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Abstract
Achieving sustainability for sanitation facilities is considered to be one of the major problems of this decade. Due to
overpopulation and urbanism, problems such as water scarcity has already begun to increase, therefore wastewater
generated does require efficient ways of treatment and reuse to contribute in the deficit of water. Although, the use of
centralized systems for wastewater treatment have been practiced for many years; although the technological
advancements in decentralized systems allow us to apply these on the wastewater for efficient, cost-reduced treatment.
Adopting this idea, this paper reviews the approach of decentralized system i.e. treatment of greywater by constructed
wetland systems. Firstly, the characteristics of greywater is analyzed to understand the treatment possibly required.
Secondly, various categories of constructed wetlands are discussed and are carefully analyzed and then the performance
efficiency for the removal of contaminants is also assessed. The analysis show that organic matter, suspended solids,
total nitrogen and phosphorus can be removed efficiently if the application of constructed wetland is chosen carefully.
The constructed wetlands are also evaluated within the sustainability definition proving that the application of this
technology is sustainable enough for greywater treatment. Moreover, future considerations for the application of CW
technologies for greywater are also mentioned in the latter parts of the paper.
© 2018 “Ali Hamza, Menal Zaheer” Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research Group
(EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan.
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1. Introduction
Having sustainable practices in sanitation and the access to clear water remains a challenge in our society, despite the
fact we are all surrounded by technological advancements. These technological advancements have contributed in the
destruction of the nature, promoted urbanism and industrialization which encouraged the use of water limitless disturbing
the natural water cycle; the clean water resources are perishing each day [1]. These issues of water shortage and
degradation of water resources has been caused mainly due to poor disposal facilities [2] and less ways to treat different
types of wastewaters. All these factors have contributed in water quality deterioration. With such depletion of surface
water resources to achieve the demand increment of population, the groundwater resources have been severely
overexploited resulting a scarce condition of achieving clean water source [3].
Previously, centralized treatment facilities were taken as the successful solution for water pollution control. Even though,
the technological advancements for treating wastewater like using activated sludge processes, up-flow anaerobic sludge
blanket (UASB) and electrochemical oxidation (EO) have made it possible to achieve satisfying water pollution control.
These technologies are somehow expensive to implement and are termed as not economically viable for their application
in widespread areas [4]. Therefore, the selection of low-cost and treatment efficient technology should be taken into
consideration.
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The current concept adopted for wastewater treatment mostly involves the centralized system having the collection,
transport, treatment and discharge facilities. The idea of use of centralized systems showed optimal success as the
collected wastewater is disposed – off far away from the cities, reducing the vulnerability of environmental degradation
risks [5]. However, because of overpopulation and increased urge of clean water usage, these systems were often less
likely to maintain their importance. Additional factors such as high capital cost, operational uncertainties and population
differences between urban and rural areas made it inevitable for less populated areas to have a centralized system. For
such case, 80 – 90% of the cost of the system for collection of wastewater is normally linked with the amount of people
residing at a specific city [6]. Therefore, decentralized systems can be taken as a sustainable option as it involves onsite
treatment facility, has less initial costs and operational work compared with the centralized systems. These approaches,
if applied can be regarded as a feasible and viable one for a long-term solution on less densely populated areas. These
approaches can be accepted widely because of their flexibility, less costs and environmental friendliness [7].
The implementation of Constructed Wetlands (CW) technology is not new for many developed and developing countries,
as it has been successfully applied to treat different types of wastewater such as municipal sewage, industrial and
agricultural wastewaters [8] incorporating the phenomenon of complex mixture of plants, water, substrate and
microorganisms [9]. This CW technology has been termed as green treatment technology [8] being ecological as it
introduces innovative ways for environmental restoration and provides a sustainable form of wastewater treatment
technologies [9]. CW, being engineered wastewater systems that includes the treatment facilitations of physical,
chemical and biological processes makes it efficient enough to be used. It has shown successful results in mitigating
contaminants and pollutants such as suspended solids, metals, pathogens, nutrients and organic compounds [7].
However, the efficient use and performance of CW is dependent on so many operational parameters such as water depth,
feeding mode, hydraulic retention time and load and the design of the system which can bring differences within the
removal efficiency of pollutants [10]. In addition to these design parameters, the use of additional contaminant processes
before the application of CW such as provision of septic tanks is also considerable as environmental conditions such as
temperatures, the dissolved oxygen levels, pH and the operational characteristics for the CW can get influenced resulting
differences in the removal performance of pollutants [8].
The application of CW on different types of wastewater and the performance of removal contaminant by the application
of CW has been studied and also critically analyzed by many researchers, the performance of CW in terms of efficiency
and the removal of pollutants for greywater treatment is somehow untouched within the literature. Few researchers have
highlighted that CW used of greywater treatment is considered as ecological friendly and low cost technology. The
pollutants (TSS, BOD5, COD, TN, TP and faecal coliform) have been drastically decreased calling the use of CW
satisfactory enough for treating greywater [11].
Therefore, keeping this assumption to achieve good results of performance incorporating different types of CW for
treatment and reuse of greywater as a decentralized treatment system; this paper reviews the categorized application of
CW treatment technology, only for greywater. This paper firstly reviews the characteristics of grey water; secondly it
also reviews the concept of using different CW technologies for greywater treatment under the sustainability criteria by
comparing them in terms of their efficiency and performance and thus, providing sustainable evaluation of constructed
wetlands, strictly for greywater. Future considerations for the application of CW technologies for greywater are also
mentioned in the latter parts of the paper.
2. Grey water and pollutants
Greywater, mostly termed as urban wastewater includes domestic waste water such as from hand basins, showers,
washing machines, kitchen sinks and dishwashers excluding the effluents from toilets [11]. According to some
researchers, kitchen wastewater is also excluded in the context of greywater due to its food waste and high oil content.
The reason of such exclusion of kitchen wastewater is because of its difficultly in degradation and can possess high
amounts of pathogens [2], [12]. Generally, greywater includes 50 – 80% of the total household wastewater [13].
Therefore, it is also been indicated that greywater is much lightly contaminated (suspended solids and pathogens)
compared with Blackwater, therefore it needs less prolonged treatment for reuse [12]. In more densely populated areas,
the viable greywater reuse option can be considered for toilet flushing, which can reduce the water demand of a single
house by 40 – 60 L/d [14]. Therefore, this option can provide considerable reuse of greywater.
Although, greywater has been seen as less contaminated in terms of nitrogen and pathogens, the treatment of greywater
can differ from different technologies depending on each technology application and performance [11]. The untreated
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greywater does contain vulnerable pollutants which do need preferred treatment prior to its reuse [12], as the quality of
greywater varies from each disposal. The characteristic analysis of greywater provides the information that kitchen and
laundry greywater contains higher amounts of physical pollutants and organic load in comparison with the shower and
hand rinsing greywaters. Due to this fact, the biodegradability of all the types of greywater is considered to be good in
terms of their BOD5: COD ratios [11]. Furthermore, comparing the nitrogen and phosphorus content of greywater with
sewage wastewater, there is a reduction of both the pollutants due to absence of urine and faeces within the greywater.
But, the kitchen greywater includes most of the organic substance, turbidity, nitrogen and suspended solids, therefore
the COD: N: P ratio is somehow similar to the sewage wastewater i.e. 100: 20: 1 [11]. The characteristics of greywater
by different categories are illustrated in the Table 1.

