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Abstract: The Jinding Pb-Zn deposit in Yunnan is rich in cadmium, and mining activity facilitates releasing of
cadmium into the aquatic ecosystem. Water in the mining district contains elevated cadmium concentration, being
50 ~ 100 times higher than that of natural water. Cadmium concentrations in the local catchment range from 15 to
30 pg/L, and show the following dispersion pattern: shallow groundwater of the mining district > stream water of
the mining district > river water of the Bijiang River. The results indicate that the river water of the lower reach of the
Bijiang River was obviously polluted by cadmium, with an average cadmium concentration of 15.7 pg/L in water,
49. 3 mg/kg in suspended sediments, and 203. 7 mg/kg in river sediment. The natural weathering processes of
Cd-rich rocks and minerals are the main factor of cadmium pollution on the local aquatic ecosystem with high risk.
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Fig. 1 Sampling sites in Jinding Pb-Zn mining district
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Table 1 Main ions and field parameters in water at Jinding Pb-Zn mining district
) K* Na* Ca** Mg** S0%- - NOs ALK oH Eh TDS TOC
(mg/L) (mg/L) (mg/L) (mg/L) (mgs/L) (mg/L) (mg/L) (mg/L) (mV) (mg/L) (mg/L)
B R HEK (B A
PMW15 8.0 23.7 313.2 1.0 490.9 24.1 35.0 221.8 11.9 -242.5 1207.2 -
BJW11 2.7 4.0 162. 0 0.8 51.2 6.3 14.6 307.2 11.1  -204.1 548. 0 -
MR A BK
BCWO01 5.2 10. 7 83.2 7.3 107.8 17.9 7.7 160. 4 7.7 -34.7 315. 1 26.1
BCWO02 2.0 4.7 106. 9 4.0 92.9 11.2 12.7 182.1 8.2 -57.4 416. 8 -
FFW01 - - - - 895.6 9.9 0.6 151.7 7.9 -45.9 - -
PMW10 3.0 24.6 560. 1 42.7 942.5 3.5 0.4 234.2 6.9 -18.6 1352.9 -
NDWO05 2.2 4.6 194.6 9.4 259.7 10.6 37.2 238.5 8.3 ~63.2 756. 8 5.6
Jywo1 4.8 2.9 313.2 44.7 673.8 6.5 0.8 216.8 7.8 ~-38.6 1265. 4 -
JYWO02 7.0 4.7 344.1 46.3 828.9 9.9 1.9 117.0 7.8 -40.2 1361.4 -
BEMTK
PMWO03 9.8 51.0 550.6 28.3  1270.1 70.9 0.6 130.0 7.8 -38.0 1463.2 8.2
NDWO07 4.7 32.3 481.7 44.7 1140.6 6.3 3.2 229.8 8.0 -47.3 1943. 8 4.8
JYwo3 - - - - 2072.3 2.5 0.6 47.6 3.6 168.3 - -
JYWo4 6.5 7.5 624.1 76.3  1908.3 3.5 1.2 51.9 5.2 93.1 2873.3 1.9
i WK
BJWO1 1.7 15. 4 56.6 6.9 19.6 23.9 1.1 160. 4 8.6 -79.5 285.7 2.7
BJW02 1.3 16.0 56.0 7.0 19.7 25.6 0.8 165.7 8.4 -70.7 292. 0. -
BJW03 1.0 2.2 50.0 7.6 38.2 0.8 0.4 130.0 8.3 -63.2 230.3 -
BJW04 2.4 9.7 51.9 6.9 879.5 7.1 0.5 156.1 8.0 -50.8 950. 0 -
BJWO05 1.9 6.1 96.0 11.3 142.6 7.5 1.4 143.0 82 -57.8 409. 8 5.5
BJWO06 2.9 10.0 60.3 7.7 37.4 16.2 1.9 160. 4 8.3 -63.3 297.0 -
BIWO07 2.8 9.3 59.4 7.9 43.8 20.0 1.9 151.7 8.1 -51.1 296.9 -
BJW08 2.8 9.7 66.3 7.7 58.1 13.8 2.1 147.4 7.9 -44.2 307.9 -
BJW09 3.8 25.3 424.8 24.1 22.0 14.7 1.7 251.5 7.8 -39.9 768. 1 -
BJW10 3.8 25.0 424. 8 24.0 52.7 15.5 0.5 151.7 7.7 -34.5 698.0 -
BJW12 2.8 8.2 53.8 6.2 282.6 8.1 0.4 134.4 8.6 -80.3 362.3 -
BJW13 2.8 2.9 76.3 4.1 124.7 3.2 0.5 121. 4 8.5 -71.4 261.3 17.0
BJW14 2.8 8.2 58.2 6.4 49.5 12.8 1.5 134.4 8.3 -64.0 274.1 -
BJW15 2.6 8.3 61.6 6.6 54.1 9.5 0.5 143.0 8.0 -48.2 286. 4 9.3
BJW16 2.4 7.6 65.3 6.4 63.8 9.5 1.5 130.0 7.8 -38.8 286.7 10.2
BJW17 2.8 8.2 74.7 5.5 89.1 11.8 2.0 134.4 8.0 -48.7 328.7 12. 1
BJW18 4.6 6.4 71.6 6.8 71.0 5.1 3.8 130.0 7.9 —-44.8 299.5 ~
I B R A
NDWO01 4.5 4.5 51.3 4.5 83.0 3.3 0.7 95.3 7.6 -29.5 187.9 5.4
NDW02 7.1 9.3 216.0 23.6 357.1 7.9 0.5 229.8 8.0 -48.4 852.1 31.5
NDWO03 6.0 7.7 171.0 16.5 312.0 9.4 - 186.4 7.9 —44.2 709.3 -
NDW04 5.6 7.0 186.3 17.3 289.0 6.3 0.3 199.4 7.8 ° -40.5 711.6 -
NDW06 5.6 6.5 237.3 16.7 460. 1 7.1 6.3 177.8 8.1 -55.7 917.6 -
NDWO08 5.3 15.1 360.7 25.5 783.1 6.1 4.6 186.4 8.0 -50.8 1388.1 -
NDW09 5.3 15.1 367.8 25.0 899.4 6.5 4.7 190. 8 8.1 -55.4 1375.3 -
NDW10 1.7 2.5 54.7 1.8 2.8 5.4 6.1 160. 4 8.3 -61.5 * 2359 -
NDW11 2.2 4.4 185.1 9.3 220.6 8.9 31.9 287.0 8.1 ~51.8 - -
PMWO01 0.8 2.1 28.8 6.9 4.7 6.5 0.4 125.7 8.2 -58.3 336.4 -
PMWO02 1.3 5.1 51.3 9.6 40.2 0.8 2.4 147. 4 8.1 -51.8 119.9 -
PMW04 20.1 78.7 657.3 5.5 1467.1 101.5 43.4 65.0 7.5 -24.1 2279.7 -
PMW05 10.1 27.5 232.6 4.6 456. 8 16.2 18.4 51.9 6.9 -13.0 1253. 8 -
PMW06 8.0 38.8 303. 8 30.8 549.4 12.1 18.9 182.1 7.8 -37.7 883.1 -
PMWO07 13.7 50.7 422.4 9.5 989.7 56.0 29.6 51.9 6.9 -2.5 1468.9 12.2
PMWO08 11.8 51.0 412.9 13.4  1079.7 53.9 20.2 69.3 6.8 -10.3 1650. 7 -
PMWO09 10.0 43.1 358.3 13.5 748.8 38.3 18.3 69.3 6.6 18.0 1356. 4 -
PMW11 5.3 19.9 474.6 33.3 864.2 3.9 0.7 203. 8 7.8 -37.2 1698. 3 3.5
PMW12 10.1 4.5 379.7 13.0 736.7 38.7 15.6 112.7 7.5 -23.8 1461.9 -
PMW13 8.9 40.2 379.7 14.8 943. 1 38.0 20.1 78.0 7.6 -27.8 1456. 0 -
PMW14 8.8 40. 4 386.8 16.2 919.3 38.9 1.0 117.0 7.3 -12.5 1434.2 8.8
P RERFAK - - - 1.5 1.2 0.9 - - - - -

