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Abstract 
 

Growing of vegetables by the use of sewage water in peri-urban areas is a common practice which leads to heavy 

contamination of vegetables with metal ions. An experiment was conducted to compare the effect of canal, tube well and 

sewage water on growth, yield, biomass production and heavy metals accumulation in spinach. The heavy metals (Pb, Ni, Cu, 

Cd, Fe and Cr) contents in different water sources, soils and spinach plant parts grown with these irrigation sources were 

examined using atomic absorption spectrophotometer. The results declared that sewage water resulted in significantly greater 

growth, yield, biomass production and heavy metals contents compared with canal and tube well water and these metals 

contents were exceeding above the critical limits. Cu, Cd and Fe contents in sewage water irrigated soils were found above the 

maximum permissible limits, while Pb, Ni and Cr contents were within safer limits. Significantly greater heavy metals 

accumulation was recorded in edible parts of spinach grown with sewage water compared with canal and tube well water, 

which were exceeding the maximum permissible limits (MPLs). Canal water irrigated leaves samples also contained Cd and 

Fe above the permissible limits while all other metals contents were found within safe limits. The study concludes that regular 

examine of metals contents may possibly helpful in minimizing accumulation of these metals in the foods. © 2016 Friends 

Science Publishers 
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Introduction 
 

Farmers used sewage water for irrigation with the target of 

being a valuable source of nutrients and inexpensively 

reasonable, as it reduces the expenses of fertilizers (Lone et 

al., 2003; Qadir et al., 2008) mainly in farming areas 

situated near cities or in the surroundings of an industries 

(Murtaza et al., 2010). Irrigating crops with waste water 

provides higher yields and enhance biomass productivity as 

it gives large amount of organic and inorganic constituent’s 

indispensable for good growth and development (Mitra and 

Gupta, 1999). Whereas, waste water irrigation is generally a 

main cause of buildup of heavy metals in the soil (Sharma et 

al., 2007). Higher contents of heavy metals contamination 

and micronutrients in soil occurred due to irrigated fields 

with long term use of waste water (Larchevêque et al., 

2006; Riaz et al., 2014) which exert harmful influence on 

the plant growth. Sewage water contains high amount of 

organic matter, nutrients and some heavy metals which are 

toxic to plants beyond a certain limit (Mosleh and 

Almagrabi, 2013). Continuous use of sewage water may 

contaminate the soil and crops grown (Khan et al., 2008; 

Gosh et al., 2012). Heavy metals are toxic in nature due to 

their non-biodegradable and prolonged half-life. They exert 

severe health concerns because of their ability to store in 

body parts of humans. This concern is becoming alarming 

day by day especially for third world countries (Singh et al., 

2010). Leafy vegetables accrue greater heavy metals 

contents compared with other vegetables as these vegetables 

are exposed to environmental deposition and pollution due 

to their large leaf area (Itanna, 2002).  

Higher Pb concentration in plants enhances the 

production of reactive oxygen species (ROS), which 

damages lipid membrane that finally destroy the 

chlorophyll, metabolic and photosynthetic processes of 

plants and affected the overall growth (Agarwal, 2002). 

Yongsheng et al. (2011) revealed that higher Pb contents 

inhibits the growth of teat plants by decreasing plant 

biomass and reduces the quality of plant by changing the 

quality attributes. Lead is toxic to human organs, tissues and 

various body processes and the elevated contents of Pb 

beyond the safe limits caused severe diseases (Abbas et al., 

2010; Shivhare and Sharma, 2012). 

Plants with high Ni contents suffer from nutrient 

imbalance, disturbed cell membrane functioning and 

interruption in plasma membrane by destroying composition 
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of lipid and H-ATPase activity (Ros et al., 1992). Copper 

(Cu) is regarded as an essential element for plants (Thomas 

et al., 1998), used in the synthesis of ATP and CO2 

absorption and also the important part of electron transport 

chain and photosynthetic system (Mahmood and Islam, 

2006). Higher contents of Cu in soil exert toxicity at cellular 

level, cause stress, injured the plants, leaf chlorosis and 

growth retardation (Lewis et al., 2001). Excess Cu contents 

in plants produces oxidative stress (Stadtman and Oliver, 

1991) which disturb the metabolic processes and harm the 

macromolecules (Hegedus et al., 2001).  

