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ABSTRACT

The air guality of Dhaka city is regarded as polluted. Previous air quality rescarch works
found Al, As. Br, Ca, C. Cd, Cl, Co. Cr, Cu, lie. K. Mn, Ni. P, Pb, 5, 8i. 1i, ¥V and £n in
the air borne panicles of Dhaka city, Some of these elements are highly toxic and sources
of these pollutants were not tracked extensively for Dhaka city, The aim of this lhesis
work was to track some significant sources of air potlutants in Dhaka city to know their
characteristics in terms of concentrations of some major elemenls and  some

environmentatly significant trace heavy metals.

Fleven samples were collecied from five types of sources such as apricultural soil.
brickfield eoal, road dwst. stonc crushing dust and industrial cement dust. Sampling
locations uf sml were Joynabarn in Hemayetpur and Basta in Keraniganj and road dust
were Mohakhali, Farmgate. Gulistan, Jatrabari and Rayerbagh in Dhaka city, Coal samplcs
were ¢ollected Irom TTMB and HNB brickileld at Aminbarar, Dhaka and rock dost sample
wiats laken [rom stome crushang zone near Kachpur Bridge. Cement sample was colleeted
from Scan Cement produced at Rupganj. Major clements in the samples were identified by
LDX analysis and some major (ke Mep, Ca and K} and trace (Cd, Cr, Co. Cu, Pb. Ni. Mn.

V, Zn) clements were goantified using AAS, [CP-MS and Flame-photometer.

Observing the EDX spectrums O, C, Fe. Al and 51 were identified as the mosi common
mifor elements in the samples and Na, K. Ca and S were also recogmized in the samples.
Concentrations of trace heavy metals in the samples revealed some vital information.
l.evels ol heavy metals such as Cr, Cu and Ni in soil samples exeeeded the puideline
values for common soil. Moreover, contents of Cd and Pb in Jovnaban sofl sample also
overtook the permissible limits for common sl Elemental concenirations of mad dust
revealed that Cd, Cu and Ph in Mohakhali, Farmgatc. Jatrabari and Raverbagh road dust
samples crossed the acceptable limits for common seil. Moreover, significanily high leveis
ol Cu and Cr were localed i Gulistan and Rayverbagh rowl dust samples. Furthermore,
levels of Mo Jatrabart and Rayerbagh road dust samples were detected remarkably high.
Significant levels of various heavy metals were alse tracked dewn in coal. rock dust and
cement samples. Rlevated levels of trace heavy mietals in soil and road dust may be due to
rapid urbanization. industrialization and incrcased vehicular emissions. This study could
be helptul seientific souree of information for industrial communities and regularity bodies

to minimize and contral cmission to improve air quality,
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CHAFTER 1

INTRODUCTION

Adr guality is ane of the major covironmental and health conecems for Bangladesh. There is
a scarcity of fresh air at Dhaka ciry. as various air pollutants sources arc increasing day by
duyv. Although some deadly sources of air pollulants have been abolished by banning
lcaded gasoline and two-siroke haby lavies from Dhaka city, but still ambient parbiculate
matters do nol meet the air quality standards set by government of Bangladesh as well as
by WO (World Health Organization). As population of this city raisc at a high rate
compare to the facilities for sustainable living environment. the lifc supporting ulibines

like air. water, and foods are being poliuted by various sources.

Alr poltlutants can be defined as the substanecs present in the air, which have harmiul
impacts on humans and enviromnent. Air poliutants may attribute to namral or man-made
sources and may ke the fonm of solid, particles, liquid droplets or gases, 'The US LPA
listed 188 toxic awr pollutants in The 1990 Clean Air Act Amendments, which were
required to control. These pollutants are divided nto varous groups such as particulate
matter, volatle organic compounds and halogen compounds and also include are more
commanly=knewn pollulants such as lead, mercury and ashestos [1]. Trace heavy mctals
contamination tn the enviromment 15 @ major congermn because of their toxicity and threat to
human and environment |[10]. The status of air bome heavy metals 1n Dhaka city air has
been reporicd by vanous researchers [2-8]. Trace heavy metals like arsenic. cadmium,
chromiuni, cobalt. copper. lead. mereury, manganese, suckel, vanadium and »ing along

with many other elemenis were found in the ambient air of Dhaka city [7-8].

