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BIF A8 XA 51 M 78 b5 S 1 b X s R B T2 AN
Ay KW H A, ~F3HER 1800~2 000 m, K 1LZE R
Wb AZ o b0, L TA R E G, (Ll VT T
BRE, MHXTEZEL 100~200 m, JYIE IR R 2 XS
i, WHFEZ. £FETR. ERENE, £ T7H<E 10~
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Fig.1 Map of sampling points for surface soil in the research area
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FUIX RS A 3L 138 1.

TIERUK RUCDIEE S 32 530 MRk, Bk
A BB, FEREGRERT kg, FAME,
SN ER CHBERERTT. FREAARTER. AL
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R A% 5 328 BN A M P2 o SRR = DL (X I BR
b2 B J7 1 (DZ/T 0279-2016) ) H 56 FEFE 32E 47 I3,
ol 5 vEAR R CRERR b A A== AT /7% (GBJ/T 14506-
20100 ), &M T IE R AR PRI & T ik T (&
5 ER AL 2E A MEYE (DZ/T 0295-2016) ) FIESR .
Horp Cd BT IR TSR TR /0 A« 58 25 R Ja oK ) H B
EE B ARV (ICP-MS) %€, Cu. Zn. Pb. Ni.
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Cr AT IR ZIRIR A . & 2% Ja K H B A & B Tk
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Deep soil sampling point Sediment sampling point ’ Slag dump site
IR 1 vy Ho i 2 NS

Water sampling point ~  Geological boundary Small watershed boundary

e CI01. CJO2 4359 /Nt Sk LR BT R il 50 my 200 m, CJ03
IR VR B S T AR X PR, CJ04. CI05. CJ06. CJO7 43 5lH
bR R AP A4 X R 250 my 750 my 1500 m A 2 500 m /K RPN
L/

Note: CJO1-CJO7 are sediment samples from water systems located 50 m
(CJO1) and 200 m (CJ02) downstream of the source of homemade zinc smelting
slag in small watersheds, in the middle of the concentrated distribution area of
homemade zinc smelting slag in small watersheds (CJ03), and 250 m (CJ04),
750 m (CJOS), 1500 m (CJ0O6), and 2500 m (CJO7) downstream of the
concentrated distribution area of homemade zinc smelting slag.

B2 NARBARAEEALE
Fig.2 Small watershed sampling point map
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Table 1 Classification standard of soil heavy metal pollution
SN T AT WA A WHEE 2 ol R B
Single-factor pollution index Potential ecological risk Nemerow comprehensive pollution index
P, i TR E, J5H RS RI iz [ A2 R Py V[ R
P, range Pollution level E; range Risk level RI range Ecological risk Py range Risk level
P<1 FyE i E,<40 LT RI<150 B Py<0.7 24
<P =2 WELETS YL 40<E;<80 &g 150<<RI<<300 45 0.7< Py=<1 e AE
2<P,<3 BTG Y 80<<E, <160 i 300<<RI<<600 G 1<Py<2 1 e e
P,>3 HEEGYL 160<E;<320 TR RI=600 TR 2<Py<3 TS G
E,=320 5 Py>3 EEREE S

1.3.2 AT 67 80k
WIS a5 e Bt B 2 M E LB I5 B AT
LSV R, R

IJiave2 +Pimax2
Py = ‘/T 2

X Py AZPEESELG AT REEE, P i BHT
TSHARECTEIME (mg/kg) s P A 1 715 QedE 80
KAE (mg/kg) o RGPy K/NKG L IBT5 AR 938 5 9,
mE 1 fr,
133 HEASNEIREE

BEAS RS TREOET Z R T LIS Ry =
SRAES KA, 2R ESENEE. B,
A AN R R R g — kP Y. AN

EZZ@}%) (3

RI:Zn:Ei (4)
i=1

X RUN LS 20 E &8 EES KRR E

N i RFHEEES RS RS, 7,00 i N FRIEME R
(£2), GHiHAFENE (mgke), C,NiHTH
SH, AORFEETHIX R LIRS RME. BEAS
R SFE AN 1 TR

x2 ESESHRHE

Table 2 Toxicity coefficient of heavy metals

[X-F Factor As Cd Cr Cu Hg Ni Pb Zn

IR

Toxicity coefficient 10 30 2 3 40 > 3 !

2 HBRESH

21 HRELRE
2.1.1 REXEEFETL BN

T E LR SRR W 3. W XA A HE
KAERT S e, pH ARG 7.47~8.48, “F1Y
Ny 8.01, ¥k ArE, As. Cd. Cr. Cu. Hg. Ni. Pb
N Zn P& w5 LXK 2 L SUE 2 il
27.92. 27.26. 129. 7.3. 0.71. 1.45. 130.32. 47.32 Al
134, Hg #2WHENTERE, HftcxsEaTER
B, JULLPb i B Cr AN & &P IEIRT
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WX %2 L E &8 FIME, As. Cd. Cu. Hg. Pb,
Zn P38 A pH E & T X R 2 5P 1H, BR Pb.
Zn 4b, HARTOER S S 0] Re 5 A R B YRR
BImak, HAVERW EEEAE As. Cd Fl Cu Zoc &k,

W9t X R JZ 148 pH {H T30 5.69, DA 388
¥+, As. Cd. Cr. Cu. Hg. Ni. Pb Al Zn S EF¥ES
BB X R R LA n R S E R A 2 0 153, 3.30,

