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Chemical speciation characteristics and significance of heavy metals in the soil
of the river basin adjacent to the Dexing copper mining area, Jiangxi Province
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Abstract: The chemical speciation characteristics of heavy metals (As, Cd, Cr, Cu, Hg, and Pb) in soils along
the banks of the Dawu River, Fuxi River, and Le’an River (Dexing section), adjacent to the Dexing copper mining
area, were systematically investigated using the modified seven-step sequential extraction procedure developed by
Tessier. The study focused on the concentration profiles, spatial distribution patterns, and inter-element correla-
tions of these metals. The findings demonstrated a high degree of uniformity in the average distribution of specific
chemical species across different heavy metal elements within the study area. The chemical speciation profiles gen-
erally exhibited a multimodal distribution pattern, with Cd, Cu, and Hg displaying pronounced spatial variability in
their respective speciation. The maximum proportion of bioavailable fractions of As, Cd, and Cu was identified in

soils from the Le’an River basin (Dexing section), while Hg and Pb reached their highest proportions in the Dawu
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River and Fuxi River basins, respectively. The bioavailable fraction of Cr showed negligible variability across the
three basins. Statistically significant correlations were observed among the chemical species of Cu, Hg, and Pb, in-
dicating notable interactions. The interconversion among chemical species was predominantly regulated by soil envi-
ronmental parameters such as pH and Eh, which also played a critical role in determining the mobility and bioavail-
ability of heavy metals. The study concluded that mining activities in the Dexing region are the principal contribu-
tors to heavy metal contamination in local soils. Consequently, remediation strategies for polluted soils in this area

should prioritize managing the release and equilibrium of carbonate-bound and organic matter-bound forms to miti-

gate environmental risks effectively.
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Sketch map showing the distribution of soil samples in Dexing copper mining area
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Table 1 The statistical value of different chemical forms percentage of heavy metals in soil (sample number n= 66)
TTH GBS KR BTHE RREESAES BHRASAES PHEERDE BmANLSAEE Bt
FieNid| 0.12~3.17 0.06~1.04 0.09~2.16  5.01~23.75 1.79~17.95  0.15~1.95  62.82~89.65
As A 0.63 0.35 0.41 10. 30 9.09 0.63 78. 60
A2 5 7 75.0 58.3 80.0 35.5 39.1 58.3 8.8
I 0.24~28.05  3.56~63.92 1.71~15.79  5.88~20.77 2.00~29.91  4.02~23.96  0.89~60.39
cd EHIE 2.78 38.26 8. 64 10. 82 14.38 7.86 17.26
R FREL 149.0 36.6 32.8 29.2 43.6 37.8 74.4
I 0.03~0.09 0.20~0.55 0.69~3.12 0.68~4.02 1.49~5.47 1.48~8.86  81.25~93.73
Cr SEHE 0.05 0.32 1.75 2.03 2.79 4.17 88. 88
s S R 22.4 24.9 29.4 36.8 24.2 38.4 3.0
Sl 0.03~5.63 0.08~4.09  2.18~17.99  5.89~32.87 11.35~43.11 2.18~23.02 11.13~73.10
Cu THME 0.64 1.12 6.36 19.75 18.58 7.15 46.40
55 R AU 171. 4 76.0 54.8 32.0 29.3 40.8 29.4
FEN| 0.14~2.28 0.05~8.56 0.06~5.82  0.42~14.80  0.19~6.07  0.19~83.01  9.80~98.58
Hg FHIE 0.73 1.10 0.59 6.68 1.93 49.22 39.76
A5 5 R A 60. 4 119.6 119.0 54.5 71.2 53.4 65.0
FieNid| 0.06~0.59 0.19~18.0  0.17~26.26  0.59~12.91  3.99~53.19  0.29~4.31  15.94~93.50
Pb A 0.16 5.04 10.20 6.72 36.01 2.24 39. 62
R 46.4 92.0 54.5 44.6 29.8 33.9 40.2
JBILR AR S Z AE N E S8 S, R E
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HI RIS IA] PRI AR e G R ou R
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Table 2 National standards of each element and soil geochemical baseline in Dexing area
X IE (4 A Cu Pb Zn Cd As Hg Cr
TEMR R F 2k 58.90 54.61 138. 54 0.37 14. 00 0.10 72.87
Rl % T 4% - S e ( 2 B V5 i) 400 500 500 1.0 30 1.5 400
FEI 8 I % - S e ( o BE VS Jepmife) 800 1 000 1 000 2.0 60 3.0 800
FEI % T 4% -3 o ( BB V5 Yt 1 200 1 500 1 500 3.0 90 4.5 1 200

e pH {E>6. 5; FEXHH - Hes BRIL A IR IRIER (2013) 5 ER ML - HEbr S IR GB15618-2018( - HEAkE [Tt A Fl b V5 Y KU A 45 bRifEY

