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URTFRE 2002 4R SEATBOR M G, ZEK 35 587 4R TP R Bt v, I B2 A3 SR HBURH I 11 B4 855 £ 47 415 i
BT B T 1L SR A T A5 I B A R AN ™ AT R, IR T T E A R BES Ye n) EL BE
IR IE . #E 2002 4F J7 IR B BURME G, AT 13 3 3k mWQiEﬁ%24Mm,ﬁﬁﬁ
K 519205 m', ORI 426 5 m®, XY b ) AR S I K R B AR (8 R R T B R R

AT 5T 388 5 SR AR WE ST DR I 3 i 1 0 oA T b AR Y, DO 0 A T 8 A 4 )8 (Hg. As, Cu. Zn,
Pb,Cr . Cd, Ni) [ 5T it 73 B8 A ARRAE 5 I 0 75 bR 100 R PR e B AU 326 A7 TF A, DA A 4 b i) el ¢ 1
AP RS SO SR B i 2 %

1 #RE57FE
1.1 HRRXER
WFE X AL T 5N A R AR E AT T Il X, db4h 27°30" —27°32", K4 109°11'—109°14", KP4 % 26 km,
ALK 30 km, B A 842 km®, B IX AL 45 km®, SFIEIR 850 m, AEFEHAE 15 C, AR FEHREK &
1400 mm, J& T o W0 A 2 X8 v < p
1.2 HmRESLE N
2018 4F 5 H o W S M K5 A
PO BT IR i B ) i A2
QT i T A e FH A S AT S
b2 g AR S b 2 AR 4
ﬁ%ﬁﬁﬁ%ﬁ%%ﬁmﬁ*
FEKHE, B MR 2 km K E —A
REEXE(E D, B REX
AL 6 SRR, I A5
3 A, BH B H BN % Oy A

= BN R 04T

0.3.0.6,0.9 km CH T 24 i s ik S
ﬁﬁi&%ﬁﬂ@ﬁi’%ﬁ S B S K B . CRER

o
NruenguarAR

1.0 mX1.0 m, ﬁf}ﬂz%*%
2 kg 0~20 cm FJZ 11, R Bl tEREASHE

e HERESD 54 A, BEASRBESII A GPS AT 0, et LB AR AR A B BERCRAEG A4S, WK R, F
TR, Ze, BHE . o 0,15 mm JE R G & T8 BN RS M. REE S0 A 1 s,

T HEE 4 E He M As SR TKM M, TP E LT E""; Cu,Zn, Pb,Cr,Cd Ml Ni R H =&
(HF-HNO;-HCLO ) W f# . B F W s 606 B vk AT e - . 6 Br 0 249 o A gl . K 35 S o 4l
K A LA FE 15 YRS R W (v/v) iz 48 h R . DI E R R 28 AR . 10 Y0 A7 B A 5% £ 4
WA S MEAR Y BT GBW 07401 HEAT T ik P il . 5 44 ) AR 05 ¢ 38 900 40040 149 L) 76 2 BT B} 2 T 9% e 42 1L
1.3 {EMAE
1.3.1 XEFLEFTEFNG &

D) s AR R EOEA

R BB () R M E B4 K Muller T 1969 4R 42 HOR I, B2 8 12 W H F #F 5% + 58 & HoAb it
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ROy i o 4 S e AR B A AR AR R AR T

Lo —log: () W
X C o EIEREN P ESE R E 2 (me/ke) s B, HHEME LEE R ¢ AT F{H (mg/ke) ;
K HH52iE a5 i i Ty S R 5. A K= 1.5 ", $ie B B3 8 (1) A Bbre . W & 4815
JOARBEAN 53R 7 A EG SR IE T (1 <<0) . BETG I 0<I <D . P EEYR A<, <2), hEEY
(21 (o <<3) IRE TGP (31, ,<<4) ., PH G Y (4<I, <5, WEIGY,,>5).

2) WRTEAE A KR 46 BOT A 12

KA Hakanson ¥ e S K EOE" , HitH AR WTF .