1.42, 2.58. 0.5, 1.54. 9.09 fl1 3.64; b Hg Ny 5
HE—¥, pHIESHE SMEEE, As. Cr M Ni#bg&TH
Ffl, HAbnRHELE SME 2 00k, JULL Pb s,
FEIL 9 %, 54 EEZE HERET RAEPY i EE S BN
2.1, 32, 3.42. 8.54. 1. 3.40. 12.15 M1 6.46; H:th Hg
HE2EER—®% AP ANC, AEEERMHEMN
32 5.

x3 MRERELRMTZECRESESHRIT

Table 3  Statistics of heavy metal content in surface soil and slag of the study area

izt # 48 & & Heavy metal/(mg-kg ") o
Indicator As Cd Cr Cu Hg Ni Pb Zn PH il pH value
% KA Maximum 448.00 29.60 570.00 576.00 0.20 144.00 4820.00 5010.00 7.99
e /ME Minimum 0.59 0.11 69.10 18.70 0.03 22.60 14.10 64.50 4.50
s 47 % Median 3.48 1.30 192.50 161.50 0.06 94.20 33.50 183.50 5.40
SFH{A Average 23.54 3.20 208.78 193.02 0.07 91.41 315.80 479.13 5.69
b | g e =L
L ﬂéﬁi R SHA 15.40 0.97 146.57 74.76 0.14 59.38 34.73 131.48 5.96
Biejie soill background value
1?‘:lb/l?1‘
. %..j: ol 11.20 0.10 61.00 22.60 0.07 26.90 26.00 74.20 6.80
National soil background values
T2
TEPIE 430.00 26.44 189.20 545.60 0.10 86.28 4526.00 6222.00 8.01
Average value of slag
briEZE
o 79.81 5.40 105.27 113.09 0.04 20.26 909.29 861.07 0.87
Standard deviation
Coefficient of variation 3.39 1.69 0.50 0.59 0.57 0.22 2.88 1.80 0.15
ABFRE Excess rate/% 5.36 94.64 67.86 92.86 0.00 87.50 25.00 41.07 -

T 72 X 3R 2 1 38 0F L A F 4 398 v e X6 0 i A
As. Cd. Cr. Cu. Ni. Pb Ml Zn BRI 5.36%-
94.64%. 67.86% 92.86%. 87.50%. 25.00% 1 41.07%:
Xf BEA I 3585 G U B B, A As. Cd M1 Pb fF1E
TERELEREINR, BRED N 3.57% 41.07%
14.29%, As B HIE K& FER Cd AT Pb 7 & i ME
Pb A I MR 5 R Cd 7R RE (B 3).

BT & I R R AR TR & R, G A
TIEIEA R . RTINS A, 2 I B
AT H R ) B 00 R D 5 b IX 3 15 (i 0 Lk AT V5 e it
U BE A Fol 2 A EDS), g A BRI XK 2 T
WFF X % )2 13 Cr. Cu. Hg A1 Ni () FEME 5 ELERZ
TP A REAR -, pHE. CdFIMER & T AU ®
BRI YME, As. Zn FIMERE AL RE LEFE
350N E, P PIMHRALERE LIEE &S ER
10 5L o W3 pH /. As. Cd. Cu. Pb. Zn & &F
PHEH ST RBEE IR sl BT avEr R 26
EH As. CAFI Cu %, RHMAXAREZE L HES As.
Cd. Cu. Pb. Zn il pH {H 52 2N L35 E S 520
B

AR S5 AT DU AT M s BT A IX R R T R
R, BB ENREEER, TR A[LEA, T
SATEAS), RPN NEZWE™E., YHESESTEN
R FHRT 0.5, RHZANKEI WA S E 4
JRBEN, LA AT LT, A7 55T e i al fEDO,
W X 8 R 2 A 7 R KENHEF: As. Pb.
Zn. Cd. Cu. Hg. Cr. Ni, H As. Pb. Zn fl Cd %
S REEIT 1.00, KHZ ANFREL RN, FAEH

SIANRIFA, Hg 1 Cu TR R REIE KT 0.5,
212 FELEFL BN

o A7 5 fe K 3 - 3 ThD A pH (EL AN B2 &2 8 ot
AT L (B 4) o pH AEAE R 3% - 38 31 T B 5 o
0~20 cm 43 5~ 6.93 A1 5.71 & T K _FWeke i, Ip
T RLERZE L EDE R, 20~100 cm A 4.58~4.79 B
R, BRI R bR s S 00 T g
[HI7E 80 cm PAVRH) +3% pH {H K 5.12~5.67, —FHIA—
., 1E90~100 cm MAFAHRES: pH AEMRT L (] 4a) .
As. Cd. Pb i & &6 T R 0~10 ecm FIFE A,
3N 56.8. 18.0v 3920.0 mg/kg, [ VA BB & Wi AR,
7820 cm DL NBIE T RIERE S SR, 5 XIS SEER;
As Fll Cd 7EM32 20 em LA R FF 5 A 1 & 0 i T i A
T FERERE R SR, BB BEAR B, RPUHY
AR EE B AN B S, TR IR R R R B T T S
(& 4b. 4c. 4.

