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ABSTRACT 

Studies were carried out to assess the toxic metal content of soil while applying Sewage sludge to soil as a source of 
fertilizer and toxic metal accumulation in Carrot (Daucus carota L.). The experiment was conducted during the winter 
season in the year 2011 and 2012. Sewage sludge application result reflects increase in toxic metal concentration in soil 
as well as in Carrot. Toxic metals like Cd, Cr and Pb of post harvest soil of carrot plot were increased significantly with 
increase level of sewage sludge and soil. Results indicate that the samples recorded are varying concentration of toxic 
metals, with high Lead, Chromium and Cadmium in most of the samples. The highest recorded concentrations of toxic 
metals were not exceeding published critical and phytotoxic levels. However, continuous exposure to these metals might 
cause bioaccumulation and could affect the health of living creatures. 
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INTRODUCTION 
Application of sewage sludge to agricultural soil is a common practice because of low costs and recycling 
of nutrients achieved [1]. Disposal of sewage sludge to land can be beneficial because it contains plant 
nutrients (especially N and P) and organic matter, which can be of agronomic benefit [2]. Agricultural 
application has become a common waste treatment alternative for sewage sludge because of practical and 
economic reasons. Depending on the origin and composition, however, sludge may contain substantial 
amounts of toxic metals as well as beneficial nutrients [3]. However, the mentioned application can pose a 
threat to environment and the major concern arises from the fact that sewage sludge, especially those 
from the heavily urbanized and industrialized areas, contains a relatively high concentration of heavy 
metals. Thus application of sewage sludge to agricultural soil may result in elevated concentrations of 
toxic metals, which may then threaten ground water quality and lead to food chain contamination [4]. The 
intake of heavy metals can lead to altering of humans and animals healthiness state. Thus, the 
carcinogenic effects generated by continuous consumption of fruits and vegetables loaded with heavy 
metals such as Cd, Pb or even Cu and Zn are known. [5]. 
 
MATERIALS AND METHODS 
Field experiment was conducted during the winter (Rabi) season of 2011 and 2012 at research farm of 
School of Forestry & Environment, SHIATS (Sam Higginbottom Institute of Agriculture, Technology & 
Sciences, Deemed-to-be University). The average rainfall is around 1013.4 mm with maximum 
concentration during July to September and occasional frost in winter and hot wind in summer.  
Soil sample were taken from different place of the experimental fields from 0-15 cm depth. Collected 
samples were mixed again, portioning and sieving (by sieve of 2 mm). Toxic metals in soil samples were 
determined by the method of [6]. A di-acid mixture was used to extract out the Toxic metals (Pb, Cd, and 
Cr) in soil. A known amount (5g) of oven dry soil was transferred into 100ml beaker to which 30 ml of 4:1 
(Conc. HNO3; HClO4) mixture was added. The mixture was placed on a hot plate at 1050C for one hour and 
then temperature was increased to 1400C until the sample was completely dry. After cooling the solution 
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it was mixed and filtered through whatman No. 42 filter paper into a 50 ml volumetric flask rinsed and 
made up to volume 50 ml with double distilled water. Then Digested samples were analyzed for presence 
of Cd, Cr and Pb determined by atomic absorption spectrophotometer (Perkin Elmer AANALYST 400). 
The quantity of sewage sludge and fertilizers for each plot were manually incorporated into the soil.  
There were eleven treatment combinations, each replicated three times and arranged in a randomized 
block design. Sewage sludge was collected from the sewage treatment plant of Naini Allahabad, Uttar 
Pradesh.   
The land was prepared adopting the standard method for Carrot crop. Sewage sludge was mixed properly 
in the soil of each plot. Recommended space and agronomic practices were followed. The standard dose 
of nitrogen, phosphorous and potassium in carrot were 50 kg ha-1 N, 45 kg ha-1 P and 90 kg ha-1 K. 
  