Parameter
pH
BOD
COD
TSS
TN
TP
Turbidity
Total Coliforms
Faecal Coliforms

Units
mg/l
mg/l
mg/l
mg/l
mg/l
NTU
CFU/100ml
CFU/100ml

Table 1. Greywater Characteristics [11]
Kitchen
Bathroom
5.9 – 7.4
6.4 – 8.1
536 – 1460
50 – 300
26 – 2050
100 – 633
134 – 1300
7 – 505
11.4 – 74
3.6 – 19.4
>74
>48.8
298
44 – 375
>2.4x108
10 – 2.4x107
0 – 3.4x105

Laundry
7.1 – 10
48 – 472
231 – 2950
68 – 465
1.1 – 40.3
>171
50 – 444
200.5 – 7x105
50 – 1.4x103

Mixed
6.3 – 8.1
47 – 466
100 – 700
25 – 183
1.7 – 34.3
0.11 – 22.8
29 – 375
56 – 8.03x107
0.1 – 1.5x108

Treatment of greywater using constructed wetlands comes under the biological treatment process, therefore it is
necessary to evaluate the greywater whether the quality of contaminants present in that specific type of greywater are
potentially enough to be treated by the constructed wetlands. For the optimal COD: N: P ratio maintained in the
greywater for the treatment, it is considered that the kitchen greywater should be a part of the total greywater collected
[11]. It sums up that the kitchen greywater has more biodegradable organic matter and nitrogen content, making it more
contaminated compared with bathroom greywater. Greywater shows good COD:BOD5 ratio; estimated to be 50%
showing efficient potential of biological treatment [11] and the concentration of nitrogen and phosphorus within the
greywater show no evident restriction for the growth of microorganisms [11]. Therefore, it can be concluded that kitchen
greywater adds up the traces of nutrients within the total mix of greywater.
3. Constructed Wetlands
Constructed wetlands are generally called as “engineered wetland systems” due to their design, operation and
construction characteristics to employ the natural processes such as soil and vegetation of the marsh i.e. the wetland
itself and the microbial growth present to contribute in the treatment of wastewater. They are similar to the natural
wetland concept, but are designed in such a way to have a control environment for the application of treatment [15].
Constructed wetlands are normally categorized based on their individual design parameters, although the most important
parameters include hydrological parameters (surface flow or subsurface flow), flow pattern in subsurface wetlands
(horizontal or vertical) and the type of macrophytic growth (submerged, emergent, floating – leaved and free floating).
In addition to that, hybrid systems are also been introduced in recent years which include a combination of wetlands to
employ maximum treatment schemes for different wetland systems [15].
3.1.

Free Water Surface Constructed wetlands (FWS CW)

These constructed wetlands uses the mechanism of channels with soil cover for holding up the rooted vegetation. The
water depth is normally low, approximately 20 – 40 cm. Free water surface CW contain dense emergent vegetation
which covers almost 50% of the total surface, therefore they are more likely to be termed as “land intensive biological
treatment systems” [15-16].
The removal of contaminants include the organics removal by microbial degradation. For suspended solids, the settling
of colloidal particles and filtration is mainly responsible by the densely emergent rooted vegetation [16]. Phosphorus
removal is normally low, but is considered to be a sustainable one because it involves natural processes of absorption,
precipitation and adsorption. Moreover, these types of CW show efficient removal by the processes of
nitrification/denitrification [15]. Oxidation of nitrified bacteria results in nitrous oxide which further contributes in
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denitrifying the bacteria present in the wastewater. Ammonia is further lost by the process of volatilization due to algal
growth resulting in higher pH values [15-16].
3.2.

Horizontal Subsurface flow Constructed wetlands (HF CW)

These constructed wetlands contains a layer of gravels working as an impermeable stratum, planted with the specific
type of wetland vegetation [15]. The planted vegetation used in HF CW is normally emergent macrophytes such as Iris,
Sparganium, Carex, Acorus or Typha [17]. The influent flows within the medium i.e. the vegetation planted in a
horizontal pattern. The effluent then reaches the other end, where the collection and disposal facilities are likely to be
present [15]. Figure 1 shows the diagram of horizontal flow constructed wetland [16].
These systems are also termed as “Root Zone Method” for constructed wetlands [16]. In between the passage of HF CW,
a series of aerobic and anaerobic zones are present, especially the roots are surrounded by the aerobic zones due to their
leakage of oxygen for the substrate [15]. Filtration beds are provided throughout the system, which involves the
processes of sedimentation and filtration. They further contribute in the decomposition of organic load and particulate
organic matter by anaerobic and aerobic microbial processes. The anaerobic processes are more likely to favor, as they
restrict the aerobic processes close to the roots only, showing low concentrations of dissolved oxygen levels present
within the system [16].
For the removal of suspended solids, the mechanism of flocculation is applied mainly, although other mechanisms such
as gravitational sedimentation and physical collection techniques are also applied depending on the type of wastewater
treated on the system [15]. For nitrogen, the process of nitrification is limited due to lack of oxygen present within the
system, therefore removal of ammonia is less likely to happen. Although, the process of denitrification does occur, as
HF CW provides the combination of anaerobic and aerobic zones present within the system [15]. For phosphorus, the
major removal is done by the processes of sorption and precipitation, but the overall removal of phosphorus is considered
too low in such type of constructed wetlands [15-16]. Therefore, the main contribution of vegetation present in HF CW
systems is to provide substrate for the bacterial growth, loss of oxygen levels and consumption of nutrients present
within the soil for the treatment of wastewater [16].
3.3.

Vertical Subsurface flow Constructed wetlands (VF CW)

These type of constructed wetlands includes stratified layers of flat bed of gravel, dressed with sand cover and
macrophytes. The planted vegetation used in VF CW is P. Australis [17]. The influent is released in high amounts in a
vertical pattern, flooding the whole surface, providing natural percolation process throughout the sand cover. As the
effluent percolates, it is collected by the series of drainage network provided within the system. After the bed is drained
completely from the effluent, natural aeration process is likely to happen, diffusing higher amounts of oxygen on the
bed [15]. This aeration process makes VF CW suitable enough for the process of nitrification [15], although, it does not
allow the process of denitrification to happen [16]. These systems are also efficient enough for the removal of organic
load and suspended solids, as the main contribution of macrophytes present in this system is to maintain the hydraulic
conductivity of the bed [15]. These VF CW were designed as staged systems, having different beds within series and
parallel orientations. At present, VF CW are normally built with single bed mostly termed as “Second generation VF
constructed wetlands or compact vertical flow beds” [15].
3.4.

Hybrid Constructed Wetlands

These types of constructed wetlands were originated for achieving high efficiencies of removal of nitrogen due to
absence of simultaneous provisions of aerobic and anaerobic conditions within a single type of constructed wetland
system [7]. For achieving such goal, various categories of constructed wetlands can be combined to maximize the
removal efficiency for each type of CW system involved within the hybrid system.
Normally, in VF – HF type of the system, two stages of vertical beds followed by a series of horizontal beds are likely
to be seen. Only HF systems cannot nitrify due to low oxygen availability within the system, whereas VF systems can
progress the nitrification process, but lacks denitrification processes [17]. Therefore, such a combination provides an
efficient use of CW technology for having appreciable low concentrated nitrogen (fully nitrified and partially denitrified)
and low BOD level effluent [17].

4

5th International Conference on
Energy, Environment and Sustainable Development 2018 (EESD 2018)
Another type of system i.e. HF – VF system involves horizontal beds at first to provide appreciable removal of suspended
solids, organic loads and denitrification. Vertical beds are provided afterwards to further contribute in the reduction of
organic load, suspended solids and for the nitrification process, converted denitrified ammonia to nitrates [17]. Figure 1
shows the schematic diagram of both the systems discussed [16].

Fig. 1 Schematic diagram of HF
– VF ConstructedWetland[16]

Apart from these two combinations, these hybrid constructed wetlands may also include the free water surface with
beds in horizontal or vertical orientations or both simultaneously applied [17].
3.5.

