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Abstract | Industrial effluent discharge has increased due to rapid urbanization and industrialization.
Irrational use of this water for irrigation has caused environmental and health issues. The objective of the
current study is to evaluate the treated effluents of textile, ghee and chemical industries for major heavy metals
(Cd, Cr, Ni, Pb and Fe) and other basic analysis (pH, EC, TSS and TDS). Effluent samples were collected
from the discharge of industries entering into main wastewater collecting channel located in Faisalabad city.
Heavy metals contents were determined via atomic absorption spectrophotometry. Results showed that the
highest pH (11.06) was recorded in textile effluent while EC (7.89mS/cm), TSS (1185.55mg/L) and TDS
(6317.33mg/L) were found highest in chemical industrial effluents. Heavy metals contents were determined
through atomic absorption spectrophotometer. The mean comparison of heavy metal concentration (mg/L)
showed the concentration of Cd, Cr and Ni were within the safe limits; however, Fe and Pb were higher than
the safe limits in all industrial effluents. The highest/unsafe concentration of metal Fe was recorded 4.093,
2.979 and 2.959 mg/L in the effluents of chemical, textile and ghee mill respectively. While the highest/
unsafe concentration of metal Pb was recorded 0.643, 0.578 and 0.286 mg/L in the effluents of textile,
chemical and ghee mill respectively. The permissible limits of heavy metals Fe and Pb is 0.5 and 2 mg/L
respectively. We conclude that before discharge into a receiving stream, the effluents must be treated more

time with a treatment method that removes Pb and Fe within standard limits else the discharge will pose
pollution and health risks to human beings.

Received | April 19,2021; Accepted | June 13,2021; Published | June 20, 2021

*Correspondence | Taqi Raza, Land Resources Research Institute, NARC, Islamabad-45500, Pakistan; Email: taqiraza85@gmail.com
Citation | Raza, T., K.N. Qureshi, S. Imran, N.S. Eash and I. Bortone. 2021. Associated health risks from heavy metal-laden efluent into point
drainage channels in Faisalabad, Pakistan. Pakistan Journal of Agricultural Research, 34(3): 487-494.

DOI | https://dx.doi.org/10.17582/journal.pjar/2021/34.3.487.494

Keywords | Atomic absorption spectrophotometer, Faisalabad, Pakistan, Heavy metals, Health risks, Industrial effluents

Introduction detergents, agrochemical residues, hydrocarbons
etc.) and microbial (Bacteria, protozoa, virus, fungi

lobally, it has been recognized that water etc.) pollutants from human and animal fecal waste

is one of the most important and critical which can be lethal to humans (Yi ez a/, 2011).
natural resources to sustain life on this earth. Water =~ Sedimentation of microorganisms into dissolved
composition is continuously changing due to natural organic contents present in the wastewater through
and anthropogenic activities that ultimately cause biological treatments considered the best approach to
environmental pollution (Yousaf ez 2/, 2016). These remove the microbial pollutants. It serves as that are
pollutants include both chemical (Heavy metals, substrates for the living organism present in the water
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(Gunatilake, 2015). Heavy metal contamination is
the most important and widespread environmental
issue all over the world. Among all the issues either
natural or anthropogenic, entry of toxic elements from
industrial wastewater is considered the major source
for contamination in a natural reservoir of water
(Simonetti ez a/., 2019). Naturally, the concentration
of heavy metals varies by source.

