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ABSTRACT 

 

The rising population has not only increased the fresh water demand but also increased the volume of 

wastewater generated. Increasing need for water has resulted in the emergence of domestic wastewater 

application for agriculture and its relative use. In the present study a field experiment was conducted 

during 2012-13 and 2013-14 in which spinach (Spinacia oleracia) were irrigated with well water (WW) 

and domestic treated sewage water (DTSW). The use of the DTSW has shown improvement in the 

physicochemical properties of the soil, yield along with the nutrient status as compared to the application 

of WW. Post harvest pH of the soil in DTSW was in the range 7.85 whereas it was 7.93 in WW. EC and 

OC were found 0.43dS m
-1

 and 5.41 g kg
-1

 respectively in DTSW whereas it was 0.31 dS m
-1

 and 5.27 g 

kg
-1

 respectively in WW. NPK were found 279.6, 17.22 and 435.70 kg ha
-1 

respectively in DTSW whereas 

it was found, 266.8, 16.44 to 428.1 kg ha
-1 

respectively in WW. The physical properties of the soil like BD 

and HC observed 1.32 Mg m
-3

and 1.50 cm hr
-1

 respectively in DTSW and it was found 1.42 Mg m
-3

 and 

1.54 cm hr
-1

 respectively in WW. The content of micronutrients and heavy metals in soil and plant due to 

irrigation of DTSW were well below the phytotoxicity limits in both soil and plant. The findings give 

applicable advice to commercial farmers and agricultural researchers for proper management and use of 

treated domestic wastewater for agricultural purpose. 

 

Keywords: Treated sewage irrigation, Plant uptake, Heavy metals, Micronutrient. 

 

Introduction 

 

Changing scenario with the economic development of the society towards large-scale urbanization and 

industrialization is leading to production of huge quantities of wastewater in India. Industrial and 

domestic effluents are either used or disposed off on land for irrigation purposes that create both 

opportunities and problems. Opportunities exist as sewage effluents from municipal origin are rich in 

organic matter and also contain appreciable amounts of major and micronutrients (, Gupta et al. 1998, 

Brar et al. 2000). Accordingly nutrient levels of soils are expected to improve considerably with 

continuous irrigation with sewage (Yadav et al. 2002). Again sewage effluents may contain variable 

amounts of heavy metals, which may limit the long-term use of effluent for agricultural purposes as a 

likelihood of phytotoxicity and environmental effects. Water is an indispensable resource that permeates 

every aspect of human society affects every man, women and child. Sewage water is an untouched source 

of water in India and abroad and if treated through the phytorid wetland engineering technology can 

became a good water resource and increase water potential which can be used for agricultural irrigation 

and reduce the burden on the fresh water and the cost of fertilizers with sustainable protection to 

degradation of environmental resources. 

 

Water is a vital resource but a severely limited in most countries. The population is growing by geometric 

mean and food demand is increasing with arithmetic means but water availability is constant and to feed 

sufficiently to people of India, increase in irrigation is the need of the day.  Rapid industrial 

developmental activities and increasing population growth had declined the resources day to day 

throughout the world. Therefore, there is an urgent need to conserve and protect fresh water and to use 

the water of lower quality for irrigation Al-Rashed et al.(2000). Treated or recycled wastewater (RWW) 

appears to be the only water resource that is increasing as other sources are dwindling USEPA.1992. 

  

Consequently the reuse of wastewater for agriculture is highly encouraged (Mohammad and   Mazahreh, 

2003). The reuse of wastewater for agricultural irrigation purposes reduces the amount of water that needs 

to be extracted from water resource Gregory, 2000. It is the potential solution to reduce the freshwater 

demand for zero water discharge avoiding the pollution load in the receiving sources. It is the necessity of 

the present era to think about the existing urban wastewater disposal infrastructure, wastewater agriculture 
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practices, quality of water used, the health implications and the level of institutional awareness of 

wastewater related issued Rutkowski et al.2006. 

  

 Indiscriminate disposal of such water is a cause for pollution of air, soil and groundwater supplies. Cost 

of treatment of domestic wastewater for recycling is too high to be economically unfeasible in developing 

countries like India. However, such wastewater exerting most of the nutrient load and could be used as 

irrigation water to certain crops, tree and plants that may lead to increase in agricultural produce and 

plantation. It has a potential to supply (organic) carbon nutrients nitrogen, phosphorus, potassium (NPK) 

and (inorganic) micro nutrients to support crop/plant growth [Weber, 1996]. 

