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Abstract: The Shuikoushan area in Hunan Province is one of the seriously heavy metal pollution areas in Hunan Province. The
Longwangshan gold deposit is an important gold deposit in this area. To investigate the pollution source characteristics, pollution

pathways, heavy metal mobility, and potential hazards of the waste rock pile of this deposit, a 24 m shallow drilling system was
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conducted to evaluate the waste rock pile of FS17, and the acidic wastewater from the waste rock pile was collected to analyze the total
amount of heavy metals. The single factor index and Nemerow comprehensive pollution index suggest that the FS17 contains large
amounts of heavy metals (Cd, Cu, Pb, As, Zn, Ni, and Cr) with an unevenly vertical distribution; the natural leaching water samples
have high heavy metal contents. The migration index implies that the FS17 has heavy metal potential migration order of Cd>>Ni=~=
Zn>Cu>Pb>As>Cr>Fe in shallow layer, and of Cd>>Zn>>Cu>Ni>Cr>Pb>As>Fe in deep layer. The mobility of heavy
metal elements in the shallow layer is greater than that in the deep layer. Thus, in this paper it argues that the FS17 is the main pollution
source ofheavy metals in this area, and acidic wastewater is the main way to release pollution elements. The heavy metalsof Cd, Cu, Zn,
and Nihave stronger mobility and are main polluting elements for the surrounding environment. The mobility of Pb, Ni, Asissignificantly
reduced in the deep layer, and its mobility can be weakened by deep burying, and Cr will not pollute the surrounding environment.

Key words: heavy metal; chemical speciation; migration; pollution source; FS17 waste rock pile; Shuikoushan mining area;

environmental geology.
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Table 1 Heavy metal contents of waste rock pile FS17

‘ \ W A% A R(10°)
FEf s R (m) pH X
Zn Pb Cu Cd As Cr Ni U Co Mo Sh Th TI
ZK3-1 0 543 2020 330 3.02 101 31 124 4.6 50.0 6.49 75.1  10.15  1.41
7ZK3-2 0.2 315 800 802 7.50 112 28 16.8 3.9 43.5  4.35 183 6.81  1.20
ZK3-3 0.4 989 1345 380 11.7 498 59 54.8 6.8 36.3 6.98 257 14.90 3.08
7ZK3-4 0.6 1240 284 536 19.85 214 34 50.3 5.6 39.1 5.12 268 16.55  2.30
7ZK3-5 0.8 682 715 275 11.3 193.5 45 28.8 5.3 40.1 6.25 106 1140 1.51
7ZK3-6 -1.0 492 1210 241 3.35 1285 47 69.0 8.2 96.0 10.75  63.9 8.09  0.96
7ZK3-7 -1.2 391 1005 255 6.51  128.5 39 28.4 4.9 30.5 6.57 58.1 6.67  0.86
7ZK3-8 1.7 453 1145 244 5.24 159 44 27.9 5.1 28.5 7.24 64.7 9.26  1.25
ZK3-9 -2.7 1240 806 435 11.3 165 36 43.0 6.1 30.3 7.15 1135 14.70 1.90
ZK3-10 -3.7 3.95 874 767 429 11.95 173.5 38 40.3 5.8 34.1 7.59 145 13.00 1.77
7ZK3-11 4.7 490 957 313 4.60 146 42 30.7 5.4 27.1 5.61 83.3  10.55 1.21
ZK3-12 5.7 1740 4010 267 8.33 1780 160 40.1 10 28.2 22.0 408 11.60 1.77
7ZK3-13 6.7 805 1565 328 7.52  101.5 63 22.1 5.8 33.8 6.89 71.9 13.85 1.83
7ZK3-14 7.7 713 1245 325 5.04 121 46 23.9 6.0 37.8 12.15 53.7 1555 142
ZK3-15 -8.7 1280 1360 392 20.0 191 53 103 15.3 419 8.03 76.3 943 1.29
7ZK3-16 -9.7 1030 728 160 10.15  114.5 64 29.9 5.5 29.6 10.9 35.2  17.00 1.31
7ZK3-17 10.7 1240 2200 346 10.45 907 144 118 21.5  31.0 14.65 291 1145 191
ZK3-18 -11.7 162 246 88.1 2.62 40.0 172 166.5 51.8 38.8 4.11 13.35 16.05 0.73
ZK3-19 -12.7 376 382 189 9.63 56.9 137 356 51.2 140.5 5.66 374 9.39  1.08
7ZK3-20 13.7 404 243 1275  3.76 130 240 374 65.6 75.5 10.65 239 13.25 141
ZK3-21 -14.7 444 338 140.5  6.99 73.2 154 250 63.7  59.0 6.76 26.1  10.75 0.67
7ZK3-22 -15.7 255 240 193 7.87 76.3 145 341 46.8 40.6 16.25 12.6  23.00 1.47
7ZK3-23 16.7 4.98 231 269 89.2 3.99 74.7 297 304 61.6 28.8 11.55 12.75 12.85 0.85
7ZK3-24 -17.7 355 210 86.5 6.34 64.3 288 378 51.7 53.1 9.03 17.3 1040 0.64
7ZK3-25 -18.7 273 164.5  96.1 5.42 69.0 311 330 46.4  50.0 10.8 20.3  10.20 0.72
7ZK3-26 19.7 332 366 122 4.30 77.1 290 328 49.7  30.9 9.04 19.3  13.90 0.97
7ZK3-27 -20.7 261 242 98.7 4.19 53.4 195 313 444  30.2 8.66  18.75 10.70 0.90
7ZK3-28 -21.7 211 240 123.5  4.46 53.2 170 243 95.0 448 5.78 20.2  12.20 0.75
7ZK3-29 22.7 1 000 248 339 19.65 216 20.0 36.5 4.6 48.6 3.07 35.7 7.87 2.87
7ZK3-30 -23.7 601 204 80.5 2.74 234 281 416 72.6 347 28.5 27.2 6.17  0.85

