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Abstract  19 

In order to investigate the effect of treated wastewater on heavy metals and fecal coliform in plant 20 

and soil, a field experiment was conducted in RCBD with three treatments in four replications 21 

during 2016-2017 in Borkhar, Isfahan (Iran). Treatments including well water, semi-treated 22 

wastewater and combination of well water and wastewater were applied in consecutive cultivation 23 

of wheat and forage corn. The amount of heavy metals in the soil did not change after two seasons 24 

of wastewater application compared to well water. The amount of fecal coliform in both plants was 25 

increased in the irrigation water treatment compared to the well water, which was more evident in 26 

the corn plant, which is related to the high moisture content of this plant at harvest stage. Due to the 27 

improvement of soil nutrient concentrations after two seasons of continuous application of 28 

wastewater and no increase in the amount of heavy metals in the soil, the use of wastewater for 29 

agricultural production is permissible. But according to the fecal coliform index, it is recommended 30 

not to be used for the production of crops harvested at high humidity and conditions for the survival 31 

of pathogens.  32 

Keywords: Irrigation, Pollution, Corn, Wheat.  33 
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1. Introduction 42 

The increasing growth of the world population and especially Iran, the improvement of living 43 

standards, in line with the development of agriculture and industry, the occurrence of multiple and 44 

subsequent droughts, lack of proper management of water resources and environmental degradation 45 

in the last three decades, has caused The exploitation of fresh water resources reaches peak in the 46 

whole country, especially in the arid regions. Agriculture is by far the largest consumer of fresh 47 

water resources, currently accounting for over 70 per cent of global withdrawals and 86 per cent of 48 

the world’s total fresh water consumption (FAO, 2012). In Africa and Asia, an estimated 85–90 per 49 

cent of all fresh water resources are used for agriculture (UNEP, 2008). Research results reported 50 

by Raschid-Sally and Jayacody (2008) indicate that, on a global level, around 200 million farmers 51 

use treated, partially treated and untreated wastewater to irrigate their crops, including in areas 52 

where irrigation water is heavily polluted. By 2025, a total number of 1.8 billion people will be 53 

living in countries or regions with absolute water scarcity. Two-thirds of the world’s population 54 

could be living under water-stressed conditions, and in Africa alone, it is estimated that 25 countries 55 

will be experiencing water stress (UNEP, 2008).  56 

Due to the amount of water resources and per capita consumption, Iran is one of the countries in the 57 

group of countries faced with a physical shortage of water. By 2022, more than 10 billion cubic 58 

meters of water are expected to be used in urban, rural and industrial areas. With a recycling rate of 59 

60% to 70%, there will be about 6 to 7 billion cubic meters of water coming from the wastewater 60 

and the wastewater will enter the agricultural land (Harati et al., 2011). Irregular water abstraction 61 

from groundwater, which reaches about 60 billion cubic meters per year, is another major problem 62 

in the country's water sector and has caused irreparable damage to groundwater resources in many 63 

parts of the country (Noor, 2017). The limitation of water resources in countries in arid and semi-64 

arid regions is one of the most important problems in the agricultural sector. In addition to its 65 

potential benefits, wastewater use also poses high health and environmental risks if no additional 66 

measures are applied. Untreated wastewater generated from cities and industries potentially 67 
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contains a wide range of different constituents, such as pathogens, organic compounds, synthetic 68 

chemicals, nutrients, organic matter and heavy metals. The suspended or unsuspended components 69 

carried along in the water from different sources affect the water quality (Mateo-Sagasta et al., 70 

2013).  These effluents can contain harmful heavy elements that are only needed at very low 71 

concentrations of the plant. Typically heavy elements include cadmium, chromium, lead and zinc 72 

and some other metals that cannot be decomposed by chemical or biological processes in nature, 73 

remain unchanged in the soil and enter the organism's food chain (Baldwin and Marshal, 1999). 74 

Wastewater has the potential to cause diseases because it contains bacteria, viruses and parasites. 75 

