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In developing countries, various sociodemographic and climatic factors such as urbanization, industrialization, and improved
living standard, and water and energy demands will all characterize wastewater’s future. Increasing population and water shortage
are the main driving forces for the reuse of untreated wastewater for irrigation and other uses in many poor countries, posing a
significant threat to global food security. Although wastewater contains essential nutrients required for plant growth, it also
contains toxic heavy metals and pathogens that pose a significant threat to the environment and human health. Present research
work was carried out to study important physicochemical and microbiological parameters of industrial wastewater collected from
various discharged points at different locations of Kala Shah Kaku (KSK) city, Pakistan. Physicochemical parameters such as pH,
temperature, sodium, calcium, magnesium, bicarbonates, sodium adsorption ratio, chlorides, and heavy metals such as nickel,
cadmium, and iron of all industrial wastewater samples were within the standard limits. However, certain water’s quality
parameters such as TSS, BOD, COD, residual sodium carbonate, heavy metals such as chromium, and total suspended solids of all
samples were exceeding the maximum allowable limits listed by Pakistani Standards. Carbonates, manganese, and cobalt were not
detected in any of the wastewater samples. Total viable count and total coliform counts were higher in all samples describing low
levels of sanitation. Contamination of fecal coliform and Escherichia coli was observed in about 50% of the studied wastewater
samples. The overall results focus on the discharge of highly polluted wastewater in and around KSK city. Indirectly it creates
significant threats to environmental pollution and human health. Continuous monitoring of physicochemical and microbial
indicators of effluent’s quality for its reuse for irrigation purpose is proposed to safeguard the public health and environment.

1. Introduction [1], posing a significant threat to global food security [2].

About 60% of the world’s population may undergo physical
Anthropogenic activities such as industrialization and ur-  shortage of water by the year 2025 [3]. Thus, higher water
banization have resulted in an adverse impact on the eco- demands of increasing population are considered the main

system in terms of deterioration and scarcity of fresh water  driving forces for the reuse of wastewater for urban and
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periurban irrigation in many countries [4] in order to satisfy
their food requirements. Wastewater can originate from
amalgamation of industrial, domestic, commercial, or ag-
ricultural activities and stormwater. In developing countries,
like Pakistan, poor farmers often depend on wastewater for
cultivating various crops [5] preferring short-term economic
benefits while ignoring the associated major health and
environmental jeopardies due to lack of knowledge [6].

In the recent past, many countries in North America and
Europe were used to dispose oftf wastewater in agricultural
fields to avoid contamination of fresh water bodies [7]. On
the other hand, majority of countries in Asian and African
regions such as China, India, Pakistan, Egypt, and Morocco
are still using untreated wastewater as a source of essential
nutrients [8] for producing food crops [9].

Due to increasing anthropogenic activities, the gap be-
tween supply and demand of fresh water is continuously
mounting in almost all regions of the world including
Pakistan. Pakistan, once a water-surplus country, is now
becoming water deficient, for example, amount of water
available per capita has already been reduced from 1299
cubic meters (m*) to 1,100 m® and it has been expected that it
will be less than 700 m® per capita by the year 2025 against
the worldwide standard of 1500 m® [10-12]. In Pakistan, the
major contributor to water pollution includes food pro-
cessing industries, textile, paper and pulp, tanneries, steel,
petrochemicals, chemicals, sugars, and refining industries
[10, 13]. On a daily basis, about 2,000 million gallons
(7.5708 x10° L) of wastewater is discharged directly into
local surface water [11, 12] without pretreatment.

