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Soil Characteristics Affected by long term Application of Sewage Wastewater

Rana, L . ,  Dhankhar, R .* and  Chhikara , S .

Ecology Laboratory, Department of Environmental Sciences, Maharishi Dayanand University,
Rohtak, Haryana, India

ABSRACT:The long term effects of sewage water irrigation on soil properties and heavy metal concentra-
tions at Rohtak city, Haryana (India) was investigated. At each location, soil samples were collected from the
upper layer (0-10cm) for determination of various physico-chemical parameters. Heavy metals (Pb, Cu, Mn,
Zn, Cd, Ni, and Fe) were also determined. The chemical analysis of sewage effluent showed that total salt
concentration and heavy metal content was high compared to ground water but within the safe limits. Thus,
sewage effluent remained within permissible limits for use as irrigation water. Soil analysis revealed that
organic carbon, phosphorus, calcium and magnesium content were high in sewage irrigated soils compared to
tube well irrigated soils. The soil pH decreased by 0.38 units as a result of sewage water irrigation. The
continuous application of untreated sewage effluent for last 35 years resulted into significant accumulation of
nutrients and heavy metals in soils. Organic carbon content showed positive correlation with all heavy metals
except Zn while pH had negative correlation with all   metals except Mn. Electrical conductivity had a positive
correlation with all metals.
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INTRODUCTION
The clean and safe environment is the basic re-

quirement of human existence. Today, due to constraint
in availability of fresh water for irrigation, waste water
especially sewage water is being used for irrigation of
agricultural fields. Various studies confirm that treated
sewage waste water can be useful as an additional wa-
ter resource for irrigation (Palese et al., 2009; Mehrdadi
et al., 2007). Application of sewage water improved the
physico-chemical properties and nutrient status of the
soil and increases crop production as it supplies N, P
and K and also valuable micronutrients than what crop
requires (Panicker, 1995). On the other hand, the use of
sewage water in agriculture is associated with health
risks because of presence of pathogenic micro-organ-
isms (Toze,2006), metallic contaminants like Cu, Ni, Cd,
Cr, Zn (Misra & Mani,1991) and polychlorinated sub-
stances (Bansal,1998). McGrath and Lane (1989) re-
ported that more than 80% of toxic metals originally
added were still present in top soil layers 25 years after
sewage sludge application. Toxic effects of heavy met-
als upon soil micro-organisms and microbial mediated
processes have been reviewed by Duxbury (1985) and
Doelman (1986).

In India, sewage water generation is 29000 million
liters per day against the existing treatment capacity
of 6000million liters per day (Central Pollution Control
Board, 2004). The use of treated sewage in irrigation
was emphasized in the Water (Prevention and Control
of Pollution) Act, 1974.Due to lack of facilities; un-
treated sewage water is being used by farmers to sat-
isfy crop water needs. This indiscriminate continuous
use of such effluent for crop production could result
in the concentrations that may become phytotoxic
(Ghafoor et al., 1999). Most of the crops and veg-
etable species growing in metal polluted soils are un-
able to avoid the absorption of these metals (Baker,
1981). Studies have shown that on applying sewage
water to soil, Cu is among those metals that would
quickly double its concentration in the top soils (Jorge
et al., 2005). Bansal et al. (1992) compared the accu-
mulation of Zn, Cu, Mn and Fe in soils irrigated with
waste water and tube well water. Accumulation of
heavy metals in agricultural soils is a subject of in-
creasing concern due to food safety issues and po-
tential health risks as well as detrimental effects on
soil ecosystem (McLaughlin et al., 1999). There is a
well recognized need to detect the level of pollution
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of soil given the increased use of sewage water in agri-
cultural soils. It provides an indication of soil health.
The Sewage effluent of the Rohtak city is discharged
into two   lined channels both of which join a larger
channel. For the past 35 years, farmers owning land
along these channels are making use of this untreated
sewage effluent for irrigation purposes.The chosen agro-
ecosystem, is intensively cultivated for growing veg-
etables, pulses etc. In this paper, we have studied the
long term influence of sewage water on soil properties
and heavy metal concentrations. The comparison is also
made between the various parameters of the soils irri-
gated with sewage waste water and tube well water.

