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Fig. 1 Plane distribution and geomorphological map Fig.2 Comprehensive stratigraphic histogram
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of plot A and plot B of plot A and plot B
R ] A 5 L S5 X 00 RE, A M LUBY D R A+ o L R . IS AR A BN A
BE, 4 B AR T O AR b 4590 ~ 5500, By kL B 3090 ~40% , B ki i bE 596 ~15%, &5 HE 1.25 ~
1.40 g/em® FLBEBE 40% ~50% . BB R 1 X10 ' ~5X10 " em/s,pH 6.5~7.2, HHLFR S & 1.2% ~
2.5% , IHEF it 12~18 cmol(+) /kg. B M LR 2 BT B S EE + o0 3.0 Wi F 2 AR = e
A1 S WA, R o R FE =40 % KR 30 % ~50 % BB R HE<<10%, & 1.35~1.50 g/cm’,
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IAPEFE R 25 % ~35% , BERE1X10 "~5X10 " em/s.pH 6.0~7.0, AR & & 1.5%~3.0%, HE 132
et 20~30 cmol(+) /kg. A HEHUBI P it + 38 5 B M b i) 25+ 05 A e, B R OB FLBR R B iE
SO, IR M T 55 A AL BT SEAIC, W B RE 0 B O TG ) R AR
1.2 #H#@mEESHSHTNK

it R AR AR i 1 HH Ml A 1 G R B0 A R R T ) (HT 25.1-2019) (15 FH b - 18355 G U 45 45 F
&5 W B AR ) (HT 25.2-2019) , Rl 40 AR D BE 43 X, % 36 507 B AT s R AL B ok =X GP &l (LY-
300 BT B (XY-200) BEA R ff AR R BES® . PECR M) A BH48 B F1BE V8 A 45 T HOR AR RE 5L
N TRIA S 0~6 m JuH L ARG KR R RE 500~800 g FE il A H BH42 SR 2

FE it Ak 2 9000 3 AR A A B W R R S ) (HT/T166-2004) 8 KT R it (300 A B3 S T 4, e AR Ui
A1, R U4 B U RERE 533 0.85 mm (20 H) J& i i . 7521 FH U 4332 O W 0y — 10 5 O A0, 573 — 1 A0 B 5%
B TP VU 2 45 WG 4y s — A BFBE B 425 0.25 mm (60 H) LR T -3 pH 235 H 2047 5 — 1 4
it 0.15 mm (100 B FLART o 73 B 5 45 J 70 28 ACH « - 18 BB o ek 1 P b 4 8 955 e XU 45 43 B oA )¢ 3R
1 W0 2 AL ), XA 5E X - IV B AR AE M E A BT 44 I+ As.Cd.Cu.Pb.Hg.Ni.Zn,V.Co.Sb #47ll
AT, % A HX2018-G032 J5 T %6 6 6 3% AL . HB2019-G024 J5t 7 W Wi 43 56 ' 33 A% 25 46 I 35 4% . 5% JH A 1
(GB/T 22105.2-2008) J5 ¥ ¥l As, Hg; 2R FH b5 (GB/T 17141-1997) J7 ¥ I Cds 3% 45 i (HJ 780-
2015) FF LA CuPb . Ni.Zn.V Co; kK HAr#E (HJ 680-2013) J7 Al Sb.
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2.1 BREFIEHE

PR TFHEROE B R E SR TS YR R i 2 — e R R A n R A TE e R D R
DLRF SR SCL) 18 5055 R o3 b v UL B S 3% S2.
22 HBFEEEHE

PG 25 G T8 B0 2 A - HE T 4 R 15 e W 0 B DR TR BEAT 2R A T E B 98 R VR B T 4 J R PR I
A5, RS G b 7 2 0 I 55 75 G 4 TR UM B0 4 1 2 2R R R I B S 2 S(2) L F8 B0 ) A A
HENY L S2.
2.3 ERBRIBHEE

M B BOE R I — o W 1 A2 B g R S 0948 B REOR 4 GOV L3 5 T A R T R B
O B b P R T T TS R s L AR DL B S SC3) L FE B R A bR oE L R S2.
24 BEESREIRHE

