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ABSTRACT 
The natural environment is getting contaminated due to un-engineered disposal of waste produced by rapid 
industrialization and urbanization to fulfill the need of increasing population. Environmental pollutants can harm 
people’s health through a series of complex transport by various exposure pathways. Heavy metals are continuously 
being dump into the environment which createserious problems to human health. In this study the soil and dust 
samples were collected to know the distribution and concentration of various heavy metals like As, Cd, Cr, Cu, Ni, 
Pb, Zn etc., and the health risk of those metals for local people had been determined. The health risk was assessed 
using Hazard quotient (HQ) and HazardIndex (HI). The samples were collected from 10 locations including industrial, 
residential, highways and mixed use in Allahabad, India. The equipment used for heavy metals calculation was hand 
held Portable X-Ray Fluorescence (PXRF) analyzer (Elvatech), which is equipped with a 4W Rh, Au, or Ta anode 
(per application) X-ray tube and Large-Area Silicon Drift Detector. An internal instrument standard calibration was 
performed prior to sample analysis by certified standard soil sample. Soil samples were dried at 60oC for 24 hours. 
The dry soil sample was finely powdered and then sieved to minus 2mm mesh size. soil samples were placed in a 
plastic container &packed by Polypropylene thin-film from both side. Three measurements were performed, and a 
detaildescription was recorded for each soil sample. The time of analysis was fixed at 60second for each. All results 
were transferred from PXRF to computer for further study. The assessed value of risks (carcinogenic and non-
carcinogenic) to child (0-6 years) and the entire hot spot region is characterized by contamination and required to 
pay attentions. The assessment of health risk indicated that there were mainly three exposure pathways for people: 
ingestion, dermal contact and inhalation. The main exposure pathway of heavy metals to both children and adults is 
ingestion. The result shows that the heavy metal concentration is found below hazardous level for adults and at 
higher pollution level for child below 6 years. The study will be beneficial for the municipality in terms of non-point 
source pollution control and management to promote the health of local people. 
 
 
1 INTRODUCTION 
 
Exponential industrialization and rapid urbanization 
have resulted in contamination of soil by metals from 
anthropogenic sources. The atmospheric deposition of 
dust and aerosol, vehicle emissions, and various 
industrial activities are important sources of soil metal 
pollution (Chao Liu et al., 2016).Soil contamination with 
hazardous materials are common and burgeoning 
problems all over the world. The soils around industrial 
sites are prone to act as sink for metals since metals 
can be transported long distances and transferred to 
soil by atmospheric deposition, wastewater, and 
discharge of solid waste containing metals. Major 
contaminants of soil are heavy metals like Cd, Pb, As, 
Cu, Cr, Hg etc. Heavy metals are of great concern due 
to the large impact on the environment and human 
health (Junhua Ma et al., 2012).Heavy metal 
contaminated soil adversely affects the whole 
ecosystem when these toxic heavy metal migrate into 
groundwater or are taken up by flora and fauna, which 
may result in great threat to ecosystems due to 
translocation and bioaccumulation (Deepmala Satpathy 
et al., 2014). Whenever soil gets contaminated, it 
contaminates air and water, consequently our body gets 
affected by various diseases such as cancer, 
tuberculosis, chronic lower respiratory diseases as well 
as many other serious health problems.Toxic metals in 
urban areas are a subject of great concern, due to their 

non-biodegradable nature and long resident time. The 
prolonged presence of the contaminants in the 
environment and their close proximity to the human 
population significantly increase the exposure of the 
urban population to metals via inhalation, ingestion, and 
dermal contact (P. V. Suryawanshi et al., 2016).  
 

 

 
Figure 1. Contamination cycle 

 
 

The effect of heavy metals on human health and their 
cycle are shown in figure 1. Cd affects Kidney, liver and 
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gastrointestinal tract. Excess Pb causes abdominal 
pain, confusion, headache, anemia and irritability.Road 
dust receives a large number of heavy metals inputs 
from a variety of mobile or stationary sources.In India, 
soil pollution & road dust become a serious problem 
with the rapid industrialization & urbanization during last 
decade.This study had been conducted in Allahabad, 
where the maximum crowd of people of the world 
collected to take a bath in the Sangam of three holy 
river known as Triveni of Ganga, Yamuna and 
Sarasvati. Hence the urban soil of Allahabad has been 
intensively affected by human activities and get 
contaminated. Therefore Allahabad, the place of 
religious faith, art & culture, having high population 
density and heavy burden of human activities, needs to 
have such type of assessment. 
 
