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a b s t r a c t
Increased population growth, better living standards and improved economic activity put the 
upward burden on the world’s inadequate water resources. A study was conducted to evaluate the 
quantity and quality of wastewater generated by industrial and municipal effluent and its treatment 
efficiency in a semi-arid city Faisalabad, Pakistan. Samples from industries (n = 60) and sewage water 
(n = 30) were collected and evaluated for different quality parameters. Physio-chemical including 
pH, total dissolved solids, suspended solids, biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD), total coliform and heavy metals including arsenic (As), cadmium (Cd), 
chromium (Cr), copper (Cu), iron (Fe), lead (Pb), nickel (Ni), and zinc (Zn) were analyzed. Emphasis 
was made on metal contamination by multivariate indexes including metal pollution index (MPI), 
degree of contamination (CD) and pollution load of drains. Aquatic macrophytes (Typha latifolia, 
Brachiaria mutica, Poa annua) were collected from anaerobic ponds of the Chokera wastewater plant. 
Results showed that all the parameters were higher than the upper limit of Punjab Environmental 
Quality Standards (PEQs) set by the Environmental Protection Agency (EPA) Pakistan. MPI was 
found high in textile industrial effluents (MPI > 1,000). The degree of contamination was very high 
than the maximum contamination level (≥ 3) in industrial effluent (33.85) followed by sewage efflu-
ent (14.05). Pollution load was calculated which showed the high BOD (119.34 ton/d) and COD 
(376.41 ton/d) load in Pharang drain due to excessive discharge of industrial effluent. Treatment 
efficiency at Chokera wastewater ponds was higher (60%) in summers as compared to winters and 
through the phytoremediation process. Typha latifolia found a most suited plant with a high accu-
mulation coefficient value for metals uptake. Parameters after treatment were still above the PEQs. 
So, these ponds need to be monitored quarterly for maintenance. The possible environmental ben-
efits can be obtained by introducing such plants in wastewater drains and effluent treatment plants 
to enhance its efficiency. However, there should be a strict policy to be implemented for the control 
of industrial discharge by government agencies.
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1. Introduction

Human activities and speedy industrial expansions 
lead water bodies facing the burden of metal contamination 
nowadays [1]. Globally, natural water being contaminated 
by a variety of chemical disposal and it becoming the major 
concern coupled with resource scarcity [2,3]. Trace elements 
are common contaminants of countless concerns as far as 
their noxious effects and capacities for lasting accumula-
tion in living organisms, sediments and aquatic environ-
ments [4]. They bioaccumulate through the ecosystem and 
present at huge levels in soil, sediments and surface water 
subsequently entering the food web [5]. The critical factor 
accountable for the declining of surface water quality is 
the discharge of untreated industrial effluent augmented 
with different metals into the riverine environment [6–9]. 
Effluents from the textile industry have multifaceted chem-
ical composition encompassing oxidable material and sus-
pended solids (SS). This effluent contains different heavy 
metals (chromium, nickel, and copper, etc.) and chlorinated 
organic compounds [10]. Amongst the abundant industries, 
five chief industries including pharmaceutical, petrochem-
ical, coal manufacturing, textile and paper, and pulp have 
recognized to generate a high threat to the environment and 
health [11]. Some substantial industries such as batteries, 
electroplating, metallurgical process, petrochemical pro-
cessing, mining, pharmaceuticals, paper and pulp, plastic, 
brewery, and paint release metals (including nickel, copper, 
zinc, aluminum, lead, and cadmium) in the environment as 
a by-product [2]. Cd, Pd, and Cu are found frequently in 
water bodies. Lead exposure can lead to noxious effect on 
the nervous system, renal, cardiovascular and reproductive 
system in human beings while in children especially it can 
cause hyperactivity and mental retardation [12]. Exposure 
to copper at its higher concentration can lead to lung can-
cer. A certain enzyme such as acetylcholinesterase pro-
duces after interference with cadmium and root causes of 
behavioral disorders and cholinergic neurotransmission 
in humans [13,14]. The complexity of different pollutants 
obstructs effluent treatments to decrease its toxicity and 
cause treatment more expensive [15]. Tanneries waste is 
considered as highest polluted effluent among chief indus-
tries in any urban area [16]. Efficient methods are essential 
to abate the environmental influences of industries effluents. 
To alleviate toxic risks, numerous pre-treatment approaches 
have been projected and implemented in the recent decade. 
Regardless of substantial efforts to decrease metal pollution 
in wastewater, municipal wastewater still carries signifi-
cant volumes of metals in the ecosystem. The reduction of 
metal concentrations from agriculture and industrial efflu-
ent was carried out through numerous techniques, as they 
found effective but proved non-eco-friendly and expensive 
[17]. Numerous wastewater treatment plants (WWTP) were 
primarily planned to eliminate nutrient load and organic 
matter but many metals are competently retained in treat-
ment plants [5,18,19]. Wastewater oxidation/stabilization 
ponds are an appropriate tool to treat the increasing amount 
of wastewater in tropical and subtropical areas. It mostly 
depends on periodic maintenance and natural purification 
that use microorganisms to oxidize the wastewater element 
[20]. Most of the obnoxious and challenging physiognomies 

