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ABSTRACT: Active mining wastewaters were analyzed for heavy metals and other physicochemical parameters to find out the
hazard level to life and the environment when discharged to surface water bodies. The samples were collected from five active
mines and their treatment facilities in China and analyzed for metal concentrations. The metal concentrations of all mining
sites were compared with each other as well as with the safe limits set by the Ministry of Environmental Protection (MEP) of
China. The concentrations of Fe, Cu, Mn, and Zn were exceeded their respective permissible limits set by MEP. In the
Yongping copper mine (YCMR) wastewater, the mean concentrations of Fe (55.43 mg/L), Mn (30.77 mg/L), Cu (18.0), and Zn
(6.13 mg/L) exceeded the permissible limits (0.3, 0.1, 1.0 and 2.0 mg/L, respectively) set by MEP for surface water quality.
The concentration of sulfate in all mining wastewater samples was extremely high, ranging from 1200 to 5400 mg/L. In LCM,
after treatment Cu, Ni, and Zn were removed 100% while Mn, Fe, and Cd were removed 77%, 70%, and 67% respectively. In
NFM, after treatment Fe, Co and Cd were reduced 100% while Mn and Zn were removed 39% and 46%, respectively. In YCM,
Cu, Ni, Zn, Cd and Cr were reduced 100% while Mn and Fe were removed 82% and 98% respectively. Sulfate concentration
in LCM, NFM and YCM were reduced by 6.4%, 13.4% and 24% respectively. Though, the pre and post-treatment values were
significantly different (p < 0.05) for most of the heavy metals but still the chemical treatment systems were unable to
completely remove sulfates and heavy metals from the wastewater and these could portend environmental hazards to the

surrounding environment and ecological life.
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1. INTRODUCTION
Heavy metals are ubiquitous in the environment because of their release from natural and anthropogenic activities world

widely. Heavy metals are considered as one of the most
serious pollutants in the environment and represent a serious
threat to the ecosystem and all living organisms including
human beings [1, 2]. In the environment, increasing amounts
of heavy metals are being introduced naturally through
weathering of rocks and several human activities such as
mining, smelting, electroplating, and other industrial
processes that release heavy metals into their waste streams
[3-5]. Active and abandoned mines discharge large quantities
of acidic wastewater which usually contain high levels of
heavy metals and sulfate [6]. However, mining activities
generate wastewater, when rock containing sulfidic minerals
is come in contact with water and oxygen, producing acidity
and high concentrations of metals and sulfate in the water.
The contaminated mine water originates from drainage from
underground workings, waste rock dumps from mining
activities, mill tailings, ore stock piles, and spent ore piles
from heap leach operations [7-10].

Heavy metals in wastewater released to environment are
causing serious ecological problems in many parts of the
world. This situation is further aggravated by lacking of
remediation processes for heavy metals which continue to
shift from one level to another within the aquatic
environment, including biota. As a result, these metals are
concentrated in the food chain and pose the greatest
dangerous to organisms near the top of the food chain [11,
12].

Generally, the water body is supporting aquatic life and being
suitable for other uses depending on many parameters
particularly, trace elements. Heavy metals such as manganese
(Mn), zinc (Zn) and copper (Cu), are needed in trace
concentrations for the normal physiological functions of

living tissues and regulate many biochemical processes of the
body. The same metals, however, at higher concentrations
in natural waters can have severe toxicological effects on
humans and aquatic ecosystems. Toxic metals on the other
hand are also dangerous for living organisms even present in
small quantities. Highly toxic metal(loid)s such as arsenic
(As), cadmium (Cd), lead (Pb) and mercury (Hg), are
particularly hazardous for humans and animals [13-15].

Acid mine wastewater has high concentrations of sulfate and
metals including Fe, Al, Mn, Pb, Cu, Cd, and Zn resulting
from sulfide minerals oxidation exposed during coal and
metal mining, highway construction, and other deep
excavation [16, 17]. In the case of mining, it can be
introduced to the environment surrounding a mine via surface
runoff or deep-mine drainage to local waterways [18].

Today, the management of mining wastewater has become a
big challenge for the world because of stricter regulations
designed to protect the environment. However, environmental
pollution is placing an increasing stress on various resources
of the ecosystem. Metal minings are extensively carried out
in China, generating huge amount of wastewater. Previously,
numerous studies have been carried out regarding the adverse
impacts of acid mine drainage (AMD) from abandoned mines
[17, 19]. However, the present study was carried out to assess
the comparative load of heavy metals and sulfate in the pre
and post-treatment wastewaters from active mines in China
and their associated hazardous impacts.

