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Abstract— Impact of monsoon season on the mobility of 

different heavy metals e.g. Pb, Cd, Cr, Ni and Zn in 

agricultural soil near the national highway of Allahabad, 

India, has been observed in pre and post monsoon season. 

Soil samples were collected during pre and post monsoon 

season at different depths 0-15cm & 15-30cm adjacent NH-2 

were treated and digested by di- acid method. The toxic 

metals were analyzed on Perkin-Elmer Analyst 400 Atomic 

Absorption spectroscopy (AAS). This study aimed at 

understanding the mobility of toxic metals in soils during pre 

and post monsoon season. The contents of toxic metals in soil 

samples were 1.48-2.68 mgkg-1 and 1.36-2.50 mgkg-1 for Pb, 

0.20-0.06 mgkg-1 and 0.15-0.07 mgkg-1 for Cd, 0.52-0.85 

mgkg-1 and 0.44-0.77 mgkg-1 for Cr, 0.83-1.65 mgkg-1 and 

0.72-1.33 mgkg-1 for Ni, 7.69-12.83 mgkg-1 and 7.32-12.20 

mgkg-1 for Zn during pre and post monsoon season 

respectively all the metals.  
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I. INTRODUCTION 

Environment is extremely valuable for people and other 

organisms living in it, it is also endangered due to human 

activities that are continuously ruining it [1]. Global 

industrialization and anthropogenic activities have an effect 

on environmental pollution and the global ecosystem. This 

degradation of the ecosystem has a negative effect on human 

health and on all living organisms. Air pollution is 

aesthetically offensive and can be a genuine health hazard to 

humans as well as to vegetation [2]. 

Roadside soils often contain high concentrations of 

metallic contamination. The bioavailability and 

environmental mobility of the metals are dependent upon the 

form in which the metal is associated with the soil. Lead street 

dust and roadside soil has been extensively studied and found 

to be present at elevated levels [3]. Analyses of roadside soil 

[4] revealed that they contain elevated levels of these heavy 

metals. Toxicities of some heavy metals to man and animals 

are well known and were published some years ago of all the 

toxic metals in the environment, lead is by far the one of most 

concern; it poisons many thousands of people annually, 

especially children in urban areas [5].  

Air pollution in Allahabad is undoubtedly the 

exhaust emission from vehicular traffic. Inadequate public 

transport system has led to an increase in the use of 

personalized vehicles, Congested traffic, heavy traffic load 

and outdated automotive technologies add to the increase in 

vehicular emissions. All the National Highways of Allahabad 

District are facing heavy traffic load particularly heavy trucks 

and transportation during night time. Allahabad has about 

5,954,391 total populations and population density is about 

1,086 per sq km with 950458 vehicles registered [6]. Among 

the five national highways of Allahabad, NH-2 is more 

ancient becouse it is formerly known as Grant Trunk road 

(G.T.). These are the chief connectivity medium of Kanpur- 

Allahabbad- Varansi. It is facing trffic density approx. 24040 

vehicles near Allahabad in 24 hrs. Although it is less traffic 

density than other four national highways because of made of 

bypass of Allahabad city from Kokhraaj to Handia.  

The pollution of soil and vegetation by toxic metals 

from automobile exhaust is a major environmental problem 

in all urban areas and vicinity of the national highways. 

Human population and technology constantly growing and 

expanding with the time thereby their adverse impact on the 

environment constantly increase. As increase of population 

and modern technology, wide spread environmental pollution 

growth evolving a continuing and accelerating degradation in 

the quality of the environment and its ability to survival of the 

life. Therefore, learning of the extent of heavy metal 

contaminations on highway sides and its inflow into plants is 

highly relevant to the management of sustainable urban 

environmental quality everywhere.       

Rainy season plays an important role in the mobility 

of various toxic metals and salts up to considerable soil depth, 

ground water pollution. This study impact of monsoon on the 

mobility of heavy metals in agricultural soil near the Highway 

highly relevant in India because of mostly agricultural lands 

closely associated with national and states highways whereas 

exponential rise in the number of vehicles on the highways 

having no effective pollution control standards. 

II. MATERIAL AND METHODS 

A. Study Area 

The soil samples were collected from the two sampling site 

viz; Andawan Mod (Jhunsi) and Saidabad near the national 

highway-2 (NH-2) approximately within the 25 km. from the 

centre of Allahabad. Soil samples (with replication) were 

collected during the 2011 and 2012 pre and post monsoon 

season from the agricultural land adjucent the highway. Soil 

samples were collected at two depth (0-15cm and 15-30cm) 

by using mechanical auger then soil samples were place in 

clean plastic bags and transported to the SHIATS, laboratory. 