Cadmium causes breakdown of physiological 

processes (Prasad, 1995), undersized growth of plants and 

chlorosis. It also affects length of seedling, dry weight, 

availability of carbon dioxide, photosynthesis, conductance 

of stoamta, alters the structure of chloroplast and reduce the 

activity of photosystem II.  

Iron is a vital element and play significant biological 

role for plants such as development of chloroplast, 

photosynthesis and in biosynthesis of chlorophyll. It’s the 

important part of heme proteins such as catalase, 

cytochromes, cytochromes, hemoglobin and ferredoxin, 

superoxide dismutase (Marschner, 2011). Iron toxicity 

appears in leaf tissues during flooded situations only, which 

causes microbial reduction of insoluble Fe3+ to insoluble 

Fe2+ (Becker and Asch, 2005). Excess Fe2+ uptake in plants 

release free radicals which damage cellular structure 

irretrievably and destroyed DNA, proteins and membranes 

(Arora et al., 2002; De Dorlodot et al., 2005).  

The presence of higher Cr contents beyond the 

maximum permissible limits is harmful to plants as it 

cruelly destructs the biological factors and enters the food 

chain by using these plants. Chromium in humans causes 

respiratory disorders, skin rashes, destabilized resistant 

systems, alteration of genetic material, stomach upset, 

cancer of stomach, respiratory and digestive tract (Axelrod 

and Hamilton, 1981), mucodermal ulceration, allergic 

contact, damage of kidneys and liver and lung cancer 

(Avena, 1979). Regarding the consequences of toxic metals 

and their intake in foods, a study was planned to monitor Pb, 

Ni, Cu, Cd, Fe and Cr levels in spinach.  The aim of the 

present study was to document the concentration of toxic 

heavy metals (Pb, Ni, Cu, Cd, Fe and Cr) in leafy vegetable 

(spinach) grown in Multan, Pakistan and to determine the 

effect of different irrigation sources in accumulation 

efficacy of these metals contents.  
 

Materials and Methods 
 

The current study was conducted in areas continuously 

irrigated with canal (Dera Muhammadi), tube well 

(Horticultural experimental field area, BZU, Multan) and 

sewage water (Tawakal Town) separately.  
 

Procurement of Seeds and Sowing 
 

Seeds of spinach variety green queen were procured from 

four brother’s seed company, Multan. Spinach seeds were 

sown on ridges 45 cm spaced apart with plant to plant of 

5cm on 11th October 2011 for 1st year crop and 11th October, 

2012 for 2nd year crop. First irrigation was applied 

immediately after sowing and subsequent irrigations were 

applied 7‒10 days interval according to crop and experiment 

requirements. Two weeding were carried out manually to 

remove weeds. Seed @ 32 kg ha-1 was broadcasted in the 

plots. Fertilizers were applied @ 120-100-40 kg ha-1 in the 

form of urea, DAP and SOP. Plants were sprayed with 

Acetamaprid @ 200 mL ha-1 to control aphids and 

chlorpyriphos @ 500 mL ha-1 to control cutworms. Data 

were collected on various growth and yield parameters. 
 

Preparation of Water Samples for Heavy Metals 

Extraction 
 

Water samples from three irrigation sources were collected 

and pretreated with conc. HNO3 and 50 mL of water 

samples were separately digested with 10 mL conc. HNO3 at 

80oC. Soil samples were collected at a depth of 0-30 cm 

from soils irrigated with three water sources and then air-

dried, sieved and stored.  
 

Digestion of Soil Samples 
 

Ten grams of dried soil sample was taken in an Erlenmeyer 

flask (500 mL) and 20 mL of DTPA extracting agent was 

added into it. The mouth of flask was tightly closed with a 

stopper and the flask was shaken for 2 h at a speed of 120 

rpm on an automated shaker.  
 

Digestion of Plant Samples 
 

The mature plant parts (leaves and roots) of spinach were 

harvested randomly, brought to laboratory and washed with 

distilled water to remove dust particles. Spinach leaf and 

root samples were cut into pieces and kept in an oven at 

70°C for 48 h. Then 0.5 g dried samples (three replicates for 

leaves and roots of spinach ) from each source of irrigation 

were digested in 15 mL of HNO3 and 5 mL HClO4 mixture 

(3:1) on a hot plate (ARE, Velp Italy) at 80 ºC until 

transparent solutions were obtained.  
 