The present study was aimed to quantify the physicochemical
parameters of active mines wastewater, and to examine the
distribution of heavy metals in the wastewater from active
mines and their treatment facilities (Fig. 1). The results
obtained have been analyzed statistically to evaluate the
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relationship between the levels of metals in these media and
then to identify their mutual concentrations depending on
their source/origin [20]. The efficacy of wastewater treatment,
used for minimizing pollution hazards to life and
environment was also assessed in this study.

2. MATERIALS AND METHODS

2.1. Sampling Areas

Wastewater samples were collected from different mines in

China as shown in Fig. 1 with the following brief information.

e Bangmoshan Ferrous Mine (BFM): an open pit mine,
owned by Tangshan Iron & Steel Co. Ltd., located at
Yanshan Mountains in North China. Mining and rain water
were collected in a lake of 500 m diameter and 30 m depth
and no treatment was provided.

o Linxi Coal Mine (LCM): a 300 m deep underground mine
located in Tangshan, Hebei Province, North China.
Wastewater from underground was pumped out to surface
and collected in a pond for further physical treatment
(sedimentation).

o Shouwangfen Copper Mine (SCM): an underground mine
in Chengde City of Hebei Province, North China. The
mine was 660 m deep having 11 layers. Wastewater was
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collected in an underground tank on the first layer 60 m
deep. After physico-chemical treatment (to raise pH and
sedimentation) the clean water was pumped out to the
surface and collected in a tank.

¢ Nanshan Ferrous Mine (NFM): an open pit mine, owned
by Maanshan Iron and Steel Company Limited, and
located at Ma'anshan in Anhui Province, Southeast China.
The mine wastewater was collected in a big dam of 8-10
km? area for further treatment (sedimentation).

e Yongping Copper Mine (YCM): it is also an open pit mine
in Shangrao, Jiangxi Province, Southeast China.
Wastewater was collected in a reservoir (1 km? area and 10
m depth) 2 km away from the mine site. The water was of
brickish color. Wastewater from the reservoir was
transported through underground pipes to a treatment plant
3 km away in the downtown. It was a physico-chemical
treatment plant with capacity of 10-15 thousand cubic
meters water per day by using lime to raise the pH
followed by the addition of powdered Poly-aluminium
chloride (PAC) as a coagulant and then sedimentation.

Fig. 1 Maps showing the locations of selected metal mining sites in China
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2.2. Samples Collection and Pretreatment

Wastewater samples were collected from different points of
the mining sites before and after treatment. Samples for
dissolved heavy metals analyses were filtered with 0.45 pum

pore size membrane filters and acidified with 50% HNO; to a
pH <2 on the spot to minimize adsorption of trace metals to
the inner surfaces of containers and collected in polyethylene
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bottles pre-treated with 50% HNO; according to the standard
methods [21].

For other chemical analyses (sulfates, sulfides, COD, BOD,
DOC, Alkalinity etc.) the samples were prepared and
pretreated on the spot according to the standard methods.
Samples were transported to the laboratory and stored at 4°C
in a refrigerator for further analyses.

All laboratory glassware were pre-washed thoroughly in
distilled water, soaked with 0.1 N HCI, then washed with
deionized water to avoid any contamination during samplings
and further analyses, as described by Sabri et al [22].

2.3. Chemical Reagents

All chemicals used were of analytical grade with high
spectroscopic purity of 99.9% purchased from Beijing
Chemical Co., Ltd (Beijing) and were checked for possible
trace metal contamination. Ultrapure water was used
throughout analysis. Standards of all nine elements were
prepared from stock solution (1000 mg/L) of certified
standard solutions (Fluka Kamica Busch Switzerland) of
corresponding metal ions.

2.4. Analytical Procedure

Temperature, pH and DO of the water were checked on the
spot using their respective electrodes. Acidity was determined
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potentiometrically, while samples were prepared for
measuring BODs within 24 h using membrane electrode
method. Sulfate concentrations were measured through
turbidimetric method while sulfide was measured
iodometrically [21]. COD was measured photometrically
(Spectroquant TR420 and Nova60, Merck, Germany) [23].
DOC was determined with LiquiTOC-Il (Elementar
Analysensysteme GmbH Donaustrasse 7 D-63452 Hanau
(Germany) [24].