of the domestic wastewater fade through the detention 
period of bacteria in water [21]. These days, phytoremedia-
tion systems through constructed wetlands can be intended 
to work for field-scale experiments, but their application for 
reuse industrial effluent still requires to be effectively exam-
ined [22]. Numerous wetland plants are being utilized and 
for contaminant removal in urban areas. Typha latifolia is 
proving effective for phytoremediation [23–25].

In Pakistan, wastewater with an insignificant amount 
(<5%) is being treated only at primary level and major por-
tions of WWTP were not being operated, as a result, it is 
predictable around 1% [26]. According to the Pakistan 
Water Sector Strategy (PWSS) [27], approximation dis-
closes that the entire amount of wastewater generation is 
962,335 million gallons per day (MGD). Entire wastewa-
ter which releases into the main rivers and water bodies 
is 392,511 MGD. Table 1 showed the overall wastewater 
production, generation, collection and usage in large cities 
of Pakistan. Faisalabad is accounted as it has large indus-
trial units and industrial wastewater is the most important 
source of pollution in Faisalabad. To overcome the amount 
of wastewater and meet irrigation scarcity, the Water and 
Sanitation Authority (WASA) Faisalabad, had entrenched 
basic wastewater oxidation/stabilization ponds (WSP) in 
Faisalabad. Different plant species were introduced in these 
ponds to enhance the pond’s treatment efficiency through 
the phytoremediation process as it endorsed a more reliable 
and cost-effective technique as describes by other research-
ers [28–30]. The present study aimed to estimate the status of 
current water quality of drains, pollution loads of industrial 
effluent, and to provide a reference for controlling waste-
water quality. The present work was conducted through 
multivariate pollution indexes. Treatment efficiency of 
waste stabilization ponds and phytoremediation potential 
were also monitored.

2. Methodology

2.1. Study area

Faisalabad with a rising population accounted for the 
second largest city of Punjab. Nowadays, Faisalabad City 
is known as a strong industrial base with many factories 
including textile manufacturing, dye, fertilizer, industrial 
chemicals, pulp and paper, printing, industrial goods, agri-
cultural equipment and so on. Most of the industrial efflu-
ent (approx. <400 industrial units) discharged as “raw”, 
without any treatment into two main drains which are 
Pharang drain to the North West and Madhuana drain to 
the South East. Pharang drain eventually discharges to 
the Chenab river and Madhuana drain to the Ravi river. 
These drains are managed by the Irrigation Department. 
Oxidation ponds established in Faisalabad comprise anaer-
obic and facultative ponds. It was designed for an inflow of 
90,000 m3/d where untreated wastewater had been used for 
farming crops, vegetables, and fodder for the past 50 years. 
The capacity of the treatment plant is 20 MGD (million gal-
lons per day). The design was based on influent biochemical 
oxygen demand (BOD5) of 380 mg/L and BOD5 of treated 
effluent was 40 mg/L, that is, 90% removal of BOD5 [31]. In 
2012, Water and Sanitation Agency (WASA) Faisalabad with 
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the cooperation of the National Institute of Biotechnology 
and Genetic Engineering (NIBGE), introduced the floating 
treatment wetland (FTW) to treat the trace elements natu-
rally from wastewater in anaerobic ponds. Fig. 1a showed 
the sampling location of sewage and industrial wastewater 
in the Faisalabad district and 1b sample collection from oxi-
dation ponds.

