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Fig.1. Sampling sites of stream sediment in the Lanmuchang area,
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SAEET LR RE 1 M RES, HS R S21,
FRARSRES EBEKG HBREA AKBENFE.
FEZHEYRE,CTRIEENESS, LIATFH
B I REERLEE .,

BEGALER KDL ERES B R KT ERE, i 200
BAGWmEM. BRI O0. 1 g S THERIELEM 2S5
mL)#, A 3~5 mL R 4k HNO;, B T oL #
&b, 7 120~150 ‘CE BT o #em % o as , BEAf
EmEELyEEN. FEAARSIHERESLES
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B, SHOCHBTERES, BEFFMA 1 ml
HNO,; #1 3~5 mL 2B FKERCHB TN
oy HFBA 100 mL FEBRP . MAXBEFK. XEH
B, HFEED 100 mL,
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BHEEI-2REBERDBBREATHEELES . ESF
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RO, TLAs 20\ X A AR & BRE B8 F 8
FREENILABILTGE, &9 WRP WX XX R
KESBERAMER. ANARTIFHERETE.
Cd i &BEF WEMX . F ILREEEX PR3 REX
MEBRMEXRE, BFHEREHTILE. In,

R BATARZNBUPERACEESRSHFER

Pb.Cu ZEH" IR X B LR B X DL K 3 FR X Y
SEMAMSTPFHRTREE HEAHERK.
Cr (& B LB BT EFHERSTE.

Wk 2 frs, T As 89 & B 78 £ U B S03 #0
S04 Sk fa bR FEAS . TR P U BB R IR LB

Table 1 Analysis results of thallium and other heavy metals in stream sediments in the Lanmuchang area mg/kg
A Tl As Cr Zn Cd Pb Cu
So01 46. 86 162.1 27. 60 194, 2 3.74 53.15 76.43
S02 42, 47 154.1 32. 66 199.9 3.49 55.22 68. 84
S03 53.08 70. 30 76.00 246.5 6.92 18.69 33.62
S04 19, 86 91.42 77. 33 201.1 3.52 38.97 66.75
S05 17.07 79.75 84,77 256.6 5.53 44,93 73.58
506 24,51 250. 6 67.00 282.3 3.99 46, 43 57.12
S07 29. 34 101.5 62. 24 318.5 5.36 51,11 66. 65
S08 34, 96 97.35 62.15 316. 4 6.17 49, 89 70. 56
S09 17.75 67,83 73.33 246.0 5.58 59.17 118.4
FliEHK S1o 23,01 70. 36 71.68 207.9 4. 64 31.98 60.92
S11 49, 43 127. 4 75.76 246, 1 5.55 41,37 61.03
S12 23.01 72. 36 82.63 214. 8 4,24 31,23 63.78
S13 26, 21 §3.46 90, 50 229.6 3.31 31,93 63. 37
S14 23. 46 50. 37 86. 84 220.2 5.23 40, 82 60. 10
S15 16, 05 41.11 89.79 214.2 4. 80 40, 04 67.73
S16 14, 00 27.83 91.72 212.1 4,94 39.22 79. 00
S17 8.79 20. 85 77.52 184.3 4. 84 31.19 65. 34
S18 8.15 24. 34 68. 27 157.6 3.13 27.42 52. 67
SE¥i{E 26. 56 87.39 72.10 230.5 4.72 40,71 66. 99
S19 10,98 9.43 98. 84 195.5 6.02 30. 80 61.79
REWK S20 4,40 15.35 87. 20 257. 4 16.03 56.04 108.0
SHEEX S21 7.17 28. 41 59. 25 201.5 6.75 47, 46 63.62
TA R 1.4 13.0 90 95 0.4 20 45
400.00
—— T} —#—As 8 Cr —%—Zn
350.00 r
—— Cd —O—Pb —&— Cu
30000 |

250.00

200.00
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Fig. 2. Distribution of thallium and other heavy metals in stream sediments.
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FESO8 FI S0 SHMALHA THAL T W
BLEBXA L BERETH. XFELH TR
B WAABERZBT ILEWMMER ARERCU
BYRICAFRFEN ‘BB ER FHLSEER
dh S03 F1 S04 & S08 F0 S09 4k B WM.
S04—S08 SH MK FA BB FEERANKRAT I
HE TLAs W RB R GINE R DA A RER,
BEMEEERSEEM. 7 LXK T/KKRH @
BikRadtmm, il T RKMET LR ERA
GHEMEHHEEHE, T KKNERBLEZL—
SRS TR 0~20 m, H7EE K BIFAG KIH 2~5
m MBI IEE . X — oK 3CH W 35 FRIE 18
WAL X3 T 7K G BT BETE T 3 ) PR 3b 87 e 4 0 # b FE 3
AMEF AR, HRE AT RO T REA
O] BB TE M AR TC SR i 1 T A T BRI WK A,
MERTHKERLBEY TLLAs FB&AF. Cr.
Zn.Cd.Pb.CuZBHAHE, IRYFTELZRBRHIX
FERAHSZKETHESB SRSV AT
s EHRF M ZAL,
3.2 MBYPERRAETCEEESE TSR
EAS X THRIRYE S RIS 07 E
U, ff R 48 # % (geological accumulation

