Kgztd 1.36 x10° | 1.36 x 10° 1,;‘"56 x10%
Ing PRI L R mg* dﬂil 73 I I| 103 ;1;0-6
Tnh PR 45 A it mf g 3.7 10,1 “is.”
SA PRI R R et Ty 1224 ,|3564 "5 120,
5L SRR T g (et ) 0204} &f . P 0.077 |
Coams S0 gk "V, AL0.03 TSR 10 ;
R3 (FEEBEELEESEMN RDASF) B Cu. Zn . “Cr. Ni. Mn I Hg 7F 1 3 i ¥4 K 7]

T'al;le 3 [RID and 'SFoftheavy metals in soils with? different exposures |

-

-

AW . RID g |
PR T Frge T o WEEA e
Cu /' 4.00E202 1.20E-02 4.02E-02  —
Zul! 3.00E-01  6.00E-02 3.00E-01  —
Pb 3.50E-03 5.25E-04 3.52E-03  —
Cr 3.00E-03 6.00E-05 2.86E—05 42
Ni 2.00E-02 5.40E-03 2.06E-02 0.84
Mn 4.60E-02 1.84E-03 1.43E-05  —
As 3.00E-04 1.23E-04 3.00E—-04 15.1
He 3.00E-04 2.10E-05 857E-05  —

1) B AR SOk 8,141 5 —Fm B BUm AR T

PEREAT.
2 HR5ITR

2.1 B XA 4 S AR A A A
WFFEIX +35 pH {H M 5. 69 ~ 6. 04, K55 ERYE.
FanH, +HEESE 0o(Cu), w(Zn), w(Pb),
o(Cr) ., o(Ni), o(Mn) ., o(As) fl o (Hg) B9¥I{E
4351k 50.85. 452.80., 27.24, 109.37. 57.55.
4706.36. 9.80 A10.30 mg-kg ™', HH  Cu, Zn, Cr,
Ni, Mn FIl Hg & S BEY & T 51 N 4A 1 5t
B 4y TS S 1,59, 4.55, 1. 14, 1.47

26. 62 2. 73 £, HFEA IR R LK 80% LA L. 1

PP 0 B 4 X E 5 YR 0 A TR, A Y O
TR A 25 R AR R B R A PRt FH AT oG, DL BEER B
i (GB 15618-2018 ) fE 45, Pb, Cr, Ni, As
Al He & 5 AR T RS e (8, Zn & 5349 F XU
i E(E ,38. 86% t AL b Cu 7 & i F XU i
VE(E ,{H Pb, Cr, As Fl Hg & &% F XU & 5 1E
(Cu, Zn, Ni Fl Mn WA M XS HH, F AR T
). M E A B bR e, Y S e
o T XU O A, AR T XU 457 (BT, 23 % £ A
PR o ot el =9 e ) S N o & I A ER T
rH N 25 > Ml SE B G0 sE XA KR AEY T Cu
A Zn B W

