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Abstract: This study was aimed for the investigation of heavy elements in suspended dust along the Murree
Highway passing close to Islamabad, the capital city of Pakistan. The dust accumulated on the filters of Air
Conditioners (ACs) was collected from various buildings along the Murree Highway. After sieving, the dust
samples  were  digested  as  per  Method  3050B  of United States Environmental Protection Agency (USEPA).
The samples were analysed for the elements As, Cd, Cr, Cu, Ni, Pb and Zn by applying Flame Atomic
Absorption Spectrometer (FAAS). The average concentration values of As, Cd, Cr, Cu, Ni, Pb and Zn in dust
were  found  to  be  42.8±14.9,  8.4±3.3,  93±27.3, 156.9±55, 47.8±24.8, 145.8±33.8, 890±350 mg kg  respectively.1

The enhanced values of Cd, Cu and Zn heavy metals may be due to human activities such as industrial
processes and high density road traffic. 

Key words: Flame Atomic Absorption Spectrometry  Heavy metal  Suspended dust  Environmental
Protection Agency

INTRODUCITON by light and heavy duty vehicles. However the

Heavy metal contamination contributes a large part of greater than that due to light duty vehicles [5]. The
the atmospheric pollution [1]. The main anthropogenic dispersion of heavy particles in air flow is a function of
sources of heavy metal pollution include industries, particle size [6].
traffic, foundries, mining activities, smelters, construction The Murree Highway is the main passage of high
and renovation, building deterioration and combustion traffic density between the twin cities of Rawalpindi and
processes. The traffic  source includes vehicles (tyre Islamabad (the capital of Pakistan). The Murree Highway
wear, brake linings, fuel combustion, etc.) and road passes through the densely populated part of Islamabad/
infrastructure (pavement wear, corrosion of galvanized Rawalpindi. The Murree Highway has high rise shopping
steel crash barriers, etc.) [2]. The heavy metals are not plazas, banks, government and semi-government offices,
hazardous to human beings as long as their hospitals, parks, residential accommodations, school and
concentrations are small [3].  High  concentration  levels colleges and markets along its both sides. No research
of heavy element pollutants such as As, Cd, Cr, Cu, Ni, work so far has been reported in the literature for the
Pb, Zn, etc. have been reported at the sites close to the detection of heavy metal concentration in the suspended
roads that affect the air environmental quality. Heavy dust along the Murree Highway. The suspended dust
metals concentrate on the road surface by the process of contains small sized particles which interact with the
atmospheric deposition, sedimentation, impaction and human   beings    through   inhalation   and  ingestion.
interception [1]. Dust particles on the road surface are of Such suspended particles also interact via dermal contact
wide range of sizes known as Road Dust [4]. Particle size with the human body. Keeping in view the importance of
has pronounced impact on the respiratory tract of human suspended particles, this novel and recent study was
beings while inhaling dust through nose and mouth. carried out for Murree Highway. The samples of
Particle size with an aerodynamic diameter < 2.5 µm and suspended  dust  were  collected  from the filters of split
coarse particles between 2.5 µm and 10 µm are produced air-conditioner  units  [7],  located at an average height of

contribution by the emissions of heavy duty vehicles is
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7 feet from the ground level, where the dust pollution were dried at 100°C for 5 h in an electric oven and sieved
deposition was integrated over a time period of 8 to 10 through a 90 µm (170 meshes ASTM) stainless steel sieve.
months. The dust samples were digested in HNO  and The particles passed through this sieve contain all particle3

H O  as per procedure of the USEPA Method 3050B [8]. sizes including 90 µm and less. The very small sized2 2

MATERIALS AND METHODS of the sieved dust.

Sampling for Suspended Dust: A feasibility report was Dust Digestion: The samples of dust were digested in
prepared before carrying out the project on the analytic grade HNO  and H O  as per procedure required
assessment of dust pollution level along the Murree for USEPA Method 3050B [8, 9]. One gram from the dust
Highway. Eight main locations were selected along the sample was weighed in an analytical balance and
way,  which  are  marked  on the map shown in Figure 1. transferred to conical flask. 10 ml of HNO  was added into
The brief description of the sampling sites is given in the digestion flask and was heated up to 95°C without
Table  1.  The  dust  accumulated  on  the  filters  of  split boiling. The sample solution was then cooled and added
air-conditioners (ACs) was recovered at ground floor in with 5 ml of HNO  and was refluxed for 30 min until
the shops along the Highway [7]. The filters after digestion was complete. The solution was evaporated to
removing from the ACs were tapped gently on the glazing 5 ml while heating at 95°C. Then 2 ml of distilled water and
paper  to  recover  the  trapped  dust;  however,  a  small 3 ml of 30% H O  was added and the solution was
size brush was also used to remove dust from the filters. warmed. After this, 1 ml of aliquots of H O  was added
At least four dust specimens were collected from the ACs continuously until effervescence subsides. The sample
in an area of about 200 m  around each marked location. solution  was  again  heated  until  its  volume  reduced to2