  

In the agriculture practices, the irrigation water quality is believed to have an effect on the soil 

characteristics, crops production and management of water. Application of saline /sodic water results in 

the reduction of crop yield and deterioration of the physico-chemical characteristics of soil. Present study 

deals with application of domestic treated sewage water for irrigation and its effect on soil characteristics. 

 

Materials and Methods 

 

1 Site Description: 

   

An experimental setup was made for conducting the study to investigate the effects of application of 

DTSW and WW on pollutant uptake of the crop and yield. Field experiments were conducted during the 

year 2012-13 and 2013-14 at agriculture farm, Agriculture College, Maharajbag, Nagpur situated at 

21.14
0
N and 79.090

0 
E  and an altitude of about 312 meters above mean sea level. Research work was 

carried out using treated sewage water generated from the Phytorid based sewage treatment plant which 

comprises wetland engineering technology was installed and commissioned during June-2012 on the Nag 

river passing through the Agriculture College Farm Maharajbag under Dr. Panjabrao Deshmukh Krishi 

Vidyapeeth at Nagpur (Fig.1).  

 

 
Fig.1: Location map of Nag river, phytorid sewage treatment plant and crop experimental site 

 

The experiment was a factorial, completely randomized design with two main treatments of DTSW (T1) 

and WW (T2). Each treatment had ten replications. Vegetable crop spinach was grown by dibbling 

method and crops were irrigated with DTSW and WW @ 5 ha cm per irrigation and allowed to grow till 

maturity. The meteorology of the study area indicated the temperature range from 10–28.6 ◦C to 30.7–

44.5 ◦C in winter and summer respectively with annual rainfall 1145 mm and humidity from 10 to 88%. 

The soil at the experimental site is having texture class of 57.43% clay, 19.25% silt, 14.90% fine sand and 

8.46% coarse sand. 
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 Crop: spinach 

Variety: All green 

Statistical Design: CRD 

Replication: 10 Plots 

Size: 1mx1m 

Date of sowing:   2/12/2013 

Date of Harvest: 9/1/2014 

 

 

 

Fig.2. Plates of spinach along with the details during two years  

 

2 Sampling of domestic wastewater and fresh water: 

  

 The DTSW was collected from phytorid sewage treatment plant, at Nag river, at Agriculture College, 

Nagpur (India). WW was collected from the well at Maharajbag garden at Agriculture College, Nagpur 

nearby field. Samples of DTSW from treatment plant were collected two times during the study period in 

pre-sowing and after harvesting field crops.  

 

3 Methods of analysis for DTSW and WW:  

  

The pH of the samples was determined using the pH meter, by calibrating the pH meter using the buffer 

solutions of known pH values (Potentiometric method-1985). Electrical conductivity (EC) was 

determined using the Conductivity Meter (Conductrometric Method) calibrated with conductivity 

standard (0.01 m KCl with conductivity 1413 μ Scm
-1

) APHA (1985). Biological oxygen demand was 

determined by Winkler titration method APHA (1985). Chemical oxygen demand was determined by 

Reflux method APHA (1985). Total dissolved solids and Total suspended solids were determined by 

Gravimetric method APHA (1985). Phosphate was determined by Vanadomolybdate phosphoric acid 

(colorimetric) method APHA (1985). Available nitrogen was estimated by Kjeldhal method. Total 

Nitrogen was determined using the Kjeldahl procedure (Bremner and Mulvaney, 1982).  Turbidity was 

determined by Nephelometric method (APHA 1985). Micronutrient and heavy Metal was determined by 

Atomic Absorption Spectrophotometric method Page et al. (1982). 