MATERIALS & METHODS
The study was conducted in Rohtak city which is

located between 76° 25' and 76° 94' East longitudes and
28° 35' and 28° 80' North latitude, lying at 219.84 meters
above sea level. The climate in this area is classified as
continental with extremes of heat in summer and mark-
edly cold in winters. The annual rainfall of Rohtak is
455mm, most of which is received during the last week
of June to September contributed by South-west mon-
soon. The soil samples at the depth of 0-10cm were
collected from seven random spots of sewage irrigated
agricultural fields of Rohtak city and of nearby fields
irrigated by tube well water. Before chemical analysis,
they were air dried, powdered and sieved through a
2mm sieve. Stones and plant materials were removed
manually.The water samples were also collected in
polythene bottles from the sewage disposal site and
from four tube wells, located in tube well irrigated fields.
The hydrogen ion concentration and electrical conduc-
tivity of sewage water samples were determined imme-
diately after collection by pH meter and electrical con-
ductivity meter respectively.  Dissolved oxygen, B.O.D.,
Ca2+ , Mg2+, Chloride, Nitrate, sulphate and phosphorus
were measured as per the method given by APHA (1992).
Heavy metals like Ni, Cd, Zn, Cu, and Pb were estimated
after wet digestion with 1:4 mixtures of HClO4 and HNO3,
followed by measurement of respective concentrations
with the help of atomic absorption spectrophotometer.
The pH of the soil samples was determined using glass
electrode pH meter. Soil salinity was determined in soil
extracts using conductivity meter and expressed as elec-
trical conductivity (E.C.ds/m). Soluble captions (K+, Na+)
were determined by Flame photometer (Rhoades, 1982).
Total alkalinity (CO3 and HCO3) and Cations (calcium
and magnesium) were determined as per the method
given in USDA Handbook No.60 (US Salinity Lab Staff,
1954). Organic carbon was determined by Walkley and
Black rapid titration method. The method is based on
organic matter oxidation by K-dichromate. Available
Phosphorous was determined by the method prescribed
by Bray and Kurtz, 1945. Chloride was determined by

standard silver nitrate titration method (Jackson, 1967).
All heavy metal concentrations in solution phase were
determined by using atomic absorption spectrophotom-
eter (AAS). Extractable metals were determined by AAS
using DTPA as single extract ant (Lindsay & Norvell,
1978). The data obtained were subjected to mean and
standard deviation. Correlation coefficient between
physico-chemical parameters, metal concentrations and
interaction of both was carried out in sewage irrigated
soil samples and tested for significance following Rao
and Richard (2001). The data were analyzed on Microsoft
Excel and SPSS 7.5 software programs.

RESULTS & DISSCUSSION
The sewage effluent samples and tube well water

samples were characterized as shown in Table1. Tube
well water samples were analyzed to evaluate the suit-
ability of sewage water as a source of irrigation. The
tube well water exhibited almost neutral hydrogen ion
concentration value (7.3) while the pH of sewage wa-
ter is slightly alkaline in reaction (7.6). The enhance-
ment of pH is due to addition of various soluble salts
in sewage water. Despite the increase of 3.94%, the pH
value of sewage waste water was within the permis-
sible limits in respect of its use on agricultural
lands(Desai et al.,1990).The salt content/E.C. of sew-
age water (2.30ds/m) was 51.3% higher than that of
tube well waters (1.12ds/m) indicating that industrial
effluent discharged are brackish. The total dissolved
solids in the sewage water were found to be 26.27%
more than that of tube well waters. With respect to
tube well water samples studied, the dissolved oxygen
of sewage waste water sample (1.42g/l) was low. Low
dissolved oxygen is indicative of higher value of bio-
logical oxygen demand. Thereby, B.O.D. of sewage
water was quite high compared to the tube well water
samples; it also exceeded the prescribed limit of 100mg/
L. This condition of high biological oxygen demand
value may pose problem to the use of sewage water for
irrigation purpose.