2.2. Sample collection and laboratory analysis

A total of 60 samples from industrial effluent and 30 
samples from sewage water including Madhuana (n = 12) 
and Pharang drains (n = 18) were collected from Faisalabad 
to determine the water quality and their impacts on ground-
water resources. To check the seasonal variation (summer 
and winter) and efficiency of the WSP, wastewater samples 
from WWTP were collected from four locations including 
inlet, anaerobic pond, facultative pond and outlet for 2017–
2018. Some plant/grass samples (Typha latifolia, Brachiaria 
mutica, Poa annua) were collected from anaerobic ponds of 
the Chokera wastewater treatment plant. Samples were col-
lected in pre-washed plastic bottles and brought in the labo-
ratory for analysis of selected parameters including physical 
(pH, total dissolved solids (TDS), SS), chemical (BOD and 
chemical oxygen demand (COD)), total coliform and trace 
metals (As, Cd, Cr, Cu, Ni, Pb, and Zn) according to stan-
dard method of American Public Health Association [32]. 
Seven metals (Cu, Cr, Fe, Mn, Ni, Pb, and Zn) were analyzed 
from plant samples to determine uptake concentrations of 
these metals.

2.3. Degree of contamination

The degree of contamination (Cd) was used to clarify 
the level of contamination of any parameter that crossed the 
maximum limit of pollutants. It was expressed as [33,34]:
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where Cd is the degree of contamination; Cfi is the contami-
nation factor of the i-th element, Ci is the investigative value 

of the i-th element and Cimpl is the maximum permissible 
limit of the i-th element. It was expected that if contami-
nation factor (Cfi) less than 1 then the site considered safe 
from contamination and if it was more than 1 value than it 
represents contamination. The contamination index (Cd) is 
the sum of the contamination factor of the entire selected 
quality parameters. The additional scale was as Cd less than 
1 represents low contamination, Cd more than 1 and less 
than 3 represent medium contamination and Cd more than 
3 present high contamination [34].

2.4. Metal pollution index

The metal pollution index (MPI) was calculated by using 
the following formula, where Wi is the unit weight of  
each parameter which is reciprocal of the permissible limit. 
Mi is the monitored value and Si is the standard value of each 
parameter [35].

MPI = =

=

∑

∑
i

n

i i

i

n

i

WQ

W

1

1

 (3)

Q
M
Si

i

n
i

i

= ×
=
∑

1

100  (4)

2.5. Pollution load

Pollution load of Madhuana and Pharang drains was 
calculated with reference to different pollution parameters 
including BOD, COD, TDS and SS as described by Mahfooz 
et al. [36] through multiplying the average concentration 
with flowrate (cusecs) and multiply it with factor 0.002447.

2.6. Removal efficiency of WSP

Wastewater samples were collected from inlet and outlet 
to check the percentage removal efficiency of WSP of summer 
and winter for 2 years. Removal efficiency was calculated by 
using the following formula [36]:

Percentage removal efficiency  input output
input

=
−

×100  (5)

Table 1
Wastewater generation and collection in megacities of Pakistan

Cities Annual water 
production 
(million m3)

Sewage 
generated 
(million m3/y)

Wastewater 
collected 
(million m3/y)

Annual water usage (%) No. of WW 
treatment 
plantResidential Commercial Industrial NRW

Lahore 655 556 855 97 2 1% charitable Nil
Faisalabad 87.10 514.31 390.88 41 13 15 31 01
Gujranwala 91.78 468.3 468.3 60 2 3 35 Nil
Multan 35.51 107.58 107.58 56 32 3 9 Nil
Rawalpindi 97.74 38.40 Nil 41 30 29% others Nil

Source: (P-WOPs, 2011)
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2.7. Accumulation coefficient

AC is a measurement efficiency of a plant species to take 
up specific elements from water and accumulate in their tis-
sue. Accumulation coefficient (AC) of metals were calculated 
in wetland plants (Typha latifolia, Brachiaria mutica, Poa annua) 
by using the following formula [37]:

Accumulation coefficient AC  plant

wastewater

( ) =
C

C  (6)

Here Cplant is the metal concentration in plants (mg/kg) 
and Cwastewater is wastewater’s metal concentration.

