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INTRODUCTION 

 

Water is an essential molecule needed by all living things for their survival and 

existence on this planet. About (6%) water is used for domestic, (3%) for 

industrial and (90%) of available water is used for irrigation purposes (Tarar, 

1997). The use of urban waste water (sewage and industrial effluents) for 

growing vegetables especially in areas around cities is the common practice now 

a days  (Lone, 1995). Use of waste water for irrigation gives very good crop 
yields because it contains large amount of organic material and inorganic 

elements essential for proper growth and development of crops (Mitra and 

Gupta, 1999; Siddique et al., 2014).  
Two of the main sources of heavy metal pollution are geological and 

anthropogenic activities (Dembitsky, 2003; Farid et al., 2013a). Anthropogenic 

sources  of  heavy  metal contamination  come  from  industrial  effluents, 
mining,  fuel  production,  military  operations, smelting  processes,  utilization  

of  agricultural chemicals,  brick  kilns,  small-scale  industries  and coal 

combustion (Zhen-Guo et al., 2002). One of the dominant sources taking part in 
increased budget of soil pollution include municipal waste disposal, this  may  be  

roadside  dumping  or  end  up  in  landfills, while  sewage  consumed  for  

irrigation  purposes. These contaminants are although a handy source of 
nutrients,  but  are  proved  to  be  carcinogens  and sources  of  toxic  metals. 

Irrigation with wastewater is known to contribute significantly to the heavy 

metals content of soil. Industrial activities such as mining, electroplating and 
manufacturing of essential commodities produce huge volume of waste water as 

effluents containing heavy metals and other toxicants, which deteriorate the 

quality of aquatic system (Abbas et al., 2007; Ehsan et al., 2013) 
Sewage water contains significant amounts of heavy metals such as zinc (Zn), 

manganese (Mn), lead (Pb), cadmium (Cd) and chromium (Cr). Some of the 

heavy metals are toxic for plants and after accumulating in the soil they 
transferred to food chain (Malla et al., 2007).  

It has been observed that the food crops grown on contaminated soils take up 

metals excessively. The abundant amounts of beneficial nutrients with toxic 
heavy metals are found in the waste water which is creating both the problems 

and opportunities for agricultural production (Chen et al., 2005; Ehsan et al., 

2013). 
 Heavy metals toxicity is the result of complex interaction of major toxic ions 

with other essential or non-essential ions. Heavy metals reduce the activity of 

hydrolysis viz., an amylase, phosphatase, RNAse and proteins. They interfere in 

the enzyme action by replacing metal ions from the metal enzymes. Among 

heavy metals cadmium shows severe effect on seedling length, dry weight, 

reduces photosystem II activity, causes structural changes in chloroplast and thus 
reduces photosynthesis, availability of carbon dioxide, lowers stomatal 

conductance, reduces total lipids, glycolipids and neutral lipids, interfere with 

membrane permeability and reduces respiration in leaves (Agarwal, 2002; Farid 

et al., 2013b).  
So the present study was conducted to assess the concentration of metals in 

sewage water, different strata of soils and different parts of plants in the selected 
areas of Lahore. 

 

MATERIAL AND METHODS 

 

The present experiment was conducted for the analysis of lead, iron and 

manganese in plants and soil samples irrigated with sewage water permanently in 
the Institute of soil chemistry and environmental sciences, AARI, Faisalabad.  

 

Collection of Samples 

 

The selected fields were located adjacent to the Taj Company drain, Band road 

drain (double sarak wala nala), Bakar Mandi drain, Ravi Sewage water areas 
were (1). Shadra River Area, (2). Ravi River Area, (3). Chota Sandha Kalan, (4). 

Akram Park, (5). Darogha Wala, (6). Ghosia Colony and (7). Faryad Colony near 

T-5 Ravi River in Lahore city, Punjab, Pakistan.  All these sites were cultivitaed 
with different vegitables/ fruits. Total 25 samples were collected from these sites 

randomly covering all vegitables/ fruits types. Samples of soil and plants (leaves 

and fruits) were collected from these sites. 

