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ABSTRACT 
Multi element profile of roadside soil and barks of trees grown in roadside were analyzed in 
samples collected from NH-37 that passes through Kaziranga National Park , which has been 
recognized as an World heritage site by UNESCO. The concentration of metals in both the 
matrices shows sever input from anthropogenic sources. The Enrichment Factor (EF) calculated 
for metals of roadside soil showed enrichment of Cd, Cr, Cu and Pb. The EF  and  transfer 
factors calculated for roadside plants  showed metal accumulation in the barks of trees grown in  
roadside of the highway. The Pearson’s correlation showed inter-metal relationship and the 
pattern of relationships suggested vehicular contribution of the metals originating from the 
highway. 
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INTRODUCTION 

Heavy metals make up to an important class of 
pollutants in the environment. For they do not 
degrade, heavy metals undergo accumulation 
and bio-magnifications in the environment and 
often regarded as chemical time-bomb. Once 
introduced into the environment, metallic 
pollutants affect biological systems at various 
levels - enzyme systems through cells, organs, 
single organisms, population and to entire 
ecosystem.1 Therefore, monitoring of these 
metals in various matrices of the environment 
isimminent especially around sensitive areas. 
Metallic pollutants are addressed well by 
researchers world over in most environmental 
matrices viz. road dust, soil, tree bark, leaves, 
lichens, moss, epiphytes, etc.2-6 Metallic 
pollutants around the roadside often originate 
from road traffic, wear and tear of the vehicles, 
road constructed materials, atmospheric 
deposition from various stationary and diffuse 
sources. Available literature on roadside 
pollution studies from India7 indicates that 
most of those studies were conducted in major 
cities. Such studies missed rural and         
forest   areas   which   receive loads of metallic  

pollutants from highways and deposition 
through long range atmospheric transport from 
far off places.  
In recent years tree bark sampling has been 
found as an effective tool for monitoring of 
trace metals along roadsides to find input of 
pollutants from automobiles plying on 
roads.8 Some characters of tree bark like its 
easy availability for sampling, present in 
large numbers, trees are long living, easy to 
identify etc. makes it a candidate for an 
effective bio-monitor.9 More so, barks show 
high accumulation due to their perforations 
and so dust particles  deposited in the attic 
duct of the bark can give precise information 
about changes that occur in an area.10  The 
roadside soil too provide vital information 
about various activities prevailing in an area, 
however, its residence time is short 
compared to barks. So, integrated study 
covering pollution of both roadside soil and 
tree bark could be an interesting way to 
understand fate of pollution from roads. 

AIMS AND OBJECTIVES 
The present study aims in finding the trends of 
metal  pollution  in  the  roadside locations of a  *Author for correspondence 
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major highway. In the study presence of 
anthropogenic metals were examined both 
qualitatively and quantitatively in roadside 
soils and tree barks of roadside plants. An 
attempt was made to find relationship of 
metals in soil and tree barks if existed to 
understand the role of emission of metallic 
pollutants from highways in their enrichment 
in roadside soil and plants. As far as we 
know about the available literature, the plant 
species Trema orientalis (L.) Blume, 
Walsura robusta Roxb., Streblus asper Lour, 
Caesalpinia pulcherrima (L.)Sw., Plumeria 
ruba L. have used for the first time in the 
present study to understand the deposition of 
metallic pollutants from highways.  

 

MATERIAL AND METHODS 
Study area 
The study was conducted along the National 
Highway  37 (NH-37) of the Brahmaputra Valley 
of Northeast India that runs through a long 
stretch (~ 50 km) of the Kaziranga National Park 
(KNP). KNP is a UNESCO World Heritage Site 
on account of its extraordinary biodiversity. KNP 
is geographically positioned between 26° 34′ N 
93° 08′ E and26° 46′ N 93° 36′ E. The park 
covers an area of 430 sq km, much of which is 
flood plain of the Brahmaputra river. The climate 
of the region is Sub-Tropical Monsoon type with 
an average rainfall of 1320 mm and yearly 
temperature ranges between ~10 and 35° C. The 
study area is shown in Fig. 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Map of the study area showing the sampling locations 