 

4 Soil sample collection and analysis:  

  

The composite surface soil sample (0-15 cm) was collected from experimental site prior to the start of the 

field experiment. After harvest of the crop, treatment wise soil samples were collected, air dried and 

ground to pass through 2 mm sieve and stored in plastic bottles before analysis. The samples were 

analyzed for different physical and chemical properties as per the standard procedure. International 

pipette method was used to determine the individual soil fraction i.e. sand, silt and clay (Piper, 1996). The 

pH of the samples was determined using the pH meter; by calibrating the pH meter using the buffer 

Crop: spinach 

Variety: All green 

Statistical Design: CRD 

Replication: 10 Plots 

Size: 1mx1m 

Date of sowing:   8/12/2012 

Date of Harvest: 17/1/2013 
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solutions of known pH values (Potentiometric method-1985) .Electrical conductivity (EC) was 

determined using the Conductivity Meter (ELICO Conductivity Bridge). Soil organic carbon was 

estimated by Walkley-Black method (Jackson, 1967), Phosphate was determined by extracting the soil 

with Olsen‟s reagent 0.5 m NaHCO3 of pH 8.5 and in the extract, available P was estimated 

calorimetrically (Jackson 1967). Available potassium estimated by leaching the soil with in ammonium 

acetate and the determination of potassium by using flame photometer as per the standard method. 

Available nitrogen was estimated by Kjeldhal method. Bulk Density was determined by Oven dry weight 

and volume of the core (Black, 1966). Saturated hydraulic conductivity was determined by constant water 

head method (Kult and Dricksen 1986). Available micronutrients and heavy metals were estimated as per 

procedure described by Atomic Absorption Spectrophotometric method (Page et al. 1982). Micronutrients 

and heavy metals in the soil are depicted in (Fig.2). 

 

 
Fig.2: Available Micronutrients and heavy metal in Soil 

 

 

Results And Discussion 

 

1. Quality DTSW and WW. 

  

The quality of irrigation water (DTSW and WW) was assessed for its suitability for irrigation with respect 

to their pH, EC, SAR, carbonate, bicarbonate, calcium, magnesium, Sodium, BOD, COD, nitrogen, 

phosphate and potassium. Samples of the DTSW and WW were analyzed in the laboratory for their 

physico-chemical parameters are reported in Table 1. The irrigation water of both the sources was slightly 

alkaline in reaction. The pH of the DTSW was (7.1) slightly lower than the WW, whereas salt content 

(EC 0.602 dS m
-1

) was higher than that of WW. Calcium was the dominant cation followed by 

magnesium and sodium, although the sodium content was slightly higher in DTSW. The sodium 

adsorption ratio (SAR) of both the water resources is much less than the critical limit. Carbonate and 

bicarbonate of the DTSW was slightly higher than the WW, whereas chloride content was 2 to 3 fold 

higher in DTSW than WW. On the basis of SAR both the water was suitable for irrigation. On the basis 

of BOD and COD, the DTSW was rated as suitable for irrigation purpose when compared with the 

prescribed limit of 100 and 250 mg L
-1

 for BOD and COD respectively. In case of all the major nutrients 

(NPK) they were slightly higher in DTSW but not significantly more than WW. Nitrogen was three times 

higher, phosphorus was five times more and potassium was slightly higher in DTSW. Available 

micronutrients and heavy metals in treated irrigation water are presented in Fig.3. 
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Table 1. Characteristics of DTSW and WW used for irrigation 

Parameter DTSW  WW 

pH 
 

7.1± 0.12 
 

7.5±0.76 
 EC (dSm

-1
)  

 
0.602±0.18 0.412±0.017 

SAR 0.656±0.098 0.615±0.056 

Carbonates (CO3) (mg L
−1

) 
 

0.57±0.068 0.30±0.013 

Bicarbonates (HCO3-) (mg L
−1

) 
 

3.81±0.23 3.18±0.036 

Chlorides (Cl
-
) (mg L

−1
) 

 
3.68±0.98 1.48±0.84 

Calcium (mg L
−1

)  
 

4.12±0.096 2.68±0.09 

Magnesium (mg L
−1

) 
 

1.42±0.32 0.72±0.09 

Sodium (Na) (mg L
−1

) 
 

1.09±0.022 0.80±0.014 

BOD (mg L
−1

) 
 

4.14±0.32 1.62±0.084 

COD (mg L
−1

) 
 

15±0.54 5. ±0.074 

TDS (mg L
−1

) 399±0.67 278±0.85 

Nitrogen (mg L
−1

) 3.7±0.24 1.1±0.098 

Phosphate (mg L
−1

) 1.3±0.81 0.26±0.087 

Potassium (mg L
−1

) 0.32±0.07 0.22±0.016 
 

 
 

 

 
Fig.3: Available micronutrients and heavy metals in DSTW samples 

 

2: Crop Yield  

 

