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ABSTRACT:
In the present era, the concentration of heavy metals in the environment is increasing. Due to
the deleterious effects of these metals on human health as well as their dangerous consequences on
ecosystem it becomes a necessity to evaluate the concentration in the soil environment. Therefore,
the contamination of HMs in soils is of increasing concern in urban environmental management.
Based on the above background, the objectives of this study are to (a) evaluate the concentration and
distribution of heavy metals in soils of Ahmedabad city, (b) and to determine the degree of soil
contamination. The collected soil samples were processed as per standard procedures and analysed
for the physicochemical properties and metals concentration. The soil pH indicates that the soil is
alkaline in nature. The Zn and Mn content in the soil was more in the post monsoon season than in
the pre monsoon at all the sampling sites. Cu and Fe content was found to be higher during the post
monsoon than in the pre monsoon at S-2 and S-3 whereas it was low at the S-1 site. The results
concluded that the soil samples have elevated concentration of the heavy metals in the wet season
than the dry season which might be due to the mobilisation effect that tends metals to accumulate in
the adjacent soils.
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INTRODUCTION
Urban soil contamination is a mounting concern for the potential health impact on the everincreasing number of people living in these areas. Soils could be considered as the source and sink of
a range of pollutants that can be accumulated over extensive periods of time1the adsorbed
contaminants can be liberated to the environment due to the changes in soil physic-chemical
properties.Heavy metals are the predominantly perilous ones amongst different types of
environmental pollutants2and their contamination is of huge concern due to their tendency for
bioaccumulation and noxious effects on plants, animals and human beings 3.
With the rapid advancement of human civilization there has been a radical increase in the number of
automobiles. The automobile emission turns out to be the primary source of heavy metals in the
urban environment with the relocation of industrial areas from cities to sites where there is low
density of population4. A range of detrimental pollutants like hydrocarbons and heavy metals are
produced by the traffic sources into the urban atmosphere5.
As urban traffic is incessantlygrowing, traffic generated atmospheric pollutant loads will
impose an even greater impact on human and ecosystem health. Environmental pollution of heavy
metals from road traffic emissions has attained much consideration in recent past due to their long
term accumulation. These urban pollutants may be captured and attenuated in the soils6. Roadside
environments are contaminated by heavy metals such as Pb, Cd, Cu and Zn released into the
atmosphere during various operations of the road transport has been proved by a number of studies7,
8, 9, 10

. A portion of the traffic generated pollutants is directly deposited on ground surfaces, whilst the

remainder will initially accumulate in the atmosphere. Accumulation of heavy metals in roadside soil
is of huge ecological apprehension since it can alter biological activities in the soil. The excessive
accumulation of HMs in urban soils may lead to the deterioration of the soil ecosystem, threaten
human health, and create other environmental problems. Therefore, the contamination of HMs in
soils is of increasing concern in urban environmental management. Based on the above background,
the objectives of this study are to (a) evaluate the concentration and distribution of heavy metals in
soils of Ahmedabad city, (b) and to determine the degree of soil contamination.

MATERIALS AND METHODS
Description of the Study area
Ahmedabad lies at 23.03°N 72.58°E in western India at 53 metres (174 ft) above sea level on
the banks of the Sabarmati River, in north-central Gujarat. It is the largest city of Gujarat. The
estimated population of Ahmedabad in 2016 is over 7 million people in the city and approximately 8
million in the urban agglomeration11. This makes Ahmedabad the fifth largest city in India and the
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seventh largest metropolitan area. Ahmedabad has a hot, semi-arid climate.There are three main
seasons: summer, monsoon and winter. Aside from the monsoon season, the climate is extremely
dry.

Sample collection
The sampling locations were selected based on the traffic related activities. No industrial
activities are conducted around the sampling sites. Land uses include business areas and residential
areas. Thus, traffic emissions are almost the only pollution source of heavy metals in the area. Urban
roads (UR) which are located within the urban area are selected for the study on the basis of traffic
volume and congestion.
Roadside soil samples were collected from three sites (Heavy traffic area), medical centre,
educational centre and roadways bus stand with high traffic congestions across the Ahmedabad city
during March 2017 and September 2017. 15 Soil samples (three replicates) were collected at surface
level (0–10 cm in depth) from various locations. Samples were collected using auger, transferred to
zip lock bags and brought to the laboratory.