SRR (R 3) AT LLE 1,3 A Cu TER P
YHE N 211. 6 mg/keg, Z5t11, Cu TURIRE PR &
FETS YL kL S B 9 o 42, 19% 12, 24% 2. 95% (4
AN B X RS A - R b Cu 19 & i
PR 13 Cu B ERfL2AFELR (£ 2); Pb T
RN A 50. 1 me/kg, Pb TC R AER B 15 Y4

BB 28. 27% , HoAhRE 5 38 Ph & R
M AR B e Ph B ER AL R LR (R 2)
Cd TEZE AR 0. 19 me/ke, 52 B 15 YL b B 3
A5 6.33%  EEETS QL RE A 1A, oA A a0
H Cd (1 AR AT+ Cd i sbER L
SR (F2); As LR RPEIIME N 25.7 me/kg, 5%



551

o VR A . VL VY PEDC R A R i - 39 v B AL~ TR AR X X 171

R3 RBUFRARLARBIETESCRETZAE
FFHIEE

Table 3 Characteristic values of heavy metal content in

mg/ kg

soils of Dawu River, Fuxi River and Le’an River basins

s Cu Pb Cd As Hg Cr

¥ 211.6  50.1 0.19 25.7 0.86 88.5
rRE 76. 4 43.8 0.17 18.6 0.25 89.0
B/ME 17.4 13.5 0.03 6.9 0.05 38.2
WK 2747.0 229.0 1.53 98.3 6.76  229.0

BE PR RS g RO 67, 75% 9. 28% |
1.69% (1 4>) , KE A FE i B3 As B2t T 78244
W4 As U ERfL 25 B4R (£ 2) ; Hg THE S &
SEIE R 0. 86 mg/kg, KARMEEA B He 1) 7 2 76 18
MU A He fHiBRILA R 2 - He TR B
TS YRR HIR B 77. 42% , 1 E TS YRt SR 3
6.45%(24~); Cr LR & FH{E N 88. 5 mg/kg, 7
FETG YRR A EL S 74, 04% , RKERSTFE S L3 Cr 1)
BRI Cr B ERIL 2R FE L (3 2)
z I,

M I ESE TR S REIER (R4 &
7, Cu TTE M Hy 40. 7 mg/kg, FHFFE XA L &
A FTRRA, (EZ 0 B XA Cu S s R AR
i TR R Cu (BRI (R 2) R
FEVGYLRE A 3 D, i 9. 68%; Pb LR & RFY
B4 45. 1 mg/kg, RGBS FE H Ph 1 & AR
T+ 3 Ph AYMBER 2R JE Lk | (U B T et
a0 12.90% 5 Cd &R & F3E R 0. 26 mg/kg,
Xif B X 4 KRR Cd A & I T A% B 1
Herp Cd By MR AL 27 L 2R R B TS Y AE L B 3
A, h9.68%; As TR S HCFIIE R 18. 1 mg/kg, K
FRATFE S As AT T AT £ 3 As (L
BRALSA RS, As JSURERBE | rh B2 T Y i i B0 ) o
44.31% 2. 90% , 5 44 1% 10 5 WF 58 X AH B AT BT B 41K
Hg TCE &8 FHME K 0. 14 me/kg, REFATFE i 145
W Hg A& K T AL 3 He bR fb 23t

x4 MRRIFEPESRETESEFE

Table 4 Characteristic values of heavy metal elements

mg/ kg

in soil in the control area

HH Cu Pb Cd As Hg Cr

¥IfE 40.7 45.1 0.26 18.1 0.14 79.8
iy 36.4 44.6 0.26 15.0 0.09 80. 4
F/ME 28.6 31.9 0.08 2.1 0.01 65.7
KRME  89.3 57.4 0.45 9.6 2.31 102.0