75 A TC i N A RE T G b s e 4 e e
HIPE BTG OL , 22 5 RO R WIZ T 2 B iR i
{5, I AN AT 2 A A A ] A
RIS Gt ir i |8 Fhoe 2 A9 AR T R BN K
F/NMEIK A : Mn (89.36% ) > Hg (36.67% ) > Cu
(23.20% ) > 7Zn (22.30% ) > Cr(21.43%) > Ni
(20.52% ) >Pb(9.32% ) > As(6.83% ), .+, Pb
1 As JEFHA8 5, RIHX 2 FTRAEMRIX A -+
B Ry AR5 Z NG SR/ He, Cu,
Zn, Cr FINi J& TH 4548 5 ; Mn J& T R4S 5, R W
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Table 4 Heavy metal concentrations in farmland soil around manganese mine
WH Cu Zn Pb Cr Ni Mn As Hg
%/ IME/mg-kg ™! 32.25 373. 64 16. 09 77.58 38. 42 420.78 4.38 0.15
FAR M/ mg-kg ™! 119.98 544. 60 38.95 131.22 87. 64 14211.23 17. 83 0. 60
FH{E/ mg-kg ™! 50. 85 452. 80 27.24 109. 37 57.55 4706. 36 9.80 0.30
brifE 2 11.80 100. 98 2.54 23.44 11.81 4205.78 0. 67 0.11
5 55 B % 23.20 22.30 9.32 21.43 20. 52 89. 36 6.83 36.67
IS/ mg kg ! 32 99.5 35.2 95.9 39.1 176. 8 20 0.11
RALHEARE % 100 100 6.82 81. 82 97.16 100 0 100
A i e (E/ mg - kg ™! 50 200 90 150 200 — 40 1.8
BALEARR % 38. 86 100 0 0 0 — 0 0
KBS A4/ mg - kg ™! — — 500 800 — — 150 2.5
HALEPRA/ % — — 0 0 — — 0 0
1) “—" RIRFETCRAE LIPS XU 07 16 1 0 XU A8 (L, A 7 A R B S AR
Mn JTCE Y 25 HORE B 30m , 25 1) 5 0 PR 405 , 32 Min 9200 - - =
B TF R S B S 1 = .
ANFFHREER 2e 2 _[re T As
2 FLS TR B £ (Mn) wl o=
B, 49 156. 98 mg-kg ™', 43 il S 24 A8 il > :ﬂ i I H
B 2 v R T BE R Y 13,33, 6,63, 534 N T I )
142 ff B 7 FOTRTEA FAT Bk 2 1022 51K g ol I
:E || | -
jt’/\[:fj’/\rj;jw((:u)ﬂ_‘m jg70 11 mg kg -&ﬁ 40 H —_ (_ ’7 I ’_ |-
T  ( Co)A sl 125,50 mg ikt 4 26T L n s 1
w(Pb)%ﬂ W (As) B ﬁwdﬁﬂm/ﬁﬂ 46 03 |
02 b
mg-kg 7' %%*Tg)(zn)\ w (Ni) /Al @(,Hg)ﬂim, 01 f

5391449136 . 64. 66 F10.43 mg-ki 1. X AIAES
éﬂfﬁ%ﬁﬁ’]ﬁﬁf%ﬁ-\ i v HE L Z?lk{ﬁzj]ﬂﬂﬁ
ﬂiiﬂl%ﬁé@
2.2 fl}htﬂﬁliﬁéﬁ/\}%/’i Sk IR AT

2.2.1 HIEHES RS

JLE (6] B AH S ] LS e e 5 HA [ P
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Fig. 2 Distribution of heavy metals in farmland

soil of different villages

Ni-Mn #1 Ni-Hg 2 [A] (A 2E 2B KT 0.5, H W
TCRZ AR B2 EA L (P <0.01) , Ui B X gt

FH R ZR BB, AN W) 78 20k A [A]— 15 YL I Ay v BE 77:%'?7 EAFEAR LB (RT3 e IR, HLn] REAF 7R
PR AR 3 5 AT ,Cu-Zn-Ni, Pb-As, Cr-Hg, RAT5 YL,
®5 tEELEHELRHYY
Table 5 Correlation coefficient of soil heavy metals
Cu Zn Pb Cr Ni Mn As Hg

Cu 1

Zn 0.501 " 1

Pb 0.356 " -0.226™ 1

Cr 0.236 ™" 0.341™ -0.002 1

Ni 0.537 " 0.574 ™ -0.074 0. 468 ** 1

Mn 0.299 ** 0.476 ™ 0. 035 0.158" 0.543 " 1

As -0.072 -0.062 0.529™ -0.089 0.282 " 0.357 ™ 1

Hg 0.115 0. 468 ™ 0.031 0. 669 ** 0.554 0. 450 ™ 0.143 1

1) * %25 P <0.05,

wk FR7n P <0. 01

2.2.2 HT PCA W) T IEH 4@ R AT

ST U N SN0 A VIOl b R g e N I R B
Mr. R HH SPSS 25. 0 X 3 & 4 J@ & ik
JE 7R KMO =0. 604, P =0.000, 3B J5 44 508 i

HEAT KB, 45

S ES N T
BHRHCE] 4 AT, ELi 4 4P T8

, T4

LR 6. F 54y
FHEAH (3. 385,

1.496,1.289 Al 1. 177) ¥ K+ 1, BRHTTHECER N

87.013% , FEARGE B HIE R & B L X T &1



4422 78

i

Moo 14 %

2N

fFE.

