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ABSTRACT Monitoring and Physico-chemical characterization of ex-mining pools was

carried out for 9 months at 15 days interval. Physico-chemical parameters such as pH, electrical
conductivity, total suspended solids (TSS), total dissolved solids (TDS), chemical oxygen demand
(COD), hardness as well as anions including chloride, nitrate, phosphate, sulfate and cations such as
calcium, magnesium, tin, lead, iron, nickel, chromium, zinc were investigated. A comparison was also
made to National Drinking Water Quality Standards Malaysia (NDWQSM). It was determined that
only turbidity, COD and cations exceeded the standard limits set for drinking water. Other parameters
such as pH, electrical conductivity, anions and hardness remained within the allowable limits during
the sampling period. It is revealed that COD values (up to 180 mg/L) were found above the
permissible limits (10 mg/L). Moreover, among all cations investigated here, lead (up to 0.19 mg/L),
nickel (up to 0.05 mg/L) and iron (up to 1.286 mg/L) were present in hazardous amount whereas tin
was noted to be 25 mg/L. It was deduced that these ex-mining pools could be a potential fresh water
resource only after suitable treatment such as membrane filtration and adsorption could be applied to
remove the contaminants and heavy metals.

KEYWORDS Ex-mining pools, Heavy metals, Water characterization, Tin, Lead
INTRODUCTION the largest water-use sector (Kundzexicz Z.
2008; Tansel B.2008). Contaminations of
Water is indispensable for all forms of water resources could be of chemical,
activities. Access to safe freshwater is now (WHO G. 2011; Tansel B. 2008; Ramalho

regarded as a universal human right by R. 2012).

UNDP (WHO G. 2011). Main water It is estimated that globally 1.1 billion
surface water, ground water, sea water, supply, unfortunately two third (almost 670
brackish water and treated water. Water million) of this staggering figure belongs to
use is impacted and polluted by climate Asian region (Pimentel D., 1997).
change and more importantly by changes Malaysia is a water rich country whose
in population, lifestyle, economy, and socio-economic development is dependent
technology; in particular by food demand, on fresh water resources (Abidin Z. R. Z.

which drives irrigated agriculture, globally,
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2004). Table 1&2 show the water resources
currently available in Malaysia and the
pollution sources respectively. It is opined
that 97% of raw water originates from
surface water resources (for domestic,
industrial and agricultural purposes).
Nevertheless, 60% of Malaysian surface

water is eutrophic (i.e. containing nitrates

and phosphates) due to agricultural
activities (Zakria S. 2004; Husaini A.
2012). Additionally, river water may also
be polluted from 30 % to 100% due to
discharge of heavy metals ions, pathogens
and hazardous industrial wastes in it
(Hinrichsen D. 2002).

Table 1: Water resources in Malaysia [8]

Water Resources

Quantity (Billion-m®)

Annual Rainfall
Evapo-transpiration
Ground water recharges
Surface run off
Surface artificial storage
Ground water storage

990
360
566
64
25
5000

Table 2: Sources of drinking water pollution in Malaysia [7]

Sources of pollution

Percentages (%0)

Industry
Development
Household
Agriculture

Livestock Farming

92
77
58
43
43

Malaysia is one of the countries which are
immensely affected by water scarcity. It is

an established fact that urbanization,
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industrialization and climate changes have
seriously posed threats to its current water

resources, hence insisting the immediate
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need for finding alternative
(Hock L. C. 2008). Malaysia has been one
of the biggest exporters (up to 40%) of tin
in past (Lau R. 1999). In Malaysia, Perak

resources

was one of the states which was famous for
its tin production contributing to tin exports
around 63% (Ang L. H.1994). Since the tin
industry in Malaysia is diminished, these
abandoned mining sites have emerged as a
serious threat to the natural habitats due to
presence of excessive heavy metals
(arsenic, nickel
(Alshaebi F. Y. 2009). These mining sites

are turned into mining pools because of

lead, tin, etc.) in it

storage of rainwater in them. Currently, it
is believed that there are 4300 mining
pools present
(Arumugam P. T. 1994; Yusoff F. 2006;
Ang L. 2002) and only few of them are

in peninsular Malaysia

being used as alternate water resources
while others are either kept idle or being
used as recreational sites (Orij K. 2013;
Yusof A. 2001). Hence ex-mining pools
could be a natural available resource to
meet the local needs, if treated and
managed properly.