Untreated and semi-treated wastewater has a variety of human pathogens. Some of these pathogens 76 

are long-lived in the environment and can potentially be transmitted to humans. Survival of 77 

pathogens in different environments depends on irrigation methods, high temperature, drying and 78 

UV. These factors can lead to faster deaths of pathogens from the surface of the material 79 

(Hutchison, et al., 2004).  80 

Coliforms are used as an appropriate microbial indicator to indicate fecal contamination in food and 81 

water samples. Among the factors that cause this group of bacteria to be used as a microbial 82 

indicator to indicate fecal contamination of water are their natural habitat in the digestive tract of 83 

warm-blooded animals, so they are present in the faeces in large numbers. Their durability in water 84 

is higher than other pathogenic intestinal bacteria that causes this, Coliforms can also be present 85 

when waterborne intestinal bacteria are present. There is no significant proliferation in water. 86 

Wastewater is one of the most unusual water resources and its application in agriculture requires 87 

special management that, while optimally utilizing it, does not pose environmental and health risks 88 

to soil, plants and surface and groundwater resources. The purpose of this study was to investigate 89 

the effects of semi-treated wastewater on heavy metals in soil and fecal coliforms in different plant 90 

components on wheat and forage maize rotation in a land plot in Borkhar, Isfahan (Iran). 91 

 92 
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 93 

2. Materials and methods 94 

This research was conducted during 2016-2017 in a plot of 1000 square meters in the Dolatabad 95 

area of Isfahan province. It is located in 32° 48’ N latitude and 51° 44’ E longitude and 1560m 96 

Altitude from sea level with dry climate. In order to determine the chemical and physical properties 97 

of the soil, four soil samples was collected and sent to the Laboratory of Soil and Water Research 98 

Center of Isfahan Agricultural and Natural Resources Research Center. These samples were also 99 

analyzed for standard physic-chemical properties. The soil samples were air-dried and ground to 100 

pass a 2 mm sieve size, and then extracted using a solution of DTPA (0.05 mol/l) contains CaCl2 101 

(0.01 mol/l) in pH of 7.3 (Lindsay and Norvell, 1978). The extractable DTPA-Pb, Cu, Fe, Cd, Ni, 102 

Cu, and Zn were determined by atomic absorption method. Physical and chemical properties of soil 103 

in experimental field were presented in Table 1. 104 

Table 1. Physical and chemical characteristics of the tested soil 

Soil 

texture 

(EC) 

(dSm
-1

) 

pH 

(1:2) 

N-

total 
OC P K Cu Zn Mn Fe Ni Cd Pb 

(%) (mg kg
-1

) 

Silty 

clay 
4.4 7.52 0.05 0.51 1.45 319 1.12 0.72 4.36 13.8 0.76 0.06 1.8 

Experimental design was a randomized complete blocks with four replicates. The irrigation 105 

treatments were: well water in as a control treatment (T1); irrigation with treated municipal 106 

wastewater (T2). 50% well water and 50% treated municipal wastewater (T3). Quality of well water 107 

and treated wastewater are shown in table 2.   108 

Table 2. Water analysis of the well water and wastewater 

 
EC*10

6
 

p

H 
TDS 

N-

NH4 

N- 

NO3 
P K Mn Fe Zn Pb Cd Cr 

 
µS cm

-1
  (mg L

-1
) 

Well 

water 
3.36 

7.

7 
2150 0 2.4 0.12 6.7 0.08 0.01 0.01 0.02 0.01 0.01 

Waste 

water 
1.70 

7.

2 
1088 46 7.80 5.8 11.9 0.07 0.06 0.05 0.02 0.01 0.01 
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 109 

According to the results of soil analysis, 300 kg ha
-1

 of superphosphate fertilizer was mixed with 110 

secondary soil tillage. Nitrogen fertilizer required by urea fertilizer was fed on two planting and 111 

stemming times of 250 kg ha
-1

. Experiment plots were seeded with Roshan cultivar with 20 cm row 112 

to row distance and 2 cm between plants. Wheat seeds was planted manually in October 2016. 113 

Seeds were sown 4 cm deep. There was 4 m distance between plots to prevent of water leakage. All 114 

operations were done regularly during the growing season. Weeds were removed by hand. After 115 

planting, irrigation was applied as required during the growing season. The wheat was harvested in 116 