Py &S Cr SR, AKX e B RERE, T
WERE b B AR 2R B & & B piE %, HAE 40~
80 cm Z A5 i FE S AR — B, MIAFE R & R
BN, BARMRT RIS R & &, REZH B
FMA UK RUEAE 20 ecm DL R RIS 58 R a5 A —5,
T T F 52 21 LV R B v B 0 R 5k, AT BE B2
TErEE (B4d. X He S28BEA T, FR
g SRR, ZAHIHFE 5 S & fm e
U 30~40 cm FE A H, O 0.15 mg/kg, $EIEEETHLX
T RAE 0.14 mg/kg, JERIREIZETFEAK, R 3 &b+
I THT R PR BRI Hg & & 5 B2 So(E SR o L il
(K 4e),
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a. pH{H b. Asf i
a. pH value G b. As content
Content/
(mg'kg™)
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e. Cufi &
e. Cu content

d.Criv &
d. Cr content

oE
Content/
. —1
% (mg'kg")
32
W = 23
0 lkm L7
L 12
c. CdF i
e c. Cd content
Content/
(mg'kg™")
324.7
oE
2866 Content/

222.9
202.5
176.8
152.5
126.5

(mg-kg™")

0.10
0.08
0.06
0.05

Gt
Content/
(mg-kg™)

104.2
95.5
PN
87.4
82.1

76.6
71.3

i

1 km

h. Pb& &

2 Nifrs
2. Ni content

h. Pb content

f. Hgtr &
f. Hg content
oE
Content/ Py
- ER
(mg-kg™) X Content/
334 (mg'kg )
30.4 211.8
B~
282 0 lkm 169.3
26.1 L 142.6
i ZnEE
i. Zn content

B3 HRARIEELELEZNANA
Fig.3 Spatial distribution of soil heavy metals in the study area
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Fig.4 Vertical variation chart of heavy metal content
R N =5 =iy — N A EL
22 NREBEERE EMERRAHZEG K. KW As. Cd. Pb Al Zn I ES
> N ) N Y R P =N 7N N N
22.1 KERBRMEL BN TVEREE B SR E Y], T Cu RS LB

KANKRVTIFESREES MG . DREOK
AU+ As. Cd. Cu. Pb Fl Zn & EEL BT, 5
RS, e d S RN R VR R A AR
ooy A X HRE CI03 FE A, 4 iR 274.004 11.90.
488.00. 2340.00 Al 2580.00 mg/kg. As. Cd. Pb Al Zn
() B 1% B3 N /N IR VR IR B AR R A X R U
2500 m &b CIO7 FE SR, AR T0F 7 X K2 3P
PMA: fE TR BE S o X T Cu 2RI
250 m &b CJO4 FEfS, [ RIERSE THE, HE T RX®R
FEAETE, BT iZX XA EERER Cu, F
AN ZE X FE R Z A, TEE T Cu =T+

FHORAL, 3632 BT SRR . Cr A1 Ni £E /MR IEIK
RUTBWIR & & m) iR FRE#E%, Cr 76 FF 2 500 m
AbF) CIOT B RS B TR A X K2 LI, Ni
AAE B CTO1 A CIO2 P A4 it (F) & B T T (X 3R
EerSME, HARRE RS =N TR IX RS L
BeFiE. He 7E/NRBUK RV R & 284 2
B, fE VR B AR T AT X R 1500 m A E
EPE T ORI R )E LRI 78 VR Ak
H AR X R 1500 m % 2 500 m BT~ 0.16 mg/kg, &
T ARIXRE L GOPHME, B X EZA T e L%
RAMZEX, WRAESE RSN,
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x4 KENRVECRIES
Table 4 Statistics of heavy metal content in stream sediments
(mg-kg )
%5 No.  As Cd Cr Cu Hg Ni Pb Zn
CJo1 44.0 5.26 397 174 0.035 104 656 855
CJo2 49 4.20 364 184  0.042 99 1190 794
CJo3 274 1190 306 488 0.057 84.6 2340 2580
CJo4 34.4 3.72 256 192 0.058 79 305 606
CJO0S 40 3.63 232 208 0.052 80.4 737 758
CJo6 25 2.67 210 236  0.057 76.8 350 661
CJo7 6.6 1.46 169 201  0.16 71.2 75.1 236

KR E L BT

Z M (MR KA R EFRHE) (GB 3838-2002)
HhER KA 55 o B AT H A v BRAE, /NS K AR A
1) As. Cd. Hg. Pb Al Zn & Bt V 2K (1 PRAL,
A 3 PERER Cu K8V KBRIE .

SRR (SO HAA Ni g TH B I & &,
HAon RSB T EBER, BT RAHEXN
SRR FOKNESR R D, [FE
H (Pyx) HZE MK MRS, RS T ESEM TS £
AN IR AR RV A X R RV RSO3 B b R
Ni & TR &R, HAonR S =& pH EY
ELB U8 R & 2K, 5 B S02 FEAAI LAY Ni & &
AR, WTRENATE BRI Ni S E0A K, HioR
& BT, 3RS S03 i /NI Y B R Y AT A
B A B IR N TR B . P A R e
W FTTEVA A /KRR b R B N A TR (S05. S07)
HEBESTEYSET LM (S04, S06) W& &, R
Z P9 AL VA 43 TR RE A AE ATV 95 T N Hb 3R K I 1 Tl
(K5, NRUTBEFMELEE HENMEK, H
T AR R A T 1) R B N R K