Enhanced Constructed Wetlands

Due to the recent developments, for maximizing the removal efficiencies of constructed wetlands, enhanced constructed
wetlands are introduced. Types of enhanced constructed wetlands that have been seen till date are baffled flow CWs,
artificial aerated CWs, step feeding CWs, hybrid tower CWs and circular flow corridor CWs. Their main objective is to
enhance the efficiency of the treatment that can be achieved incorporating constructed wetlands and the recent treatment
technological advancements [10].
4. Treatment of grey water using Constructed Wetlands
For greywater treatment, the removal of organic content and total suspended solids is considered to be mandatory as
these contaminants are highly vulnerable towards public health risk present in greywater [2]. The removal of biological
load i.e. organics and total suspended solids is relatively higher in all the types of constructed wetlands used, but the
mechanism of removal is a bit different [16]. For VF and FWS types of constructed wetlands, the degradation process
for microbial growth is done under aerobic conditions, whereas in HF constructed wetlands, anaerobic conditions are
likely to be present for the treatment. Although, comparing the treatment efficiency in all the types of constructed
wetlands mentioned above, VF constructed wetlands percentage efficiency is slightly higher than HF and FWS types of
constructed wetlands, due to large amounts of inflow capacity and concentrated content flowed within the system [16].
Therefore, VF constructed wetlands are mostly used for primary and secondary treatment and then FWS constructed
wetlands for tertiary treatment, if required. For HF constructed wetlands, the treatment is applied if greywater is diluted
with storm water runoff [16]. Table 2 shows the removal efficiencies of various constructed wetlands for grey water.
Table 2. Removal of organics and TSS by various types of CW [16]
Type of CW

Biological Oxygen Demand (BOD)

Total Suspended Solids (TSS)

In (mg/L)
Out (mg/L)
Eff. (%)
In (mg/L)
HF
170
42
75
141
FWS
161
42
74
185
VF
274
28
90
163
In: inflow concentration, out: outflow concentration, Eff.: Efficiency of treatment applied

Out (mg/L)
35
43
18

Eff. (%)
75
77
89
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According to the Technology Review of Constructed Wetlands, it is self-evident that difference of removal efficiency
depends on different design parameters and constructed wetland’s functionality [18]. For greywater, the comparison of
removal percentage efficiencies for biological oxygen demand (BOD) and total suspended solids (TSS) between HF
CW and VF CW is reported in Table 3.
Table 3. Removal percentage of contaminants by VF CW and HF CW [18]
Contaminant
Biological Oxygen Demand (BOD)
Total Suspended Solids (TSS)

VF CW (%)
90-99
90-99

HF CW (%)
80-90
80-95

For bacteriological reduction in greywater, although, it is not considered important as the pathogen levels are very low
in greywater [18]. However, a comparison for bacteriological reduction for greywater by only constructed wetlands and
by the use of filtration process as a pre-treatment before the application of constructed wetlands. Horizontal flow type
of constructed wetlands are used in both cases. The results of such study indicate that, use of constructed wetlands only
shows more efficient removal performance for Total Coliforms. The emergent macrophytes like Lepironia Atriculata
removes 95 – 99 percentage removal of Total Coliforms from the greywater [2]. For Escherichia coli (E. coli) removal,
the use of filtration process as a pre-treatment before the application of constructed wetlands show higher efficient
removal, as the growth of E.coli requires low concentrations of organic matter [2]. Thus, summarizing the bacteriological
reduction discusses the constructed wetland have an important role by its photosynthesis ability to degrade the bacterial
growth within greywater [2].
For nutrient removal for greywater, mainly nitrogen and phosphorus are included in such context. Although, the removal
of both nutrient is considered to be an easy process for greywater compared with municipal wastewater treatment; the
concentration of nutrients is comparatively lower due to absence of urine and faeces in greywater [18].
Phosphorus removal is considered to be less in all the different variations of constructed wetlands, as constructed
wetlands are often not designed and implemented for the reduction of phosphorus from the greywater as the main
treatment target [16]. Even though, many HF and VF constructed wetlands do have that ability to remove phosphorus
significantly within some period of time by the processes of precipitation and adsorption [18]. Some amounts of
phosphorus are also taken up for the growth of vegetation as one of their primary nutrient, the value is considered to be
really low i.e. 10% only from the total phosphorus content present [18].
Nitrogen removal is considered to be low in terms of the different types of processes involved within each constructed
wetland. For HF constructed, due to low nitrification, the removal efficiency is decreased significantly [16].
Denitrification is highly efficient in such system, as the conditions of anaerobic zones favors the reduction of nitrate into
nitrogen in the presence of bacteria [18]. For VF constructed wetlands, oxygen supply is abundant; the process of
nitrification is highly efficient with the removal percentage efficiency of 90% ammonia oxidation into nitrates. Although,
this system doesn’t favor denitrification, the nitrates do remain in the effluent, making overall nitrogen removal to be
around 30% only [18]. Hybrid constructed wetlands do promise effective removal of nitrogen by combining VF CW
followed by HF CW, as both the processes of nitrification and denitrification can be applied for satisfactory removal of
nitrogen from the greywater effluent [16], [18]. A summary of different types of constructed wetlands and the removal
of nutrients with respect to greywater is illustrated in Table 4.
Table 4. Removal of TN and TP by various types of CW [16]
Type of CW

Total Nitrogen (TN)

VF
HF
FWS

In
73
63
42.6

Out
41
36
23.5

NH4 – N
Eff.
43
43
45

In
56
36
30

Total Phosphorus (TP)
Out
14.9
22
16

Eff.
73
39
48

In
10.3
9.6
14.7

Out
4.5
4.8
9.7

Eff.
56
50
34

5. Sustainable Evaluation
For the sustainable evaluation of the treatment technology applied, five main aspects namely hygiene, environment,
technology, economy and social acceptance are to be considered [19]. Using constructed wetlands for greywater
treatment, in terms of treatment performance, operation and maintenance, and the associated costs; constructed wetlands
can be called as the best ecological and cost effective option [11] . Although, it does required large space, so it cannot
be considered in urban areas [11].
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Another sustainable aspects of using constructed wetlands for greywater treatment can be highlighted as they do treat
all the necessary contaminants present in the greywater into less vulnerable byproducts and necessary nutrients because
of their high biological activity [16]. Therefore, it can further add up into energy conservation as minimum amounts of
fossil fuel energy is been utilized making it sustainable enough [16].
6. Conclusion
To sum up, providing decentralized systems like constructed wetlands for the treatment and reuse of greywater is
considered to be green and sustainable technology. It does come under the category of biological treatment facility
promoting environmental sustainability. It is also feasible to apply this technology economically as it involves minimal
costs incorporating the design and operational procedural considerations of the system.
For treating greywater biologically, all the types of constructed wetland technologies discuss positive results of high
treatment efficiency for the effective reduction in the concentration of organic matter and the total suspended solids.
Whereas for nitrogen reduction, the processes of nitrification and denitrification are considered to be highly important
for effective treatment. To achieve significant removal of nitrogen from the greywater effluent, the use of hybrid
constructed wetlands proves to be a viable option.
For phosphorous, although constructed wetlands are not designed in such a way to treat phosphorus contamination within
greywater. But, if the design parameters are favorable enough, the use of constructed wetlands can provide treatment for
phosphorus up to primary and secondary levels, making it more feasible and sustainable.
For further research incorporating greywater treatment with constructed wetlands, new innovative constructed wetland
technologies should be applied in order to remove maximum nitrogen and phosphorus content from the greywater. In
addition to that, the reuse aspect of greywater after the treatment applied needs consideration.
Therefore, the sustainable evaluation done for treating greywater by the application of constructed wetlands makes it
more favorable to believe that having such ecological system can definitely contribute more in achieving sustainable
decentralized systems for future generations.
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Abstract
Arsenic is one of the most serious inorganic contaminants in drinking water on a worldwide scale. To comply with the
MCL (maximum contaminant level, 10 μg/l arsenic in drinking water) established by the World Health Organization,
numerous techniques have been studied, such as ion exchange, coagulation and flocculation, precipitation, adsorption
and membrane technologies. Among the available technologies applicable to water treatment, adsorption has been
identified as a promising technology to remove arsenic from water. In present research, modeling and simulation of
packed bed column for the removal of as from water using iron ore adsorbent was conducted theoretically using ASPEN
ADSIM V10 software. The effects of various operating parameters like bed height, feed flow rate and initial arsenic
concentration on performance of adsorption column will studied theoretically. From the results it was observed that the
design parameters like depth of adsorbent bed and diameter of column along with operating parameters such as inlet
concentration of Arsenic have great effects on the overall performance of column.