LR (3R 2) MRS YRE B b 2 27. 42% , T RE TS Yerf
an BT E 1.27% 5 Cr TR E A TIIEHN 79. 8 mg/ke,
RS AE S Cr (97 I 44 - 3 Cr 19
BRI 22 B B8 B TS et b 8L 70.97%
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Fig. 2 Diagram showing the distribution of average percents of heavy metals speciations in different area of Dexing copper

mining area
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EFIEAS R A S 22 AR &, 4 Cr I ES 158
25 5 H A AL 2H T S B AH SC I 22, A0 56 R A /)
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A5 HA A B PR A B3 1 He BIKE
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F10.734, £ Cr Cu Hg fl Pb [WL22TE A A7 7F
DORE Y 22 52 1, X i B AH R 5 4 J8 R AL 22 e 2
AL MEZ R A 22 70, PFE X L3 Cu,
Hg H1 Pb AN R fb 25T A5 0] B AH G L34y, 2o Cu
25T 25 1] B A DGR AE BT A o 4 Ja v 2 SR i Y, 1
BIFFE X 3 Cu WP LR 2 4T, A R
TR

4 HHE

4.1 ELEMNEIBH

TEXEG M T 2R A T RS AL
A (T 0.1%~0.25%) , X2y A h &Rl £
BOA R A AU AR, A I 1 /b B
W NER TSR (T2 AR, 2007) . T As
Fy bR AL 25 BT 5 S LA HE I, As &y U AL 4 b
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Table 5 The correlation coefficient of chemical forms of heavy metals in soil and full amount
Fl1 F2 F3 F4 F5 F6 F7 Total
F1 1
F2 0. 446 1
F3 0.519 0.238 1
F4 0.374 0.431 0. 506 1
As F5 0.242 0. 285 0.324 0.790 " 1
F6 0.055 0.363 0.381 0.576 0.567 1
F7 0.463 0.522 0.270 0.734" 0.611 0.470 1
Total 0. 466 0.526 0.315 0.799 " 0.681" 0.512 0.994" " 1
F1 1
F2 0.092 1
F3 0. 065 0.814" 1
cd F4 -0.035 0.481 0.610 1
F5 -0.041 0.483 0.618 0.758" 1
F6 -0.081 0.296 0.323 0.289 0.330 1
F7 0.091 -0.363 -0.259 -0. 066 -0.223 0. 046 1
Total 0.207 0.903" " 0.866" " 0.675" 0.676 " 0.462 -0.09 1
F1 1
F2 0.323 1
F3 0.323 -0.062 1
F4 0.042 0.129 0.511 1
er F5 0.423 0.134 0.805" 0.421 1
F6 0.254 0. 163 0.578 0. 496 0.754" 1
F7 0.067 -0.056 0.523 0.245 0.623 0.330 1
Total 0.121 -0.022 0. 620 0.345 0.728" 0.472 0.986" " 1
F1 1
2 0.541 1
F3 0.341 0.748" 1
Cu F4 0.229 0.778" 0.963" " 1
F5 0.294 0.909" " 0.738" 0.803 " 1
F6 0.573 0.888" " 0.745" 0.767" 0.867" " 1
F7 0. 655 0.516 0.537 0.503 0. 405 0.575 1
Total 0.561 0.870" " 0.864" " 0.872" " 0.840" 0.893" " 0.802" 1
F1 1
F2 0.621 1
F3 0.510 0.382 1
He F4 0.756 " 0.452 0.616 1
° F5 0.733" 0.756" 0. 631 0.832" 1
F6 0. 636 0.681" 0.354 0. 454 0. 629 1
F7 0.550 0.271 0. 281 0.716 0.518 0.137 1
Total 0.808" 0.688 " 0. 456 0.786" 0.802" 0.801 " 0.698 1
F1 1
F2 0. 188 1
F3 0. 265 0.774" 1
- F4 0.263 0.765" 0.674" 1
F5 0.112 0. 659 0. 626 0.812" 1
F6 0. 046 0.430 0. 642 0.534 0.612 1
F7 -0.029 0.152 0. 165 -0.054 -0.062 -0. 061 1
Total 0. 155 0.784" 0.799" 0.697" 0.721 0.516 0.570 1
T " FRR p<0. 05 FKEIY RO, ™ " 3R/ p<0. 01 7K F IR 8 AR OCHE
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S (AR 4 JEm By hl F A — 2R As( B
%, 2010) , X ETX R As ORTE, EEkT
FEAF AR PR E , AT Al Fe 1510, B
B R ) SOT UL 5 H 45 A ) As JGF ( Demina
et al. , 2006) . K it 5% (& 55, 2005; Fan
et al. , 2008) KM, 4 JE TG R WY v A A1t
BIESHAFESABYVI LR, HRX LD As
FEELAFRIE A AEAE T RG] PR IR T AR 23] (A
MED) HHET As ARSI E S SRR TE,
3R 17. 45% 21. 86% Kl 25. 66% , A3 57 £ 5
HIXIEE 5y i B 0 B T ac e S MF MR 45 648 (B
2) EfTE— &0 T ol AR 4R, B ARG
T PRI AR LA (FE 4B ) R As iR
Re R, SRS E LB — WA e T IR AE K
A R TR R AT M AR D, 2 A AR b T AR i R 1Y
SR (FRHSE, 2008) . fEHARFIER KIS
RO, RE K IR e AE LR P, R 5 AR i, Tl
TERS 1 AR By m R R 38 B AR, Bt o I v
1) As KB IRE SAETE, I AR IX R 3erh iy
As AL SER M F AN (B J] R B8 11547 — o2 O
FEJR I