RI=>E, = >.T,(C,/B) (2)
L. T, hdES)E WEERE, ARESENT LR N Zn=1.0,Cr=2.0,Cu=Pb =Ni= 5.0,
As=10.0,Cd= 30.0,Hg=40.0"; C, M B, RX(1); E, FEN FIHLEAEBKNEIER; RT 4 8 FiE4)E
LR A e AR S KR T8 . $ BV AR A SRS HE B (E D) 2 Sbr e, s 8 4 @ T5 Yotk Bkl 20 b 5 %52 .
G3RR HOB AE A SRR (E,<<40) . A FE A B KUK (A0<<E, <<80) . BRI FE A B (80<<E, <<160) .
AR 3 PR AE A A5 AU (160<<E, <C320) . MBI AE AR KR (E,=320) 5 IR A A S K8 BU (R 4y %%
B, R34 A, 43 BN RO e AR S XU (RT<T150) , A 4 P AE AR B XU (150<XRT<C300) , 58 7
FEAE A AU (300XRI<C600) | AR 3H ¥ 764 5 KUK (RTI=600).
1.3.2  AdRAE R0 &

AR 5% [ [ 5K AR CUSEP A i 45 19 A A e B XU 3 A A 3010, 495 4 e B A B B P S B i 0, 2
WRSCHRI16-177, A2l Bk . 5 10 A8 DA B WP I M A 3 g 42 SN T 4 J T 5| A 1100 A P XU
N i 3 SRR 43 hy 500 fe S XU A I S50 e e UG ' . AR 9 b 8 Fh i 42 J&@ o€ # (Cu Pb, Ni, Zn, Cd, Cr,
As T He) X AARHR A 18 M S50@ XS . Ni,Cd. Cr Ml As [7)ifak BA gom K. 5, 3 fh R g st
HUE GO FEEBURE G RLED 348 19 H 3 82 8 5 B s A s F

1) K7 k42 fi .
SA X SL X ABS X CF X EF X ED
ADD,,,, =C X AT %< BW (3)
2) FH®ERZ.
ADDW:CXIrgXCFXEFXED 0

AT X BW
3) WEIREIRA

. Irh XEF XED ]
ADD . =C X 3o BW % PEF )

U S0 43 a8 S 7] B8 5 R A R 24 A ST 24 B 5 500 o 4 i R SRR
~ C X CF XEF X SL X ABS

SA child XED child SA adult XED adult

LADD,,, = X ( ) (6)

‘ AT BW 44 BW
LADD o C >< CF >< EF (Irg child ><ED child I”g adult ><ED adult ) (7)

" AT BW g BW 1
C X EF Irh g4 XED g4 Irh 40 XED 4.
LADD,, = ( ) (8
" AT X PEF BW 44 BW .,
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Hhe C N EHESE R R 8 (mg/kg) s SA N H KR #E R M (em®) 5 SL Sy - 3E36F Kk 1) 0% B 2 %K
(mg/(cm” = d)); ABS R R H F 5 CF AR F (m’ /kg) s EF REEEMF(d/a) s ED 5 58 i ]
(a); AT F V¥ 2 EERIEI (D s BW I ANEEBA B (kg) s PEF RBURHHE A F (m® /ke) 5 Irg FEEHL
FHEE R (mg/d) s Irk AEREAR (m® /DM, ERIFE A& RS 8 3R 1R,

1 tHELERERBRSH

AT AT
RfE&E B8 CF EF  BW  ED PEF SA SL ABS Irg Irh
Bom AEUE
Wiz JLE 100° 365 15 6 1.36x10° 25550 2190 1600 0.2 10°°

WA 107° 365  53.1 24 1.36X10°" 25550 8760 4350 0.2 10°°

Frogs JLE 10°° 365 15 6 1.36X10° 25550 2190 200
A 10°° 365  53.1 24 1.36X10° 25550 8760 100
e A JLE 107° 365 15 6 1.36X10° 25550 2190 7.5
M 10°° 365  53.1 24 1.36X10° 25550 8760 15

B A R U T A A

3 3
TCR = >,CR, = >, ADD, XSF, )
i= ivr=1
A S f BRE UK 3158 A K
: ‘\ EDI,
HI= > HQ, = i (10)
; i;l RfDir