Extraction of Heavy Metals  
 

The digested water samples of all three irrigation sources, 

soil and spinach plant parts were filtered through Whatman 

No. 42 filter paper and filtrate was stored in plastic bottles. 

The heavy metals (Pb, Ni, Cu, Cd, Fe and Cr) contents in 

the filtrate were detected through an atomic absorption 

spectrophotometer (Thermo Scientific 3000 series, US.) 

(Singh, 2013).  
 

Statistical analysis 
 

The recorded data were subjected to an analysis of 

variance (ANOVA) as described by Steel et al. (1997). 
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Least significance difference test was applied to assess 

significant differences between the means at 5% level of 

probability. Statistical analysis software (SAS) was used to 

prepare graphs. 
 

Results 
 

Effect of Different Sources of Irrigation Water on 

Growth, Yield and Biomass Production of Spinach 
 

Different irrigation sources had significant effect on growth, 

yield and biomass production (on fresh and dry weight basis) 

of spinach. Significantly greater growth attributes like leaf 

number, relative chlorophyll contents, leaf area, fresh and 

dry weight of weight per plant at 1st, 2nd and 3rd cuttings of 

spinach was recorded in the plants irrigated with sewage 

water, followed by those irrigated with canal water. 

Whereas, growth attributes were significantly reduced when 

tube well water was used as irrigation source (Table 1, 2 and 

3). Sewage water resulted in significantly greater yield and 

yield components and biomass production of spinach, which 

were greater than canal and tube well water. However, tube 

well water resulted in the minimum yield and biomass 

production of spinach (Table 4, 5 and 6). However, the effect 

of years on all the growth, yield and biomass parameters was 

found statistically non-significant. The interactive effect of 

irrigation sources and years was also found statistically non-

significant for all growth and yield parameters. 
 

Heavy Metals Contents of Water from Three Irrigation 

Sources 
 

Heavy metals contents in samples of canal, tube well and 

sewage water used for irrigating vegetables are presented in 

Table 7, which indicated significant differences in heavy 

metals contents as affected by different sources of irrigation 

(sewage, canal and tube well water). Significantly greater 

Pb (2.480 mg L-1) and Cr (0.460 mg L-1) contents were 

found in sewage water samples, followed by canal water. 

While, lower Pb (0.026 mg L-1) and Cr (0.002 mg L-1) 

contents were recorded in tube well water, which was 

significantly lesser than two other sources of irrigation. 

Sewage water contained significantly higher levels of 

nickel (1.963 mg L-1), copper (3.267 mg L-1), cadmium 

(1.267 mg L-1), iron (8.767 mg L-1) and chromium (0.460 

mg L-1) compared with other two sources of irrigation 

water. However, canal and tube well water were statistically 

at par with each other. 
 

Heavy Metals Status of Field Soils Irrigated with 

Different Water Sources 
 

The results presented in Table 8 revealed significant 

differences in three soils irrigated with different sources of 

water for heavy metals accumulation. There was 

significantly greater accumulation of DTPA-extractable Pb, 

Ni, Cu, Cd, Fe and Cr in soil samples irrigated with sewage 

water, followed by those irrigated with canal water. While 

tube well water irrigated soil samples contained 

significantly lower contents. 

Table 1: Effect of different sources of irrigation water on 

growth of spinach at 1st cutting during two years of study 

 
Source of irrigation Year 2011-2012 Year 2012-2013 Mean 

Number of leaves per plant 

Canal 6.56a  6.66a 6.61b 

Tube well 6.26a 6.20a 6.23c 

Sewage 7.60a   7.53a 7.56a 
Mean 6.81a 6.80a  

Relative leaf chlorophyll content 

Canal  33.48a 32.26a 32.87b 
Tube well  30.96a 28.96a 29.96c 

Sewage 39.00a 37.66a 38.33a 
Mean 34.48a 32.96a  

Leaf area (cm2) 

Canal 128.33a 124.43a 126.38b 
Tube well 122.37a 119.27a 120.82b 

Sewage 135.70a 133.67a 134.68a 

Mean 129.02a 125.79a  
Fresh weight of leaves per plant (g) 