1.1 Study Area  
 
Allahabad, known as Prayag, is a city located at south 
east of Uttar Pradesh, India and it is the administrative 
headquarters of Allahabad District. It is the most-
populous district in U. P. with its center located at 
25.44˚N and 81.85˚E.As of 2011, Allahabad is the 
seventh most populous city in the state with an 
estimated population of 1.21 million in the city with the 
city's metropolitan area being 70.5 km2 (27.22 sq. 
miles). 

 
 

 
Figure 2. Map showing sampling location of Allahabad 
 
 
Table 1. Description of sample location of Allahabad 
City 
 

S. No. Location Latitude Longitude 

SL1 Bank Road 
Crossing 

25˚28’13.20’’ 81˚51’43.90’’ 

SL2 Allahpur 25˚26’39.28’’ 81˚52’29.65’’ 

SL3 Triveni Sangam 25˚28’07.89’’ 81˚52’54.19’’ 

SL4 Minto Park 25˚25’55.08’’ 81˚51’44.68’’ 

SL5 Naini (Alstom 
Company) 

25˚23’08.92’’ 81˚52’03.83’’ 

SL6 Ram Bagh 
Railway Station 

25˚26’22.85’’ 81˚50’55.02’’ 

SL7 Bharat 
Petroleum Civil 
Lines 

25˚27’18.07’’ 81˚50’06.54’’ 

SL8 Allahabad 
Junction 

25˚26’40.65’’ 81˚49’27.07’’ 

SL9 Company Bagh 25˚27’17.07’’ 81˚51’01.33’’ 

SL10 MNNIT Gym 25˚29’41.32’’ 81˚51’53’’ 

Ground 

 
 
Overall Allahabad has a very stable and diverse 
economy comprising various sectors such as State and 
Central government offices, education and research 
institutions, real estate, retail, banking, tourism and 
hospitality, agriculture-based industries, railways, 
transport and logistics, miscellaneous service sectors, 
and manufacturing. Allahabad is also the head quarter 
of north central railways. 
 
1.2 Site Investigation & Sample Collection 
 
A Simple survey of the site was conducted to identify 
pollution linkages, not obvious from the desk study. I 
looked around the site to identify the sources of 
contamination of soil, surface disturbance, chemical 
stores, waste storage areas & other adjacent 
properties.A total of 120 soil and dust samples were 
collected from 10 different places of Allahabad city 
during November 2017. Sample collection was based 
on random method in which samples were collected 
from parks, major streets, educational institutes, 
commercial areas, industrial areas etc. (Figure2). At 
each sampling site about 200 gm ofdust and soil 
sample were collected by sweeping using a 
polyethylene brush and tray. All the collected samples 
were stored in a self-locking polyethylene bags, labeled 
and then transported to the laboratory. Descriptions of 
sampling locations and Global positioning system(GPS) 
information is presented in Table 1. 
 
1.3 Sample Preparation & Analysis 
 
Soil samples were dried for at 60oC for 24 hours in the 
oven. The dry soil sample was finely powdered and 
then sieved to minus 2 mm mesh size, soil samples 
were placed in circular whiteplastic container (height 
8.60 mm & inner diameter 10.45 mm) locked by 
Polypropylene thin-film from both side.The average 
weight of soil sample in each container was 11.40 gm.  
 

 

 
Figure 3. sample preparation 

 
 
The equipment used for heavy metals assessment 

was hand held portable X-ray fluorescence (PXRF) 
analyzer (Elvatech), which is equipped with a 4W Rh, 
Au, or Ta anode (per application) X-ray tube and Large-
Area Silicon Drift Detector. An internal instrument 
standard calibration was performed prior to sample 
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analysis. The calibration of the instrument was done by 
testing the certified standard soil samples according 
USEPA, which 99% match with the testing samples. 
Three measurements were performed, and a brief 
description was taken for each soil sample. The time of 
analysis was fixed at 60second for each analysis and 
one sample was analyzed three times after that the 
average result was shown on the screen of PXRF. The 
data were recorded in the internal memory of the 
instrument. All results were transferred from PXRF to 
computers for furtheranalysis and estimation of results. 