index, L.,) .75 ¥ 17 5 5 $ 2k (the pollution load in-
dex) UL B £ & £ 5: (sediment enrichment fac-
tor) RAM SR A A5 L (ratio of secondary
phase and primary phase,RSP) . (kA B £ 2 ¥ B
(phase enrichment factor) W ESESRBEEZAKE
(the potential ecological risk index, RD) . [ 1933 &8
43 ¥ B: (regression excessive analysis) | i§ i B 4 ¥
(face—graph) &, B 3% 5K AT Al . #h 76 F0 45 %07
Rl ZRERE (L) 5B AEESBEREE
(RD #ATIFH

3.2.1 HREEREHEZE O

i RIS () A EEBEERFEIRY
WA Miller F R H, BN FELBES R
BRI ERKE, BN ERITRBER
HEEE. HELARXA:

L. =log,C./KBE,

Ke:C, HEWMEEWEE;BE, AFWTEH
VMR ERE BERNLRTAEFETEN
WHRILFEREK AEREREAERTEST
EBERENZHTRORE(—RR 1.5, HER
FIBEE 4R 7T AEH,0~6 RERTFLREBFEHE
WBIEBRGE 2,

£2 HRARRENESSRER

Table 2. Geological accumulation index and contamination levels

%5 0 1 2 3 4 5 6
Lo Tgeo<<0 0 L <<1 1< <2 20 <<3 3 <4 1< (<5 ) I
SHEE i BRESE WL FEEYR RESE EEQR FELE

B E BRI R AN, d R FET R
EURBA &7 EIBRYHEATESRNETR
ED,HERINBEART TRARY L EMEH
(% 3),

BMRIAUEFEH, FRXZH TILAs.Cd B915
PHETE. TIET LEMERMERETE, Z4
FTREGRMEBRHGRES, EF LREHEX
ExBREAGREEAFBER, B4 TR+ F
GRBPFEROTREI. AsEFTLERES
WFPEERERPEFTRNOER, BRARES
B B FE A (S01 K& S06), 7EF L R B ma K 4 T 18 7%
A BEMBRXPARETR. CdEF LPW
K .5 R X LA B3 BR X B A< 6 B B 3R 4L » i A
REECIMERABFERY  AERARFH—

SEH, InELTREBREH], RA S07 & S08
HALTRPEFGRAKFE, Cr.Pb.Cu i TH
RBBERHTREH .
3.2.2 BEALBZRKEHEKERD
BEEBEERERDE 1980 FH#t Hakan-
son 12 i UL AR Y1 i 4 7 ik, RIE M VLR 15 B
BRI BEESAE N —FE M HRE . #&E iR
WS, BEASARERKUSR S & LB
M AEYREBEARMEIWREG . GETUT
XK . R —ERERARCHEERTER
BECiHERNEUHMNAR T RUESRNE
HAKERKEMELEBERVHBREE 2 —¢R
BEESBRERTESSSRBELETSAERY
RI. HXRWTF:
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Ci=GCp'/Cr'y Cy=2C¢

E'=T/,C{, RI=XE/

KA :Co' HHEMWEELNME;C' HIARYH
REEH.

Hakanson EAB L ERBIEAUR B T

—RENRFR—SRTB RN, T H 0K
TEZHERGRYNGEEEW.GFERERNT®E
WA UBEESAENRE, RAMHRNAYE
ERGRIEMPUNRART H—F . FHERAHE
EAEBEFFMERRIEIEK 4.

%3 NMAYIRRECESETROMERRERAES

Table 3. Geological accumulation index(I,. )and its levels for thallium and other elements in stream sediments