From the literature it has been revealed that soil dust, road dust, eoal My ash, rock dust,
cement and vehicular emissions are some remarkable sources of particulate air pollutants.
However, 1t should be mentioned that there is a scarcity of knowledge on the heavy metals
status in these sources of particulale air pollutants ar Dhaka city as very limited number ol
rescarch works have been done regarding this issue lor Dhaka city as well as for
Iangladesh. In the past a study on concentrations of trace elements in road dust of Dhaka
city were perfonmed to know the air environmental conditions and sigmilicant amount of
arsenic, chromium, copper, lead, nickel, vanadium and zine were [ound |9-10]. Moreover,

few repors on trace clements in soil and coal were also found |26, 28]. However, there are



many other etfective air pollutants sources, which may have toxic heavy metals and some
of the environmenlally stgnificant trace clements did not get proper attention in the pasi
studics. T'o fulfill this gap of knowledge on the air pollutants sources new and innovative

rescarch works are very cssential.

Detail characteristics of air pollutants sources are vilal to understand the severity of the
sources angd to establish proper abalement plans, Ome of the main ditficulties in air
pollution management is to determine the gquantitative relationship between ambient air
quality and pellutant sources, Moreover, Particulate wir pollubon sources and their
pullution mechanisms are Jificull o predict. Olen much pollution related Jata are
required to delernune the stale of air pollution and their possible sources, This project was
destgned 1o track some polenial sources ol parbculale air pollutants to know the status of

some major elements and toxie irace elements in thoss sources.

At the initial stape of this study five types of signiftcant particulate air pollulants sources
were selected and cleven representative samples were collected within and around Dhaka
cit}:. The selected sources were agriculiural sml, brickield coal, road Just, stone crushing
dust and industrial cement dust. Sampling locations of soil were Joynaban in Hemuyvetpur
and Dasta in Keranipanj and road dust were Mohakhali, Farmgate, (ulistan, Jatrabari and
Rayerbagh in Dhaka city. Coal samples were collected from HMB and HNB brickficlds at
Aminbazar. Dhaka and rock dust sample was taken from stone crushing zonc near
Kachpur Bridge. The cement sample {as a surrogale industrial fugitive cement particles

emission sanple} collected from Scan Cement produced at Rupgan.

The collected samples werc prescrved and analyzed both in intemal and ouwside
laboratomes. To adentify ingjor elements in the source samples LEDX analysis was
performed in the laboratory of Matenal and Metallurgical Department, BULET. Twelve
elements were commonly searched in the samples . The elements were Ca. Cd, Cr, Co. Cu,
Fe, K. Mg, Mn, Ni. Pb and V. The clemental concentrations ol the samples were
delermined in BCSIR Laboratory. Dhaka using ICP-MS (Inductively Coupled Plasma-
mass  spectrometeryt. AAS  (Atomic  Absorplion  Spectrophotometer) and  Ilame

Photometer. Moreover. levels of aine were Jelermined tor coal samples.

From the LDX analysis most commen major clements found among the samples were Q.

(C, Fe. Al and 5i. In addition to this Na. K. § and Ca were also detected in the samples.



Coneentrations ol Fe, Ca. K and Mg in soil, road dust. rock dust and cement samples were
found much higher than other elements, A comparative study on distribution of trace
heavy metals such as cadmium, chromium. cobalt, copper, manganese, nickel, lcad. and
vaitadium in the samples was done. Levels of some trace metals in the sources were found
remarkably high compared to the average levels of Bangladeshi soil and guwdeline values
lor common soil. The highest levels of various trace metals observed in the samples arc

prirvided in Table 1.1 below.

Tahle 1.1, The highest levels impkg) of trace heavy metals found in the samplcs

Clements The highesi level Source lype L.ocation
Cadmium 828 Road dust Farmgate
Chromium 2674 Cement Rupganj
Cuobalt 6.4 Cement Kupgani
Cupper 216 Road dust Jatrabari
Lead 238 Road dust Kayerbagh
Manganese 1338 Road dust Rayerbagh
Nickel 1651 Scan cement Rupgan|
Wanachium 155.7 Soil Basta

It was rovealed Irom the concentrations of the wace mermals

that levels of cadmium,

chromium, copper. lead and nickel in Joynabari soil sample crossed (he maximum
tolerable limiis for common soil. Moreover, chromium, copper and nicke! levels in Basta
soil sample also eaceeded the standard values. Levels of cadmium, copper, lead in
Mohakhali. Farmgate, Jatrubari and Rayverbagh mad dust were found higher than
acceplable limits for common soil. Moreover, copper level in Gulistan and ehromium level
in Rayerbagh road dust samples also overtook the permissible limits. The highest level of
mangancse was lfound in Rayerbagh road dust sample. Coal samples were enniched with
chromium. copper, lead. nickel, vanadium and vinc, Significant amounts of cadmium,
copper, lead. mckel and vanadiun were tracked down in rock dust sample, Tn cement
sample remarkable amounts of chromium, cobalt. copper. lead and nickel were noticed.
The findings would be used to propose possible methods 1o reduce air pollution from these

sources and the analytical data can be used as reference lor future remedial applications.