The direct discharge of untreated industrial and mu-
nicipal wastewater into drains, canals, or rivers actually
worsens the water pollution. In addition, higher concen-
tration of various pollutants may increase electrical con-
ductivity (EC), pH, total suspended solids (TSS), total
dissolved solids (TDS), chemical oxygen demand (COD),
biological oxygen demand (BOD), metals such as Ni, Cr, Pb,
and Cd, and fecal coliform, thus making such water un-
suitable for drinking and irrigation purposes. Therefore,
treatment of wastewater prior to human use (for irrigation,
drinking, landscape, etc.) becomes necessary for the pro-
tection of public health and ecosystem [14]. This is because it
serves humanity in both ways such as (i) through the
provision of the fresh water to irrigate agricultural land and
(ii) minimizing its exposure to the environment, thus re-
ducing the environmental pollution and shielding the public
health in general [15, 16]. On the other hand, treatment of
industrial effluent is a highly sophisticated technique of
engineering science in order to proficiently treat the effluent
[17, 18]. Pakistan being a developing country, small amount
(<8%) of industrial effluent is treated proficiently whereas
remaining is released directly in canals, rivers, and other
water bodies without performing any sort of processing as
required by environmental protection agencies [5].

Kala Shah Kaku (KSK) is an industrial state near Lahore,
and pollution problem is more acute in severity as waste-
water generated by various steel industries is discharged
directly into Deg Nalla that ultimately drops into River Ravi.
In addition, industrial discharge is mixed with municipal
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wastewater, thus spoiling the sewage and making it un-
suitable for irrigation purposes. This increasing trend of
pollution of surface water bodies due to direct and untreated
discharge of wastewater has become a matter of great
concern. In addition, no systematic studies have been carried
out to investigate the prevailing levels of pollution in order to
anticipate its future effects. Many reasons for this effect
included lack of laboratory facilities, nonavailability of
laboratory staff, lack of knowledge, poor govt. policies, and
financial constraints. Therefore, the present study was car-
ried out to study the effect of various industry effluents on
surrounding water bodies in Kala Shah Kaku (KSK),
Pakistan, by adopting the methods for physicochemical and
microbiological analyses of the final effluents. The principal
objective of the analysis was to explore the pollution status of
Deg Nullah in order to find out its suitability for irrigation
and other purposes.

2. Materials and Methods

2.1. Collection of Wastewater Samples. Wastewater samples
from the main drain, i.e., Deg Nullah situated in the en-
terprise zone of Kala Shah Kaku (KSK) city, were collected
from various discharge points of different steel industries
(Figure 1). For this, dilute nitric acid was used to wash
sampling bottles. These bottles were then rinsed with
deionized water followed by washing (thrice) with the
wastewater before they were filled. About 1000ml of
wastewater (500 ml for physicochemical and 500ml for
heavy metal analyses) was collected from the midmost of the
Deg Nullah cautiously to prevent any sort of contamination.
For heavy metal analyses, collected effluent’s samples were
filtered (0.45 ym) and concentrated nitric acid (three drops
in each bottle) was supplemented to preserve it. Samples
were then transported to the laboratory in temperature-
controlled boxes (4°C) for physicochemical and microbio-
logical analyses [19, 20].

2.2. Physicochemical and Heavy Metal Analyses. The col-
lected wastewater samples were analyzed to determine their
physicochemical characteristics such as temperature (°C),
pH, electrical conductivity (EC), total dissolved solids
(TDS), total suspended solids (TSS), chemical oxygen de-
mand (COD), biological oxygen demand (BOD), sodium,
carbonate, calcium, magnesium, bicarbonate, chloride, re-
sidual sodium carbonate (RSC), and sodium adsorption
ratio (SAR) and estimation of various metal ions such as
cobalt (Co), chromium (Cr), copper (Cu), manganese (Mn),
lead (Pb), iron (Fe), zinc (Zn), Cadmium (Cd), and nickel
(Ni) were determined using the atomic absorption spec-
trophotometer [19, 20].