The samples were prepared and diluted as 100%, 50%, 25%,
10% and 5% and analyzed for nine selected heavy metals,
Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn using flame atomic
absorption spectrophotometer (AA-6300 Atomic Absorption
Spectrophotometer, Shimadzu, Japan) [21].

The instrument was calibrated for determination of each
element by analyzing the standard solution (concentration
usually in pg/ml) of each element provided by the company
(General Research Institute for Nonferrous Metals, Beijing).
For quality control, the blank and standards of heavy metals
were also used in triplicates. After every 6 samples, standard
was run as unknown to check accuracy of the instrument. The
instrumental parameters for each element are listed in Table 1.

Table 1 Atomic absorption conditions for analysis of selected heavy metals

2.5. Statistical Analysis

. . . Wavelength Slit width Limit of detection
Element Acetylene (L/min)  Air (L/min) (nm) (hm) Lamp current (Ma) (mg/L)
Cd 1.8 15.0 228.8 0.7 8 0.0005
Co 1.6 15.0 240.7 0.2 12 0.005
Cr 2.8 15.0 357.9 0.7 10 0.005
Cu 18 15.0 324.8 0.7 6 0.002
Fe 2.2 15.0 248.3 0.2 12 0.002
Mn 2.0 15.0 279.5 0.2 10 0.002
Ni 16 15.0 232.0 0.2 12 0.005
Pb 2.0 15.0 283.3 0.7 10 0.002
Zn 2.0 15.0 213.9 0.7 8 0.001

Basic exploratory statistics were calculated for the individual
group of samples i.e., pre and post treatment in order to
present an overview of the measured parameters at each
sampling site. Pearson correlation was calculated between the
pretreatment samples only in order to assess the possible
relationship between the measured parameters. A statistic
correlation  analysis  between  pertinent  wastewater
characteristics and metal concentrations determine the
possible factors controlling the heavy metal concentrations in
the wastewater from mining operations. The effectiveness of
wastewater treatment was also assessed using paired t-test
between pre and post treatment samples of respective
sampling sites. t-test helps in understanding the pollution
status and management as well as rapid solution to pollution
problems [25-27]. All the analyses were performed using
software IBM SPSS Statistics ver. 19 (IBM SPSS. Inc. 2010).

3. RESULTS AND DISCUSSION

The statistical summary of selected metal concentrations in
all mining wastewaters is presented in Table 2. From the data
related with metal distribution in mining effluents, it is clear

that Fe (8.01 mg/L), Mn (4.94 mg/L), Cu (2.27 mg/L), and
Zn (1.23 mg/L) were the major contributors to the overall
heavy metal pollution. The selected metals were observed in
order of Fe>Mn>Cu>Zn>Ni>Cr. The summary of metal
concentrations in wastewater of each mine is given in Table 3.
In BFM samples, the highest mean concentration (3.20 mg/L)
was for Zn followed by Fe (1.60 mg/L), Ni (0.60 mg/L), Cr
(0.40 mg/L), Pb (0.20 mg/L) and Cd (0.02 mg/L). The
concentrations of Co, Cu and Mn were either below detection
limits or within the permissible limits set by the Ministry of
Environmental Protection (MEP), China. In LCM samples
(both pre- and post-treatment), only Fe mean concentrations
(2.34 mg/L and 0.70 mg/L, respectively), while in case of
SCM, Cd concentration (0.14 mg/L) was found higher than
the MEP guidelines. The mean concentrations of Fe (2.82
mg/L) and Mn (1.80 mg/L) were higher in NFMP (pre-
treatment) while only Mn level (1.11 mg/L) was higher in
NFMD (post-treatment) samples than the MEP guidelines.
The YCMR (pre-treatment) samples were having the highest
concentrations of most of the heavy metals. The
concentrations of Fe (55.4 mg/L), Mn (30.7 mg/L), Cu (18.0
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Table 2 Summary of selected metal concentrations in all mining wastewaters (n=24)

Metals (mg/L) Minimum Maximum Mean Std. Deviation
Cu <DL’ 21.0 2.27 6.14
Ni <DL 2.00 0.30 0.62
Mn <DL 36.0 4.94 10.3
Fe <DL 57.0 8.01 184
Pb <DL 0.22 0.03 0.07
Zn <DL 9.40 1.23 2.47
Co <DL 0.02 0.00 0.01
Cd <DL 0.60 0.07 0.17
Cr <DL 1.10 0.17 0.33

*<DL- Below detection limit

mg/L), Zn (6.13 mg/L), Ni (1.82 mg/L), Cr (0.93 mg/L) and
Cd (0.50 mg/L) were observed greater than their respective
limits set by MEP (2002).