The nutrient elements were present in high
concentration in sewage waste water, with phosphorus
(6.4 mg/L) content being 80.15% higher the content in
well waters (1.27 mg/L) and nitrate content(25 mg/L)
94.4% more than that of tube well water(1.4 mg/L). Both
were exceeding the prescribed limits of 5mg/L and
10mg/L for phosphorus and nitrate content
respectively. High nitrate concentration may be due to
the presence of urea[CO (NH2)2] which is the major
source of nitrogen in sewage (Ganguly and Maiti, 2004).
The sulphate content in sewage water was 125.68mg/L
which is 48.13% higher than of tube well water samples
(65.18 mg/L).The variation in the amount of nutrients
present in the sewage water may be due to the variation
in the mineralogical composition of their sources from
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Table 1.Characteristics of sewage and tubewell water

Parameters Tube-well water 
(Mean values) 

Sewage waste water Percent increase 

1.pH 
2. E.C.(ds/m) 
3.Carbonates 
4. Bicarbonates(me/L) 
5.Chlorides(me/L) 
6. Ca+Mg(me/L) 
7.S.A.R. 
8.D.O.(mg/L) 
9.B.O.D.(mg/L) 
10.Phosphorus(mg/L) 
11. T.D.S.(mg/L) 
12.Sulphate(mg/L) 
13.Nitrate(mg/L) 
14. Ni(ppm) 
15.Cd(ppm) 
16.Zn(ppm) 
17.Cu(ppm) 
18.Pb(ppm) 
19.Fe(ppm) 

7.3 
1.12 
nil 
9.35 
3.8 
5.2 
1.2 
4.5 
3 
1.27 
870 
65.18 
1.4 
0.015 
N.D. 
0.04 
N.D. 
N.D. 
0.05 

7.6 
2.30 
nil 
14 
5 
8 
1.8 
1.42 
120 
6.4 
1180 
125.68 
25 
0.17 
0.03 
1.47 
0.32 
0.35 
1.26 

3.94 
51.3 
- 
33.21 
24 
35 
33.33 
-68.44 
97.5 
80.15 
26.27 
48.13 
94.4 
91.17 
100 
97.27 
100 
100 
96 

 
where they are disposed off.  The chloride content of
sewage effluent (3.8 meq/L) was 24% higher than that
of tubewell (5 meq/L) water samples. This parameter
may not pose a problem for use as irrigation water. An
alkalinity of the effluent seems to be due to bicarbonates
(14 meq/L) only because carbonates were not observed
in the effluent. The calcium and magnesium content of
sewage effluent has increased by 35% compared to
tube well water samples. This increase may be due to
the addition of certain compounds (which imparts
hardness) after domestic use of the water (Ganguly
and Maiti, 2004). The concentration of heavy metals in
sewage effluent depends on the nature of industries
and domestic uses (Misra et al., 1992). High content of
Cd and Ni have earlier been reported in sewage water
contaminated with effluent discharge from
electroplating industries (Narwal et al., 1990). In the
present study, though the concentration of heavy
metals viz. Ni, Cd, Zn, Cu, Pb and Fe were higher in
sewage effluent with respect to ground water samples
but still it is within the limits prescribed for land
disposal. Physico-chemical properties of the soils are
given in Table 2. Repeated application of sewage
effluent to agricultural lands can have significant effects
on soil properties. The analysis of soil samples (Table
3) reveals high chloride, bicarbonate, calcium and
magnesium content of sewage irrigated soil compared
to tube well irrigated soils.The carbonates in sewage
irrigated soils form sparingly insoluble solid phases
with many metals and have been observed to account
for the major portion of several metals (Karpanagiotis
et al., 1991). A strong positive correlation has been
found between Fe and Cl content and between Cd and
Cl content (Table 4). The importance of chloride in

increasing the mobilization and availability of Cd
through the formation of Cd-chloro complexes has been
reported to increase tissue Cd content of wheat and
Swiss chard in soils amended with evaporative dried
sludge (Weggler-Beaton et al., 2000). It has been
suggested that high chloride levels in sewage water
should be lowered before use on agricultural land.The
soils irrigated with sewage water were weakly alkaline
with a pH value of 7.84, 0.38 units less than that of
tube well irrigated soils. The presence of significant
quantities of mineralizable nitrogen and readily
degradable organic matter in sewage sludge influences
sludge pH. The soil pH influences the solubility and
nutrient availability and also acts as prime factor
affecting potential metal availability. In general, heavy
metal cations are most mobile under acidic conditions
(Christensen, 1984). As expected, all heavy metal ions
show negative correlation with pH except Mn (Table-
4). A significant positive correlation has been found
between pH and Ca+Mg concentration and between
pH and chloride (Table 3). The long term addition of
sewage water to agricultural lands enhanced electrical
conductivity value from 0.99ds/m for tube well irrigated
to 1.65ds/m for sewage irrigated soil due to the high
salt content present in the sewage effluents. Sewage
application to soil may constitute a source of plant
nutrients but simultaneously it may also increase
heavy metal content. The electrical conductivity is
positively correlated with all the heavy metals in soils
and show significant positive correlation with Fe and
Mn. A significant correlation was also observed
between E.C. and chloride. High concentration of
organic matter in sewage water reflected by high B.O.D.
value has resulted in enhancement of available and



516

Soil Characteristics & Wastewater

Table 2. Physico-chemical properties of soils irrigated with sewage and tubewell water

Parameters Tubewell irrigated soil   
Mean  values +S.D.   

