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Table 1 Some characteristics of the study samples from Zn smelting area, Guizhou Province

e oH i?’u% Pb Zn S Fe Mn Hesk BB R 53 16
m (ng/g) (ng/g) (%) (%) (%) (% ) <63pum 63~125pm > 125 pm
XGPO1 6. 86 <0.2 31 631 18 272 1. 66 6.789 0. 225 17. 36 27.6 8.6 63.8
XGP63 7.82 0.4~0.6 13 960 57 178 2.54 9. 655 0.550 16. 40 23.4 7.8 68. 8
HICP11 8.50 <0.2 11 817 27 557 0.70 7. 801 0. 140 17.97 15.6 7.7 76.7
HJCP06 8.12 1.0~1.2 15 512 28 049 0.95 5.950 0. 140 27.48 20.2 8.6 71.2
HICPO3 8. 82 1.6~1.8 21 555 39 616 0. 87 9.435 0.070 24.58 16.9 7.5 75.6
GDWPOS 7.90 0.6~0.9 10 942 11 482 1.22 12. 668 0. 488 21.90 18.9 7.2 73.9
GDWPO1 8.61 1.8~2.1 8 456 7 670 0.83 9. 096 0.210 19. 00 13.4 7.1 79.5
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xR2 TRANEEED PbHWEESH (ng/g)

Table 2 Sequentially extracted and cumulative Pb in different size fractions of smelling wastes (pg/g)

S B2 (pm) A B C D E & it
XGPO1 <63 385.00 17 750. 00 9 875. 00 1 060. 00 370.00 29 440. 00
XGPO1 63 ~ 125 295. 00 21 062. 50 11 000. 00 1 000. 00 485.00 33 842.50
XGPO1 > 125 235.00 25 937.50 12 625. 00 2 430.00 220. 00 41 447.50
XGPO3 <63 7.50 6 437.50 10 500. 00 1 045.00 125. 00 18 115. 00
XGPO03 63 ~ 125 5.00 5 375.00 9 375.00 510.00 116. 00 15 381. 00
XGPO3 > 125 10. 00 5 375.00 8 250. 00 545.00 55.00 14 235. 00
HJCP11 <63 25.50 4793.25 5 300. 50 448. 00 1 539.00 12 106. 25
HJCP11 63 ~ 125 19.50 4123.25 4 150. 50 419. 00 1 303. 00 10 015.25
HJCP11 > 125 17.50 6 955.75 6 580. 50 1 295. 50 2324.00 17 173.25
HJCP06 < 63 17.25 6 365.75 7 705.50 292.50 1 273.50 15 654. 50
HJCP06 63 ~ 125 17.25 6 578.25 9 675. 50 429.00 1 318. 50 18 018. 50
HJCPO6 > 125 34.00 11 465.75 9 980. 50 887.50 3 359.00 25 726.75
HJCPO3 <63 32.00 11 545.75 13 190. 50 1 .399.50 125. 00 26 292.75
HJCPO3 63 ~ 125 69. 25 7793.25 11 030. 50 431. 00 391.50 19 715. 50
HJCPO3 > 125 30.25 7 355.75 8 625. 50 434. 00 117.50 16 563. 00

GDWPO5 <63 9.25 3 698. 25 3 598. 00 329.50 1 303.50 8 938. 50
GDWPO05 63 ~ 125 10. 00 5890.75 4 558. 00 321.00 1 453.00 12 232.75
GDWPO5 > 125 15. 50 4745.75 6 790. 50 504. 00 1 185. 00 1 3240.75
GDWPO1 <63 7.00 2 004. 50 4 790. 50 286. 50 1 325.50 8 414. 00
GDWPO1 63 ~ 125 10. 50 1514.50 5 208. 00 252.50 1137.00 8 122. 50
GDWPO1 > 125 7.50 2 008.25 4 335.50 334.00 1 091. 50 7 776.75

HE: A AIEEE; B. RERINE ST ; C.Fe-Mn EILWEEAEA; D. BHESE; E BEA,
xR3 TRANEESED Zon BT % (png/g)

Table 3 Sequentially extracted and cumulative Zn in different size fractions of smelting wastes (ng/g)