Table 1: Treatment Combination for Sewage Sludge 
T1     =   Control 

T2     =   (I1SO)    =      50     %   RDF      +       0 t ha-1   Sewage sludge 

T3     =   (I2S0)     =    100     %   RDF      +      0 t ha-1   Sewage sludge 

T4     =   (I1S1)     =     50      %   RDF      +      5  t ha-1   Sewage sludge 

T5     =   (I2S1)     =    100     %   RDF      +      5  t ha-1   Sewage sludge 

T6     =   (I1S2)     =     50      %   RDF      +    10  t ha-1   Sewage sludge 

T7     =   (I2S2)     =    100     %   RDF      +    10  t ha-1   Sewage sludge 

T8     =   (I1S3)     =      50     %   RDF      +    15  t ha-1   Sewage sludge 

T9     =   (I2S3)     =    100     %   RDF      +    15  t ha-1   Sewage sludge 

T10   =   (I1S4)     =      50      %   RDF      +    20  t ha-1   Sewage sludge 

T11   =   (I2S4)     =    100      %   RDF      +    20  t ha-1   Sewage sludge 

   
I = Inorganic Fertilizer (NPK)          I1= 50 % RDF I2= 100 % RDF 
S = Sewage sludge       S0 = 0 t ha-1   Sewage sludge S1 = 5 t ha-1   Sewage sludge 
S2 = 10 t ha-1   Sewage sludge S3 = 15 t ha-1   Sewage sludge S4 = 20 t ha-1   Sewage sludge 
 

 
Fig. 1: Map of Allahabad 

 
Table 2: Composition of Inorganic Fertilizers 

S. 
No. 

Fertilizer Chemical Formula Percentage Composition (%) Acid or Alkaline in 
Nature 

N P2O5 K2O 
1. Urea CO (NH2)2 46 - - Acidic 
2. Di ammonium Phosphate 

(DAP) 
(NH4)2 HPO4 18 46 - Acidic 

3. Muriate of Potash (MOP) KCl - - 60 Neutral 

  Source: Sahai (2001) 

Study Area: SHIATS, Allahabad 
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Table 3: Characteristics of soil and sewage sludge 
Characteristics/ Methods Soil Sewage Sludge 
 0-15 cm depth  
pH/ Jackson (1958) 7.90 7.6 
Ec (dSm-1)/ Jackson (1958)  0.22 1.56 (dSm-1) 

Percentage Organic Carbon (%)/ Walkley and Black 
(1934) 

0.51 16.5 (%) 

Available Nitrogen  (Kg ha-1)/ Purvis and Leo (1961) 155 3.24 (%) 

Available Phosphorus (Kg ha-1)/ Mehlich A (1978) 12 2.3 (%) 

Available Potassium (Kg ha-1)/ Mehlich A (1978) 210 205.6 (%) 

 
Table 4: Toxic Element Concentration of Pre-sowing Soil (ppm): 

Particulars Soil Depth (cm) 

0 -15  

Lead (ppm) 0.00  

Cadmium (ppm) 0.13  
Chromium (ppm) 0.16 

 
Table 5: Metal Accumulation in Soil in 2011 and 2012 

    Lead (ppm) Cadmium (ppm) Chromium (ppm) 
 2011 2012 2011 2012 2011 2012 
T1 (Control) 0.63 0.62 0.04 0.03 0.15 0.16 

T2 0.62 0.63 0.05 0.03 0.17 0.19 
T3 0.63 0.64 0.06 0.04 0.18 0.22 
T4 0.65 0.66 0.45 0.45 0.55 0.61 
T5 0.67 0.67 0.49 0.51 0.65 0.69 
T6 0.76 0.78 0.94 0.94 0.88 0.94 
T7 0.79 0.78 0.96 0.96 1.02 1.08 
T8 0.81 0.83 0.99 1.01 1.24 1.36 
T9 0.82 0.83 1.01 1.02 1.45 1.52 
T10 0.85 0.86 1.05 1.07 1.68 1.74 
T11 0.88 0.89 1.03 1.02 1.82 1.92 

F-test S S S S S S 
S.Ed (+) 0.02 0.01 0.02 0.01 0.02 0.02 

C.D.at 5% 0.04 0.02 0.05 0.02 0.04 0.03 

 
Table 6: Toxic Metal Accumulation in Carrot crop in 2011 and 2012 

2011 2012 
Treatment Cadmium Lead Chromium Cadmium Lead Chromium 

T1 0.03 0.00 0.09 0.02 0.00 0.10 
T2 0.02 0.00 0.09 0.03 0.00 0.09 
T3 0.02 0.00 0.10 0.02 0.00 0.10 
T4 0.03 0.01 0.12 0.04 0.01 0.13 
T5 0.03 0.03 0.12 0.06 0.02 0.14 
T6 0.05 0.05 0.15 0.05 0.06 0.18 
T7 0.06 0.08 0.16 0.07 0.13 0.18 
T8 0.06 0.20 0.16 0.07 0.17 0.19 
T9 0.07 0.24 0.17 0.08 0.28 0.18 
T10 0.07 0.30 0.20 0.09 0.36 0.22 
T11 0.08 0.40 0.22 0.10 0.45 0.24 