2.8. Statistical analysis

Statistical analysis was performed by using Origin 2017 
for principal component analysis other means and standard 
deviations were drawn through MS Excel 2013.

3. Results and discussion

3.1. General characteristics of wastewater parameters

Industrial effluents (n = 60) and sewage water samples 
(n = 30), including Madhuana drain (n = 12) and Pharang 
drain (n = 18) were analysed for physicochemical, biologi-
cal and metal analysis. Table 2 shows the concentrations of 
all parameters in sewage and industrial effluent and their 
comparison with Punjab Environmental Quality Standards 
(PEQs). pH concentration in industrial and sewage water 
was 10.2 ± 1.51 and 8.11 ± 0.57, respectively. Average concen-
tration (mg/L) of other parameters including SS (314.7 ± 86.4 
and 179.9 ± 33.07), TDS (5,045.35 ± 1,597 and 2,969 ± 874), 
BOD (955.8 ± 920.3 and 122.06 ± 42.2), COD (3,247.3 ± 3,124.8 
and 383.8 ± 126.1) in industrial and sewage water were higher 
than their permissible limit. Increased value of pH in water 
may cause decreasing metal toxicity. Municipal wastewater 
and industrial effluent discharge caused increased TDS in 
water [38,39]. These high TDS may cause increased BOD 

(b)

 

(a)

Fig. 1. (a) Study map showing sampling locations of industrial and sewage water and (b) layout of Chokera treatment ponds.
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and COD in water which eventually influence on dissolved 
oxygen reduction also indicated the presence of organic 
and inorganic matter [40–42]. TDS concentration at all sam-
pling stations showed a high value which exceeded the per-
missible limit for reusing this water in irrigation unless an 
expensive desalination process is applied. Total coliform 
(8015 ± 2,584 MPN/100 mL and 8,066 ± 2,318 MPN/100 mL) 
in industrial and sewage water were many folds higher 
than PEQs permissible limits. BOD/COD ratio at all sam-
pling stations showed a lower level which implies poor 
biodegradability. All the metals including As (4.00 ± 2.7 and 
1.50 ± 1.31), Cd (1.1 ± 0.8 and 0.80 ± 0.84), Cr (1.42 ± 1.72 and 
1.95 ± 0.59), Cu (8.67 ± 5.13 and 1.91 ± 1.02), Pb (2 ± 2.29 and 
0.35 ± 0.11), Ni (9.5 ± 4.4 and 3.90 ± 1.65), Zn (10.94 ± 6.47 
and 15.7 ± 5.01) in industrial and sewage water were found 
higher than its permissible limits of PEQs (Table 2). Heavy 
metals are accountable for lethal and mutagenic activities 
and can cross the cell membrane [43]. A fertilizer industry 
in Pakistan was investigated for heavy metal and resulted 
lead and chromium were found more than their permit-
ted limits and results established that wastewater from 
industry is potential for varying the chemistry of different 
water bodies [40]. Yamin et al. [44] investigated the qual-
ity of industrial effluent at Faisalabad unfortunately not a 
single industry had followed the National Environmental 
Quality Standards (NEQs) for waste disposal. Rivers that 
pass through Faisalabad are Chenab and Ravi, they grad-
ually becoming polluted due to the discharge of untreated 
wastewater by Paharang and Madhuana drains. It makes 
water unsuitable for drinking and causes many health risks 
for living begins. Al-Musharafi et al. [5] stated in their study 
that globally, lead and Cadmium are being considered due 
to their toxicity. Wunderlin et al. [45] stated that different 
multivariate statistical analysis is used for analyzing of 
complex and huge data matrices for well understanding of 
varying water qualities. Figs. 2a and b show the principle 

component results from 13 different parameters of sewage 
and industrial wastewater stated variance in parameters. 
Where BOD and COD closely correlated while TDS and 
SS showed little variance. In sewage water Zn, Cu and As 
while in industrial water Cd, As, Cu and Ni correlated with 
each other. Wastewater treatment is vital to protect the envi-
ronment and to meet the wastewater effluent standards set 
by Environmental Protection Agencies (EPAs) [46].