 
 

2 HEAVY METAL CONCENTRATIONS  
 
Theconcentrations of heavy metals like Hg, As, Ni, Zn, 
Cr, Fe, Co, Pb, Cu, and Cd in the dust and soil of 
Allahabad city are estimated. Each heavy metal shows 
a wide range of values. The mean concentration of 
these heavy metals was 7.4mg/ kg, 9.2mg/ kg, 38.3mg/ 
kg, 159.6mg/ kg, 160mg/ kg, 20996.7mg/ kg, 72.1mg/ 
kg, 45.7mg/ kg, 49.4mg/ kg, 33.6mg/ kg, and 33.6mg/ 
kg for Hg, As, Ni, Zn, Cr, Fe, Co, Pb, Cu, and Cd 
respectively. The distribution of these heavy metals had 
irregular pattern. The concentration of Hg, Co and Cu 
was higher at Allahpur among 10 sampling places, As, 
Ni and Zn were higher at Allahabad junction, Fe had 
higher concentration at Bharat petroleum civil lines, Pb 
at Ram Bagh railway station, Cd at Naini (Alstom 
company), and Cr was found higher at Sangam 
area.The concentration of these heavy metals was 
compared with the background value of the 
concentration of heavy metals in variousstandards of 
different countries and Indian natural soil background 
value. The source of these heavy metals was reported 
as very complex nature which may be associated with 
transportation, urban industrial and human activities. 
The industrial processes such as metallurgical, 
electroplating, chemical, and fuel combustion may be 
main reasons for metal emissions in the environment. 

 
 

3 POLLUTION INDEX (PI) 
 
Pollution indexes of heavy metals were used to assess 
the degree of metal contamination in the topsoil around 
the Allahabad municipality. The PI was calculated using 
the soil environment quality standard of Indian natural 
soil background values. The PI was defined as follows: 
 
 

                           PI = ……………… (1) 

 
 
Where PI is the pollution index of the element n, Cn is 
the measured concentration of the element n in soils 
(mg/kg), and Sn is the geochemical background 
concentration of element n (mg/kg). The degree of 
heavy metal contamination in the soils can be classified 
into the following categories: non-pollution (PI≤1); low 
level pollution (1<PI≤2); moderate level pollution 
(2<PI≤3); and high-level pollution (PI>3) (Chao Liu et 
al., 2016). 
 
 
 

Table 2. Pollution index of heavy metals 
 

Heavy 
metals 

Concentrations (mg/kg) Pollution 
Index 
(PI) 

Indian natural 
soil background 

Allahabad 
dust & soil 

Cd 0.9 33.6 37.3300 

Cr 114 160 1.4035 

Cu 56.5 49.4 0.8743 

Ni 27.7 38.3 1.3830 

Pb 13.1 45.7 3.4885 

Zn 22.1 159.4 7.2127 

 
 
The concentration of Cu had no effect on human health 
since PI <1. Cd, Zn and Pb had high level of pollution 
since they had PI>3 and had adverse effect on human 
health. The Pb concentration in dusts was attributed to 
emissions from burning of fossil fuel. Cr and Ni had low 
level of pollution due to its increase concentration in 
dust and surface soil.  
 
 
4 EXPOSURE DOSE  

 
The model used in this study to calculate the exposure 
of human to dust metals is based on those developed 
by Environmental Protection Agency of United States 
(USEPA). According to the exposure factors handbook 
(1997), the Chronic Average Daily Dose (CADD) 
(mg/kg/day) of a pollutant via ingestion, dermal contact 
and inhalation as exposure pathways can be estimated 
using Equations (2), (3) and (4).  
 
 

CADDing =        ------------------------ (2) 

 
 

CADDinh=             -------------------------(3) 

 
 

CADDder= ----------------(4) 

 
 
Where, CADDingis daily exposure amount of metals 
through ingestion (mg/kg/day); CADDinh is daily 
exposure amount of metals through inhalation 
(mg/kg/day); CADDder is daily exposure amount of 
metals through dermal contact (mg/kg/day).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

4 
 

Table 3. Factors used for estimation of CADD for 
carcinogenic and non-carcinogenic risk 

 
 

The exposure factors for these models are taken 
from Environmental Site Assessment guideline (2009), 
which are soil ingestion rate (Ring), inhalation factor 
(Rinh), Exposure Duration (ED), Exposure Frequency 
(EF), Average Body Weight (BW), average time for 
carcinogenic and non-carcinogenic risk (AT), 
conversion factor (CF), Surface Area of the skin that 
contact with soil (SA), Skin-adherence Factor (SF), 
Dermal Absorption factor for carcinogenic and non-
carcinogenic risk (ABS). The values of these factors are 
combined and had been taken from the USEPA 2002& 
2011 and WHO 2002 standards &actual Indian data 
which is shown in Table 3. 
 