K2 FSITERHEESETESTLRBIRE

Table 2 Pollution exceeding standard rate of heavy metals in waste rock pile FS17

i H 7n Pb Cu Cd As Cr Ni U Co
e e KB (10 °°) 1740 4010 802 20 1780 311 416 95 728
HE P 5 /MIE(10°°) 29.9 10.9 64.0 2.62 40.0 20.0 12.4 3.9 27.1
SFHE(10 %) 614.06 827.91 257.85 7.99 215.07 121.29 156.85 61.80 67.72
PR 22 415.07 834.6 164.35 4.93 338.83 98.67 142.47 27.70 126.87
s A 0.68 1.01 0.64 0.62 1.58 0.81 0.91 0.98 1.87
JRU B 1 (B (10°°) 200 70 50 0.3 40 150 60 - -
R A% S 0.15~8.70 0.16~57.29 1.28~16.04 8.73~66.67 1.00~44.50 0.13~2.07 0.21~6.93 - -
AR (%) 93.33 96.67 100 100 96.67 36.67 53.33 - -
1R A R SR (B
S 1991)(10°) 95 27 27 0.08 14 67 33 2.72 15
R A% I 0.31~6.46 0.40~30.66 2.37~9.55 33.16~101.17 2.86~15.36 0.30~1.81 0.38~4.75 1.43~34.93 1.81~4.51

AR (%) 97.67 96.67 100 100 100 46.67 73.33 100 100
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Table 3 Results of the single factor pollution index
W () i RITIRRR G 415 A A
As Cd Cr Cu Ni Pb Zn