WTEAD G FREORH 8 L IERE SR & 20 R ME FEMKOP 75 Je ik BE SO B8 0 1 4 s SO 5
P2 TE SR PR, O 8 T 55 4 00 5 R ), BB 25 4 S it 1 4 JE it AR S IR B R i v Oy T F A S S R S,
DRI S5 R oy bR ofED ) L3 S2.
2.5 ANEEERREERE

N A i 55 X6 T A B 5 75 Y 5 N A 2 00 2R RS R L 1 6 R 5 v ek A 1 5 ) B ) T R AR AR
SR AT RE VR L M U b Bk ) A ) P 38 o S A P M DA R M S g XU B AG R &) (HT 25.3-
2019) — 28 H 15 FH b T 58 DE A A5 70 S bk ofe L 1580 - 8 T 4 i N A it i XU 5 450 (B0 KU e B R 45 48 L L
LR R S(5) ~S12) , KU 73 G bk o W36 S2.

3 HBRSHMW

3.1 HIHER

ALB B e A A R Vs e A 10 A As.Cd.Cu.Pb Hg.Ni.Zn.V.Co.Sh, ¥ 7E +
W23 A, AR E T M e () i 4 R AH 25 AR A WA Ml X ) B PR R A Y g s el KRS T R T T] —
2 WA 0] G 44 S % He W 2 R) 4 75 Y BB 25 59 0 08 SR T M B [ 2 I L e A s B, W
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B A-a A-b A-e Zr T AR X A X T DX RO O B R B R Bra B-b L Becs 20 T
A 7= DA DX R T DX A R0 A B % 6 W D s B AT i 3 e AR S5 2R L 1.
#1 THESEENE RGN

Tab. 1 Statistics of heavy metal contents in the soil samples

A B H A PR X I S A (B CF XD / (mg » kg™ D)
A-a A-b A-c B-a B-b B-c

As 2.95~33.19(16.51) 10.17~31.28(20.82) 5.63~31.36(17.94) 10.73~17.94(14.73) 5.23~15.00(11.54) 5.46~28.80(14.01)
Cd 1.11~22.77(10.07) ~ 0.11~6.20(1.87)  0.13~119.55(27.07)  0.13~4.46(1.06) 0.14~2.53(0.66) 0.10~1.06(0.38)
Cu 22.40~442.50(137.69)  27.35~241.30(98.34) 20.90~86.70(44.10) 30.20~56.80(40.24) 28.00~47.90(36.34)  19.10~3 622.80(944.05)
Pb 30.30~1 149.6(319.03)  20.50~78.40(49.88)  24.50~2 106.70(765.92)  28.90~187.70(67.52) 27.80~81.00(46.28) 37.30~167.00(70.55)
Hg 0.01~0.15¢0.07) 0.05~0.50(0.20) 0.01~0.04(0.02) 0.03~0.05(0.04) 0.01~0.04(0.03) 0.00~0.02(0.01)
Ni 10.60~63.80(26.60) 16.40~30.60(25.18) 18.70~33.30(27.40) 20.50~37.50(30.62) 15.60~36.10(27.38) 14.50~82.20(35.95)
Zn 178.30~8 760.00 143.97~2 485.39 144.59~3 895.48 88.10~478.30 91.20~249.10 72.90~10 940.00
(3 615.86) (1 091.98) (1517.82) (188.32) (150.52) (2 817.68)
v 41.00~98.25(59.61)  61.15~134.90(93.46) 74.30~107.80(95.98)  75.70~97.80(86.90)  35.90~96.80(74.08)  40.90~73.40(57.55)
Co 4.97~15.00(10.70) 8.76~15.25(13.17) 7.54~21.57(16.47) 10.41~13.31(11.56) 7.21~12.81(10.58) 3.76~30.46(12.54)

Sh 0.27~2.96(1.20) 0.61~2.45(1.51) 0.23~12.63(4.92) 0.91~1.49(1.20) 0.49~1.23(0.97) 0.75~34.79(9.64)