 
Table 4. Reference dose and cancer slope factor for the 
heavy metals for different exposure. 

5 HEALTH RISK ASSESSMENT 
 
Sensitivity of individuals is likely to be affected by age, 
sex, nutritional & pregnancy status and combination of 
these (IEH, 1999C). Children may differ from adults in a 
range of behavioral & physiological parameters like 
dietary difference. Children can eat much greater 
quantities of particular foods (e.g. dairy products, soft 
drinks, soil & some fruit & vegetables) than adults on a 
body weight basis(Rees,1999). Gender differences also 
have to be taken in to consideration when identified 
potential exposures and pathways because there are 
anthropometric (e.g. height, weight, body surface area, 
fat content, muscle mass etc.) composition differences 
between males and females. Using USEPA guidelines 
on toxicity level, we have analyzed our data on the 
basis of Bioavailability Method, sincewehave 
considered only that amount which is absorbed by 
central part of human body. We had calculated HQ and 
HI values which is used to assess human health risk of 
metal exposure of soil and dust. In this study two type 
of risk assessment have been performed: 1) Non-
carcinogenic risk assessment, and 2) carcinogenic risk 
assessment.    
 
5.1 Non-Carcinogenic Risk Assessment  
 
Chronic Average Daily Demand (CADD) has been 
calculated by using the equations (2), (3) and (4) and 
factors used for obtaining the value of CADD were 
taken from USEPA 2002. RfD values are shown in table 
4. After calculating the CADD for the entire exposure 
pathway, non-carcinogenic Hazard Quotient (HQ) was 
calculated by dividing the CADD by reference dose 
(RfD).           
 
       

              …..……  (5)  

 
 
Where, i = Heavy metal and j = Exposure pathway. 
Reference dose (RfD) is an estimation of maximum 
permissible risk on human population through daily 
exposure taking into consideration by sensitivity of 
group during a lifetime period (Du et al. 2013). HQ ≤ 1 
indicates no adverse effect and HQ > 1 indicates 
adverse health effects according to USEPA 1986. 
These heavy metals above a certain concentration may 
pose non-carcinogenic and carcinogenic health risks to 
human. From hazard quotient, the hazard index had 
been calculated. 
 
 

… ..……. (6)  

 
 
HI≤1 indicates no non-carcinogenic risk to the human 
health and HI>1 indicates non-carcinogenic risk to the 
human health (USEPA 2001 (b)).Hazard Index (HI) of 
each sample location for adult and child is shown 
below. 
 
 
 
 

Factor Unit 

Value 

Adult Child 
For worker 

Outdoor Indoor 

Ring mg/day 100 200 100 50 

ED Year 24 6 25 25 

EF day/yea
r 

350 350 305 305 

BW Kg 51.5 18.75 51.5 51.5 

AT 
(NCR) 

days 8760 2190 25550 25550 

AT 
(CR) 

days 24258 24258 24258 24258 

CF Kg/mg 1x10-6 1x10-6 1x10-6 1x10-6 

SA cm2/eve
nt 

5700 2800 3300 3300 

SF mg/cm2 0.07 0.2 0.2 NA 

ABS 
(NCR) 

mg/cm2 0.001 0.001 0.001 0.001 

ABS 
(CR) 

mg/cm2 0.03 0.03 0.03 0.03 

Rinh m3/day 20 20 20 20 

Metal CSF RfDing RfDinh RfDder Reference 

Cd 6.3 0.001 0.001 0.00001 

USEPA 
2002 

& 1993 

Co - 0.02 - - 

Cr 

(VI) 
0.5 0.003 0.0001 .00006 

Cu - 0.0371 0.0402 0.0019 

Fe - 0.7 - - 

Pb 
0.00

85 
0.0035 

0.0035

2 

0.00052

5 

Zn - 0.3 0.3 0.06 

Ni - 0.02 0.0206 0.001 

As 1.5 
0.0000

15 
0.0003 0.0003 

USEPA 

(2005) 

Hg - 0.0003 
0.0001

6 
0.00016 

USEPA 

(2005) 
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Table 5. Hazard Index (HI) of sample location for adult 
and child 
 

 
 
5.2 CarcinogenicRisk Assessment  
 
Carcinogenic risk was determined by multiplying 
Lifetime Average Daily Dose (LADD) with Cancer Slope 
Factor (CSF). It indicates the probability of cancer to the 
exposed receptor during lifetime period.  
 