The specimens were combined to get 4-5 g dust particles 5 ml. The digestates were cooled and diluted to 100 ml
and transferred into small sized polythene sachem and with  distilled   water   and   centrifuged   at   2500 rpm  for
mixed uniformly. The homogeneous mixture of the 10 minutes.
specimens was considered as a representative sample for
that particular location. The samples were carried to the FAAS Measurements: Heavy metal concentrations in
Analytical Laboratory at PIEAS (Pakistan Institute of digested samples were determined by using the FAAS.
Engineering and Applied Sciences) at Islamabad for initial Detection limits for the elements As, Cd, Cr, Cu, Ni, Pb
treatment before their analysis by the FAAS. The samples and  Zn  for  FAAS  were  3-150,  0.02-3,  0.06-15,  0.03-10,

particles of the size of 2.5 µm and 10 µm are also the part
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Fig. 1: The sampling points along the Murree Highway
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Table 1: The description of the samples of dust collected along Murree Highway, Rawalpindi

SN Sampling Location Description of the sampling location

MR-1 Faizabad Flyover, very near to the capital of Pakistan, Heavy traffic, Bus stands, Commercial area
MR-2 Shamsabad Public park (Nawaz Sharif park), International Cricket Stadium, Traffic load, Educational institutions
MR-3 Sixth Road  Commercial plazas, Residential area, Private and Government institutions
MR-4 Chandani Chowk Near Benazir Bhutto Shahid hospital, linked to the International Ariport Islamabad, Commercial and

Residential areas, Heavy traffic area
MR-5 Waris Khan Residential area, Commercial activities, Traffic burden due to flyover 
MR-6 Moti Mahal Near railway track, Traffic burden, Educational institutions
MR-7 Mareer Hassan Private and Government offices, Residential and commercial area
MR-8 Main Saddar Commercial markets and plazas, Private and Government offices, Traffic load

0.1-20, 0.1-30 and 0.01-2 mg L  respectively. Double (1)1

distilled water was used throughout the solution making
and dilutions. All the plastic and glassware used is where, C  is the spiked sample concentration, C  is the
washed three times with the de-ionized water and then sample concentration and C  is the added concentration.
soaked in dilute HNO (15%) used for washing purposes. The percentage recovery of the certified reference material3

The  glass  and  plastic  ware  were  rinsed again with the varied from 80 to 115% while the percentage recovery
de-ionized water and dried in an oven. Double distilled efficiency for all the spiked samples used in this study
water was used in the preparation of blank sample varied in concentrations from 85 to 115%.
solution exactly in the same manner as the solutions for
the suspended dust samples without the adding any RESULTS AND DISCUSSIONS
sample. In order to assure the quality, certified reference
materials for soil (IAEA-S-7) and lake sediment (IAEA-SL- Heavy Element Pollution Levels: The concentration
1) were employed. All the solutions for the certified values of As, Cd, Cr, Cu, Ni, Pb and Zn were measured in
reference materials were prepared on the same lines as the samples of the suspended dust collected from the
prepared for the suspended dust samples. specified locations along the Murree Highway. The

The  chemicals  and  solvents  used  for this study minimum, maximum and mean values of the elements are
were of analytical reagent grade and were obtained from given in Table 2. The concentration values with respect to
Merk, Darmstadt, Germany. The calibration curves for the sampling sites are shown in Figure 2. The worldwide
each of the elements are plotted to get the quantitative concentrations of these elements in the road dust have
results using stock solutions of the elements (1000 ppm) been compiled from literature and are given in Table 3.
provided  by  Fisher  Scientific  International  Company. The results obtained for each element are discussed.
The parameters used for the operation of As, Cd, Cr, Cu,
Ni, Pb and Zn elements were set up according to the Arsenic: Arsenic (As) may be found in rocks, soil, water
operation manual provided by the manufacturer of the and air. It is also present in different types of minerals.
instrument.  The  elements  understudy,  were  analyzed The crushed rocks contain As in the form of white, grey
with a Varian SpectrAA 300 AAS spectrometer. The and pale yellow clay. Arsenic may also be produced by
atoms of the element are excited using an air/acetylene burning of coal and fossil fuels. The values of As
flame. In order to measure the concentration of each determined  in  this  study  show  that  it  varies  between
element in the digested samples, the specific hollow 28 and 72 mg kg . The mean value 42.8 mg kg  is greater
cathode lamps are used having characteristic wavelengths than both the Soil Guide Line Values (SGV) [11] and
and slit width. Chinese Environmental Quality Standard-II for Soil