3.2. Degree of contamination (Cd)

The contamination factor and degree of contamina-
tion were calculated for industrial and sewage wastewater 
samples. In industrial effluent Cd, Cu and Ni were found 
with higher contamination factor (>3) followed by As, Pb, 
and Zn however, Cr was found in low contamination (>1). 
In sewage, water Cd was found higher followed by Zn and 
Ni while As, Cr, and Cu were found in low contamination. 
However, Pb was found within a safe limit in sewage waste-
water (Table 3). Overall, the metals were found with higher 
contamination levels from the safe limit that can cause detri-
mental health hazards to the local community. Many farmers 
living around these drains’ areas cultivate their crops with 
this untreated/contaminated wastewater. Water pollution is 
the utmost obvious disruption in the area due to the grow-
ing invasion of the human settlement and industry [47]. This 
wastewater posing a higher level of metal toxicity may cause 
high carcinogenic risk in local inhabitants. The freshwater 
supply and wastewater treatment facilities are inadequate 
in the city. So, it considered as infested industrial metrop-
olis. The two drains (Madhuana and Pharang) get 435 mil-
lion gallon day–1 (MGD) wastewater from the city to the Ravi 
and Chenab rivers, respectively [48]. Samundri drain near 
Faisalabad put the noxious influence on freshwater resources 
and analysis exposed the worst groundwater quality more 
than World Health Organization permissible limits [49].

Table 2
Average concentrations of sewage and industrial effluents

Sr. # Parameters Industrial wastewater Sewage wastewater PEQs (2016)

Mean ± SD Range Mean ± SD Range

1 pH 10.2 ± 1.51 7.4–13.5 8.11 ± 0.57 7.48–9.7 6–9
2 SS (mg/L) 314.7 ± 86.4 140–516 179.9 ± 33.07 119–233 200
3 TDS (mg/L) 5,045.35 ± 1,597 1,856–7,520 2,969 ± 874 1,337–4,083 3,500
4 BOD (mg/L) 955.8 ± 920.3 123–4,061 122.06 ± 42.2 63–219 80
5 COD (mg/L) 3,247.3 ± 3,124.8 415–13,394 383.8 ± 126.1 206–641 150
6 Total coliform (MPN)/100mL 8,015 ± 2,584 3,600–14,400 8,066 ± 2,318 4,000–14,400 –
7 Arsenic (mg/L) 4.00 ± 2.7 1.45–14 1.50 ± 1.31 0.11–6.34 1.0
8 Cadmium (mg/L) 1.1 ± 0.8 0.21–2.42 0.80 ± 0.84 0.04–2.31 0.1
9 Chromium (mg/L) 1.42 ± 1.72 0.11–4.76 1.95 ± 0.59 0.78–2.94 1.0
10 Copper (mg/L) 8.67 ± 5.13 1.75–21.34 1.91 ± 1.02 0.06–4.32 1.0
11 Lead (mg/L) 2 ± 2.29 0.12–7.56 0.35 ± 0.11 0.13–0.59 0.5
12 Nickel (mg/L) 9.5 ± 4.4 1.45–21.2 3.90 ± 1.65 2.13–8.69 1.0
13 Zinc (mg/L) 10.94 ± 6.47 0.97–26.11 15.7 ± 5.01 4.67–23.4 5.0

Industrial wastewater n = 60, sewage wastewater n = 30;
PEQs = Punjab Environmental Quality Standards.
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3.3. Metal pollution index