The objective of this project was to
characterize the water quality of these ex-
mining pools and to investigate the effects
of seasonal variations on it. All the pools
reported in this paper are located in Perak,
Malaysia. Physico-chemical
characterization is reported in this research

which could be useful for selection of
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appropriate  treatment method hence
exploiting these pools as fresh water

sources.

METHODOLOGY

1.1. Samples and Standards: Water
samples were collected from five different
ex-mining pools. These pools were labelled
as EP1, EP2, EP3, EP4 and EP5 and their
coordinates are given in Table 3. These
samples were collected over the period of
nine months (255 days) from April 15,
2014 to December 31, 2014 with 15 days
interval time. Sample collection was
carried out by a plastic bucket attached to a
3 metre long string. This bucket was
thrown into the water while standing on the
bank of the pools. Three samples were
taken from each lake at different locations.
The estimated depth of the samples was 3
metre and the sampling distance from the
bank was 5 metre. These samples were
then filled in 1 litre polyethylene sample
bottles. All instruments and equipment
used for analysis were washed and rinsed
with deionized water before their use. All
the reagents used were of analytical grade.
Values for each parameter presented here
are average of three samples for each lake.
Analyses were carried out following the
American  Public

(APHA) standard methods (APHA 1976).

Health  Association
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Table 3: Coordinates of ex-mining pool investigated

Pool Label Coordinates

EP1 4.384337 100.973877

EP2 4.384400 100.978759

EP3 4.381593 100.978200

EP4 4.383626 100.974735

EP5 4.381161 100.975872
1.2. Methods: All the parameters and DR-500 spectrophotometer. Cations
except pH and temperature  were and heavy metals in water samples were

investigated at room temperature (25+1°C).
Samples were brought to the laboratory
after collection for further analyses.
Temperature, pH, conductivity and total
dissolved solids were measured by
EUTECH (Cyberscan CON-11). While
total suspended solids were determined
following the standard method No. 2540 D
in the laboratory. Turbidity measurements
were taken by (HACH-2100Q) standard
method (APHA-2130). Chemical oxygen
demand (COD) was investigated using
HACH method (standard method 5220-D)

by using HACH/DRB-200 for digestion

35

identified by the Polarized Zeeman atomic
absorption
(HITACHI/Z-5100). Water hardness of all
the pools was calculated following the
APHA method 2340 B, on the basis of

calcium and magnesium ions as detected in

spectrophotometer

pool water Anions in water samples were
anion
chromatograph ~ 761-
(METROHM). Table 4 highlights the
parameters and abbreviations along with

determined by exchange

compact IC

the units for these parameters which were
used in this study for physicochemical

characterization of ex-mining pools.
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Table 4: List of Parameters and Their Abbreviations and Units Used In Present Study

Parameter Abbreviation Unit
Electrical Conductivity EC uS/cm
Total Dissolved Solids TDS mg/L
Total Suspended Solids TSS mg/L

Turbidity - NTU

Chemical Oxygen Demand COD mg/L
Hardness - mg/L of CaCO;

Anion and Cations - mg/L

RESULTS AND DISCUSSION

I Temperature and pH:
Temperatures and pH for all the samples
were recorded at set intervals of 15 days on
site. Temperature of studied ex-mining
pools is assessed to be 29+2 °C during the
monitoring tenure. It is observed that pH
for these ex-mining pools remained within
range of 6.5-8.5 as defined by Malaysian
drinking water standards (DWQSM 2010).
This study revealed that ex-mining pools
(EP1 and EP2)

alkaline nature throughout the sampling

remained of slightly

tenure while their value varied from 7 to 8
EP3, EP4 and EP5
showed both slightly acidic and slightly