June 2017. For measurement of plant characteristics two edge rows eliminated as margin effects 117 

and two square meter of each plot was used for sampling. Data collected (Obtained by combining 118 

the four center rows at each experiment unit) included: grain yield, 1000-grain weight, number of 119 

grain per ear, grain and straw N, P and K content. Soil samples were collected randomly after 120 

harvesting from different each experiment unit and analyzed for N, P, K, Cd, Pb and Ni. After 121 

wheat harvest, the experiment units were plowed again and prepared for corn planting. Corn seeds 122 

was planted manually in June 2017. Sowing was done as rows in 70cm wide rows with 15cm 123 

spacing within-rows with six rows per plot by Single Cross 704 cultivar. By reaching the soft dough 124 

stage, it was taken to sample and sent to the laboratory to measure the traits. Fresh forage weight 125 

(yield), ear, stalk and leaf fresh weight, grain and mix stem leaf N, P and K content were measured. 126 

after forage corn harvest, Soil samples were collected randomly after harvesting forage corn from 127 

different each experiment unit and analyzed for N, P, K, Cd, Pb and Ni. For plant analysis, after 128 

harvesting each plant and drying their plant samples (in the oven for 48 hours and 70 ° C), the total 129 

nitrogen concentration in the seeds, stems and leaves was determined by the kjeldahl method 130 

(Bremner, 1996),  To determine phosphorus in plant samples, The colorimetric method was 131 

performed at a wavelength of 470 nm using a spectrophotometer. Potassium of the plant organs was 132 

performed using flame photometric method (Waling et al., 1989). For bacterial analysis of the plant, 133 

at the end of the growing season and after the final irrigation of the plots, by dropping the side rows 134 
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of each plot as marginal rows, plants were randomly selected from the middle of the plot and Leaf, 135 

stem and seed samples were collected in four replications and the bacteria were counted by MPN 136 

method (APHA, 2005). Statistical analysis was performed using SAS statistical software. Means 137 

were compared by using the least significant difference of Fisher LSD method at 5% probability 138 

level. 139 

3. Results and Discussion 140 

3.1. Macronutrients and heavy metal 141 

After harvesting wheat and corn, soil nitrogen, phosphorus and potassium concentrations were 142 

measured in all three irrigation treatments. The effect of water treatment on the amount of residual 143 

phosphorus in soil after wheat harvest was significant at 5% probability level but it was not 144 

significant on soil nitrogen and potassium content (Table 5). Mean comparison results showed that 145 

the amount of residual phosphorus in soil after wheat and maize harvest increased by 29% and 85%, 146 

respectively, as compared to control treatment but the amount of soil nitrogen and potassium after 147 

wheat harvest was not affected by treatments. Also Mean comparison results showed that the 148 

amount of nitrogen and potassium in soil after corn increased by 28% and 11%, respectively. The 149 

amounts of heavy metals including cadmium, lead and chromium in soil were measured in all three 150 

irrigation water treatments after wheat and maize harvest. The effect of irrigation treatment on the 151 

concentration of each of the above heavy metals in the soil after wheat harvest and maize was not 152 

significant at 5% probability level (Tables 5) and there was no statistically significant difference 153 

between the results of the mean comparison of these elements in the soil (Table 3).  154 

Table 3. The effect of irrigation treatments on nutrient and heavy metals content in soil after wheat and 

corn harvesting 

Wheat 

Cadmium  

(mg kg
-1

) 

Lead 

(mg kg
-1

) 

Chrome   

(mg kg
-1

) 

Potassium 

(mg kg
-1

) 

Phosphorus 

(mg kg
-1

) 

Total 

nitrogen    

(%) 

Treatments 

0.04 a 1.340 a 0.107 a 362.5 a 5.175 b 0.035 a well water 

0.03 a 1.345 a 0.105 a 396.5 a 6.700 a 0.040 a Wastewater 

0.04 a 1.330 a 0.105 a 385.5 a 5.250 b 0.035 a Alternate 

Corn 



 