Si— R (PCL) WM BE 7 250 41.318%, H
W ,Zn. Ni, Mn, As Fll Hg 7€ PC1 FEA KM IE
BT, FLk B0 28 W 9 =2 [ 2 A S 3 I M G (As BR
Hh, P<0.01,3R5), BLHIEANTAIRIEAE L. 3K 4
AIHL, Zn, Ni, Mn 1 Hg & & 0B E & T MA
FHETF T, AR R HCN 20. 52% ~ 89.36%, Ui
IS 038 52 AN 6 S5 I A k. i RG> A 5T
T E M RILR T E A — R As, Hg,
Cd. Cr, Zn, Cu, Ni Fl Mn, Hirp | 3X 8 FhoC K /E 4G 8
S A 9 19.00, 0.38, 1.54, 44.50,
126. 00, 42.00, 54.50 #1154 900. 00 mg-kg ', 712
W Bk E 58 0.46, 0, 1.75, 1.19,
463.58 ,3.08 ., 315.95 185 575. 32 wg-L~". HRHEL
Mo B XA IE AR R AR, R i
FER A, B Y b ) R HOS0 | 500 FE R 72
RN AT RERE R 90T P 54 55 T 2, 3 Min
AR TEZ (Zn, Ni Rl Hg 25) BOBEHGE &, i FL
FER | RO T o R v = A R A R ARl 2 3

S K s K e T 0 ™)

T AR 5 LA, B 5 A M Tt T
B RUEB, EHEROAL: T 1R AR R OVE (B
{3 L T S BGET RA A EHAL P 2

S RISk IR AL R K 33 102 P, P 3 D i)
ZindNi  Mn) il He G785 15 R W E AR it s 3¢
K (R R 0 e 25 PR T 5 0 R

T 22 S BRI TS 0 AR VA
WA BV, T VIR ER AN R, A
A BIHEAE T 26 LB B ik S, RS Ik
WEBB I PR T 1 78 R 1, DRIt o W 7K 4 7
T, AR F ) Zn, Ni, Mn fil Hg o0 R &R
T 7K 1 J L 9 Al 3 v i A, 0F i 18 JE i+
Herp R 4 JE . B, HET PCL AWk R HE
TR

S F WA (PC2) (R RETT 220 17. 694% , e
W Ph Ml As B A B 0 IE 27, 4 9o 0. 773 A
0.662. As 7E PC1 bt A ¢ i 9 2 far (0. 604 ), {H
PC1 X%f As 1Y TTRRFEIE AR TP 7 2, R B As 52 PC2
HISZ IR ALK AHOCHE AT R W, Pb A1 As 22 [H] 2 4 fb
FAEAMFE (P <0.01,% 5) , 81 Pb Al As HA [H IR
PR, 4 AT WS X AR 358 As A Pb & i 13
EIEFSMNE L8 R E, B S 28098 T 55
AR S PR HED PC2 A A AR A

5= (PC3) I FR BT 250 15, 117 %, F
t,Cu, Zn A1 Ni A EGE Y IE# AT, HiX o R M
W22 () S B 2 A C (P <0.01,% 5) , il Cu,

Zn R Ni HAT [RIJE. d13 4 AT, Zn . Cu A1 Ni 2
J& T AR S R ] - 4 R 0 RS2 K
MR R, mE 2 AT, S M TEOR Z 0] 4 Cu,
Zn R Ni B2 R R, Hor 4FERS Cu 5 i dic
FEYERS Zn A1 Ni & i fem. AWFRER A H R A 2
X i DL L T R A T e T A R R B IR A
FHEY . S B AT A, % A A Al A
AL, 24 b A B 2 Aok ol o R R 2 (DR 2
W, BRI AR ) ok X B 5 IELs HEA T B I, 3% ]
AEFECCHER L3 Cu 1Y R B T B R 55 S Kk 24
IR L5 4 ek e FH 0 7 B 25 B0 A% Zn T NI FY
R, FESRIA — SRR BTN b 2 TE Y
TR YRR IR A B Zn F Cu LA
PR F iz rd B B Ni 2#E AR & T
SRS I PR 4R 2 B e PC3- el
W S R3S IS4 TR, a1l

S5V B AEPCA ) 9 1T I 2 12,/884% , H:
i1, Cr il H [ e HE 210 , L2 a5t
HIEMIE(P <0, 0F, % 5) S8 Cr 1 Hg BT
. — Ny, 13 CrZ N St i iy, 3
FORUE TR R kil ABF g, 0 crpn
He Sk (S48 Tt M4 L er (™ R
o 25 2 5 SR VR 5 A 0 B
Giersz 2 P IHIRST % P, He AL AR Y B 2 Al 7y, —
AR R Y  (Hg) A 0. 005 ~0.69 mg-kg ™' W
FEAESY R TT R AR Cr iR, — M
BERR 25 A ZUAE 9 o (Cr) 43518 50 ~ 250 mg kg™
F15 ~3000 mg-kg ™' JEGeit, tH A 1 Nk A
# IR Cr 4 0.03 ~0.38 t-a P HEiM A, ARl
AR AR R E R IRZ — O T mAE
Y i AR RO R s AT A 1458 X se AR A A
3kt ] BT 2 b He A Cr (AR
I I PCA S ARl 1% Bl .
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Table 6 Matrix analysis of heavy metals in soils