2.3. Microbiological Analyses

2.3.1. Total Viable Count. Pour plate method was used for
the determination of total viable count in wastewater sample
that actually represents the total bacterial load in a given
water sample and reflects the general hygiene condition of a
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A Study sites
1-3 = Degh Nala
4-6 = Ittehad Chemicals
7-9 = Pak Leiner Gelatin
10-12 = Safina Foods
13-15 = Ravi Chemicals
16-18 = Shan Steel Industries

FIGURE 1: Wastewater sample collection points in Kala Shah Kaku industrial hub.

sample. For this, serial dilutions of wastewater prepared in
sterilized water were aseptically pipetted into Petri dishes (in
thrice) containing nutrient agar (Difco Laboratories, USA).
Plates were swirled, solidified, inverted, and incubated at
35°C for 48 hours.

2.3.2. Enumeration of Fecal Coliform. The most probable
number (MPN) technique was used for enumeration of fecal
coliform for all wastewater samples as described by Standard
Methods for the Examination of Water and Wastewater [20].
One milliliter of four dilutions (10, 100, 1000, and 10000) of
each sample was added into fermentation tubes of lauryl
sulfate broth (LST) in triplicate and was incubated at 35°C
for 48 hours. Bacterial culture from all positive fermentation

tubes (tubes with growth plus gas production) was trans-
ferred to fermentation tubes of EC broth and incubated at
44.5°C for 48 hours for fecal coliform confirmation. MPN
values were calculated on the basis of gas positive tubes of
both total and fecal coliform and were expressed as MPN per
100 ml. For confirmation of Escherichia coli, inoculum was
transferred onto Petri dish containing Levine Eosin Meth-
ylene Blue Agar (LEMB, Oxoid) and incubated at 35°C for 24
hours. In Gram staining, E. coli appeared as Gram-negative
short rods.

2.3.3. Statistical Analyses. Data were analyzed statistically
using Minitab 2000 version 13.2 statistical software (Minitab
Inc. Pennsylvania, USA). The relationship between toxic



metal’s concentration and its elemental interaction among
different sectors of drain was also estimated. The p value
used to identify the statistical significance was <0.05. In
order to analyze and predict the intermetal interaction and
various physicochemical properties of industrial effluent,
Pearson’s correlation analysis was carried out.

3. Results and Discussion

3.1. Physicochemical Properties of the Analyzed Wastewater
Samples. The mean concentration of physicochemical pa-
rameters and trace metals is given in Table 1. Majority of the
wastewater samples analysed were of light yellow to yellow
colour except blackish colour in site B. The pH ranged from
6.02 to 8.18 for wastewater surrounding the Kala Shah Kaku
city, indicating that analyzed wastewater samples fall within
allowable pH range (i.e., 6-10) as stated by Pakistani Na-
tional Environment Quality standards [21] and WHO [22].
The causes of higher pH may be runoff, sewage, geology, and
high nutrient levels [23]. Temperature values ranged from 31
to 38°C found within the standard limits (40°C).

Electrical conductivity (EC) is usually related to the
amount of dissolved solids or minerals (ions). It means the
proficiency of water to pass out an electric current. The EC
value (Table 1) of all the wastewater samples ranged from
850 to 5533 us/cm, indicating that the majority of wastewater
samples (>83%) were not within the standard limits, i.e.,
<1000 ps/cm [21, 22].

However, in case of total dissolved solids (TDS), most of
the wastewater samples analysed (about 83.3%) had value
within the standard limits [21, 22], and small amount of
wastewater samples (<17%) had a value above the standard
limits, i.e., 3,500 mg/l for TDS [21]. The high level of TDS
might be ascribed with washing of softeners, backwash of
filters, and washing of reactors [24]. The total suspended
solids (TSS) of all the wastewater samples exceeded the
permissible limits (150 mg/l) for discharged industrial ef-
fluents [21, 22]. Both TSS and TDS do a significant job in
agriculture by affecting the plant growth, quality, and yield
of crops [25].