A e X SETHE (B e 4 X G iHED TR A B0/

BER - g KA M I b2 ERFEB/% (mge kgD
As 13.37(11.73) 34.80(28.80) 2.95(2.48) 16.09(11.80) 9.31(5.29) 58(45) 11.4
Cd 1.64(0.27) 119.55(4.79) 0.08(0.10) 8.03(0.80) 22.85(1.17) 284(147) 0.074
Cu 41.70(34.85)  442.50(3 622.80) 8.90(19.10) 89.26(145.48) 107.05(605.58) 120(416) 19.7
Pb 75.30(40.45) 2 106.70(187.70) 17.60(26.50) 250.43(55.03) 464.47(38.12) 185(69) 19.6
Hg 0.02€0.02) 0.50€0.05) 0.01¢0.00) 0.08€0.03) 0.12€0.01D) 150(44) 0.034
Ni 25.55(25.50) 63.80(82.20) 8.70(7.70) 26.16(27.04) 11.84(12.99) 45(48) 26.7
Zn 438.73(141.05) 13 476.70(10 940.00)  81.01(72.90) 1 913.70(576.21) 3 170.32(1 883.10) 166(327) 60.1
v 82.00(71.30) 134.90(100.00) 35.20(19.10) 79.91(67.95) 28.22(23.82) 35(35) 111.83018) «
Co 12.92(10.43) 27.71(30.46) 3.99(3.76) 13.77(10.65) 6.01(4.46) 44(42) 11.97018)
Sh 0.86(1.05) 12.63(34.79) 0.23(0.39) 2.01(2.16) 2.58 (5.72) 129(265) 1.37

Vi % BUTHH.
32 TESSEBHUESH

AR U255 A st 5 B s B AG DU S 59 10 R 4 8 78 b 3R K T B 4 v o e 2 R A U O s
TEAH [R) MR IR 2 B 3R B 26 77 DX A7 X HE v X Ao R AR 38 RNl 19 - 3 0 4 g ¥5 g 55 A4 77 0%
Bl B U AH G P ML B T TS G HO WL B R S RS e E R R 2 S T R A sl HE
YRR b H R BB KIX . As .Cd.Cu.Pb,Hg Ni.Zn .V .Co.Sb 7E#%.0 X (A 7= X i A7 X L 3 HE 7 XD 1Y
SR LA HiB AR5 B HbBR %) 1.37.,18.58.,0.27.6.16,3.63,0.84,1.97.1.14,1.16,0.65 . As.Cd.Pb, Hg,
Zn.V.Co 75 A MBI = T B #h3e ,Cu Ni Sb 76 A M B EFS AL T B b R0, A Hhbk - 55875 Ju 2
JEW] T B e e AR AN A S5 A AR (R O PR BE T o 79 i B - 3 3 bR 100 1 2 S 5 A 4 A M o
KRBV D BT A AR XS T2 4 B A AL AL B K 2 1 B ik i ) PR AR AE ol o 48 R B B el K LR
RIT# B IR)ZIREL L - R 5 A BT SEAIG, W B RE 0 A AP AL A R S BB D BT b X R
e fifE Fi ) AH G SRR, % T 4 TR 194 A ) WA B 1 R I R B 2 A AR R B R R b R A )
(%5 04 AT A B A I R BORE 141 4% 5 SO L 5 R S T A L D 0 R e R R RS A
1358 pH AT 5 4 Jm 1T B MR A WA AR A P A R A DG OC AR AT L AR S DOy D B AR S R
T AR AR AL 0 T 4 R A RS SO B S K SR P IR A O 2 R R R
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7] — X 35§, 48 ¥ 4 22 ) A7 70 AR DG T RE I H ALY 75 G YR SRR R 1) 0B IR S 5 RS 1 AR F 5 11 7
M B 5 Y P8 e HER R R S S E AT R B SPSS 30.0 Excel 2019 483 7 i B 43 R AL 5. 0 M & H E &R
] AR e, AT SR BOR [ TURR PR BE T 09 5 4 J@ 47 o0 AL AR, b B B 4 R R G R 20 B 4t SR UL I S R S3LEE SR R,
PR 2 F R Cu 5 Zn a3 B —B0H 817 AL B R B8 I R A 5 B D o 3 i % 2k
4k, Cd . Pb.Sb 3 HE&HEEHA—F,.Zn 5 V,Co 5 Hg WX iZ H 57 25 58 i 1 AH 52 5 B 0 B b )2 09 322K 40k,
As.Cu.Ni.Zn.Co.Sb % 6 fiEH & JEE . Hg 5 V B% MK, Cu.Zn.Sb M4l 5 Cd . Hg 7E1Z M B A5 T
M) 7 A 2
3.3 BREFITLEHITMN