The method of standard addition was used for the (CEQSS-II) [12] as presented in Table 2. The data given in
measurement of recovery efficiencies of the dust samples. Table 3 shows that this value is greater than that for three
The samples spiked to 2, 4 and 6 mg kg  concentration and less than one value among the places in comparison.1

were added to each sample for percentage recovery
determination. The concentrations given in the certified Cadmium: A large amount of cadmium (Cd) is released
reference materials were used for the percentage recovery into the environment through human activities,
as well. The percentage recovery was calculated using the weathering  of  rocks,  forest  fires  and volcanoes.
following relation [10]. Cadmium is also produced as a by-product of the smelting

sp s

a

1 1
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Table 2: Heavy metal concentration (on dry weight basis) in suspended dust from the Murree Highway (number of samples 8), local data from Nilore/
Islamabad[17] used as a background/reference soil, Soil Guideline values (SGV) and Chinese environmental quality standard for soil (CEQSS-II)

Concentration (mg kg )1

----------------------------------------------------------------------------------------------------------------------------------------------------------
Statistical Value As Cd Cr Cu Ni Pb Zn
Present study
Minimum 28 4.8 58 81 18 95 500
Maximum 72 15 135 250 90 203 1475
Mean 42.8 8.4 93 156.9 47.8 145.8 890
S.D. 14.9 3.3 27.3 55 24.8 33.8 350
Reference values
Local (Islamabad) 9.02 5.9 119 22.2 32 16.1 63.4
SGV 20 30 200 - 75 450 -
CEQSS-II 30 0.6 200 100 50 300 250

Table 3: The comparison of heavy elements along the Murree Highway with that of some countries of the world
Elements
-------------------------------------------------------------------------------------------------------------------------------------------

SN City/Country As Cd Cr Cu Ni Pb Zn
1. Hong Kong/ China [1] - 2.18 - 24.8 - 93.4 168
2. Paris/ France [2] - 1.7 50 1075 25 1450 840
3. Madrid/ Spain [4] - - 61 188 44 1927 476
4. Islamabad/ Pakistan [10] - 5 - 52 23 104 116
5. Jeddah/KSA [18] 14.8 - 59.5 - 55.3 39.7 194.6
6. Amman/ Jordan [19] - 0.78 91 315 75 199 877
7. Bahrain/ Bahrain [20] - 72 144.4 - 125.6 697.2 151.8
8. Beijing/ China [21] - 1.67 - 42 72 126 167
9. Birmingham/ UK [22] - 1.62 - 466.9 41 48 534
10. Dhaka/ Bangladesh [23] - - - 46 26 74 154
11. Egypt/ Egypt [24] 6.53 2.98 85.7 102 38.5 307 1839
12. Istanbul/ Turkey [25] - 2.32 - 122.3 31 185.8 447.7
13. Lanzhou/ China [26] - - 62.14 72.97 - 62.65 296.93
14. Luanda/ Angola [27] 5 1.1 26 42 10 351 316
15. Mexico City/Mexico [28] - - 117 100.8 39.8 140.5 306.7
16. Mubi/ Nigeria [29] - 0.67 - 25.06 - 207 121
17. Rawalpindi/ Pakistan 42.8 8.4 93 156.9 47.8 145.8 890
18. Sivas/ Turkey [30] - 2.6 - 84 68 197 206
19. Taejon/ Korea [31] - - - 57 - 52 214
20. Urumqi/ China [32] - 1.17 54.2 94.5 43.2 53.5 294.4
21. Hong Kong/ China [33] 66.8 - 124 110 28.6 120 3840

zinc (Zn) from its ore. Another important source of Cd concentration  of  Cr  is  generally  low  in  air and water.
emission is the production of artificial phosphate The  value  of  Cr  as  detected  in  this study lies between
fertilizers.  The  variation in the Cd values measured in the 58 and 135 mg kg . The average of the measured values
understudy dust samples, lies between 4.8 and 15 mg for this element is 93 mg kg  and is less than the SGV as
kg . The average concentration of Cd is found out to be well as CEQSS-II value as presented in Table 2. It should1