Xh: ADD, hy r REEERE FOUR « B H P REEN G [ me/ (kg « D15 SF, HOUE @ B BUE RN T
(kg + d/mg) (£ 15 CR, NICHK i BT BUR K AE K TCR O 3 F BB AR T 4 Flot 3 19 M B0 K
RIS RfD, Jr RBARTIEE i WASZH [ me/ (kg O](FE 2); HQ, NI i Wyt T 5
B AR R HI O 3 BRI AR T 8 o0 2 A9 B Il 0 KUK 15 810

#2 tHESEARAREREH RD FSF

. RfD SF
= 1 Frigi VIR A 3 ke FrgR WA
Hg 2.10X10 ° 3.00X10 " 8.57X10 °

As 1.23%x10" 3.00x10 " 3.00x10 " 3. 66 1. 50 15. 10

Cu 1.20Xx10°° 4.00X10* 4.00X10*

Zn 6.00X10"* 3.00X107" 3.00X10""

Pb 5.25X10 " 3.50%X10° 3.50%10°

Cr 6.00X10 ° 3.00X10 * 2.86X10 ° 42.00

Cd 1.00x10° 1.00x10* 1.00x10* 6. 30

Ni 5.40x10"* 2.00X10* 2.06X10* 0. 84

1.4 HiEsmE

K H SPSS 25. 0, Origin Pro 9. 1 X & AT G500 RAH ArcGIS 10. 5 #4725 [8]1 43 #r.
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2.1 TERESERESBSW

1385 3 i T B P A T 358 pH (R 6. 52~6. 89, FIME N 6. 62, LASIERYE N 3. mi3k 3w, &M
+ 3 Hg, As,Cu,Zn,Pb,Cr,Cd, Ni i & 43 50 S 4 {5 43 %)k 4. 97,36.22,46.27,36.93,89.74,77. 89,
0.43 1 45.78 mg/kg. 55 A LT R ML, Bk Zn, Cr A1 Cd ikt 40041, Hg, As,Cu,Pb, Ni i it
O3B - Y B 1S S, 00 TS B Y 45. 18,1, 81.1.46,2.55 F1 1. 17 f%. £W 5 fE 4R T EE
R HEPEAANFRENEE, B He M EEW . 5 ER5E R A 1 i+ 575 Y KUG 3 Fbn i)
(GB 15618-2018) H1 iy KUK 07 6 (8 AH b o CusZn, Pb, Cr #1 Ni #4% T KUK 0 $E (8. 1 Hg. As F1 Cd #5
TR G 2E 6 s 5 RS P ML, BR Hg & RS B (A0, AR o 28+ KUK & s B, AR 1% bx
W 20 F P T G e A R T KR O (A T KU A T B TR A R AR R AR
it ANAF G BT AR U B KU o [ I s LA 2 5 A ™ it e B HG W 5 R XU R I 9 XA
WA AE D B mas Xt He, As 1 Cd (i Wi,

R b 8T BE , 2 5 RECCV) 1Y TC 1 AL B T 4 b S e o 4 ) Tt o B e sh I o0 . LA R, 3R
WY 120 3% 1 WO FE A 1R 4 R U 0 B0 I 3 A B R 38 5010 4 IR Phil-Ezel ™ 4 AE R R EE 402, As,
Zn,Cr,Cd Fl Ni ¥Jm T 552 5 (CV<<20%0) 5 Cu J& T 442 5 (20 0<<CV<{50%); Hg Hl Pb & T 5 4%
S (CV=502). Hg #1 Pb iy 5 REU B T HALITER . ¥l Hg #1 Pb 23 il A 1525,

3 REATWELERBI/BHHEZITER

GB 15618-2018 KL  GB 15618-2018 KUK

e /ME/ BRE/ FEIE/ AR SMA T RAE/ i
TR 1 2 i (6. 5<<pH< EH#H{E 6. 5<<pH<
(mg+ kg ') (mg-+kg ') (mg-+kg ") B2B/% (mge+kg D
7.5)/(mg+kg™")  7.5)/(mg -+ kg ")