CHAPTER. 2

REVIEW OF THE LITERATURE

2.1 Introduction

I‘undamental knowlcdge on air pollufion is prerequisite to deal with any research work
related to air pollution and control. As a basic concept air pollution can be defined as the
introduction of chemicals, particulate matter and biological materials into the atmosphere
which may have harmful effects on human beinps or other living organism or natural
ecosystem[11]. According to US [PA there are six criteria air pollutants namely earbon
monoxide, sulfur oxides, nitrogen oxides, ozone, lead and particulate matter [1]. Dhaka
city air is being pollnted predominantly wiih these eritena pollutants. Particulate matter is
recognized as the most imponant ar pollulant in the Dhaka city [4]. A sound knowledge
of the sources and health ellects of particulate nir pollutants is required to discriminate
sources according to their importance for human health which permit a more efficient risk
management [16]. Many toxic heavy metals have found in the ambient particulate matters
of Dhaka city [7, 8]. Sonrces of these toxic heavy metals in the ambient air should be
identificd and charactenzed, This chapter 1s designed (o provide information on chiferent
features of pariculate air pollulanis along with characteristics of some loxic heavy melals,

predominantly found in ambient particulate matters of Dhaka city.
2.2 Characterizations of Parliculate air pollutants

Panicuiate air pollutants are very complex pollutants. Paniculate maticr can be defined as
a mixture of microscopic solids and liquid droplets suspended in air [12]. It is made up of
various number of components, including acids (such as nitrates and sulfates), organic
chemicals, metals, and soil or dust paricles, and allergens (snch as fragments of pollen or
mold spores) [12, 13]. Some paricles are large or dark enough to be seen as soot or smoke
with unaided eye. Others are so small that they can only be detceted with an clectron
microscope [14]. Some particles are directly emitted directly into the air from a variety of
sources such as vehicles. factories, construction sites, farming, unpaved reads, burning wood,
and blowing sand and dust in deserr environments. Other paricles may be formed in the air
when gases from buming Nels chemically react with sunlight and water vapor. The gases
ariginate from fucl combustion sources such as motor vehicles, power plants and other

industrial processes [22]. Particle pollution also varies by time of year and by location and is



allected by several aspects of weather, such as tempermature, humidity, and wind [14]. The
gature of the particulates varies depending on their sources. Smaller particles in
atmosphere can be removed by coagulation and larger particles undergo rapid settling
under the influence of gravity. However, line particles can stay suspended in atmosphere
for several years [7]. A full descripion of atmospheric particles not only tequires
specifications of their concentration but also their size, chemical composition, phase
fliquid or solid}, and morphology [15].Different features of parliculale air pollutants are

discussed in the subsequent sub-sections.

2.2.1 Typcs of particulate matiers

Particulate matter can be classified in several ways. Firstly, they can be classified into
primary and secondary particles based on the [ormalion process, Primary paricles are
emitied directly as particles. Secondary particles are formed from precursor gases in the
atmosphere via gas-to-parlicle conversion. Secondly, particies can be classified by ther
physical size [16]). Particle sizc is normally given as the aerodynamic diameter, which
refers (o the diameter of a unut densily sphere of the same settling velocity as the particle
in question. Particles grealer than 2.5 pm i diameler are generally referred to as coarse
particles, and particles less than 2.5 pm and 100 nm in diameter as fine particles and ultra
fine particles, respectively. Particulate matrers can be classified in various categories based
on their size distributions and properties such as dust, smoke, fume, mist and fog particles.