Sewage water  irrigated 
soil   Mean  values +S.D. 

Percent increase 

1. pH                                
2. E.C.(ds/m)                
3. Carbonates                   
4. Bicarbonates   (mg/L)   
 5. Chlorides(mg/L)           
 6. Ca+Mg(mg/L)                                  
7. Org.Carbon(%)                                 
8. Pottassium(ppm)         
9. Sodium (ppm)              
10.  Phosphorous   
  (Kg/hec.) 
11. Fe(ppm)      
12. Mn (ppm)                                        
13. Ni (ppm)                                          
14. Cd (ppm)                                         
15. Zn (ppm)                                          
16. Cu (ppm)                                         
17. Pb (ppm)                                         
 
 

8.15+0.1718 
0.975+0.0181 
Nil 
197.57+6.32 
 
275.2+4.15 
215.14+14.14 
0.707+0.0335 
8.13+0.283 
11.27+1.217 
14.15+0.704 
 
2.482+0.828 
0.462+0.0610 
0.311+0.0644 
N.D. 
2.538+0.877 
0.652+0.2498 
1.06+0.304 

7.84+0.0989 
1.65+0.0302 
Nil 
246.14+12.54 
 
388.5+12.99 
253+6.42 
0.882+0.0372 
20.14+3.225 
13.69+1.512 
20.98+2.50 
 
11.24+1.487 
2.04+1.05 
4.28+1.418 
0.61+0.050 
10.62+1.33 
3.82+0.587 
3.59+0.370 

-3.80 
40.90 
- 
19.73 
 
29.16 
14.96 
19.84 
59.63 
17.67 
32.55 
 
77.91 
77.35 
92.73 
100 
76.10 
82.93 
70.47 

 
Table 3.Correlation coefficient of physico-chemical parameters of soil as influenced by sewage water  irrigation

 E.C. pH HCO3 Cl Ca+Mg O.C K Na P 
E.C. 1         
Ph -0.447 1        
HCO3 0.293 -0.134 1       
Cl 0.820** -0.683** 0.210 1      
Ca+Mg -0.077 0.702** 0.157 -0.426 1     
O.C 0.320 0.196 0.333 -0.148 0.403 1    
K -0.501 0.470 -0.819** -0.425 0.317 -0.383 1   
Na -0.116 -0.149 0.264 -0.421 0.180 0.582* -0.293 1  
P -0.193 0.376 0.160 -0.381 0.834** 0.386 0.289 0.404 1 
 * Significant at 5% level r>0.532, **Significant at 1% level r>0.661(n=7)

Table 4. Correlation coefficient of heavy metals in soil with physico-chemical properties of soil as influenced by
sewage water

 Fe Mn Ni Cd Zn Cu Pb 
E.C. 0.832** 0.540* 0.323 0.250 0.498 0.316 0.174 
pH -0.601* 0.336 -0.215 -0.465 -0.046 -0.236 -0.013 
O.Carbon 0.376 0.191 0.397 0.070 -0.216 0.223 0.410 
HCO3 -0.064 0.116 0.587* 0.262 -0.144 -0.339 -0.391 
Ca+Mg -0.240 0.128 0.471 -0.557* 0.370 -0.273 0.349 
Na 0.091 -0.620* 0.656* -0.238 -0.252 -0.266 0.215 
K -0.288 -0.159 0.368 -0.483 0.191 0.080 0.405 
P -0.130 -0.300 0.580* -0.291 0.168 -0.0619 0.592* 
Cl 0.700** 0.386 0.0493 0.556* 0.369 0.438 0.0349 

