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Pollution characteristics of heavy metals in
typical tin mineral processing plant of Yunnan, China
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Abstract: In order to investigate the pollution characteristics of heavy metals in a typical tin mineral processing plant in
Yunnan, the water, dust and tailings samples from the discharging nodes were tested by ICP-OES, and single factor
pollution index method and Nemerow integrated index method were used to evaluate the status of heavy metal pollution.
Finally, the heavy metal contents were analyzed for contrast. The results show that the metal contents in the water and
dust samples are higher than reference values. The contents of Zn, As, Cu and Pb in the tailings samples are rich and the
average values are 2225, 1855, 870.50 and 417 mg/kg, respectively. The metal contents in soils surrounding the tailings
exceed the background levels and are similar to the tailings pollution status. The results of single factor pollution index
method shows that the pollution degree of water is in the decreasing order of Zn, Pb, As, Hg, Cu, As, Cd, Cu, and the
pollution degrees of dust and soil samples in the decreasing orders of Zn, Pb, Hg, Cr and Zn, As, Pb, Cu, Cr, Sn, Cd, Hg,
respectively. The Nemerow integrated index results suggest that the pollution degrees of concentrate filtration and fine
ore bin are the highest. The Nemerow integrated index of soil samples is 21.73, which is significantly higher than the
standard value of surface water class [V. The comparative analysis shows that the tin mineral processing plant becomes a
combined polluted area by various metals, and the amount of heavy metals is in the decreasing order of Zn, As, Cu, Pb,
Sn, Cr, Cd and Hg, and the ratio of heavy metals from tailings is 79.17%, which accounts for the most.
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Fig. 1 Schematic map of sampling points
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Table 1 Standards for grading of heavy metals pollution

P Py Rank Pollution levels
<1 <1 1 Non-pollution
1-2 1-2 2 Light pollution
2-3 2-3 3 Medium pollution
3-5 3-5 4 Heavy pollution
=5 =5 5 Severe pollution
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Table 2 Heavy metals concentrations in water samples from nodes in tin mineral processing plant

Heavy metal concentration/(mg-L ")

Node Sample No. p
Hg Cd As Pb Cr Sn Zn Cu
Concentrati Wi ND ND 037 0.19 ND ND 10.40 0.20
p(z?dc:zframllzz w2 2.00X10° ND 0.47 0.20 ND ND 7.46 0.18
w3 9.80X 107 ND 0.49 0.11 ND ND 16.10 0.09
Average 5.00X10°* - 0.44 0.17 - - 11.32 0.16
Concentration W4 7.90X 107 ND 0.05 0.05 ND ND 5.86 0.07
ponds of tailings W5 2.00X107* ND 0.02 0.03 ND ND 7.84 0.02
Average 4.95%107* - 0.04 0.04 - - 6.85 0.05
. ; w6 ND ND 0.32 418 ND ND 5.83 0.19
. Ii ia;::;tﬁzzoz w7 139%X10° ND 0.18 ND ND ND 10.20 ND
w8 232X1073 ND 0.20 ND ND ND 19.50 ND
Average 1.86X 1073 - 023 1.39 - - 11.84 0.06
Tailings d w9 570X 107 ND 0.02 ND ND ND 6.48 0.01
allmgs dam

B w10 1.00X 107 ND 0.03 0.02 ND ND 5.99 0.01
Average 3.35x10° - 0.03 0.01 - - 6.24 0.01

t lue of surf: ¢
Standard value of surface water 0.001 0.005 0.1 0.05  0.05 - 2.0 1.0

class IV

ND presents beyond detection time.
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Fig. 2 Box-chart of evaluating results by P;; for water
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Fig. 3 Evaluating results by Py for water
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Table 3 Heavy metals contents in dust samples from nodes in tin mineral processing plant

Sample Heavy metals content/(mg-kg ')
Node
No. Hg cd As Pb Cr Sn Zn Cu
Crushing and D1 1.53 14.80 2390 761 16.70 101.9 5430 4310
screening plant D2 0.43 22.20 2320 2520 35.80 97.30 4040 1508
Average 0.98 18.50 2355 1640 26.25 99.60 4735 2909
Fine ore bin D3 0.81 24.80 6330 1150 19.60 100.1 6600 4910
Transportroute 1 , 0.40 19.40 6250 1530 26 82.70 4700 2940
of mine
Yunnan Province soil
[16] 0.05 0.24 16.04 42.42 76.32 - 93.76 47.20

background values
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Table 4 Heavy metals contents in tin tailings
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Sample Heavy metal content /(mg-kg™)
Node
No. Hg cd As Pb Cr Sn Zn Cu
S1 1.47 10.40 2520 237 14.30 128.6 2280 1140
Tailing dam
S2 0.58 10.30 1190 597 9.60 13.40 2170 601
Average 1.03 10.35 1855 417 11.95 71 2225 870.5
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Table S Heavy metals contents in soil samples surrounding tin tailings

Sample Heavy metal content /(mg-kg™)
Node
No. Hg cd As Pb Cr Sn Zn Cu
Soils surrounding the ~ S3 1.63 5.00 514 462 77.60 9.93 2420 217
tailings S4 0.73 5.80 364 121 81.20 20.59 2400 219
Average 1.18 5.40 439 291.5 79.40 15.26 2410 218
Yunnan Province soil 005 024 1604 424 7632 - 9376 4720

background values

R6 B JHLE A PESEG AR

Table 6 Evaluating results by Single factor pollution index (P;) and Integrated index (Py) for soils surrounding tin tailings

Node

Soils surrounding tailings 23.60 22.50 27.37

PR kel R G AR LE B L 7. di ke 7
AR, R R e e T e R T

Py
Hg Cd As Cr Sn Zn Cu
6.87 1.04 - 25.70 4.62 21.73
3 #hig

AR 79.17%, K AR R KA 10 T4 S 40 ) oy
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Fig. 6 Heavy metals contents in different pollutants
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Fig. 7 Heavy metals contents in different pollutants
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