Samplingof roadside soil 
Topsoil (0-10 cm) was collected with a 
plastic spade from roadsides of NH-37 and 
mixed by coning and quartering to eliminate 
bias. The samples were brought to the 
laboratory in self-shielding polyethylene 
bags and then air dried, mixed, ground and 
sieved using 1 × 1 mm2 mesh. Two rounds of 
sampling from 14 representative locations 
(Table 1) were carried out during pre and 
post monsoon seasons of 2011-2012 adding 
up to a total of 28 samples. This region 
experiences a distinct monsoon season with 
high rainfall and therefore, samples were 
collected during pre-monsoon and post-
monsoon season. 

Sampling  of tree bark 
The mature trees (girth≥30cm) were chosen 
for bark sampling. Both smooth and rough 
surface barks of trees were collected. The 
samples were collected from the station S3, 
S5,S6, S7,S8,S9,S11,S12 and S13 during the 
year 2012. Nine tree species were selected 
for bark collection viz. Trema orientalis (L.) 
Blume (Family Cannabacrae), Albizia 
procera  (Roxb) Benth. (Family : Fabaceae), 
Tectona grandis L.f. (Family : Lamiaceae), 
Mangifera indica L. (Family : 
Anacaridaceae), Lagerstroenia speciasa (L.) 
Pers (Family : Lythraceae), Walsura robusta 
Roxb. (Family : Meliaceae), Streblu sasper 
Lour. (Family : Moraceae), Caesalpinia 
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pulcherrima (L.) Sw. (Family : Fabaceae), 
Plumeria  ruba L.  (Family :   Apocynaceae). 
The bark samples were collected at a height 
of 1.5-2 meters from the ground. Two pieces 
of bark of 5*10 cm2 of length and 3 mm 
thick were cut using a steel knife and mixed 

to form a composite sample. Portion of the 
bark having mosses or lichens were avoided. 
Collected samples were taken to the 
laboratory in self-shielding polyethylene 
bags. The collected samples were than oven 
dried in brown paper bags at 70oC.  

Table 1 : Sampling stations along with the site description 

Chemical analysis 
Aliquots of samples were acid digested as per the 
method described by Chen and Ma.11 The bark 
samples were crushed to attain the size of 
0.5mm. One gram of samples was taken in 
Teflon beaker and 10ml of conc. HNO3 were 
added to it and kept for 16 hrs. After that the 
samples were heated at 125◦C.12 Acid digested 
samples were filtered using Whatman no. 1 filter 
paper and adjusted to 25 ml with de ionized 
water. Cobalt, Cr, Cu, Fe, Mn, Ni, Cd and Pb 
were determined both in soil and tree bark 
samples by Inductively Coupled Plasma Optical 
Emission Spectroscopy (ICP-OES Optima 
2100DV).Blanks and calibration standards were 
prepared in 2% HNO3. To see the recovery 
NIST-SRM for Buffalo River Sediment (8704)  
and  trace  elements   in   pine needle    (1575a) 
were  used    for   soil   and   bark  samples respec  

-tively. The recovery was within 80%-110%. 

RESULTS AND DISCUSSION 
Trace metals in roadside soil 
The concentrations of heavy metals in 
roadside soils were put up in Table 2.The 
concentration of the metals was found in the 
order: Fe>Mn>Cr>Ni>Cu>Co>Pb> Cd. The 
average concentration of Co, Cr, Cu, Cd and 
Ni were high as compared to background 
soils (soils collected from beyond 200meters 
away from the highway). These metals were 
emitted from the exhaust as well as from 
wear and tear of vehicles as particulates and 
could have deposited on the roadside soils . 
The degradation of brake linings also 
contribute to high conc. of Fe, Cu, Cd,Cr, Ni 
and Pb.13 The average conc. of 
Pb(13.0mg/kg) is comparable to that of the 
background values(13.9mg/kg).  