 * Significant at 5% level r>0.532, **Significant at 1% level r>0.661(n=7)

total nutrients in soil over the years as compared to
tube well irrigated soil. There is significant increase of
32.55%, 59.63% in available phosphorus and potassium
content respectively in sewage irrigated soil. Sludge
containing significant quantities of calcium and
phosphorus has an increased quantity to retain heavy
metals (Brown et al. , 1997).Sodium was also
accumulating in sewage irrigated soil. Sewage irrigated

soil has 0.882% organic carbon compared to 0.707% of
tube well irrigated soil. Most of the differences in
organic matter content and electrical conductivity
maybe attributed to long term application of waste
water in soil (Ross et al., 1982).Organic carbon content
have positive correlation with almost all nutrients and
heavy metals but none of them was found to be
significant as evident from the table 3 and 4. Thus, the
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availability of micronutrients and heavy metals can be
increased with improving organic carbon status of soil
(Trehan, 1996). The degradation of sludge organic
matter may be a significant factor in release of heavy
metals in sewage sludge amended soils (McBride,
1995). This is supported by the fact that Cd and Zn in
sludge are largely associated with organic fractions
(Karpanagiotis et al., 1991). The analysis of sewage
irrigated soil samples showed that the contents of
DTPA extractable micronutrients i.e. Zn, Cu, Fe and
heavy metals Ni, Cd, Pb increased appreciably as
compared to the tubewell irrigated soils since the
sewage effluent contained higher concentration of
these elements. In the present study, the Cu (82.93%)
and Ni (92.73%) concentrations showed highest
percent of increase while Pb (70.47%) showed the
lowest percent of increase in sewage irrigated soils
than that of tube well irrigated soils. However, Cd was
found in soil samples from sewage irrigated fields only.
The continuous use of sewage waste water for crop
production result in accumulation of trace elements in
concentration that may become phytotoxic (Kirkham,
1983). The increase in DTPA extractable metallic cations
was also reported by Gupta et al., 1998. The extent of
build up of metals in sewage water irrigated soils often
depends on sewage water composition and the period
of its application(Bansal et al.,1992), in this case being
35 years. In the present study, in spite of higher
percentage increase in contents of heavy metals in
sewage irrigated soils, they were all within the safe limits
prescribed by WHO. The inter-metallic correlation as
shown in Table 5 reveals significant positive correlation
between Fe and Cu, Fe and Pb, Cu and Cd, Cu and Pb.
The importance of Fe oxides and hydroxides in reducing
the availability of sludge borne metals has been widely
acknowledged (Smith 1996, Chaney et al., 2000).

Bioavailability of metals depends on the type and
genetic features of soil forming rocks, soil composition,
and amount of organic matter and other chemical and
physical properties of soil (Lokeshwari and
Chandrappa, 2006). It also depends on the
concentrations of anions and chelating ligands present
in water, pH, redox status and the presence of
adsorbent sediments (Mido and Satake, 2003). Indeed,
the concentration of free metal ions in soil solution
has been shown to be closely linked to toxicity (Ma et

al., 1999; McBride, 2001). This is because the free ion
species of cationic metals is the dominant form
absorbed by organisms (Kochian, 1991). Lokeshwari
and Chandrappa 2006 reported highest bioavailability
of Fe for plants and animals in sewage-fed lake water.

CONCLUSION
The present study reveals that the sewage waste

water can be used as an alternative to fresh water irri-
gation and as a source of fertilizers, since it has high
contents of both organic matter and nutrients (N, P
and K) and even after 35 years of its continuous use,
heavy metals were found within the permissible limits
in sewage irrigated soils. Nevertheless, the agricultural
use of these effluents should be well controlled, be-
cause of the persistence of metals in the soil in an
extractable and plant available form for many years.
For this reason, it is necessary to control the quality of
both soils and waste water in order to adjust the dose
applied. The present trend of indiscriminate use of
untreated sewage water must be controlled. It should
be treated before its use on land or it should be used
after proper dilution.

REFERENCES
APHA, (1992). Standard methods for the examination of
water and waste water. APHA, AWWA and WPCF. 16th ed.

Baker, A. J. M. (1981). Accumulators and excluders-strate-
gies in the response of plants to heavy metals. J. Plant
Nutrition, 3, 643-654.

Bansal, O. P. (1988). Heavy metal pollution of soils and
plants due to sewage irrigation. Indian J. Environ. Hlth. 40
(1), 51-57.

Bansal, R. L., Nayyar, V. K. and Takkar, P. N. (1992). Accu-
mulation and bioavailability of Zn, Cu, Mn and Fe in soils
polluted with industrial waste water. J. Indian Soc. Soil Sci.
40, 796-799.

