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Abstract: Industrial effluents cause contamination of water resources especially when it is discharged untreated in
waterways. This study was conducted to measure the concentration of different heavy metals (Chromium, Nickel,
Lead, Manganese and Copper) in wastewater, sediment and irrigated soil. Samples were collected from Hudiara drain
near Gajomatta, Lahore. Experiments were done for the identification of heavy metals concentration in samples. In
first step acid digestion, using hot plate was done of all samples. In second step Heavy metals analysis was carried out
using FAAS. In wastewater heavy metals was present in order of copper (28.01ppm) >Manganese (9.81ppm)>Nickel
(0.79ppm)> Chromium (0.43ppm) >Lead (0.36ppm). In top soil the order was Copper (77.51ppm)> Manganese
(9.93ppm)> Chromium (3.71ppm)> Nickel (0.71ppm) >Lead (0.57pm). In subsoil the heavy metal order was Copper
(27.19ppm) >Manganese (11.94ppm) > Chromium (5.25ppm) Nickel (1.01ppm) >lead (0.61ppm). In sediment the
heavy metals were observed as follows Manganese (8.43ppm)> Chromium (5.85ppm) > Copper (1.46ppm) > Nickel
(0.89ppm) > Lead (0.79ppm). The results were compared with National Environment Quality Standards (NEQS)
Pakistan, Canadian soil quality guidelines for agricultural soil and Canadian Sediment Quality Guidelines for the
Protection of Aquatic Life (2002). Heavy metal contents of water and soil aretransferred to vegetables and crops,
which cause serious health hazards on their consumption so industrial effluent should be treated at source.
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1. INTRODUCTION important part as sediments act as a pool for heavy

Heavy metal poisoning occurs by long-term
exposure to these metals. These may cause acute or
chronic diseases in human body. Various vital organs
of the body such as brain, spinal cord, kidneys and
liver are negatively affected by these metals [1,
2].Continuous exposure can cause more serious
diseases like Alzheimer’s disease, Parkinson’s
disease, allergies and even cancer in some cases.
Some heavy metals are more toxic even in trace
amounts or just above their threshold concentration
[3, 4]. Use of wastewater for the irrigation is not
an efficient approach. It not only increase heavy
metals content in soil but also increases the health
risk by taking vegetables and fruits as food grown
in the soil irrigated by wastewater [5, 6]. In order
to measure aquatic pollution sediment study is an

Received: April 2018; Accepted: March 2019

metals. Sediments also provide information about
the geochemical record of watershed. Heavy metals
including lead, copper and mercury are listed as
very toxic pollutants for aquatic life [7, 8].

Anthropogenic activities related to industries
are increasing contents of heavy metals in the water
[9]. Heavy metals in soil effect the plants growth
depending on the plant species. Some plants have
capability to accumulate heavy metals in much
higher quantities as compared to other plant species
[10,11]. Discharge from industries and municipal
waste which are directly dumped to the natural
water resources also contaminate the sediments.
These effluents contain hazardous elements which
can accumulate in the soil and sediments. These can
be absorbed by aquatic organisms, thus entering the
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food chain. Fish can absorb metallic ions from gills
from water under acidic conditions [12].

Irrigation in Pakistan is mostly carries out by
contaminated water discharged from households
and industries. The application of wastewater
for agricultural practices is increasing because
of increasing salinity, unsustainable agricultural
practices and less availability of suitable irrigation
water. Heavy metals also have negative impacts on
plant growth which may be in the form of inhibition
of growth, chlorosis, and decrease ability to uptake
of nutrients and water. In some cases heavy metals
also damage the enzyme system. Long term intakes
of heavy metals have high damaging impacts
on humans and other life [13, 14]. Heavy metals
are persistent in the environment so their long
term exposure may have detrimental impacts by
decreasing body’s ability to store iron, vitamin and
other vital elements and in severe cases these metals
also cause immunological and mental problems
[15, 16].

Hudiara drain is included in one of the main
tributaries of river Ravi. More than 120 industries
in Pakistan are located on Hudiara drain which
discharges their effluents into it. In addition it also
carries municipal water from the city of Lahore
and other nearby areas. Contaminated water of this
drain is used for irrigation throughout its range [17].
Studies showed that there were high metals (Cr,
Cd and Mn) concentration in Hudiara drain water
[18].The main objective of this study was to assess
heavy metal contents found in industrial effluent
flowing through Hudiara drain and deposition
of these metals from water to sediments and soil
irrigated from this drain.