Sample preparation and analysis
In the laboratory, samples were air dried, homogenized and sieved through a 2 mm sieve to
remove debris, gravel and other materials prior to analysis. Soil pH and electrical conductivity (EC)
were measured in aqueous suspensions (1:2.5 weight/volume) through EC and pH meters, organic
carbon was determined using standard procedures by Walkey& Black (1934)12.Organic matter
content in the soils was determined by multiplying the organic carbon content by 1.742. Heavy
metals (Cu, Fe, Mn, Zn) were determined using Inductively Coupled Plasma Mass Spectroscopy
(ICP-MS). To determine the total heavy metal content in the soil, 0.5 gm of the air dried sample was
groundedand digested in the aqua-regia solution (1HNO3:3HCL) on a hot plate for about 1 hour at 90
0

C and then filtered through Whatman filter paper no. 42 maintaining 20 ml of the solution with

distilled water.

Methods of assessment of contamination in soils
In this study, geoaccumulation index (Igeo), degree of contamination (Cd) and pollution load
index (PLI) were calculatedto assess the heavy metal contamination levels in soils from the study
area.
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Geoaccumulation index (Igeo)
The index of geoaccumulation (Igeo) is widely used in the assessment of contamination by
comparingthe levels of heavy metals obtained to background levels originally used with bottom
sediments13,14.It is calculated using the equation:
geo =

2

1.5

Where
Cn represents the measured concentration of the elements studied and Bn is the
geochemicalbackground value of the element in fossil argillaceous sediment (average shale)15.The
following classification is given for geoaccumulation index: <0 = practically unpolluted, 0–1 =
unpolluted to moderately polluted, 1–2 = moderately polluted, 2–3 = moderately to stronglypolluted,
3–4 = strongly polluted, 4–5 = strongly to extremely polluted and > 5 = extremely polluted16.
Degree of Contamination (Cd)
The Degree of contamination is defined as the sum of all the contamination factors(CF) of the
various metals for a given sample. The value of contamination factors is calculated using the
equation given by Hakanson (1980)17.
=
Where

/

= the measured concentration (mg/kg) of heavy metal i,
= the background concentration (mg/kg) of heavy metal i.

A CF value of heavy metals > 1 indicates the accumulation and potential pollution of heavy metals in
topsoil.
Pollution load index
The pollution index (PI) is defined as the ratio of element concentration in the study to the
backgroundcontent of the abundance of chemical elements in the continental crust. PI and
integratedPI are also commonly used to assess environments quality. PLI for the soilsamples was
determined by the equation below, as proposed by Thomilson, et. al., 198018.
=

×

×

×

× … … .×

The PI of each element is classified as either low (PI ≤ 1), middle (1 < PI ≤ 3) or high (PI > 3)19.