0 ZK3-1 2.53 10.07 0.21 6.60 0.21 28.86 2.72 21.05
-0.2 ZK3-2 2.80 25.00 0.19 16.04 0.28 11.43 1.58 18.60
-0.4 ZK3-3 12.45 39.00 0.39 7.60 0.91 19.21 4.95 28.87
-0.6 ZK3-4 5.35 66.17 0.23 10.72 0.84 4.06 6.20 47.73
-0.8 ZK3-5 4.84 37.67 0.30 5.50 0.48 10.21 3.41 27.37
-1.0 ZK3-6 3.21 11.17 0.31 4.82 1.15 17.29 2.46 12.89
-1.2 ZK3-7 3.21 21.70 0.26 5.10 0.47 14.36 1.96 16.06
-1.7 ZK3-8 3.98 17.47 0.29 4.88 0.47 16.36 2.27 13.19
2.7 ZK3-9 4.13 37.67 0.24 8.70 0.72 11.51 6.20 27.54
3.7 ZK3-10 4.34 39.83 0.25 8.58 0.67 10.96 4.37 29.02
4.7 ZK3-11 3.65 15.33 0.28 6.26 0.51 13.67 2.45 11.65
5.7 ZK3-12 44.50 27.77 1.07 5.34 0.67 57.29 8.70 43.09
6.7 ZK3-13 2.54 25.07 0.42 6.56 0.37 22.36 4.03 18.78
7.7 ZK3-14 3.03 16.80 0.31 6.50 0.40 17.79 3.57 13.49
-8.7 ZK3-15 4.78 66.67 0.35 7.84 1.72 19.43 6.40 48.37
-9.7 7ZK3-16 2.86 33.83 0.20 1.28 2.67 0.16 0.15 24.28
-10.7 ZK3-17 22.68 34.83 0.96 6.92 1.97 31.43 6.20 26.82
-11.7 7ZK3-18 1.00 8.73 1.15 1.76 2.78 3.51 0.81 6.49
-12.7 ZK3-19 1.42 32.10 0.91 3.78 5.93 5.46 1.88 23.29
-13.7 ZK3-20 3.25 12.53 1.60 2.55 6.23 3.47 2.02 9.42
-14.7 7ZK3-21 1.83 23.30 1.03 2.81 4.17 4.83 2.22 16.97
~15.7 7ZK3-22 1.91 26.23 0.97 3.86 5.68 3.43 1.28 19.06
-16.7 7ZK3-23 1.87 13.30 1.98 1.78 5.07 3.84 1.16 9.85
-17.7 ZK3-24 1.61 21.13 1.92 1.73 6.30 3.00 1.78 15.42
-18.7 ZK3-25 1.73 18.07 2.07 1.92 5.50 2.35 1.37 13.20
-19.7 ZK3-26 1.93 14.33 1.93 2.44 5.47 5.23 1.66 10.67
-20.7 ZK3-27 1.34 13.97 1.30 1.97 5.22 3.46 1.31 10.29
-21.7 ZK3-28 1.33 14.87 1.13 2.47 4.05 3.43 1.06 10.89
-22.7 ZK3-29 5.40 65.50 0.13 6.78 0.61 3.54 5.00 47.14
-23.7 ZK3-30 5.85 9.13 1.87 1.61 6.93 2.91 3.01 7.19
- H{E 5.38 26.64 0.81 5.16 2.61 11.83 3.07 19.65

F.CroZRBAELTHR(AALEREDE TRE
Y A MR ZE R IS R EOR /N R Cd
(29.84) >Pb(16.60) >As(7.01) >Cu(6.57) >7Zn
(3.70) >Ni(1.22) >Cr(0.44) ; HEZ B 0 75 Y
F&HHK /N K Cd(21.12) >Ni(5.02) >Pb(3.59) >
Cu(2.72)>As(2.55)>7Zn(1.99) >Cr(1.45); % )2
LI EEG KA Cd.Pb.As Cu.Zn,
SR RS KA CdUNiL P, Hidr Cd
Fl Pb 75 1% J2 Fl R J2 ¥ 3R 30y 5 B2 5 LK F 5 Cd .
Pb . As.Cufl Zn £ )2 1 5 15 Y 48 B3 I8 T
HE NLCrRZEW R IR EE TERE, X
S H AR BT OR Hf Y ) 3 AT ALY 5 Cd 2 R A

Hys P K P i B O R L TE-8.7 m IR FE AL L
15 YR BH F IR F] T 66.67.