2. MATERIALS AND METHODS

The current study was carried out to measure the
heavy metal concentration in wastewater, sediment
and irrigated soil of Hudiara drain.

2.1 Collection of samples

Representative samples of wastewater, sediment
and soil were collected from Hudiara drain near
Gajomatta Lahore. Samples were collected in
plastic bags in case of sediment and soil while
wastewater samples were collected in pre-cleaned
plastic bottles. Samples were stored at 4°C until
further analysis.

2.2 Collection of Wastewater samples,
Sediments and Irrigated soil:

Wastewater samples were collected from three
different sites named as site A, site B and site
C. Representative samples of about 1 liter were
collected from each site. Sediment samples were
collected from three different sites named as site
A, site B and site C. From each site representative
sample of about 1kilogram was collected. Irrigated
soil samples were collected from three different
sites named as site A, site B and site C. From each
site surface soil and 6cm deep soil samples of about
lkilogram were collected. Soil samples were also
collected from water channel from which pumped
wastewater is applied to the fields.

3. PRIMARY TREATMENT

3.1. Filtration, Oven drying and Blending of
samples

Wastewater samples were filtered before analysis
with Whatmann filter paper no. 42 to remove
suspended solids. The sediment and soil samples
were first oven dried at 105°C for overnight to
remove moisture contents. The oven dried samples
of sediments and soils were crushed and ground.
To get more fine particles crushed samples were
passed through 60 mesh sized sieves. The samples
were then preserved in polythene bags until further
analysis.

3.2. Analysis of heavy metals

For the analysis of heavy metals wet acid digestion
method was used.

3.3. Preparation of wastewater samples,
Sediments and Soil samples

Wet digestion of filtered wastewater samples were
done with HNO,. 0.5ml of sample was taken into a
digestion flask and Sml of HNO, was added. It was
placed on hot plate at 80-90°C for 2 hours. After 2
hours temperature was raised to 150°C and 3-5ml
of HNO, and H,0, were added and heated until a
yellowish clear solution formed. Blank samples
were also prepared in a flask without sample. For
the analysis of heavy metals, 0.5g of prepared
sample of sediments and soil were taken in the
digestion flasks and Sml of concentrated HNO, was
added. Blank sample was also prepared by adding
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Sml of concentrated HNO, in a digestion flask. The
digestion flasks were then placed on hot plate at
80-90°C for 2 hours. The temperature was raised to
150°C and 3-5ml of HNO, and H,O, were added in
flasks and heated on hot plate until a yellowish clear
solution appeared. Digested samples were cooled at
room temperature and filtered with Whatmann filter
paper no. 42. The volume of filtrate was made up to
25ml with distilled water. All reagents used were of
analytical grade and all samples were prepared in
triplicates.

3.4. Analysis by Flame Atomic Absorption
Spectrophotometer

The prepared samples of water, sediment and soil
were then analyzed for heavy metals content by
using “FAAS, Shimadzu AA-7000F. Samples
were analyzed for chromium, nickel, lead,
manganese and copper.

4. STATISTICAL ANALYSIS

The One-way ANOVA was applied using SPSS
version 19 to compare distribution of heavy metals
in wastewater, sediment and irrigated soil.

5. RESULTS AND DISCUSSION

5.1. Concentration of Chromium

Chromium concentration was analyzed in samples

collected from study sites by Atomic Absorption
Spectrometry. The concentration of chromium
analyzed in samples from wastewater, sediment,
surface soil, 6-12cm deep soil and water channel
soil were 0.43 ppm, 5.84 ppm, 3.71 ppm, 5.25 ppm
and 9.31 ppm respectively. As shown in Figure
1, sites can be arranged as follows in accordance
with decreasing chromium concentration, water
channel soil>sediments>6-12cm deep soil>surface
soil>wastewater. Chromium concentration in
wastewater was low as compared to permissible
values of NEQS. Previous study also measured
chromium concentration in water that chromium
value (2.5 pg/L) was higher than the concentration
determined in the current study [12]. Some other
researchers also measured chromium level in water
and that chromium concentration (0.02-0.75ug/L
and 0.45 mg/L respectively) was equal to the
chromium level measured in the current study [15,
19]. Heavy metals content measured in another
study, in Hudiara drain wastewater was observed
to be higher for chromium and manganese as
compared to heavy metals concentration measured
in current study [18].