AEXT R T 48 T B (E, P b B 4 0 B DR 3 e KO 22 R e, A M TS JesRER P oy > Py > P>
Po.>Puy, >Py>P\>Pc,>Pxn>Py ,B iRy P,>P¢.>Py>Pw>Pgy>Py>Py>Pc¢,>Puy, >Py.
Pid B Cd.Zn.Pb.Cu $5k 3 & ¥ 59 B, As.Cd.Pb.Hg.Zn.Co 76 A M3 i5 4L K 5 T B Hudk ; i Ni,
Cu.Sb WIZE B M B i5 Yook F 8 T A b s V 7E 9 B y5 e akOoF A0 24 L A1 25 21 0L 3% 2.

*2 BEFHERKE
Tab. 2 Single factor pollution level

W R TR As Cd Cu Pb Hg Ni Zn \% Co Sh

A P, 1.62 175.72 4.74 15.34 2.84 0.99 34.53 0.74 1.12 1.86
15 Y Ik REEY EAEEY B EEEE OPEEYE LR mEEER NEgE REEE REIER

B P, 1.18 9.46 17.27 3.14 0.78 1.17 17.51 0.65 0.97 2.87
5 e 7K BEEEY EmEGY @AY EEEYE iR REEHR EEELE Tisj Tisg  hETYR

3.4 ABTFEATEEETEN
P H A% O IX 25 ¥ G A B 1 3k B o 9 e (LR 3D, Vg o 2 (] Oy [0 8 A7 IX (M i XD > A 77 X >
A7 IX AR R 28 IR ER G 15 Y45 50 P, A HEBS, A7 XA B I 9.40 % A7 X Ay B 1Y 2.85 i ; T HEWE X
AN B 7.48 £ R WITEIZIEA R Al By b B B 255 35 Yl o B AT IR B A R g 2.85~9.40 %, 22
S IA .
x3 NEFEAEHTFNER

Tab. 3 Nemerow composite index evaluation results

8BS WA 255 15 Y SR B I 2 5 s U B L AR AR RS WA 255 15 P AR B I 2 5 T e R EE VTN
Piasiy A-a A-b A-c B-a B-b B-c LR A-a A-b A-c Ba Bb B-c
P, 22,62  6.27  44.21 2.91 2.07  11.51 P, 97.52  18.36  260.57 10.37  6.45  34.85
P max 136.04  25.20  365.84  14.37 8.88 17.92 || FATTRARE SRS SRS BRI BTG Y AT R

3.5 M RRITLBEITEN

FR A 57 Ak 4 J8 i B AR B (S5 R 22 4), A M B3k B3R -0 ™ T DL E 49, B b ik 3 b R
15 4% DL b S G T Hb e b FR R TS YL i B[] A A X (IR DX = A 72 X > A XL [A) 288 DX 3 3R FH TS e
TEBOH F, A M BB 7= KO B M AR 72 X 1,99 %55 A M B A7 X B ML B fifi 47 X 1) 1.58 £ A B i i
XA B M HE i X B 1.59 A% R IHIZ A A% O X, B0 T - WIS B 26 1 1Y 1.58~1.99 1% 75 YL o M b i
HbHe 5 7 B, M SRS YL R 25 S i R M B A A 7 A )L AR A RO R 4 R b R RS e R84 As . Cd L Pb.
Hg.Zn BRI K A P OB id £ 759458 T B ik (B £, 1 Cu,Sb WL BN B e (B +) 75 4+ W] o8 T
A i P 1.
3.6 BEEDSRBEIEHITENM

A Mk 2R R AR A LB iR R AR S feF L IFN A5 R UL AR 5. A Mk Cd.Pb.Hg ik 238 DL |4
AfEE ;B Cd Cu k58 LA F A 506 ; As NiZn. V. Co.Sh fE M b e rh R R B M B e, £ 5
AK.EW Cd.Pb.Hg FEM P BT bb 2 W FE A S FE R E & T2 L )2 Cu WIAH S, 1 B2+ Hb 2
R F S 0L L EE5 R0 B H Cd Pb.Hg . Cu 7E1Z b X 594G €61 Bk Al v 0T - 398 0 Vs 1 28 75 18 5 5 i o k.
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x4 MRREHINER