8 
 

Cadmium  

(mg kg
-1

) 

Lead 

(mg kg
-1

) 

Chrome  

(mg kg
-1

) 

Potassium 

(mg kg
-1

) 

Phosphorus 

  (mg kg
-1

) 

Total 

nitrogen    

(%) 

Treatments 

0.040 a 0.915 a 0.102 a 354.7 b 1.97 b 0.052 b well water 

0.040 a 0.997 a 0.102 a 393.7 a 3.65 a 0.067 a Wastewater 

0.040 a 1.055 a 0.112 a 388.2 ab 2.95 a 0.060 ab Alternate 

Means with different letters on the same column are significantly different (P<0.05) based on LSD test. 

 155 

Use of wastewater in irrigation, firstly it is important to supply water in arid areas and secondly to 156 

supply some of the plant nutrients needed. It should be noted that due to wheat cultivation, less 157 

water is used to complete the plant life than maize cultivation, which affects the total amount of 158 

water entering the soil and nutrients entering the soil, On the other hand in corn cultivation, 159 

treatments were similarly applied to the same plots of the first experiment and this may affect the 160 

amount of nitrogen input to the soil. In a study, increased levels of nitrogen, potassium, and 161 

phosphorus in rapeseed were reported in treatments irrigated with effluent compared to the control, 162 

which could provide part of the plant's nutritional requirement (Mozafari et al., 2013). What is 163 

certain is that many wastewater alone cannot meet the nutritional requirements of plants for high 164 

levels of nutrients, including nitrogen. Therefore, in such cases, their application with appropriate 165 

amounts of chemical fertilizers to meet the plant's nutritional needs should be considered (Sommers 166 

et al., 1976). On the other hand, the results also showed no significant difference between 167 

potassium and phosphorus concentrations in wastewater and well water treatments (Nazari et al., 168 

2006). Lack of nutrients in sufficient concentrations in wastewater and soil, element type, short time 169 

to accumulate sufficient amount of wastewater elements in soil, plant factors and soil 170 

characteristics, including pH and Soil adsorption it affects the accumulation of elements in the soil.  171 

Similar results have been observed by other researchers in the field, In India, irrigation with 172 

wastewater increased the amount of macro nutrients (nitrogen, potassium) and soil organic carbon, 173 

and yield of wheat was higher than that of ordinary irrigated plots (Singh et al., 2012). The results 174 

of Alimohammadi's research (2015) also showed that the amount of macro phosphorus and 175 

potassium at 0-30 cm depth of soil increased for 3 years in wastewater treatment compared to 176 

normal water (control) in alfalfa cultivation, but the amount of soil nitrogen was not significantly 177 
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different (Alimohammadi, 2015). The results of this and other experiments show that the use of 178 

municipal wastewater is effective on the amount of macro nutrients in the soil and increases the 179 

entry of these elements into the soil. This increase is primarily due to the higher concentration of 180 

nutrients in the effluent than the well water and secondly to the effluent characteristics such as pH 181 

and lower sodium content, which makes the effluent irrigation superior to the well water and 182 

provides part of the plant nutrient requirement (Table 2). Increasing the duration of application and 183 

the amount of effluent in a soil has the effect of increasing the amount of nutrients in the soil. In this 184 

experiment, an increase in the amount of soil nutrients in corn was more pronounced than the wheat 185 

because of the greater amount of effluent consumed and the duration of use. This subject shows, 186 

these properties can be effective in reducing the consumption of macro fertilizers. 187 

There are numerous studies on the use of wastewater as a source of agricultural water supply And 188 

sometimes different results are observed, for example In a 7-year study, the use of municipal 189 

wastewater did not change the concentrations of iron, copper, manganese, nickel, and lead (Safari 190 

Sanjani, 1995). In contrast, a 50-year study showed that irrigation with effluent had a significant 191 

increase in the concentration of cadmium, lead, nickel, zinc and copper relative to the reference soil 192 

(irrigated with well water) (Chen et al., 2009). Lead is one of the most important pollutants, and 193 

many researchers believe that alkaline soil can prevent toxicity (Ioannis and Prodromos, 2009). 194 