Cd 7EH5E & F AT HL e BE 48, AN 2 08 iUk ST
W4, HHER AL~ PR RS R i U AR R, 22 DA [
GORAFAE N B (B OL 2%, 2007) . Cd AT i
- HEE A TBRR (THEE, 2024)  FEHT
KW IWEEIME T Cd iR, PPN cd &
BB TR R E A A RS (F 2)
FERAZMT B A LT e AR T 4 X K AR
AR B A R ZU I R AR T (B RESE A, 2013) . Cd
KRG Th I ERS S — R N At AR RS R
RS R bl pH (E T 51734 K, 76 pH (/N T 6 Bk
W R Cd AR Cd B35 2Bl pH A Y T = i 14
IN(RREE, 2011) , FEXMET7E RIS LR
JUT 7 A T TR e R A A 45 i) P DX = 398 1 12, 077
VeI AR A B A K 23 it pH (B, PR R e %
KR A SIENF 52 X -5 Cd 441k, [
B2 T2 AR Y Cd AE K3 I | V7 B 9A] Al AR 2230 (i
MBI E o Er AW TR KON 43.38%, T
AT SR AT AT (R T 42 8 e & PRI B O HL AT a2k 45
B 2SS A A E BH S BV TR X A 4
J& Rk SE TR AR ) BRI A Bk, 18
DL R AT BRI TR R B R R Cd B TR
FEARWIHEIN (RN, 1983) , FEDLAR ™ X R FR 5 Y2

JUEE L TRES A A T Cd AN R R IE K,
XN 8 Cd &) T8, % Ji [ A S A B
TR AR =

Cr 7E + 3P AEAE = A RS PR R0 A [F] O A0 25
AFEMNES Cr B FEME B | PTG B PE AR S A [
(Yang et al. , 2010; 5KAESCEE, 2022) , Hip =4 Cr
TE B BEER/N, TSY Cr BB K FEE
i, —MAME Cr iF AR ERAERIZEE, T
)2 Eh B, RZ LIPS EZ DS S A TE,
PR 4l 355 0 v B 7 A 1) Ce 1) S8 A B i A 1Y)
FEOUR BRI IX B3 Cr 5 As (BB
AL, SR A AL T4 % 3= S AL, B Cr BT (5 1)
HAr e As BER, RIS I] | PR IE I Al AR 22 (%
B b aiE S Cr (9313 005 B IATE 89% At
(E2), FFFEFRM, Cr ML T A2 b 25 m HoE
FHBE I (Zhang et al. , 2013) , 1 pH {EF1 Eh {8 2
¥ Cr b A L 2L R, 2 3 pH H R AKX
F KA AL A % & 3, S8 b G 19
iR RE SIS Cr FEAUMSRF T AR IR )R 25 T
Ko IR FAL K IE S, Wi, #F5E
X 3 Cr B ATIE RS A AR 9 mT ) AR ARG, H
#r— ELAZ BRI K W 2, 38018 pH EREIT,
SRS Cr BYRT IR fiE 7 285, %) J&] [l A= AR R B 10 0
FERI R SRR