A total of 60 industries were selected for analysis of 
industrial effluent including metals (As, Cd, Cr, Cu, Ni, 
Pb, and Zn). The values of all metals in almost all samples 
increased the permissible limit of PEQs. Out of 60 industries, 
25 has a high value of MPI more than 10-folds (<1,000 MPI), 
10 has 5–10-folds (500–1,000 MPI), remaining 25 has up to 
5-folds (100–500 MPI) higher with maximum level of met-
als concentrations (Fig. 3). Higher MPI was found in textile, 
batteries, fertilizers and chemical industries. Kumari et al. 
[50] evaluated the heavy metal pollution index (HPI) of 2 
selected pharmaceutical industries in Lucknow and found 
108.7 and 52.14 HPI values respectively, which was less 
than the present study. Domestic and industrial effluent 
generates 4.09 m3/s flow and their toxic pollutants seepage 
deep into the soil and contaminates groundwater, caus-
ing health- related issues in Faisalabad [51–53]. Ravi and 
Faisalabad industries include textile, dyeing, hospital lab-
oratory, sugar mills, fertilizers, acids, batteries, chemicals, 
and processing units that discharge their toxic effluent in 
drains without any prior treatment, even at primary level. 
Hanif et al. [54] analyzed the heavy metal pollution in 
industrial waste water and resulted that the ghee and tex-
tile industry has lower metal concentration, tannery, and 
Ni–Cr plating industry has medium while battery indus-
try (Fe) has highest pollution level crossing the standard  
limits.

3.4. Pollution load

Pollution load of both drains was calculated with refer-
ence to different pollution parameters including BOD, COD, 
TDS and SS. Table 4 shows that Pharang has high pollution 

Table 3
Degree of contamination for industrial and sewage wastewater 

Sr # Water type Contamination factor (Cf) Degree of 
contamination (CI)As Cd Cr Cu Pb Zn Ni

1 Industrial water 3 10 0.42 7.67 3 1.18 8.58 33.85
2 Sewage water 0.42 7 0.95 0.94 –0.3 2.12 2.94 14.05

Contamination factor > 1 = Contamination exist
CI < 1 = Low contamination, CI > 1 < 3 = Medium contamination, CI > 3 = High contamination

Fig. 3. Metal pollution index of different industries in Faisalabad.

Fig. 2. Principle component analysis of (a) sewage and (b) industrial wastewater.
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load with BOD (119.3 ton/d) and COD (376.4 ton/d) while 
Madhuana has high SS (180.1 ton/d) load. Two drains in 
Faisalabad receive 90% of city wastewater. Madhuana has 
a capacity of 19 m3/s while Pharang has 30 m3/s. Pharang 
receives most of the industrial pollutants with a different 
chemical composition which increases the COD in the drain 
while Madhuana mostly receives sewage water. Sixty indus-
tries are now discharging their wastewater into open drains 
and caused high BOD and COD load. Industrial effluent is 
commonly considered as a main contributor of aquatic con-
tamination [55]. Mahfooz et al. [36] determined the pollution 
load of four major drains in Lahore, Pakistan and found the 
drains near the industrial area had a high pollution load with 
COD and BOD.

3.5. Removal efficiency of WSP

Seasonal variations (summer and winter) in the outlet 
water sample of Chokera wastewater treatment plants were 
monitored for two consecutive years (2017 and 2018). High 
removal efficiency was found in summers than the winter sea-
son due to more suitable climatic conditions. High Percentage 
removal efficiency was found in 2017 summers for Cr (83.5%), 
followed by Fe (82.3%) then COD (81.8%) as compared to 
winter, where Cr (68.3%), Fe (78.4%) and COD (47.2%) are 
observed (Fig. 4). Pollutant reduction was improved by 
introducing the aquatic-macrophytes for phytoremediation 
in anaerobic ponds. The phytoremediation technique con-
sidered the most cost-effective. In wetlands, plants combine 
with microbial partners, serve the natural physical, chem-
ical and biological processes to eliminate pollutants from 
water [48,56]. More efficiency was attained in total coliform 
and trace metals including Pb, Ni, Cr, Mn in both seasons. 
Percentage efficiency was lower in 2nd year may due to the 
non-attendance of monitoring and maintenance at the site.

3.6. Metal concentration in plants and AC

Macrophytes in constructed wetland was conceptu-
alized to design a wetland for remediation of aquatic pol-
lution. These aquatic macrophytes uptake the pollutants 
from distillery effluent, sewage water, agricultural run-off, 
industrial effluent and other types of wastewaters through 
the phytoremediation process. Phytoremediation is further 
divided into different types (including phytodegradation, 
rhizo-filtration, phytoextraction, and phytostabilization) 
depending on the remediation mechanism [28,57]. Typha lat-
ifolia, Brachiaria mutica, Poa annua were used in the present 
study for phytoremediation in anaerobic ponds to enhance 
the treatment efficiency. Metal concentration of Cu, Cr, Fe, 