S/N Name of the station Site description 
S1 Gorkhati Agricultural land 

S2 Gotonga Less vegetation 

S3 Burapahar(1) Hill side 

S4 Burapahar(2) Hill side, wetlands 

S5 Kuthori Heavy motor vehicle repairing workshop 

S6 Mahi miri ting  Hill side 

S7 Bagori Vehicular repairing  workshops & and school 
establishment   

S8 Haldhibari Teastate Vegetation density is high on one side and on the other 
side tea garden 

S9 Kohora (1)  Business establishment, 

S10 Kohora (2) Dwelling houses and market place 

S11 Hatikhuli Teastate Teagarden ,dwelling houses , agricultural fields 

S12 Hatikhuli It is  near a fueling station 

S13 Methoni (2)  Dense green area 

S14 Methoni (1)  Near a tea processing factory, tea garden 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development           Vol. 9 No. 03, January-March 2015 

608 
 

Table 2 : Concentration (mg/kg) of metals in roadside soil and tree bark 

Road 
side soil 

 

Metals  Co Cr Cu Fe Mn Ni Pb Cd 
Minimum 5.35 13.55 0.35 3757.5 30.65 5.7 0.7 0.075 

Maximum 58.9 1098.5 161.05 28600 661.5 2660 46.65 21.25 
Average 13.09±9 149.21±216 17.79±29 13984.46±29 328.08±167 165.47±503 13.00±11.34 1.94±4 

EF(Road side soil) 2.4 11.9 6 --- 2 4.4 4.5 24.5 
Albizia procera  
(Roxb) Benth. 

0.375 17.65 2.525 1352 22.125 9.475 1.8 0.052 

Tectona grandis L.f. 1.25 18.35 4.95 1550 35.725 55.9 2.3 0.32 

Mangifera indica L. 1.25 27.775 6.025 1132.25 686 11.25 0.57 0.1 
Trema orientalis (L.) 
Blume 

1.125 27.675 4.725 1647 93.9 19.825 0.98 0.065 

Tree 
bark 

Plumeria rubra L. 0.875 23.225 4.775 1403.25 319.75 13.875 0.75 0.025 
Lagerstroenia speciasa 
(L.) Pers. 

0.8 14.3 6.4 753.75 69.075 8.45 3.5 0.8 

Walsura robusta 
Roxb.. 

0.175 15.925 1.875 520.75 16.925 6.4 0.96 0.076 

Streblus asper Lour 1.325 23.75 7.075 594.25 59.35 26.9 1.2 0.625 
Caesalpinia 
pulcherrima (L.) Sw. 

0.4 19.65 2.55 422.75 47.225 12.45 0.05 0.025 

Median 0.875 19.65 4.775 1132.25 59.35 12.45 0.98 0.076 

Average EF 1.06 2.25 5.53 -- 5.93 3.42 0.98 3.19 
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With increased use of unleaded petrol the 
concentration of Pb in the environment is 
decreasing14 yet the maximum concentration of 
Pb(46 mg/kg) was found in Site 14, which is near 
to a tea processing factory. The concentration of 
Mn in soil was high. The high concentration of 
Mn in soil is due to weathering of rocks and its 
used as an additive in gasoline.15 The mean 
concentration of Cd in roadside soil is about 13 
times higher than the background soil. 
Trace metals in plants 
Eight trace metals (Co, Cr, Cu, Fe, Mn , Ni , Pb 
and Cd) were analyzed for bark samples the data 
are presented in Table 2. Generally trace metals 
like Cd, Ni and Pb were not present in plants in 
significant amounts. So traces of these metals 
point out their possible contamination. And it 
could be considered that the trace metals in the 
barks is mostly due to atmospheric deposition 
(Fe and Mn were not considered as trace 
metals).Cobalt participates in chlorophyll 
formation and it also helps in nitrogen fixation.16 
The Co concentration in this study was low as 
compared to reports given by Skrbic et al.(11.8-
39.9mg/kg) whereas  Cr in the bark samples was 
higher.17 Critical deficiency levels of Cu are in 
the range of 1-5 mg/kg of plant dry mass and the 
threshold for toxicity is above 20-30 mg/kg dry 
mass.18 The concentration of Cu of bark samples 
was found to be low and it was below the 
toxicity level. The mechanism of Ni toxicity and 
biological effects are highly related to its species. 
The highest concentration of Ni in the current 
study is found to be lower than the value reported 
by  Schelle (65±141 mg/kg).19 The concentration 
of Pb and Cd in barks are low as compared to 
soil, this is due to the fact that these two are  non-
essential element for plants and is mostly 
accumulate in the root zone.20 The uptake of Pb 
and Cd is controlled by soil pH. Pb and Cd 
comes to the environment by aerial deposition in 
the roadside soils. 
Enrichment factors 
The enrichment factor for metals were originally 
developed to find the source of metals in the 
atmosphere, precipitation or sea water, but this 
was used extensively in soil studies and later in 
plant sampling also.17, 21 The mathematical 
formula to calculate the EFX is as : EFx=[Cx 