5.2. Concentration of Nickel

Nickel concentration was analyzed in samples
collected from study sites by Atomic Absorption
Spectrophotometry. Concentration of nickel in
samples was 0.79 ppm, 0.88 ppm, 0.70 ppm, 1.01
ppm and 1.16 ppm for wastewater, sediment, surface
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Fig. 1. Mean concentration of Chromium in different selected study sites.
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Fig. 2. Mean Nickel concentration in selected study sites.

soil, sub soil and water channel soil respectively
(Figure 2). Nickel concentration measured in
current study in wastewater was within permissible
values of NEQS (2000). Ni level was also measured
in irrigation water that Ni range (0.02-5.35 mg/L)
was matched with concentration of Ni measured in
current study [20]. Concentration of nickel in soil
was within standard as compared to Canadian soil
quality guidelines (50 mg/kg) for agricultural soil.

5.3. Concentration of lead

Atomic Absorption spectrophotometer was used
to analyze lead concentration in samples collected
from study sites. Concentration of lead in wastewater
was 0.34ppm (Figure 4.3). Lead level in current
study was within permissible value of NEQS [21].
Lead level was also measured in water and found
that Pb value (0.03-0.20pug/L) was higher than Pb
concentration measured in the current study [22].
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Fig. 3. Mean Lead concentration in selected study sites.
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In soils concentration of lead was 0.57 ppm, 0.61
ppm, and 1.44 ppm for surface soil, 6-12cm deep
soil and water channel soil respectively (Figure
3). Lead concentration in irrigated soil samples of
Hudiara drain was within permissible of Canadian
soil quality guidelines (70 mg/kg) for agriculture
soil. Pb concentration in soil was measured and
found that Pb value (47.7-52.6mg/kg) was high
as compared to the Pb concentration measured in
this study [23]. In sediments the Pb content was
0.78 ppm and it was within permissible limit while
compared with the Canadian Sediment Quality
Guidelines (35 mg/kg) for the Protection of Aquatic
Life (2002) ISQG (Interim freshwater sediment
quality guidelines).

5.4. Concentration of Manganese

The concentration of Manganese in wastewater was
9.81 ppm (Figure 4.4). Manganese concentration
was higher than the permissible value of NEQS
(2000) [21]. Mn concentration was also measured
in water and found that value (1-467pg/L) was
higher as compared to Mn concentration measured
in current study [24]. Manganese concentration in
surface soil, 6-12cm deep soil and water channel
soil was 9.92 ppm, 11.93 ppm and 9.83 ppm
respectively.

5.5. Concentration of Copper

In wastewater the concentration of copper was
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Fig. 4. Mean Manganese concentration in selected study sites.
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Fig. 5. Mean Copper concentrations in selected study sites.
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28 ppm. Copper concentration was higher than
permissible values of NEQS (2000) [21]. Cu
concentration was also measured in water that
range (0.005-1.19mg/L) was lower as compared
to the Cu level measured in current study [20]. Cu
concentration in surface soil, 6-12cm deep soil and
water channel soil was 77.59 ppm, 27.19 ppm and
21.24ppm respectively (Figure 5). The values of
copper in soils were higher than the Canadian soil
quality guidelines (63 mg/kg) for agricultural soil.

5.6. One way ANOVA Analysis

Statistical analysis was done to measure the
difference of metals (Cr, Ni, Pb, Mn and Cu) in
all selected sites. One way ANOVA was applied at
variance significance level of 0.05. Concentration
of metals was compared in wastewater, sediment,
water channel soil, surface soil and 6-12cm deep
soil individually. Results showed (Table 2) high
significance of all metals in the study sites which
means that there was a difference in concentration

of each metal in all sites. Lead level was measured
in sediment and water and results showed no
significant value for lead in samples [22]. A study
measured Mn, Cr, Pb and Cu concentration in
soil and found significantly high concentration
of metals in study sites [25]. A researcher studied
heavy metal pollution in soil and found significant
level of Cu and Pb in samples [26].

6. DISCUSSION

Chromium level in wastewater was low as compared
to Cr concentration measured in previous studies
[27]. The concentration of chromium in wastewater
was 0.43 ppm. In all samples the concentration of
chromium was within standards. In current study
Chromium concentration in soil was 3.70 ppm i.e.,
in surface soil, while in 6-12cm deep soil it was
5.25 ppm.Soil Chromium level in current study was
higher as compared to Cr concentration measured
in previous studies [28, 29]. In current study
Chromium concentration in sediment was 5.85 ppm

Table 1. Comparison of heavy metals in wastewater, sediment and soil.