WZ s R m TWZE, I H Cd.Pb. As,
Cu.Zn TP TR 76 A HE h 440 T 38 B 5 JOR A,
FS17 1 A7 M Eo28& L0 Ji 30 P8 558 30 L U5 00 ) Jog il
33 EAHAHPESERERS

KT =M FSI7TEARELE BT
g 1, kB E A HEERE 19 0.4~0.6 m (ZK3-3) il
6.7~7.7 m(ZK3-13) IR JZ 19 17.7~18.7 m (ZK3-
24) F1 19.7~20.7 m (ZK3-26) 4 > I FF # #E 5, R
JH BCR % 22 $2 W)y 6, 43 07 & A e vh RS Tr) 5 462 s
JCE ML B AHFE, 45 R 4 T & 3 i .
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Table 4 The results of BCR fractional extraction from waste rock pile

JLR i W (m) T14 T2% T3% T4 % M4 (%) MIfH (%)
ZK3-3 0.4~0.6 8.72 230.62 29.97 985.09 92.92 0.70
Ph(10%) ZK3-13 6.7~7.7 131.51 634.84 200.45 540.79 96.02 8.72
ZK3-24 17.7~18.7 0.11 43.29 19.09 132.53 88.24 0.06
ZK3-26 19.7~20.7 0.26 66.36 19.56 250.61 97.06 0.08
ZK3-3 0.4~0.6 288.29 114.99 170.78 479.71 108.08 27.36
n(10°) ZK3-13 6.7~7.7 248.37 174.76 108.46 388.81 106.04 26.99
ZK3-24 17.7~18.7 19.90 102.32 51.47 212.04 111.16 5.16
ZK3-26 19.7~20.7 22.63 62.99 41.36 227.16 112.07 6.39
ZK3-3 0.4~0.6 5.46 1.84 1.28 1.56 84.85 53.88
cd(10% ZK3-13 6.7~7.7 2.85 1.27 1.09 0.46 83.85 50.24
ZK3-24 17.7~18.7 0.52 4.24 0.41 0.58 87.50 9.02
ZK3-26 19.7~20.7 0.63 2.06 0.31 0.63 85.07 17.34
ZK3-3 0.4~0.6 54.49 35.83 133.69 102.09 91.09 16.71
(10, 7ZK3-13 6.7~7.7 55.90 54.94 95.03 93.80 95.74 18.65
7ZK3-24 17.7~18.7 3.60 27.59 17.53 30.55 92.06 4.54
7ZK3-26 19.7~20.7 4.79 28.23 20.91 55.68 92.10 4.37
7ZK3-3 0.4~0.6 2.29 48.25 136.87 338.25 96.98 0.44
AS(10°) 7ZK3-13 6.7~7.7 0.18 5.00 23.76 80.33 102.12 0.17
ZK3-24 17.7~18.7 0.03 0.13 3.22 58.84 98.91 0.05
7ZK3-26 19.7~20.7 0.00 0.29 2.68 68.85 100.44 0.00
ZK3-3 0.4~0.6 0.15 1.51 4.19 69.17 127.15 0.20
Cr(10%) 7ZK3-13 6.7~7.7 0.15 1.02 1.98 61.79 101.47 0.24
ZK3-24 17.7~18.7 1.04 2.42 17.00 316.99 116.77 0.31
ZK3-26 19.7~20.7 0.67 3.84 16.58 295.53 112.27 0.21
ZK3-3 0.4~0.6 12.96 4.74 18.95 10.86 91.55 27.28
NiC10 ZK3-13 6.7~7.7 5.75 3.84 3.74 7.42 88.31 27.71
ZK3-24 17.7~18.7 3.75 101.20 62.78 162.22 92.68 1.14
ZK3-26 19.7~20.7 2.93 38.33 33.08 203.87 92.12 1.05
ZK3-3 0.4~0.6 73.08 1953.52 20 976.63 36 805.02 90.21 0.12
Pe(10°) ZK3-13 6.7~7.7 11.56 1 856.99 9 756.69 31785.99 90.25 0.03
ZK3-24 17.7~18.7 0.00 5574.37 3440.65 54 728.33 95.00 0.00
ZK3-26 19.7~20.7 0.00 5741.02 3620.16 48 843.46 94.18 0.00