Bray, R. H. and Kurtg, L. T. (1945). Determination of total,
organic and available forms of phosphorus in soils. Soil Sci.
59, 39-45.

Brown, S., Chaney, R. F. and Angle, J. S. (1997). Subsurface
liming ad metal movement in soils amended with lime-stabi-
lized biosolids. J. Environ. Qual., 26, 724-732.

Central pollution control board (CPCB), (2004). Sewage
treatment in India. Cent. Poll. Cont. Board, New Delhi.

Chaney, R. L., Brown, S. L. and Angle, J. S. (2000). In situ
remediation/ reclamation /restoration of metals contaminated
soils using tailor-made biosolid mixtures.  Proceedings of
the Symposium on Mining, Forest and Land Restoration;
The Successful ISE of Residuals/Biosolids/Organic matter
for reclamation Activities. Rocky Mountain Water Environ-
ment Association, Denver, CO.

Christensen, T. H. (1984). Cd soil sorption at low
concentrations:I. Effect of time, Cd load, pH and Ca. Water,
Air, Soil Pollution, 21, 105-114.

 Fe Mn Ni Cd Zn Cu Pb 
Fe 1       
Mn 0.199 1      
Ni 0.209 -0.312 1     
Cd 0.338 0.163 -0.301 1    
Zn 0.313 0.225 0.369 -0.517 1   
Cu 0.625* 0.235 -0.399 0.682** -0.171 1  
Pb 0.541* -0.151 0.185 0.026 0.221 0.634* 1 
 

Table 5.Correlation coefficient of heavy metals in
soil as influenced by sewage water irrigation

* Significant at 5% level r>0.532, **Significant at 1%
level r>0.661(n=7)



518

Desai, N. B., Patel, J. K., Pinge, V. L. and Shah, J. C. (1990).
Proceedings of the National Symposium on Protection of
Environment of city water fronts, Central Water Commis-
sion, New Delhi.  57.

Doelman, P. (1985). Resistance of soil  microbial communi-
ties to heavy metals. In Microbial communities in soil
(V.Jensen, A.Kjoller and L.H.Sorensen,Eds). FEMS Sym-
posium, No.33, 4, 369-384, Elsevier, Copenhagen.

Duxbury, T. (1985). Ecological aspects of heavy metal re-
sponses in microorganisms. In Advances in Microbial Ecol-
ogy, 8, 185-235. Plenum Press, New York.

Ganguly, S. and Maiti, S. K. (2004). Genesis of domestic
sewage-Case study of a Residential University Campus.
Journal of  Environ. Science and Engg., 46 (2), 79-85.

Ghafoor, A., Ahmad, S., Qadir, M., Hussain, S. I. and
Murtaza, G.(1999). Formation and leaching of lead species
from a sandy loam alluvial soil as related to pH and Cl:SO4
ratio of leachates. J. Agric. Res., 30, 391-401.

Gupta, A. P., Narwal, R. P. and Antil, R. S. (1995). Sewer
water composition and its effect on soil properties.
Bioresource Technology, 65, 171-173.

Jackson, M. L. (1967). Soil Chemical Analysis. Prentice
Hall Inc.Eagle Clitts, New Jersey.

Heras, J., Manas, P. and Labrador, J. (2005). Effects of
several applications of digested sewage sludge on soil plants.
Journal of Environmental Science and Health, A40, 437-451.

Karpanagiotis, N. K., Sterritt, R. M. and Lester, J. N. (1991).
Heavy metal complexation in sludge-amended soil. The role
of organic matter in metal retention. Environ. Technol., 12,
1107-1116.

Kirkham, M. B. (1983). Study on accumulation of heavy
metals in soils receiving sewage water. Agri. Ecosys.
Environ., 9, 251-255.

Kochian, L.V. (1991). Mechanisms of micronutrient uptake
and translocation in plants. In: Mortvedt, J.J., Cox, F.R.,
Shuman, L.M., Welch RM(Eds.), Micronutrients in Agri-
culture. Soil Science Society of America Inc, Madison, WI,
pp.229-296.

Lindsay, W. L. and Norvell, W. A. (1978). Development of
a DTPA soil test for zinc, iron, manganese and copper. Soil
Sci. Soc. Am. J., 42, 421-428.