Hg 0.72 9.03 4. 97 2. 84 57. 14 0.11 2.4 4.0

As 24. 00 46. 21 36.22 5.95 19.19 20. 00 25 120.0

Cu 33.52 69. 46 46. 27 10. 85 23.45 32.00 100 —

Zn 20. 36 40. 30 36.93 0.62 16.79 99. 50 250 —

Pb 59. 40 113.41 89. 74 47.99 53. 48 35. 20 700

Cr 57. 80 106. 05 77.89 11. 86 15.23 95. 90 200 1 000.0

Cd 0.15 0.99 0.43 0. 06 13.95 0. 66 0.3 3.0

Ni 30. 49 67.32 45.78 8.33 18. 20 39.10 100 —

2.2 TEESETESH

FIFH SPSS 25. 0 # %t 8 Fl i 4 @ i Bt AT K-S K. S8R B, K ESREEM I AT IE
o3, P, X R RO B 0 4 (1 0 R A7 25 (W) T R AL 3R 25 R 2 s, Wi 2 AT, Hg 1@ fH X
A AR AR L T RS S DR CAn S MR U BT B 0 I B KT A FED 5 As 1 i XA R E AR AL A (g il
A L2 Bel ) R PH g 7S 26 DR (A B3 L SR IR L KA 5 CulZn, Pb B 23 6] 23 A AR B, s fE X 4 o
TE AR AL AR 4 DI Chn 5 JH SR PO 5t K I 1 [ 220 L 23 Bl 0 PG g o 6 DXk CAn sk SR A . Kbk 5 Cr, Ni
(14 5 1 X T 7 R b A RN R AN O 5 Cd i i (8 IX R e AR b A
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} 'I'
Hg/(mg . kg™ Ayﬁng kg
= [0.72,1.28) mm [24.00, 30.20
Sy VE[ig i
| N —
3.58,5.82 36.33, 37.77
5.82,7.23 ® 37.77, 38.64
(723812 & e [3864 20.08
- ‘8 12,868% . [40.08, 42.41
B [8.68,9.03 B (4241 4621
0 1 2km 0 1 2km
- ) - )
j 'I'> j
Cu/(mg . kg™") - Zn/(mg . kg™")
mm [33.52, 34.91 “,mm [20.36, 26.30
= 34.91,36.80; mm [26.30, 29.76
= [36.80, 39.37 — 29.76, 31.78
1238, 4768 3596, 3364
- 47.65, 54.14 1 (3364, 34.82
Pm&w (3482 36.84
B (62,97, 69.46 B [3684) 40.30
0 1 2km 0 1 2km
- ) - )
'I'} R )
Pb/(mg . kg) Cr/(mg . kg")
©, mm [59.40, 72.48
— 72_48’81_38; m= [57.80, 67.36
. [67.36, 74.02
- g;fg g{g‘g = [74.02, 78.68
9155, 9435 2oy 851
9435, 9840 —
85.17, 89.82
I [98.40, 104.51) B [89.82. 96.49
104.51, 113.41] B (06,49, 106.05]

H2 REIHESERESBZTEAHH
KEHELIRESERESY
FPEL 3 T T it 00T~ e ok A B R B ) B8 T
SY TG E RS M 3 AT LUA L 8 A P A T S B R T
H 8 FhEEEICRE T, ¥R Pb Bl s, CrikZ, Cd Bl 2 8w K.

2.3

0 1 2km
[ — > 0 1 2km
N N
Cd/(mg . kg™") Ni/(mg . kg™)
- 0.15,0.21 mm [30.49, 36.92
0. 21 0. 26; mm [36.92,40.58
- 0. 26, 0.32 mm [40.58, 42.65
| 0.32,0.39 42.65, 43.83
0.39, 0.49 43.83, 4591
5 10.49, 0.62 [0 145,91, 49.57
- [O .62, 0. 78} 49,57, 56.00
B 0.78, 0.99 B 56.00, 67.32
0 1 2km ’ 0 1 2km
[ — = _— )

W AR ELAS [ B 8 2 1] 22
BRI E X
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Hi# 4 7

FMEAK %A Heg.Pb,As,Cu,Ni,Cr,Cd,Zn.