However, most heavy metals cause serious toxicity
when present even in low concentration (Simeonov
et al., 2010). The accumulation of heavy metals in the
human body through direct or indirect uptake cause
detrimental issues for human health (Titilawo ez a/.,
2018).The health effect of the heavy metal varies and
depend on the type of metal, concentration and nature
and exposure of ions. Some of the heavy metals cause
carcinogenic effects and another cause teratogen/
mutagen effect on human and animal. Heavy metals
which are considered primarily important in causing
environmental toxicity include As, Cr, Cd, Pb, Ni,
Mn, Hg, Cu and Zn (Ali and Ilahi, 2019). Heavy
metal pollution is reported as a global level concern
but the contamination intensity varies by country.
The entry of municipal, industrial and agricultural
discharge into the canal and river is considered the
main point source of heavy metals into water resources
(Manoj ez al., 2012). A number of studies in Punjab
especially in Lahore, Karachi, Faisalabad and many
other cities of Pakistan, have documented the soil and
water contamination due to heavy metals. Faisalabad
(Lyallpur) is the 3 largest and well-known industrial
city of Pakistan and quoted as the Manchester of
Pakistan. Farmers communities use discharge of these
industries directly or indirectly for irrigation purpose.
The farmers consider the discharge of industries as
the cheapest source of irrigation water and the richest
source of nutrients especially for vegetable fields to
compensate for the nutrient requirement of the plant.
Even industrial wastewater is the best alternative
water source but also can have a harmful effect on crop
and soil due to heavy metal pollution and resulting
public health concerns (i ez 2/, 2019). Prior studies
of industrial wastewater discharge in Faisalabad based
upon chemical, biological, and physical parameters
suggested that heavy metal accumulation in plants
posed an indirect threat to humans. These studies
were conducted on the wastewater that has direct
entry into canal water. Regarding the environmental
concern of industrial effluents, a study was designed

to analyze the heavy metals (Cd, Cr, Ni, Pb and Fe)

in one time treated wastewater from textile, ghee and
chemical industries located in Faisalabad and estimate
possible associated health risks.

Materials and Methods

Study area

For the current study, the industrial zone of Faisalabad,
Pakistan was selected. The Faisalabad city is located
31.20° in North and 73.30° in East of Pakistan. The
effluents of three important industries including textile
(Al-Farid Fabrics Pvt. Ltd), ghee mill (Madni Ghee
Mill Pvt. Ltd) and chemical (Sitara chemical Mill
Pvt. Ltd) has been investigated in the current study
for chemical {pH, EC (Electric Conductivity), TSS
(Total Suspended Salts) and TDS (Total Dissolved
Salts)} parameters as well as for heavy metal (Cd, Cr,
Ni, Pb and Fe). Furthermore, these industrial efluents
were evaluated for health risk assessment on the basis
of heavy metals concentration.

Sample collection and preparation

In February 2019 we conducted a survey of Faisalabad
citytodifferentiate and evaluate wastewater production
from different industries. Among the industries,
chemical, ghee and textile industries were selected for
the evaluation of heavy metals and associated health
risk. During the month of March 2019, three samples
were taken from the same industrial wastewater outlet
which was treated one time before entry into the main
drainage. Three effluents samples were taken 3 hours
apart from each industry point outlet into the main
channel and stored in a 1 L little plastic bottle. These
bottles were stored on ice. Before the sampling, the
bottle was washed 10 times diluted sulfuric acid and
rinsed with distilled water and dried in the oven for
3-4 hours at 25 “C. Water samples were filtered using
Whatman Number 40 and analyzed by technique of
Flame Atomic Absorption Spectrophotometer.

Instrumental analysis

Atechniqueof Atomic Absorption Spectrophotometer
with 300 analysts of Atomic Absorption
Spectrophotometer was used for quantification of
desire heavy metals (Cd, Cr, Pb, Ni and Fe) with
suitable Perkin Elmer (Cathode) lamp (Delves, 1971
#272). As apart,graphite furnace is connected with the
AAS system for the analysis of desired heavy metals
and a computer is attached for the quantification of
every metallic element. A burner of acetylene with air
equipped was used to control the rate of airflow. For
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preparation and analysis of the sample, an analytical
grade with 99.0 % purity chemicals was used. For Cd
and Fe quantification, the standards (2, 4, 6 and 8
mgL?) were used with Cd-cathode and Fe-cathode
lamp respectively. Similarly, for the quantification
of the Ni, Zn and Pb metals the standards (0.5, 1,
1.5,3 mgL?), (0.4,0.6,0.8 and 1 mgl.™") and (1,2, 3
and 4 mgL?") were used respectively with respective
cathode lamp. The concentration of a metal element
in the desired sample and distal water were estimated
through the extrapolation of the curve prepared on
the computer. The value of the blank sample was
subtracted from all of the samples to reduce the
chances of error attributed due to the presence of
regent impurities that were used for analysis during
the experiment. The samples of each discharge were
analyzed and the average was taken.