Comparing mean metal concentrations in the mining
wastewater with MEP guidelines (Fig. 2), it is clear that in
YCMR samples all metals except Pb were present in greater
concentrations than the MEP guidelines. The concentration of
Pb was higher than MEP limit only in the wastewater
collected from BFM site.

Statistical summary of other physico-chemical parameters
(Table 4) revealed that the pH of YCMR was quite low
indicating the acidic nature of the wastewater. The low pH
increases the toxicity and mobility of several metal ions [28-
30]. The pH values of other mining sites were within the
range of MEP guidelines (6-9). Sulfates mean concentrations
were extremely higher at all sites than its MEP standards. In
most of mining sites, the concentrations of DO, COD and
sulfides were also found higher than their respective limits set
by MEP for mining wastewater.

In LCM, after treatment Cu, Ni, and Zn were removed 100%
while Mn, Fe, and Cd were removed 77%, 70%, and 67%
respectively. In NFM, due to treatment Fe, Co and Cd were
reduced 100% while Mn and Zn were removed 39% and 46%,
respectively. In YCM, Cu, Ni, Zn, Cd and Cr were reduced
100% while Mn and Fe were removed 82% and 98%
respectively. Sulfate concentration in LCM, NFM and YCM
were reduced by 6.4%, 13.4% and 24% respectively. The
paired t-test results (Table 5) shows that treatment provided
at LCM was efficient only for Zn removal (p = 0.01). In case
of NFM, Co, Fe, Mn (p < 0.05), and Zn (p = 0.05) were
removed efficiently, while the treatment provided at YCM
was efficient (p < 0.01) for removal of all selected heavy
metals except Zn.

The reduction/removal of these parameters to the permissible
levels would not create any ecological or health problem,
while if left untreated, may cause hazards to biota and even to
human beings.

The statistical correlation pertaining to metal-to-metal
relationship was conducted on mutual inclusive basis. The
Pearson correlation (Table 6) revealed that all heavy metals
(except Co and Pb) had strong positive correlation among
each other ( r >0.729, significant at p <0.001). Likewise, all
heavy metals, except Co and Pb, had strong negative
correlations with pH and DO, while strong positive
correlation with sulfides. Most of the heavy metals were
mildly positively affected by the temperature. SO,* had mild
positive correlation with Cd, Cu, Fe, and Mn while BOD
values were positively correlated only with Co. In case of
physico-chemical parameters, temperature had negative
correlation with pH and DO while positively correlated with
SO,* and sulfides. pH had strong positive effect on DO,
while negatively affected sulfides. The values of DO had also
strong negative correlation with sulfides.