A, Cu,Zn,Cr,Cd Fl Ni 89 I, $8ECEMEE/NT 0(Cu Ml Cd A A BIRE S 1., 85K T 00, BEWIZBES

r%—‘
DA RIEREA ERZ X 5 FOTRMIG S As 1Y T, 385N T 0~1, H, I, #88UNT 0 MM AS

HITE 4a ATAT, 8 FHEE G )R A 1., FEECFHMEMN

20.37%; Pb W I, 88T 0~2, Hp, v F 0~1 A1 1~2 MRES 400005 90. 74 %/ 9. 26 %, —FH @ T

BREE Y.
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H & 4b AT H, 8 PR B JE Y E, $8ECF S E M = BRIy He Cdy As, Pb,Cu, Ni, Cr,Zn. Hi# 4 7]
A, As,Cu,Zn,Pb,Cr,Cd,Ni i E, $8 8P HEIA /N T 40(Cd BEEFEAM E, 85K T 400, fETERME
FEAE S AR s UL Z A I XA B 183250 7 Mo R 5 i/, 5P 7 Foc R M, He 15 5 05| i
ABKE AR, HE, #88CF A E] 1810, 11, KT 320 AYRE S IAF] 94. 44 % . 774 M o T 1 42 25 K
W MEITA 25 R — 2D U ST X He 2 BT YL 4.

ST X AR - RN RE S 8 R EE & J8 1Y RI 4R AL AR LB, Vo pg SR (B 40 Mo, s pEdr 2
T3 L B A 12 B X3 N 0 RT AR B KT 600, J@ TR SR VB AE AR 28 KUK 5 KR SR IR . AR X 38k Py - 4
) RI 88 F AT 300~600, HPATEEMBIE 600016.67%), J& T aAEB XK. BT He M1E
. BRI RT $88CF L 5] 1 875. 38, #Ei K TR 5 W 7E A= A XUFS T FRAE (600D » i BTZ W 5% IX 4k H
T 4 R 1 25 G W A AR A KU R O AR .

R4 KATHSCEMARBHIBEESRRIEH AR T HRR I EERELLF %
% 15 Hg As Cu Zn Pb Cr Cd Ni
I 0 20. 37 61.11 100 0 100 98. 15 85. 19
By 0 79. 63 38. 89 0 90. 74 0 1.85 14. 81
i v FE 0 0 0 0 9.26 0 0 0
EaRmRRER  hE 20. 37 0 0 0 0 0 0 0
I 2 11.11 0 0 0 0 0 0 0
JeE 1. 85 0 0 0 0 0 0 0
W 66. 67 0 0 0 0 0 0 0
B 0 100 100 100 100 100 96. 30 100
i 0 0 0 0 0 0 3.70 0
WIEAESNGIEE KA 0 0 0 0 0 0 0 0
R i 5.56 0 0 0 0 0 0 0
& 94. 44 0 0 0 0 0 0 0

2.5 ANRGERRE TG

3FEEEE AT, LI E SR TR S0R KRS TR HQ AR B0 KU 8 8 HT B E YN 1,
M OHQ<T1 W, LI KUK & /N al ol 20 AT 24 HQ™>1 Wf, VIR A SR B s 24 HI<<1 i, $iH%
DX 43 Jag % AR IR S0 R I A S e SO AL/ s 2 HQ<T1 I HIZ>>1 B, U W] 4 ) D 7 3l 8o X
W s H AR B0 KU e AR BRE LA — . MR S I, S M REERAE T, s MELE
JCERM HQ A HI $8E/NT 1, Ul W5 IX A H 4 HE A W] 5 43 Jg o0 28 0k A MR I 308 £l B ¥ A 52 ) ok
M8/, HAS LB RN AL A B R P B R B, JLE M HI AR B0 XS 48 50 TCR 8803 B % = TR,
Oy B Y 2. 72 F1 4. 63 £,

5 AT, JLEM HQ 8 BON & 2K K A Pb, Hg, As, Cr, Cu, Ni, Zn, Cd, HH, Pb, Hg fil As 51
BR300 R 39. 86 %0,26. 04%,25.12% , = ZFdi HI F8 5019 90. 84 %5 MUK HQ 45 B i B AR AK
WK As,Pb,Hg,Cr,Cu,Ni,Cd,Zn, HH, As,Pb fil Hg 5T#k %7 3 R 40. 82%,26.21%,18.47% . =
Z M HI #8500 85. 41% . BEBA Hg, As Al Pb & 18 # W5 ) 4 F + 38 4k 098 KU e K 3 A4S stk B 7.
m&S ATUEN, ARTTRWN HI F8EON & 2RI T 12 Rl . PRI AL BEXT L &,
8 P 4 JB oC R AE KL Rk Hefih . T IR AR L PRI A 3 B B B & A% i 1 AR R XU BTRR R 43 50 0. 53 %6 ~
29.39%,70.60%~99.47%,0.002%~0.50% ; X BT F » HAE B0 KBS 53 8k % 5050 R 2. 01 %0 ~
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46.52%,53.47%~97.91%,0.01%~0.80%. LI &5 RULIHTF HiE4E e+ E 4RI A L= A A K
P e B IR AR