8.4 mg kg , which is less than that in SGV however be  noted  that  the  background  concentration value of1

greater than that in CEQSS-II as given in Table 2. The this element is greater than the measured value for this
global comparison for this element, based on Table 3, study indicating its impact due to the anthropogenic
indicates that the mean value of Cd is greater than that for activities with the atmosphere to a minimum level. The
12 places and is less than that for only one place. comparison of this study with few countries of the world

Chromium: Human beings may be exposed to chromium than 8 values and less than 3 values. The value of this
(Cr) through breathing, eating, drinking and also through element in the present study is comparable to that of
skin contact with Cr element or Cr compounds. The Amman (Jordan).

1

1

as given in Table 3 shows that the value of Cr is greater
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Fig. 2: The concentration of As, Cd, Cr, Cu, Ni, Pb and Zn in the dust samples collected along the Murree Highway

Copper: Copper (Cu) can be released into the environment the  Murree  Highway  varies  from  81  to  250 mg kg
from   both  natural    and   anthropogenic  sources. (Table 2). The mean value of Cu is found to be 156.9 mg
Natural  sources include  decaying vegetation, forest fires, kg  which is greater than the CEQSS-II value given in
sea spray and dust storms. Release of Cu by human Table 2. In comparison to the values given in Table 3, the
activities include mining, metal production, sludge mean value of Cu in this study is greater than 14 values
deposition  on  the  river  banks,  combustion  of fossil and less than that reported for four places. The value of
fuels, wood production and phosphate fertilizer Cu for Istanbul (Turkey) is close to that of the present
production.  The  concentration  of  Cu  measured  along study value.

1

1
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Nickel: Human beings may be exposed to nickel (Ni) by value of Zn along the Murree Highway is higher than 18
breathing air, drinking water and eating food. Nickel and values and lower than two values as given in the Table 3.
certain Ni compounds have been listed by the National The value of Zn in the present study can be compared
Toxicology Program (NTP) as being reasonably with that of Amman (Jordan).
anticipated to be carcinogens [13]. The concentration of
Ni in the understudy dust samples varies from 18-90 mg Pearson Correlation: The association of the heavy
kg . The variation in Ni concentration shown in Figure 2 elements with each other was studied through the1

indicates that the highest and lowest concentrations are Pearson correlation coefficient R given in Table 4. The
90 mg kg  and 18 mg kg  found at Waris Khan and negative or small values of R indicate the independent1 1

Faizabad respectively. The average concentration of Ni sources of the elements, whereas the large positive values
along the Murree Highway is 47.8 mg kg  which is less of R show the association of the elements with one1

than the Soil Guide Line Values (SGV) as well as Chinese another. The 0.68 value of R between As and Ni depicts
Environmental  Quality  Standard-II  for   Soil  (CEQSS-II) the common source of these elements. The strong
as shown in Table 2. The concentration of Ni given in correlation of the elements is indicating that both the
Table 3 varies from 10 to 126 mg kg . Among the 19 elements may have common anthropogenic or natural1

places reported, the value of Ni in this study is greater sources. The manmade activities include burning of coal
than 11 values and less than 5 values for the global as well as waste disposals in the surroundings of the
comparison given in Table 3. The concentration of Madrid Murree Highway; however the natural source may include
(Spain) is comparable to that of the Murree Highway the dust particles from the rocky areas surrounding the
Rawalpindi. twin cities of Rawalpindi and Islamabad. The two elements