To reduce the alarming levels of heavy metals and other
pollutants the mining authorities were treating those effluents
using lime or sodium hydroxide neutralization, precipitation
and sedimentation. Studies have shown that mining
wastewaters usually have low pH values but most of the
underground mines in China discharge effluents with pH
ranged from 7-8 units. Effluents from LCM, SCM and NFM
had pH in the range of 7.5-8.0 units. The wastewaters were
mixed with lime underground to raise their pH level before
pumping out to the surface. LCM wastewater was collected
on surface in a pond of 600 m? area and 3 m depth for settling
down suspended solids. The settling process was not able to
remove dissolved heavy metals, sulfates and other chemicals
completely. The effluent, discharged to the environment, still
containing Fe, sulfates, COD, and sulfides at concentrations
higher than their respective permissible limits. The treatment
processes were not efficient (6.4%) enough to bring the
sulfates level within the MEP permissible limits (250 mg/L).
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Table 3 Summary of heavy metal concentrations (mg/L) in mining wastewater samples
Mine Cu Ni Mn Fe Pb Zn Co Cd Cr
Std. Deviation ~ 0.02 0.20 0.01 0.36 0.02 0.20 0.00 0.003 0.10
BEM (P Minimum 0.12 0.40 0.08 1.20 0.18 3.00 0.01 0.016 0.30
( re)Maximum 0.16 0.80 0.10 1.90 0.22 3.40 0.01 0.021 0.50
Median 0.14 0.60 0.09 1.70 0.20 3.20 0.01 0.019 0.40
Std. Deviation <DL <DL <DL <DL <DL 0.00 <DL 0.002 0.003
SCM Minimum <DL <DL <DL <DL <DL 0.17 <DL 0.012 0.005
(Post) Maximum <DL <DL <DL <DL <DL 0.17 <DL 0.026 0.01
Median <DL <DL <DL <DL <DL 0.17 <DL 0.014 0.01
Std. Deviation  0.04 0.00 0.03 0.91 <DL 0.04 <DL 0.001 <DL
LCMP Minimum 0.02 <DL 0.02 1.44 <DL 0.19 <DL <DL <DL
(Pre) Maximum 0.10 0.01 0.07 3.26 <DL 0.26 <DL 0.002 <DL
Median 0.06 <DL 0.06 2.35 <DL 0.23 <DL 0.001 <DL
Std. Deviation <DL <DL 0.01 0.28 <DL <DL <DL 0.005 <DL
Minimum <DL <DL <DL 0.44 <DL <DL <DL <DL <DL
'(-P%'g)T Maximum <DL <DL 0.02 1.00 <DL <DL <DL 000l <DL
Median <DL <DL 0.02 0.68 <DL <DL <DL <DL <DL
% Reduction 100 100 77 70 - 100 - 67 -
Std. Deviation <DL <DL 0.11 0.81 <DL 0.02 0.004 0.003 <DL
NFMP  Minimum <DL <DL 1.70 2.02 <DL 0.07 0.01 0.001 <DL
(Pre) Maximum <DL <DL 191 3.63 <DL 0.10 0.02 0.006 <DL
Median <DL <DL 1.81 2.81 <DL 0.09 0.01 0.005 <DL
Std. Deviation <DL <DL 0.21 <DL <DL 0.01 <DL <DL <DL
Minimum <DL <DL 0.98 <DL <DL 0.04 <DL <DL <DL
(’\:,';';/II)D Maximum <DL <DL 1.36 <DL <DL 0.05 <DL <DL <DL
Median <DL <DL 1.00 <DL <DL 0.05 <DL <DL <DL
% Reduction - - 39 100 - 46 100 100 -
Std. Deviation ~ 3.00 0.17 5.25 1.72 <DL 4.05 <DL 0.10 0.15
YCMR  Minimum 15.0 1.66 25.5 53.6 <DL 1.60 <DL 0.40 0.80
(Pre) Maximum 21.0 2.00 36.0 57.0 <DL 9.40 <DL 0.60 1.10
Median 18.0 1.80 30.8 55.7 <DL 7.40 <DL 0.50 0.90
Std. Deviation <DL <DL 0.32 0.32 <DL <DL <DL <DL <DL
VCMT Mini_mum <DL <DL 5.40 0.90 <DL <DL <DL <DL <DL
(Post) Maximum <DL <DL 6.00 1.50 <DL <DL <DL <DL <DL
Median <DL <DL 5.50 1.00 <DL <DL <DL <DL <DL
% Reduction 100 100 82 98 - 100 - 100 100
MEP China Guidelines*  1.00 0.02 0.10 0.30 0.05 2.00 1.00 0.005 0.05
*MEP (2002): Ministry of Environmental Protection, China
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Fig. 2 Heavy metal concentrations in the eight sampling sites and MEP guidelines.
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Table 4 Summary of the concentrations of physico-chemical parameters studied in water samples from selected
mining and treatment sites in China