Cu HA SR B AESME &/ G sh sk, &
TR (CRAESE, 2010) . & AT Co BWERALYTE R
AR S S I BB RR L, Vs A B 388 O TE K (R U6
YER T HEAM TR IR LS FIERT R, M
WX A Co WRBBEESRE PRV EMN,
HEZAE R AFRES A VLRSS (EHR
LA SHERA VGG , KU Pt A AL TR R
AR, HTREZLE SHVEAME L0, K
A I B4 22w R B ARAE R R RIS
VR F AR 2] (B4 B ) - 3rh Cu A S H
BT, 0k 51.84% 57.15% 1 79. 12% , 4
RS TR E A 45 A A Cu WM T 5, B
RS FEH GRS FRIE AR Co AW (K
2),Cu MWiERRE Sy A8 o, L3 pH (A& b
SR AT AR X R AL E AL W 45 & S/ EE ), 13
W BE pH FEARG 30, (5843 Fe® i J5h
Fe® AL S HIk /D, AW E A8 Co W aBEZ
WD T RIS A2 B K AR R E
IKHER R B o R P B A e A
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pa)
AW Cu BT 3 Ml Rk, EERE G
SEEREE-FREERBWEIRSAE, mE
LA G AN Cu fouE MR (A 8 78 Ak &1 4 fg
RO E 4R, AN, REREh S AR 5P AL 4
HEAM Co fE R & i 5ac i S B E . b
pH FREAR S AR RRAIR, O 5% IX P ik R $h 45 & A 1)
Cu 7TEmRVE TP T B 4 e, 28 1 il |
FEIX H 4 Cu AR TR, HZ s A
AR RS R R S G ] AR 2 R B T AR
RN

Heg & — a5 AR 5 FLfE— BB 7E R LUVAH
RSN ESE, KR LGl TR IR A
8, R REE B A 2E R, KR4
DL PIE A BT 3 SR g e, — /iR
OIE—E AT VRS R IE B8 KA,
I, 7E AR AR BAME IR R g b, R R AR R E
RAGAN T, DFoE X 3 He ik FIE & E 2
B it A RS AT MLES & 2, M Tl it 35 4= 58 v 3 A L
SEE He WP E &8 7E 3 Al b o, >
53.06% , IO He it A /D8 JEFHIRZE G (K 2) .
B AR ELEE TR E AT, vl bl
ALY AR TR K . JEFE R 25 A SRR AT
PGS &SRR T A UGS 25 (U 1L T 6 7l BR 45
A IBAINGEAEA TN ESE SA VLRSS En
B RUETEN R, WESE R, pH (2 R EErPOR
B o S R DR 2, R R AL T i A R R
ARSI, T %o A 1) s 3 (1B A5, 2013) , A
I, XoF T M ] 4 R P R I A R T s o, R
SRWFFEIX + 458 He (9] 3B LLBAIR , (R 7R AT 5%
P Hg WU R PE¥ 2 0 3o H BRI & ff
Hg A B

Pb [R] i HA SRR R M, B2 LR P
RAFAE (AT 558, PhS) |, W BETE i S8k, H & 4
REJIR , TR LA RNV R 2 2B R,
XHIFFEIX 3 Ph BAL 2 I S A U R A A5 4
PR, ST X T Ph (2RI A R B
HEMADE FRIER RS A& (K 2), pH H
FAALIR LA (Eh) AR, B AL A AL 1 28 RNk IR
RGN 4R 5 B ok E T BB A5 e
PRERAE G 2SN IR 1Y pH (E feBURK, Tk Ak
YA Eh WARGUR, B, 7F—E B AR, BT
FIX A Ph 25 TR, Y #5080t
FEFRW, BRI S IR AR 0 3 4 JB Ao g, o
ST HER AL TS G (AR AT, 2009) o XA U ]
T e Ph Gy AR A A, iRk
AU B RS LR R e IE AR Z A8, P
MR e A in a2 8 A ML A ) AR R
HIREIR 9 R SV A TR T T T B AT 25
fit B SE AL AR T IR Ph 7R 3 3 B 51k
RS,