© 2018 Rao Ahsan Atta, Khadija Qureshi, Imran Nazir Unar, Zulfiqar Ali Solangi, Zulfiqar Ali Bhatti. Selection and/or peer-review under
responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro,
Pakistan.
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1. Introduction
As is a hazardous element which is present in groundwater in the form of As (III) and As(V). Its presence in the earth’s
crust is 0.00021%. Illness characteristic of long-term arsenic exposure comes in the form of skin cancer, bladder cancer,
inactivation of an enzyme system in the body, black foot disease, and obesity [1-4]. As contact can also cause other
health consequences such as gastrointestinal irritation, diabetes, less number of white and red blood cells, hypertension,
blood vessels rupture and abnormal heart beats [5]. Baig et. al. [3] performed a study of Gambat town, Sindh and found
people suffering from chest infections, pain in the whole body, cramps in legs due to As contamination in water.
Naturally occurring arsenic is known to trickle from contaminated soils. Thus, contact of the general population with
arsenic is mainly through the ingestion of groundwater, which comes across As-bearing soils and minerals. Pakistan is
suffering from the toxic effects of arsenic as other countries such as Bangladesh, India, Thailand, Taiwan, China, Japan,
USA, Canada, Hungary and Ghana [6].
Varieties of technologies have been developed for the treatment of Arsenic in water. The major technologies include
Precipitation-Coagulation, Membrane Separation, Ion exchange and adsorption. Among these technologies, adsorption
is a cost-effective and user-friendly technique for arsenic removal from water, and it can be used in small scale household
units.

* Corresponding author. Tel.: +0-000-000-0000; fax: +0-000-000-0000 .
E-mail address: ahsanatta786@gmail.com
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Different types of synthetic adsorbents have been reported in the literature which are more effective for As(V) removal
rather than As (III). Some of these include hardened paste of Portland Cement (HPPC), Iron Oxide Coated Cement
(IOCC), granular ferric hydroxide (GFH), aluminum loaded Shirasu-zeolite, Iron (III) phosphate, coconut husk carbon
etc. But some adsorbents like iron oxide-coated sand (IOCS), iron (III) phosphate, coconut husk carbon etc., are more
efficient for As (III) removal [7].
Recently, naturally available low-cost laterite soil has been found to have good arsenic removal capacity for both As(III)
and As(V). The maximum As(III) adsorption capacity of laterite soil in batch reactor as reported recently is 1.38 g/Kg
[8], which is comparable to activated alumina (1.41 g/Kg). Arsenic removal capacity of laterite soil can further be
improved by its modification.
Most of studies reported in literature for arsenic removal have been conducted in batch operation, excepting a few,
which deals with activated alumina, HPPC, IOCC, GFH, aluminum loaded Shirasu-zeolite, iron oxide coated sand,
natural iron ores containing iron and magnesium in rich quantity, hybrid ion exchanger, iron oxide impregnated activated
alumina, etc. Indigenous iron ores has also been used in lab scale packed bed column for the removal of arsenic.
Fixed bed column is important to predict the column breakthrough or the shape of adsorption wavefront, which
determine the operation life span of the bed and regeneration time. Further in order to obtain basic engineering data, it
is essential to study the continuous flow system. In present proposed research, modeling and simulation of packed bed
column for the removal of As(III) and As(V) from water using different adsorbents like indigenous iron ore, aluminum
coated iron oxide or Polyacrylonitrile (PAN) fiber will be conducted theoretically using ASPEN ADSIM V10 software.
The results will be compared from the literature. Detail characterization of adsorbents will be done to explore the
mechanism of adsorption. The effects of various operating parameters like feed flowrate, initial arsenic concentration
and bed height on performance of adsorption column will studied theoretically.
2. Literature Review
Bhatti et al., (2018) presented an overview of naturally occurring arsenic (As) in water resources and various As
removal techniques adapted to treat As-contaminated water. The study specifically focused on low-cost indigenous
technologies which could be easily adapted to treat As from drinking water resources, especially in remote areas. The
review reported that various low-cost materials have been scrutinized for As removal from water [9]. Bhatti et al.,
(2017) used arsenic kit and atomic absorption spectrometer for the determination of arsenic (As) in groundwater of
Sindh province, Pakistan. Twenty-Four (24) districts both on the left and right bank of river Indus (RI) were analyzed.
It was observed from the results that highest As concentration 200 ppb (parts per billion) i.e. above the WHO (World
Health Organization) limit (10 ppb) was observed in Sakrand, district Shaheed Benazirabad followed by Hala, Matairi,
TMK (Tando Mohammad Khan) and Nasarpur regions [4].
Abejón et al., (2015) demonstrated the technical and economic viability of removing arsenic (V) using an optimized
reverse osmosis process, with minimization of the total cost as the objective of the optimization strategy. The
optimization results showed that the total costs of a two-stage membrane cascade used for the removal of arsenic (V)
from drinking water for a population of 20,000 inhabitants were 1041 $/d and 0.52 $/m3 of drinking water produced.
[10]. Anisuzzaman et al., (2016) conducted dynamic simulation of phenol adsorption within the packed bed column
filled with activated carbon derived from dates’ stones. The process parameters such as column length, inlet liquid flow
rate, initial phenol concentration of feed liquid and characteristics of activated carbon for the small-scale packed bed
adsorption column were investigated based on the dynamic simulation results using Aspen Adsorption V7.1 simulation
program [11]. Pal et al., (2007) developed a dynamic mathematical model for removal of arsenic from drinking water
by chemical coagulation-precipitation and was validated experimentally in a bench-scale set-up. While examining
arsenic removal efficiency of the scheme under different operating conditions, coagulant dose, pH and degree of
oxidation were found to have pronounced impact [12].
Nikolaidis et al., (2003) conducted field and laboratory studies to elucidate the design factors and mechanisms of
arsenic removal from contaminated groundwater using zero-valent iron. Large scale, field pilot experiments
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demonstrated for more than 8 months that iron filing filters can efficiently remove arsenite from aqueous solutions to
levels less than 10 μg/L [13].
3. Methodology
Aspen ADSIM uses a set of partial differential equations (PDEs), ordinary differential equations (ODEs) and algebraic
equations, together with the appropriate initial and boundary conditions, to fully describe the adsorption or ion-exchange
column.
ASPEN ADSIM Version 10 commercial MS Window based simulator developed by Aspen-tech was used as simulation
tool to develop model for simulation. The input data was taken from a recent literature on arsenic removal using iron
ore [14]. In the reported case study [14] a synthetic sample of known concentration was prepared and passed through
continuous column filled with adsorbent with characterized properties.
Fig. 1 describes the adsorption column model selected for simulation, “Feed” stream enters in the column and initial
simulation column flow is assumed as ideal flow pattern where all water and arsenic molecules travels, therefore only
convective force is responsible for adsorption. Default value of mass transfer coefficient present in model was used for
simulation. Similarly default isotherm parameters for water available in model were selected as Langmuir isotherm
parameters.
Temperature was assumed constant. The 10 cm bed in 2 cm diameter column was geometry of cylindrical column which
has been allowed to run for 900 minutes. Big upward difference scheme (BUDS) with 50 numbers of nodes was assumed
as difference method to calculate the model equations.