(sample)/ R(sample)]/ [Cx (reference)/ R(reference)] where, 
Cx(sample) is the concentration of metals in soil and 

tree species ,Cx(reference) is the concentration of 
metals in the background soil. R is the 
concentration of reference element (Fe) in soil. 
The background concentrations of trace metals of 
the study area were taken as reference values for 
EF calculation. The enrichment factor of the 
heavy metals in tree species and enrichment 
factor for soil has been put up in Table 2. The EF 
values follows the order Cd>Cr>Cu>Pb 
=Ni>Co>Mn> in soils and Mn>Cu>Cd>Ni 
>Cr>Co>Pb in plants. The metals showing high 
enrichment in plants compared to soil were Mn , 
Ni, Cu and Co. This may be due to the fact that 
these metals (Mn, Cu and Co) are essential for 
plants in micro amounts, so their uptake is more. 
The metals that showed high EF values in soil 
compared to plants are Cd, Cr and Pb. These 
were non-essential elements hence their uptake is 
less. 
Transfer factor 
Trace metal concentration in the extracts of 
soils and plants were calculated on the basis of 
dry weight. The Transfer Factors (TF) were 
calculated as : TF = Cplant/ Csoil, where Cplant and 
Csoil represents the heavy metal concentration 
in samples of soil and plant respectively. It is 
the ratio of contaminant concentration in plant 
parts to concentration in dry soil.22 The transfer 
factor of the metals were calculated and 
presented in Table 3. The transfer factors were 
found to be low, which indicate that deposition 
of metals from air was the principal route of 
the metals that originated from the highway 
and not through uptake from soil.23 

Statistical treatment of the data 
ANOVA was carried out and it was found to 
be significant at 0.5 levels.  It implies that the 
source of metal for the two matrices (soil and 
tree bark) were different. There may be some 
other source of pollution other than vehicular. 
Pearson’s correlation was carried out and put 
up in Table 4 for soil and tree bark. In soil 
significant relationships were found among the 
metal pairs Cr-Co(r=0.939), Cu-Co (0.936) 
and Cu-Cr(0.976); Fe ( Co, r=0.698 and Cu, 
r=0.517 ), Mn (Co ,r=0.603 and Fe, r=0.751), 
Ni (Co, r=0.940; Cr, r= 0.995 and Cu, 
r=0.981). The correlation inferred that the 
metals could have originated form similar 
source. The association of metals like Ni ( with  
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Co, Cr and Cu), Cr with Co, Cu with Co and 
Cu with Cr clearly indicates the vehicular 
traffic related input. Mn is emitted from 
diesel exhaust, the positive correlation 
between Co and Mn implies that they were 
emitted from diesel exhaust. The association 
of metals among Fe and Co ,Cu and the 
relation of Co and Cu with Ni reveals that 
these two metals (Co and Cu)were originated 
from both natural as well as anthropogenic 

origin. In the bark samples positive 
correlation were found among the metal 
pairs Co (Cr, Ni) ;Mn-Cr, Cd-Pb whereas 
negative  correlation was found between the 
metal pairs Cu-Co(r=0.856), Pb-Cr(r=0.590) 
and Cd-Cu(r=714). The negative correlation 
indicates that these metals might have been 
emitted from different sources and were 
deposited by wind and wet or dry deposition 
to the study area.24-28 