4.2 WEESHEL

H T HE T8 & m S S0 028 %—
Ty S S N [ 2 U B WA =29 7N S o
7] AFR RS SAETE 250 (BRI b2 E A
AP R AT AT AR ey, SRS S rER RS
PIRALAIE A P O R E BB A M U A R Y
B E B FE R 45 A 2 s A MLES & S H R,
WG BFFAS 5 B FAc A AT I BRAE IS 5 0 Ak
WA R B RE - EHE AT 5T
POE SR, BT K ORIV & 2004 4+
S 4 Jm Ak B S EUE (WIS, 2007 ) 5 AR 3C
(202 14F) FLHa (I XT L (326) , 202 14F 1 HErhr As I

£ 6 2004 ££502021 EXISAFREB L EPESEUFERSTHEE %
Table 6 Chemical speciation average percentage of heavy metals in the soil along the Dawu River in 2004 and 2021
JLHR As cd Cr Cu Hg Pb
TR S+ A 0.2 7.3 6.0 1.2 0.3 1.4
R ZE A 0.2 23.4 4.9 17.7 0.1 12.3
2004 4 TR ES 46.9 8.2 6.7 22.0 92.7 18.1
EERIIRY B 19.4 20.9 12.7 31.0 5.5 45.8
RERRER A 33.2 39.8 69.6 27.9 / 22.2
IR +E T8I 0.8 42.3 0.3 2.7 2.6 6.3
RIRERSS &3 0.3 8.9 1.8 8.5 0.4 11.6
2021 4 B E A 7.3 14.2 2.9 15.5 1.9 32.0
JEREIRES A MIRA ML A 10.2 19.8 5.7 25.3 57.2 7.4
BRIt A 81.4 14.9 89. 4 48.0 37.8 42.7

T : 2004 SEEAE A IR T ISR (2007 ) 5 2021 AEERARIE T A s /BRARHT AR,
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Cr B3 HnAe e , HAb A A P R A 5 o X e 34
Cd fL2AIE A5 v ik il 245 & B 2021 4R IH B FRAIK, A HL
YA & A AN B A Ak 25 8 B S A 2021 4F
BIHE 2004 4EA BT THE , LUK IR S FES P A2 B s T
FONA S B Cd WA G E R K, Cufk
IR 202 TR R A A 40 % 2220044 1Y 1. 745,
1M 2004 450k R +h 25 A 02 2021 4R 2. 1 f5, 5
2004 AFEAA EE 2021 4F LI Cu FRE PEIG SR  HAT
H—E R fGENE, 2004 4F b He F 2 LI
A5 R 3 T 2021 4F ) AAT LT &5 & 745 ()6 7 R
DN A VL ED) FFRES £, i L5
) Heg B Z Mg A WL R 07 W e B, 2021 4%
T4 Ph (R5R A ROK A + W B A 4301 2 2004
AERY 1.9 F5A 4.5 A% B KIS+ IR 19 4 &
RAK, Ph A RS E Pk 4 5 | 1) 1 38 oA AL 25 A S
Pb A 5 i B B FEAC, UE A ML XS Ph () Wt
FIREAG, MG LR ARAE, AT LA Y 3 T S R B 4
JEAEIE S AR AR R B 2 25 57, 15 2004 K1
WU R A H, 2021 4F 13 As Cr il He 1952
SETE R FEIR M Cu F1 Ph AYRE VAT B {2
Cd MR E PEREAG VAR fE M R,
4.3 BEEW

TR A DX A 1 PN AZ B L HE R TR A K T
DX AR R T AL B AL 5], IR S R P 2% 1, i
LR N 256 B TER S T 285 B, B
PIRFRERZE G A3 E 3 S BRI Cd (8. 64%) |
Cu(6.36%) Fl Ph(10. 20% ) 1R 25 5 B i AE + 1
(2 1), X5 KIGM] PR AR L] (FE4BL) sk
FEokH Cu &8 2t [ AR T A AR UE B AR R
WK 38.2% 41. 8%F1 20. 7% , /N3 Cd Fl Hg &
I3 R E RS TAERRUER) 9~ 14 fi5F1 5~ 8 5945
R —F (K TEE, 2004; BTTS%, 2010) . teAh,
P Tl DX A7 T T R 0, AV AR L o i A
Z M3, RS T E AR R B &, DA AL
GEAB(BMME AT IBRAIEEE) LI E K
As(10. 93%) . Cd (18. 68%) . Cu ( 26. 90%) F1 Hg
(55.90% ) FE ML FP IR EE S50 F L5 TR, 25 LR
WAl LA X 5 X A3 Cd Cu #1 Hg % %)
TR, BT R N FR 3 Cd fh2s e s
BHRAT B 52 A8 B b BR AL 22 0CHE RRAE , B R R 2 AR
AU IR K F AT REE ( ERese s, 2013) , I,
R 5 10 iy [X 5 ok 1) M B R B 46 BT 5 TR
MR IR EL 45 G B A ML S & A E 4 N M i kA7