(x0.1). However,
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alkaline characters during the sampling
term where pH values for aforementioned
ex-mining pools ranged from 6.5 - 7.66,
6.51 - 7.11 and 6.4 -7.07 respectively.
Figure 1 presents the monitoring data for
255 days sampling tenure. From the
monitoring, it is concluded that for the
investigated mining pools no significant
changes in pH occurred over the sampling
period. Moreover, ex-mining pools were in
neutral range with slight variations
(alkaline/acidic) in their nature only. Since
pH of water is of great concern due to
changes in its taste so it should be carefully
considered when employing this water for

drinking purposes.
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Figure 1: pH monitoring of ex-mining pools (EP1, EP2, EP3, EP4 and EP5)

ii. Total
(TSS): It
suspended solids (TSS) values for all the

Suspended Solids

is determined that total

pools remained within 100mg/L except
EP5, for which TSS value hyped up to 193
mg/L. For dry periods, such as for days 15
and 60, suspended values for this pool
(EP5) decreased notably.

Increase in

suspended  solids  concentration s

suspected due to the turbulence and
inclusion of drainage by rainfall water
from forest in the periphery of lake which
in it

also added the mineral content
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(Zalifah M. 2007). This drainage contained
slit, clay, sand particles from nearby
construction site which caused this hype in
total suspended value for EP5 on sampling
day (120). Same behavior of wet and dry
seasons for TSS values has also been
previously reported where inclusion of
organic/inorganic materials through
vicinity, also turbulence due to rain caused
higher TSS values for these pools (Makwe
E. 2013; Meme F. K. 2014). Figure 2 gives
a trend of sampling tenure for total

suspended solids of all five pools.
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ii. Total Dissolved Solids
(TDS) / Electrical Conductivity (EC):
For all pools, total dissolved solids were
determined in terms of EC values. These
values were noted to be under allowable
limits over the whole sampling tenure.
Since, these pools are of mining site, heavy
metal ions along with sodium, calcium and
magnesium ions are susceptible to be the
main cause of dramatic changes in EC
values during sampling tenure. It is
believed that during the rain, seepage of
metal ions from nearby soil as well as the
inclusion of runoff water from periphery of
pools mainly caused the dramatic change
in the ex-mining pools EC values (Makwe
E. 2013; Meme F. K. 2014). The standard

75 90 105 120 135 150 165 180 195 210 225 240 255

Days
Figure 2: TSS monitoring of ex-mining pools (EP1, EP2, EP3, EP4 and EP5)
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value as defined by National Drinking
Water  Quality  Standards
(NDWQSM) is 1000 pS/cm respectively
(DWQSM 2010). Figure 3 shows the
variations noticed during the sampling

Malaysia

time. All the ex-mining pools demonstrated
the same pattern over the monitoring
period except (EP1), which had quite
consistent behavior for sampling period
and no abrupt changes were observed here.
Maximum dissolved solids value (300
uS/cm) was noted for ex-mining pool

(EP2) to the end of sampling tenure owing

to additional factors such as human
recreational activity resulting in
contamination of this pool.



Malaysian Journal of Science 36 (1): 32 — 46 (2017)

150
120 -
90 4 P . ° — "o -0, o "
50 ] EP1
30 T T T T T T T T T T T T T T T 1
30015 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255
240 - &
180 -
— 120 4
E 60 2t L] . . .\.\./0 O\ . y EP2 *——1
a 1 1 1 1 1 1 1 I 1 1 1 1 1 1 I 1
2 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255
2 150 -
> 120 -
© 90 — . . . . 0, = -«
g 80+ g
=] 30 T T T T T T T T T T T T T T T 1
“-’_u 45015 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255
Q
2 120 - .
g 90 4 S = '\./' * i % . ./o/ T «
w 60 EP4
30 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1
45015 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255
120 — P g
90 =% ./0 . . o—* o/.\o . o/./ ‘
60 | e EP5
30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255