 

Application of waste water for irrigation purposes has increased over the past years. This waste water contains high amounts of trace 

elements and heavy metals.Many of these are non-essential and toxic to plants, animals and human beings. The use of polluted water in 

the immediate surroundings of big cities in Pakistan is a common practice for growing of vegetables. When this water applied for long 

time in  irrigation, these heavy metals may accumulate in soil and that may be toxic to plants and also cause deterioration of soil. The 

present study revealed that heavy metal content was above the toxicity level in leafy vegetables grown in the area of Lahore. This study 

showed that among the different tested plant species, the amount of heavy metals was more in leaves than fruits. Plants whose fruits 

grow below the soil showed higher concentration of heavy metals while other showed less concentration whose edible portion was 

above the ground level. Leafy vegetables (spinach, cabbage, coriander etc) showed higher concentration in leaves than in fruits.  The 

concentration of heavy metals in upper layer of soil (0 -15 cm) is higher than the lower layer (15-30 cm). The reason behind is that the 

upper layer was receiving sewage water permanently while the penetration of sewage water below 15 cm was less. The increase in 

heavy metal accumulation in different  plant species and their different parts is not constant and is not in proportion to the increase in 

heavy metal concentration in soil irrigated with sewage wastewater. 
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Sewage water analysis 

 

Method 

 
Samples of sewage water were collected randomly from  different collection 

sites. The pH and EC of samples was determined by pH meter and EC meter. 

Then filter the samples with Whatman 42 filter paper and store the samples in 
storage bottles. Read the Pb concentration by Atomic Absorption 

spectrophotometer (AAS) (Vanselow and Liebig, 1948).  

 

Calculation 

 

c1V1 = c2V2 

c1=concentration of stock solution 

V1= volume to be determined 
c2= concentration to be made 

V2= known volume 

 

Soil sampling method 
 

After considering average field conditions i.e. extreme high and low value, for 
example, slope, appearance of crop and a grid line was established at regular 

intervals (15-30 m) and each intersection 1 m diameter area was sampled by 

taking 8-10 course. The depth of sampling was chosen according to land use. For 
shallow rooted crops (0-6 cm) and for long rooted crops 6-12 cm was suitable. 

 

Soil analysis 

 

Method for Soil Analysis 

 

25 g soil sample was taken and 50 ml of DTPA solution added to it. Then it was 

shaken continuously for 2 hours on horizontal shaker and was filtered. A blank 

solution (containing all reagents except soil) was run with samples as blank. Read 
each element concentration on concentration mode by Atomic Absorption 

Spectrophotometer (Vanselow and Liebig, 1948).  

 

Calculations required 

 

Heavy Metal (ppm) =AAS reading x dilution factor 

 

Plant sampling and analysis 

 
Sampling was carried out from vegetable farms located along drain where 

vegetables were grown by untreated sewage water. 

ForPlant sampling, leaves and fruits (edible portion) were taken randomly from 
different vegetable crops. Plant samples were washed and cut into pieces, air 

dried in Fluidized Bed Dryer at 80°C for 4 hrs. The dried material was then 

powdered in a hammer mill. The samples of plants were homogenized before air-
drying and stored in clean, sample bottles which were used in plant analysis 

according to requirements. 

 

Dry ashing for Plant analysis 

 

Method 

 

1g of dried and grinded sample of plant (leaves and fruit) was weighed in 

crucibles and then the crucibles were placed in furnace for 2-3 hours at 550 °C 
After letting the crucibles to cool down they were taken out from the furnace. 

Then 5 ml of 2 M HCl was added to each crucible to dissolve the ash. The 

crucibles were placed on hot plate at low temperature to dissolve ash completely. 
If ash remained un-dissolve add more HCl and heat on hot plate until complete 

mixing. Then these plant samples were diluted up to 50 ml with distilled water. 

After dilution each solution was filtered using Watman-42 filter paper and stored 
in sampling bottles. 

A blank solution (containing all reagents except plant sample) was also digested 
with samples as blank. Read on concentration mode by Atomic Absorption 

spectrophotometer (Vanselow and Liebig, 1948).  

 

Calculations required 

 

Heavy metal (ppm) = AAS reading x dilution factor 

 

 

 

 

 

Statistical analysis 
 

All  values  showed  in  this  paper  are  mean  of  three  replicates. Analysis  of  

variance  (ANOVA)  was  carried  by  using  a  statistical  package,  SPSS  
version16.0  (SPSS,  Chicago,  IL)  followed  by  Tukey  test  between  the  

means  of  treatments  to determine the significant difference 

 

 

RESULTS AND DISCUSSION 

 

pH of Sewage Water 

 
The pH of pure water is 7.0. In general, water with a pH lower than 7 is 

considered acidic, and with a pH greater than 7, basic. The normal range for pH 

in surface water systems is 6.5 to 8.5 and for groundwater systems 6 to 8.5. 
Figure 1 shows the pH of sewage water being used for irrigation of vegitables 

fields ranged from 8.5 to 7.0. 