Mine Temp pH DO SO, DOC COD BOD Sulfides
Mean 120 803 713 1997 827 533 280 024
gEy St Deviation 055 015 060 138 080 451 080 0.14
(Pre) Median 120 800 720 2050 820 530 280 0.25
Minimum 114 790 650 1840 750 490 200 0.0
Maximum 125 820 770 2100 910 580 360 0.38
Mean 120 780 7.60 1197 544 427 260 0.4
scp Std Deviation 087 010 061 193 055 252 005 0.02
(Post) Median 116 780 7.90 1260 544 430 261 0.14
Minimum 114 770 690 980 538 400 255 0.12
Maximum 130 790 800 1350 549 450 264 0.6
Mean 201 763 797 3633 173 1423 310 2.63
Lcyp Std Deviation 012 006 006 1528 032 103 095 057
(Pre) Median 200 760 800 3600 174 145 300 2.80
Minimum 200 760 7.90 3500 169 131 220  2.00
Maximum 202 770 800 3800 175 151 410  3.10
Mean 197 753 7.83 3400 873 1257 242 319
Std. Deviation 031 025 029 200 297 764 039 040
LCMT Median 198 750 800 3400 8.00 124 260 3.3
(Post) Minimum 194 730 750 3200 620 119 198 277
Maximum 200 780 800 3600 120 134 269 356
% Reduction 2 1.3 1.8 6.4 50 11.7 22 -21
Mean 120 797 690 3797 747 397 662 033
NFvp Std- Deviation 008 006 010 145 025 153 207 013
(Pre) Median 120 800 690 3800 7.46 400 653 0.32
Minimum 120 790 680 3650 7.23 380 460 0.20
Maximum 121 800 7.00 3940 7.72 410 874 046
Mean 733 780 7.87 3287 930 390 360 148
Std. Deviation 083 020 061 1106 121 265 020 0.37
NFMD Median 760 7.80 800 3300 950 400 360 149
(Post) Minimum 640 760 7.20 3170 800 360 341 110
Maximum 800 800 840 3390 104 410 380 1.84
% Reduction 39 2.1 -14 134  -25 1.8 46 -349
Mean 237 237 287 4600 383 134 164 291
vCoMR Std. Deviation 058 015 081 721 015 035 072 1.01
(Pre) Median 240 240 250 4400 380 134 168  29.2
Minimum 230 220 230 4000 370 13.0 156 280
Maximum 240 250 380 5400 400 137 169 300
Mean 193 57 473 3500 9.17 125 <DL 223
Std. Deviation 153 238 093 458 432 050 <DL 252
YCMT Median 190 550 500 3400 7.80 126 <DL 220
(Post) Minimum 180 250 370 3100 570 120 <DL 200
Maximum 210 720 550 4000 140 130 <DL 250
% Reduction 19 -140  -65 24 2139 7 100 23
Guidelines® 6-9 2 250 - 30 6 05

*MEP (2002): Ministry of Environmental Protection, China

Table 5 Evaluation of treatment processes for the removal of HMs by applying paired t-test to the pre-
and post-treatment samples

Mine Cu Ni Mn Fe Pb Zn Co Cd Cr
p-value 0.14 0.12 0.10 0.08 NA 0.01 NA 0.67 NA
LCM t-value 2.38 2.60 2.54 2.98 NA 11.16 NA -0.48 NA
NEM p-value NA NA 0.02 0.03 NA 0.05 0.04 0.12 NA
t-value NA NA 5.05 6.06 NA 3.62 4,76 2.62 NA
YCM p-value 0.01 <0.001 0.01 <0.001 NA 0.12 NA 0.01 0.01
t-value 10.39 18.45 8.28 53.88 NA 2.62 NA 8.66 10.58
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Table 6 Pearson correlation among heavy metals and other physicochemical parameters in pre-treatment samples
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Cu Ni Mn Fe Pb Zn Co Cd Cr Temp pH DO SO4 DOC COD BOD Sulfides
Cu 1 .940** .998** .991** -322 .797** -513 .999** .904** 758** -0981** -970** 577* -617* -572 .940** .987**
Ni 1 927** 931** 006 .859** -420 .945** .992** 612* -914** -916** .338 -.689* -639* .842** .919**
Mn 1 990** -351 .784** -478 .997** .889** .739** -977** -976** .599*  -639* -598* .954** Q983**
Fe 1 -347 .729** -509 .986** .885** .764** -996** -962** .637*  -.624* -579* .953** 996**
Pb 1 154 325 -297 108 -557 371 273 -.871** -106 -101 -452 -.369
Zn 1 -320 .820** .896** .447  -687* -.800** -002 -572 -536 .645* .716**
Co 1 -498 -.382 -.861** 561 .359 -379  -247 -310 -315 -572
Cd 1 914%*  742%* - Q73** -Q72** 547 -.626* -582* .934** .980**
Cr 1 547 -862** -.886** .226 -691* -.643* .787** .870**
Temp 1 -798** -610* .665* .022 .077  .646* .810**
pH 1 943** - 665* 578* 529  -937** -997**
DO 1 -.527 J53%*% T19** - 946%* -.944**
SO, 1 -200 -181 .716** .650*
DOC 1 .990** -.690* -.562
CoD 1 -.660* -512
BOD 1 .937**
Sulfid 1