v, Turbidity: Studies reveal
that pools such as EP1, EP3, EP4 have
turbidity values greater than the standard
value given by NDWQSM value i.e. 5SNTU
(DWQSM 2010). Turbidity is witnessed to
make pool water cloudy especially during
the rainy times. Inclusion of drainage from
nearby forest is considered a main factor
by bringing the slit, clay and organic matter
(e.g. leaves dead insects or animals etc.)
(Zalifah M. 2007; Post D. 1995). Among
all pools studied here, EP5 showed a
dramatic increase in turbidity at sampling
day (120) which is attributed to the

addition of excessive clay, slit or soil from

Days

Figure 3: EC monitoring of ex-mining pools (EP1, EP2, EP3, EP4 and EP5)
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nearby construction site and peripheral
forest. Drain of construction site was
directly dumped into EP5 turning it into
opaque water body with highest turbidity
around 480NTU. Other ex-mining pools
(EP1, EP2, EP3, EP4) behaved in a same
trend during the rainy season except
sampling days 150 to 165, where a
significant rise in turbidity was observed
for these pools. It is observed that
aforementioned external factors played a
major part in this trendy behavior of
turbidity values here. Figure 4 here projects
the trend of turbidity during the sampling

period.
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V. Chemical Oxygen
Demand (COD): Results have shown that
all pools have COD values above

allowable limit (10 mg/L) by NDWQSM
(DWQSM 2010). The likely reason for this
could be the presence of organic
compounds. These organic compounds are
suspected to be the result of runoff water,
seepage from soil and human activity e.g.
(dumping of food, drinks and garbage etc.)
Moreover, addition of dead plants due to
drainage water from nearby forest and
growth of aquatic life (catfish, tilapia etc.)
in pools could also be the likely reason for
increased COD values (Vega M. 1998;

Vi.

! ! I
75 90 105 120 135 150 165 180 195 210 225 240 255

P
\. .
/ '\.“‘1-/./ EF}'
I I | | | I

Days
Figure 4: Turbidity monitoring of ex-mining pools (EP1, EP2, EP3, EP4 and EP5)
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Azizullah A.2011). Trend of COD
variation over sampling tenure is presented
in figure 5 here. Among all pools, EP4
showed significantly higher values of COD
of 180 mg/L but it decreased gradually
until sampling day 210 when it increased
again up to 50 mg/L. For, all other pools
e.g. EP1, EP2, EP3 and EP5, COD values
remained in the range of 20-80 (mg/L). No
specific pattern was noted for these pools
since aquatic life and human activity
around the pools might have played vital
role for this unpredictable behavior along

with seasonal effects.
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Vii. Cations and Anions
Presence of cations in ex-mining pools
was identified since these ions could
immensely affect the water quality and
aquatic life in it. Sources of these ions in
water bodies could be the result of either
direct such as dumping of waste, drainage
etc. or indirect source such as human
activity, soil chemistry etc. (Mumtaz M.
2010).

metals were tested in pool water samples.

Many cations including heavy
Cations such as tin, lead, magnesium,
calcium, sodium, iron, nickel, chromium
and zinc were investigated. Anions present
in the pool water were also noted above
the standard values. It is believed that

presence of nitrate in pool waters is either

T T T T T T T T T T T T T 1
0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255

Days

Figure 5: COD monitoring of ex-mining pools (EP1, EP2, EP3, EP4 and EP5)
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due to runoff from nearby plantation or

decomposition of nitrogenous organic

compounds have raised the level of
nitrates in these pools. Inclusion of
nitrogenous compounds is  suspected

because of frequent recreational human
activity around the pools. Phosphate in all
other pools except EP1 is not detected.
Presence of phosphate in EP1 is suggested
to be the inclusion of detergent from the
periphery  since occasional washing
activity in open area around pool is
noticed. It is noted that all ex-mining pools
showed significant quantity of sulphate
and chlorides ions in them, which is
thought to be the direct result of soil

morphology e.g. gypsum, limestone and
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saline or brackish nature of water (Vega
M. 1998; Azizullah A. 2011; Azlan A.
2012). 1t is noticed that the concentration
of lead, iron, nickel and iron were
exceeding the standard values allowed by
NDWQSM. Moreover, presence of heavy

metals in these pools makes these pools

water unfit for direct human use vyet
employment of purification technology
such as nanofiltration, reverse osmosis or
adsorption could improve its quality. Table
5 here presents the determined
concentrations of cations and anions found

in reported ex-mining pools.

