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Abstract: Mass scale industrial development lead to urbanizations which is thought to be a major problems of
air, water and soil pollution ultimately retard the life standards as well as socio-economics of the country.
Keeping in view these environmental degrading facts, the present study was designed to evaluate the quality
of sewage effluents and canal water used for irrigation purpose. For this purpose, two sampling sites, i.e. study
site 1 (Village Bindra) and study site 2 (Jhangiwala), were selected to collect the water samples for analyzing
the irrigation water quality through physical characters, cation & anion (meql ) concentrations and four heavy1

metals (ppm). According to the results the chemical quality of sewage effluent with respect to EC, SAR, RSC,
cations and anions was not satisfactory. The concentration of heavy metals i.e., Pb and Hg was above the
NEQS directed permissible limit for sewage effluent being used for irrigation purpose, while Ni and As were
found  in  the  safe  limits.  Concentration  of  heavy  metals  in  canal  water  were also not satisfactory, as all
the  samples  contained  heavy  metals  above  the  safe  limits  set  for  ideal water use for irrigation purpose.
In conclusion it is recommend to control the industrial discharge program to check the excessive amounts of
different salts including heavy metals to the agricultural fields.
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INTRODUCTION The industrial effluents contain different organic and

In last two decades massive industrialization lead to The disposal of these industrial and domestic effluents is
urbanization  that  created  pollution  problems  of air, a major problem and is often used for irrigation purpose,
water and soil, that affect our standard of life including crops irrigated by these effluents can accumulate certain
the socio-economics of the country [1]. Pollution is any heavy metals and other dangerous substances, which
unwanted change in the physical or biological ultimately affect human health [3, 4].
characteristic within the biosphere, when an unwanted Wastewater contains some toxic elements, is used for
materials or energy, such as metals, dust, smoke, smog, irrigation may possibly get entry in the food chain and
heat and radioactive material etc, raised to a certain lethal may result in high level of salts in soils which ultimately
limit in the environment [1]. Many industries such as can affect the yield of salt sensitive crops [5]. Prolonged
fertilizers, petrochemicals, pharmaceuticals, oil and ghee, use of wastewater is hazardous for soil as it may
thermal power houses etc are exhausting their waste deteriorate the soil structure. The crop growth and yield
material  either  in  the  form of toxic gases or waste may be affected by the direct use of untreated wastewater
effluent into  the  water  distributaries   and  agrilands. as the wastewater contains high concentration of nitrogen

inorganic compounds including various heavy metals [2].
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(N), phosphorous (P) and potassium (K) [1]. The impact heavy metals lead to toxicity symptoms and the inhibition
of wastewater on soil is due to the presence of high TDS of growth of most plants and their yield [21, 22]. The
and heavy metals, which deposits in the soil with the toxicity symptoms seen in the presence of excessive
passage of time, causing damage the soil chemistry and amounts of heavy metals may be due to a range of
also the quality of vegetables growing into these soil [6]. interactions at the cellular/molecular level [23, 24]. 

Waste water irrigation is known to contribute As the environmental pollution of Pakistan is
significantly to the heavy metal contents of soils [7]. increasing rapidly day by day due to high rates of
Although problems occur in water ways when pollutants industrialization, heavy transportation, deforestation,
are leached out of the soil. If the plants die and decay, spray on vegetables, fruits and different crop plants.
heavy metals within the plant tissues are redistributed Polluted environment along with different dangerous
thus enriched the soil with the pollutants [1]. The uptake gases also carry different levels of heavy metals. These
of metals from the soil depends on different factors such metals through different food chains enter into the human
as their soluble contents in it, soil pH, plant growth bodies and cause very dangerous toxic effect on human
stages, plant species, fertilizers and soil [8]. Plant species beings. Lead, copper, mercury and chromium are used
have a variety of capacities in removing and accumulation extensively in industry [25]. Some heavy metals are
of heavy metals, so there are reports indicating that some essential, however in very low concentration, these
species may accumulate specific heavy metals, causing a include these Co, Cu, Fe, Mn, Mo and Zn are essential for
serious risk to human health when plants based food stuff plants and Ni, Cr, & Sn for animals [1]. The role of Hg and
are consumed [9]. Pb have not been established to be essential for either