Health risk assessment

There are a number of ways to assess the potential
health risks associated with human exposure to
toxic chemicals presence in the environment, such
as identification and exposure to hazard, risk and
exposure assessment (Tepanosyan ez al, 2017).
However, the health risk associated with dangerous
heavy metals in the effluents collected from the three
different industrial discharge located in Faisalabad city
were estimated through dermal contact and ingestion
using the criterial method for health risk given by
the (USEPA, 1995). However, in the current work,
the health risk associated with heavy metals present
in the effluents was assessed on the basis of heavy
metal concentrations in comparison to permissible
limits of heavy metals given by the USEPA. As the
concentration of heavy metals increases from the
toxic limit, it pollutes channel water that is ultimately
discharge into a receiving canal. The use of this water
for any purpose whether for irrigation or animal/
human drinking or entry into groundwater through
different process cause water pollution will ultimately
lead to health risks for the living organism.

Statistical analysis

Chemical properties and heavy metal contents of
industrial wastewater were analyzed statistically
using Statistix 8.1. ((Statistix Inc., Florida, USA).
Statistically, significant difference (SD) among
the mean concentration of heavy metal in different
industrial efluents was calculated using multivariate
Tukey test. Results were present in the Table 1.

Results and Discussion

Effluents samples were analyzed for Physio-chemical
characteristic and heavy metals concentration and the
results were compared with the standard set by the
WHO (World Health Organization) and NEQS
(National Environmental Quality Standard). Electric
conductivity (EC) and pH limits are important
parameters that must be followed. Conductivity
defines the ability of water to conduct electricity
and it depends on the availability of ions in water.
In the current study, the pH of industrial effluents
varied between 8.0 to 11.06 and the maximum pH
(11.06+0.02) was recorded in the textile efHluents.
The pH of ghee and chemical industrial effluents was
found lower at 8.00 and 9.73 respectively as compared
to textile effluents. Except for the pH of Ghee
effluent, the other industrial effluent pH was recorded
out of the permissible range set by the WHO for the
pH is 6-8.5 (WHO, 1993). The quality of water also
directly related to conductivity and any changes in it
also change the quality of water. In the given study,
the EC (mS/cm) varied from 2.40 to 7.98 among
the industrial efluents. However, the maximum EC
was recorded in the effluent of the chemical industry
(7.89 £ 1.069) and the minimum in efHluents of
the ghee industry (2.40 + 0.798). Similarly, the EC
of the textile industry was recorded (3.21 + 2.63).
The pH and EC of the water affected by the water
composition (salts, heavy metals, temperature etc.).
The chemical and textile industrial effluents have
greater pH and EC because these waters contain a high
concentration of salts and metals (Aboulhassan ez a/.,
2006; Olugbuyiro, 2011). Similarly, in these industries
common heating and chemical reactions create an
alkaline environment. Thus, these industries have
a strongly alkaline pH. Similar results were found
in another study conducted on textile and chemical
industrial wastewater and concluded moderate
to strong alkaline water of these industries (Ali
et al., 20065 Shah ez al., 2015). However, most of
the studies showed that the ghee and oil industrial
effluents have less pH and EC as compared to the
chemical and textile industries. Other industrial
effluents contained less concentration of metals,
salts and other chemicals that increase reaction
rate in water and increased the pH and EC. Thus,
Ghee industrial effluents have low pH and EC as
compared to other industries (Afzal ez a/., 2014).

September 2021 | Volume 34 | Issue 3 | Page 489



Associated health risks from heavy metal-laden effluent into point drainage channels

Table 1: Mean value of physico-chemical properties of different industrial effluents against permissible limits by

WHO.

Parameters Permissible limits Unit Chemical industry Ghee mill Textile industry
pH 6 to 8.5 -—- 9.73 +0.26 8.00+0.12 11.06 +0.02

EC >4 mS/cm 7.89 + 1.069 2.40 + 0.798 3.21+2.63

TSS >400 mg/L 1185.55+0.975 361.005 +0.295 490.35 + 0.396
TDS >3500 mg/L 6317.333+0.180 1540.267 + 0.197 2015.679+0.992

Table 2: Mean concentration of heavy metals in different industrial effluents against permissible limits by WHO.