Fig. 1. The model of Fixed Bed Adsorption Column developed in Aspen AdsimV10
3.1. Assumptions
The simulation considers following general assumptions in bed model for liquid adsorption:
i) The fluid behaviour follows Plug flow, or plug flow with axial dispersion, in plug flow assumption
molecules travel in same rate and makes a flat velocity profile and subsequent moment is assumed as
individual CSTR cells.
ii) The liquid phase pressure drop is constant, according to a laminar-flow momentum balance (with the
pressure drop assumed proportional to the flow velocity).
iii) The liquid is moving at constant rate throughout the bed, velocity is.
iv) Molar concentrations are calculated from molar volumes. Ideal mixing is assumed to occur in the liquid
phase, so molar volume is a linear function of composition.
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v) A lumped mass-transfer rate applies, with a liquid or solid-film resistance. This resistance is linear,
quadratic, or user-defined.
vi) Mass transfer coefficients are assumed constant and taken as default value available in ASPEN Adsim®
vii) Aspen ADSIM is having good adsorption isotherm models and Langmuir isotherm model has been selected
with values taken from Maji et al. 2007 [14].
viii) Aspen ADSIM is having provision for Isothermal or non-isothermal conditions in chosen model, however
the non-isothermal effects must be carefully chosen as its effects are evident in isotherm model condition
and ultimately heat of adsorption also get affected.
3.2. Model Assumptions (Liquid)
Linear Lumped Resistance was selected which assumes mass transfer driving force for component as a linear
function of the liquid phase concentration or solid phase loading and expressed in terms of following correlations:

s
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3.3. Material Balance
Mass and material balance equation in general form for liquid phase adsorption is expressed as
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The first term in given expression represent dispersion term and second term represents the convective force
responsible and 3`d term in given expression represents accumulation and last term represents Mass transfer from
the liquid to the solid phase.
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3.4. Convection with Constant Dispersion
The Convection with Constant Dispersion option was included in the simulations in which the dispersion term in
the material balance for the bed is included. A constant value for the dispersion coefficient was inserted to solve
the equation. With this option, the dispersion coefficient is constant for all components throughout the bed.
3.5. Isotherm selection
The driving force behind all adsorptive liquid separation processes is the departure from adsorption equilibrium, so
adsorption isotherms are important Data in adsorber design. w* The liquid phase composition that would be at
equilibrium with the actual loading. Once adsorption isotherms for the components of the feed are known, bed
model to predict the performance of the adsorber bed for the specified operating conditions can be created. The
equation to provide Langmuir input parameters are expressed in following form:

wi 

IP1i IP2i ci
1 IP2i ci

(4)

Where IP1 is isotherm parameter inverse of product of adsorbent capacity qmax and equilibrium constant KL and
IP2 is expressed in terms of inverse of capacity of adsorbent (1/qmax). Aspen Adsim has a list of adsorption
isotherm model and can be selected as per the experimental or input data available with user.
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3.6. Varying Parameters in Simulations
Various dynamic simulations were performed to investigate the performance of adsorption column. The varying
parameters include bed height of the column, feed flow rate and inlet concentration of Arsenic. Apart from it the 3
different adsorbents were used to investigate its effects.
4. Results and Discussion
The results obtained from the treatment of arsenic contaminated water through simulations on Aspen Adsorption
software are discussed as under.
4.1. Effect of Bed height on arsenic removal
From Fig. 2 it seems that the effect of bed height on arsenic concentration in treated water shows As adsorption on
packed-bed iron ore at different bed depths (10, 15, 30, 45 and 60 cm) at a constant flow rate of 7.75 ml/min and
an inlet As concentration of 0.5 mg/lit with an initial pH of the inlet solution of 7. The total As adsorbed, exhaust
volume, breakthrough volume, and percentage removal with respect to bed height. The breakthrough volume
increases with increasing bed depth as a result of increasing binding sites available for adsorption. Further with
increasing service time, the intra-particle diffusion into the inner pores of the adsorbent particle increases. Finally,
more As ions get adsorbed if the bed depth is larger and As achieve 100% removal at bed height of 45 cm and 60
cm.

Fig. 2: Effect of bed height on arsenic concentration in treated water
4.2 Effect of Bed height on arsenic removal
Variation in the concentration of arsenic in the treated water with different feed flow rate at the bed heights of 10
cm, 15 cm, 30 cm, 45 cm and 60 cm are shown in Fig. 3. It seems from the figure that the effect of flow rate on
arsenic concentration in treated water shows As adsorption on packed-bed iron ore at different feed flow rates (7.75,
10.0 and 15.0 ml/min) at a different bed depth (10, 15, 30, 45 and 60 cm) and an inlet As concentration of 1.5 mg/lit
with an initial pH of the inlet solution of 7. The breakthrough volume and adsorption capacity coefficient (No)
decrease with increasing effluent flow rate due to the decrease in the residence time of As ions within the packedbed column. The total arsenic adsorption as well as the percentage of As removal increase with decreasing flow
rate. This is simply due to increasing contact time, causing a better penetration of As ions into the pores of the
adsorbent particle. Thus, intra-particle diffusion is an important factor for As adsorption through the packed-bed
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column at a low feed flow rate.

Fig. 3: Effect of feed flow at different bed heights, on arsenic concentration in treated water
4.3 Effect of feed concentration on arsenic removal
Variation in the concentration of arsenic in the treated water with different inlet concentration at the bed heights of
10 cm, 15 cm, 30 cm, 45 cm and 60 cm are shown in Fig. 4. From Fig. 4, it seems arsenic concentration in treated
water shows the effect of the initial As concentration by iron ore is investigated by varying the inlet As concentration
(0.5, 1.0 and 1.5 mg/1it) and other parameters like the flow rate at 7.75 ml/min, a different bed depth (10, 15, 30,
45, 60 cm) with an initial pH of inlet solution at 7, and a column diameter 2.5 cm. The result indicate that, with an
increase in the inlet As concentration, the breakthrough volume is reduced considerably. This is due to the fact that
at higher As concentration the bed quickly gets saturated.

Fig. 4: Effect of feed concentration when different heights, on arsenic concentration in treated water
5.

•
•

CONCLUSION
In general, the present study shows that iron ore is effective adsorbent for removal of arsenic ions from water
under suitable simulation conditions. Specifically, the following conclusions can be drawn from the results
of this study:
Sorption of arsenic from aqueous solution was investigated at 25°C in a continuous packed bed column of
iron ore. Packed bed column study was conducted to find out the effectiveness of a natural adsorbent, iron
ore for adsorption.
Under the operating conditions the arsenic concentration in treated water decreases with the increase in bed
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•
•
•
•
•

height.
Under the operating conditions with run time of 16 hour almost complete removal of arsenic take place when
the initial arsenic concentration is 0.5 mg/lit.
With the increase in feed flow rate the arsenic concentration in treated water increases.
Based on the results of the present study, the following recommendations are suggested for further
investigations.
Specific arsenic species i.e. As (III) and (V) and cations like Fe, Mn etc., normally available in real ground
water, should be included in water sample.
Verification of model should be done with real ground water.
Effect of run time on the removal of arsenic should be study.
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Abstract
Coal mining is one of the major industries which playing an important role in contributes to the economic development
of a nation but degrading the natural environment. As coal is the primary source of energy and essential to fulfil the
energy demand of a developing country. It can be excavated by both underground and opencast mining methods and
both has direct and indirect effects on environment, especially water regime, by discharging huge amount of mine water.
Millions of gallons of mine water from coal mines being discharged daily. This valuable water resource is wasted due
to such level of contamination. Population nearby mining industries is facing lot of problems due to shortage of water.
Purpose of this study is to assess the quantitative and qualitative mine water at Lakhra Coal Mines Jamshoro. Mining
industries are releasing metals and acids to the environment and it can affect public health and aquatic life. Quantity of
mine effluent measured at discharging point of each mine separately which recorded in table 2. For assessment of water
quality of Lakhra coal mines, samples of mine water were analyzed in institutional laboratories to assess water quality
and suitability of mine water for industrial and domestic uses. The pH value of analyzed water samples ranges from 4.03
to 7.13. Total dissolved solids (TDS) ranges from 3780 to 4280 mg/L. Suspended solids (SS) ranges from 64 to 270
mg/L and other parameters of water quality such as Electric Conductivity, Turbidity, Sulphates and trace elements (Fe,
Mn, Pb) having different values shown in table 3. Result of these water quality parameters shows lower to medium value
of pH, high TDS, SS and sulphates. High concentrations of trace elements found which need water filters and costeffective water treatment scheme for use of mine water as a source of drinking water or other domestic uses in such
areas.