Corelation analysis
Pearson correlation coefficients were calculated to quantify the relationship among the physic
chemical properties and heavy metal concentrations.
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RESULTS AND DISCUSSION
The physicochemical properties of the soil samples of various sites in Ahmedabad are shown
in table.1. The soil pH and EC rangedfrom 7.72 to 8.37 and 0.35 to 0.45(µS/cm3) respectively in
different seasons at various sampling sites. There is a slight variation in the values of Organic carbon
and organic matter as it ranges from 0.36 to 0.76 (%) and 0.61 to 1.30 (%) in the soil samples of both
the seasons.
As shown in the table, the soil pH of the sites ranged from 7.72 to 8.34 i.e., alkaline in nature.
pH were not significantly variable from one season to another. Organic content of the soil samples
was greater in the wet season than the dry season. Organic content has an important role in the soil
structure, cation exchange and in the formation of complexes
Figure 2 shows the amount of potentially toxic contentin the soil samples of various sampling
sites in Ahmedabad city. Zn, Fe, Mn and Cu content in the soil in both the seasons ranges from 79.32
ppm to 226.32 ppm for Zn in pre monsoon whereas 44.12 ppm to180 ppm in post monsoon,138.16
ppm to 4776 ppmfor Fe in pre monsoon whereas 36.04 ppm in post monsoon, 399 ppmto 509.6
ppmfor Mn in pre monsoon whereas 419.2 ppm to585.2 ppm in post monsoonand 5.32 ppm to 36.04
ppmfor Cu in pre monsoon whereas 5.64 ppm to18.64 ppm in post monsoon respectively.
Fig. 2 shows the heavy metal contents in the soils samples collected from various sites during
both the seasons. The Zn and Mn content in the soil was more in the monsoon season than in the pre
monsoon at all the sampling sites. Cu and Fe content was found to be higher during the monsoon
season than in the pre monsoon at Geeta Mandir area and L D college area of Ahmedabad whereas it
was low at the civil hospital site.
The heavy metal content at various sampling sites was shown in table 1. The higher
concentration of the metals in the wet season might be due to the run off effect which may facilitate
the deposition of the metals in the roadside soil. Roadside soils consistently had greater metal content
for all metals than those farther away20.Copper is also one of the major heavy metal considered as an
environmental pollutant. Copper is a micronutrient but toxic when it is in excess concentration. The
source of copper being due to corrosion of metallic parts of cars derived from engine wear, brushing
and bearing metals21.
The concentration of Zn and Cu are significantly higher in relation to other elements among
the sampling sites. The main source of Zn on the roadside is because of automobile traffic i.e., break
lining loses of oil and cooling liquid22.Relatively higher values of cadmium and zinc concentrations
in the analyzed soil samples reflect a possible anthropogenic effect that may be due to agricultural
activities and fossil fuel burning. The soil lying at the vicinity of highways may have a cadmium
content ranging from 1 to 10 ppm23. This may explain the relatively high concentrations of Cd and
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Zn in the soils of the study area. Since no major industry exists in the study areas such as smelting
operations, we may assume that the primary 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 dithiophosphates24.Cu and Zn are essential plant micronutrients. They
can also bind to soil organic matter and become unavailable to plants.
High content of Fe is usually found in the tire linings and in the dust coming from brakes and
engines25. The main processes through which vehicles spread heavy metals (Pb, Zn, Cu, Cd, Ni) into
the environment are combustion processes, the wear of automobiles (tires, brakes, engine), leaking of
oil and corrosion.
A strong correlation between Cu and Zn (r = 0.87) was observed, which suggested that Cu
and Zn derived from the same sources such as brake linings. The significant level of automotive Pb
and Fe is evident despite the introduction of unleaded petrol since 2000 in China. Some studies have
shown that Cu, Zn and Pb were associated in soils of urban highways26.Zn may result from tire
abrasion and lubricating oils. Brake linings are one of the main sources of Cu. The average value of
Zn/Cu ratio was 3.01, which has been reported for other highways27.
Table 3 shows the degree of contamination and the PLI of the potentially toxic elements in
the soil samples. From the results, as the degree of contamination lies in the range of 1.18 to 3.10 in
the pre-monsoon as well as post-monsoon, it can be concluded that the soil is low to moderately
contaminated.

Corelation analysis
Information about the metal sources and their pathways are generally inferred from the interelement relationships28. Pearson correlation coefficient matrixes data (with significant r values ≥ ±
0.40 at p < 0.05) for the present study is presented in Table 2.
It has been reported that pH of the soil controls the availability of metals as pH decreases
solubility of metal complexes increases29. We found a negative correlation between Zn, Fe and Mn
with pH as shown in Table 2.
It is inferred from the table that highly significant positive correlation between the pairs of
heavy metals in the soils along the roadside samples occurred as follows- Mn with Fe (r=0.97), Zn
with EC (r=0.66) and Cu with pH (r = 0.62).