 

 
Figure 1 pH of sewage water 

 

EC of Sewage Water 

 

The value range of typical high quality drinking water lies between 0.005 – 0.05 

S/m. Pure water is not a good conductor of electricity. Ordinary distilled water in 
equilibrium with carbon dioxide of the air has a conductivity of about 10-5 W-1 m-

1 (20 dS/m). Because the electrical current is transported by the ions in solution, 

the conductivity increases as the concentration of ions increases. Thus 
conductivity increases as water dissolved ionic species. EC of all samples is 

given in Figure 2 which falls between 3.4 to 0.6 µS/cm. 

 
Figure 2 EC of sewage water 

 

Fe in Sewage water and soil samples  

 

Data in Fig 3 showed that Fe concentration in sewage water was lowest in the 

sample No. 2, 25 taken from the site Akram Park and Thokar Niaz Baig, Lahore. 
Highest iron concentrations in the graph were observed in the samples from site 

no. 21 and 23. These samples were taken from Babu Sabu and Thokar Niaz Baig, 
Lahore. And, in the remaining samples the concentration of copper was between 

lowest and highest range of the recorded figure.  

Figure 3 also showed concentration of iron in soil samples taken from upper 
depth of the soil. Sample 15 from the site Sandhan Kalan, Lahore showed lowest 

concentration of iron. Sample 23 from Thokar Niaz Baig had highest copper 

concentration followed by sample 5, 8 and 10 taken from Bakar Mandi, Darogha 
Wala and Sandhan Kalan. 
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Figure 3 Fe concentration in Sewage water and soil 

 

Mn concentration in Sewage water and soil samples  

 

Figure 4 presented data regarding zinc concentration in sewage water and soil 
samples. It is clear from the figure that highest manganese concentration in soil 

sample taken from the depth of 0-15 cm was observed in sample no. 5, 7, 13 and 

17 which were taken from Bakar Mandi, Darogha Wala, Sandhan Kalan and  
 

 
Ghosia Colony while lowest manganese concentration was observed in sample 15 

and 24 taken from Sandhan Kalan and Babu Sabu Lahore. Data for Sewage water 

showed that the manganese concentration was lowest in the sample no. 13, 14 
and 15 taken from the site Ghosia Colony and Sandhan Kalan. Samples from site 

no. 19 and 23 showed highest concentration of zinc. These samples were taken 

from Thokar Niaz Baig, Lahore.  
 

 
Figure 4 Mn concentration in Sewage water and soil 

 

Pb concentration in Sewage water and soil samples  

 
Data about lead concentration in sewage water and soil samples is given in 

Figure 5. The given data showed that lead concentration in sewage water was 

lowest in the sample No. 1 followed by sample 2 and 3. These samples were 

taken from the sites Akram Park and Bakar Mandi. Highest lead concentrations 

in the graph were observed in the samples from site No. 23 followed by sample  

 

 

number 20. These samples were taken from Babu Sabu and Thokar Niaz Baig, 

Lahore. And, in the remaining samples the concentration of nickel was between 
lowest and highest range of the recorded figure.  

Figure 5 also showed concentration of lead in soil samples taken from 0-15 cm 

depth. Sample 11 and 16 from the site of Akram Park and Ghosia colony had the 

lowest concentration of lead. Highest contents of lead were recorded in Sample 5 

followed by sample No. 8. These samples were taken from Bakar Mandi and 

Darogha Wala Lahore.  
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Figure 5 Pb concentration in Sewage water 

 

Fe in Sewage water and vegetable leaves 

 
Data in Fig.6 showed that iron concentration in sewage water was lowest in the 

sample No. 11, 12 taken from the site Sandhan Kalan and Akram Park. Similarly, 

sample No. 2, 14 and 22 taken from Akram Park, Sandhan Kalan and Thokar 
Niaz Baig respectively almost showed the lowest concentration. Highest iron 

concentrations in the graph were observed in the samples from site No. 21 and 

23. These samples were taken from Babu Sabu and Thokar Niaz Baig, Lahore.  

 

And, in the remaining samples the concentration of copper was between lowest 

and highest range of the recorded figure.  
Figure 6 also showed concentration of iron in vegetable leaf samples. Sample 9, 

16, 24 and 25 from the site of Ghosia Colony, Babu Sabu and Thokar Niaz Baig, 

Lahore showed lowest concentration of iron. Highest iron concentrations were 
recorded in sample No 13 and 14 taken from Ghosia Colony and Sandhan Kalan, 

Lahore.  