Bs K42 (um) A B C D E & it
XGPO1 <63 375.00 6 937.50 7 125.00 1 225.00 5 875.00 21 537.50
XGPO1 63 ~125 590. 00 5 625.00 6 750. 00 835.00 4 000. 00 17 800. 00
XGPO1 > 125 167. 50 4 875.00 3 875. 00 825.00 1 625.00 11 367. 50
XGP03 <63 45.25 5 687. 50 27 500. 00 2 875.00 25 500. 00 61 607.75
XGPO3 63 ~ 125 28. 00 5 250.00 21 625. 00 3 125.00 18 995. 00 49 023.00
XGP03 > 125 18. 00 6 312. 50 28 750. 00 4 000. 00 15 875.00 54 955. 50
HICP11 <63 31.50 4 288.25 12 287. 50 1 927.50 12 254. 50 30 789.25
HICP11 63 ~125 37.00 5 463.25 11 092. 50 2 177.50 11 524. 50 30 294.75
HICP11 > 125 18.00 8 368.25 12 047. 50 2 510.00 13 189. 50 36 133.25
HJCPO6 <63 36. 00 4 688. 25 12 677. 50 2 257.50 16 879. 50 36 538.75
HICPO6 63~125 42.00 4 413.25 12 357. 50 1 900. 00 14 189. 50 32 902.25
HICPO6 > 125 43.50 6 638.25 11 702. 50 2 345.00 15 459. 50 36 188.75
HICPO3 <63 16.25 6 673.25 18 312. 50 1 985. 00 15 344.50 42 331.50
HICPO3 63 ~ 125 59.25 6 913.25 21 772.50 1 650. 00 14 914. 50 45 309. 50
HJCPO3 > 125 23.50 12 803.25 22 367. 50 1 962. 50 20 349. 50 57 506. 25
GDWPO5 <63 11.00 3 380.75 3 845.00 760. 00 5 364. 50 13 361.25
GDWPO5 63 ~ 125 9.50 4095.25 3 592. 50 738. 00 5 024. 50 13 459.75
GDWPO05 > 125 11.75 3263.25 4 210. 00 1 006. 00 4 819. 50 13 310. 50
GDWPO1 <63 3.00 1219.50 3 237.50 551.00 2 834.50 7 845. 50
GDWPO1 63 ~ 125 6.50 1137.00 3 335.00 387.50 3 049. 50 7 915. 50

GDWPO1 > 125 3.50 2 431.50 3 180.00 424. 00 3 639. 50 9 678. 50

HE: A AIZRE; B. BRI AS; C.Fe-Mn HILWESS; D. BHEES; E BRES,
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Fig. 1 Partitioning of Pb and Zn in different geochemical fractions of smelting wastes
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Fig.2 TEM and EDS patterns for Pb- and Zn-containing phase

in sample HICPQ6
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Environmental impacts and geochemical partitioning of heavy metals (Pb, Zn)
' in the historical Zn smelting wastes

WU Pan'?, LIU Cong-qiang', YANG Yuan-gen', ZHANG Guo-ping'
(1. School of Resource and Environment, Guizhou University of Technology, Guiyang 550003, China; 2. State Key Laboratory of
Environment Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China)

Abstract: The geochemical distributions of Pb and Zn in the different grain-size fractions have been investigated
chemically by sequential extraction analysis and mineralogically by X-ray diffraction (XRD) and anélytical
transmission electron microscope with EDS (TEM/EDS). In general, concentrations of heavy metals tend to
increase as the size fractions get finer. However, the coarser particles show similar or even higher heavy metal
concentrations than finer ones in the study samples. Study on chemical fractionation shows that secondary minerals
formed from smelting and sequentially weathering are the major chemical phase for heavy metals. It is also showed
that the residual fraction of Pb is less than that of Zn, constituting 0.39% ~ 15. 75% and 14. 3% ~ 46.2% ,
tespectively, of total concentration. This is likely relative to Zn-silicate mineral formed from smelting. Although the
relative partitioning of Pb and Zn is very low (0.03% ~1.30% for Pb; 0.03% ~3.30% for Zn), the
exchangeable fraction of the slages contains large amounts of heavy metals (1.5 ~385 jg/g for Pb; 3 ~590 pg/g
for Zn). Heavy metals in exchangeable forms have the highest solubility to give the highest potential bioavailability
in contrast to the other chemical forms. The mineralogical study indicates that complex composition of many phases
and substitution of elements meant that many of the phases are found to be non-stoichiometric compounds. Metal Pb
is found to be mainly Pb phases in the slags by precipitation or/and adsorption. The mineral compositions of Zn are
more complex than that of Pb. Zn-bearing minerals include willemite, tephrowillemite, zinalsite, and occasionally
metal Zn can be found in the slages. This is possible reason that the relative partitioning of Zn in residue fraction is
higher than that of Pb. It is in a good agreement with the result of chemical study.
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