Similarly, about 83.3% of wastewater samples analyzed
were having higher levels of biochemical oxygen demand
(BOD) and chemical oxygen demand (COD) that were well
above the acceptable standards stated by WHO and NEQS
(Table 1). It was recorded that chemical oxygen demand
(COD) values were higher than BOD. This could be because
BOD included only biodegradable substances whereas COD
included both biodegradable and nonbiodegradable sub-
stances, although their value varies depending on the nature
of substances discharged in wastewater [26]. Our results
suggest that a significant amount of organic matter was
present in the tested wastewater samples which can be
tracked to municipal and industrial effluents including food,
laundries, and steel industries [23, 27, 28]. In this study, Pak
Leiner Gelatin industry (3405-3539 mg/L), Ittehad Chem-
icals (1664-1683 mg/L), and Deg Nullah (1491-1523 mg/L)
were biggest contributors of TSS and therefore also indicated
highest biochemical oxygen demand (340-390mg/L,
296-305mg/L, and 450-520 mg/L, respectively) and electric
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conductivity. Increased TDS and BOD might link to increase
organic matter contents within the wastewater being dis-
charged from various industries [26, 29-31] that will
eventually disturb the aquatic life of receiving water bodies
[23, 27, 28]. In addition, the release of large amount of
organic matter into surface water bodies does not only
increase the BOD but can also give foul odors via trapping
garbage and plants which ultimately attract arthropods such
as flies and mosquitoes ultimately causing diseases to nearby
residents [23]. The level of certain cations such as sodium
(Na), potassium (K), magnesium (Mg), and calcium (Ca)
was also investigated to understand the environmental ef-
tects of discharging high-salt concentration effluents into the
surface water system. It was observed that all of the
wastewater samples analyzed were having concentration of
Na® that exceeds the limits prescribed (>9.0 me/L) for ir-
rigation [21, 22]. Higher amount of sodium in the waste-
water may cause sodium toxicity problems in soils that could
result in change in soil structure, impaired growth of plants,
reduction in the yield of crops, change in the morphology of
the plants, and even death [32].

Sodium adsorption ratio (SAR) indicates the amount of
sodium present in wastewater relative to Ca and Mg. It
predicts how does sodium present in wastewater affect soil
physical properties such as soil structure and water-holding
capacities [33]. Values obtained for SAR (Table 1) indicated
that all wastewater samples analyzed were unfit for irrigation
as value of SAR was much higher than the prescribed limits
(<0.2) [21, 22].

Sodium adsorption ratio (SAR) is the assessment which
reveals the sodium absorbed by the soil and this is the in-
dication of sodium threat. Higher level of sodium indicates
when sodium makes association with mud or colloids that
replaces the concentration of magnesium (Mg) and calcium
ions (Ca) results in mutilation of soil structure and decreases
the quality of soil to bear air and water [33]. As a result, level
of heavy metals such as zinc (Zn) and iron (Fe) decreases and
pH of soil increases that causes alterations in soil fertility.
Richards [34] categorized the groundwater based on sodium
adsorption ratio into three ranges: acceptable range (<10),
marginally acceptable range (10-18), and unacceptable range
(>18). In the present study, the level of sodium adsorption
ration of industrial wastewater samples varied from 4.24 to
12.72. Tt indicates that 66.6% of samples of industrial
wastewater were considered fit for irrigation and 33.3% of
samples were considered marginally fit for irrigation (Ta-
ble 1; [22]).

Residual sodium carbonates (RSCs) determine the level
of bicarbonate in wastewater. Disbanding of organic matter
takes place by increasing the concentration of bicarbonate
that leads to higher level of pH of wastewater. If the con-
centration of RSC increases, it causes precipitation of
magnesium (Mg) and sodium (Na) ions that ultimately
upsurge the level of sodium in the land. It was categorized as
acceptable range (<1.25), marginal acceptable range
(1.25-2.5), and unacceptable range (>2.5) [34, 35]. In this
study, the level of RSC ranged from 0.0 to 3.9 mec/], indi-
cating that 33.3% of samples of industrial wastewater were
considered fit for irrigation while 50% of samples of
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wastewater were considered marginally fit for irrigation and
remaining 16.7% samples of industrial wastewater samples
were considered unsuitable for irrigation. Industrial
wastewater samples with high value of residual sodium
carbonate can be utilized by the implementation of special
irrigation and management techniques with continuous
evaluation of soil salinity status through laboratory analyses
[36].