All the analysis for the collected samples had been done in 

Environmental Science Laboratory of School of Forestry & 

Environment and Soil Science Laboratory of Department of 

Soil Science, SHIATS, area is situated on the right bank 

adjacent to Yamuna river in the south part of Allahabad city, 

which is located at between 25o45’ North and 81o85’ East 

longitude and 98 meter (322 ft) above the sea level. 
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Fig. 1: Map of National Highway- 2 and Sampling Site    of Allahabad District 

B. Soil preparation and analysis 

The soil sampling was carried out for two years and the 

samples collected were mixed again, portioning and sieving 

(by sieve of 2 mm). A di-acid mixture was used to extract out 

the heavy metals (Pb, Cd and Zn) 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 

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. The heavy metals 

concentration in soil has been determined by [7, 8] 

C. Elemental Analysis of Samples  

Determination of Pb, Cd, Cr, Ni and Zn were analyzed 

directly on each final solution using Perkin-Elmer Analyst 

400 Atomic Absorption spectroscopy (AAS) from 

Department of Soil Science, SHIATS Allahabad. 

III. RESULT AND DISCUSSION 

The mobility of toxic metals in various soil samples at 

different depth, investigated from two locations viz. 

Andawan Mos and Saidabad of NH-2 in 2011 and 2012 are 

given in Table 1 to 2, respectively. More concentration of 

these toxic metals was observed on surface layer and they 

tended to decrease with the increasing depth. The results of 

different toxic metals analysis are given below with the 

subheadings. 

Meta

ls 

1st Year 2nd Year 

Pre 

Monsoon 

Post 

Monsoon 

Pre 

Monsoon 

Post 

Monsoon 

0-15 

cm 

15-

30c

m 

0-

15 

cm 

15-

30c

m 

0-15 

cm 

15-

30c

m 

0-

15 

cm 

15-

30c

m 

Pb 2.68 2.34 2.5 2.00 2.61 2.38 
2.4

8 
2.33 

Cd 0.13 0.08 0.1 0.07 0.2 0.15 
0.1

5 
0.1 

Cr 0.69 0.52 
0.6

3 
0.47 0.75 0.59 

0.6

3 
0.44 

Ni 1.12 0.83 
0.9

7 
0.76 1.19 0.88 

0.9

9 
0.72 

Zn 
10.6

6 
9.56 

9.9

5 
8.89 

12.8

3 

12.2

7 

12.

2 

11.7

1 

Table 1: Mobility of toxic metals on different soil depth near 

the NH-2 at Andawan Mod site 
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1st Year 2nd Year 
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Monsoon 

Post 

Monsoon 

Pre 

Monsoon 

Post 

Monsoon 

0-

15 

cm 

15-

30c

m 

0-

15 

cm 

15-

30c
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0-15 

cm 

15-

30c

m 

0-

15 

cm 

15-

30c

m 

Pb 
1.7

9 
1.48 

1.6

7 
1.36 1.87 1.54 

1.7

4 
1.44 

Cd 
0.1

1 
0.06 

0.0

9 
0.07 0.17 0.12 

0.1

3 
0.12 

Cr 
0.8

5 
0.76 

0.6

7 
0.61 0.9 0.71 

0.7

7 
0.59 

Ni 
1.5

2 
1.18 1.2 0.95 1.65 1.15 

1.3

3 
1.03 

Zn 
8.3

9 
7.69 

7.7

5 
7.32 

10.3

6 
9.44 

9.4

7 
8.71 

Table 2: Mobility of toxic metals on different soil depth near 

the NH-2 at Saidabad site 

A. Lead: 

The mean value of Pb concentration in agricultural soil 

depicted at Table 1 and 2 during pre and post monsoon 

seasons of year 2011-12. Table 1 and 2 showing that the 

highest Pb contents were 2.68 mgkg-1 detected from 

Andawan Mod site on 0-15cm depth during pre-monsoon 

whereas lowest value of Pb 1.36 mgkg-1 detected from 

Saidabad site on 15-30cm depth during post monsoon. Both 

table depicted that the Pb concentration was 2.68-1.48 mgkg-

1 during pre monsoon and 2.50-1.36 mgkg-1 
during post 

monsoon season. The most probable source of lead is the lead 
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particulate matter emitted from gasoline vehicles which 

settles not far from the highway. Similar trend has been 

investigated by [9]. The content of lead in gasoline markedly 

decreasing globally now at an annual rate of about 7% [10] 

but many countries still uses the gasoline with Pb content of 

about 0.4 g/l [11]. Although this minimization of leaded 

gasoline has reduced the addition of lead to the vicinity of 

road environment by automobile exhaust but increasing of 

road traffic are increasing the lead content in the road side 

environment. 