Tab. 4 Evaluation results of land accumulation index

I T R I Ml R AR R

T A-a A-b A-c Al AR-HFLHZHETH  Ba B-b B-c B-l,, BRX-HTLAEITFH
As —0.05 0.28 0.07 0.28 1 B RS Y —0.21 —0.57 —0.29 —0.21 yREE S
Cd 6.50 4.07 7.93 7.93 W ™ TG e 3.26 2.57 1.78 3.26 5 Y
Cu 2.22 1.73 0.58 2.22 o B - I e 0.45 0.30 5.00 5.00 SR AR )™ TV
Pb 3.44 0.76 4.70 4.70 - TV G 1.20 0.65 1.26 1.26 TG g
Hg 0.41 1.99 —0.30 1.99 R VT Y —0.51 —0.92 —1.99 —0.51 PREES
Ni —0.59 —0.67 —0.55 —0.55 P REES —0.39 —0.55 —0.16 —0.16 pREE D
Zn 5.33 3.60 4.07 5.33 " TG Y 1.06 0.74 4.97 4.97 SR A ) Y
\% —1.49 —0.84 —0.81 —0.81 RS —0.95 —1.18 —1.54 —0.95 pREES
Co —0.75 —0.45 —0.12 —0.12 JC5 Y —0.63 —0.76 —0.52 —0.52 yRER/S
Sh —0.77 —0.45 1.26 1.26 EIRCES —0.78 —1.08 2.23 2.23 o DR Y
I geo 6.50 4,07 7.93 3.26 2.57 5.00
RAIZE W™ E - E . RUE MYsYe PSR AR E
GIEH I5Y REES V5 Y V5 Y 5 Y
5 BEESBERHITFNER
Tab. 5 Evaluation results of potential ecological risk index
& WM SHECT EAEIG Y A Mg (B
& MAEERED WHEWN  p S BINf  TESE WA LR WIEREE  MRKES
& C,/(mgekg ) BHEUVT] Cl/(mgekg ) BEEHRKE T Y GABRT TR
As 11.4 10 18.42(13.43) 16.16(11.78) BiMAESEE 5 577.56 R A A L E
RMASEE (472.83) GEADREE
Cd 0.074 30 13.00€0.70) 5271.62(283.78) MImAERfEFERBADHLE)
Cu 19.7 5 93.38(340.21) 23.70(86.35) BAESEEGRESEE)
Pb 19.6 5 378.28(61.45) 96.50(15.68) A S EE CRMESEE)
Hg 0.034 40 0.10(0.03) 113.73(31.37) A E (RS EE)
Ni 26.7 5 26.39(31.32) 4.94(5.86) RMAESEERMAESREE
Zn 60.1 1 2 075.22(1052.17)  34.53(17.51)  RMAEDEE RMAESEE
\% 111.83 2 83.02(72.84) 1.48(1.30) BMASEE RMAESER
Co 11.97 5 13.45(11.56) 5.62(4.83) BMAESEERMAESREE
Sh 1.37 5020] 2.54(3.94) 9.28(14.37) BMESEFE RBMASEE

3.7 NEEEREIEMN

I I 3 A A5 A 0 X R (8 P b - 3975 e IXUBS: DA B R S 000 ) (HT 25.3-2019) 3 B.1.G.1 #EFE{E 1T
B US4 R RN () 3R AR 0 1 0 R R A B R e S R[] B B R AR Y TS e ) 2 2% R B LI St 2 S5L A IX
- T 4 S A (R RURS DT 25 SR L3R 6.5 LRI 1 A R Bl R B o B ST DT IRD A AL M B A O X
A —E AN BRI . As Pb,Co B & FE AR A Hid As,Co HA A ] 422 32 il 20w XU A 3k 808 16 %,
Pb HAT R A 32 (WAE80E 6% B M As.Co HLAT N AT 2 52 119 B0 WU AR B0 fa 3 R B 2l + 4
BTSN G KA 2 As Pb. Co. K 2 8T 4 J& X AR 48 B XURS: 26 40 0 it + L %86+ 55 AS (7] 1l o
RS 22 /N, Ph 5 AR
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Tab. 6 Human health risk assessment results of heavy metals
A Bt (B He ) B0 KBS