E:WEIE. AT TOC 43 APER2EF SRR ERESLRE ERE TR (PESIO0PC AAS, #R3E3). B F &%
(Dionex ICS-90, 3 5% 4 ) M A HLEKW & X (Elementar High TOCI[, ¥ 37 %)Mk, ALK - 5 ; TDS — MMM E K ; TOC - BA K.
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ZHKE pH B HEZEFHHE, DBEERRESH
TRAAFEY RE SRBAEHK A, A 5 BREY,
ke PMWI15(pH=11.9) F1 BJW11(pH=11.1);
FERFO WHEAK S IR R, A TYWO03 (pH =
3.6)M JYW04(pH =5.2)  # ILE RAAE HE, H
T K8 3 A B AR B A DA B8 A I B AR R
A, RBKEPESEFHRERREFSEAR. HF
Ca’* ¥ FEETEFE hy 28. 8 ~ 657 mg/L, ¥ 234 mg/L;
S0i™ 24 2.8 ~2072 mg/L, V1 490 mg/L, B HKH:
B R T AR S (WHO) B B9 250 mg /L FRHE"SI,
7K o TDS Wi 40 7T DAAR 57 i 2 B 7K 5 #69  F B 32
BYRBE . WL RekEH X KE&RE K TDS B
Ca-HCOs Bk 4k, MAEKEEERXBRERTKS
£ X5 TDS ) Ca-SO. RIZK 4K (K 2), VT BB 5Bt
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KIRAE (3 pg/L) US12000 £4%, ATRER R Cd 7YY
KA B - 51 i R -0, 7 X T oK
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Yok&4e, FREEL., 6 MBDITEE R B
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Fig.2 Characteristics of main ions in field water samples at Jinding mining district
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BB HFK > WILA K (R 2) . AEFE B X ILA
TP B Cd By B R R E K& H Cd TR