Therefore, soil pH affects the solubility and transport of heavy metals. Munir et al. (2006) reported 195 

that irrigation of forage plants with municipal wastewater for 2 to 10 years increased the 196 

concentration of zinc, copper, iron and manganese in the soil. Any change in the concentration of 197 

any metal in the soil is a function of the concentration of the metal in the effluent (which depends 198 

on the origin of the effluent), the amount of effluent used, the plant harvest and sometimes the 199 

leaching. Long-term use of industrial wastewater in irrigation can lead to heavy metal accumulation 200 

in soils and plants. According to the results of the concentration table of the above elements in the 201 

effluent of the municipal treatment plant, the concentration of heavy elements is generally very low 202 

(Table 2). On the other hand, the period of effluent use in this experiment was short-lived. In other 203 
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studies that have chosen long-term time frames, there has been a general shift in the concentration 204 

of these elements in the soil. Based on the results of this experiment, it can be recommended to use 205 

municipal wastewater in short or medium term with proper management for irrigation. 206 

3.2. Fecal coliform in plant 207 

The amount of fecal coliform in wheat grain and straw, leaf and stem (lower and middle part of 208 

stem) Corn was measured in three treatments. Analysis of variance showed that the effect of 209 

irrigation water treatment on fecal coliform in wheat (grain and straw) and maize (leaf, stem and 210 

grain) organs was significant at 5% probability level (Tables 5). The highest amount of fecal 211 

coliform in wheat straw and grain was obtained in wastewater and intermittent irrigation treatments 212 

respectively. The highest amount fecal coliforms of corn grain and leaf obtained in wastewater and 213 

intermittent irrigation treatments respectively and the lowest amount was obtained in well water 214 

treatment (Table 4). Since the stem is in direct contact with the effluent, in maize, samples were 215 

collected from middle and lower stem and the highest amount of fecal coliforms was observed in 216 

wastewater and intermittent irrigation treatments in the lower stem samples compared to the middle 217 

stem. 218 

Table 4. The effect of irrigation treatments on nutrient and heavy metals content in soil after 

wheat and corn harvesting 

Fecal coliform 

(corn grain) 

(CFU) 

Fecal coliform 

(corn leaf) 

(CFU) 

Fecal coliform 

(stalk down) 

(CFU) 

Fecal coliform 

(stalk Middle) 

(CFU) 

Treatments 

2.5 c 7275 c 4075 c 1685 b Well water 

1100 a 22600 a 30500 a 13025 a Wastewater 

592 b 15100 b 10275 b 11400 a Alternate 

  

Fecal coliform 

(Wheat straw) 

 (CFU) 

Fecal coliform 

(Wheat grain) 

 (CFU) 

Treatments 

  1300 c 0  B Well water 

  5577 a 2.5 a Wastewater 

  2227 b 2.5 a Alternate 

Means with different letters on the same column are significantly different (P<0.05) based on 

LSD test. 

 219 
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As mentioned, Wastewater treatment to well water increased the amount of fecal coliform in wheat 220 

and forage maize plant samples, The important point here is that the higher the amount of coliform 221 

in corn samples than wheat, which may depend on the amount of moisture in the organs of this 222 

plant, Because forage maize generally has a high moisture content at harvest, but wheat samples 223 

have a very low moisture content at harvest stage.  224 

The presence of moisture is one of the important factors in the survival of these microscopic 225 

organisms and the use of effluent to produce green forage such as forage maize is not recommended 226 

due to high moisture content in plant organs, But in the case of wheat, factors such as the interval 227 

between harvest to consumption, exposure to sunlight for longer periods, and high temperatures at 228 

harvest time can reduce the microbial load. It should be noted, that wind or animal manure can also 229 

transmit fecal coliforms to aerial organs, especially leaves and stems, but the seed generally grows 230 

within a certain cover and is less susceptible to contamination. 231 

Other studies have found similar results. For example, the amount of lactose-positive bacteria, total 232 

and fecal coliforms of old leaves were higher than new leaves, which could be due to the proximity 233 