s ZH AL
PC1 PC2 PC3 PC4

Cu 0. 366 -0.071 0.917 -0.222
Zn 0.672 -0.516 0. 565 -0.332
Pb 0.012 0.773 0.227 0.143
Cr 0. 461 -0.408 0.139 0.725
Ni 0. 856 -0.113 0.522 -0.111
Mn 0. 862 0.285 0.316 -0.164
As 0. 604 0.662  -0.074 0.053
Hg 0. 608 0. 005 0.076 0.632
EEZ(EN 3.385 1. 496 1.289 1.177
kR % 41.318 17. 694 15.117 12. 884
SHTTHCR /% 41.318 59.012  74.129 87.013
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2.2.3 FET PMF BRI SR PR i AT

St — A P 2T IX AR - 398 v B 4 S 10 R TR
0L, 2K A PMF #E A% 398 85 4 Jm 98 17 R U5 Al
B HE S A EPA PMF 5.0 3, S & W T8 H Al
WAk AT, 50k 8 i 2 s A 14 0 i A 2
T R R, L, W BT 2 WaE 1T R,
PLSEEE Q fE s/ IMb, A5 1) 5 f0 e B 45 SR | e 241
5 RO AR X BTk AR 4 ~7 A
TR, a2 Rz iR )G, & e 4 AT, 15
FAGRAY Q {609 155. 8, 20 5 11 5 R0 480 93 0
Z S B AE LA RO, HRHR R 2240 F -3 ~
320, R ILET. 8 M EM R REGLE N
0.563 ~0.986, W] PMF 558 {1 Y5 i A 20 S 4% {4
AU, T 88 1 R 50 0% 0 e M i R B B
RIS

HRHE PMF Y5 g i 25 R T H (B 3) B 1 X%
Mn E’Jf@(ﬁm,,ﬁ\ THRAR Y 88.87%; X HE 7 Fi

S RITEMA —E W TR, FLF W 18.76% ~
42.19%, % 55

ﬁﬂ(ﬂ? .?2 XTZn (EuﬂlNl E’JJ\@( m ﬁJ ﬁf‘z

0%

SR AR

P25 SR —B, AT B A 1 B FIAE 38 32 S TR A U5
[Af 3 X} As il Pb E’]J\@(@m,,\mﬁﬁkiﬁﬁujﬂ
57. 81% F1 54. 24% , 555 — F M 45 5 —2L, T i
BR ASRIE. R 4 X He A1 Cr Y BTk e =, HE ok
AN RIK 45. 48% F1 39. 30% , 545 1Y 3 43 1 25 R
— 2, TR AR TG ShUR. £ 1, PMF A5 Y f A
505 FE R T A RIEAR A R X 3 A
4T 4 JE O R 3 R b R R HE RO, A0k 1 Bh
A IZHRATE, B AR AULO IS s IR IX 4 Fhok
P, H 25 5 51 Bk R 4 0 R 34.52%, 17.49%,
26. 11% F121. 88% .
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Table 7  Fitting results of measured values and model-predicted

values of soil heavy metals

T Iz P T
Cu 0. 638 - 0.61 ;0,84 o
) | rd &+ I-E .i|lll—"
Zn 0,967 Lo =0l
Ph | Q0s63 058 0
Cr I ¥o. 986 . 0.98 Vo
f .:::. I\ o i &
Ni 0.68) L | 0.66 ¢ #8s52 ) 0
Mn 04885 LN 0.46 e 4
As . Mooeey L p1.03 “olze
[ &% - i i
Hg 00 @917, 450.85 0.03
S i =l

M1

W73
4

B3 AFRERENKBHIEESEHTEHRE

Fig. 3 Contribution rates of different sources to heavy metals in agricultural soils

2.3 B XJE I AR S AN

I 4 Al 1,8 FhOC R A BN Ti5 Y d8 8 (P,)
P K FIME A : Mn (26. 62) > Zn(4.55) > Hg
(2.73) >Cu(1.59) >Ni(1.47) >Cr(1.14) >Pb
(0.77) >As(0.49) , H1 Ph Fil As N TT5YL,

