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Abstract: The anthropogenic and natural emissions of heavy metal pollutants in the atmospheric environment
adversely affect the health of people exposed to the pollutants in different parts of the world. The concentration
values of the heavy elements in suspended dust, trapped in Air conditioner’s filters, along the Murree Highway
were  measured  using  Flame  Atomic  Absorption  Spectrometer   (FAAS).   Health   risk   assessments  for
non-carcinogenic and carcinogenic effects, due to the heavy element contaminants, have been calculated for
both children and adults. The risk assessments in case of children for non-carcinogenic effects showed that
As has values greater than the safe level of Hazard Index (HI=1), the threshold value, however in case of adults
the value of risk for As is also higher in comparison to the rest of the elements but lies within the safe range
of Hazard Index (HI<1). The carcinogenic effects lie within the range of threshold values for all the investigated
elements in case of children as well as adults.
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INTRODUCTION probability of contact with the suspended dust  [6].

Human health is a major concern, especially children health. Lead (Pb) a poisonous metal may enter the body
and elderly people, regarding heavy metals pollution of human beings through the process of inhalation or
causing a number of serious diseases. The heavy metals ingestion. Lead is absorbed into the body slowly but the
enrichment in the environment is of great concern excretion is even slower and hence tends to accumulate in
because of their toxic nature and threats to human health liver, kidneys, bones, teeth and brain of the human body.
[1]. Toxicity may be due to vehicular traffic exhaust, waste High Pb levels (> 60 µg/dL) not only damage central
from industries, fertilizers, herbicides, insecticides and nervous system but also results in Kidney failure, anaemia
other human activities [2, 3]. The use of coal in different and brain dysfunction. Also at low Pb levels (< 25 µg/dL)
cities of the world has been improved and also there is a without any symptoms of Pb toxicity in the human body
diversion towards other energy sources including natural may cause mental disorder, learning disability, increasing
gas or oil for domestic purposes that has reduced the hearing threshold, a deficit in intelligence and behavioural
urban particulate emission pollution. However, densely problems in young children. Childhood Pb poisoning is a
populated urban cities due to rapid population growth has serious toxicological hazard and children in America have
resulted an increase in the traffic flow producing more and been adversely affected by the blood Pb levels at or
more urban particulate pollutants [4]. The polluted above 10 µg/dL [7].
environment adversely affects human physical  and Health risks due to the heavy metal pollutant
mental health [5]. The pollutants in an urban environment concentrations have been calculated in different parts of
affect the public health directly because of the greater the  world  to  analyze  the  health  risk  levels  in  case  of

Heavy metals have different routes of exposure to human
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Table 1: The description of the samples of dust collected along Murree Highway, Rawalpindi [16]
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

children as well as adults [8-10]. The reason behind such Highway. The deposition of dust was integrated over a
a tremendous research on the heavy metal dust pollution time period of 8 to 10 months. The concentration values
along streets/roads all around the world might be their of the heavy elements determined using flame atomic
impact  on  the  human lives as a dose through the absorption spectrometer (FAAS) are given in Table 2 [16].
process of ingestion, inhalation and dermal absorption [8]. The metals detected were found to be relatively higher
The suspended dust particles size play important role values than that of the street dust, including the metalloid
through inhalation. The particles disperse according to As, is due to the undisturbed dust trapped in ACs filters.
their sizes and densities that ultimately take part in the However the dust along the roads is disturbed by
inhalation process [11]. Dose may be defined as a different means including wind flow and the traffic
substance capable of interacting with the metabolic movements. Also there is need to study the variation in
activity of an organism while  crossing  its  outer the chemical composition of the urban dust particulates
boundary [12, 13]. In Pakistan, very few studies on health containing heavy metals and metalloid As in the road
risk  assessment  have  been  carried  out  so   far  [14]. deposited dust. The higher value of As with regard to the
The suspended dust has the greatest probability of sources is due to the burning of fossil fuels in the
interaction with the human beings which is an important adjoining areas of this road, traffic combustions, industrial
aspect of this study. Health risks due to the metal activities and metal workshops. The health risk
pollution can be more harmful to children than adults assessment was carried out for the three exposure
because of their low tolerance towards the pollutants as pathways by first calculating the doses for each exposure
well as their hand to mouth activities with fast metabolism route and then by adding these doses to obtain the
in their body functions [10]. The metal pollution has not overall dose level. The calculated doses are used in
only adversely affected the lives of millions of people in finding the hazard quotient (HQ) for each exposure path
the world but also the dispersion and/or introduction of and then the total risk given by Hazard Index (HI) was
heavy metal pollutants in the form of dust to the local calculated by adding the three hazard quotients for the
ecosystems adversely affect the lives of different species exposure pathways.
of the animals.