Brief descriptions of these types of particles arc given below.,
Dust parlicles

Dust particles made up of solid particles, larger than those found ir colloids. Generally,
dusi particles generate from civil constructions, earthworks, chemical or mechanical
processes. These particles are produced through pulverization or mechanical disintegration
of solid matlers {ollowing crushing, grinding and dnlling. Dusl particles are in the range of

1 10 200 p or even larger. Dusl particles are usually irregular in shape [15, 17].
smoke particles

Smoke particles are small gas-bome particles produced rom incomplete combustion. It
consists predominantly of carbon particles and other combustible materials. Generally, the

of the particles is less than 1 p . The size of coal smoke particles range from 0.2-0.01 p and



oil smoke particles from 1.0-0.03 p [19]. Smoke could be of either in liguid or solid {orm.
If solid then the panicles are usually spherical in shape and if liquid (or tamy) then the
shape could be iregular. Smoke parmicles may remain suspended in air for long time and

exhibit Brownian motion in air medium [15, 17].
Fume particles

Fume particles are solid pariicles generated by condensation from the gascous state,
generally after volatilization from molten substances, and olten accompanied by chemical
reaction such as oxidation. Fumes flocculate and sometimes coalesce. Fume particles are

in the range of 1 to 0.1 pin size [15, 17].
Mist particles

Mists particles are low concentration dispersion of liguid particles of large size. In
meteorology, it means a light dispersion of minutec water droplets suspended in the
almosphere, Natural mist particles [ormed from water vapors in the armosphere are rather

large rangang from 500 to 40 W in size. Mist particles may coalesec [15, 17].
Fog particles

Fog particles are visible aerosols in which the dispersed phase is liquid. Formation by
condensation is usually implied. In meteorology, it refers to dispersion ol water or ice in
the atmosphere near the earth’s surlace reducing visibility to less then 1/2 km. In patural

fou the size of the paricles ranges trom 40-1.0 p [15, 17].
2.2.2 Dispersion of particulate matters

Particulate air pollutants escape from their sources into the atmosphere. The escape and
retention of these particles depends on their sizes. The smaller the size the higher the
escape and longer 1t slays in atmosphere as suspended particles. The lengths of suspension
and concentralion levels are dependent on the metcorclogical condition in the area.
Meteorological factors such as wind speed and dircction, temperature, amount of
precipitation, and the height of the atmospheric boundary layer, are most imporlant in
gaoverning the concentration varations of particulate matter [16]. The highest 1parlicuial,-:
maller concentrations are ofien reported during stable meteorological conditions such as

inversion with low wind speeds.



2.2.] Ellcets of parliculate air pollutants

Pariiculate air pollutants have serious impacts on human health and environment. A brief

descniption of various eflects of particulale air pollulanis 1s given below.
Human health effects

Latest epidemiclogical research suggests that there 15 no threshold at which health effects
do not occur from particulate matters [18]. Severe health effects o' ambient particulate
matiers are listed below [18-21].

1. Toxic cffects by absorption of the toxic heavy metals such as lead. cadmium and

zing nto the blood

2. Allergic or hypersensitivily effecis from particles generated form somec woods,
flour graing, chemicals.
Bacterial and fungsl infections from live orgamsim.
Fibrosis from asbestos, quartz panicles.
Cancer from carcinogenic matiers such as asbestos, chromates.

Irritation of mueous membrancs from acids and alkalis.

o W ke

Increased respiratory symptoms, aggravation of asthma and premature death. The

nisks are highest for sensitive groups such as the elderly and children.

In addition, scientists are evaluating new studics that sugpest that exposure lo high
particle levels may also associated with low binh weight in infants, pre-terms deliveries

and possibly fetal and infant death [12].

The faciors that may influence the health effects of exposure 1o particles are | 18]:
1. The chemical composition and physical properties ol the particles.
2. The mass concentration of the airbormne particles.
3. The size of the particles.
4

The duration of exposure.
Environmental cffects

The effects of particulate matter can be felt over long distance as wind blown pariicles
settle on land and water bodies far from the emitting sources [13]. When particles settle on

lakes and streams, it can make these watcr bodies acidic and may change the nutricnt



balance 1n costal water and large river basins [22]. Vegelation expused to wel and dry
deposition of particulates may be injured when particulates are coinbined with other
pollutants. Coarse particles, such as dnst, directly deposited on leaf surfaces can reduce
gas exchange and photesynthesis. leading to reduced plant growth. Heavy metals that may
be present in ambient particles, when deposited on soil, inhibit the process in soil that
makes nutnents available to planis, This, combined with the cffcets of pamiculates on
leaves, may coniribute to reduction of plant growth and yields [21]. In addition. parlicles
conlribute to the soiling and erosion of buildings, materials. and paind, leading 1o increased
cleaning and maintenanec costs and to loss of utility. The haze caused by fine particles can

impair visibility and diminish crop yields by reducing sunlight [22].
2.2.4 Sources of parliculate air pollutants