 
            Cancer Risk = LADD x CSF.............. (7) 
 
 

Cancer slope factor is shown in table 4. LADD was 
calculated using equations (2) by replacing Average 
Time (AT) with lifetime (70 years x 365 days).Total 
carcinogenic risk was calculated by the summation of 
risk induced by all the exposure pathways. 
 
 
  Total risk = Risking + Riskinh + Riskder…….... (8) 
 
 

According to USEPA 2005, the Risk ≥ 1x10-6, 
indicates carcinogenic risk to the receptor from the 
exposure pathways.Carcinogenic heavy metals mainly 
are Pb, Cd, Cr and As and their carcinogenic risk for 
adult and child is shown in table 6. 
 
6 CONCLUSIONS  
 
The heavy metal in the top soil and dusts in Allahabad 
city are investigated deeply in the present study. The 
average concentration of Hg, As, Ni, Zn, Cr, Fe, Co, Pb, 
Cu and Cd in sample was 7.4, 9.2, 38.3, 159.4, 160, 
20996.7, 72.1, 45.7, 49.4, and 33.6 mg/kg respectively 
and maximum concentration was 13, 14, 52, 319, 533, 
26550, 127, 101, 122, and 58 mg/kg respectively. From 
Table 8, it is clear that the concentration of heavy 
metals in Allahabad municipality is higher than the 
background values of the world according to Indian 
natural soil background value and CNEMC, 1990, which 
indicating that the pollution may come from 
anthropogenic activities. The Cr, Cu, Zn, Cd and Pb 
should be paid more attention. Peoples are exposed to 
pollutants via ingestion inhalation and dermal contact. 
The main exposure pathway of heavy metal to both 
adult and children is ingestion.  
 

Table 6. Carcinogenic risk for adult and child for 
different exposure pathways 
 

 
 

The values of HQ for these pathways in this study, 
decreases in order to ingestion>dermal 
contact>inhalation. All the values of HQ for single heavy 
metals are lower than the safe level (<1) except the 
value of HQ for children via ingestion of Cr at Triveni 
Sangam which is 1.81575 (>1), needs attentions.  
 

Sample Location   HI for adult  HI for child  

Bank road crossing 0.42374 2.54162 

Allahpur 0.57645 3.49176 

Triveni Sangam 0.66151 4.07258 

Minto park 0.33699 2.02750 

Naini (Alstom Company) 0.56378 3.43857 

Ram Bagh railway station 0.36145 2.16303 

Bharat Petroleum Civil 
Lines 

0.43038 2.59543 

Allahabad junction   0.45214 2.63463 

Company Bagh   0.32909 2.00114 

MNNIT Gym ground    0.32181 1.93024 

Mean value of HI  0.379583 2.68965 

Bank road crossing 

Heavy 
metals 

Conc. 
(mg/kg) 