 A: Effect of treated sewage water irrigation on growth and yield of spinach 

The use of DTSW has favourably influenced the crop production; its continuous application for number of 

years may result in enrichment in top soils (Antolın et al. 2005). The yield of crop like spinach was 

significantly increased as recorded by DTSW over the WW irrigation (Table 2).  
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Table 2. Effect of treated sewage water irrigation on growth and yield of spinach 2012-2013 2013-

2014 

 

Treatmen

ts 

 

Height(cm) Green Yield ( kg plot
-1

) Yield ( t ha 
-1

) 

2012-

2013 

2013-

2014 
Mean 

2012-

2013 

2013-

2014 
Mean 

2012-

2013 
2013-2014 Mean 

T1- 

DTSW 
26.03 

28.46 27.2

5 
1.20 

1.29 1.245 
11.97 

12.89 12.43 

T2-WW 23.91 
25.67 24.7

9 
0.99 

1.06 1.025 
9.95 

10.39 10.17 

SE(m)  0.50 0.85 -- 0.04 0.04 -- 0.37 0.55 -- 

CD at 5% 1.50 2.53 -- 0.11 0.12 -- 1.10 1.62 -- 

F  Test Sig. Sig. -- Sig Sig. -- Sig Sig. -- 

 

The significantly higher crop yield was recorded due to application of DTSW over WW irrigation. The 

DTSW contains large amount of nutrients and therefore could be used as a source of irrigation as 

Madyiwa et al. (2002), Ham et al (2007) as evident by their results. Spinach recorded highest mean yield 

(12.43 t ha
-1

). The height of spinach at the time of harvest (30 DAS) was found significantly higher in the 

case of irrigation by DTSW. Fresh spinach yield was observed to increase by 21.75 per cent over 

irrigation with well water. Ladwani et al. 2012; Gupta et al 1998; Thapliyal et al. 2011 also reported 

significantly higher yield of vegetables due to irrigation with domestic wastewater over ground water.  

 

3: Content of micronutrients and heavy metals in vegetables 

(a) Micronutrients:  Concentration of the micronutrient in the spinach was not influenced 

significantly due to irrigation with DTSW. As depicted in Fig.4 concentration of micronutrients 

like Zn, Fe, Cu, and Mn in the plant irrigated with the DTSW was observed slightly higher over 

the irrigation by WW. By and large accumulation of micronutrients due to irrigation with DTSW 

was well below the critical limits prescribed for the phytotoxicity of these micronutrients. Similar 

findings are in line with the results reported earlier by Madyiwa et al. (2002) for the soil irrigated 

with domestic sewage. 

 

 
 

Fig.4: Micronutrients content in spinach after harvest 
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(b) Heavy metals content in spinach 

  

The data comprising to the heavy metals concentration in the spinach are as depicted in the Fig.5 revealed 

that the content of heavy metals viz., Co, Cd, Cr and Pb in the plant was not much accumulated and not 

influenced significantly due to irrigation with DTSW. Content of Co, Cd, Cr and Pb in spinach in the 

treatment of DTSW were slightly higher as compared to the WW irrigation.  

 

 
 

Fig. 5: Concentration of heavy metals in spinach after harvest 

 

The mean heavy metals content in spinach due to irrigation with DTSW was lower than the critical limits 

prescribed for the phytotoxicity of these metals. The finding corroborates with the results reported earlier 

by Yadav et al. (2002) for the soil irrigated with DTSW. 

 

 

4: Changes in the physico-chemical soil properties after harvest of the spinach  

 

(a) Chemical properties 

  

The results in relation to the chemical properties of soil after harvest of the spinach (Table 3a) noticed that 

the mean value of pH of the soil was found to be 7.82 in treatment of irrigation with DTSW whereas it 

was 7.93 in WW irrigation. Al Omran et al. (2011) noticed the similar finding of dropping of pH by use 

of treated sewage effluent as compared with well irrigation and initial value in soil.  