Heavy metals Cd Cr

Unit mg/L

Permissible Limits 0.1 1

Textile Industry 0.030 + 0.004b 0.241 £0.027¢
Ghee Mill 0.036 + 0.003b 0.667 +0.017a
Chemical Industry 0.086 = 0.002a 0.384 + 0.004b

Ni Pb Fe

1 0.5 2

0.760 + 0.044a 0.634 + 0.048a 2.979 + 0.071b
0.246 + 0.029c¢ 0.286 + 0.020c 2.959 £ 0.103b
0.640 + 0.037b 0.578 £ 0.032b 4,093 £ 0.335a

Higher pH and EC affect water quality and impacts
aquatic macro organisms and microorganisms
abundance and health (Shu ez 4/, 2015; Ouyang e7
al., 2019). Total suspended solids (TSS) and total
dissolved solids (TDS) are also two important water
quality parameters. Total suspended solids (T'SS) is the
mixture of solid that are not dissolved in water and stay
suspended in water making it an important parameter
of water quality. TDS consists of a large number of
inorganic salts and a small portion of organic matter.
Likewise, TDS and TSS also varied from industry
to industry. In the current study, TSS (mg/L) trend
was found as the maximum TSS (1185.55 + 0.975)
in chemical effluents and minimum TSS (361.005
+0.295) in Ghee industrial effluents. While the T'SS
of textile industrial effluents was recorded higher
than ghee industrial effluent but lower than chemical
industrial efluent which is (490.35 = 0.396). The
permissible limits for TDS is 3500 mg/L by set by
WHO. The maximum TDS (6317.333 + 0.180) was
recorded in the chemical industrial effluents and the
minimum (1540.267+ 0.197) in the ghee industrial
effluents. Similarly, the textile indusial effluents
followed the chemical industrial effluents having
TDS value is (2015.679+0.992). Thus, it is concluded
that chemical and textile industrial effluents have
more T'SS and TDS as compared to Ghee industrial
effluent. A similar, result was reported in Islamabad
Pakistan (Afzal ez a/., 2014) and in India (Ajmal and
Khan, 1984) that supported Ghee industrial effluents
havelow T'SS and TDS as compared to other industrial

effluents. Results related to the analysis of desired
heavy metals (Cd, Cr, Pb, Ni and Fe) in the different

industrial effluents are mentioned in the Table 2. The
number of heavy metals above the acceptable limits
varied by industry and treatment processes. However,
in all three industrial effluents, the amount of Cd,
Cr, and Ni present were under the permissible limits
established by the US-EPA (1995) for heavy metals
while the concentration of Pb and Fe were recorded
higher as compared to US-EPA, 1995. The mean
concentration of Cd varied between 0.030 and 0.086
mg/L. and the concentration of Cd in textile, ghee
and chemical industrial efluents was (0.030 = 0.004),
(0.036+0.003) and (0.086+0.002), respectively.
However, in all industrial effluents, the Cd range
was present below permissible limits of Cd (1 mg/L)
according to WHO standards. While comparatively,
the highest Cd concentration was found in the
chemical industry but the mean Cr concentration
varied among the different industrial effluents (0.667
+0.017), (0.384 + 0.004) and (0.241 +0.027) in ghee,
chemical and textile industrial effluents, respectively.
The concentration of Cr in ghee mill effluents was
greater as compared to others industrial effluents. In
all the effluents the concentration of Cr was below
the permissible limits of WHO for Cr (1 mg/L).
In the case of Ni metal, the amount of Ni varied
between 0.246 mg/L and 0.76 mg/L and higher Ni
concentration was recorded in the textile industrial
effluents. However, in all the industrial effluents the
concentration of Ni was under the permissible limits
set by the WHO for Ni (1 mg/L) in wastewater. Ni
concentration was (0.760 = 0.044), (0.640 + 0.037)
and (0.246 = 0.029) in chemical, textile and ghee

industrial effluents, respectively which is higher than
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the permissible limits for these metals. In the case
of Pb metal, the highest concentration of Pb (0.634
+ 0.048) was recorded in textile efHluents which
is higher than the WHO permissible limits (0.01
mg/L) in wastewater. The trend of Pb was (0.634 =+
0.048), (0.578 + 0.032) and (0.286 + 0.020) in textile,
chemical and ghee industrial effluents, respectively
but in ghee effluents, the Pb concentration was below
the permissible limits. Similarly, the concentration of
Fe was (4.093 + 0.335), (2.979 + 0.071) and (2.959 +
0.103) in textile,chemical and ghee industrial effluents,
respectively. In all effluents, the Fe concentration was
tound above the permissible limits set by WHO for
Fe (2 mg/L) in wastewater. However, the dangerous
concentration of Fe was only found in the chemical

industrial efluent (4.093 + 0.335).