SEEWE AN X S L, RN
WRAE 7 HEKAERES (S02. S03. S08. S09. S10. S11.
S12) HEEJE &' KT RIEITRE . Hg 7F
BIER A B TS B s, RGBS IEREEN
MR K AT RE. As Fl Cd FI & s & /o8 S03 AEdh, 03l
298, 1.85mg/L, SR ok A R IFEE S o4 A X
NIt BEE B #TREAC, o As 7E S10 &b E /Mg &
JEERE T %%, Cr. Cu. Ni. Pb Ml Zn & &1
J9 & gy A X FUF SO8 K i, 43 il N 43.60. 64.90.
1570, 226.00. 223.00 mg/L, Cr. Cu. Pb fil Zn Bi&N
U AR SO8 AR B WAy, AR BRI R E

222

ot Cr 76N il S10~S12 Z AN B — AN/ i 5 SUF B
45 RRWLE /NI E K Asy Cdv Cr. Cus Niv Pb
A Zn 52 B H R JER 520, b As AT Cd 32 4R
HHOE TV RS R B R, 7R KPR R R R R
Cr. Cu. Ni. Pb Ml Zn WAFAE B INRLNE, FEEEH 70 A X
A ERE, (ANEV BT SEAE, BZITER
FONE, B BEAR R I N 2 N ST B 1) s i A ) 2 - g b
Ni BEAKAR, B VR B S S MR s, K
2 BT A PR
x5 PREBKKEERAIESRI
Table 5 Statistics of heavy metal content in water bodies of
small watersheds

Ji 5 # 48 & Heavy metal content/(mg-L™")

No. As Cd Cr  Cu Hg N  zn PH
S00 430 1.00 27.40 12.60 0.016 5.86 428 135.00 8.27
so1r  0.77  0.07 820 090 0.005 6.09 2.43 221 8.19

S02 094 0.02 11.00 0.66 0.009 10.90 0.84 321 8.14
S03 298 1.85 17.10 1.35 0.009 8.97 18.10 134.00 8.10
S04 0.75 0.07 1020 222 0.009 4.79 1.97 4.09 797

S05 213 096 4550 5.14 0.016 8.06 822 8380 8.13
S06 0.55 0.06 12.00 0.69 0.014 4.71 1.00 8.26 8.29
S07 0.58 0.10 13.90 225 0.016 4.06 1.64 2400 8.23
S08 221 094 6490 43.60 0.012 1570 226.00 223.00 8.17
S09 093 0.22 16.80 1040 0.012 7.66 580 25.60 8.08
S10 143 0.09 697 3.64 0.013 645 595 1330 8.12

S11  0.89 0.02
S12  0.74 0.04

23 EERISTEN
231 ARREELIEE AR T LEPN

W78 X R 2 13 rp 1 4 8 5 R TS Y de 208 o B L
6. FILE PR TG A LR EMRAKION: Cdy Cu s
Ni. Cr. Zn. Pb. As. Hg, M CdFl Cu e &K K54
T 90%, Ni R MV5 4 G E T 80%, FE N
TEBTE Y (84%), fAERRESYLBIR=ITIN Cu (27%),
FAAEELSJPI RSN Cd (61%). %I0E P, T
M KEMEIR A Cdy Cus Pb. Zn. Ni. Cr. As. Hg,
553 b R NP AN E A8, Cd F Cu [ P, P AN
T LEI O, HOILEE BEYS G b 3 A 61% AT 52%,
Ut B L5 e E BT, 7 S W 9 X B AR R AR
Pb Al Zn (975 4% & LA X UK, (HIL PP AR,
VG Y LI 16%, 26 B H A7 AE & 8™ 5 0 e ()
X 3. Ni Al Crigded AN R, (B3 P, P33 {E A8
i, Hig S gy R BOMBEG T, o 38 84%
F1 50%, ZEHH Ni fl Cr LERF 7T X N B S8 i i o

23.80 1.90
10.00 247

0.014 5.40 1.66 5.04 8.24
0.014 4.71 0.32 8.20 8.12

xo MRARRELRESRESEEN

Table 6 Heavy metal pollution index of surface soil in study area

BT LR S YR E P, IS e S L CRETT YIRS

EEg P iu P, 18 Pollution proportion based on single-factor pollution index P/% comprehensive pollution index
Factor P; range P; average value ESEE S ALY BTG Y ENAEE S p e
Unpolluted Potential pollution ~ Light pollution  Severe pollution N Risk level
As 0.01~17.92 0.80 95 0 0 5 12.68 ERE Y
cd 0.37~67.33 9.54 7 16 16 61 48.09 HEE Y
Cr 0.35~3.80 1.32 36 50 9 5 2.84 RS Yy
Cu 0.37~8.92 3.45 7 14 27 52 6.76 ENERERS

Hg 0.01~0.12 0.05 100 0 0 0 0.09 LA
Ni 0.38~2.23 1.33 14 84 2 0 1.84 BRI Y
Pb 0.16~37.50 2.57 75 7 2 16 26.58 HEE Y
Zn 0.32~16.70 2.04 59 21 4 16 11.90 EEREE S
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WAXRE LIEFESE TR WD 5675 482
(Py) ARG /2 0.09~48.09, “FIME AN 0.5, R
FLIX A VAN 45 ROV E 5 440 As. Cdv Cu. Pb
A Zn, HESYEIA Cr, BIEHRIA Ni, &R N%e
1 Hgo XTLCERR TP 4R, 778 V5 Je bl i i
50% A Cd fil Cu, K HX 32 uRIG I BN E .