  

Mean value of EC of soil was increased slightly with DTSW (0.44dS m
-1

) as compared to WW irrigation 

(0.315 dS m-
1
) to spinach crop. This slight increase in EC might be attributed to content of the salts in 

sewage. Kalavrouziotis et al. (2008) also reported similar finding of increase of EC due to use of treated 

sewage water irrigation in soil as compared to ordinary irrigation water and initial status value. Yadav et 

al. (2002) noticed similar results stating use of sewage water for irrigation increased the soil electrical 

conductivity because of more salt content. The organic carbon content was not influenced statistically but 

irrigation with DTSW to spinach crops increased mean organic carbon content (5.46g kg
-1

) as compared 

to WW irrigation (5.30g kg
-1

). Wang et al. (2007) reported similar finding of increase in organic carbon in 

soil due to use of sewage water for irrigation. The mean value of available nitrogen in the soil was 

increased slightly by irrigation DTSW (281.7 kg ha
-1

) and slightly reduced in treatment by WW irrigation 

(273.6 kg ha
-1

). The increase in available nitrogen was noticed to the extent of 4.26 per cent by DTSW 

over the initial value of available nitrogen in soil after harvest of the spinach . The increased in mean 
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value of available phosphorous in soil after harvest of the spinach was observed in treatment of irrigation 

with DTSW (17.77 kg ha
-1

) which was (16.66 kg ha
-1

) in the treatment of the WW irrigation. The mean 

value of available potassium in soil after harvest of the spinach in the treatment of irrigation with the 

DTSW was found (442.0 kg ha
-1

) however WW irrigation (433.15 kg ha
-1

) increased its availability in the 

soil. The increase in available potassium was noticed to the extent of 7.50 per cent by DTSW over the 

initial status, this finding are consistent with the Ladwani et al.(2012), Alikhasi et al. (2012)  and Mandal 

et al. (2008). 

 

Table 3.(a) Changes in the chemical properties of the soil irrigated with DTSW and WW after 

harvest of spinach during 2012-13 and 2013-14 

Treatments 

pH 
  

EC 
(dS m-1) 

Organic carbon 
(g kg-1) 

Nutrient (kg ha-1) 

N P K 

2012-
13 

2013-
14 

Mean 2012-
13 

2013-
14 

Mean 2012-
13 

2013-
14 

Mean 2012-
13 

2013-
14 

Mean 2012-
13 

2013-
14 

Mean 2012-
13 

2013-
14 

Mean 

T1- DTSW 7.85 7.78 7.82 0.43 0.45 0.44 5.41 5.51 5.46 279.6 283.8 281.7 17.22 18.34 17.77 435.7 448.3 442.0 

T2-WW 7.93 7.92 7.925 0.31 0.32 0.315 5.27 5.32 5.30 266.8 280.3 273.6 16.44 16.88 16.66 428.1 438.2 433.15 

Initial 
status 

7.91 7.91 7.91 0.32 0.32 0.32 5.21 5.21 -- 270.2 270.2 -- 15.23 15.23 -- 417.0 417.0 -- 

‘F’ test NS NS -- NS NS -- NS NS -- NS NS -- NS NS -- NS NS -- 

SEm (±) 0.21 0.08 -- 0.03 0.03 -- 0.13 0.06 -- 10.48 8.71 -- 1.56 1.23 -- 9.54 8.61 -- 

 

 

Table 3.(b) Changes in the physical properties of the soil irrigated with DTSW and WW after 

harvest of spinach during 2012-13 and 2013-14 

Treatments 

Bulk density      (Mg m
-3

) 

 

Hydraulic conductivity  (cm hr
-1

) 

2012-13 2013-14 Mean 2012-13 2013-14 Mean 

T1- DTSW 1.32 1.28 1.30 1.50 1.47 1.485 

T2-WW 1.42 1.43 1.425 1.54 1.56 1.55 

Initial 

status 
1.35 1.35 

      -- 
      1.52 

1.52 -- 

„F‟ test NS NS -- NS NS -- 

SEm (±) 0.08 0.06 -- 0.11 0.10 -- 

 

(b) Physical properties 

The data pertaining to the physical properties of soil viz., bulk density and hydraulic conductivity are 

presented in Table 3(b). 

  

The bulk density of soil was not influenced significantly due to irrigation with DTSW. The mean bulk 

density was found to be 1.30 Mg m
-3

 in treatment of irrigation with DTSW which reduced with initial and 

with the value (1.425 Mg m
-3

) in treatment WW irrigation after harvest of the spinach. Bulk density was 

slightly decreased in soil irrigated with DTSW over the WW and initial status of the soil. Lado et al.  

(2002) also observed the decrease in bulk density of soil in treated sewage water. 