Cd: FEURAEMMYIEE(TI+T2+T3) 17
FELES MR AT S (T AR A (T2) W& & 5 8
Y 74.89% RZ M B RRIBICGE (T H &, T &

R ETHRE WKERRERSEWERZNE
ﬁﬁm%ﬁ%@%%ﬁ#ﬁd&ﬂbmm?ﬁ&
R B Cd* 22 B R M 4 Ak 51 55 5% i, 3% 0 A B
P v BT R O B AR RS = A R b v R . X
ARV R BE W2 R AT R RS (T2) 4 & T ik
2, AT RB SR AE AR IR A & 0 R B B B Cd T R &
3 TG P RS Cd T AL S (T3) & 7
SR R A AR 3 A0 i B R v A A T R e 3 ) X
Cd WY MR 2, & 5 80256 500 i />

Zn Ml Cu: 78 4 P S W ¥4 BT 20 4ii , Zn Fil Cu
(T8 25 43 A FEAE 2L (1Bl 3) , 3 B W & 76 12 A 3t
WA 2 L s Bk A 22 AT R R Z IR E RS N
MER A E S, SR ES (T o8 AER)E
SRROR SIS b | B2 o7/ I DA ER G RN i peaa: i1

Pb: & % DL Al A A (T2) f sk i &5 (T4)
S AE, B8 T B8 87.56%.Pb#£ 7 m
B VR BE AL TR RS (T2) A & M TR &
(T4) ,WTREE W A F5IE AT %Ak
VIR &G DB, RIS .67~
TTmA PR ERRE S  TRREHRIKE A
e ey B R P 2R BT R i Y



B A R K 1101 22 4 TR X B 17 M 98 I 15 ST T 172 25 43 135

55114
Pb(%) Zn(%)
0 20 40 60 80 100 0 20 40 60 80 100
0.4~0.6 0.4~0.6
N 6.7~7.7. 6.7~7.7
)
=
17.7~18.7 17.7~18.7
19.7~20.7 19.7~20.7
Cd(%) Cu(%)
0 20 40 60 80 100 0 20 40 60 80 100
0.4~0.6 0.4~0.6
6717 6.7~7.7
)
)
17.7~18.7 17.7~18.7
19.7~20.7 19.7~20.7
As(%) Cr(%)
0
0.4~0.6 0.4~0.6
. 6.7~7.7 6.7~7.7
)
-
17.7~18.7 17.7~18.7
19.7~20.7 19.7~20.7
Ni(%) Fe(%)
0 20 40 60 80 100 0 20 40 60 80 100
0.4~0.6 0.4~0.6
6777 6.7~7.7
£
=
17.7~18.7 17.7~18.7
19.7~20.7 19.7~20.7
HTIE T2& T3Z W T4 HTIE T2#& T3Z& M T4E

P03 A i e 1) b AN [ AH 285 o 4 J o0 3R 40 A B8 b i SRR AR

Fig.3 Distributions and variation trends of heavy metals in different phases in vertical direction of waste rock pile

JRAS (T14+T2) B9 Lo it A B 3 & . B8R As B9
ARG SR 12.92% , H & As 1Y MK

As: RS (T4) 5 BB 82.08% , &2
B As BRI [E) B, As 59 55 R 1T i 25 R Al ik



4136 HIERRL2E  http://www.earth-science.net

46 %

S, AT AR 2 6 T B A S R RN R R T

Ni: % Z2NMEREZZTE D> TREZE, EKZ
F DL A UL HE R A R W IR Y
VAR BEATAR,ZRENIH®RITBESCTL)
gy U T2, X Ul W TR 2 R Mk AL IR B
XF NI A P 7 A R

Crfl Fe: EZ DGR A (T4) ML ST, 5%
A B i R Y 93.63%6 M1 76.46 % . A ]
WEEXt Crot R IR ME M 5 w4/, HLAL R 7 5 e
PEAN 45 1 R HIF e 05 P R s TR 2 Fe sk i &
(TH M AR S (T2) /3 #E Y m TR XS R
e R BR IR B S 1 R A B 20 R K TR
b3 B . Fe b Zn B ¥ A= A8 2 2 1 J5 R AT R 2 L
b2 0V R TN R e Ak, Tl il 1 gk
Fe B &AL T3 B2 (St-Arnault ez al., 2020).