B HEAERRS CAWREYTY, MESY . 28
TR R M ST E, SERETYE Cd
B 12.52~420.9 mg/L Z 8, F¥HE K 198.7
mg/LB), WEBKE Cd BRYEM AMIL, S3M
LR H CdEEHS, HERHE3.48~254.1
mg/L Z[8], " FIEN 124. 1 mg/L?,

F2 TRAAFPEIETRER

Table 2 Contents of main elements in water smples

& Pb(pg/L) Zn(pg/L) Cd(pg/L) Ti(ug/L) _ Fe(pg/L) Mn(pg/L)
¥ HE 196 ~ 735 32.5~55.6  5.65~6.69 5.59 ~56.8 4.50 ~7.37 4.25~19.2
F itk (B (n=2) -
iy 466 44.0 6.17 31.4 5.93 11.7
WE O 7.41-~268 74.2 ~ 1671 6.94~28.5  4.82~23.5 5.93~14.8 5.0~ 602
WERBRK(n=7) . X
iy 57.1 551 13.4 13.7 8.96 124
W 9.94 ~ 108 453 ~505386  8.99 ~7109 13.21~193  2.08~16480  3.95~6528
WTFK(n=4)
Ty 46.2 186901 2594 113.20 4621 2864
i 2.06~61.8 14.3 ~176 1.72~18.5 0.15~26.6 1.14~15.1 2.55~95.3
WILAK(n=17)
E3 19.2 73.7 8.05 7.85 5.37 40.7
HH 3.05~51.2 32.1~ 1257 4.15~94.3 0.92-~45.9 6.88~25.3 2.37 ~ 467
BWAK(n=21)
1y 20.3 265 21.3 15.2 5.62 140
T H 21.2 97.4 2.52 0.15 - -
KRWA(n=1)
Ty 21.2 97.4 2.52 0.15 - -
-7 A R AR 10 3000 3 - - 400
[Pk 3P 5 7 A 50 1000 10 - 300 100
. A ER R R bR % E K E N TR N ICP-MS(Finnigan MAT ELEMENT) 3 5052)R, SN : BEHE