© 2018 Shams Kharrik, Abdul Razaque Sahito, Agha Shafi Muhammad Pathan, Imran Ali Rajar, Selection and/or peer-review under responsibility
of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan.
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1.

Introduction

Mining industry is playing a key role in economy worldwide, but it is facing number of challenges. Such as water is
essential for any mining, with the quality and quantity depending on the exact nature of the mining activity and the
associated process – for example, the water quality can vary from source of mine water and activities. In modern world,
activities regarding mining industries are very common in developing countries [1]. Mining activity is also cause of the
environmental impacts to the soil and water resources which are affecting by acid mine drainage (AMD) [2-3].
Developing countries are facing lot of water problems and they are surviving with poor water quality.

* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 .
E-mail address: shamsali.kharik@gmail.com
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Major wastes generated by mines are wastewater, tailings and overburden removal, the majority of emissions can be
found in discharged mine water. Whenever a coal seam is excavated in underground coal mine and it effect on level of
groundwater. This change of water level causes of operational and environmental problems. Regular monitoring of water
inflow and physical & chemical analyses of mine water may indicate that the water quality may control [4]. Most of the
pollutants are generated in water discharged from mine which need treatment concern. Underground and surface coal
mining are generating large volume of wastewater which is being contaminated due to mining activities [5]. Mine
effluent is source of water pollution and potential environmental hazards which associated with coal mining [6]. For
protection of receiving water bodies and control the impacts of mine effluent to adjust limits of wastewater through
Environmental Protection Agency are used [7]. Same here in Lakhra coal field is vast quantity of water available
depending the mine activities and seasonal conditions, there are different sources of water in underground coal mine.
Water comes from mine walls through seepage, mine shaft and mine roof & floor etc. Ground water is a big problem in
some mines of underground coal mines which is continually pumping out by mine management to run the mine. This
water is rechargeable and it needs continuously dewatering and water is mostly saline and after disposing in open
reservoir, may cause of human health and environmental hazards.Rate of flow and discharge when water drain out
through pumps in mining areas is critical situation when it passes through mine extraction area. It affects mine stability,
mine production as well as workers efficiency [8]. Mine discharged water may or may not but that pumped out water
become contaminated and loses the quality of acceptable water. So people living surrounding it are facing water
problems due to uneven condition of water [9]. Continuous disposing water is difficult for mine management as well as
for local community. In developing countries awareness about environmental issues and social concern is now
increasing. Rules and regulation applied to improve mining industries worldwide to reduce environmental impacts of
mining industries. Aim of this study is quantitative and qualitative assessment of mine water and determines the water
quality parameters to manage mine water and make it able to use for drinking purpose and other domestic.
2.

Mine Water

Mining activity disturb the natural water. During mining operation water flow with sediment and coal particle and it
cause of suspended solids in mine water. Mine water is polluted with physical, chemical and biological contamination
[10]. Mine water flow through seasonal and water flow up and downstream. Total suspended solids values will higher
at lower point of discharge. Whenever components of dissolution in sandstone increases it becomes acidic and pH will
increase and rate of dissolution decrease [11]. Mostly water polluted due to Acid Mine Drainage (AMD). When sulfide
concentration water disposes in open space as in oxygen and water, it will cause of AMD. When iron sulfide reacts with
other sulfide-containing materials and result in high concentration of electric conductivity, low pH and other heavy
metals [12]. When mine water passes through mining process it contains large quantity of contaminants in shape of coal
slurry, face water and trace elements in discharged water. It is not easy for pumping system to pump out water easily. If
that water enters in mine bottom area, it mixes with groundwater. It will cause of environmental impact of mine water.
Good designed pumping system is key point for mine stability and mine safety. That water will less contaminate if quick
dewatering system is installed [13]. Mining industry consumes water for mining operation as fresh water and produce
as wastewater. Wastewater generated through mine in different shapes as water tailing, overburden and rock waste which
are the cause of environmental pollution. Whenever water comes from surface or underground, it will be pumped out
through dewatering system for mine workers safety and mine stability. Many heavy metals and other contaminated
pollutants found in pumped water. This requires treatment before discharge [14].
3.

Study Area

Lakhra coalfield is located in district Jamshoro, province Sind, about 30 kilometers away from Jamshoro city and 50
km from Hyderabad Sindh. It covers about 1308 sq. km and coal reserve is 1.32 billion tons of estimated coal.
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Fig. 1. Lakhra Coalfield Jamshoro Sindh [15]

4.

Geology of Lakhra Coalfield

Lakhra coal was discovered in 1853, by national and multinational companies’ investigation. Lakhra coalfield lies on
anticline axis and dipping angle is 70 to 80 degree. Mineable coal is about 145 million tons out of total estimated reserve
is about 1328 million tons. Coal seam thickness varies from 2.5m to 9m. Quality of coal reserve is mostly Subbituminous C to lignite. Lakhra coal deposit lies on Ranikot formation, there are two parts of Ranikot formation. Lower
part (siltstone, claystone and coal). Upper part (limestone, claystone or shale).
Table 1. Quality of Lakhra Coal
Column 1
Column 2
Moisture (%)
29.60 – 55.50
Ash (%)
2.90 – 11.50
Volatile Mater (%)
23.10 – 36.60
Sulphur (%)
0.40 – 2.90
Fixed Carbon (%)
14.20 – 34.00
Calorific Value (Btu/lb.)
6244 -11353

5.

Material and Method

Quantitative measurement of mine water was done at mine discharged point and recorded in table 2. Different
dewatering pumps are used for mine dewatering system at different coal mines in the bottom of mine. Each of mine
water measured at the discharging point separately. For qualitative measurement of mine water samples of mine effluent
from different mines were collected. Cleaned polyethylene containers were used for sample collection at field of Moomal
coal mines Lakahra and analyzed through using standard equipment and methods. Some physical and chemical
parameters of water like as pH of mine water, electrical conductivity and temperature were measured in-situ by using
calibrated standard equipment. For remaining water quality physical, chemical and biological parameters of water were
determined at institutional laboratories. Such as Turbidity, Alkalinity and total coliform etc.
After determination of these all water quality parameters, World Quality Index (WQI) determined through standard
equation and then results compared with National Environmental Quality Standards (NAQS) and Pakistan
Environmental Protection Agency (Pak EPA).
6.

Results and Discussion

Quantitative assessment of mine water is done manually at discharging point of each mine separately which is shown in
table 2, volume of water is recorded in unit of litres each mine is producing huge amount of mine water. Quality of mine
water varies from mine to mine. It’s no doubt mining industries are facing serous pollution problems due to mine water.
Water samples from different mines of Lakhra coal ﬁeld, which have been analyzed and results are shown in Table 3.
Analyzed result shows that pH of two samples ranged from 6.5 to 7.13 which is acceptable with comparing WHO
standards but other two mines having pH ranged from 4.03 to 5.02 which is very low. Concentration of other quality
parameters are very high like as TDS ranged from 3780 to 4280 mg/L. SS is ranged from 64 to 270 mg/L. Electric
Conductivity ranged from 7020 to 8560 µS/cm. Alkalinity ranged from 300 to 1100 mg/L. Analyzed sulphate value
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ranged from 1.78 to 2.33 mg/L. Turbidity ranged from 134 to 860 NTU. Trace elements (Fe, Mn, and Pb) also found in
analyzed water samples which are recorded in table in 3. All results are different and exceeding the standard limit of
discharging mine water except few results which are in range like as total coliform, pH of two samples and Pb. This
type of water quality needs further treatment before decide the suitable use of this water for any purpose.
S No.
01
02
03
04

Mine No.
M-16
M18
M-16
M18

Table 2. Quantitative Assessment of Mine Water
V1
V2
V3
01
3600
86400
1.2
4320
103680
1.1
3900
95040
1.3
4680
112320

P
02
01
02
01

Total Volume (V)= (V1)*(60)*(60)*(24)*(P)
V1: Volume of discharged water per
second

Unit of volume in Litres

V3: Volume of discharged water per day (24 hours)

V: Total discharged volume per day.