F-test S S S S S S 
S.Ed (+) 0.01 0.01 0.02 0.01 0.01 0.02 

C.D.at 5% 0.02 0.01 0.04 0.02 0.02 0.03 

 
RESULTS AND DISCUSSION 
The concentrations of some toxic metals in soil with respect to different Sewage sludge doses are as 
presented in Table 4. The mean level of lead was significantly higher in T11 (RDF @ 100 % + Sewage 
sludge @ 20 tha-1) 0.88 ppm and 0.89 ppm in 2011 and 2012 respectively. However, comparative values 
of this metal in soil significantly lower in T1 (control) were 0.63 ppm and 0.62 ppm in 2011 and 2012 
respectively. The present data strongly suggested that application of sewage sludge will also increase the 
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lead concentration of the soil. Similar finding was also reported by [7]
trend with the application of fertilizer and Sewage sludge in the soil. T
significantly higher in T10 (RDF @ 50 % + Sewage sludge @ 20 tha
and 2012 respectively. However, 
(control) were 0.04 ppm and 0.03 ppm in 2011 and 2011 respectively. It was found that there was 
marked increase in the Cd content above control levels in those soils that received the highe
sewage sludge (20 t ha-1). These findings confirm the results of [8]. T
significantly higher in T11 (RDF @ 100 % + Sewage sludge @ 20 tha
respectively. However, comparative values of this met
0.15 ppm and 0.16 ppm respectively.
Chromium significantly at both the ratios of Sewage sludge application as compared to un
control soil [9]. 
Table 5 presents the concentration of lead (Pb), Cadmium (Cd) and Chromium (Cr) in Carrot crop, the 
highest concentration of lead in Carrot (
normal content of 250-500 ppm above which
concentration of lead in all the samples varied between 0.0 to 0.40 ppm. This indicates that the 
concentration of lead is well below the permissible limit proposed by USEPA 1993
the fixation of soluble lead to unavailable form by the crystal structure of soils. Even though the 
concentrations are well within the tolerable limit for a human being, long exposure to these metals might 
bring about bioaccumulation and thus harmful effects on 
Cadmium in Carrot crop was found significant in T
0.08 ppm and 0.10 ppm in 2011 and 2012 respectively. However, comparative values of this metal in 
Carrot crop significantly lower in 
respectively. Maximum concentration of Chromium in Carrot crop was found significant in T
100 % + Sewage sludge @ 20 tha
However, comparative values of this metal in Carrot crop significantly lower in 
ppm and 0.10 ppm in 2011 and 2012 respectively. Similar finding was also reported by [11]. 
in Carrot were recorded in the order of P
the concentration of toxic metals in Carrot as compared to control. Similar finding had been reported by
[12]. 
 

Fig. 2: Toxic Metal Accumulation in Carrot crop in 2011

Fig. 3: Toxic Metal Ac
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Similar finding was also reported by [7]. Cadmium also 
trend with the application of fertilizer and Sewage sludge in the soil. The mean level of

(RDF @ 50 % + Sewage sludge @ 20 tha-1) was 1.05 ppm and 1.07 ppm in 2011 
However, comparative values of this metal in soil significantly lower in 

(control) were 0.04 ppm and 0.03 ppm in 2011 and 2011 respectively. It was found that there was 
marked increase in the Cd content above control levels in those soils that received the highe

). These findings confirm the results of [8]. The mean level of
(RDF @ 100 % + Sewage sludge @ 20 tha-1) 1.82 ppm and 1.92 ppm 

However, comparative values of this metal in soil significantly lower in 
0.15 ppm and 0.16 ppm respectively. Sewage sludge amendment in soil increased the concentration of 
Chromium significantly at both the ratios of Sewage sludge application as compared to un