(1) GB 5749 -85, KK BARELS].
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Fig. 5 Correlations of ALK-Cd, TOC-Cd, SO4+Cd and pH-Cd in water samples of Jinding mining district
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Fig. 6 Correlations of TI-Cd, Zn-Cd, Fe-Cd and Mn-Cd in water samples of Jinding mining district

F, K HRt A R B SR A £ D, B, Cd WiE
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BA. BRERESAEATUREEHFELE ML Cd MK
BATBREARFBRZBMAMK , ML EHFXEHEF
KiEH, KBER Cd R BB, U0 0.001 mg/L,
KARRIEY) (BIEA) H Cd K 9.78 mg/ke, TLHH
(JLAA)H Cd h 4. 87 mg/kg I TFELTH X Cd Y
KE#WA , WILEFES Cd W& EEHRENE M, I
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KRB N0.15% MBEYF AdHNEE—K

1) zHEBRBEFTREZMHERANAS, STHST RS
B E#HE, 1984,

KBS Cd &R 3 ~4 MERCAdHTHES
BHEERSH R0 > BES > KBEEY,

3.5 CATHXK-ERE

AEG CATYE=THRAYT KELEEL
#, RY Cd FERAELMTEMBENIRILZET R,
EERT M BREERINERE, EREMT YK
TR Y, MAERESMMBRMMY EAERE,TER
Cd W AR S ALY (41 CdO. CdCOs F CdS %),
MHEREFERSFABEERET PRAGFZ AN
P ERESAAE B Ee L REHEER cd i
SMYNERY, My KRELFHEZRFY PaESE
BB . Cd WALYAERY , X aEEE RN
T A AR R Cd FITEBR CdSO., 38N ST
B REET, W2 CdWEMLYE CO. WIERTA
BRI B,

CdSOs + ZnS — CdS + ZnS04

CdO + CO; — CdCO;

K - BERE&GT, CdRIAH —FBRN T
BHeS1, K CdS FoRiEMHE A (pH=7) H ZnS
HARZL 32300 | Wbk Hsieh er al. 3EH, FESLIRANE
AT, Kk Zn WL EH: CAS T WREN Cd, T
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R T CdS i >,

BRE R OK - B R BLSE , PR H 4 Fe AT DA
B S R BIREGY RiE, BUKEHER 0 HALR=
#r Fe, RIGRTHBR S, E=4 Fe XBHEFM
ZH PP I AR RE ST EELS NGB
RN VT BE , R B T IR RO R I I R
PR ELHILR €™,

4 % w

ETB AR BET K BRT b XX HIT R F A
AL CAEESBLRBRBARERE S, X
EREMATER Cd TRNWERERK, HE CAHE
RO EERRE, ¥ EAES CdHIHEEE
KRN H IRBEHT K > & IMEFA > BT
KT KKEH Cd R IRILE R B RE,
TXREW, Jb) MESFEERT B LES
B Cd W EABBMEERKES Cd TRAHFE
HEERE,

Cd By IR 22 DL K s BRI T2
¥, Cd WIBSEBLDUKES . &ESMEFIURS
BRFFECd WIEBRE N EEEL SN TR
B> BERE > KBS LT XKy bFshERET
thBR M HEAK (2R Cd OB Y 7E K 3 1E A T L HE
BIMLIL, AL LR RAK R SR IN R F  BEE XD
XA b 38 sh AR BN W oK, S b DA B i , Beade X
24 3t B VL 30 3 28 T 78 T 0 A B K LAY
ESHE R

Bt P B A IR F BT AT BB R R
Fovt RBR R AEFSMART A LEELE T R
B RBERRRT FARRE = EHE AR,
BREBHE LRI, FEEHEIEIFfHREER
REBJDBIRFEIATHGRA XH; A#wNH
BAXZiREBEFPERFRERLCEHENE H-TH
TEZEIEFHRCHFB,
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