Canal 44.65a 45.33a 44.99b 

Tube well 42.61a 42.16a 42.38c 
Sewage 51.68a 51.22a 51.45a 

Mean 46.31a 46.24a  

Dry weight of leaves per plant 
Canal 3.57a 3.62a 3.59b 

Tube well 3.40a 3.37a 3.39c 

Sewage 4.13a 4.09a 4.11a 
Mean 3.70a 3.69a  

Mean values sharing the same letter (s) in a group are not significantly 

different at p ≥ 0.05 

 

Table 2: Effect of different sources of irrigation water on 

growth of spinach at 2nd cutting during two years of study 

 
Source of irrigation Year 2011-2012 Year 2012-2013 Mean 

Number of leaves per plant 

Canal 7.43a 7.60a 7.51b 

Tube well 7.20a   7.16a 7.18c 
Sewage 8.20a 8.43a 8.31a 

Mean 7.61a 7.73a  

Relative leaf chlorophyll content 
Canal 35.66a 35.30a 35.48b 

Tube well 33.50a 32.36a 32.93c 

Sewage 38.46a 37.83a 38.15a 
Mean 35.87a 35.16a  

Leaf area (cm2) 

Canal 134.47a 134.33a 134.40b 
Tube well 126.23a 125.10a 125.67c 

Sewage 150.20a 152.73a 151.47a 

Mean 136.97a 137.39a  
Fresh weight of leaves per plant (g) 

Canal 49.80a 50.92a 50.36b 

Tube well 48.24a 48.01a 48.12c 
Sewage 54.94a 56.50a 55.72a 

Mean 50.99a 51.81a  

Dry weight of leaves per plant 
Canal 3.98a 4.07a 4.02b 

Tube well 3.85a 3.84a 3.85c 

Sewage 4.39a 4.52a 4.45a 
Mean 4.07a 4.14a  

Mean values sharing the same letter (s) in a group are not significantly 

different at p ≥ 0.05 
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Heavy Metals Contents in Spinach Plant Parts 
 

Lead (Pb) contents: Irrigation water sources used 

significantly influenced the Pb contents in roots and leaves 

of spinach during 2011‒2012 and 2012‒2013. The levels of 

Pb in leaves (5.72 mg kg-1) and roots (5.09 mg kg-1) of 

sewage water grown plants were significantly higher 

(p≥0.05) than those of canal water grown plants which had 

comparatively lower contents. The lowest Pb contents were 

observed in leaves (0.24 mg kg-1) and roots (0.11 mg kg-1) 

of the plants irrigated with tube well water (Fig. 1a). The 

trend of Pb accumulation was observed during 2012‒2013 

(Fig. 1b). 

Nickel (Ni) contents: Fig. 1c and d showed significant 

differences for Ni contents among various sources of 

irrigation water. The maximum Ni contents were observed in 

leaves (13.54 mg kg-1) and roots (13.49 mg kg-1) of sewage 

water irrigated plants, followed by canal water irrigated ones. 

The minimum contents were found in the plants of tube well 

water irrigated spinach leaves (4.02 mg kg-1) and roots (3.73 

mg kg-1) during two years of study. 

Copper (Cu) contents: Fig. 1e and f demonstrated 

significant differences for Cu contents among sewage, canal 

and tube well water irrigated plants during 2011‒2012 and 

2012‒2013. Significantly higher (p≥0.05) Cu contents were 

observed in leaves (18.57 mg kg-1) and roots (17.54 mg kg-

1) of spinach irrigated with sewage water compared with 

other water sources, whereas tube well water resulted in the 

minimum Cu contents in leaves (5.02 mg kg-1) and roots 

(4.73 mg kg-1) during both the years (Fig. 1e and f). 