Table 5: Investigation of Cations and Anions in Ex Mining Pools

lons Allowable
(mg/L) EP1 EP2 EP3 EP4 EP5 Limits [20]
(mg/L)
Sn 25.11+0.86  21.3+8.58 15.86+2.25 20.47+1.58 22.83+1.96 NA
Pb 0.17+0.01 0.17+0.02  0.19+0.01 0.17£0.02  0.17+0.02 0.05
Fe 0.311+0.03 0.186+0.01 0.673+0.06 1.035+0.11 1.286+0.33 0.3
Ni 0.02+0.01  0.03+0.01  0.05+0.04 0.04+0.015 0.05+0.011 0.02
Cr ND ND ND ND ND 0.05
Zn ND ND ND ND ND 5
Na 2.53+0.24 1.92+40.58  4.45+0.56 4+0.02 4.18+0.05 200
ca”™ 13.23+0.88 12.86+2.62 7.77+0.36 7.8+£0.24 8.61+0.46 100
Mg** 0.44+0.04 0.89+0.27 0.8+0.15 0.84+0.15  0.73x0.17 150
(Ch*  4.278+0.19 2.476+1.20 3.45+1.32 3.356+ 5.032+0.43 250
(NO;)*  0.655+0.1 0.208+0.105 2.103+0.37 3.164+0.78 8.521+1.38 10
(PO4)?  0.479+0.03 ND ND ND ND 0.2
(SO4)? 2.042+0.16 6.637+0.92 7.364+0.54 8.125+1.94 10.58+1.40 400
*NA =Not available *ND=Not Detected
viii. Hardness (as CaCOs) over the sampling tenure. During the

Hardness of ex-mining pools was also
investigated here. Table 6 gives the

average value of hardness (CaCO3 based)
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tenure from July to November, hardness of
ex-mining pools here reduced consistently

which is believed to be the result of
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dilution due to excessive rain over the
tenure as reported by Y.Ouyang et al. as
well (Ouyang Y. 2006). It is noted that

hardness of pools remains under the
standard limits allowed by NDWQSM,
which is 200 mg/L (DWQSM 2010).

Table 6: Calcium Hardness of Ex-Mining Pools

Avg. Hardness (mg/L of CaCO3)

Month EP1 EP2 EP3 EP4 EPS
Jul-14 42.36 35.10 20.54 27.15 28.10
Sep-14 35.95 40.09 26.66 25.83 28.11
Nov-14 26.24 31.25 20.89 15.85 17.12
Standard Deviation +8.11 +4.43 +3.43 +6.19 6.3
CONCLUSION hazardous amount up to 0.19 + 0.01 mg/L,

This study reveals that ex-mining pools
investigated in this study have strong

potential to be utilized as potable water

after  viable treatment  such as
nanofiltration, reverse  0SMosis  or
adsorption. Else seasonal effects are

significant since during rainy days turbidity
and suspended solids are noted to increase
due to surface runoff of rainfall water in
pools while COD values tend to decrease a
little. On the contrary, for dry season, pools
COD values and

turbidity and suspended solids in them. Ex-

shows higher low

mining pools have also shown the
significant amount of heavy metal ions in

it. Lead, nickel and iron were noted to be in

43

0.05 = 0.04 mg/L, 1.286 = 0.33 mg/L
respectively during the rainy days. Author
suggests that further investigation could be
carried out to identify more contaminants
such as radioactive elements, organic
compounds and organic/inorganic metal

compounds.
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