Table 3 : Transfer factor of metal in barks of roadside plants 

Tree species Co Cr Cu Fe Mn Ni Pb Cd 
Albizia procera  (Roxb) Benth 0.03 0.07 0.14 0.10 0.07 0.10 0.14 0.03 
Tectona grandis L.f. 0.10 0.07 0.28 0.11 0.11 0.59 0.18 0.16 
Magnifera indica L. 0.10 0.10 0.34 0.08 2.09 0.12 0.04 0.05 
Trema orientalis (L.) Blume 0.09 0.10 0.27 0.12 0.29 0.21 0.08 0.03 
Plumeri rubra L. 0.07 0.09 0.27 0.10 0.97 0.15 0.06 0.01 
Lagerstroenia speciasa (L.)Pers. 0.06 0.05 0.36 0.05 0.21 0.09 0.27 0.41 
Walsura robusta Roxb. 0.01 0.06 0.11 0.04 0.05 0.07 0.07 0.04 
Streblus asper Lour. 0.10 0.09 0.40 0.04 0.18 0.28 0.09 0.32 
Caesalpinia pulcherrima (L.) Sw. 0.03 0.07 0.14 0.03 0.14 0.13 0.00 0.01 

Table 4 : Inter-species correlations : Data correspond to the correlation found in bark 
species (n=9) and the diagonal data corresponds to the correlation of metal pairs found in 

roadside soil( n=28) 

 n=9 
         n=28 

Co Cr Cu Fe Mn Ni Pb Cd 

Co 1.00 0.632* -0.856** 0.425* 0.410* 0.596* 
 

Cr 0.939** 1.00 
  

0.628* 
 

-0.590* 

Cu 0.936** 0.976** 1.00 
    

-0.714** 

Fe 0.698* 
 

0.517* 1.00 
 

0.407* 
 

Mn 0.603* 
  

0.751* 1.00 
  

Ni 0.940** 0.995** 0.981** 
  

1.00 
 

Pb 
      

1.00 0.738** 

Cd               1.00 

Only the significant values were given. -** correlation is significant at 0.01 level and * correlation is significant at 0.05 
level(two tailed) 
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CONCLUSION 
The EF calculated for road side soil shows 
high enrichment of Cd and Cr in the soil. The 
enrichment factor for Cu, Ni and Pb were in 
the moderate range. From the correlation, it 
can be concluded that the origin of the metals 
were both geogenic and anthropogenic 
sources. Since there were no other major 
industries located in the study area so the 
anthropogenic origin of metals could be 
attributed from the ply of the vehicles in the 
highway that passes through the National Park. 
The maximum concentration of  Fe and Ni are 
found in the smooth  bark surfaces of Trema 
orientalis (L.) Blume and Tectona grandis L.f 
whereas the maximum concentration of Co and 
Cu, Mn and Cr, Pb and Cd are observed in the 
rough bark surfaces of Streblus asper Lour, 
Mangifera indica L. and Lagerstroemia 
speciasa (L.) Pers. Despite of the smooth 
surfaces Trema orientalis (L.) Blume and 
Tectona grandis  L.f. these tree bark are good 
indicator of pollution. This is because the 
crown canopy of the tree prevent the stem 
inflow of particles during rainy period .This 
shows that not only the surfaces of bark 
influenced the particle deposition but the 
crown canopy also helps in trapping the 
particles. This study will help in future to find 
suitable bio monitors. Since the study area is a 
biodiversity rich zone which is of international 
importance so there should be more systematic 
scientific study in terms of its pollution status. 
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Our environmental problems originate 
in the hubris of imagining ourselves as 
the central nervous system or the brain 
of nature. We're not the brain, we are a 
cancer on nature. 

Dave Foreman 

 