 

The mean value of hydraulic conductivity found to be decrease slightly due to irrigation with DTSW 

(1.485 cm hr
-1

) while with WW irrigation (1.55 cm hr
-1

). It might be attributed as DTSW contains the 

suspended solid particles and therefore this water irrigation can have direct effect on hydraulic 

conductivity by plugging of capillary pores of soil by suspended solid particle carried by the irrigating 
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effluent. The findings are consistent with the Vinten et al.(1983); Lavy et al.(1999) and Lado et al. (2002) 

in review study of DTSW irrigation effect on soil hydraulic properties in the arid and semiarid zones.  

 

(c) Micronutrients 

  

The data pertaining to micronutrients content in soil after harvest of spinach (Table 4) indicated that the 

content of micronutrients in the soil was not influenced significantly due to irrigation with DTSW. The 

available Zn, Fe, Cu, and Mn were found were slightly higher in the treatment of DTSW as compared to 

irrigation with WW.  By and large accumulation of micronutrients due to irrigation with DTSW was well 

below the critical limits prescribed for the phytotoxicity of these micronutrients. Al Omron et al. (2011) 

reported the similar result of increase of micronutrients in the soil by use of treated sewage water for 

irrigation. 

 

Table 4. Micronutrients in the soils 

Treatmen

ts 

Micronutrients 

Zn 
 

Fe Cu Mn 

2012-

13  

2013-

14 

Mean 2012

-13  

2013

-14 

 

Mea

n 

2012

-13  

2013-

14 

Mea

n 

2012-

13  

2013-

14 

Mean 

T1- DTSW 0.74 0.77 0.755 4.3

1 

4.3

4 

4.32

5 

0.5

1 

0.54 0.52

5 

2.65 2.78 2.72 

T2-WW 0.68 0.69 0.685 4.1

6 

4.1

5 

4.15

5 

0.4

2 

0.43 0.42

5 

2.62 2.67 2.64 

„F‟ test NS NS -- NS NS -- NS NS -- NS NS -- 

SEm(±) 0.08 0.06 -- 0.0

9 

0.1

4 

-- 0.0

5 

0.03 -- 0.08 0.08 -- 

Initial 

status 
0.71 -- 4.12 -- 0.45 -- 2.60 -- 

Safe limit 2.00 -- 10.00 -- 5.00 -- 5.00 -- 

 

(d) Heavy Metals 

  

The heavy metal accumulation content in the soil after harvest of spinach (Table 5) revealed that the 

content of extractable heavy metals viz., Co, Cd, Cr and Pb was not much accumulated due to irrigation 

with DTSW in soil after harvest of the spinach. 

 

Table 5. Heavy metals in the soils 

Treatment

s 

Heavy metals 

Co Cd Cr Pb 

2012-

13 

2013-

14 

Mean 2012-

13 

2013-

14 

Mean 2012-

13 

2013-

14 

Mean 2012-

13 

2013-

14 T1- DTSW 0.019 0.023 0.021 0.011 0.016 0.0135 0.043 0.055 0.049 1.1 1.22 

T2-WW 0.017 0.018 0.0175 0.009 0.011 0.010 0.034 0.036 0.035 1.05 1.09 

„F‟ test NS NS -- NS NS -- NS NS -- NS NS 

SEm(±) 0.01 0.0 -- 0.0 0.0 -- 0.0 0.0 -- 0.03 0.05 

Initial 

status 
0.013 -- 0.007 -- 0.031 -- 1.02 

Safe limit 2.000 -- 0.500 -- 1.000 -- 5.00 

 

 The accumulation of Co, Cd, Cr and Pb was as depicted in Table.5. Heavy metals in soil due to irrigation 

of DTSW were well below the safe limits in soil. Emongor and Ramolemana (2004) reported the similar 

finding in use of treated sewage water for irrigation of the crop. Similarly Datta et al. (2000) and Surdyk 

et al. (2010) reported consistent result of accumulation of heavy metals in the soil after the irrigation with 

treated water. 
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(e) Pathogenic count in DTSW 

  

As revealed in the table 6 pathogenic counts in the two samples of the raw sewage water and two samples 

of DTSW are studied and as per finding the faecal colliform are more than the recommended revised 

microbiological guidelines for treated wastewater use in agriculture. A Bulletin of the World Health 

Organization, 2000, 78(9) therefore treated sewage water is suitable for the irrigation to the field crops 

except the vegetables which can be eaten raw or uncooked vegetable used in the food. 