Disposal of sewage water is a great problem. Often it plants or animals [5]. In view of these facts, the present
is drained to the agricultural lands where it is used for study was designed to evaluate the quality of sewage
growing crops and vegetables. These sewage effluents effluents and canal water used for irrigation purpose.
are considered not only a rich source of organic matter
and other nutrients but also they elevate the level of MATERIALS AND METHODS
heavy metals like Fe, Mn, Cu, Zn, Hg, Pb, Cr, Ni, Cd and
Co in receiving soils [10]. As a result, it leads to Study Area: Bahawalpur is an agricultural district, covers
contamination of food chain, because vegetables absorb an area of 24,830 Km  and lies between 24°-40’-15” and
heavy metals from the soil, polluted air and water. One 31°-23’-10” North latitude and 69°-11’-17” and 74°-15’- 20”
important dietary uptake pathway could be through crops East longitude, at 152 meter above sea level. In
irrigated with contaminated waste water. Heavy metals are Bahawalpur although industry is to small but their effluent
not easily biodegradable and consequently can be is also used for irrigation purpose. About 72.7% rural
accumulated in human vital organs. This situation causes population involved in agricultural practices while rest
varying degrees of illness based on severe and chronic lives in urban areas. Mostly the area is canal irrigated but
exposures [11]. Inspite of this heavy metals are also the suburban areas are also prone to waste and sewage
required by our body in trace quantities but increased water flooding for cultivating different vegetables and
amount led so many problems in our body. It has been forage  for  grazers. We selected two study sites, i.e.
estimated that the density of heavy metals must not be Village Bindra (study site 1) and Jhangiwala (Study site 2),
greater than 5mg m3 [12]. These heavy metals now-a-days which are the major producers of vegetables for the local
are widely distributed in the environment, plants and city demands.
animals particularly in developing countries. Human
activity impacts upon the environment, metal Sample Collection and Analysis of Samples
contamination issues are becoming increasingly common Sewage Effluent: The sewage effluent used for irrigation
[13-16]. There are many documented cases of metal purpose was taken from the field of selected area where
toxicity, including industry [17,18] and agriculture [19, 20]. vegetables were irrigated with it. These samples were

Most of the heavy metals are essential for the normal collected  in  the  month  of November, 2009-2010. About
growth of plants since they are constituents of many 25 random fields, each of spinach, cauliflower and brinjal
enzymes and other proteins. However elevated were selected to collect the water samples comprising five
concentration in soil of both essential and non essential samples  for  sewage  and  five  of  canal  water  from  each

2
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field. These samples were well mixed to achieve uniform and then for heavy metals. Comparative chemistry of both
composition. Samples for heavy metals determination sewage and canal water is given in Table 1, along with
were also collected. Nitric acid (conc. 5ml) was added to national and international standards (Table 2).
each sample to preserve samples till analysis. Clean
plastics bottles were caped and air tight with plastic tape, pH: The pH is not very strong criteria for evaluating
labeled date wise accordingly and were taken back to the irrigation quality of waters. However, in the present
laboratory for further analyses. Position of each sampling samples,  it  was  in  the range 7.5 to 7.9 for waste water
point was recorded by GPS (Global Positioning System) and for canal water it ranged from 7.5 to 7.6 (Table 1).
for future reference. Overall it was found that the Site 1 was more saline and

Analytical Methods: All chemicals and reagents were of high. It is seen by comparing the minimum standards, that
the analytical grade and were obtained from BDH it is in the normal range.
Chemicals Ltd, UK. Working standards were prepared
from Certified Reference Material (CRM) with certificate of Electrical Conductivity (EC): The EC of water is an
analysis traceable to National Institute of Standards and important parameter to determine the quality of water for
Technology (NIST). Analytical techniques followed irrigation purpose. The EC of sewage effluent from study
during analysis along with instrument make, model and site 1 ranged from l.778-0.935 dSm  and for canal water it
method reference are mentioned in Table 1. Sodium was ranged from 0.460-0.590 dSm  (Table 1). The
adsorption ratio (SAR) and residual sodium carbonate standard value of EC for irrigation is 1.5 dSm  (Table 2)
(RSC) were calculated using different equations [26]. [29]. The results showed that sewage effluent samples
Samples were filtered with Whatman filter paper No 42 and taken from brinjal fields and canal water were found
were analyzed to determine Co , HCO  Cl , SO pH, EC suitable for irrigation purpose. The source of high EC in2- 1- 1- 2-