B. Cadmium:  

The mean value of Cd contents in agricultural soil depicted at 

Table 1 and 2 during pre and post monsoon seasons of year 

2011-12. Table 1 and 2 showing that the highest Cd contents 

were 0.20 mgkg-1 detected from Andawan Mod site on 0-

15cm depth during pre-monsoon whereas lowest value of Cd 

were 0.06 mgkg-1 detected from Saidabad site on 15-30cm 

depth during pre-monsoon. Both the table depicted that the 

Cd concentrations were 0.06-0.20 mgkg-1 during pre-

monsoon and 0.07-0.15 mgkg-1 during post monsoon season. 

Cadmium contentss in exhaust emissions have been related to 

the composition of gasoline, motor oil, wear-and-tear of tyres 

and roadside deposition of the residues of those materials as 

well as traffic density [12]. 

C. Chromium:  

The mean value of Cr concentration in soil samples depicted 

at Table 1 and 2 during the pre and post monsoon seasons of 

year 2011-12. Table 1 and 2 showing that the highest Cr 

contents were 0.85 mgkg-1 at the Andawan Mod site on 0-

15cm depth during pre-monsoon whereas lowest value of Cr 

were 0.44 mgkg-1 detected at Andawan Mod site on 15-30cm 

depth during post monsoon. Both the table showing that the 

Cr concentrations were 0.52-0.85 mgkg-1 during pre-

monsoon and 0.44-0.77 mgkg-1 during post monsoon season. 
[13] Also reported the concentration of Cr was measured in 

all soil samples as 142±0.5 mg kg-1 to 21±0.7 mgkg-1 at 1 

and 500 m distances from the road.  

D. Nickel:  

The mean value of Cr concentration in soil samples depicted 

at Table 1 and 2 during the both seasons of year 2011-12 as 

above. Table 1 and 2 showing that the highest value of Ni 

concentrations were 1.65 mgkg-1 at the Saidabad site on 0-

15cm depth during pre-monsoon whereas lowest value of Ni 

contents were 0.72 mgkg-1 detected at Andawan Mod site on 

15-30cm depth during post monsoon season. Both the table 

showing that the Ni concentrations were 0.83-1.65 mgkg-1 

during pre-monsoon and 0.72-1.33 mgkg-1 during post 

monsoon season. The burning of residual and fuel oils, brake 

linings, tyre rubber are the chief source of Ni in the roadside 

environment [14]. [15] Who reported that motor vehicle 

traffic is responsible for the buildup the Ni in soil and 

vegetations along a motorway in New Zealand. 

 

E. Zinc:  

The mean value of Zn concentration in soil samples depicted 

at Table 1 and 2 during the both seasons of year 2011-12 as 

above. The Table 1 and 2 showing that the highest value of 

Zn concentrations were 12.83 mgkg-1 at the Andawan Mod 

on 0-15cm depth during pre-monsoon whereas lowest value 

of Zn contents were 7.32 mgkg-1 observed at Saidabad site on 

15-30cm depth during post monsoon season. Both the table 

showing that the entire Zn concentrations were 7.69-12.83 

mgkg-1 during pre-monsoon and 7.32-12.20 mgkg-1 during 

post monsoon season. The major sources of Zn are probably 

the attrition of motor vehicle tire rubber exacerbated by poor 

road surfaces, and the lubricating oils in which Zn is found as 

part of many additives such as zinc dithio-phosphates [16]. 

Monsoon season in entire experimental sites 

affected to the mobility of toxic metals. The monsoon season 

may be attributed to the dilution and run-off effects of rainfall 

which are capable of respectively leaching and removing the 

metals during the wet season [17] moreover Phisico-chemical 

and biological availability in soil plays an important role in 

solubility and mobilization of metals [18]. Metals become 

more soluble under acidic conditions; pH may likewise 

control the nature of the interactions between metals and soil 

surfaces [19]. 

IV. CONCLUSION 

This study reveals that, mobility of toxic metals in soil, 

clearly observed in longitudinal and horizontal both way at 

each experimental sites during pre and post monsoon season. 

Toxic metals where decreasing with increasing soil depth in 

all the sites. The concentration of toxic metals near the 

highway would indicate aerial deposition of metal 

particulates in highway side environment from extraneous 

sources.  
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