HE X KE L S M ESEITRBEES
PR BEAT VAN, 45 H 9 7 A0 25 XU 7 00 28 XU 25 4 (1)
HE AR 7, 25 R T T X ¥ O AR s Gl AR 1)
J& A& TG A Cry Cus Ni Al Zn, FEMT As TR
W20 b b mr, 209 94.64%; KRS Cd TR BRI
AR o LA 50%, A RS R 5 EE 202 25%,
o KUK £ 2 1) 5 EE 205 10.71%; K5 Hg 0B MR
WS 2 b L i i, 29 91.07%, A 350 o 48 IR 25 4%
FE S Pb JC 2 BB IOAS S5 2 7 L2 83.93%,  HH AR KUK
SR 7.14%, ISR & 2 3.57%, BlE R
Br5gt 5 b2 5.36%. TPNEE RERWFAIX A Cry Cu.
Ni Al Zn FAERMIAES K, He FIERAR A S XS,
As A /D HFE S S AAEAR R AE S K, Cd A1 Pb A5 05K
P P A7 AR 5 ) A 2 R s IR 5 R A 5 IR 1 2 (1)
EEEA T RN BRI X, 55ATE e
B AR AEFE A — 8, PEE 2 i v At A A o )
AR -

*®7 BREESREBEETAK AL
Table 7 Proportion potential ecological risk of heavy metals
in soil %

TR X
Potential ecological risk

Cd Cr Cu Hg Ni Pb Zn

L

E; range Risk level

E,<40 B 94.6450.00 100.00 100.00 91.07 100.00 83.93 100.00
40<E,<80 g 0.0025.00 0.00 0.00 893 0.00 7.14 0.00
80<E,<160 i 1.7910.71  0.00 0.00 0.00 0.00 3.57 0.00
160<E<<320  fRa% 3.57 7.14 0.00 0.00 0.00 0.00 0.00 0.00

E;=320 g 0.00 7.14 0.00 0.00 0.00 0.00 536 0.00

XA AT X 3R 2 g e S U R AR AR S U
FRECHAT VRN, BAEAESRETES (RD B2 TEE A
36~1994, VEEASNRIRGE. 8. FEMBRAT &L
193 5N 8.93%- 3.57%- 14.29% F1 73.21%, BEIHFF X

W K2 Bt XA ER-RBMEaEENR, AF
12.50% M X3 A7 AE 5 AR S KU LA b, EEEE A T/
W R B ER X K EL (E 5, R+
TR G ) 3 A S A B B R

= AR R SRR oh A R BRAOR:
High risk Strong risk Moderate risk Low risk
- i B N2
Rive Slag dump site ~~ Small watershed boundary

BS ABBELESRESTE
Fig.5 Potential ecological risk distribution map of small watershed
JNRIRK BRI TR T A
HH T /NN (7K SR TR AE S /K 22715 AT DLk A ]
WM, 2% RKE LT T ES KRR
W E S R AT 1P, Hif As. Cdy Cu. Pb. Zn
BRFE R R (P 1R /NS AR B R T o A
X o3 (CI03) fe s 43 oA 10.96. 19.83. 4.88.
13.76 £ 8.60, I NEEEY, RHLLE S MESEZ T
RGBT B BN R W R IR R, R
WREE A A X R F 2500 m (CJO7) 4b435128 0.26+
243, 2.01. 0.44 f10.79, As. Pb fl Zn NAKi54:, Cd
Al Cu NBRJFV5Ye, FW As. Pb Ml Zn L BORIE T 3%
WA, ANIE /N — e BB N 2B 4, Cd Ml Cu
T i) B 52 1y A X 4 S )2 . Hg A N ) S (R
HYARE (PO BT 1, RRIGH: Cr B Fi5 Ge
fe¥ (P) RIA A LiFR T FREAE, HALE CIoS i
TBORIBIETS B, TR NRG S, S5XKIEE SENZL
BR—E DRBOK RTURY T E SR AW 5 &5 g
88 (P ZRERN As. Cdy Cu. Pb Al Zn BTG,
Cr NEEV5Y9%, Hg AINi N4 (£ 8),
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Fz8 IMNREBKARTEAVMESEISRIEH
Table 8 Heavy metal pollution index in sediments of small watershed

ETRss As Cd Cr Cu Hg Ni Pb Zn

No. P, E, P, E, P L P, E P, E, 7. E P, E, P, E, RI
CJo1 1.76 28.57 8.77 162.68 1.59 542 1.74 11.64 0.01 10.00 0.55 8.76 3.86 94.44 2.85 6.50 328.01
CJo2 1.96 31.82 7.00 129.90 146 497 1.84 1231 0.01  12.00 0.52  8.34 7.00 171.32 2.65 6.04 376.68
CJ03 10.96 177.92 19.83  368.04 1.22 4.8 488 32.64 0.02  16.29 045 7.12 13.76  336.88 8.60 19.62  962.69
CJo4 1.38 22.34 6.20 115.05 1.02 349 1.92  12.84 0.02 16.57 042  6.65 1.79 43.91 2.02 4.61 22547
CJOs 1.60 25.97 6.05 11227 093 3.17 2.08 13.91 0.02 14.86 042 6.77 434  106.10 2.53 5.77 288.82
CJo6 1.00 16.23 4.45 82.58 0.84 2.87 236 15.78 0.02 16.29 040 647 2.06 50.39 2.20 5.03  195.63
CJ0o7 0.26 4.29 243 45.15 0.68 2.31 2.01 13.44 0.05 4571 0.37  6.00 0.44 10.81 0.79 1.79  129.51