The highway starts from the city of Murree, passes Health Risk Assessment Methodology: In order to assess
through Islamabad, enters Rawalpindi at Faizabad and the health risks due to dust pollution for both the children
ends at the Grand Trunk (GT) Road near Army Stadium in and the adults, the methods of US Environmental
Rawalpindi. The sampling points of this Highway are Protection Agency [12, 13] have been applied for the three
given in Table 1. The Benazir Bhutto international Airport exposure pathways of Ingestion, Inhalation and Dermal
and international cricket stadium are situated near to this contact with the suspended dust particles of the under
Highway. The dusty environment of this road may have study highway. The doses taken up by the human body
very adverse health effects on the customers at the due to the above mentioned three ways were calculated
shopping plazas and markets, workers of the government for each element as daily doses using the following
and semi-government offices, patients  and  visitors of equations [12]:
the hospitals, customers of the banks, residents of the
nearby  area,  passengers and pedestrians of the road. Ingestion dose:
The samples of suspended dust were collected from the
filters of split air-conditioner units [15] at an average (1)
height of 7 feet from the ground along the Murree
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Inhalation dose: the three exposure pathways to get the overall non-cancer

(2) following relation [9]:

Dermal dose:

where Di is the exposure path dose and RfD is the

(3) is  determined  by  multiplying  the  life   time  average

where C is the concentration (mg kg ) of the heavy factor of the exposure path and then the risk for each1

element in a road dust sample, IngR is the ingestion rate: exposure  path  is  summed up to get the overall cancer
200 and 100 mg day  for children and adults respectively risk [9].1

[17], InhR is the inhalation rate: 7.6 and 20 m  day  for3 1

children and adults respectively [18], EF the exposure Risk = LADD × SF (6)
frequency: 180 days year  [19], ED the exposure1

duration: 6 and 24 years for non-carcinogenic effects in where SF is the slope factor of the exposure pathway.
children and adults respectively and 70 years as a lifetime
for carcinogenic effects [17], SA the exposed skin area: RESULTS AND DISCUSSIONS
2800 cm and 5700 cm  for children and adults respectively2 2

[17], SL the Skin adherence factor: 0.2 and 0.7 mg cm The doses due to  the  three  exposure  pathways2

day  for children and adults respectively [17], ABS the were calculated using equation Eqs. (4) - (6) for the1

dermal absorption factor (unit less): 0.001 for all elements suspended dust  particles  along  the Murree Highway.
except As (0.03) [20], PEF the particle emission factor: Health hazards were calculated by applying equation (8)
1.36×109 m kg  [16], BW the average body weight: 15 for non-carcinogenic effects; however the doses for3 1

and 70 kg for children and adults respectively [13], AT the cancerous-effects were calculated by equation (7) and
averaging time (days): For non-carcinogens, AT = ED × then cancer risk assessment is done with the help of
365; for carcinogens, AT = 70 × 365. equation (9).

The assessment of cancer risk is made by calculating The values of toxicity applied for the measurement of
the lifetime average daily dose (LADD) as a weighted non-cancer and cancer risk assessment for the elements
average for each exposure pathway and is given in the are taken from the US department of energy [20] and for
following equation [8]: the element Pb the reference values are taken from the

Lifetime average daily dose for carcinogens: drinking water quality. The specific toxicity data for

In this study this data was  used  only  for  Cr  and  Ni.

(4) slope factor is only available for As, so the inhalation

where all the symbols denote the same variables as above, slope factors of the rest of the elements. While using the
however CR denotes the contact rate that is for ingestion corresponding oral reference values as well as
(CR = IngR), for inhalation (CR = InhR) and for dermal corresponding inhalation slope factors, it is assumed that
absorption (CR = SA × SL × ABS). after inhalation the absorption of the doses result in

The doses calculated for each element and for each similar health effects as if the road dust particles were
exposure route are then divided by the reference dose to taken up by the process of ingestion into the human body
get the hazard quotient (HQ) that will be summed up for [18].

risk (HI). The health risk was calculated using the

(5)

threshold  dose.  The  risk  due  to the cancerous effects

daily  dose   (LADD)  with  the  corresponding slope

WHO (world health organization) [21] guidelines for

inhalation is only available for  Al,  Ba,  Cr,  Mn  and  Ni.