 

 

 
Figure 6 Fe in Sewage water and vegetable leaves 

 

Mn concentration in Sewage water and vegetable leaves 

 

Figure 7 presented data regarding manganese concentration in sewage water and 
vegetable leaf samples. It is cleared from the figure that highest manganese 

concentration in vegetable leaf samples was observed in sample No. 19 which  

 

 
was taken from Thokar Niaz Baig. Data for Sewage water showed that the 

manganese concentration was lowest in the sample no. 1, 2 and 3 taken from the 

site Akram Park and Bakar Mandi. Samples from site no. 19 and 23 showed 
highest concentration of manganese. These samples were taken from Thokar 

Niaz Baig, Lahore.  
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Figure 7 Mn concentration in Sewage water and vegetables leaves 

 

Pb concentration in Sewage water and vegetable leaves 

 

Data about nickel concentration in sewage water and vegetable leaf samples is 
given in Figure 8. The given data showed that lead concentration in sewage water 

was lowest in the sample No. 1, 5 and 13 taken from the sites Akram Park, Bakar 

Mandi and Ghosia colony. Highest lead concentrations in the graph were 
observed in the samples from site no. 21 followed by sample number 22 and 25.  

 

 
These samples were taken from Babu Sabu and Thokar Niaz Baig, Lahore. And, 

in the remaining samples the concentration of lead was between lowest and 

highest range of the recorded figure.  
Figure 8 also showed concentration of lead in vegetable leaf samples. Sample 17 

from the site of Ghosia Colony had the lowest concentration of lead. Highest 

contents of lead were recorded in Sample 22 taken from Thokar Niaz Baig, 
Lahore.  

 

 
 

Figure 8 Pb concentration in Sewage water and vegetable leaves 

 

 

DISCUSSION 

 
Study was carried out to detect Cu, Pb, Cd, Fe, Mn, Zn and Ni concentration in  

soil  and  vegetables  irrigated  with  sewage  water  since  last  40  years  

permanently. Spinach,  turnip,  brinjal,  cabbage,  pumpkin,  coriander,  radish  
and  cauliflower  were  the main  vegetables. In general, the suitability of soils for 

receiving wastewater without deterioration varies widely, depending on their 

infiltration capacity, permeability, cation exchange capacities, phosphorus 
adsorption capacity, texture, structure, and type of clay mineral (Ivan and Earl, 

1972, Farid et al., 2013a). 
In developing countries, the more attention of public and governmental agencies  
is  towards  the  contamination  of  soil  by  heavy  metals  (Yanez  et  al.,  2002; 

Ehsan et al., 2013).  Mainly, the human  contact  to  soil  contamination  is  

through  food  chain  or  by  accidentally  soil ingestion. In this investigation we  
 

 
mainly focused on these two exposer ways. The metal transformation  from  soil  

to  plant  is  key  component  of  human  contact  to  heavy  metals through food 

chain (Sharma et al., 2007). Present investigation and previous finding (Liu et  

al.,  2005;  Muchuweti  et  al.,  2006;  Sharma  et  al.,  2007)  describes  that  

the  plantation grown  on  those  soils  which  are  irrigated  from  wastewater  

pose  a  main  human  health concern. The different vegetables have different 
metal content which is mainly influenced by the nature and absorption capacity 

each plant for different metals which changed due to  many  factors like,  plant  

type, soil  type,  composition  of  soil  and  other  environmental interferences 

(Zureraet al., 1989; Taj et al., 2013). 
The  results  of  our  study  showed  agreement  with  earlier  studies  describing 

continuous irrigation with wastewater results in elevated levels of heavy metals 
in edible parts  of  food  crops  (Liu  et  al.,  2005;  Khan  et  al.,  2008).  