Table 5 presents the concentration of lead (Pb), Cadmium (Cd) and Chromium (Cr) in Carrot crop, the 
highest concentration of lead in Carrot (Daucus carota L.) can be considered as low when compared to the 

500 ppm above which harm to human and animals can occur [10]. The 
concentration of lead in all the samples varied between 0.0 to 0.40 ppm. This indicates that the 
concentration of lead is well below the permissible limit proposed by USEPA 1993. This is possibly due to 

xation of soluble lead to unavailable form by the crystal structure of soils. Even though the 
concentrations are well within the tolerable limit for a human being, long exposure to these metals might 
bring about bioaccumulation and thus harmful effects on the population. Maximum concentration of 
Cadmium in Carrot crop was found significant in T11 (RDF @ 100 % + Sewage sludge @ 20 tha
0.08 ppm and 0.10 ppm in 2011 and 2012 respectively. However, comparative values of this metal in 

cantly lower in T1 (control) were 0.03 ppm and 0.02 ppm in 2011 and 2012 
Maximum concentration of Chromium in Carrot crop was found significant in T

100 % + Sewage sludge @ 20 tha-1) were 0.22 ppm and 0.24 ppm in 2011 and 2012 respec
However, comparative values of this metal in Carrot crop significantly lower in T
ppm and 0.10 ppm in 2011 and 2012 respectively. Similar finding was also reported by [11]. 
in Carrot were recorded in the order of Pb>Cr>Cd in both years. Application of sewage sludge increased 
the concentration of toxic metals in Carrot as compared to control. Similar finding had been reported by

Fig. 2: Toxic Metal Accumulation in Carrot crop in 2011 

Fig. 3: Toxic Metal Accumulation in Carrot crop in 2012 
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also shows an increasing 
he mean level of Cadmium was 

) was 1.05 ppm and 1.07 ppm in 2011 
comparative values of this metal in soil significantly lower in T1 

(control) were 0.04 ppm and 0.03 ppm in 2011 and 2011 respectively. It was found that there was 
marked increase in the Cd content above control levels in those soils that received the higher doses of 

he mean level of Chromium was 
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al in soil significantly lower in T1 (control) were 
Sewage sludge amendment in soil increased the concentration of 

Chromium significantly at both the ratios of Sewage sludge application as compared to un-amended 

Table 5 presents the concentration of lead (Pb), Cadmium (Cd) and Chromium (Cr) in Carrot crop, the 
can be considered as low when compared to the 

harm to human and animals can occur [10]. The 
concentration of lead in all the samples varied between 0.0 to 0.40 ppm. This indicates that the 

This is possibly due to 
xation of soluble lead to unavailable form by the crystal structure of soils. Even though the 

concentrations are well within the tolerable limit for a human being, long exposure to these metals might 
the population. Maximum concentration of 

(RDF @ 100 % + Sewage sludge @ 20 tha-1) were 
0.08 ppm and 0.10 ppm in 2011 and 2012 respectively. However, comparative values of this metal in 

(control) were 0.03 ppm and 0.02 ppm in 2011 and 2012 
Maximum concentration of Chromium in Carrot crop was found significant in T11 (RDF @ 

) were 0.22 ppm and 0.24 ppm in 2011 and 2012 respectively. 
T1 (control) were 0.09 

ppm and 0.10 ppm in 2011 and 2012 respectively. Similar finding was also reported by [11]. Toxic metals 
b>Cr>Cd in both years. Application of sewage sludge increased 

the concentration of toxic metals in Carrot as compared to control. Similar finding had been reported by 
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CONCLUSION 
This study presents an observation on concentration of toxic metal in Soil and Carrot crop by the 
application of Sewage sludge on alluvial soil. After investigation it was found that Sewage-sludge is an 
important source of plant nutrients and organic matter. The physical properties of soil were not altered 
by using Sewage-sludge. However, there was an increase in soil fertility parameters and continuous 
application of Sewage-sludge had adverse effect on some soil properties like pH, EC and toxic metal 
contents. Therefore, the long term and indiscriminate application of sewage-sludge which contains toxic 
metals in association with solid particles may cause accumulation of toxic metals in surface and sub- 
surface soil. The study shows presence of toxic metals in quantities that are within the permissible limit 
for a human being. However, long exposure to these metals might bring bioaccumulation and become 
harmful to the health of human population. 
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