NI K FR TR P B e e BV AR AR S AR (B
FERIY: As M Hg LR IA 1 AFRE R AR 252 XU
LGP E NG, HABS N R ER, H
WAL EA T A, As ToRAR 58 MR b /it -

TRIGEE B A X A EE (CJ03), Hg JozR & XK
SRS N BRI A R A X R 2 500 m (CJO7)
Qbo Cd1E CJ06 i By nm AR o KU 556 2, 75 NI
2500 m (CJO7) AL N EE XSS Po 7E LIk REEn &
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LR AR O R AR 5 A S 2, 76 ik e B A
34 X R 250 m (CJ04) 2R 32 By o 45 XU 25 2%
1E CJO7 BRSO S 2% ; Cry Cu. Ni Ml Zn AT £f
B RO SR G . /NI N K R VTR 8 R
AR (RD B LR UK N 328, 377,
963. 225. 289. 196 Fl 130, 1 CJO3 ARG 1E A K
B, oA X3 32 2o R - AR AR S R, 7R CI0T [§
BRI . 25 F 3R I & Fh 8 & J8 75 /D it K R YT
W B B2 R R R N X AT A A 3L [ B,
B3 52 IX I SE R K Cd. Cr A Cu oK, 7 BHIRE
FATF s T U AR 7 4 Sy 0 RS 3 4 A UG o
233 NRIRAKIRE LR T RN

Z M (HRKA B EARE) (GB 3838-2002)
Hh R K IR o R AT H ARE V ROKBRAE, 3T R
BRI (R 9, NREKEFES S I0R P AR
55 G B g A B AR A Asy Hg. Pby Cd. Zn.
Cu, HH As. Hg fl Pb Ju I NE G YL, Cd. Zn F

TELE 3RS RIS Gy, 23 R SR AURIE M HE LT i
e ZINUIBOKARFE S I A SR B TS e da El (Py) AR
TLTE S 14~1 606, ¥ NEEET YL,

TE /N Ik P9 SR FH SR /K RNV HE B I A o 1R P S50 1
NS, XTI At O AR S ATV TR AR S KU PEA
WEARS RS (ED AR RURRE BRE il i = 2R X
AN Cr=Ni> As = Cu=Zn> Pb>Cd>Hg, i ¥ & Cr A Ni
BIRRAOARE ;s As 1 Zn 43 A 1 AFFE S A7 LR 45 AU,
Cuf | FFFE S AETE SR RS, ALY N RO Pb A7
TE AR RS A ARG I RE S & 1 s Cd A 1 AR S A7
TEHREE S, 2 fFAE SSRGS s He 2 A7 T
BB, 7 ARRE S AR AE AR . /NN KA R
& BB AES KSTE (RD 558N H 5 A AEERM
PR, AAAE RS KBS AR RS % 1 A, B 2 A7 AE
AR a8 KUK o H L 23 14 2 (AT SR A v 4 PR - 1R e XU
AR S A T LR B SR R A A X, 7EH T 250 m
(S09) 4k RI A 200, [ FIEHTFEIK. &5 REKH/INRIEIK

Cu 733 10 £+ 8 FHA1 4 FREE 9 HET5 e

A Cu
x99 INREKFESRITRIEH

P B TR AR S RS B VAR R R R E Y

Table 9 Heavy metal pollution index in water body of small watershed

G

As

Cd

Cr Cu Hg Ni Pb

No. P, L P, E P, E P, L, P, E P, L P, L P, L, RI
S0 7690 - 6.60 — - - 090  — 5.02 - - 2430 - it - =
S02 939 1341 230 690 - 218 066 254 883 3532 — 1048 835 232 1.61  0.66 73.81
S03  29.80 42.57 185.00 55500 — 339 135 519 913 3652 - 863 181.00 5028  67.00 2735  728.92
S04 745 - 730 - - 222 - 923 - - - 19.70 - 205 - -
S05 2130 3043  96.10 28830 - 9.0l  5.14 1977 1600 6400 - 775 8220 2283 4190 17.10  459.19
S06 553 - 570 — - 069 - 1400 - - 999 - 413 - -
S07 584 834 1000 3000 - 275 225 865 1600 6400 —  3.90 1640 456  12.00 490  127.11
S08 2210 31.57 9370 281.10 — 12.85 43.60 167.69 12.00 48.00 — 1510 2260.00 627.78 11150 4551 1229.60
S09 931 1330 2220 6660 — 333 1040 40.00 12.00 4800 - 737 5800 1611  12.80 522  199.93
S10 1430 2043 930 2790 - 138  3.64 1400 13.00 5200 — 620 59.50  16.53 6.65 271  141.15
SI1 891 12.73 210 630 - 471 190 731 1400 5600 -  5.19 16.60  4.61 252 103 97.88
S12 740 10.57 350 1050 — 198 247 950 1400 5600 — 453 322 0.89 410 167 95.65

E: 7 O AEEUE.

Note: "—" for no numerical value.