 

Table 6. Pathogenic count in DTSW 

Sample 
No 
 

 

 

 

Parameter. 
Parameters Param

ters 
 

Faecal 

colliform 
Salmonell

a 
spp. 

Shigella 

spp. 
Vibrio 
Cholerae 

Entamoeba 
Histolytica 
cyst 

Ascaris 
Lubricold

es 
egg 
 

Metho

d 
APHA IS5887 

(part3) 

1999 

IS5887 
(part 7) 

1999 
 

IS5887 
(part V) 

1976 
 

By 

Microscopy 
By 

Microsco

py Sample 

No-1 
(SW) 

Result

s 
3.5x10

6 Absent Absent Absent ND ND 

Unit MPN/100

ml 
/100 ml /100 ml /100 ml / lit. / lit. 

Sample 

No-2 
(SW) 

Result

s 
3.5x10

6 Absent Absent In Absent ND ND 

Unit MPN/100

ml 
/100 ml /100 ml /100 ml / lit. / lit. 

Sample  

No-3 
(TSW) 
 

Result

s 
5.4x10

5 Absent Absent Absent ND ND 

Unit MPN/100

ml 
/100 ml /100 ml /100 ml / lit. / lit. 

SampleNo-

4 
(TSW) 
 

Result

s 
5.4x10

5 Absent Absent Absent ND ND 

Unit MPN/100

ml 
/100 ml /100 ml /100 ml / lit. / lit. 

 

 

(f) Microbial count in soil after harvest of spinach 

  

The data pertaining to the microbial count viz., bacterial population, fungal population and antinomycetes 

population in soil after harvest of cotton are presented in Table 7. The results revealed that the bacterial, 

fungal and antinomycetes population in soil after harvest of crop was found slightly higher in soil with 

irrigation of DTSW as compared to irrigation with WW. 

 

Table 7.Changes in the microbial properties of the soil irrigated with DTSW and WW after harvest 

of the spinach 

Treatments Bacterial 

population(cfux10
6
) 

Fungal population 

(cfux10
4
) 

Antinomycetes 

Population 

(cfux10
4
) 

T1-Treated water 41.00 8.89 29.67 

T2-Well  water 24.67 3.04 10.33 

SE(m)± 0.54 0.22 1.55 

CD at 5 % 1.44 0.579 4.09 
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(f) Pathogenic Count in spinach crop irrigated with treated sewage water. 

  

As revealed in the table 7, pathogenic counts in the two samples of the spinach crop irrigated by treated 

sewage water are studied and as per finding the Total colliform, faecal colliform and E coli are in 

negligible quantity in spinach crop as compared with the Government and Industry Standards for 

Bacterial Indicator Organisms in Selected Foods and in Water. 

 

Table.8.Pathogenic Count in spinach crop irrigated with treated sewage water 

Sr. No Name of Pathogen Method Unit Result 

1 Total colli forms IS 5401Incubated at 370 C for 24 hrs Cfu /g Less than 10 

2 Feacal Colliform B.M.A. MPN/g Less than 3 

3 
 

E.Coli 
 

IS 5887 (Part 1) /g Absent 

(Reference: Government and Industry Standards for Bacterial Indicator Organisms in Selected Foods 

and in Water) 

 

Conclusion 

 

If land with suitable topography, soil characteristics and drainage is available, DTSW can put good use as 
a source of both irrigation water and plant nutrients. DTSW contains high amount of organic matter, 
nutrients and some heavy metals which are toxic to plants beyond a certain limit. The concentrations of 
micronutrients (Zn, Fe, Cu, and Mn) and heavy metals like Co, Cd, Cr and Pb in spinach and soil irrigated 
with DTSW was observed well below the critical limits prescribed for the phytotoxicity of these metals. 
Application of DTSW increased the yield of spinach compared to irrigation with WW; it also increases 
total N, P, K and organic carbon content of soil. In India, encountering the problems of water scarcity 
and high cost of fertilizers, domestic treated sewage water could be successfully used for irrigation. 
Findings indicate that, DTSW with physical, chemical and biological treatment through wetland 
engineering technique could increase water resources for irrigation may prove to be beneficial for 
agricultural production in sustainable environment. 
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