TEBE

IR 22 6] B 4 Ja (R MR e 32 25 5 o 4 s ) b
A K BRI HAWIE A1 B 4 R #8 T 9 &
ok, PR E AT T R Y B A R
YiVE HE R P84 pH (B Eh {E55, DI 5 0 5 43 )8 76
ANEE 2B S o A B TE EL , 28 1 3 b & 42 R )
T, A E SR WA R AR
ST , AN EE 4 I 19 iy A 25 IR 3 P A
M X+ 32 42 J& H Cu . Pb Al Hg LA S A
KRBIFRAAE 0.5 DAL AR A .35, 1T As
Cr Ml Cd HAT —/Di o b 24 28 5 AR A5 18] 1 41
Kok FE by, FHOC R BUHE 0.5 LU L, 40 As B9 JE FE R
GEO - EALY 5 (0.790) .Cd AU B T A ds -
RIRER LS G 25(0.814) [ Cr BUBRIRELZE O B -5 A
5(0.805) (£ 5) ,HEEARMI 75, As .Cr Fil Cd 1k
LA AR 2, KA M T 0.5, Rl A
AR X 1 Cu Pb I Hg BTL2AIE 25 5 1k 5
S, 1 As Cr AT Cd DA S sk e e &K 1)
ST,

25 IR AE R (X 5 e - HE R AT 18 Y
AR X FAERRYE RIS T 5 F RN Cu Cd
Pb kR iR 45 A 245 ]l o A2 Wk v ik 1) 3 b A
VR B R M XA A ARE R R B TR
As Cd . Cu #il Hg A HLIRSS &8 (JETHIRES &5
SANLEEEA) , v LUE o BB Gk, )
JitE B 7K S B 3G R 388 i - 38 38 R K 42 Y
FF B 5 12 A% 320 R AR 1) ) BEL AR oF ' 05 e o %o
As Cr Hl Cd 155 Ab2FT0 A 25 5 4T 1k 3 25 - fis 1)
& JE | N b/ e e Ah vk AE 3 R st AL )
F 4R A e AR A BB 25 Y B
HE, RBAT ASS & RAE e 2 5 ibkxs HigErh
oAt 4 1) BRAL PR T AT e AR i 4R T R
T ARAN G 22 I R AR Y, SEIE 4 ) T
R I ML
5 458

(1) FEAHR B DX T RG] PR3 | SR 22
(PB4 Wy H e i & R A2 TR A AL DL B %5
AR R 225 As F Cr 5B S H 40
S 80%, Cu Pb Bk AL E £ (46. 4%
39.62%) Hg FERBAYLEE 5 (49.22%) [Cd LA
BTSN E(39.64%) . Cd BB T84S Cu
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ML AL ST He SRA HLES &8 & aTE 34
T 1A A AR AL

(2) TEXCHRA BT Bl e T HE R IR 12 7K )
TP E SRR EE R, R IX
EEBEGPRMEZFER, ZX 3 As 1 Cr 97]
TR ES, 159eE4 /N, Cu Hg A1 Pb Wi R MEH
5, Cd W AT IR RS M de o, 45 oy TE R M 251 R 4T Rk 3h
AP T B 4 R AR DT 3 TS G TR J 2R B
W T 4 R AR TE AR, A AR
N DI B O AP/ 0 7 N w SR L3 1T 28

(3) FBLAR T P X 4 38 iy T X PN R R 52 )
Qe U e M A R R A ST AR T e Ak R
BB S BFA LTSS G 2 (JE MR 45 & A L
SER)VMESE S TR, TEXTE g
SR AR X R A e R R 4G A S A LT
GO/ EZ N Cd ., Cu Ml Hg 45 5 42 J@ 7T 2 W S i)
B5,

W

gt TR KRR TR KIS Rk

B BEIR MR P B A L e 3D AT AT B
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