3 i BEFLX AL T Cdv Cuy Pb Al Zn i 5 SHE XK,

JFAETIEFNESE TR EXHES . b
Jis K SAEEZ R RS2, ek 2247 T RE
X BFARIRS A 2R 0T, S A B AR 3 B S TR R 1 R
Wi, AT 3 B AR R R 07, W7 X N IR AR e
Mo, VR R T AR R ERIE TR AL X A, st B
FEYTMESESESMAXEREFERKESR. W
RIXKETIFELIERIE N, REeEy BN R, 5
SRR s HE pH H k. TR ORI g R A
—2; HYEEWRR Pb. Zn AMEAEE As. Cd FI Cu L,
TERYAMXE FER 2 FU L, ReERE LERE
TR 3L, Cd B4 E T SE N 32 555
i) b A G 1+ 35 5 4 B HEAT 2 A T IMER T
TIEFELJE LK Cd-Po-Zn B FAE S Z M, BA
AEABLFRIS G o B A 2 140V ZETIE 70 [ AF AT 114) 3 [X A
FR, MRS L XA X R E 1% Cu f1 Cd I E 5
FERE o ) b B 381 =AM 7.20 £5 1 6.63 £5, Ho
Cu & &2 2 = T HAbH R T 51X

T 20 A MU Lk s s, AN RS EET RS
DUREL MUK PRIRL AR HEERESE 7 e K RIERY#L
ST X i S AR SN, FERDONTE ik
HREREE R TP r A X R2IBER B IR Es 4, S5PRE
2O ST HVEE S IR AN SR T — 2, EAJR N
BIK S BURED R T Y S RTE LIX iR
EENOAFIE 10~20 a, HEEH A0 15 B LA e
T 5 R 3 AN TS G R Sk, o I A3 KPR R —
ERRERTS Y. DR RV L, R
Sk R R, KR U A KR & JE 15 e i
PR, ASKEER R, WX N E SRR
(I35 G R AE N5t B V2 R B Vs P HE T .

TP ZHESEONRTRRE BT, K215
G A R W 2 M 4 S R,
FARZE ST BTG AL X IR 2 3 SR o A S R Y
SRREY) A FAE T W Al BRI gk
ZEA oA MDA S AL T AR R B R S AR 4,
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ZR TR FERIMEIGER R S5 REUTE X 2 1k
R H 4 i G 3R B AT AE 0~20 em (IR )R TR,
VR R S BB Asy Cd A1 Pb I AT RS EL
FAHIE, b P MANFERVE R . 52 IR R
B KR WA b 3 pH A I R AE R BN R Z 51
P, 4E 20 cm BUR B AMRYE, SR XKIRF SE, [
I A [ o7 B R T s B FE IR (& 4,
HI R Cr (& R 7 P EEAR, e R b
YU B W g ) R B v, R I T R . SRR
TR LT JEUR [ T H R B Pby Cd 7E L J2 v (1 2
HOATRIUNEE HZ IR T, [FIFEIER] T 0] 5
wR AR RS TR . NS TN ™
BRI, MEEREZRIEM, 3 &5 0
M BT T 5. AR E R TIRMABTT, IR L
L RES B Bl 2 74 7 B 2 JR IR R PR IE RS, S5 SRR W TTIX
R IR b 5 2% 1 T T B 430 A 4 8 B B R
PEBEIEH . Asv Cdv Pb 1 Zn MITEK RUTE) AR5
B /N VR R R S R 0 AT X R i 2 500 m
A, HARTHE T X R R IR 2, [FRER BT 7T X
AR LEHRET BT TS ES RS R, LT
SAERE SR, EHERKEH T AGT R R b 2 2 %
F BEL 7 17 Ui o

MR AR EEMZ N & RME L ZXAH, =
AN =8 2 WlRH, FEEAMENZE . aEE.
b Ajea s, HLERAREZNTE, R, T
IR EFONIE A RGK, BK TR . BT X A I B
MR R E A T R RE A b, FEIX IR
B IR R BS HIRGK )R, TR B A R R x
e E RS IR, WA TS &
SR AT K IERS, A 2 T K B2 e i)
WRIZH T K G2 M. BEARBIEFT X8 B & A B
) Cu, (HREEAELIEBHFG . R IERIVE T T EEAT AR
KB R AT A R A WNER IR D BEARIX A — 8B &
e L XA AT Cu R, B ER XSS
IR P S, WO T X A S Cu BRI T =

HaE
4 %

D MFRXEZE LRI A, LIRS 7 LA
PR, REHEDESLE As. Pb. Zn M1 Cd A 53 R
Bt 1.5, RWZE T HZIN NN RKEm; Pb Al Cd
TCRAFAEM R AR, 20 12.50% FIRIF 7T X A77E 3%
AR, oA T R B .