Sr. No Heavy metals Wastewater ppm) Sediment (ppm)  Surface soil(ppm) Subsoil (ppm)
1 Chromium 0.43+£0.03 5.84+0.95 3.7+£04 525+1.2
2 Nickel 0.79+0.12 0.88 £0.13 0.7 £0.06 1.01 £0.46
3 Lead 0.36+0.01 0.78 £0.05 0.57 £0.09 0.61 £0.05
4 Copper 28.0+3.0 1.46 £ 0.22 77.59+5.0 27.19+2.5
5 Manganese 9.81+1.8 8.43£0.99 9.93+1.5 11.94+ 1.6

Table 2. One way ANOVA showing significance level of metals in selected sites at significance level 0.05

Sum of Squares df Mean Square F Sig.
Chromium Between Groups 125.524 4 31.381 439.364 .000
Within Groups 714 10 071
Total 126.238 14
Nickel Between Groups 401 4 .100 75.318 .000
Within Groups .013 10 .001
Total 414 14
Lead Between Groups 2.041 4 510 197.139 .000
Within Groups .026 10 .003
Total 2.067 14
Manganese  Between Groups 18.818 4 4.704 546.484 .000
Within Groups .086 10 .009
Total 18.904 14
Copper Between Groups 9485.290 4 2371.323 178369.503 .000
Within Groups 133 10 .013
Total 9485.423 14
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and it was low as compared to Cr concentration
measured by another researcher [30].

In current study concentration of nickel
in wastewater samples was 0.79 ppm. Nickel
concentration in wastewater was within permissible
values in comparison with NEQS [21] and Ni
values measured previously [15]. Nickel amount
in current study was lower as compared to the
values measured in other studies [31]. In current
study Nickel concentration was 0.71 ppm, 1.01 and
1.17 ppm in soil samples. Concentration of nickel
in water channel soil and irrigated soil was within
standards. Concentration of lead in wastewater
was 0.34 ppm and it was within permissible value
as compared to NEQS. Lead concentration was
lower as compared to the concentration measured
by Begum [12]. Lead concentration in the current
study was higher than Pb concentration measured
by Guhathakurta and Kaviraj [22]. In soils,
concentration of lead was 0.57 ppm, 0.61 ppm, and
1.44 ppm for surface soil, 6-12cm deep soil and
water channel soil respectively.

The concentration of Manganese in wastewater
was 9.81 ppm which was higher than values
measured by Saif and Karadede and Unlu [31].
Manganese concentration in surface soil, 6-12cm
deep soil and water channel soil was 9.93 ppm, 11.94
ppm and 9.84 ppm respectively. Manganese level
in soils was lower than concentration measured by
Yasmeen [19]. In sediment Mn concentration was
8.4316ppm. Manganese concentration was lower
than Mn level measured by Karadede and Unlu
[31].

In wastewater the concentration of copper was
28.01ppm. Copper concentration was higher than
permissible values. Copper level in wastewater
was also higher as compared to Cu concentration
measured by Bhuiyan [32]. Cu concentration in
surface soil, 6-12cm deep soil and water channel
soil was 77.59 ppm, 27.19 ppm and 21.25 ppm
respectively. The values of copper in soils were
higher than standards.

7. CONCLUSION
The current study was conducted to investigate

heavy metals pollution level in wastewater,
sediment and irrigated soil of Hudiara drain.

Samples were collected and after wet digestion
method, analyzed for heavy metals (Cr, Ni, Pb, Mn
and Cu) by atomic absorption spectrophotometer.
Results of this study were compared with National
Environmental Quality Standards (NEQS) 2000 of
Pakistan, the Canadian soil quality guidelines for
agriculture soil and Canadian Sediment Quality
Guidelines for the Protection of Aquatic Life
(2002). It was found that heavy metals content was
within standards except for copper in wastewater
(28 ppm) and in irrigated soil (77.5ppm in top soil
and 27.1 ppm in 6-12cm deep soil).The use of
wastewater has some benefits as well as may have
some potential negative impacts. Negative impacts
are the contamination of soil and vegetation by
hazardous elements including heavy metals and
also increase health risks to the population.

8. RECOMMENDATIONS

There is dire need to monitor industrial effluents and
enforcement of National Environmental Quality
Standards before discharge into water bodies.

v" There must be proper monitoring and research
on water quality of all drains.

v Detailed survey is needed to assess and
monitor water quality and agricultural soil
nearby Hudiara drain.

v" Government and private sectors must
cooperate in a productive way for further
research and development.

v Farmers and local community must aware of
hazards and health risk caused by the using
wastewater for irrigation.

v As Hudiara drain enters from the India so
there must be water quality investigation
system which will measure the water quality
of Hudiara drain before entering from India
to Pakistan.
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