ZOHEA CR s B Wz il CR acs WA CR i BEIRECR, S0 I AR
As 3.53E-05(2.58E-05) 3.39E-06(2.47E-06) 2.20E-06(1.60E-06) 1.09E-05(2.98E-05) AT 532 ORA 52
Cd — — 6.49E-07(3.50E-08) 6.49E-07(3.50E-08) R (T4
Cu — — — — CIE S AQUE 2}
Pb A 257 (A 45252
Hg — — — — A5 (R[5
Ni — — 1.90E-07(2.26 E-07) 1.90E-07(2.26 E-07) CIE S AQUE T}
Zn T 455 (R 4552
\ — — 9.01E-07(9.26E-07) 9.01E-07(9.26E-07) L TAQE 29
Co — — 3.36E-06(2.89E-06) 3.36E-06(2.89E-06) AT Z ORA 52
Sh — — — — A2 (AT 35 52)

A e (B Hei) =l B R
&4

Z A HQui B2 I Al HQ e M HQ i faE R HI, A B KB T E
As  1.23E+00(8.94E-01) 1.05E-01(7.64E-02) 2.54E-01(1.85E-01)  1.59E+00(1.16E+00) AR #3%Z ORI H#%)
Cd 2.60E-01(1.40E-02) 2.96E-02(1.59E-03) 2.69E-01(1.45E-02) 5.58E-01(3.00E-02) DE QUL
Cu 4.66E-02(1.70E-01) 4.66E-02(1.70E-01) LETAQE TS
Pb  2.16E+00(3.51E-01) — 5.21E-03(8.46E-04) 2.16E+00(3.52E-01) AT 4552 (] 252
Hg 6.44E-03(1.78E-03) — 6.66E-05(1.84E-05) 6.50E-03(1.79E-03) af 52 (R[4 52)
Ni 2.64E-02(3.13E-02) 6.06E-02(7.19E-02) 8.70E-02(1.03E-01) DE:T4QGE:379)
Zn 1.38E-01(7.01E-02) — — 1.38E-01(7.01E-02) TS (43D
\Y% 8.68E-03(8.92E-03) — 1.15E-01(1.19E-01) 1.24E-01(1.28E-01) A (T2
Co 8.95E-01(7.70E-01) 4.63E-01(3.98E-01)  1.36E+00(1.17E+00)  An[#EZ N #%)
Sh 1.27E-01(1.97E-01) — — 1.27E-01(1.97E-01) AR Z ()

VE 7 2R SCR VR TG AU 2 % B

4 HRSEY

BVGEACFE A Ry D A+ BT b B 5 YR B P oy > Py, > Pp, > P, > Py, > Pg >Py>P¢, >Py>
Py Zh BNl Py >P o, >Pci>Pp,>Pg>P\>Py>Pc, Py, > Py NEHUT AT 255 75 G40k
JE FR RS /NS4 Ay 1 I A7 X (MR XD VA2 77 X A X (BB 0 - b B i 2 b 8 4 8 25 605 Yok P R B 1
M 2.85~9.40 5. H B AR TG Je o BE A b + M T3k B0 55 e 1.58~1.99 5. 5 R Z B E & )8 A,
Cu.Sb 2B 26+ M b iy b B2 B0 Yo it T 0 5 G A S A F R KB F8 Cd.Pb.Hg.Cu, Hh
Cd.Pb.Hg 7680 1 T b e i v 6 28 25 1 35 A8 2l 23 W0 W & T 26 L b e i Cu D030 9040 26+ M B R
(A1 L. S AR B R R ATl s B X AR f B e S A R I B 42 8 O As Pb. Co, Hirfr P X b Jit 4% 14 5 by #5086 A
WFE DA L AR BT 4 7 [) 45 58 B2 0405 i A SR F T B 0 BT L S )2 05 e R B S T RS LR L X R
IR (U o v N L G o I S| WD LR oS (A o~ G N g B = N ) e T e LR
W)t B B B A0 W B S0k 35 A1 45 45 SO L ¥R 3 L O UE S5 68 7 o L 4 VR B R0 PR I A T D
- DR ) 28 A oMb 1 AN ) - 9 RS DF A0 445 SR 240 S 7 A b - b B 7 35 G A R I K T A b b