All of the wastewater samples tested were lacking the
carbonate (CO3) ions, whereas level of bicarbonate (HCO3)
ranged from 3.60 to 10.40 megq/l. It indicates that all tested
samples of wastewater were having HCO; contents well
under permissible limits (NEQS) of HCOj3 (1000 meq/1) and
considered fit for irrigation. Corrosion of metals has been
done by chlorides that affect the quality and taste of food
products [37]. Therefore, it does not cause any ill health
effects. In the current investigation, the contents of chlorides
ranged from 2.6 to 42.06 mg/I that were below the chloride
allowable limits (1000 mg/1). Overall, on the basis of calcium,
magnesium, sodium, carbonate, bicarbonate, chlorides,
SAR, and RSC, 16.6% of the wastewater samples were dis-
covered suitable for irrigation, 33.4% of the tested waste-
water samples were discovered slightly suitable for
irrigation, and 50% of the tested wastewater samples were
unacceptable for irrigation at all.

3.2. Description of Toxic Metals Present in the Wastewater
Samples. The concentrations of various heavy metals found
in wastewater samples analyzed are depicted in Table 2.
Cobalt was not detected in any of the wastewater samples
(data not shown). However, other toxic metals such as Cr,
Mn, Ni, Zn, Cd, Cu, Pb, and Fe were widely distributed along
different sampling sites. The most polluting metal was
chromium with a maximum concentration of
12.367 £0.362mg/L found at Deg Nala, followed by Pak
Leiner Gelatin (11.75+0.089mg/L) and Shan Steel
(11.16 £ 0.185 mg/L) that was several magnitudes higher than
WHO (0.05mg/L) and PAK-EPA standards (1 mg/L) in
wastewater. Second, the most contaminating metal was Cd
with maximum concentration at Pak Leiner Gelatin industry
discharge point (0.0454 mg/L) followed by Safina Food in-
dustry discharge point (0.0435mg/L). The concentration of
Cd was also well above the permissible limits stated by WHO
(10 ug/L) and USEPA (0.005mg/L) as reported in Table 2.

Other toxic metals, i.e., Fe, Pb, Ni, Cu, Zn, and Mn, were
detectable in wastewater samples within permissible limits
stated by WHO [22] and Pak-EPA. Iron contents in
wastewater samples ranged from 0.308+0.002 to
0.527 £ 0.011 mg/L (all sites combined). Ni was also present
in almost all of the wastewater samples ranging from
0.0011£0.001 to 0.061+0.003mg/L, though it was well
below the permissible limits (Pak-EPA) of Ni, i.e., 1.0 mg/L.
Similarly, concentration of other heavy metals ranged from
0.224 +£0.009 to 0.306 + 0.019 mg/L for Mn, 0.029 +0.013 to
0.0737 £0.02 mg/L for Cu, 0.1269 £ 0.028 to
0.1513 +40.006 mg/L  for Zn, and 0.0268+0.005 to
0.0437 +£0.002 mg/L for Pb. However, concentration of these
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metals in discharged wastewater was in acceptable limits set
by Pak-EPA and WHO [22].