Table 3: Effect of different sources of irrigation water on 

growth of spinach at 3rd cutting during two years of study 
 

Source of irrigation Year 2011-2012 Year 2012-2013 Mean 

Number of leaves per plant 

Canal 7.40a 7.46a 7.43b 
Tube well 7.20a 7.13a 7.16c 

Sewage 8.93a 9.03a 8.98a 

Mean 7.84a 7.87a  
Relative leaf chlorophyll content 

Canal 39.60a 36.20a 36.60b 

Tube well 35.43a 34.00a 34.71c 
Sewage 39.60a 39.83a 39.71a 

Mean 37.34a 36.67a  

Leaf area (cm2) 
Canal 134.47a 135.20a 134.83b 

Tube well 126.30a 126.00a 126.15c 

Sewage 153.53a 150.47a 152.00a 

Mean 138.10a 137.22a  

Fresh weight of leaves per plant (g) 

Canal 48.10a 48.53a 48.31b 
Tube well 46.80a 46.36a 46.58c 

Sewage 58.06a 58.71a 58.39a 

Mean 50.98a 51.20a  
Dry weight of leaves per plant (g) 

Canal 3.84a 3.88a 3.86b 

Tube well 3.74a 3.70a 3.72c 
Sewage 4.64a 4.69a 4.67a 

Mean 4.07a 4.09a  

Mean values sharing the same letter (s) in a group are not significantly 

different at p ≥ 0.05 

 

Table 4: Effect of different sources of irrigation water on 

total yield of spinach during two years of study 
 

Source of irrigation Year 2011-2012 Year 2012-2013 Mean 

Total number of leaves per plant 

Canal 21.40a 21.73a 21.56b 
Tube well 20.66a 20.50a 20.58c 

Sewage 24.73a 25.00a 24.86a 

Mean 22.26a 22.41a  
Yield per hectare (t/ha) 

Canal 66.81a 66.35a 66.58b 

Tube well 63.90a 63.38a 63.64c 
Sewage 77.43a 78.02a 77.73a 

Mean 69.38a 69.25a  

Mean values sharing the same letter (s) in a group are not significantly 

different at p ≥ 0.05 

Table 5: Effect of different sources of irrigation water 

on total biomass production (on fresh weight basis) 

yield of spinach during two years of study 

 
Source of irrigation Year 2011-2012 Year 2012-2013 Mean 

Total fresh weight of leaves per plant at 1st , 2nd and 3rd (g) 

Canal 142.56a 144.79a 143.67b 

Tube well 137.65a 136.54a 137.10c 
Sewage 164.69a 166.45a 165.57a 

Mean 148.30a 149.26a  

Fresh weight of roots per plant (g) 
Canal 14.50a 13.06a 13.78b 

Tube well 10.43a 11.20a 10.82c 

Sewage 18.60a 17.03a 17.82a 
Mean 14.51a 13.77a  

Total plant biomass on fresh weight basis (g) 

Canal 157.06a 157.85a 157.46b 
Tube well 148.09a 147.74a 147.92c 

Sewage 183.29a 183.48a 183.38a 

Mean 162.81a 163.03a  

Mean values sharing the same letter (s) in a group are not significantly 
different at p ≥ 0.05 

 
Table 6: Effect of different sources of irrigation water 

on total biomass production (on dry weight basis) yield 

of spinach during two years of study 

 
Source of irrigation Year 2011-2012 Year 2012-2013 Mean 

Total dry weight of leaves per plant at 1st, 2nd and 3rd cutting  (g) 

Canal 11.40a 11.58a 11.49b 

Tube well 11.01a 10.92a 10.96c 

Sewage 13.17a 13.31a 13.24a 
Mean 11.86a 11.94a  

Dry weight of roots per plant (g) 

Canal 2.90a 2.61a 2.76b 
Tube well 2.09a 2.24a 2.16c 

Sewage 3.72a 3.40a 3.56a 

Mean 2.90a 2.75a  
Total plant biomass on dry weight basis (g) 

Canal 14.30a 14.19a 14.25b 

Tube well 13.09a 13.16a 13.13c 
Sewage 16.89a 16.72a 16.80a 

Mean 14.76a 14.69a  

Mean values sharing the same letter (s) in a group are not significantly 

different at p ≥ 0.05 
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Fig. 1: Effect of different sources of irrigation water on Pb, Ni and Cu accumulation in spinach 
 

 
 

Fig. 2: Effect of different sources of irrigation water on Cd, Fe and Cr accumulation in spinach 
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Cadmium (Cd) contents: The irrigation sources had 

significant effect on Cd contents in different plant parts of 

spinach. Significantly higher (p≥0.05) Cd contents were 

examined in leaves (2.20 mg kg-1) and roots (1.70 mg kg-1) 

of spinach when irrigated with sewage water than those 

irrigated with other sources of water (Fig. 2a). Similar Cd 

accumulation was recorded during 2012‒2013 (Fig. 2b). 