Figure 1: GIS map of industries under study located in Faisalabad.

Figure 2: Heavy metals concentration in different industrial
effluents in contrast of permissible limits.

Heavy metals by definition are considered toxic to
humans and animals even at quite low concentration.
Drinking water or eating foodstuff containing a high
level of these metals can cause any number of health
implications including severe stomach irritation,
diarrhea and vomiting (Mahfooz ez a/., 2019). At
higher doses, anemia can occur (Afzal e7 al., 2014).
Even if heavy metal concentrations (Cd, Cr and
Ni) are below the permissible limits for industrial

effluents discharge, these toxins present both acute
and chronic toxicity problems for humans (Igbal ez
al., 2020). Children are especially vulnerable to heavy
metal poisoning due to the chronic/continued effects
of long-term exposure.

Figure 3: Heavy metals associated health risk in human being.

The wastewaters and their contaminants discharge
into the Chenab River located at 30 km North West
of Faisalabad, Pakistan where farmers pump it directly
onto food crops directly as irrigation water (Abbas
et al., 2017). Because of the linkage between surface
water and groundwater, these same chemicals can also
pollute groundwater and cause water-borne diseases

(Shakoor and Farooq, 2013).

High Fe concentrations can cause a toxic effect on
some organs such as skin is a trivial and hemosiderotic
harmful effect on other organs as the liver can be
affected (Jaishankar ez /., 2014). Pb has a toxic effect
on multiple body systems and is particularly harmful to
young children (Sharma ¢z /., 2016). High uptake of
Pb is distributed to the brain, liver, kidney and bones.
Ni impacts the central nervous and digestive system
at high concentrations (Khan ¢z a/.,2008). Even lower
concentration of heavy metals are considered very
toxic for living organisms (Human, animal, aquatic
organisms, microorganisms etc.) because many
metals slowly accumulate in human tissue. Intake of
heavy metals either by food or water increased the
concentration of metals and caused severe itching and
irritation in the stomach and resulted in diarrhoea
and vomiting (Khan ¢z a/., 2013). Slightly, a higher
concentration of Pb may cause a blood disorder
anaemia in human by decreasing the time of reaction
in human being (Ekeanyanwu ez a/., 2020).

From an environmental perspective, Fe and Pb are
the most common existing heavy metals in the soil
and water of urban area (Rahman and Singh, 2019).
Principal sources of these two heavy metals including
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textile industries, chemical and dye industries,
agrochemical industries and ghee mills (Jumbe and
Nandini, 2009). The current study addressed that one
time treated industrial effluents are still impacting
water quality and will ultimately causing health
risks for living organisms (Ekeanyanwu ez o/, 2020).
Therefore, it is our responsibility to advocate the
proper treatment for the different industrial effluents
in order to protect our soil and water resource for all

humankind.
Conclusions and Recommendations

In the current study, the chemical analysis showed
that EC, TSS and TDS were higher in the effluents of
the chemical industry except for pH which recorded
higher in the textile industrial effluent. Similarly, the
analysis of desire heavy metals in different industrial
effluents shows that except Pb and Fe, all other
heavy metals are not exceeded the allowable limits.
According to the analysis of heavy metals, the trend
of heavy metals in textile effluents was followed as
Ni > Cr > Pb > Cd, while in Ghee Mill as Cr > Ni
> Cd > Pb. Similarly, in chemical effluent, this trend
was followed as Ni > Cr > Pb > Cd. We conclude
that industrial effluents should be treated to remove
the toxic heavy metals before discharge and should
not be discharged if any pollutant is above the limits
adopted by the USEPA and WHO. Due to harm
the past discharges have done to receiving streams,
an educational campaign is needed that specifies the
health risks associated with direct contact with the
canal receiving this toxic waste.
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