The other elements that includes for the risk analysis, the
values of toxicity used for inhalation exposure route are
the corresponding oral reference doses. Similarly oral

slope factors values are used for the corresponding oral
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Table 2: Heavy metal concentration in suspended dust from the Murree Highway [16]
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

Table 3: Dose (mgKg day ) range due to non-cancerous elements in suspended dust of the Murree Highway1 1

D  Range D Range D Range D Rangeing inh der total

------------------------------------------- ------------------------------------------- ------------------------------------------- ----------------------------------------------
Elements Child Adult Child Adult Child Adult Child Adult
As (1.84-4.73)E-04 (1.97-5.07)E-05 (5.14-13.2)E-09 (2.9-7.45)E-09 (1.54-3.97)E-05 (2.36-6.07)E-05 (1.99-5.12)E-04 (4.33-11.1)E-05
Cd (3.16-9.86)E-05 (3.38-10.5)E-06 (8.81-27.5)E-10 (4.97-15.5)E-10 (8.83-27.6)E-08 (1.34-4.21)E-07 (3.16-9.88)E-05 (3.51-10.9)E-06
Cr (3.81-8.88)E-04 (4.08-9.51)E-05 (1.06-2.48)E-08 (6.0-13.9)E-09 (1.06-2.48)E-06 (1.63-3.79)E-06 (3.82-8.90)E-04 (4.24-9.89)E-05
Cu (5.32-16.4)E-04 (5.70-17.6)E-05 (1.48-4.59)E-08 (8.39-25.9)E-09 (1.49-4.60)E-06 (2.27-7.02)E-06 (5.33-16.0)E-04 (5.92-18.3)E-05
Ni (1.18-5.9)1E-04 (1.27-6.34)E-05 (3.30-16.5)E-09 (1.86-9.32)E-09 (3.31-16.5)E-07 (5.05-25.2)E-07 (1.18-5.92)E-04 (1.32-6.59)E-05
Pb (6.24-13.3)E-04 (6.69-14.3)E-05 (1.74-3.72)E-08 (9.84-21.0)E-09 (1.75-3.73)E-06 (2.67-5.70)E-06 (6.25-13.3)E-04 (6.95-14.5)E-05
Zn (3.28-9.69)E-03 (3.52-10.4)E-04 (9.18-27.0)E-08 (5.18-15.2)E-08 (9.20-27.1)E-06 (1.40-4.14)E-05 (3.28-9.71)E-03 (3.66-10.8)E-04

Table 4: Lifetime average daily dose LADD (mgKg day ) range of cancerous elements As, Cd, Cr and Ni of Murree Highway, Rawalpindi1 1

Elements D Range D  Range D Range D Rangeing inh der tot

As (2.25-5.79)E-05 (1.43-3.68)E-09 (9.42-24.2)E-06 (3.19-8.21)E-05
Cd (3.86-12.0)E-06 (2.46-7.68)E-10 (1.57-5.06)E-06 (5.43-6.26)E-06
Cr (4.7-10)E-05 (2.97-6.9)E-09 (1.9-4.54)E-05 (6.6-14.5)E-05
Ni (1.4-7.2)E-05 (9.22-46.1)E-10 (6.05-30.2)E-06 (2.0-10.2)E-05

Table 5: Hazard quotient range of non-cancerous elements for each exposure pathway and total risk calculated along Murree Highway

 Reference Toxicity Values  Ingestion Range Inhalation Range Dermal Range HI range = HQ
------------------------------------- ---------------------------------------- -------------------------------------- ------------------------------------- --------------------------------------------

Elements Oral.RfD Derm.RfD Inh.RfD  HQ HQ HQ HQ HQ HQ Child AdultChild Adult Child Adult Child Adult