MR 2 [ EPA £ 11 09 1 A SRR ME R IR A B KM BEs A B, # I &8 i BUE K 10 °
~10", WAy M 4 i Y A AE — o R B 0 O KU 5 5 B0 KU B/ T 1070, NPk HIEE &8 Ty
Y] LABEAZ s A SOB KSR T 107", MITA N2 1X 38k + 38 5 4 Jg 95 Y b A A ft B B 58 e k. e 5 T
LA, LRSS TCR $85053 90 9. 89X 10 ° A1 3. 64X10 °, “FHAHTF 10 *~10 " Z 8], fF1EEE
RIEGE K. 1325 AT LLE L W B0 KUK 8 50 K F O B9 B0 KU 48 80, HLLZE R B
A T B0 XS 5 8 CR M =5 MR8 As Ni, Cr,Cd. 4 Fl B A U@ XS Y6 Z i, NiLCr i Cd 19 CR #5 %k
PUNF 1070, EFxPLE MR . HEUE K 5Tk A 0. 000 3% ~0.40%,0.000 5% ~0.75%; As JTLE K
Fow K HE 5 F 10 °~10 " Z0E), EFXF L RN . FHE0E KU 5T 53 5 99. 2926 Fil 98. 69 %,
B As & fie EZ B0 X T E.

£5 THESERRIEH

iz Bz I 42 fih Frogk AT/ IN ISR R 36 B0k MR 5 5L
. JLE PN L PN JLE N JLE YN JLE PN
Hg 5.05X10° 3.88X107° 2.21X10° ' 3.12X10°% 2.13X107° 1.20X10° - — 2.26X107" 3.51X10°*°
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Risk Assessment of Heavy Metals in Farmland Soils

on Both Sides of the Slag Transportation Road

CHEN Fen, YU Gao, HOU Jian-wei, ZHOU Zeng-yan,
YANG Li-lin, LI Yu-song, WU Han-qian

College of Agroforestry Engineering and Planning, Tongren University . Tongren Guizhou 554300, China

Abstract: In order to investigate the heavy metal pollution status of farmland soil on both sides of the slag
transportation road during themining process of Pit 4of Guizhou Mercury Mine and the human health risk
caused by heavy metal pollution, 54 soil samples were collected, and heavy metal elements Cu, Pb, Ni,
Zn, Cd, Cr, As and Hg in them were detected. The geoaccumulation index and the potential ecological
risk index were used to evaluate the pollution degrees and the US EPA Health Risk Assessment Model was
used to evaluate human health risks. The results showed that the average value of Hg, As, Cu, Pb and Ni
exceeded the background value of Guizhou, being 45.18, 1.81, 146, 2.55 and 1. 17 times thatof the soil
background value, while that of Zn, Cr and Cd was below it. Soil heavy metal pollution evaluation results
showed that Cu, Zn, Cr, Cd and Ni fell into the category “clean”, As and Pb into the category “light pol-
lution”, and these seven elements imposeda slight potential ecological pollution risk; while Hg belonged to
the category “extremely polluted”, and exhibited an extremely potential ecological pollution risk. Human
health risk assessment results showed that the eight heavy metal elements had no or little effect on non-
carcinogenic risks, but presented a large carcinogenic risk. As was the most important factor contributing
to carcinogenic risk, and the total hazard quotients accounted for 99. 29% and 98. 69% of the full TCR val-
ue for children and adults. In summary, Hg pollution in the study area is the most serious, and As has the
greatest potential risk to human health. Therefore, infuture heavy metal repair of the soil, more attention
should be paid to Hg and As.

Key words: farmland soil; heavy metal; pollution assessment; health risk assessment