Iron (Fe) contents: The Fe contents in leaves and roots of 

spinach were significantly influenced by various sources of 

irrigation water during both the years i.e., 2011‒2012 and 

2012‒2013 (Fig. 2c and d). Significantly higher (p≥0.05) Fe 

contents were noted in leaves (516.30 mg kg-1) and roots 

(208.80 mg kg-1) of spinach plants irrigated with sewage 

water followed by those irrigated with other sources of 

water, whereas lower contents were recorded in leaves 

(89.50 mg kg-1) and roots (71.10 mg kg-1) of those irrigated 

with tube well water (Fig. 2c). Same pattern of Fe 

accumulation was recorded during 2012‒2013 (Fig. 2d). 

Chromium (Cr) contents: Fig. 2e and f depicted 

significant results for Cr contents between roots and leaves 

of spinach plants grown with sewage, canal and tube well 

water (Fig. 2e and f). It is indicated that there was 

significantly greater (p≥0.05) Cr content in leaves (2.20 mg 

kg-1) and roots (1.80 mg kg-1) of the plants irrigated with 

sewage water than those irrigated with canal and tube well 

water whereas the lower Cr contents were detected in leaves 

(0.003 mg kg-1) and roots (0.001 mg kg-1) of the plants 

irrigated with tube well water (Fig 2e). Similar trend was 

recorded in spinach plant parts during 2012‒13 (Fig. 2f). 

Among spinach plant parts, leaves contained greater 

heavy metals (Pb, Ni, Cu, Cd, Fe and Cr) contents than 

roots irrespective of irrigation water source during both the 

years of study. 

 

Discussion 
 

Sewage water application resulted in significantly growth in 

terms of leaf number, relative leaf chlorophyll content, leaf 

area, fresh and dry weight of leaves at 1st, 2nd and 3rd cutting 

of spinach, while the minimum growth was observed in 

leaves of the plants irrigated with tube well water. Higher 

relative chlorophyll contents in leaves of the plants irrigated 

with sewage water might be associated with greater 

availability of macro and microelements due to sewage 

water application. These nutrients when taken up by the 

plant improve growth and enhanced leaf chlorophyll content 

(Singh and Agrawal, 2009; Khan et al., 2011; Balkhair et 

al., 2013). Higher relative chlorophyll content might also be 

due to higher nitrogen from sewage water. The organic 

matter is up taken by plants enhance chlorophyll contents 

(Kaushik et al., 2005). Waste water is a potential source of 

nutrients and organic matter that enhances the leaf area 

(Chandra et al., 2009) and ultimately photosynthetic activity 

(Jarvis et al., 1976). Photosynthetic activity is increased 

with the increase in leaf area, which depends on availability 

of more nutrients and organic matter (Kaushik et al., 2005). 

Increased supply of nutrients to plants resulted in greater 

leaf area, more photosynthetic activity and improved CO2 

fixation (Singh and Bhati, 2004). It has been reported that 

waste water proved better in enhancing leaf number and 

increasing leaf area of pepper (Alizadeh et al., 2001). Thus, 

better growth of the vegetables was associated with greater 

availability of nutrient elements continuously for longer 

periods from sewage water.  

Waste water used for irrigating the lands supplies 

reasonable quantities of nutrients like N and P, which 

enhance the fertility status of soil, improve growth and yield 

attributes and reduces the usage of commercial fertilizers 

and ultimately enhances the total monetary benefits to the 

farmers. Higher yield of leafy vegetables such as spinach and 

cabbage were also reported when the plants were grown with 

sewage water (Murtaza et al., 2003). Earlier Ghafoor et al. 

(2004) and Ahmad et al. (2006) also reported that sewage 

water irrigated spinach plants produced higher yield as it 

contains a sufficient amount of organic constituents. They 

further concluded that spinach grows well when irrigated 

with sewage water and spinach production was increased by 

23% when the use of sewage water was enhanced by 1%. 