Pb and Zn (4.57, 0.25, 159.06, 0.06 and 16.37 mg/L, respec-
tively) were found higher in Typha latifolia while Mn was 
higher (5.78 mg/L) in Poa annua and Brachiaria mutica had 
higher concentration of Ni (0.32 mg/L) (Table 5). The distri-
bution of metals in organs of plants contingent on the bio-
chemical properties of elements and plants itself. More than 
1 accumulation value verified previous results for the use 
of Typha species in phytoremediation [20,58,59]. In Khudia 
river India, wetland acted as a sink to metals. The wetland 
containing Typha showed more metal accumulation from 

Table 4
Pollution load of Madhuana and Pharang drains with different 
pollutants

Drains Average 
discharge 
(cusecs)

Pollution load (ton/d)

BOD COD TDS SS

Madhuana 399 93.63 292.41 3,421.82 180.13
Pharang 349.61 119.34 376.41 2,234.46 151.33
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Fig. 4. Percentage removal efficiency in Chokera WWTP in 
(a) 2017 and (b) 2018.

Table 5
Metal contamination (mg/kg) and accumulation coefficient in 
macrophytes used in phytoremediation

Metal concentration

Cu Cr Fe Mn Ni Pb Zn

Typha latifolia 4.57 0.25 159.06 3.84 0.31 0.06 16.37
Brachiaria mutica 3.18 0.23 141.07 3.82 0.32 0.04 4.89
Poa annua 2.76 0.17 109.55 5.78 0.29 0.01 12.61

Accumulation coefficient

Cu Cr Fe Mn Ni Pb Zn

Typha Latifolia 1.72 0.18 4.67 0.85 0.12 0.09 1.50
Brachiaria mutica 1.20 0.16 4.14 0.84 0.13 0.06 0.44
Poa annua 1.04 0.12 3.22 1.28 0.11 0.01 1.15
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wastewater. Bioconcentration factor (BCF) > 1 was found in 
phyto stabilization and phytoextraction [22–24]. The order 
for higher metal concentration was as follows Typha latifo-
lia > Poa annua and Brachiaria mutica. AC was found in all 
three plants for selected metals and AC was found more 
than 1 for Cu, Fe, and Zn in all three plants (Table 5) which 
showed that these plants have the ability of phytoremedia-
tion [60]. In the present study among all these three plants, 
Typha latifolia has the ability for phytoremediation. Even 
with the simple setup and formation of FTWs, investigators 
have stated them to be an extremely operative approach on 
the way to improving the quality of sewage water [48,61].

4. Conclusion

In water stress country, the management of wastewa-
ter pollution from industrial and municipal sources is the 
most critical issue for the policymakers and government. 
Wastewater (industrial and sewage) quality of district 
Faisalabad was investigated through multivariate indexes. 
Higher concentrations of contaminants (physiochemical and 
metals) were found in the industrial and sewage wastewater 
than the permissible limit set by Pakistan EPA (PEQs 2016). 
Untreated wastewater disposal into drains creating an alarm-
ing situation for local people’s health and environment. High 
MPI (MPI > 100) from all industrial samples and a high degree 
of contamination from industrial (33.85) and sewage (14.05) 
water showed the discharge of the heavy effluent which is 
putting pressure on groundwater resources. Chokera waste 
oxidation ponds were monitored seasonally and resulted in 
a higher amount of contamination than permissible limits in 
all parameters even after treatment. Aquatic macrophytes 
were used to enhance wastewater treatment efficiency. Typha 
latifolia was found the best suited (60% efficient) plant for 
phytoremediation than others.

In that area, farmers were intended to use this untreated 
wastewater for agriculture that may cause serious health 
hazards in the local community. To overcome the amount 
of water and meet agricultural-water scarcity in a semi-arid 
area, the reuse of wastewater after treatment is the best prac-
tice. There is a dire need to make strict policies and should 
be implemented on the industries to treat their effluent 
prior to disposal and farmers for safe use of treated waste-
water in agriculture. This study will help to support the 
implementation of proper monitoring and public policies to 
ensure integrated and sustainable water development and to 
minimize the health hazards in the study area.
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