3 3 4

(Electrical Conductivity) Na , K , Ca  + Mg  and Ca . Bahawalpur city effluent could be caused by the use of+ + +2 +2 +2

Residual sodium carbonate (RSC) and Sodium adsorption subsoil water, detergents in laundries, houses and the
Ratio (SAR) were also computed for samples. effluent from different industries which entered into city

SAR = Na /[(Ca+2 + Mg+2) /2]½ +

RSC = (CO3-2 + HCO3-) – (Ca+2 + Mg+2) Sodium Adsorption Ratio (SAR): The SAR indicates the

Magnesium adsorption ratio (MAR) was calculated in the soil the greater is the value of SAR. The SAR value
according to Raghunath [27]. in city effluent of Bahawalpur was ranged from 4.0-6.0 and

MAR = Mg2+×100/Ca+2+Mg+2 The SAR of this range is considered of moderately hazard

All cations and anions concentrations are expressed and Westcott [30]. The critical limit of SAR for irrigation
in meq L . is 8 (Table 2) [28]. 1

Heavy Metals Analysis: Analysis for four major heavy Residual Sodium Carbonate (RSC): RSC values in city
metals, i.e. Ni, Pb, Hg and As were performed on Atomic effluent and for canal water was found to be 0.51 to 7.20
Absorption Spectrophotometer (AAS) (Analytic Jena and 0.0 to 0.11 respectively (Table 1). The standard value
Germany) equipped with D2 background correction lamp. of RSC for irrigation purpose is 1.25 meqL  (Table 2) [28].
The values for physico-chemical (pH, EC, SAR) and
chemical  properties (Na , CO + HCO , Ca + Mg ) Heavy Metals: The results obtained from the AAS+ -2 1 +2 +2

3 3

were calculated by using the standard procedures and analysis of ground water samples for selected area
averages were made by using Microsoft Excel  for indicated that values of Cr, Ni, Pb, Co and Cu were below(R)

windows. detectable  limits  or  not  detected (ND) (Figure 1 & 2).

RESULTS AND DISCUSSION effluent and canal water are depicted in figure 3. The data

The quality of sewage water and canal water was compared with the WHO and national maximum standards
evaluated for general irrigation water quality parameters for irrigation water levels (Table 3).

sodic in nature as the values of EC, SAR, RSC are very

1

1

1

effluents are used for irrigation purpose. 

level of sodium in the soil. The higher the level of sodium

for  canal  water  it was ranged from 1.46-2.71 (Table 1).

to most of the soil texture and plants according to Ayers

1

The comparable concentrations of heavy metals in city

for the concentrations of heavy metals detected were also
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Table 1: Irrigation water quality [Physical characters, cation (meql ) and anion (meql ) concentrations and heavy metals (ppm)] of sewage effluent from study1 1

site 1 and canal water from study site 2 of Bahawalpur
Spinach Field Cauliflower Field Brinjal Field

Parameters sewage effluent Canal water sewage effluent Canal water sewage effluent Canal water
pH 7.53±0.05 7.56±0.05 7.83±0.05 7.46±0.05 7.63±0.05 7.61±0.1
Ec (dSm ) 1.15±0.006 0.55±0.04 1.17±0.005 0.48±0.01 0.943±0.007 0.36±0.011

SAR 5.12±0.15 2.62±0.1 6.45±0.05 2.03±0.05 4.16±0.15 1.46±0.22
RSC 4.27±0.02 0.09±0.02 7.21±0.03 0.06±0.03 0.52±0.01 0.03±0.01
Ca 4.28±0.22 1.52±0.07 4.53±0.05 1.42±0.04 3.31±0.71 1.34±0.01+2