of old leaves to the ground and their potential to be further contaminated with effluent during 234 

irrigation (Alinezhadian et al., 2012).  235 

In this experiment, maize stem samples obtained from the lower part of the plant showed more 236 

coliform than the upper part of the stem. The direct contact of the wastewater with the lower parts 237 

of the maize stem, lack of direct light irradiation and higher relative humidity inside the canopy 238 

seems to be the result. Survival of pathogens in different environment depends on the tissues 239 

moisture content, irrigation systems, high temperature and ultra-light. These factors can lead to the 240 

death of pathogens agents (Hutchison et al., 2004). Some researchers suggest that non-crude 241 

products or their moisture content are low when consumed and it's a long time from harvest to 242 

consumption, wastewater can be used for irrigation. Pathogens are mostly transmitted to root crops 243 

such as radishes, lettuce and other vegetables in the soil environment, jeopardizing the health of the 244 
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food, especially when consumed by crude consumers, but for cereal crops, the use of effluent 245 

creates less problems (Natvig et al., 2002). 246 

 247 

4. Conclusion 248 

Although the use of wastewater treatment plant as one of the available but unusual water resources 249 

has a decades-long history, this issue has always been associated with concerns about heavy metals 250 

entering the soil and plant and microbial contamination. The results of this experiment showed 251 

when using wastewater in agriculture, to the concentration of metals in wastewater and the origin of 252 

the treated wastewater from an urban or industrial point of view should be considered. In this 253 

experiment, the effluent was from municipal sewage that the concentration of heavy metals in the 254 

output was generally low, and the results of its application in two consecutive cultivations of wheat 255 

and maize showed that it did not increase the concentration of harmful heavy metals in the soil and 256 

no effect of soil contamination to heavy metals was observed. Wastewater application can help 257 

increase the concentration of plant nutrients in soil and plants and improve plant performance and 258 

increase production per unit area. On the other hand, due to the high moisture content of the forage 259 

maize at the time of harvest, the use of effluent for the production of forage from maize is not 260 

recommended at all. Urban wastewater can also be a sustainable source of water for agriculture, 261 

especially in arid and low-water areas and it provided part of the country's water demand for crops 262 

with low moisture content when consumed and harvested with using comprehensive management in 263 

the country.  264 

  265 

 266 
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Table 5. The results of variance analysis of the effect of irrigation treatments on soil and fecal coliform 

 (Mean of square) 

  Soil samples after wheat harvesting 

S.V D f Total Nitrogen Phosphorus Potassium Cadmium Chrome Lead 

Block 3 0.00006 0.347 834.6 0.00009 0.0012 0.0033 

Treatments 2 0.00003 2.955* 1196.3 0.0001 0.0000 0.0002 

Error 6 0.00003 0.3691 556.33 0.0006 0.0003 0.0044 

CV (%)  15.74 10.64 6.185 18.181 16.59 4.987 

  Soil samples after corn harvesting 

S.V D f Total Nitrogen Phosphorus Potassium Cadmium Chrome Lead 

Block 3 0.00002 0.412 71.63 0.00009 0.00004 0.0128 

Treatments 2 0.0002 2.822* 1782.3 0.0001 0.00013 0.0198 

Error 6 0.00004 0.298 503.22 0.0006 0.00004 0.0082 

CV (%)  11.453 19.155 5.920 18.181 18.181 9.196 

  Wheat samples Corn samples 

S.V D f 
Fecal coliform 

(Wheat grain) 

Fecal coliform 

(Wheat straw) 

Fecal coliform 

(corn grain) 

Fecal coliform 

(corn leaf) 

Fecal coliform 

(stalk down) 

Fecal coliform 

(stalk Middle) 

Block 3 0.0022 250544.4 1860.8 2598888 616667 216577 

Treatments 2 8.333* 20253175* 1206775** 235663333** 763847500** 150411633** 

Error 6 0.0055 211952.7 2015.8 778888 734167 1941411 

CV (%)  4.472 15.16 7.946 5.890 5.731 16.009 

ns , * and ** are not significant, significant at 5 % and 1 % level of probability, respectively 
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