Lokeshwari, H. and Chandrappa, G. T. (2006). Impact of
heavy metal contamination of Bellandur lake on soil and
cultivated vegetation. Current Science, 91 (5), 622-627.

Ma, H., Kim, S. D., Cha, D. K. and Allen, H. E. (1999).
Effect of kinetics of complexation by humic acid on toxicity
of copper to Ceriodaphnia dubia. Environ. Toxicol. Chem.,
18, 828-837.

McBride, M. B. (1995). Toxic metal accumulation from ag-
ricultural use of sludge: are USEPA regulations protective?
J. Environ. Qual., 27, 578-584.

McBride, M. B. (2001). Cupric ion activity in peat soil as a
toxicity indicator for maize. J. Environ. Qual., 30, 78-84.

McGrath, S. P., Chaudri, A. M. and Giller, K. E. (1995).
Long term effects of metals in sewage sludge on soils, mi-
cro-organisms and plants. J. Ind. Microbiol., 14, 94-104.

McLaughlin, M. J., Parker, D. R. and Clarke, J. M. (1999).
Metals and micronutrients-food safety issues. Field Crops
Res., 60, 43-163.

Mehrdadi, N., Joshi, S. G., Nasrabadi, T. and Hoveidi, H.
(2007). Aplication of Solar Energy for Drying of Sludge
from Pharmaceutical Industrial Waste Water and Probable
Reuse. Int. J. Environ. Res., 1(1), 42-48.

Mido,Y. and Satake, M. (2003). Chemicals in the environ-
ment. In Toxic metals (eds Sethi, M.S. and Iqbal, S.A.),
Discovery Publishing House, New Delhi,45-68.

Misra, S.G. and Mani, D. (1991). Soil pollution. Ashish
Publishing House, 8/81 Punjabi Bagh, New Delhi, India.

Narwal, R. P., Gupta, A. P. and Anoop Singh Karwasra, S.
P. S. (1990). Pollution potential of some sewage waters of
Haryana. In:Arora S.K.,et al, editors. Recent advances in
environmental pollution and management. Hissar, Haryana,
India: Haryana Agricultural Universiy, p121-126.

Palese, A. M., Pasquale, V., Celano, G., Figliuolo, G., Masi,
S. and Xiloyannis, C. (2009). Irrigation of olive grooves in
southern Italy with treated municipal waste water: Effects
of microbiological quality of soil and fruits. Agriculture,
Ecosystem and Environment, 129, 43-51.

Panicker, P. V. R. C. (1995). Recycling of human waste in
agriculture. In: Tandon, HLS(Ed.), Recycling of waste in
Agriculture. Fert. Dev. Consultation Org., New Delhi, In-
dia, p 68-90.

Rao, P.S.S.S. and Richard, J. (2001). An introduction to
biostatistics-A manual for students in Health Sciences.
Prentice Hall of India Pvt. Ltd., New Delhi.

Rhoades, J. D. (1982). Soluble salts. In:Page, A.L., Miller,
R.H., Keeney, D.R., editors. Methods of soil analysis: Part
2. Chemical and microbiological properties. Madison,
WI:American Society of Agronomy, Soil Science Society of
America p.167-179.

Ross, D. J., Tate, K. R., Cairns, A. and Pansier, E. (1982).
Effects of slaughterhouse effluent and water on biochemical
properties of two seasonally dry soils under pasture. New
Zealand Journal of Science, 28,72-92.

Smith, S. R. (1996). Agricultural Recycling of Sewage Sludge
and the Environment. CAB International, Wallingford.

Toze, S. (2006). Reuse of effluent water-benefits and risks.
Agric.  Water Management, 80, 147-159.

Trehan, S. P. (1996). Contribution of properties of
Ustochrept soil to potato yield. J. Indian Soc. Soil Sci., 44
(3), 528-530.

US Salinity Lab Staff, (1954). Diagnosis and Improvement
of  Saline and Alkaline soils. USDA Handbook, No.60,
Washington,DC.

Walkley, A. and Black, I. A. (1934). An examination of the
Degtjareff method for determining soil organic matter, and a
proposed modification of the chromic acid titration method.
Soil Sci., 34, 29-38.

Weggler-Beaton, K., McLaughlin, M. J. and Graham, R. D.
(2000). Salinity increases cadmium uptake  by wheat and
Swiss chard from soil amended with biosolids. Aust. J. Soil
Res., 38, 37-45.

Rana, L. et al.