Upper layers of waste water irrigated soils contain high 

organic matter contents, which improve plant growth, lessen 

the use of chemical fertilizers and enhanced the productivity 

of poorly fertile soils (Kiziloglu et al., 2008). 

 The concentrations recorded for the heavy metals (Pb, 

Ni, Cu, Cd, Fe and Cr) in sewage water were greater than 

the permissible levels prescribed by Ayers and Westcot 

(1985) and WWF (2007) and were considered unsafe for 

irrigating vegetables. The Pb, Cu, Cd and Cr contents in 

canal water were observed slightly higher than the 

permissible levels, whereas Ni and Fe contents were within 

the safe range. Tube well water contained all the heavy 

Table 7: Heavy metals contents of water from different 

irrigation sources 

 
Water source Heavy metals (mg L-1) 

 Pb Ni Cu Cd Fe Cr 

Canal  0.289b 0.015b 0.256b 0.013b 1.593b 0.116b 

Tube well  0.026c 0.002b 0.073b 0.001b 1.283b 0.002c 

Sewage  2.480a 1.963a 3.267a 1.267a 8.767a 0.460a 
Permissible limits* 0.10** 0.20* 0.20** 0.01* 5.00** 0.10** 

*Maximum recommended concentration in irrigation water (Ayers and 

Westcot, 1985) **permissible limits as described by WWF (2007) for 

Pakistan 

 

Table 8: Heavy metals status of field soils irrigated with 

different water sources 

 
Water source Heavy metals (mg L-1 ) 

 Pb Ni Cu Cd Fe Cr 

Canal irrigated 0.713b 0.127b 1.380b 0.034b 19.533b 0.050b 
Tubewell irrigated 0.370c 0.042c 0.362c 0.004c 14.467c 0.002c 

Sewage irrigated 5.467a 3.803a 7.930a 0.537a 26.767a 0.463a 

Critical limits 13.00** 8.10** 0.500* 0.31** 5.00* 8.00** 

* = Limits described by Soltanpour (1985); **= limits described by 

Maclean et al. (1987) 
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metals much below the critical levels and safe for irrigating 

crops. Latif et al. (2008) and Gulfraz et al. (2002) also 

observed heavy metals concentrations in sewage water used 

by farmers for irrigation in Rawalpindi area above the 

critical limits. Research carried out at Faisalabad (Murtaza 

et al., 2008) and in Haroonabad (Ensink et al., 2004; 2007) 

indicated higher concentrations of heavy metals in effluents 

used for irrigation in those areas. Higher levels of Cr, Pb 

and Cd contents than recommended levels were investigated 

in waste water of various cities of Pakistan (Khan et al., 

2008; Murtaza et al., 2008; Hussain et al., 2010).  

There was a considerable accumulation of DTPA-

extractable Pb, Ni, Cu, Cd, Fe and Cr in soil samples 

irrigated with sewage water as compared to canal and tube 

well water. The Pb, Ni and Cr contents in all the soil 

samples irrigated with sewage, canal and tube well water 

were lower than the critical levels ascribed by Maclean et al. 

(1987). The soils irrigated with sewage water contained 

higher levels of Cu, Cd and Fe than the recommended levels 

given by Soltanpour (1985) and Maclean et al. (1987). The 

soils irrigated with canal water had higher Cu and Fe 

contents than recommended levels. The tube well water 

irrigated soils accumulated all the heavy metals much below 

the recommended levels except Fe, which was almost three 

times of the critical level. Continuous use of waste water for 

irrigation leads to build up of heavy metals contents in soils 

(Sharma et al., 2007). All the heavy metals contents in tube 

well water irrigated samples were observed within the 

critical levels except Fe. Mahmood and Malik (2014) found 

that bio-available concentration of heavy metals was higher 

in the soil irrigated with waste water as compared to those 

irrigated with the ground water. In the present study, the soil 

irrigated with sewage water had lower soil pH compared to 

those of irrigated with canal and tube well water. Low soil 

pH due to sewage water possibly increased heavy metals 

availability in soil. Lower soil pH in waste water irrigated 

soils compared to clean water irrigated ones has already 

been reported by Mohammad and Mazahreh (2003). 

Sewage water irrigated soils contained Ni, Cu, Cd, Cr and 

Fe three times greater than those irrigated with tube well 

water (Kharche et al., 2011). Sewage water irrigated soils 

contained significant accumulation of Pb, Cu, Ni Cr, Cd and 

Fe compared with tube well water (Al-Omron et al., 2012). 