Vegetables irrigated  with wastewater containing heavy metals did not show any 

phenotypic abnormalities and no previous  findings  has  been  found  about  
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these  effects  (Gupta  et  al.,  2010).  Plants have different abilities to 
accumulate metals from soil (Cui et al., 2004; Wang et al., 2006). 

 

pH 
 

The  use  of  wastewater  for  irrigation  has  led  to  variations  in  

physicochemical characteristics  of  soil  and  uptake  of  heavy  metal  by  food  
crops,  mainly  vegetables.  

Changes in pH of soil are mainly depending on pH of wastewater used for 

irrigation and pH  of  soil  has  excessive  influence  on  bioavailability  and  
mobility  of  heavy  metals.  Our results describes that regular application of 

wastewater for irrigation led to raised heavy metal level in soil and edible parts of 
crops. Accumulation of heavy metal in vegetables is gaining more attention due 

to its potential public health concern (Cui et al., 2005; Bi et al., 2006). 

 

EC 
 

The  bioavailability  of  heavy  metals  to  plant  is  also  affected  by  the  EC.  
Positive correlation found between the EC values and Zn contents in the selected 

plants (Cousinia sp. and C. congestum). Same trend was established among EC 

values and Fe contents in lower parts (below the surface) of C. congestum, V. 
speciosum and any part of C. juncea. In the root of C.  juncea and  in  any  part  

of  Cousinia  sp.  EC had negative effect on Mn uptake (Ehsanet al., 2013).  The  

dissimilarity  in  number  of  cases  simply  involves  that,  in  estimating  heavy 
metal uptake by the plants the isolation is not a dominant factor. In fact, it may be 

the diversity  and  interface  of  every  feature,  in  addition  to  variety  of  heavy  

metals  and organic content. 
 

Mn 
 
The permissible level of Mn is 0.2 mg.kg-1 WHO, 1995), and the results of our 

study are higher than of this limit. The elements responsible for high portion of 

Mn in vegetables were supposed to by the application of fertilizers and 
agricultural pesticides and of soil type (Sridhara et al., 2008; Tauqeer et al., 

2013).  

 

Ni 
 

Ni is a lethal heavy metal. The safe level of Ni set by WHO (1995) is 0.2 mg kg-

1.The smaller  quantity  of  Ni  is  found  in  food  stuffs  of  many  plants  but  its  

higher  amount  is found in food stuffs like nuts, seeds and grains (National Food 

Agency of Denmark, 1995). Weigert (1991) investigated that concentration of 
Ni nearby 68 mg kg-1 by fresh weight can be harmless for its consumption. Ni 

can safely be extracted as organic matter because more than 90% is taken in held 

in which reduce the risk to Ni exposure. The previous studies of Otitoloju(2003) 

and Sharma et al (2008) described that the Ni level was higher than of 

permissible limits described in different literatures.  

 

Pb 
 

The  maximum  level  of  Pb  in  edible  parts  of  crops  established  by  WHO  

(2001)  for human health is 0.3 mg.kg-1. The higher level of Pb in soil and plants 

parts is attributed to  lead  acid  batteries  as  waste  dumped  in  streams  and  

rivers  which  further  used  to irrigate the crops. The Pb uptake can be increased 
by increasing organic matter and pH of soil. Lead is a  serious  body  cumulative 

it  enters  in  body  through  water  and  air  and cannot  be  detached from  

vegetables  and  fruits  by  washing  (Sharma  et  al.,  2007). According to our 
results the lead showed a little availability and similar results were also reported 

by Blaylock et al., (1997) and Salt and Kramer (2000). Pb is very toxic metal 

and can  damage  the  plants,  although  large  amount  of  Pb  is  usually  
accumulate  without showing  visible  differences  in  their  yield  and  

appearance.  In most  of  plants  the accumulation of Pb can increase several 

hundred times than permissible limits for human (Wierzbicka,  1995).  Pb  
introduction  in  food  chain  can  affect  the  human  health  and  the 

accumulation in vegetables has increasing attention (Coutate, 1992). 

 

CONCLUSION 

 
This study concluded that the excessive use of sewage waste water for the 

irrigation of vegitables significantly harm the growth, yield and production of 

vegitables and capacity of soil to different depths. Moreover, the sewage water 
containing heavy metals also counter affect the groweth of vegitables by 

acccumulating in different plant tissues. In this view these heavy metals may also 

introduced in food chain and imbalance the environmental energy flow. 
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