Risk from combined 
pathways 

Adult Child 

Pb 35 6.023E-07 3.76059E-06 

Cr 139 0.0001449 0.000878532 

Cd 29 0.0003809 0.002320409 

As  12 3.753E-05 0.000227532 

Allahpur  
Pb 67 1.18739E-06 7.19885E-06 
Cr 137 0.000142821 0.000865892 
Cd 57 0.000748714 0.004560804 
As  11 3.44021E-05 0.000208571 
Triveni Sangam  
Pb 32 5.6711E-07 3.4383E-06 
Cr 533 0.00055565 0.00336876 
Cd 21 0.00027584 0.0016803 
As  9 2.8147E-05 0.00017065 
Minto Park 
Pb 42 7.4434E-07 4.5127E-06 
Cr 76 7.9229E-05 0.00048035 
Cd 30 0.00039406 0.00240042 
As  7 2.1892E-05 0.00013273 
Naini (Alstom Company) 
Pb 22 3.899E-07 2.3638E-06 
Cr 160 0.0001668 0.00101126 
Cd 58 0.0007618 0.00464082 
As  10 3.127E-05 0.00018961 
Ram Bagh Railway Station 
Pb 101 3.597E-06 1.085E-05 
Cr 77 0.0008403 0.0004867 
Cd 29 0.0022198 0.0023204 
As  7 0.0002176 0.0001327 
Bharat Petroleum Civil Lines  
Pb 26 4.61E-07 2.7936E-06 
Cr 204 0.000213 0.00128936 
Cd 23 0.000302 0.00184032 
As  10 3.13E-05 0.00018961 
Allahabad Junction  
Pb 71 1.2583E-06 7.6286E-06 
Cr 89 9.2781E-05 0.00056251 
Cd 33 0.00043347 0.00264047 
As  14 4.3784E-05 0.00026545 
Company Bagh 
Pb 33 5.8484E-07 3.5457E-06 
Cr 110 0.00011467 0.00069524 
Cd 29 0.00038092 0.00232041 
As  5 1.5637E-05 9.4805E-05 
MNNIT Gym Ground  
Pb 28 4.9622E-07 3.0085E-06 
Cr 75 7.8187E-05 0.00047403 
Cd 27 0.00035465 0.00216038 
As  7 2.1892E-05 0.00013273 
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Table 7. Maximum concentration of particular heavy 
metal sample at location, mean and their standard 
deviation 
 

Heavy 
metals 

Maximum concentration of 
particular heavy metals 

among all sample location 
Sample 
Mean 

( ) 

Sample 
Standard 
deviation 

(s) Location 
Max. 
Conc. 

(mg/kg) 

Hg Allahpur  13 7.4 2.85 

As 
Allahabad 
junction  

14 9.2 2.74 

Ni 
Allahabad 
junction 

52 38.3 8.2467 

Zn 
Allahabad 
junction 

319 159.4 82.79 

Cr 
Triveni 
Sangam  

533 160 137.737 

Fe 
Bharat 
petroleum civil 
lines  

26550 20996.7 11827.98 

Co Allahpur  127 72.1 20.4475 

Pb 
Ram Bagh 
railway station  

101 45.7 25.5867 

Cu Allahpur  122 49.4 26.916327 

Cd 

Naini (Alstom 
company) 58 33.6 

13.06768 
 

 
 

The values of HI for adult (mean = 0.3795) is below 
than the safe level (<1) indicating no health risk for 
adults 
 
Table 8. Comparison of total concentration of heavy 
metal in dust in different countries & cities (mg/kg). 
 

Location 
Concentrations 

Cr Cu Zn Cd Pb 

Hawaii 273 167 434 - 106 

Palermo 218 98 207 1.1 544 

Ottawa 43.3 65.84 112.5 0.37 39.05 

Birmingham - 466.9 534 1.62 48 

Hong Kong - 110.00 3840.0 - 120 

Xi’an 167.3 94.98 421.5 - 230.5 

Shanghai 159.3 196.8 733.8 1.23 294.9 

Kuala 
Lumpur  

- 35.5 344 2.9 2466 

Delhi  148.8 191.7 284.5 2.65 120.7 

Beijing 69.33 72.13 219.20 0.64 201.82 

Allahabad 160 49.4 159.4 33.6 45.7 

Indian 
natural soil 
background  

144 56.5 22.1 0.9 13.1 

China soil 
guidelines 

200 100 250 0.3 300 

Canada soil 
guidelines  

64 63 200 10 140 

Background 
values of 
the world 

70 30 90 0.35 35 

 
 
while for children HI (mean =2.68965) is greater than 
safe level indicating health risk for children from 0-6 
years old.For every heavy metals, the values of HI for 
children are higher than those for adults, indicating that 

children face greater harmful health risk due to dust and 
top soil of Allahabad municipality. The pollution index of 
Pb, Zn and Cd is reported as higher than high level 
pollution which shows the higher concentration of these 
heavy metals in dust and soil of Allahabad city. This 
research will be quite useful for both residents (in taking 
protective measures) as well as government in 
alleviating heavy metal pollution of urban environment.It 
would facilitate the decision-makers to manage and/or 
dispose of contaminated soil dust and minimize health 
risks on urban inhabitants. In conclusion it is indicated 
that the health risk values obtained from this study in 
dust and top soil of Allahabad municipality are in the 
negligible range for adults while it is in alarming range 
for children.  
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