Db 25 R0 M T v BE M AR b R 2 A R b, AL P28 X B R R - R B, 4 S R
DU FRRAE 43 B 3X 5 H I P 22 L R ARFLIBE L K, 30 5 B 4 LR 8 15 Je W) 1 Ml B R AR AT DG 45 B AR SCFoR 45 8L
Xt 28 AL A ol 1) A5 B T AR B I RN 3R - DA A R Al B A, R S e ik A AR JRE R R JBURE AL B L
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ZIN ) 2R A 0 R IV b B, Il G T A b R 3 R R D T AR B B s @3 2R A 7 A AR S S G EE AT A
Al AT Y T g e R A IR R K A AT M A AR X Cd Pb.Zn Cu T LA E SO b
- 5T b B A N B S i R R 1% A5 o A Ml B, N T R A BR B XU A A, K B IR 4
Ja R A PERR AE G D0, PSR BB B A2 R B B O Y A GO R IXGE BRI L B G B R
T R A T G B IR N R T AR 5 L R RGNS BUS  BE T, T Ok Al R R B PR B A B 2 4L ) 2
MR o A7 3350 AR DX Bl A 5 XL

Bt 3 0 FE F R (DO1:10.16366/j.cnki.1000-2367.2025.01.22.0003).
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Study on the difference of soil pollution in non-ferrous smelting enterprises
under different geological conditions in western Henan

Ma Dongdong!**, Zhu Yongtai"**, Zhang Bing'

(1. Mineral Resources Exploration Center of Henan Geological Brueau, Zhengzhou 450053, China; 2. Henan Province Sky and
Earth Remote Sensing Intelligent Monitoring Engineering Technology Research Center, Zhengzhou 450053, China;
3. Henan Natural Resources Science and Technology Innovation Center(Geophysical Deep Exploration Research) ,

Zhengzhou 450053, China; 4. School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The soil pollution investigation and risk assessment of similar non-ferrous smelting enterprises in western
Henan mining area were carried out simultaneously. The risk differences of heavy metal factors, geology, toxicology and hu-
man health in different directions were analyzed. The soil pollution law was summarized from the perspective of geological fac-
tors such as landform. elevation difference and soil properties. In the process, 10 heavy metals were selected, and the single
factor index method, Nemero comprehensive index method, geo-accumulation index method, potential ecological hazard index
method and human health risk model were used to summarize the soil pollution law under different geological conditions. The
results show that the single factor pollution intensity of the typical zinc oxide enterprises is Pcq > Py > Py, > Pcy, > Py, >
Pg,>PA>P¢>Px>Py, and the clay texture is Pz,>P¢, > Pt >Pp,>Pg,>Pxr>Pn>Pc¢, > P, > Pvy; the comprehen-
sive pollution level of heavy metals in silty and sandy soil was 2.85-9.40 times that of clay soil, and the accumulation pollution
of heavy metals was 1.58-1.99 times. The accumulation pollution of production workshop was the most sensitive to geological
conditions. The damage degree of Cd. Pb and Hg in silty and sandy soil is often significantly higher than that in clay soil. The
heavy metals that are more harmful to human health are As, Pb and Co, and Pb is more sensitive to geological conditions. The
research shows that the overall soil environment is characterized by relatively stronger pollution and higher risk under the geo-

logical conditions such as gentle geomorphic units, small elevation difference, and large pores like silty sand.

Keywords: non-ferrous metal smelting; zinc oxide; soil; heavy metal pollution; geological conditions
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Tab. S1  Differences in soil pollution and geological conditions between plot A and plot B
o AL AR/ — P — A A D T
& Pit VS f / =
Yo KEB/m (cea ) = = e v R Bl %
A 9955 2 600 25 2004 — MAMHH I 712.1~715.3 e JRE- 8 @R L, IBEb R 1 83.0
2010 4F HE, IR L B T RN
B 10 044 2 886 2y 2004 — iRl 223 688.2~734.9 TR B A - B (OB e R 12.5
2010 4E 292 UNTHDG I L IS A H T R
T« B s 455 A0 A Oy J A L L SZORE R 2 (R ) — 2R A 8 Tt XS 975 2 1 (GB 3600-2018).
B TS YR A
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Tab. S2  Soil pollution, ecological risk and human health risk classification criteria
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Tab. S3  The correlation coefficient of soil heavy metals in the study area