2) WEFEIX T3 4 s (M O AR E W R,
ERFE Asy Cd A1 Pb 78 35 RE B i HE R i 0
T K i, HEBEHEFTF 0~20cem (1R )Z L5,
20~100 cm I & 8 & B 3 B2 M 1S S M0 R AR g
Bl Cr fl Heg RZ LM TR LEN S E, S50
MR B R — 20

3) AN R R X K R VU Asy

Cd. Cu. Pb Ml Zn & B, HINEEGYE, E7E
L o3 AR X T 2500 m MY Cd F Cu 15 B V5 4,
Cu FRZH AL, 52 R = 1S SR

4) IR E T R KR Pb Al Zn BEMRECK,
MK As. Cd. Crv Cu. Ni. Pb I Zn $52 H500,
H As fIl Cd ZHEFER T EREMENHEE, Cr. Cu.
Ni. Pb Ml Zn )& S A7EH R K WAZAE IR L/
WIBKAE S SAEEAT VP, A VR B AR R AT X
(1) 7K AR A7 5 R AR 5 PR 70 2R 25 XU, ) T 907 320 37 PR A1
BRI LE AR RS
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Assessment of heavy metal pollution and scope definition
in the Indigenous Zinc Smelting agglomeration areas of
northwest Guizhou Province of China

LYU Liuyan® , CHEN Xiang ‘e! , CHEN Wu'! , GONG Daxing? , LU Yan? , WU Kaibin! , HE Chuntian®

(1. Guizhou Institute of Geological Survey, Guiyang 550081, China; 2. Institute of Multipurpose Utilization of Mineral Resources, China
Academy of Geological Sciences, Chengdu 610041, China)

Abstract: Heavy metal pollution has been a serious risk in the Indigenous Zinc Smelting in Northwest Guizhou, China. Long-
term open-air stacking of waste slag has also led to a great increase in the heavy metal reactivity under suitable environmental
conditions after leaching, thus continuously migrating to the surrounding groundwater, surface water, and soil. A substantial
amount of mining slag has been left behind, due to outdated technology and extensive production. Therefore, it is very urgent to
clarify the contamination status of heavy metals in the soil, water bodies, and sediments in the areas, particularly with the
concentrated distribution of Indigenous Zinc Smelting slag and their potential ecological risks, in order to protect the local land
and water resources for the food safety and public health. This study focused on an 8 km® area with a relatively wide
distribution of Indigenous Zinc Smelting slag from traditional smelting areas. Human pollution sources were avoided to collect
the surface soil samples within a grid of 1/9 km®. The background levels of heavy metals in surface soils were established over
the region. Some samples were collected from the smaller watersheds, including surface soil, sediment from water systems,
leachate, mine slag, and water bodies, according to the hydrogeological and topographical conditions. Additionally, the samples
of deep soil profile were gathered from the site, where the largest amount of mine slag was stored for the longest time. The
content of heavy metals and pH value were measured in various samples using the single-factor pollution index, Nemerow
comprehensive pollution index, and potential ecological risk index. The spatial distribution and pollution status of heavy metals
were analyzed in different media. The results show that the surface soil in the study area was mainly acidic, where the average
contents of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn were 23.54, 3.20, 208.78, 193.02, 0.07, 91.41, 315.80, and 479.13 mg/kg,
respectively. Except for Hg and pH, the contents of the rest elements were higher than the background value of surface soil in
the Bijie region. The contents of As, Cd, Cr, Cu, Ni, Pb, and Zn exceeded the national environmental background values of
surface soil. The overall slag was neutral with the average contents of As, Cd, Cu, Hg, Pb, and Zn higher than the average value
of surface soil in the study area. Especially Pb, the raw materials used in local traditional zinc smelting were imported the lead-
zinc ores. The soil profile samples show that the heavy metals were mainly concentrated in the surface soil of 0-20 cm,
whereas, the heavy metals in deep soil were mainly controlled by geological background and primary soil. The highest contents
of As, Cd, Cu, Pb, and Zn in small watershed sediments were 274.00, 11.90, 488.00, 2 340.00, and 2 580.00 mg/kg,
respectively, all of which were located in the central area of traditional zinc smelting slag. The highest contents of Cr, Cu, Ni,
Pb, and Zn in the surface water of a small watershed were distributed downstream of the slag concentrated distribution area,
which were 43.60, 64.90, 15.70, 226.00, and 223.00 mg/L, respectively. Only Ni was slightly higher than the content of slag
leachate in groundwater. The contents of the rest elements were lower than those in the leachate. Single-factor evaluation was
performed on the pollution of heavy metals in the surface soil. The Cd and Cu shared the highest proportion of pollution, with
the Cd in the widest range of pollution. The Nemerow comprehensive pollution index for heavy metals in small watershed
sediments was heavily polluted by As, Cd, Cu, Pb, and Zn. The very strong potential ecological risk was only found in the
central part of the traditional Indigenous Zinc Smelting slag distribution area. The Nemerow comprehensive pollution index of
heavy metals in small watershed water bodies was severely polluted; The medium to very strong potential ecological risk areas
were concentrated in the traditional zinc smelting slag distribution areas. There was an extremely uneven distribution of As, Cd,
Pb, and Zn in the surface soil with the coefficients of variation exceeding 1.5, indicating the strong human factors. About
12.50% of the study area shared a strong ecological risk, which was mainly distributed around the waste dump site of the
Indigenous Zinc Smelting plant. As such, the Indigenous Zinc Smelting slag posed a significant impact on the surrounding
ecology. The pollution range of heavy metals was concentrated mainly within 2 500 m in the water sediments in the small
watershed; The impact of slag on groundwater was less than that on surface water, due to the restriction from the
hydrogeological conditions. Overall, the pollution areas of the zinc smelting slag in the study area were mainly distributed
around the centralized storage area of the slag, with a relatively limited range of impacts.

Keywords: heavy metals; small watershed; indigenous zinc smelting; pollution assessment; pollution range
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