es
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In case of SCM, both chemical and physical treatment of the
wastewater was provided underground. The final discharge
had Cd in excess than the MEP limits for agricultural
purposes, while Zn was more than the allowed limits for
surface water. Here again sulfate level was of concern. In
NFM, after chemical treatment the effluent was discharged
into a big dam for sedimentation and pollutants removal. The
post-treatment dam effluent analysis showed that all heavy
metals and other pollutants were completely removed or were
within the permissible limits except for Mn (1.11 mg/L)
(though pre and post-treatment values were significantly
different; t=5.05, p=0.02) and sulfates (3287 mg/L). The
YCMT treated water still contained high levels of sulfates, Fe
and Mn. Other heavy metals (Cu, Ni, Pb, Zn, Co, Cd, and Cr)
and chemicals (DOC, COD, BOD and Sulfides) were
completely removed. Wastewater from BFM was collected
together with rain water in a big lake near the mine without
any treatment facilities.

Thus, the dominant heavy metals recorded in the present
study were Fe, Mn, Zn and Cd in the wastewater samples of
all selected sites. Although the physico-chemical treatment
methods applied to the mining wastewater were quick and
removed most of the heavy metals but still were unable to
bring down heavy metal concentrations to the limits
suggested by MEP (2002). The contaminated water was
discharged into the surface water bodies or infiltrate to
underground and somehow entering into the food chain.
Heavy metals are non-biodegradable and can accumulate in
tissues of living organisms, causing various disorders and
diseases; therefore, their removal or reduction to acceptable
limits is necessary before their discharge into surface water
bodies [31]. The chemical methods applied were also not able
to bring down the high concentrations of sulfates to
acceptable limit. These high concentrations of sulfate in
wastewater confine the use of anaerobic treatment
technologies because of toxic, corrosive and odorous
hydrogen sulfide (H,S) production [32, 33]. The H,S
production causes many problems, such as toxicity [34], and
corrosion [35].

In all mining sites, chemicals were mixed to raise the pH of
wastewater but the techniques used for removal of heavy
metals and their efficiency were different from each other. In
case of LCM, after chemical treatment the water had little
time for sedimentation because of smaller sedimentation
pond size as compared to NFM where water collected in a
bigger dam allowing longer time for complete sedimentation.
In case of YCM, the wastewater treatment plant surface area
was smaller but showed greater efficiency because of using
poly-aluminium chloride (PAC) for coagulation and
sedimentation purposes.

Although lime treatment along with coagulation is simple and
robust, it does, however, it presents several environmental
problems. The volume of sludge produced after lime
treatment is usually greater, enriched with toxic metals rich
and usually contains a significant amount of water. It often
requires special waste disposal facilities which further
increase the costs of disposal. The water content increases
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the volume and weight of the waste which means that money
is being spent to dispose of water (both in transport and
landfill fees) which might otherwise be avoided. The general
methods to reduce the water content are often laborious or
require more energy which also increases the costs and are
often unable to keep up with the flow of material from the
treatment system. In view of the likely environmental hazards,
effective monitoring and comprehensive treatment methods
are needed to be applied for the treatments of mining
wastewater.

4, CONCLUSION

It is concluded from the findings of this study that active
mines are the major sources of heavy metals and other
inorganic pollutants in surface water which in turn can
contaminate soil and groundwater if not treated properly.
Several toxic metals were exceeded the maximum
permissible limits set by MEP. The Pearson correlation
showed good relationships between different metal pairs and
other physico-chemical parameters present in wastewater. It
can also be concluded from the paired t-test results applied to
the pre and post-treatment HMs data that the treatment
processes were not good enough to completely remove all
heavy metals except in case of YCM site where the
differences between pre and post-treatment values were
significantly higher (p < 0.01). The concentrations of heavy
metals and sulfates in all mining sites reported in the present
study were higher than the MEP prescribed limits and the
treatments provided were not capable of removing heavy
metals and sulfates completely from wastewater.
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