Mg 1.82±0.1 1.11±0.06 1.85±0.08 1.02±0.03 0.82±0.07 1.26±0.01+2

Ca  + Mg 6.06±0.04 2.59±0.06 6.30±0.01 2.41±0.04 3.82±0.07 2.28±0.005+2 +2

Na 9.06±0.03 3.07±0.05 11.41±0.04 2.25±0.06 5.53±0.08 2.03±0.02+1

K 4.54±0.06 1.13±0.05 6.51±0.07 0.16±0.02 2.03±0.05 0.23±0.05+1

Cl 4.55±0.07 3.01±0.75 4.76±0.1 2.31±0.1 3.49±0.03 3.49±0.031

CO Nil Nil Nil Nil Nil Nil3
-2

HCO 9.47±0.06 2.73±0.07 13.16±6.7 2.39±0.06 4.37±0.07 2.31±0.023
1

SO 0.087±0.005 0.75±0.06 0.823±0.08 0.91±0.07 0.953±0.09 0.84±0.014
-2

Pb 8.55±0.12 5.47±0.02 7.53±0.01 5.72±0.02 5.26±0.05 5.35±0.01
Ni 0.32±0.01 0.25±0.01 0.53±0.005 0.24±0.01 0.69±0.005 0.22±0.06
As 0.03±0.01 0.05±0.03 0.04±0.005 0.02±0.005 0.02±0.01 0.02±0.01
Hg 0.03±0.01 0.03±0.01 0.05±0.02 0.03±0.002 0.03±0.01 0.02±0.001
Please Make Arange for the Three Crops Because the Same Water Is Used Either for Effluent or Canal Water

Table 2: Water Quality Guidelines for Irrigation in Pakistan [28]
Parameters Unit Maximum Recommended Value
Total dissolved solids (TDS) ppm 1000
EC at 25°C Dsm 1.51

SAR 8
RSC MeqL 1.251

pH ----- 6.5-8.4
Chlorides ppm 100
Boran ppm 5
Aluminum ppm 5.0
Arsenic ppm 0.10
Beryllium ppm 0.10
Cadmium ppm 0.01
Chromium ppm 0.01
Cobalt ppm 0.05
Copper ppm 0.20
Cyanide ppm 1.0
Fluoride ppm 1.0
Iron ppm 5.0
Lead ppm 0.1
Lithium ppm 2.5
Manganese ppm 0.20
Mercury ppm 0.01
Molybdenum ppm 0.01
Nickel ppm 0.20
Selenium ppm 0.02
Vanadium ppm 0.01
Zinc ppm 2.0

Table 3: WHO (1989) and NEQS (2005) water quality standards for heavy
metals in industrial and Sewage effluent for irrigation purpose

Metals Units Permissible limits
Ni mg/L 0.5
Pb mg/L 1
Hg mg/L 1
As mg/L 0.01

Lead (Pb): The concentration of Pb in sewage effluent
was found in the range from 5.219 to 8.561 mg L  and for1

canal  water  it  was  ranged  from  5.33 to 5.74 mgL 1

(Table 1, Figure 1). The maximum Pb concentration in city
effluent  was  observed  in samples taken from spinach
field  that  was 8.512 to 8.56l mg L  and in canal water1

5.44-5.49 mg L . Samples of sewage effluent taken from1

brinjal and cauliflower fields contained Pb in the range of
5.21 to 5.31 and 7.52 to 7.54 mg L  and for canal water it1

ranged from 5.3l to 5.36 and 5.69 to 5.74 mg L . The1

critical limits of Pb in city effluent is 0.05 mg L  [30] and1

safe limits of Pb in ideal irrigation water is 0.l mg kg 1

(Table 2) [28]. It was found that the Pb concentration in
city effluent is greater than the permissible limits set for
the city effluent.

Nickel (Ni): The Ni concentration in the city effluent
ranged from 0.760-0.324 mg L  and for canal water it1

ranged from 0.17-0.262 mg L . The maximum1

concentration of Ni was in the samples taken from brinjal
fields ranged from 0.754 to 0.776 mgL  and for canal1

water the maximum concentration of Ni was found in the
samples taken from spinach fields ranged from 0.248 to
0.262 mg L  and samples taken from cauliflower fields1

contained Ni from 0.534 to 0.543 mg L  and for canal1

water it was ranged from 0.249 to 0.261 mg L . The1

permissible  limits of Ni in city effluent is l mg kg  [29]1

and  for  standard  irrigation  water  the  maximum limit of
Ni is 0.20 mg kg  [28]. It was found that the limit of Ni in1

city effluent was greater than permissible limits however
in canal water it was near to the standard value set for
irrigation purpose.
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Where Is the Other Parameters

Fig. 1: Concentration of heavy metals in city effluent from study site 1 Bahawalpur

Fig. 2: Concentration of heavy metals in canal water from study site 2 Bahawalpur