Cu, Ni fil Cr I K25 Y, He R M2 V5 YL
Zn R R TG e Mo RHUON RS, T L1
EZMJ As JB& TG YKF; Co JB T RM-HETS

YKF5 Pb A Cr J& T Jo-58 00005 G 7K °F-; Ni }E
TR TG YK Zn & T PR - TS YKo
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B 44 %

2L
=

J& TR - RIS YK He JB TR -8 B V5 YLK
S Hor, Zn | Mn Al Hg TK 31 8 B 15 YL Ko7 1Y 4 480
fn Al 13.22%  90. 80% F1 13. 22% .

H & 4 FTLAE 1,8 Fhoc R nyih RREE(1,.,)
PIE MK BN AMEK K A Mn (3.33) > Zn(1.60) > Hg
(0.75) >Cu(0.02) >Ni( -0.05) >Cr( -0.41) >
Pb( -0.99) > As( —1.68) , H:H Ni, Cr, Pb I As
J& T KT He 1 Cu J& TRES YKV Zn J& T
P 215 G KF-  Mn & TAmE TS KT T A ek
AH,Ph, Cr il As J& F i K F; Cu Ml Hg J& T3
- TS YK Zn JR TR TS YLK Ni g
T - BTG YK Mn J8 TR E - 5K,
HiHr 23 56% 1) HERE SR B 5 YK T

I 4 BT LUE H,8 Foc R py sk 7 e 4
AR FEE(E,) BEMN KB/ MEIRH . Hg (108. 81)
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>7n(4.55) >Pb(3.87) >Cr(2.28) , K [ 1 Hg
FEAETRTEAEAE S KBS AN, oy 7 Foc R AR
RS (E, <40). i LIEREART  Cu, Zn,
Pb. Cr, Ni il As fE7EREIAB 7E A A KU 5 Mn 777E
BRT-Dm TS A AR A XU, e 3 28] 58 0 A A A U
() HERE S 0. 57% ; Hg F77F h 25 AR s B A A 45
JRURG , e | 3 81 5 AR AR i s A A 2 XIS ) R i
4355 55.17% Fi113.22% .

R (6) £ HAFF 7T X A FH -3 8 ot K (1925
BT SIS HE S (RT) S 97. 23 ~ 343,01, 177
Fp S AR AR AR ZS KRS, RTSE 91 R 166. 58 , 151
WFFE X AR H -+ SR AE AR SR TS 7R A S AU . 8 Aot
F Hg XTEE AT e RS XU 1) BTRk % R 65.32%,
1 LA ZE X A H i_%i’%&i?&m@ﬂgg%ﬁf

1 &

B
B TR
Rzl e
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Fig. 4 Single-factor pollution index, geo-accumulation index, and potential ecological risk index of heavy metals in soil

i b W X 352 Mn 15945, 5% Zn TP E
154, 3% He B2 BET5 Y, b He A7 7R TR 7 4 B X
W, Mn Il Zn {776 008 e A 25 KUK B 4 22 20
FIRIFSE 220, PG A6 40 B AL X ] 3 + e A7 e =
) Cd, Zn, As Fil Mn {5 4%  Hr Cd A e RIS AE
A, Zn . As B Mn FE7ESR 0B A A S ARG ¥

ANIB A R 5T 3R I, PSR B X i 1 A
Mn il Cd 755/ 8, Hoh, Cd 777 M 50 7B 78 A A5 X
Fr , Min 7775 3% s AR 5 A A5 XU . R R A 45T A 52
KB, S MRV X 4= 398 p A7 76 R W) R B 1Y) H
Cd, Cr, Mn, Cu Ml Zn {54, Htp [ Hg 1 Cd A H
15K, Cr R P TS YK SF, M, Cu Ml Zn A%
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B RIS ROKOT. R RS R 4
BULEER" X L HEZ Mn V55, 5% Hg 5215 3.
MRS R G B EE A | BIMAS D R
TR L A A 5 R B
25 AR DL, 35 3 B 5 R DS A O, 5 X R
7], BT 4 75 Y B R R, TR A R
JFRGET B H I BRI He 157,