A Hi As Cd Cu Pb Hg Ni Zn \% Co Sb B Hb R
As 1 0.141 0.810~° 0.688 0.184 0.961"~ 0.826~ 0.398 0.916 " * 0.823~ As
Cd 0.283 1 —0.244 0.689 0.676 —0.042 —0.266 0.589 —0.040 —0.208 Cd
Cu 0.704 —0.269 1 0.456 —0.338 0.909"*  0.959* " —0.174  0.957**  0.996" " Cu
Pb 0.409 0.936 "~ 0.001 1 0.356 0.553 0.368 0.336 0.567 0.482 Pb
Hg —0.264 —0.288 —0.007 —0.366 1 0.037 —0.184  0.875" " —0.091 —0.330 Hg
Ni 0.493 —0.064 0.686 0.270 —0.506 1 0.938" * 0.245 0.975** 0.912"~ Ni
Zn 0.744 —0.053 0.828~ 0.116 —0.352 0.517 1 —0.037 0.963" " 0.953" " Zn
v —0.174 0.113 —0.433 0.038 0.322 —0.166 —0.762 1 0.093 —0.152 \Y%
Co 0.469 0.170 0.047 0.088 —0.731 0.076 0.518 —0.413 1 0.963 " * Co
Sh 0.306 0.983* —0.326 0.885" —0.379 —0.101 —0.048 0.122 0.321 1 Sh

W RRTE 0.01 MEFRK T EAHSEME R RARTE 0.05 HERAKF B SE M B,

x84 ESETRAEZERENLIERES

Tab. S4 Soil exposure dose of heavy metals in different exposure pathways

kg« (kg e d)!

SO RN 5 R ik Al B0 RN 7 7R i
B4R
Z O A OISER., M Jk##%fih DCSER.. MWW A PISER.. %14 A OISER,.. MKik#fit DCSER,. WM A PISER,.
As 1.28E-06 1.23E-07 6.51E-09 9.99E-06 8.53E-07 2.42E-08
Cd 1.28E-06 4.09E-09 6.51E-09 9.99E-06 2.84E-08 2.42E-08
Cu 1.28E-06 6.51E-09 9.99E-06 2.42E-08
Pb 1.28E-06 — 6.51E-09 9.99E-06 — 2.42E-08
Hg 1.28E-06 — 6.51E-09 9.99E-06 — 2.42E-08
Ni 1.28E-06 6.51E-09 9.99E-06 2.42E-08
Zn 1.28E-06 — 6.51E-09 9.99E-06 — 2.42E-08
\ 1.28E-06 — 6.51E-09 9.99E-06 — 2.42E-08
Co 1.28E-06 6.51E-09 9.99E-06 2.42E-08
Sh 1.28E-06 — 6.51E-09 9.99E-06 — 2.42E-08

T+ — 73R SCHRBER T KU 278 Bdfe . T 3R I
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Tab. S5 Reference dose of pollutants in different exposure pathways of heavy metals

HUERRRHT/((kg+d) + mg™ D) Z%FHE/(mg + (kg1
EER
Z A SF, B iR 4% ik SF o WA SF; Z O3 A RfD, e Ak RfD o W W A RfD;
As 1.50E+00 1.5 18.33 3.00E-04 3.00E-04 3.52E-06
Cd 7.67 1.00E-03 2.50E-05 2.35E-06
Cu — — — 4.00E-02 4.00E-02 —
Pb — 8.50E-03 — 3.50E-03 5.25E-04 3.52E-03
Hg — — — 3.00E-04 2.10E-05 7.04E-05
Ni — — 1.11 2.00E-02 8.00E-04 2.11E-05
Zn — — — 3.00E-01 3.00E-01 —
Vv — — 35.38 9.00E-03 2.34E-04 1.64E-06
Co 38.36 3.00E-04 3.00E-04 1.41E-06

Sh — — — 4.00E-04 6.00E-05 —