Sources of parliculate maiters can be divided into two broad groups namely natural
sources and anthropogenic or man-nrade sources. A briel deseription of differcnt sources

of particulate air pollutants is given below.
Natural sources

Natural sources of primary pariiculale matiers are wind blown soil and mineral particles,
volcanic dust, sea salt spray, biological material such as pollen, spores and bacteria, and
debris from forest fires [20]. By and large, coarse particles are generaied from natural
sources. However, fine particles can be released from high temperalure natural sources
such as wildfires, Secondary particle can be formed through reactions involving natural
sources of the precursor gases. For instance, volatile organic carbons (VOCs) are released

from trees and nitrogen oxides are released from sotls [20].
Anthropogenic sources

Both primary and secondary particles of vanous sizes {coarse and fine) ean be produced
from anthropogenic sources. Anthropogenic sources can produce both primary and
secondary particles, and both coarse and fine purticles. Windblown agricultural seil, and
dust from roads, construction sites and quarrying operations are some signiftcant primary
sources of coarse particles. Yery fine and chemically complex paricles can be generated
from various industrial processes and fossil fuel coinbustion {electrical power plants.

gasoline and diesel vehicles, industrial boilers, residential heating etc.) [20]. The vehicles



are believed to constitute the dominant source of air pollution in Dhaka city [2]. Moreover,
other elfective sources of particulate air pollutants at Dhaka city are road and building
construction works, industrial discharges and brickiield emissions [4]. Significant sources of
ambient particulate matiers are presented in Table 2.1 below.

Table 2.1. Significant sources of ambient particulate matters [17]

Sourcey Examples

Combustion Fuel buming (coal, wood, Fuel ml), Incineration (house and municipal garbage),
Others [open fires, forest fires, tobacco smoking)

Materials Loading and unloading {sand, pravel, coal, ores, lime, cement), Crushing and grinding
handling and (ores, slone, cement, rocks, chemicals), Mixing and packaging (chemicals, Fertilizers)
ProcessIng

Food processing (flour, corty starch, grains). Cutting and forming {saw mills, wall
board, plastics), Melallyrgical (foundries, smellers), Industrial (paper, Lextiles
manuiacture)

Earh-moving Constructien {road, buildings, dams. site clearance), Mining (blasting) Agriculture
operations {soil tilling. land preparation]. Winds

Miscellaneous House cleaning. Mud read cleaning, Crop spraying. Poultry feeding, Engine exhaust

2.2.5 Air quality standards for parliculatc matters

The Nationa! Ambient Air Quality Slandard adopted in 1997 for Bangladesh was updated
in July 2005 based on the proposal of the Woild Bank-funded air quality management
project, which reviewed the old standards [23]. Bangladesh is the only ¢country in South
Asia that set guideline values for PM; s in its National Ambient Air Quality Standards
(NAAQS) [23]. Ambient air quality slandards for particulate air pollutants set by defereni
aunthorities are given in Table 2.2 below.

Table 2.2, Ambicnt nir quality standards (pg/m®y for particulate matters |23)

Parliculale air pollutanls | Averaping period | Bangladesh WHO USLEPA
Standards Standards | Standards
1 year 50 20 Revoked
24 hour 150} 50 150
1 yezar 15 10 15
PM;
24 hour 65 25 35
Lead (Pl | year 0.5 05 -—

2.2.6 Elemental concentrations of particulate matters

Characterization of PM;5 and PM;y were made by Rahman, M. in 2005, In that study
both PMss and PM,; were collected at Mohakhali and Farmpgate in Dhaka cily and



elemental concentrations were determined. The concentration profiles of ambient
particulate matters disclosed that levels of some heavy metals such as arsenic, copper,
manganese and zine were ahove the guideling valuegs assigned by some different
developed nations. The clemental concentrations of particulale matters can be used in
source apporlionment study to determine the coniribution from various sources [4].
Elemental concentrations of PMy and Mz s collected from Mohakhali and Farmgate at
Dhaka city are shown in Table 2.3 below,

Table 2.3. Average concentrations {(ng/std.m" of trace elements and ions present in
PM; s and PM,;; at Mohakhali and Farmgate [7]

Moaohakhali Farmgaie

Paramerer

PM.s PM PM; s PN,
Al 1,105 15,5973 163.27 251880
As 0.7 129 10035 13.6()
d 2.3 26 2.9] 4,30
Cr 57.4 632 24.82 2380
o 14 1.5 3.57 280
Cu 6694} 993 97370 QB4
Fe 6092 10,4194 23719 1,167.50
Mn 29.6 2150 3.60 47 3}
Mi 6.6 2540 14.53 LRI
Pk 4630 500.4 35046 561,30
Ti 9124 1,340.1 T86.32 224,10
v 1.1 16.0 .65 13,14
Zn 2,164.3 2,964.7 1,336.31 2,412.70
Ca™ 1,160 7,720 840 2,650
Cr 750 2,240 530 1,320
F g0 330 &0 Lild]
K’ 260 BOO 550 310
MNa' 141} 320 200 1,380