V (Liter)
172800
103680
190080
112320

V2: Volume of discharged water per hour.

P: No of pumps used for mine discharged water

Quality Parameters
pH
Temperature (oC)
Total Dissolved Solids (mg/L)
Colour
Electric Conductivity (µS/cm)
Suspended Solids (mg/L)
Sulphates (mg/L)
Turbidity (NTU)
Alkalinity (mg/L)
Total Coliform (CFU)
Fe (mg/L)
Mn (mg/L)
Pb (mg/L)
S1: Sample 1 collected at mine no.16
S2: Sample 2 collected at mine no: 18
Mg/L: Milligram per litre
NFU: Naflon turbidity Unit

Table 3. Results of Quality Analyzed
S1
S2
4.03
5.02
37
38
3780
4280
Black-Brown
Black
7560
8560
270
85
2.03
2.33
860
386
1100
2780
100+
00
28.28
26.60
9.93
13.73
00
00
S3: Sample 1 collected at mine no.16
S4: Sample 2 collected at mine no: 18
µS/cm: Micro Simon per centimetre
CFU: Coliform unit forming

S3
6.56
36
3950
Brown
7900
274
1.78
206
300
100+
25.81
4.75
0.01

S4
7.13
36
3780
Black
7020
64
2.11
134
400
00
1.681
5.57
00

λ: Lambda

Table 4: Discharged limitation for coal mine effluent. [17-18]
Pollutants
Effluent Limits
pH
6-9
Higher then acidity
Alkalinity (mg/L)
Suspended Solids SS (mg/L)
30
300
Total dissolved solids (mg/L)

7.

Conclusion

Mine management has been suggested to control or minimize the visual and physico-chemical impacts of mine water
on surrounding water bodies; one is an initial stage and second is at the stage of execution. Initial stage of mine water
management included the steps taken during the mine planning which includes the existing the use of land, drainage of
mine water, water regime, flow of ground water and site selection for dumping to avoid impacts of mine water on quality
of ground and surface water. At secondary stage of mine management included the protection measures taken by mine
management at level of excavation of coal to control or minimize erosion of soil, AMD (Acid Mine Drainage) and
reduction in concentration of TDS, SS and other parameters of water quality. The study of Lakhra coalfield is showing
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that mine water having AMD problems. Water quality of few coal mines is indicating that mine water is an acidic and
also containing high concentration of sulphate and trace elements such as Fe, Pb and Mn. The pH of water sample is
found in the range of 4.03 to 7.13 and may be polluting the mine water of nearby water resource. Mine discharged water
may or may not be contaminated but mine pumped out water become contaminated and loses the quality of acceptable
water. The result of water samples of the Lakhra coalﬁelds are ranges from acidic to alkaline. The assessment water
quality parameters shows very high values of Total Dissolved Solids, Suspended Solids, Electric Conductivity,
Alkalinity and trace elements (Fe, Mn, and Pb) in samples of mine water, which are not suitable to direct use of drinking
purpose. Further treatment and disinfection would require for domestic use of that mine discharged water. Mostly mine
water can be used for industrial or irrigation purposes. For use of contaminated water soil management plan or suitable
water treatment scheme is required for their use of that water for any purpose in such water needed areas.
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Abstract
Contaminated water is considered the main source for water borne diseases and threat for human life. There are a number
of markets where people used to eat food from different stalls all around the market place irrespective of knowing
whether the food is hygienic to them or not. Secondly, people who cannot afford to have food of expensive brands often
consume food at various stalls. These stalls make food using contaminated water. This water has the potential to impart
water borne diseases into the humans who consume the food from these stalls. The aim of this research study was to
check the drinking water quality and compare with the WHO guidelines. As this water available in food stalls for
drinking purpose and it is also used as in food preparation. Five water samples were collected from Qasimabad
Hyderabad from three different food stalls. Drinking water quality parameters for this research study were analyzed such
as temperature, total coliform bacteria, dissolved oxygen (DO), total dissolved solids (TDS), turbidity, pH, electrical
conductivity (EC), and fluoride, sulphate and phosphate content. The results unveiled that all the five (5) water samples
contain coliform bacteria (S1= 200 CFU/100ml, S2= 80 CFU/100ml, S3= 107 CFU/100ml, S4= 320 CFU/100ml, S5=
407 CFU/100 ml) and two samples have more turbidity (S2=19.98 FTU, S3=18.8 FTU) than guideline values. This type
of study should be conducted in order to promote the principles of hygiene, cleanliness and healthy environment.
© 2018 “Najeebullah Channaa,Aneela Yasminbb, Ahsan Moraiabab Junaid Ahmed Koriab, Sajid Ali, Najeeb Razaqueab” Selection and/or
peer-review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and
Technology, Jamshoro, Pakistan.
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1. Introduction
In 20th century, most of population shifted from rural to urban life. Likewise, access to basic necessity of life varies with
geographic location, drinking water is one them. In urban life access to drinking water can be obtained by mean of
household and non- household sources. Significantly, Non-household sources are restaurants, hospital care facilities,
transit hubs, schools, worship places, workplaces and food stall, which are public places and where people have exposure
to unsafe drinking water.
In last two decades, urban life is modernized, and significant numbers of people are attracted to street food carts. The
availability of easy made and affordable food in street food is the main appealing reason for population to choose food
cart routine [1]. In most of countries of Asia Street food cart is one of the best earning resources, it is even developed
on big scale in countries like china, Singapore, Taiwan, India and Pakistan.
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[2] Studied that food and water samples from restaurants have contamination of various pathogens. On the contrary, the
availability of drinking water on food carts has serious adverse effects on human health. Turbidity, total suspended solids
and bacteria are the main factor for deterioration of quality of food cart drinking water. Most of the microbial diseases
are caused by coliform bacteria. Some types of these bacteria like Shigella, E coli, and salmonellae are noteworthy
enteric pathogens. These bacteria are mainly responsible for disease like gastrointestinal, diarrheal and typhoid fever.
Improper sanitation system, poor personal hygiene and improper handling of drinking water on food cart are main reason
of contamination of water. Most of food cart owners have very limited knowledge and education of hygienic conditions
or standards of drinking water and food, which lead to transmission phase of water borne disease [3]. Previously, many
researches were conducted on assessment of quality of drinking water and food in different domains, but food cart
drinking water never got attention of researchers. It is one of biggest threat to human healthy life. It is very important
and unique research which has significant impact on our environment and human health. [4] Studied that drinking water
available in restaurants mainly contaminated by coliforms bacteria. This paper deals with microbiological and
physicochemical analysis of drinking water of different food carts in Hyderabad city, for better analysis of the quality
standards of international organization samples were subjected to different laboratory tests.
2. Methodology
2.1 Water Sample Collection.
In order to determine the quality of drinking water of food carts, five samples were collected from different food carts
in Hyderabad city. The volume of each sample was 500 ml. Those samples were carefully transported to the laboratory
of institute of environment engineering of MUET Jamshoro. Furthermore, analysis of all samples was carried out in
water quality laboratory.
2.2 Sample Analysis
Different tests which were conducted in laboratory for assessment of water quality were Turbidity, TDS, Dissolve
oxygen (DO), temperature, Electrical conductivity, Total coliform bacteria, fluoride, sulphate and phosphate content.
UV visible spectrophotometer equipment was used for analysis of fluoride, sulphate and phosphate. Portable equipment
(HANNA) was used for Dissolve oxygen, temperature, pH and TDS, also other laboratory-based equipment was used
for different tests.
For microbial analysis, samples were collected and transported to laboratory with in time scale of four hours. Likewise,
500ml volume of each sample was poured in sterilized bottles. And, Membrane filtration standard method was used for
analysis of coliform bacteria.