Fig. 3: Comparison in concentration of heavy metals in city effluent (study site 1) and canal water from (Study site 2)
Bahawalpur
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Arsenic (As): The concentration of As in city effluent however chemical quality with respect to above
ranged from 0.013-0.135 mg L  and in canal water it parameters was found satisfactory. The concentration of1

ranged from 0.011-0.013 mg L  samples were taken from heavy metals especially Pb and Hg was above permissible1

spinach fields contained maximum concentration of As limit set by NEQS for sewage effluent used for irrigation
0.022 to 0.041 mg L  and for canal water samples taken purpose and remaining two metals Ni and As was found1

from spinach field contained maximum concentration of in the safe limits, concentration of heavy metals in canal
As 0.021 to 0.091 mg L . Samples taken from cauliflower water was also not satisfactory all the samples contained1

and brinjal fields had As found in the range 0.024 to 0.038 heavy metals above the safe limits set for ideal water used
and 0.01 to 0.04 mg L  and for canal water it was ranged for irrigation purpose. All industries should strictly1

from 0.011 to 0.026 mg L  and 0.01 to 0.04 mg L checked either their effluent contained the material1 1

respectively. The permissible limits of As in city effluent according to the environmental standards or not by doing
is 1 mg kg  [29] and its safe limit in ideal water being so we can keep the ecosystem safe from pollution. 1

used for irrigation is 0.01 mg kg  [28]. It was found that1

the As concentration in city effluent was within the range REFERENCES
however it was much greater than the standard value set
for irrigation by WWF, in Pakistan [28]. 1. Yamin, M.T. and N. Ahmad, 2007. Influence of

Mercury (Hg): The concentration of Hg in city effluent in soil and uptake by vegetables. J. Appl. Sci.
was found in the range of 0.025- 0.042 mg L  and in the Environ. Manage., 11(2): 169-172.1

canal water it ranged from 0.019-0.021 mg L . The 2. Ibrahim, M., N. Ahmad and S.A. Anwar, 1998.1

maximum concentration of Hg was found in samples taken Sewage effluents and soil productivity. Intl. Seminar.
from cauliflower fields 0.023 to 0.068 mg L and for canal In: Degraded Soils: Process, Management and1

water samples were taken from cauliflower field also Analysis. Oct. 19-24, 1998. Univ. Agri., Faisalabad,
contained maximum Hg concentration 0.01 to 0.061 mg L Pakistan.1

respectively.  Samples  which  were taken from spinach 3. Ghafoor, A., A. Rauf and W. Muzaffar, 1995.
and brinjal fields contained Hg in the range from 0.02 1 to Irrigation with Madhuana drain water. Impacts on
0.054 mg L  and 0.051 to 0.21 mg L  and for canal water soils and vegetables (spinach and cauliflower) at1 1

it ranged from 0.024 to 0.053 mg L  and 0.01 to 0.04 mg Faisalabad. J. Drainage and Recl., 7: 7-12.1

L respectively. The maximum set value of Hg in city 4. Ghafoor,  A.,  S.  Ahmad,  M. Qadir, S.I. Hussain and1

effluent is 0.01 mg L  [29]. The value of Hg set by WWF G. Murtaza, 1999. Formation and leaching of lead1

for Pakistan  for  standard irrigation water is 0.01 mgL . species from a sandy loam alluvial soil as related to1

It was found that level of Hg in the city effluent was much pH and Cl: SO4 ratio of leachate. Int. J. Agri. Biol.,
greater than the permissible limits but in canal water it was 1(3): 82-84.
near to the set value for irrigation of crops and 5. Misra, S.G. and D. Mani, 1991. Soil pollution. Ashish
vegetables. Publishing House, 8/81, Punjabi Bagh, New Delhi,

There   are    few     industries     in   Bahawalpur India.
(Small Industrial Estate) and Bindra (study site 1) where 6. Kahiown, M.A., M. Ashraf, M. Hussain, A. Salam
city effluent is used for irrigation is located near to this, and A.Z. Bhatti, 2006. A report on “Impact
these industries may be the major cause of high metals assessment of sewer age and industrial effluents on
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Chemical quality of sewage effluent with respect to wastewater irrigated areas of Varanasi, India. Bull.
EC, SAR, RSC, cations and anions was not satisfactory, Env. Contamin. Tox., 77(2): 312-318.

hudiara drain water irrigation on trace elements load

Environ., 107: 151-165.

Heavy metals contamination in vegetables grown in
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