Lead:  Lead  has  very  adverse  effects  on human health. particles and become part of the road dust by the process
It enters into the human body by the uptake of air, water of accumulation and deposition. An association between
and food. The variation in the concentration of the Cd and Cr has been observed to be 0.59, which shows
element Pb is shown in Figure 2. The average that the two metals belong to the same natural or
concentration of Pb is found to be 145.8 mg kg  which is manmade source of emission. The sources of Cr may1

lower than both the SGV and CEQSS-II values as given in include combustion of coal and oil as well as cement
Table 2. The values of Pb as reported in Table 3 for the productions [14]. The sources of Cd and Cr in the Murree
global village varies from 48 to 1927 mg kg . The Highway may be due to the traffic flow in the Rawalpindi1

comparison with the other countries shows that 9 city as well as due to the contaminants carried by wind
countries have higher values while 11 have lower dispersion process from various factories in the vicinity
concentration values for Pb. The measured value of Pb of this city.
found in Mexico City (Mexico) is almost near to that The  correlations  between  Cr-Cu   and   Cr-Pb  are
measured at the Murree Highway Rawalpindi. The Pb 0.55 and 0.72 respectively, which is due to the vehicular
sources in the present study may be due to the moderate exhaust and industrial emissions. The strong correlation
to heavy traffic on the major roads of the Rawalpindi city, between Pb and Cr is giving a signal that the elements are
industries and refineries located within the twin cities of coming from a common source. The main sources of
Rawalpindi and Islamabad. emission for these elements seem to be the very heavy

Zinc: Zinc (Zn) has adverse health effects not only on crossing it after short distances. The 0.56 value of R
human beings  but  also  on  the animal and plant lives. between Cu and Pb shows fair correlation between the
Zinc concentrations affect the life of ecosystems, which elements and also shows that there is a common source of
as a result disturb the food chain, animal diversity and emission for the elements. The anthropogenic source for
environmental beauty. The value of Zn measured along these elements might be the vehicular exhaust of the
the Murree Highway varies from 500 to 1475 mg kg  as Murree Highway as well as heavy traffic that is the1

shown in Figure 2. The average value of Zn along the heavily loaded large sized trucks, on the IJP road, located
Murree Highway is greater than the permissible level for on the boundary of the twin cities of Rawalpindi and
CEQSS-II as given in Table 2. The average concentration Islamabad, near to Murree Highway.

may be transported or dispersed in the form of dust

traffic load on this road with a network of the linked roads
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Table 4: The correlation matrix of heavy elements in the suspended dust of Murree Highway Islamabad/ Rawalpindi
As Cd Cr Cu Ni Pb Zn

As 1
Cd -0.484 1
Cr -0.49 0.59 1
Cu -0.51 0.11 0.55 1
Ni 0.68 -0.48 0.028 0.016 1
Pb -0.41 0.035 0.72 0.56 0.012 1
Zn -0.54 -0.11 0.32 0.42 -0.23 0.72 1

The heavy metal Pb is also strongly correlated (0.72) The background values of soil have been used from
with Zn which is an indicator that the metals belong to the a remote area Nilore located in the vicinity of Rawalpindi
same anthropogenic source. The maximum value of R and Islamabad [17]. The mean values of PI for all the
between Pb and Zn shows that the source of emission seven elements under consideration were determined as
may be due to the use of leaded gasoline, the lubricating given in Table 5 and their behaviour was found to be as
oil and grease [10] and by wear and tear of tyres as well as follows: the element Cr has IPI  1 which indicates the low
brake emissions. The high density of large and small level of pollution. Cd and Ni lie in the range 1  IPI  2;
vehicles running on the Murree Highway as well as in the therefore both the elements have middle pollution level.
vicinity of this road, that is on IJP Road and Islamabad The elements As, Cu, Pb and Zn fall in the classification
Expressway can be the major contributor for Zn and Pb. range IPI  2, which implies the high level of pollution.
The various types of factories and units working for
industrial purposes in the twin cities may be regarded as Geoaccumulation Index: The geoaccumulation index (I )
the source of these pollutants. Poor correlation coefficient can also be used for the assessment of pollution level,
values for all other metals show that there are multiple or originally used for bottom sediments. It is computed by
independent sources. The strong correlations that exist the following equation [10]:
between all the other metals studied also give indication
of the common source. (3)

Assessment of Pollution Level: Pollutants level where C  represents the measured concentration of the
determination is very important information which can be element n and B  is the geochemical background value of
fruitful for the future study and planning. There are the element in fossil argillaceous sediment (average
different methods for the assessment of degree of metal shale). In this study, B  is the background content of an
pollution in soil and dust. element n in soil. The I  is classified as follows:

Integrated Pollution Index: The pollution index PI is given I  0: Unpolluted environment
by [15]. 0 < I  1: Unpolluted to moderately polluted