In general, wastewater samples were the most contam-
inated by chromium (all sampling sites combined). We
know that, under aquatic conditions, chromium may un-
dergo oxidation, reduction, sorption, and precipitation [38].
In addition, the solubility of chromium is pH-dependent,
i.e,, under acidic pH, it will tend to solubilize, and con-
versely, if pH > 7, Cr (III) will precipitate. Moreover, Cr (VI)
chromate and dichromate are extremely soluble under all
pH conditions (Kimbrough et al. 1999). Higher solubility
ultimately results in higher bioavailability of chromium to
especially those plants that were being irrigated by con-
taminated wastewater. As chromium is nonessential to
plants, it is very toxic even at low concentrations, i.e., about
0.5 to 5.0mg/L in nutrient solution and 5 to 100 mg-g™" in
soil [39].

Physicochemical characteristics and mean heavy metal
contents of tested wastewater samples at different sampling
sites (n =18) were used to estimate the Pearson correlation
coefficient matrix (r) to determine the interaction levels of
heavy metal and physicochemical properties of the analyzed
wastewater samples (Table 3). Some of elemental pairs such
as Cd/Fe (r=0.82), Cd/Mn (r=0.83), and Fe/Mn (r=0.52)
were positively associated (a=0.05), whereas others were
statistically negatively correlated (i.e., Cd/Ni (r=—-0.81), Fe/
Ni (r=-0.95), Fe/Zn (r=-0.49), and Ni/Mn (r=-0.52)).
The elemental pairs that were positively correlated (statis-
tically significant) suggested that these elements could have a
similar source or chemical phenomenon and the inverse was
true for negatively correlated element pairs found in
wastewater [26, 40].

Certain metals also exhibited the positive and negative
correlation with that of physicochemical parameters. For
example, pairs Fe/pH (r=0.67); Ni/COD (r=0.82); Ni/BOD
(r=0.82); Zn/COD, BOD (r=10.59); Ct/EC, TDS (r=0.49);
Cr/TSS (r=0.5); Cr/COD, BOD (r=0.70); and Cu/pH
(r=0.60) had positive physicochemical origins. Similarly,
some of these metals had significantly negative correlation
such as Cd/COD (r=-0.62); Cd/BOD (r=-0.63); Fe/COD,
BOD (r=-0.89); and Ni/pH (r=-0.53) (Table 3), suggesting
that there was a negative correlation among these param-
eters and metals. These results corroborated to those ob-
tained by Sekabira et al. [26] who reported that elemental
pairs Cd/Mn and Mn/Fe were significantly correlated sig-
nifying similar chemical source or phenomenon. They had
also observed a significant positive interaction between Zn/
BOD, BOD/TSS, BOD/TDS, EC/TDS, TDS/TSS, and EC/
TSS that were again consistent with that obtained in this
study [26].

High BOD and COD values suggested that wastewater
was polluted not only with biodegradable contaminants but
also with other nonbiodegradable contaminants originating
from different industries. These findings may highlight the
presence of significant amount of organic matter that might
be present in tested wastewater samples and being dis-
charged into main drains by various municipal and in-
dustrial sources [23, 26-31].
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TaBLE 2: Mean values and SD of heavy metal concentrations in wastewater at different sampling sites.
. Heavy metals (mg/L)
Sampling sites )
Cd Fe Ni Mn Zn Cr Cu Pb

Deg Nullah 0.0165+0.002 0.3080+0.002 0.0610+0.003 0.2460+0.011 0.1513+0.006 12.3670+0.362 0.0613 +0.021 0.0360 +0.009
ICt;le:lrfl(iicals 0.0195+0.004 0.3630+0.018 0.0400+0.002 0.2240+0.009 0.1453+0.009 10.4200+0.089 0.0293+0.013 0.0390 +0.003
Pak Leiner

Gelatin 0.0454 £0.002 0.4360+0.002 0.0200+0.006 0.3060+0.019 0.1444 +0.008 11.7500+0.089 0.0317 +0.006 0.0348 +0.003
Safina Foods 0.0435+£0.004 0.4680+0.005 0.0160+0.002 0.2910+0.014 0.1248 £0.010 8.8600+0.046 0.0737 +0.020 0.0437 +0.002
Ravi Chemicals  0.0392+0.004 0.4740+0.007 0.0247 +£0.002 0.2756 +£0.012 0.1269+0.028 10.2867+0.06 0.0687 +0.01 0.0268 +0.005
Shan Steel 0.0386£0.004 0.5270+0.011 0.0011+0.001 0.2686+0.019 0.1322+0.017 11.1600+0.185 0.0533+0.009 0.0305 +0.002

Cd: cadmium; Fe: iron; Ni: nickel; Mn: manganese; Zn: zinc; Cr: chromium; Cu: copper; Pb: lead.