SitEERIUTRLEEE (R, WEXK
A1 HE B AE AN TR R BE OB A AT AS TR 5 Bk i S
(RAEMB)EREN AR D  REEZ , Uil
1V J2 AL IR BE T R A A 25 AN W Hl 1) R A A S
Ak BT A 4R T F R A A A AR Rl IR E
AR PR 326 W 0 /0 T i AR S A W 2 Ul B R
AP RHIRE KR, ESE T RX TR W
R R, H 4 R T R AR ) s

BT RMAFIE BT M bAoA 22 5 He ]
RE F2 2 I T A A g D A MEFR ) AR ok
HTRELET K HB T EELT KT LR
) 4t 1, B KO TR R B T A RO W) (O 1L g™
IRIEHMAT A E L% 7Kk m &L, &6k
B T ET A T RRS SRR, RBE
AWEREMEZMESBE TR T ENRAESH

SoHR CEREAERG SRS T pH . B

BECE AR KRR EE SRR RZEN
42 )8 U B 1Y I AN [ AR B b
34 ERHEEEEIHEIEN

MK BCRIZEEM U R EL B TENIE
P ESEICRNFRTES(TD S AR E
4 L AE R i #% 48 0 (MI-Migration Index) D) 5 & 3
HEhHESBETRWITHMECERA S, 2013,
2014) GE I ERIEEOTE (F4) RZE M E
KNI Hg 2 Cd (52.57% ) >Ni (27.41% ) ~Zn
(27.18%) >Cu (12.24%) >Pb (5.08%) =>As
(0.39%)>Cr(0.22% ) >Fe(0.08% ) ; & )2 1Y MIF
Y K /NIR g - Cd(12.24% ) >7Zn(5.75% ) >Cu

(4.44%)>Ni(1.10%)>Cr(0.26% ) >Pb(0.07%)
=>As(0.02% ) >Fe(0.00% ). X 5 I 3 #y 2 7
TGP AR BOF M 45 R A —5  NiLREKZ PifH
TR Y5 Y S g N L B MIE AR K, R A nT Rl i
Wk K 75 YL S BB 5 As  Pb T B U5 Y 48
AR (R MIEAR /N, 6 B0 55 0 Bl i 45 /08 |, 5 7k
UE KA Th ) TR 4 JE o0 R AR S LA A A

Cd 78 ¥ 2 /9 MIMH R 52.57% , %2 B MI {H
Jp12.24% HiE R AR S ok B TR AER TR,
R AT LAk 55 3 A5 1 H R RO R B, AT DL
b R R K, AR X R B R TS s 59 Ak L Zn
Cu 7E % 2 MR JZ B MIAE #B K T 4% , 1 0 H X
Ji) T B 45t 2 AT B R 95 e fig 1 5 Pb NI g MI
B 76 R 2 30K, IR 2 B/, U B v 2 A
X H B K, T2 B NI T Pb £ % BR 88 i
KAy Hn th RS gy, B I )2 Pb NI X BR BE Y 75 G
BE 71 A o, MR sl AT DA e Vs G () B R A
HERZEMEE M As .Cr . Fe iy MIEH /N F 1%,
Aib ¥ 2 A 0 LD, B A R 6 BR B R R

bR Croc R 4h, 2 H & 8w £ T B 18 503
BT WwZE, Hdh Pb NiLAs . Zn . Cd . Cu 8y iF 5 1
RUEH M P& EHWERBHEBKEET T
71455  NiFH & T 23.94% , As Fh# T 16.54 %,
Uk B Pb 9 i B8 1 22 VR B 1Y 52 WA B K .Pb U Ni | As
G R B R, BT A A i K [R] B 5 R T 2
BUAS o /N, R0 0 B R T LUK KRR e R
K OIERWZIE, WA X KRB ZRE X A
FrER CA Zn Fl CuZ G715 J 1 KU, 24 Cd . Zn.,
Cu 1 55 58 Ar i, 06 200 22 JE 17 TR K 8 4% L Bl B b
B O3 S R K A RE A R TR s Y ) R
3.5 EREREKEEETLEEN