G TSR P, 1R E, 55 R0 51,8 Fi
JEEM P, A 1, WK ELINITE— B T E, 5 %
AOHEFF I 7 — 5 22 5. 002 P, A 1, BWIBRSEIX £
HE Mn V5 BT Mg 15 B ([ 4) LT E, 3%
1, Min FO9EE 26 24 25 RIS Mg (038 72 25 KRR
B(E4) X EESELEI T, AKX Men 51
MOBFSE B, ALl B A Cu (0 BB K
R VA R A BB I, Mg 19 3 SR B AR
eI AR T T, (O (R R R
B Yu 451 GBS R B, 2 AR T,
S LR Cd 1 BB RCR T, (AR R
AL A5 XK, P 119 SR Bk v | O A
A IR AR AL e A, 1) i
T R VA A5 R HE AR e A TS 1
& PGS I, e, Mo 20 LTSI 5
U DL A BN R (R T R
T B R H R B P B L) R o) A S

T R WL, T A R 5, LT e

RS ASEN | T RERASE B TR R
RIS A VR (e AHE | R ARFI A ) A1
BB E BAR (B e . SBARNAE ) Sk ] 43
Hg. Mn 1 Zn (9490 5HE | BEARA 7= R s XU
2.4 X R 4w AR XU AN

4 Jm BB S, e AR ERR
NESOEEAE N Wagls X (T TNERURAS & Sk ¥ kel
S B BN, B T L S U R & AR
WF5 4 i N AR SR RS PR HL A 143 BE A 5K

AF 2 FE AT, B HE 80 X 45 5k
(HQ) B #4 =l S KBS 38 B0 (HI) /9 B (B 35 8
1. 00E +00, >4 HQ 5% HI < 1. 00E +00 i}, 3 B + 3%
4 R AR S0 8 R A S B AN R
Z AR ERAESUE AR s 2 HQ < 1. 00E +00
1M HI > 1. 00E +00 i, 2B AR H 4 Ja # A 1 AR 2
35 UG AS 3 (L A 0088 RV B A A f B LA
—EREY . 2 8 Al JLE AR HQ M
= 2344 : Mn > Cr > As > Pb > Ni > Zn > Cu > Hg,
Hi 760 ~5 %, Mn, Cr Fl As B9 STHER R4 5 R
55.69%. 19.31% Fl 18.36%, = #& = il & HI K

93.36%; 1E6 ~17 % ,Mn. Cr Fl As 4 5Tk 5 5
}55.68% . 19.29% F1 19. 19% , =& Z F1 /5 HI 1Y
94. 16%; TE 18 ~75 % ,Mn. Cr Fl As B TTHR RS> 51]
H48.67% . 33.03% F 13.41%, =FZ F & HI /Y
95. 11%, W] Mn . Cr Fl As J20F5% X 4 58I 2oy X
iy 3 KRoTwkI 5. N HQ i i LI 1,0 ~5 % )L
Mn B HQ 7 1.35E +00( >1.00E +00) , f£7E 5. [
AR BUR B XS, BRI Mn 2347 0 ~5 2 LERA
IRMgE R = A B g .t 8 W LUE H,6 ~ 17 2
18 ~75 % 1 HI ¥J/NF 1. 00E +00,0 ~5 % ) HI K
T 1.00E +00, SRS X HIRFE S EXT 6 ~17 %
JLEERN 18 ~75 2 L I N AR R S0 fa B & 52 )
oG BN TR 0 ~5 % )L A AR {d i HL A B
. 454 HI M HQ &3, Mn &3 sLAF Y X £
e GRS 0 ~5 % JLH P Az AR B0 e FRMS: 1 3
SR T B AN B HI B0, H 2 it 1
B TR, FEH40 « 5 % L) HI 5 20 B2 6
~17 % JLFMAS ~75 B HARI 2. 53 FH4. 98 177, i
WTE [F)— 05 TR, L &) 32 31 5 45 15

HERSTRE I CKSISE SR F ) A
HI MR B OOR - B A2 > Bk fih > ﬂ%ﬂ&%‘é
Ao raf0 45 LS BT T e
B JoR 2 Al RTINSz A5 3 b g 12 mp (4 Al B0 XU BT
Wk 4391k 83.94% . 10.39% F15.59%; %1%t 6 ~
17 2 )L 3, AE 808 KR 5T ik 3R 50 5 R 72.24%
18.42% F19.29%; %1%t 18 ~75 % Wi A, AR 80U K
Ko TR 23 51K 60. 46% . 27. 04% F 12. 50% , 1
F- HaR R 4 T 4 1 N AR o U 1) 322
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Table 8 Non-carcinogenic risk index of heavy metals in soils
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