Randhawa et al. (2014) also reported that sewage and 

industrial effluents irrigated soils contained higher heavy 

metals contents especially Cd. Higher heavy metals contents 

in soils might possibly associated with the fact that these 

soils were continuously irrigated with industrial and sewage 

water, which raised heavy metals levels in such soils and 

also due to exposure of such soil to air pollution, which is 

caused due to smoke of vehicles rich in these metals. Higher 

ammonium ions in sewage water led to increase nitrification 

rate, which released free H+ ions in the soil, hence reduced 

the soil pH (Vazquezmontiel et al., 1996).  

The Pb, Ni, Cu and Cr contents in leaves of spinach 

irrigated with tube well and canal water was found much 

lower than the maximum permissible limits, while leaves of 

sewage water irrigated spinach plants had more contents 

exceeding the maximum permissible limits (MPLs) 

prescribed by Asaolu (1995) and Ernst (1996). All the 

studied heavy metals contents in spinach as affected by 

different irrigation sources were observed in the order: 

sewage > canal > tube well water irrigated plants. Less Pb 

content in spinach leaves and roots irrigated with canal and 

tube well water was possibly due to the presence of less 

heavy metals contents in canal and tube well water. 

Whereas, sewage water was found the major source of 

heavy metals as compared to canal and tube well water. The 

heavy metals accumulation in various parts of spinach was 

found in the order: leaves > roots. Schirado et al. (1986) 

also reported higher contents of Pb, Cu, Cd and Fe in 

spinach leaves grown with waste water compared with those 

grown with tube well water. Farooq et al. (2008) found 

higher Pb and Cu contents in spinach leaves compared with 

roots than the maximum permissible limit when irrigated 

with industrial effluents. Lone et al. (2003) recorded higher 

Pb, Ni, Cu, Cd, Fe and Cr contents in leaves than roots of 

spinach plants irrigated with sewage water and the 

minimum in those irrigated with tube well water. Other 

investigations from Pakistan documented that the waste 

water grown vegetables accumulated greater heavy metals 

contents than ground water grown vegetables (Jan et al., 

2010; Khan et al., 2010). Spinach samples collected from 

waste water irrigated areas of Faisalabad city contained 

higher Ni contents and were found insecure for eating 

(Farid, 2003). Ronaq et al. (2005) recorded that spinach 

leaves were risky for eating due to the presence of heavy 

metals at toxic levels. The results of the present 

investigation are in accordance with the findings of Liu et 

al. (2005), Khan et al. (2008) and Arora et al. (2008), who 

revealed that spinach grown with waste water had higher Cu 

when compared with fresh water irrigated spinach, thus 

indicating greater heavy metals absorption capacity of 

spinach which can affect the human health adversely.  

The industrial waste water and municipal sewage 

water are generated in large quantities daily and are 

discharged into canals, which carry heavy metals. In 

suburban this canal water is used for irrigation purposes, it 

becomes the source of heavy metals. Continuous application 

of sewage water as irrigation sources changes the physico-

chemical properties of soil and leads to build up of heavy 

metals in soils and food crops mainly vegetables (Jan et al., 

2010). In the present study, Cd content was higher in the 

spinach leaves irrigated with sewage water, than those 

irrigated with canal and tube well water. This difference in 

the Cd contents was probably due to the various reasons 

such as sewage water and soil contents of Cd and ability of 

plant to uptake and accumulates this metal in different parts 

(Pandey et al., 2012). In the present study, spinach leaves 

had elevated levels of heavy metals, possibly due to the 

reason that sewage water which was used for irrigation 

contained heavy metals.  
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Conclusion 
 

Sewage water irrigation leads to increase growth and yield 

of vegetables, which attracts the farmers but also 

accumulated heavy metals ions in soil and leaves of spinach 

compared with canal and tube well water irrigated ones. 

Sewage water was major source of heavy metals in soils and 

vegetables and make them unfit for consumption. By 

avoiding the sewage water as irrigation source, the 

concentration of heavy metals can be decreased. The present 

study will be helpful in providing a base line data for the 

country to overcome this distressing situation. 
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