2.2.7 Sourcc apporfionment of particulate matters

The contribution of particulate air poliutanis by various sources in any given arca can be
evaluated in two ways namely lop-down or receplor-based methods (e.g. receptor

modeling) and botlom-up or scurce-based methods {e.g. dispersion medeling) [24, 25].

Dispersion models use detailed emission inventory of air pollution sources and local wind
fields to estimate the impact of those sources on pollutant concentration to any desired
location m the 1mpact zone. Dispersion models are prospective in the sense that they are

exuemely uscful for estimating projected impacts of new air pollulion sources [24, 25].
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Receptor models use monitored pollutant concentration and some information (signature)
about chemical composition of local air pollution sources (o estimate the relative inlluence
of these sources on pollutant concenirations al any single moniloring location. Receptor
models arc retrospective in the sense that they can only assess the impact of air pollution
source categories on pellulant concentrations that have already been monitored [24, 25].
Receptor-based source apportiomment of particulate matter was made for Dhaka city
during 1993-1994 by The Bangladesh Atomic Energy Commission [5]. The results of that
source apportionment study are given in Table 2.4 below.

Table 2.4. Average mass contributions (%) of various sources to ambient PM of
Dhaka city dering 1993-1994 |5].

Source type Percentage contribution tuLAPM
Coarse (PM,,) Fine (PM. <)

Re-suspended Soil 547 3 B3
2-stroke engine 6.07 2.03
Construction works L
MMotor vehicles 31z 261
Sea salt 022 4.11
Refuse buming L
Matural pasidiesel burning |00 mmeee 457
Metal Smelting | 0 —- 102

The Atomic Encrgy Commission also performed source apportionment of ambient PMa
and PM; sy collected [rom Farmgate hot spot area and semi residential area at Atomic
Energy Commission, Dhaka during July 2001 and March 2002 using Positive Matrix
Factorization (PMF) receptor modeling lechnique. In that study seven 10 eight sources
were identified such as motor vehicles, soil dust (from construction, road and earth crost),
sea salt, brick kiln, fupitive lead, and two-stroke engines. It was found from the study that
vehicles contributed approximately 38-45 % of the total PM;> mass and soil dust
contributed 43-48.7 % of total PM3 .10 mass at these areas in Dhaka city [6].

2.3 Tracking trace heavy metals in air pollutants sources

There 15 a scarcity of data on trace heavy metul levels in particulale eir pollutanls sources
in Dhuka city as well as in Bangladesh because of limited number of reserrch works were
performed regarding this issue. The significant research works that have been found
relating to heavy meta) siatus in sources of particulate air pollutants are deseribed in the

subsequent subsections.
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2.3.1 Heavy metals in contaminated soil

Contamination of soil environment can be identified with the elevated levels of trace
heavy melal concentrations. Trace heavy metal contamination is a t-hn:at to human life and
the environment because of their toxic effects [10].A study was conducted o investigate
the heavy metal pollution of scil in the vicinity of industries around Dhaka city [26].
Concentratiomns of some {oxic heavy metals obtained from the investigation are presented

in Table 2.5 below.

Table 2.5. Average concentrations {(mg/kg) of heavy metal in soils collected from
different industrial arcas around Dhaka city [26]

Industrial areas
Heavy melals Tannery Ceramic Textile dying Sulphuric acid
{n =12) (n =13) (n=15) {n=13)

Cudmium (Cd} | 1.26 0.33 0.43 0.53

Copper (Cu) 115.5 334 163.7 635
Munpanese (Mn} | 4252 216.8 2824 277

Nickel (Ni) HO8 31 511 88.2

Lead (Ph} 681 23.6 6.4 369

Zine (Zn) 2901 286.5 206,53 1259

n = number of s;m! samples.