T1 As Cr Zn Cd Pb Cu
A
L &5 L 23] Le %3 L 43 Lo 3] Lo &5 Lo &3
so1 4.5 5 3.1 4 —2.3 0 0.5 1 2.6 3 0.8 1 0.2 1
S02 4.3 5 2.9 3 —2.1 0 0.5 1 2.5 3 0.9 1 0.0 1
S03 4.7 5 1.9 2 —0.8 © 0.8 1 3.5 4 —0.7 0 —-1.0 0
S04 3.2 4 2.2 3 —0.8 0 0.5 1 2.6 3 0.4 1 —0.0 0
S05 3.0 4 2.0 3 —0.7 0 0.9 1 3.2 4 0.6 1 0.1 1
S06 3.5 4 3.7 4 —1.0 0 0.9 1 2.7 3 0.6 1 —0.2 0
S07 3.8 4 2.4 3 —1.1 0 1.2 2 3.2 4 0.8 1 —0.0 0
s08 4.1 5 2.3 3 —1.1 0 1.2 2 3.4 4 0.7 1 0.1 1
S09 3.1 4 1.8 2 —0.9 0 0.8 1 3.2 4 0.9 1 0.8 1
FILEWK S10 3.1 4 1.9 2 —0.9 0 0.6 1 2.9 3 0.1 1 —0.2 0
S11 4.6 5 2.7 3 —0.8 0 0.8 1 3.2 4 0.5 1 —0.2 0
S12 3.5 4 1.9 2 —0.7 0 0.6 1 2.8 3 0.1 1 —0.1 0
S13 3.6 4 1.7 2 —0.6 0 0.7 1 2.5 3 0.1 1 —0.1 0
S14 3.5 4 1.4 2 —0.6 0 0.6 1 3.1 4 0.4 1 —0.2 0
S15 2.9 3 1.1 2 —0.6 0 0.6 1 3.0 4 0.4 1 0.0 0
S16 2.7 3 0.5 1 —0.6 0 0.6 1 3.0 4 0.4 1 0.2 1
S17 2.1 3 0.1 1 —0.8 0 0.4 1 3.0 4 0.1 1 —0.1 0
S18 1.9 2 0.3 1 —0.9 0 0.2 1 2.4 3 —0.1 0 —0.4 0
T 3.7 4 2.1 3 —1.0 0 0.7 1 2.9 3 0. 4 1 —0.0 0
S19 2.4 3 —1.1 0 —0.5 0 0.5 1 3.3 4 0.0 1 —0.1 0
22 DS $20 1.1 2 —0.4 0 —0.6 0 0.9 1 4.7 5 0.9 1 0.7 1
Xt H X s21 1.8 2 0.5 1 —1.2 0 0.5 1 3.5 ¢ 0.7 1 —0.1 0
R4 BELESEEFTNERRIZRER
Table 4. Indices and grades of potential ecological risk assessment
BRBEE
HIrLR
BPRASEE hELESEE BESREE RBESEF BEBAESEE
Ei Ei<<40 40<<Ei<C80 80<LE <160 160<CEL<C320 Ei>>320
RI RI<C150 150<CRI<C300 300 RI<C600 RIZ600

W Hakanson BEM“TTRFEFEEMN"5“T
RBHEHWAE, 2% MartincicP™ X X H B
EACHEAR EABAT LB LEBER,
AHREEN T HER  UEHEEWN RS 5
%:T1:9, Cd:14,As:9,Pb:8,Cu:7,Cr:10,Zn:1,
BAHERE T MHERN E EM RIEGR 5.

HEZREZH, TLAs.Cd B ELESAER
FHER BEASBELETEGEK . TIEY
LWEREMXMBELASREEFRE, LBMA
HERBSODASTHBENR, EH KA T U

(S16~S18 LY B ML B THRBERBELES
BERFTRIARMBOKF LETHPEESEEN
5, EFLARBRX TIMNBELASEERTFE
S20 AL TRMAESREF R, 7 S19 1 821 J4t
FHEESEERN, XTRSHARKHEL TIR
FERBEREBX. As HBEATREKFHE
B, PHELEPFESEERS, HET IF S14
~SIS B TRMAESHEEFNRIN. CdHERE
SREFFKRT TLEFEESEERTLATRE
EBRERS AL, TEEY LRE WX
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EHETH R, Cr.Zn.Pb.Cu B ELESE BIHERE 9 IBm X F T1>Cd>As>Pb>Cr>Cu
EHMBRE BB TREHASEELER. XS5 >7Zm B R EM KX R Cd>TI>Pb>Cr>As>Cu
B EREBEIEM NG R LA, >7n,

®5 BATMBYHRERBELESRERT(E) BELASLEHEYB(RDEEESR
Table 5. The potential ecological risk factor(E\) and potential ecological risk index{RI) of heavy