Fig. 1. Total coliform Bacteria in water samples

3. Result and discussion
Water quality data of drinking water samples in table 1 shows normal value of all parameters under the limit of guideline
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set by world health organization (WHO), excluding turbidity and coliform bacteria which are not under guideline limit
of (WHO).

Samples ID

Temp C

TDS
mg/l

pH

S1
S2
S3
S4
S5

26.9
27.6
27.4
25
26

190
220
300
270
380

7.35
7.79
6.98
7.35
8.1

Table 1. Drinking water quality parameters
EC
Sulphate
DO
Phosphate
us/cm
mg/l
mg/l
mg/l
381
245
589
310
660

92.02
144.82
222.22
160.21
139.39

6.3
6.9
7
6.2
6.8

N.D
1.286
N.D
0.223
0.148

Turbidity
FTU

Flouride
mg/l

1.21
19.98
18.5
5
4.7

0.133
0.172
0.747
N.D
0.129

Coliform
cfu/100
ml
200
80
107
320
407

Fig. 2. Water Quality Parameters

Concentration of all parameters in graph1 is fairly in range of guideline of world health organization (WHO). All five
samples have normal range of total dissolve solid; dissolve oxygen, sulphate, fluoride, phosphate. It will not have big
impact on human life.
According to WHO guideline treated drinking water should have zero content of coliform bacteria and fecal coliform
bacteria. The data in Fig. 3 clearly showing that all five samples of drinking water of food carts are containing harmful
coliform bacteria. These statistics are revealing that drinking water available in food stalls have potential health impacts
4. Conclusion
This study was conducted to assess the quality of drinking water in food stalls in Hyderabad city. From pilot study it has
been observed that water mainly contaminated by pathogens presence of coliform bacteria. Furthermore, it has been
analyzed that samples have high turbidity. This drinking water may cause serious health problems. One thing was
observed during the sampling of water samples that water cooler or storage container of water was not properly washing
them with detergents. This would be the reason of contamination of water. This type of studies must be conducted to
identify the resistance genes and other pathogens.
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Abstract
Water is the basic commodity of life which is consumed on daily basis. World is facing the serious problem of water
pollution and water scarcity; Wastewater generated from different sources is directly discharged in the fresh water
sources which leads the contamination of water bodies. One of such sources that generates wastewater is from the car
servicing stations. Effectively, this paper comprises study of various parameters of wastewater generated by car
washing facilities in Hyderabad city. The samples were collected from five different working car service station sites.
Parameters which were tested in laboratory are temperature, pH, turbidity, total dissolved solids (TDS), electric
conductivity (EC), sulphates, fluoride, and phosphate. The results showed that out of five (5) samples three
samples have higher turbidity values than the guideline values also higher the sulphate concentration in wastewater
© 2018 Najeebullah Channaa, Ahsan Moraia, Sajid Alia,Rajab Alia, Riaz Ahmeda, Abdul Aziz Chana, Selection and/or peer-review under responsibility
of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan.
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1. Introduction
Untreated wastewater is being discharged into water bodies is the critical problem for world and especially for
developing countries. They require special treatment plants for surface water treatment. If wastewater discharged into
water bodies may contain undesirable contaminants that are difficult to treat with conventional water treatment methods.
And directly would impact on the surface water quality. Various types of wastewater are being generated from different
industries and car washing service station is one of them. Greater volume of water used in the car washing purpose for
washing and discharged into water bodies. Different kinds of studies have been conducted to analyze the impacts of
wastewater generated from car servicing station into water bodies have significant. Usually many servicing stations do
not have wastewater treatment system in point of discharge and due to untreated wastewater many contaminants exceed
that guidelines value of effluent [1]. And presence of these contaminants may have detrimental effects on the aquatic
environment and also on the soil quality. Especially surfactants used for washing purpose would have toxic effects on
the quality of surface water. And remove these types of contaminants require special kind of treatment system. Car wash
wastewater contain biodegradable and non degradable substrate biodegradable substrate is easy to treat such as anaerobic
digestion can be used for onsite treatment with different biomass and some studies suggested that bacteriological
degradation of wastewater can be used for treatment. [2] Observed biodegradation of oil that contains in the car wash
wastewater through Pseudomonas aeruginosa bacteria can be achieved. [3] Studied that pollutant concentration changes
in different stages of washing.
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2. Methodology
2.1 Study Area

Fig. 1. Sampling location.

Five wastewater samples were collected from car servicing stations of Hyderabad city. The sampling points where
wastewater samples were collected given blow.
2.2

Water sample collection

Wastewater samples from different car servicing stations from Hyderabad city were collected in samples bottles and
transported to the water quality laboratory of Mehran University. Total five (5) wastewater samples were collected from
different food stalls available in Hyderabad.
2.3

Sample Analysis

Wastewater generated from car servicing stations was analyzed in the laboratory and multiple water quality parameters
were analyzed includes temperature, pH, Turbidity, Electrical conductivity, Total dissolved salts of water and also
sulphate, phosphate and fluoride were analyzed. pH of water sample was tested using portable pH meter (HANNA HI
8424) also Dissolved oxygen and temperature were tested using the portable meter (HANNA HI 9146). Total dissolved
salts, electrical conductivity and turbidity were analyzed in the laboratory using the lab-based EC/TDS meter and
turbidity meter. Sulphate and Phosphate tests were analyzed on the UV-visible spectrophotometer according to methods
given by APHA.
3. Results & Discussion
Collected water samples were analyzed and found that the some given wastewater parameters were within the guidelines
value and the parameters are given in the Table 1.

S:N
0
1

Sample
ID
C1

Temp
C
30

2

C2

27

3

C3

27.3

4

C4

29

5

C5

28.6

pH
7.4
8
7.7
1
8.3
5
7.4
4
7.8
6

TDS
mg/l
410

Table 1. Wastewater Quality parameters
EC
DO
Sulphate
flouride
us/cm
mg/l
mg/l
mg/l
810
3.2
214.62
0.791

Phosphate
mg/l
7.684

Turbidity
FTU
788

290

381

4.2

155.02

4.004

3.860

143

520

1042

3.4

151.42

0.148

15.478

200

420

838

5.3

171.62

0.880

10.846

780

800

1600

4.5

280.39

2.398

10.201

650
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(a)

(b)

Fig.2. (a) Wastewater characterization (b) Turbidity Values of wastewater samples.

The all the parameters are within the guideline value except the dissolved oxygen concentration in wastewater. These
pollutants may cause contamination in water sources. Turbidity of five samples analyzed using the turbidity meter out
of five samples the three samples have high turbidity value. This turbid water directly discharges into the sewage pipeline
and may cause burden of contamination in water sources because the sewage water directly being disposed of into water
bodies. On the basis of characterization of wastewater parameters, it has found that wastewater has very detrimental
effects on the sewerage lines because it may contain high amount of sand and total suspended solids. Presence of lower
dissolved oxygen is actually indication of higher organic load. [4] characterize the automobile service wastewater that
contain higher amount of oil and grease and studied that natural available waste materials have good efficiency for
removal of chemical oxygen demand (COD). Based on past studies it is observed, this type of wastewater is easy to treat
with physical treatment.
4. Conclusion
Preliminary study shows that, collected wastewater samples from car servicing stations have higher the turbidity and
contains the large amount of total suspended solids. The huge amount of fresh water is used in car washing and wasted.
No any treatment system or processes observed in the servicing stations. The other main problem in influent generated
from car servicing station is oil and grease concentration problem. It’s very important to characterize the wastewater.
We must extend our study for identification of emerging pollutants that releasing from car servicing stations.
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