AU 58 X FS17 3k 38 ok 1 R K iE 47 T R
oY BT, o 4 B e 2 & il 45 R L3 5. R
JRKORE A W 43 A7 &5 R X R A HE 4 8 T g R AT
SR PEANY i BE b 2 K 2R 85 5 2 A v ) (GB3838-
2002) ML 1) V K bR EAE N S % (£ 5) . 45
WoR,WUuEK pH I 257, )8 TMEEK; &4
JCE B As LR A M AR L Cr s 2 5 o br LA SN , H
RETTEWTEBE, Hp Cdm R W E KV
FPRAE /9 858 % , NI JL & 2 657.5 1 . % & £ HE bk
UE K FE TR pH E # F5 , Cd . Ni,Zn,Cu . Fe L &
VbR ™ U0 R A A P X ST s Y
() BE Ty AR 42, B 2 S v g BV O B
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Table 5 Analysis results of leached water from waste rock pile
IKFE G pH Pb Zn Cd Cu As Cr Ni Fe 1
Rk V bR 6~9 0.05 1.0 0.005 1.0 0.05 0.05 0.02 1.0
FS17 A7 HE kg /K i 2.57 0.035 251 4.29 49.4 0.04 0.06 13.15 804 AR
R R (/AR - 251 858 49.4 - 1.2 657.5 8.42

FE RSN meeLt pH B 15" ROR Rl A

WL REREES BTG P HO R —,
HH A4 A 55 A S 9 Y 38 A 6 4 JE T IR 1 T
K RBRET A IE SRV E S RIS
FE AR (24, 2011). % 4 F 5 77 H 5L
i 2 2021 R e v i Eictls , WL TR B R L 7 km [
WS S A OSBY &8 ResEy St 241
A X ES RS R, BEEREE Y.
HY B R R &0 kb F A RS 5 984,
VT 3R K T IR B R e o 4R 25 km
%) 3K VT 30T B SR PR 3 A 37 AT AN, 19 AN IE AR Ak T
AR T, R B R TR A HE L R B
TRy HE V5 1) P B A SR RT BB R VTR
WEE R0y N R s e v |51 R A W & 7
S TG K Ak BT Ak B ) 15 ) BT 4R T, BB 6%
RS N i i N N (G A - ]
75 e (2257 45,2012, 20145 M 20 HE, 2019) , KM
B I FL S G WL B R R T R HE TS 1) A B A
S e, (H R VT b U A R BT X R B 3 B
P A TAE A XS R H XI5 KA L
Ui 0 GE A TR R B BEAY T I 2 5 B0 T K
0 4 JE T Y In) B, %R A HE b 4 R R AR
JEEM A BT e B4R TS P08, W] DL
U e - R T N S SR o = 25| W ISl i e B A
WO T 4 R U5 e 0] R AR R 2 S

1 gEiE

(1)K B ™ X e 1l & 07 P8 A e 2 30 855 o
HEEMNESBE AR HESB TR S8 S,7®
3 1] b oA A A, Ho Cd L Cu Pb As . Zn,
Ni.Cré & &8l &%, Cd.Pb.As . Cu.Zn ik
FEEREEE EARRENEES TRE,
TR P I K R TS YR AR

(2) R 20 8 4 8 o0 2 WA B &7 24k
WL JE A MR ZEE SR T KNI R T R
Cd>Nix~Zn>Cu>Pb>As>Cr>Fe, H )2 I 1T ¥

e 71 ¥ N . Cd>7Zn>Cu>Ni>Cr>Pb>As>
Fe; Cd.Cu.Zn Ni i iF # LR o ; Bl & 08 B 38
N [R) 4 g o0 & A A RS U Y R R [R] L, Cd L Cu
Zn fE TR 2 R 2 E B A2 b R BT W, Pb NI Ass
FEVRZ R B R, Cri B B PR AR 59 H 5 I8
JETGOE . BB, B A HE v Cd AT A R 1 16 58 —
FEBA L NiZn Cu7E 55 B BN, Pb AE 55 = BA BA , X JL
ASTCER B A R BRI B B A RS E A B VLR

(3) 5 XF ARl i 4 J8 oo & 1y 75 4§ 75 2Rl
AR BEHE T E T Pb . As NI 5, ok
TR AT DLBR ) H T RS M

MR AIEE L TRAR G R E

Rk E I
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