It can be obscrved in Table 2.5 that the average levels of cadmium, manganese, nickel,
lead and zinc m so1l samples collected from tennery industrial area were the highest. The
clevated levels of these heavy metals in tunnery area soil might be due to liquid and solid
waste discharges from different tanning process [26]. The second Inghest average level of
lead was observed in the samples collected from textile dying industrial areas with highest

content of copper, which was due to cfflucnts, and solid waste of dying industry |26].
2.1.2 Heavy metals in road dust

Study of road soils can provide more information of air pollution of an area, as
atmosphenic pollution is one of the major sources of heavy metal contamination in soils
and roadside dusls in urban areas [9]. Accumnulations of heavy metals including copper,
lead and zinc on urban surfaces arise from various sources such as vehicular exhausts,
industrial discharges, lubricating oils, automaobile paris. corrosion of building materials,
and atmospheric deposition [10]. A study was performed to determine the heavy metal
levels in road dusts collected from industrial, commercial and residential areas areund

Dhaka city [9, 10].



Concentrations of some significant trace heavy metals found in Dhaka city road dusis are
given in Tablc 2.6 bclow.
Table 2.6. Concentrations (mg/kyg) of some trace metals in road dust of Dhaka city [9]

Sampling Mo. ef | Chromium | Copper Wicke! Lead Yanadium Zing
area samples {Cr) (Cu} (Ni} (Pb) (¥) {Zn}
Industrial 7 136 145 35 54 T2 169
Commercial 23 104 46 26 74 i 154
Residential 33 Y 22 23 35 o4 97

It is observed in Table 2.6 that the highcst average levels of chromium, copper, nickel,
vanadivm and zinc found in road dust samples collected form industnial area. However,
the highest average lead concentration was found in the commercial area. Average levels
ol these heavy melals are lowest in the samples collected form residential area due to low

level of pollution from various sources.
2.3.3 Heavy metals in coal

There are approximailely 4000 brickfields around Dhaka city and about twenty lakh metric
ton ¢oal 15 bumt every year in these brickfields [27]. These brick kilng are one of the major
sources of air pollution in the city. Realizing coal as a potential source of toxic heavy
metals, coal samples were collected from the different depths of bore hole GDH-38, GDH-
39 ol Barapukuria and GDH-45, GDH-46 of Khalaspir coals in Northwestern Bangladesh
and mineteen (race elements were quantified uwsing Proton Induced X-ray (PIXE)
spectroscopy |28]. Concentrations of some heavy metals found in the coal samples are
piven in Table 2.7 below.

Table 2.7. Concentrations {mg/kg) of some trace heavy metals found in Barapukuria
and Khalaspir coal samples [28]

Barapukuria coal Khalaspir eoal

Elements
-DH-38 GDH-39 GDH-45 GDH-46

Chremiom (Cr) 2310 20,88 18.93 2378
Copper [Cu} 29.74 17.15 2241 3134
Manganese (Mn) X T e 14.42 183.11
Nickel (Ni) 8.03 5.03 40.24 2272
Lead (P'b} 25.31 34.30 159 | ——
Zinc (Zn) 23.51 13.29 4543 2649

It is observed in Table 2.7 that coal of Barapukuria and Khalaspir is eariched with some
toxic heavy metals which can be released in the atmosphere from coal combustion and

conscquently increased the toxicity of ambient particulate matters.
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2.4 Sourves of trace heavy metals in soil

Soil can be enriched with trace heavy melals from various natural and man made sources.

Some significant sources of trace heavy melals in soil are discussed below.
Soil parent rock material

Soil can be enriched with trace heavy melals by weathering of natural rock. This process
depends on reactions such as hydrolysis, ion exchanpge, oxidation, reduction and others
reactions to form sol. Trace element enrichment from weathering process of rock is

deereased with the increasing age of the soil [29].
Agricultural activities

Soil can be cnriched with heavy metals form various agricultural activities such as
fertilization, irrgalion, using of pesticides. Fertilizers may contain heavy metal such as
cadmium, chromium, lead, molybdenum, vanadium and zinc and sewage sludge used for
ferlilization and irrigation may have elevaled levels of various toxic heavy metals.
Mereover, manures from intensive animal lfrming may have copper, arsenic and zinc and
pesticides used to control pests may have heavy metals such as copper. arsenic, mercury,
lead, manganese and zine. In addition, cormosion of metal objects used in cultivation also

can increase trace heavy melal levels in soil [29].
Mining and metallurgical processes

Soil may be contaminated with heavy metal from mining processes. Extraction of minerals
{rom lower grade ore bodies leaves high level ol waste product in the form of tailings. The
tailing particles can be transporied thmugh wind and water, Moereover, overflowing of
tailing dams may cause pollution incidents. In the melal processing indusiries heavy
melals i seil may be gencrated from aerosols and dust padicles, polluted effluent and

metals leaching into soil form cormoded Jumps [29].
Sewage sludge and municipal wastes

Industrial effluents and municipal waste may have elevated levels of toxic heavy metals.