CONCLUSION
The present study was carried out to assess the concentration level of various heavy metals in
the roadside soil at various sites in Ahmedabad city. From this work it can be concluded that the soil
samples have elevated concentration of the heavy metals in the wet season than in the dry season
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which might be due to the run off effect that tends metals to accumulate in the adjacent soils. Results
from the study showed that Zn, Cu, Mn and Fe were the most abundant elements especially in the
topsoil. Generally the concentration of these metals in the roadside environment increases with
increasing traffic volumes and also in urban areas. The pattern of total metal concentrations in the
roadside soils followed Zn>Mn>Cu>Fe.
The study would therefore provide significant information for readressing environmental
pollution due to anthropogenic activities.
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3.0 Tables and figures
Site No
1
2
3

Table 1: Description of sampling sites
Site code
Description of the sampling sites
S-1
Government hospital area
S-2
City Bus stand, heavy and congested traffic
S-3
Educational institutions, local market area, heavy traffic

Sampling sites
Civil hospital
Geeta mandir
L D college

Table 2: Physico-chemical properties and potentially toxic element content of the soil samples from different
sampling sites in Ahmedabad
Parameters
Pre Monsoon
Post Monsoon
S-1
S-2
S-3
S-1
S-2
S-3
pH
8.37
8.22
7.72
8.34
8.20
7.98
EC (µS/cm3)
0.45
0.35
0.42
0.38
0.41
0.43
Organic Carbon (%)
0.41
0.36
0.59
0.76
0.52
0.73
Organic Matter
0.70
0.61
1.01
1.30
0.89
1.25
90.32
79.32
226.32
150.12
44.12
180
Zn (ppm)
4776
361.48
138.16
405.2
1728
3.52
Fe (ppm)
509.6
399
468.4
513.2
419.2
585.2
Mn (ppm)
36.04
5.32
7.8
18.64
8.36
5.64
Cu (ppm)
Table 3: Selected potentially toxic metals Concentration in Ahmedabad soil compared with Selected Cities in the
world
City

Contents

As

Cd

Cr

Cu

Fe

Pb

Zn

Reference

Ahmedabad

mean

ND

-

-

13.63

1235.39

-

128.37

Present study

mean

5.68

1.03

39.61

113.59

2.32

140.67

262.8

Amjadian et. al.,

(India)
Erbil (Iraq)

(2016)
Cosenza-

mean

7.48

0.4

90.54

44.36

5.47

63.67

166.73

Rende (Italy)
Moscow

(2012)
mean

ND

2

79

59

ND

37

208

(Russia)
Weinan

Guagliardi et. al.,

Plyaskina & Ladonin
(2009)

mean

8.49

ND

96.99

20.88

ND

46.71

71.56

Li and Feng (2012)

mean

12.5

0.132

66

29.4

ND

35.4

90

Yang et. al., (2011)

(China)
Changchun
(China)
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Sites
S-1
S-2
S-3

Table 4: Contamination factor and PLI of the potentially toxic metals
Pre monsoon
Post monsoon
Zn
Fe
Mn
Cu
Cd
PLI
Zn
Fe
Mn
Cu
0.95
0.10
0.60
0.80
2.45
0.21
1.58
0.01
0.60
0.41
0.83
0.01
0.47
0.12
1.43
0.04
0.46
0.04
0.49
0.19
2.38
0.00
0.55
0.17
3.10
0.47
1.89
0.00
0.69
0.13
*Background values of Zn=95,Fe=47200,Mn=850 and Cu=45 (Turekian, and Wedepohl, 1961)

Cd
2.60
1.18
2.71

Table 5: Correlation coefficient between concentrations of metals and physicochemical properties at the 3
sampling sites
pH
EC
OC
OM
Zn
Fe
Mn
Cu
pH
1.00
EC
-0.20
1.00
OC
-0.26
0.13
1.00
OM
-0.26
0.13
1.00
1.00
Zn
-0.45
0.30
0.30
1.00
0.66
Fe
-0.69
-0.15
-0.06
-0.06
0.38
1.00
Mn
-0.73
-0.20
-0.09
-0.09
0.21
1.00
0.97
Cu
0.40
-0.37
-0.37
0.25
-0.21
-0.34
1.00
0.62

Figures

Fig 1: Map showing the different sampling sites in Ahmedabad City
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Fig 2: Potentially toxic element content of the soil samples from different sampling sites in Ahmedabad
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Fig 3: Potentially toxic element contentin Civil hospital area of Ahmedabad during two different seasons
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Fig 4: Potentially toxic element contentin Geeta Mandir area of Ahmedabad during two different seasons
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Fig 5: Potentially toxic element contentin L D college area of Ahmedabad during two different seasons
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Fig 6: Igeo content of soil samples from different sampling sites in Ahmedabad in two different seasons
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