TABLE 3: Pearson correlation coefficient
analyzed wastewater samples (n=18).

matrix (r) to determine the interaction levels of metal and physicochemical properties of the

Variables Cd Fe Ni Mn Zn Cr Cu Pb pH EC TDS TSS COD BOD
Cd 1
Fe 0.821 1
Ni -0.810 -0.951 1
Mn 0.832 0.529 -0.527 1
Zn -0.467 -0.497 0.450 —-0.292 1
Cr -0.370 —-0.442 0.413 -0.149 0.462 1
Cu 0.174 0.209 —0.031 0.283 —-0.409 -0.332 1
Pb -0.121 -0.282 0.198 -0.085 0.017 -0.343 0.169 1
pH 0.301 0.679 -0.535 0.087 —-0.480 -0.551 0.608 -0.163 1
EC 0.084 -0.331 0.180 0.265 0.394 0.496 -0.591 0.105 -0.901 1
TDS 0.084 -0.331 0.180 0.265 0.394 0.496 -0.591 0.105 —-0.901 1.000 1
TSS 0.044 -0.366 0.211 0.226 0.409 0.502 -0.607 0.113 —-0.918 0.999 0.999 1
COD -0.620 -0.896 0.825 —-0.297 0.597 0.706 -0.348 0.192 -0.845 0.630 0.630 0.653 1
BOD -0.633 -0.895 0.828 -0.315 0.597 0.702 -0.334 0.197 -0.820 0.602 0.602 0.625 0.993 1
TaBLE 4: Microbiological results of wastewater samples collected from the industrial area of KSK.
) Fecal coliform

Wastewater samples Total viable count (CFU/ml) at 37°C for 48 h TOt?;ACg%\IIf/OIr(;g ccl))u nt Count o )

m (MPN/100 ml) Escherichia coli
Al 1.31 x10* >1.8x10* >1.8x10* Detected
A2 1.29x10* >1.8x10* >1.8x10* Detected
A3 1.30 x10* >1.8x10* >1.8x10* Detected
Bl 1.02x10* >1.8x10* >1.8x10* Detected
B2 1.05x10* >1.8x10* >1.8x10* Detected
B3 1.03x10* >1.8x10* >1.8x10* Detected
C1 1.5x10* >1.8x10* >1.8x10* Detected
C2 1.6 x10* >1.8x10* >1.8x10* Detected
C3 1.5x10* >1.8x10* >1.8x10* Detected
D1 53x10° 2.1x10? Not detected Not detected
D2 51x10° 2.0x10° Not detected Not detected
D3 52x10° 2.1x10° Not detected Not detected
El 1.28 x10* 7.0 x10° Not detected Not detected
E2 1.28 x10* 7.2x10° Not detected Not detected
E3 1.29x10* 7.1x10% Not detected Not detected
F1 31x10° 1.3x10° Not detected Not detected
F2 3.0x10° 1.4x10% Not detected Not detected
F3 32x10° 1.2x10? Not detected Not detected
WHO standard — <1.0x10° <1.0x10° —
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FIGUre 2: Growth of total coliform in BGLB tubes showing gas
production in Durham’s tubes.

F1GURE 3: Growth of fecal coliform in EC broth tubes showing gas
production in Durham’s tubes.