Significant heavy metals found in thesc contamination sources are arsenic, cadmium,
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chromium, copper, iron, mercury, manganese, nickel, lead and zinc [26]. Moreover,

municipal wastes may also have various toxic heavy metals [30].

Chemical industries

Various trace heavy metals are released from deferent types of chemical industries. Soil
may be contaminated with heavy melals from use of various chemical products, land
disposal of chemical waste from vanous manufaciunng industries. Various trace heavy
metal from different chemical indusiries are given in Table 2.8 below.

Table 2.8. Trace heavy metals from various chemical industries [29, 30]

Name of the sources Trace heavy metals

Chlorine manufacturing Hg

Battery industries Cd. Cu, Hg, Ni, Ph, 8b, Zn

Crude oil processing As, Cr. Pb, Zn

Fuel additives and lubnicants | Li, b, Mo, Se

Paints and coatings As, Ba, Cd, Cr, Co. Cu, Hg, Pb, Mo, Sh, Se, Zn
Medicul uses Ag, As, Ba, Cu, Hg, Pt, 8b, Se, 5n, Zn

Iron and steel production As, Cd. Cr, Cu, Pb, Mg, Sband Zn

Plastic industries Cd, Cr, Ph, Zn

Plant protection As, Cr, He, Pb, Zn

Combustion of fossil fuels

Various trace heavy metal can be gencrated from combustion of fossil f{uels. Coal
combustion is an important source of trace metals in the environment. Coal and petroleumn

deposits are enriched with various trace inetals at the time of their formation [29].

Yehicular emiszions

Trace heavy metal can be released from different kinds vehicles. Numerous studies
indicate that lead concentrations i seils near highways are high and decline exponentially
as a fanction of distance from the highways. Fortunately, lead from vehicular exhaust has
been significantly reduced due to usc of unleaded fuel in vehicles since 1980s. Other
medes of (ransporiation such as rains and aircraft also contribute heavy metals such as
cadmium, nickel, lead, vanadium, platinun and zinc in the environment .However, the

extent of conlamination from these sources has not been clearly assessed |30].
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2.5 BSources of trace heavy metals in road dust .

Many research works have been done around the werld to know the elemental profiles of
road dust with special emphasis on some toxic heavy metals such as arsenic. cadmium,

cobalt, chremium, copper, lead, manganese, mercury, nickel, zinc and vanadium [31-36).

The sources of trace heavy metals in road dust have been investigated by various
researchers by applying various techniques. Sources of trace metals in road dust can be
identified using two methods. The first method is trend analysis of levels of individual
elements with respeet to some sources and the second methed is mulii-element daia
analysis using varnous statistical techniques. Four major types of sources have been
identified from the studies ol irends in concenirations of individual elements in road dust.

They are rvad traffic, industriol, weathered materials and specific occnsional events [32].

Petrol-driven automobile is a major source of various (race heavy metals. Elements
originated form the automobiles arc Pb, Cd. Cu, Zn, Fe, Cr and Ni cte. Lead in road dust

may come from lcaded pasoline and cadmium and zine may come from tire wire [32].

Industrial sources of trace metals are vaned and elements such as Pb, Cd, Cu, Zn, Fe, Cr
and Ni have been identified with specific indusiries, Investigation of some local hot spots
identified newspaper-printing works as a signilicunl source of lead in road dust. Elevated
level of cadmium, sane and lead in street dust may come Irom electroplaling, galvanizing

and battery manufacturing industries respectively [32].

The elements Pb, Cu, Zn and Cd have been identified as coming from weathering

materials. The detericration of lead paint is a localized source of lead in road dust [32].

A rmumber of circumsiances can periodically raise the tvace melal concentrations in strect
dust. Howevcr, this may not significantly affect in the long term. Usc of lead based paint

for the redecoration of housces is a significant source of lead in road dust [32].
2.6 Charaderistics of trace heavy metals

Knowledge on characteristies of trace heavy metals is helpful to understand this project.
Characteristics of some selected environmentally significant (race heavy metals arc

discussed in the subseguent subseclions,
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2.6.1 Cadmium (Cd}
Gencral properties

Pure cadmium is a sofi silver-white electropositive metal. It is most ofien present in
nature as complex oxides, sulfides, and carbonates in zine, lead, and copper ores. It is
element 48 and a