metals in stream sediments in the Lanmuchang area

ERWBELESREERTE
KA HR RI EEXD
Tl As Cr Zn Cd Pb Cu
S01 301 124 3.07 2.04 131 21.3 8.49 592 ®
S02 273 118 3.63 2.10 122 22.1 7.65 549 ]
S03 341 54.1 8. 44 2. 60 242 7.48 3.74 660 iR
S04 127 70.3 8.59 2.12 123 15.6 7.42 355 ]
S05 109 61.4 9.42 2.70 194 18.0 8.18 403 ]
S06 157 192 7.44 2.97 140 18.6 6.35 525 ]
S07 188 78.1 6.92 3.35 188 20. 4 7.41 492 ®
S08 224 74.9 6.91 3.33 216 20.0 7.84 554 ]
71l S09 114 52.2 8.15 2.59 195 23.7 13.2 409 ]
A 10 147 54.1 7.96 2.19 162 12.8 6.77 394 ®
X s11 317 98.0 8.42 2.59 194 16.6 6.78 644 E: L
S12 147 55.7 9.18 2.26 148 12.5 7.09 383 ®
S13 168 48.8 10.1 2. 42 116 12.8 7. 04 365 R
Sl4 150 38.8 9.65 2.32 183 16.3 6.68 408 ®
S15 103 31.6 9.98 2.25 168 16.0 7.53 339 ®
S16 90. 0 21.4 10. 2 2.23 173 15.7 8.78 321 ®
S17 56.5 16.0 8.61 1. 94 169 12.5 7.26 272 h &g
$18 52. 4 18.7 7.59 1. 66 110 11.0 5. 85 207 Gk
Sy 170 67.2 8.01 2.43 165 16.3 7.44 437 ®
S19 70.6 7.25 11.0 2.06 211 12.3 6. 87 321 =
FEWEX S20 28.3 11.8 9.69 2.71 561 22.4 12.0 648 Fi-E
V¥ 49.4 9.53 10.3 2.38 386 17.4 9. 44 484 ]
Xt BX s21 46.1 21.8 6.58 2.12 315 19.0 7.07 418 ®
Cu 1.7% Cu 1.95%
Pb 3.72% Pb 3.59% Tl 10'21%AS 1.97%
T139.03% ' Cr2.13%
Cd 37.78% s Zn 0.49%
Zn033% T 15.37% Cd 79.67%
Cr 1.83%
TR FlikEWK

(@1 0As WG Bzn BCd Bpy  BAcu |

B3 FTRsRMBELESEEHEETRE

Fig. 3. Contribution of various metals to potential ecological risk index(RI).
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BETILERX . ILRERE R BRAEN,
ZLEBBEESRRAERBRI BATRESEEK
LR, RAEH KT U S17 70 S18 B H: 4 S 4b
FTHEESRERMN. FUEWRHNBELSHEE
BB EEXRE T As.Cd B TTHR, BT &5 BB 40 3R
39.03%.15.37%F1 37.78% ,Cr.Zn.Pb.Cu WU 5T
EHEMATSHHBEMRAE 7.82 B(E@ D, §
IWAREHMEHBEESTEREFEXE CdWR
BR, BT & B3k 79.69% 10 T1 it As SHBELES
EWRPHOTRMEAN TR, k28RN
10.21% M 1.97% ., Cr.Zn.Pb.Cu IFTTE &#
R EMPRAE 8. 15%. RWHEHRK TI.
AsHEHITENGREMMEEERAYIL.CdHTE
BERXB LTRRFAMRMLER ¥, Cr.Zn.Pb,
Cu W TR REBERIE.

4 & #®
DY 4 R BT A T R TLR Y 2 21 838

BENESEORFEAERBRENBELESSR
E. FENEREBETEN TI.As f Cd, H,
TIH As IS REFTRREER BT WA THR,Cd B
BRAESHRARX Cd WERLFREAFL, HE
HEFH B PR, Cr.Zn.Pb.Cu X L FE
BRI AKX

QFETHEKFEHE, B FHREBERTRY $
BEERBWIERBEEBAIRER.

G)ERPFHUFBEESEERENHERF R . 1L
FHX TI>Cd>As>Pb>Cr>Cu>Zn; § Lk &
M X Cd>TI1>Pb>Cr>As>Cu>Zn,

WOER BT EXARAED AR T LA
MBFE L B I Y E LW —REL RS
%,
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Abstract

Stream sediments of the Lanmuchang T1 mineralized area in Southwest Guizhou have been polluted by heavy metals, and
its environmental pollution and ecological risk should be considered. This paper assesses the heavy metal pollution and its po-
tential ecological risk by means of geological accumulation index (I) and potential ecological risk factor (Igeo). The results
indicate that stream sediments of the study area are of obvious heavy metal pollution and show serious potential ecological risks.
The main contaminating elements are T, As, and Cd, but the metals of Cr, Zn, Pb, and Cu are all in the degree of less pollu-
tion. The heavy metal pollution in upstream sediments section is more serious than in downstream sediments, The orders of
heavy metal potential ecological risks on average are as flows: in mine-impacted area TI>>Cd>As>Pb>Cr>Cu>Zn, and in
mine non-impacted area Cd>TI>Pb>Cr>As>Cu>Zn.

Key words: sediment; heavy metal pollution; geological accumulation index; potential ecological risk factor; Southwest Guizhou


http://www.cqvip.com