In addition, our results also corroborated the findings of
Igbinosa and Okoh (2009). They observed that higher value
BOD may result in enhancement of reducing conditions in
fresh water due to decomposition of organic matter as self-
purification mechanism, which indirectly could enhance the
reduction of hydro-oxides of Mn and Fe [41]. Under such
conditions, certain metals (Cd, Cr, etc.) could adsorb spe-
cifically to solid phase whereas lead (Pb) may found poorly
linked to crystalline oxides [42]. Under slightly to acidic
conditions (pH value <6>5), it could enhance the copre-
cipitations of different metallic ions [43, 44].

3.3. Microbiological Results of Collected Wastewater Samples.
The microbiological results of wastewater samples collected
from different discharge points of industries (Figure 1) of
Kala Shah Kaku are presented in Table 4 and Figures 2 and 3.
As shown in Table 2 and Figure 3, higher levels of total viable
count (TVC) load were observed in all the examined
wastewater samples. Half of all wastewater samples (50%)
analyzed were having higher count for total and fecal co-
liform count (MPN/100ml) than standard limits
(1.0 x 10> MPN/100 ml) stated by WHO [22]. These results
suggested that wastewater was not suitable for irrigating the
crops. This included use of wastewater for cultivating such
crops that could be consumed directly by humans (such as
cucumber, lettuce, and salads) and also for irrigation of
public parks and sports field. These results for FC were in
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Green metallic sheen colonies
(LEMB)

FIGURE 4: Growth of Escherichia coli on LEMB agar medium (green
metallic sheen).

accordance with those obtained previously [15], who studied
the wastewater samples from effluent treatment plant
(Riyadh, KSA) with a mean fecal coliform value (geometric)
of 7.1 x 10' MPN/100 ml, which was well below than that
observed in the present study. This difference in fecal co-
liform count could be attributed to the efficiency of treat-
ment plant, since in this study untreated wastewater was
being discharged into surface water bodies. Furthermore, the
wastewater samples that were affirmative for fecal coliform
were also positive for Escherichia coli and vice versa.
Escherichia coli were confirmed by streaking on LEMA agar
medium as shown in Figure 4. On Gram’s staining, it
appeared as Gram-negative rods. Furthermore, Enter-
oPluri® test kit was used to confirm the Escherichia coli
biochemically (Annex-1). These microbiological results fo-
cused towards the discharge of highly polluted wastewater in
and around Kala Shah Kaku industrial state.

4. Conclusion

Majority of wastewater samples analyzed were of light
yellow-to-yellow colour with pH ranges (6.02 to 8.18) and
temperature (30-38°C) within the standard limits [21, 22].
Overall, on basis of calcium, magnesium, sodium, bicar-
bonate, chlorides, and residual sodium carbonate, 16.6% of
wastewater samples were discovered suitable for irrigation,
33.4% of the tested wastewater samples were discovered
slightly suitable for irrigation, and 50% of the tested
wastewater samples were unacceptable for irrigation at all.
However, on the basis of SAR, all of the tested samples of
wastewater were unfit for irrigation as they could cause
hardness in soil, might change the soil structure, and could
affect plant growth. Various heavy metals that were detected
in the analyzed wastewater samples included Cr, Cd, Fe, Ni,
Mn, Cu, Zn, and Pb. Among them, chromium was the most
polluting metal followed by cadmium (all sampling sites
combined). Pearson correlation coefficient matrix suggested
that there were existing of certain metal pairs that were
either positively (Cd/Fe (r=0.82), Cd/Mn (r=0.83), and Fe/
Mn (r=0.52)) or negatively correlated (Cd/Ni (r=-0.81),
Fe/Ni (r=-0.95), Fe/Zn (r=-0.49), and Ni/Mn (r=-0.52).
Furthermore, microbiological data of the analyzed waste-
water samples suggested that it was not suitable for irrigation
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including restricted and unrestricted irrigation. Our results
indicated the discharge of highly polluted municipal and
industrial effluent in and around Kala Shah Kaku industrial
hub.
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