(2) 2 < I  3: Moderately to strongly polluted

where C  and B  are the measured and the background 4 < Igeo  5: Strongly to extremely polluted andn n

values  of  the  pollutant  respectively  in  dust  and soil. Igeo > 5: Extremely polluted.
The classification of pollution level is defined as follows
[15]: The geo-accumulation index (I ) was calculated for

The mean value of the pollution index (PI) of the the elements under investigation and the minimum,
pollutant  is  known  as Integrated Pollution Index (IPI). maximum and mean values of the computed results are
The various pollution levels on the basis of integrated given in Table 5. The pollution level of each of the
pollution index are given as follows [16]. elements  is  as  follows:  six samples have 1 < I  2 for

IPI  1: Low level of pollution polluted while two samples have 2 < I  3 which
1  IPI  2: Middle level of pollution indicates moderate to strong pollution level by this
IPI  2: High level pollution element.  The  behaviour  of  Cd  shows  that  five samples

geo

n

n

n

geo

geo

geo

1 < I  2: Moderately pollutedgeo

geo

3 < I  4: Strongly pollutedgeo

geo

geo

As which shows that the environment is moderately
geo
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Table 5: Pollution assessment indices of heavy elements in the suspended dust of Murree Highway, Islamabad/Rawalpindi
Heavy Elements
----------------------------------------------------------------------------------------------------------------------------------------------

Statistical Values As Cd Cr Cu Ni Pb Zn
Pollution Index (PI)
Minimum 3.1 0.81 0.49 3.6 0.56 5.9 7.88
Maximum 8.0 2.5 1.1 9.9 2.8 12.6 23.26
Mean (IPI) 4.73 1.43 0.78 6.9 1.49 9.05 14.03
Geo-accumulation Index (I )geo

Minimum 1.04 -0.88 -1.62 1.28 -1.41 1.98 2.39
Maximum 2.41 0.76 -0.40 2.72 0.90 3.07 3.95
Mean 1.59 -0.16 -0.99 2.13 -0.18 2.56 3.12

Fig. 3: The Igeo values in the form of a Box Plot along Murree Highway

have I  0 while three samples have 0 < I 1 overall  pollution  level,  using  geoaccumulation   valuesgeo geo

unpolluted to moderately polluted environment. For the for each of the measured element, at the Murree Highway
element Cr, all the samples have I  0 indicating is  given  by a  box  plot  as  seen in the Figure 3a andgeo

unpolluted environment. For the three samples Cu has 1 Figure 3b.
< I  2 showing the environment is moderately pollutedgeo

while five samples lie in the range 2 < I  3 indicating CONCLUSIONSgeo

that the environment is in the moderate to strong
pollution level. Five samples have I  0 for Ni indicating The heavy elements suspended in dust aregeo

that the environment  is unpolluted   while   three associated to each other. The elemental correlations
samples  have 0 < I  1 which shows unpolluted to between As-Ni, Cd-Cr, Cr-Cu, Cr-Pb, Cu-Pb and Pb-Zn aregeo

moderately polluted environment by this element. 0.56, 0.59, 0.55, 0.72, 0.56 and 0.72 respectively. The
The contribution of Pb is such that one sample has 1 elements which are strongly correlated to one another

< I  2 which indicate moderately polluted environment indicate that the two elements may have commongeo

while six samples have 2 < I  3 that is the environment anthropogenic or natural sources. The correlationsgeo

pollution ranges from moderate to strong and one sample between As-Ni, Cd-Cr, Cr-Cu, Cr-Pb, Cu-Pb and Pb-Zn
has 3 < I  4 which points towards the strongly polluted depict the common source of these elements.geo

environment. The behaviour of Zn shows that four The statistical analysis of the measured values for the
samples have 2 < I  3 moderately polluted to strongly elements has indicated the level of pollution in thegeo

polluted environment and the remaining four samples atmospheric environment of the Murree Highway. The
having 3 < I  4 strongly polluted environment. The elements As, Cu, Pb and Zn have high level of pollutiongeo

overall behaviour of the elements is that the environment as determined by integrated pollution index (IPI). The
is unpolluted due to Cd, Cr and Ni while As has geoaccumulation index (I ) indicates that environment is
unpolluted to moderately polluted and for Cu and Pb unpolluted due to Cd, Cr and Ni, unpolluted to moderately
moderately to strongly polluted environment. The polluted due to As, moderately to strongly polluted
strongly polluted environment has been found due to the environment for Cu and Pb and strongly polluted
presence of Zn in the suspended dust samples. The environment due to Zn in the suspended dust samples.

geo
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