As 3.00E-04 1.23E-04 (6.1-15.70) E-01 (6.56-16.9)E-02 (1.71-4.4)E-05 (9.66-24.8)E-06 1.25-3.22E-01 (1.91-4.93)E-01 (7.35-18.9)E-01 (2.56-6.62)E-01
Cd 1.00E-03 1.00E-05 (3.16-9.86)E-02 (3.38-10.5)E-03 (8.81-27.5)E-06 (4.97-15.5)E-07 (8.83-27.6)E-03 (1.34-4.21)E-02 (4.04-12.6)E-02 (1.67-5.26)E-02
Cr 3.00E-03 6.00E-05 2.86E-05 (1.27-2.96)E-01 (1.36-3.17)E-02 (1.76-8.67)E-04 (2.09-4.86)E-04 (1.76-4.13)E-02 (2.71-6.31)E-02 (1.44-3.38)E-01 (4.09-9.52)E-02
Cu 4.00E-02 1.20E-02 (1.33-4.10)E-02 (1.42-4.40)E-03 (3.7-11.4)E-07 (2.09-6.47)E-07 (1.24-3.83)E-04 (1.89-5.85)E-04 (1.34-4.13)E-02 (1.60-4.98)E-03
Ni 2.00E-02 5.40E-03 2.00E-03 (5.90-29.0)E-03 (6.35-31.7)E-04 (1.65-8.25)E-06 (9.3-46.6)E-07 (6.12-30.5)E-05 (9.35-46.6)E-05 (5.96-29.3)E-03 (7.29-36.4)E-04
Pb 3.50E-03 5.25E-05 (1.78-3.80)E-01 (1.91-4.08)E-02 (4.97-10.6)E-06 (2.81-6.0)E-06 (3.33-7.10)E-02 (5.08-10.8)E-02 (2.11-4.51)E-01 (6.99-14.8)E-02
Zn 3.00E-01 6.00E-02 (1.09-3.23)E-02 (1.17-4.6)E-03 (3.06-9.0)E-07 (1.72-5.06)E-07 (1.53-4.51)E-04 (2.33-6.9)E-04 (1.10-3.27)E-02 (1.40-5.29)E-03

Reference Toxicity Values [9]

Table 6: Hazard Indices and Risk range calculated for the cancerous elements As, Cd, Cr and Ni of Murree Highway, Rawalpindi
Hazard quotients Range
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Elements HQ HQ HQ Risk= HQ Oral SF Inhal SF Dermal SF ing inh der

As (3.37-8.69)E-05 (2.16-5.56)E-08 (3.45-8.86)E-05 (6.82-17.6)E-05 1.50 1.51E+01  3.66
Cd (6.12-19.0)E-07 (2.46-7.68)E-10 (6.12-19.0)E-07 6.3
Cr (1.11-2.38)E-04 (2.97-6.9)E-09 (1.11-2.38)E-04 4.20E-01
Ni (1.66-8.57)E-05 (9.22-46.1)E-10 (1.66-8.57)E-05 8.40E-01
Oral SF and Inhal SF [17]

The calculated  non-cancerous  and  cancerous higher for the ingestion exposure route and is followed by
doses are given in the Table 3 and Table 4 respectively. the dermal absorption exposure pathway however the
The health risk assessments for the non-carcinogenic and inhalation exposure route is at the lowest than the other
carcinogenic effects are calculated as shown in Table 5 two exposure pathways and this trend was also found in
and Table 6 respectively. In this study, the hazard the risk assessment of street dust in Luanda, Angola [8].
quotient for non-cancerous effects given in Table 5 are In  comparison to the child and adult cases, the ingestion;
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dermal  and  inhalation  exposure  route  has  higher CONCLUSIONS
values  for children  than   that   for   adult   and  hence
the  overall  values  of   risk   are   higher   for  children. Road dust pollution is a serious problem all over the
The  overall  hazard  quotient values for children are world due to the release of heavy elements by
higher  (H I  >  1) for the element As. Higher values, of vehicular traffic on roads, which results in the
risk due to the heavy element contaminant As, are also harmful diseases to the human beings. 
found in case of adults but less than the threshold value The health risk assessment of the heavy element
(i.e HI < 1). pollutants As, Cr and Pb showed higher levels of

The children travelling along the Murree Highway as hazard quotient for non-cancerous effects, however
well as living in the surroundings of this road may be the cancerous effects on the human health are found
seriously affected by the non-cancerous health hazards of to be within the threshold levels for all the selected
As, as the risk hazard of this element, lies in the range elements.
greater than the threshold values that is  (7.35-18.9)E-01. It can be concluded that the  children  are  at a
In case of adults, the risk due to this element is also there greater health risks than the adult members of the
as the values approach to the safe level (HI = 1) that is society.
(2.56-6.62) E-01. The health risk values of non-cancerous The uncontrolled  population  growth  rate  and
effects for  the element Cd are  within  the  safe  limits hence the increasing number of vehicles and
both in case of children and adults for this study area. industries in the region is a threat for healthy
The value of overall hazard quotient (HI) regarding the environment.
non-carcinogenic effects, calculated for Cr, in case of Measures should also be taken to monitor the fuel
children, is somehow high but is well below the quality as well as the working conditions of the
recommended threshold value of risk (i.e HI = 1) for vehicles.
Murree Highway. The health risk hazards of Cu are within
the  recommended  safe level as calculated during the ACKNOWLEDGEMENT
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