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ABSTRACT

Dust storms and harmattan dust are so prevalent in the dry belt region of
Nigeria and recently are assuming alarming rate and proportion,
destroying lives and property. The sand dunes created by such phenomena
bury crops, lands, houses, water, schools, roads and animals, rendering
thisregion almost compl etely unsuitable for human and animal habitation
aswell as agricultural activities. This study hence reviews public health
and physiological implications of dust assaults on the people living in
the dry belt zone of Nigeria. The aim is to explore the adver se effects of
dust on public health. The study gathered data using the secondary
source. The results of the study reveal among many other s the effects of
dust assaults on peopleliving in the dry belt zone to include lung cancer,
renal failure, infertility, cough, asthma, pneumonia, bronchitis decreased
RBC, PCV and Hb concentration, liver cirrhosis, skin diseases, reduced
lung oxygen saturation level (SPO,) and Peak Expiratory Flow (PEF)
Rate and generalized impaired resistance to infection in both humans
and animals. Consequently, government at all levels, non-gover nmental
organisations, religious groups and all stakeholders in human
environment should step up efforts in addressing the issues of public
health as a means of having a healthy society.
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INTRODUCTION
Thereisnosingledefinitionfor air pollution. However, air pollution can bedefined
astheintroduction by man, or natural sources, into the environment, toxic substances
or pollutantsat concentrationshigh abovetheir norma ambient levelsliableto cause
hazardsto human and animal health, and other living resources, aswell asecological
systems, and damageto structure or amenities, and interferencewith thelegitimate
useof theenvironment (Frank, 1974; Seinfeld, 1975, Bowen; 1979). Thisdefinition
captures the broad and myriad consequences of air pollution to man and his
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environment. Humansand animalsare exposed to environmenta hazardsdaily due
toair pollution, whether indoor or outdoor. The extent, nature or characteristics of
such hazardsvariesfrom onelocality to another. We cannot find clean air in any
part of theworld. Theair whichwebreatheisnot pure oxygen but iscontaminated
with dust, smoke and severd gasesor harmful phosphorus (Sodipo, 2007a). Sub-
Saharan Africaand Nigeriain particular, faces severa environmental challenges
fromair pollution and desertification ranging from encroachment of the Saharadesert
desiccating wind pattern and dust stormsin the north and severeair pollutionin
overcrowded cities, such asLagos, |badan and Port Harcourt in the south, Kano,
Maiduguri and Kadunainthenorth, andinthe Niger Deltaareas, environmental
chalengesfromoil spillage, gasflaring and deforestation. Apart from water, food
and soil, air quality isanimportant factor that determinesthe sustainability of the
environment (Ikamaiseet al., 2001).

Dust condtitutesone of themgor air pollutants, especially inthedry belt of
Nigeria(McTainsh and Walker, 1982; Middleton, 1985). Dugt, according to health
fact sheet report seriesof United States Department of Health and Human Services
(DHHS, 2008), consists of amixture of fineor tiny particlesusually formed by
disintegration or fracture of solid formmaterias(DHHS, 2008). TheUnited States
Mine Safety and Hedlth Administration (US-MSHA, 2008), definesdust asfinely
divided solidsthat may becomeair bornefromtheorigina statewithout any chemica
or physica change other than fragmentation. Dust (al so referred to as suspended
particul ate matter) representsacomplex mixtureof organicandinorganic substances,
solid or liquid substances and mass of inert materials. According to the United
NationsEnvironmental ProtectionAgency and World Hedlth Organization (UNEF/
WHO, 1994) reportson review of methodology of management of particulate
matter inambient air, total suspended particulate matter (TSP) isused to assessair
qudlity.

Dust, together with particul ate emissions such asautomobileand industria
exhaugt fumesand other fugitiveand combustion emissonsisaparadigm of synergic
processesin atmosphericair pollutioninthe Sahel region. The particulate matters
are complex heterogeneous mixture of solid particulatesand liquid components
such asthose from power plantsand industries, gasflaring, motor vehiclesand
natural source dementssuch asdust.Air borne particul ate matter isan example of
solid and liquid particul ate suspended and dispersed inair (UNEP/WHO, 1994).
Air pollutants, especially dusts, permeate al fabric of environment through
biogeochemical and anthropogenic routes (Ikamaise, Obioh, Ofoezire and
Akeredoulu, 2001). Thesemay constitute serious contaminantsor pollutantswhen
present in greater than recommended concentration. The severity of effectsand
contamination by the pollutantsincreaseswith intensity of emissions, sources of
strength and atmospheric mixing of the pollutants and some predisposing factors
(Obioh, Oluwole and Akeredolu, 1993). The Federal Environmental Protection
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Agency of Nigeria(FEPA, 1991) maximum total suspended particulateair quality
standard limitis250ug/me. Thedry belt zoneof Nigeria, generdly, whichisgenerdly
known as the Sahel, is defined as the area that receives between 200mm and
800mm of rainfall per year (I1ED, 1989), and occupies about 65% of her total land
mass, and islocated within the co-ordinates of latitude 10°to 14°N and longitude
3to 14° E. Dust constitutes one of themgjor air pollutants (McTainsh and Walker,
1982; Middleton, 1985; Gadzama, 1991, 1995). In the Sahel region, harmattan
dust and hot dry dust storm and desi ccating winds, characterized themajor part of
theyear, usudly extending from December to June (Rayar, 1996; Middleton, 1985).

Thedust particles are mechanically produced by the breakup of larger
solid particles(US-EPA, 1996), and may includewindblown dust from the Sahara
desert, dust from agricultural processes, uncovered soils, unpaved roadsor mineral
operations, among others (M oses, 2007). As soon asthe dust has been raised by
wind and lifted up in the atmosphere, the coarse particles begin to be removed
from the atmosphere by gravitational forces. Relatively big particleswithradii of
morethan 100pm will have atmospheric residencetime of the order of minutesto
hours, while particlesof radii of 1Jum or less, might remain inthe atmospherefor up
to weeks and transported several thousands of kilometersfrom thesite of origin
(Christer,1998). Theannual dust storm frequency aswell asthemagnitudeinthe
Sahel regionisontheincreaseat an darming rate (Gadzama,1991; Rayar , 1996).

Thezoneisgenerally characterized by scanty rainfall and vegetation
cover, summering hesat, incessant dust storms and harmattan, droughts and
desertification, desiccating wind pattern and sandy soil texturesthat are proneto
droughtsand a arming desertification and soil degradation and deterioration, brought
by both natural and human forces. The open and flat topography of theregion
alowsan uninterrupted incursion of dust particlesintotheregionand thispersist for
the greater part each year (Dgjab 2006; Gadzama, 1991, 1995; Rayar, 1996). In
Nigeria, particularly inthenorth, theHarmattan, , dry dust-laden atmosphere, occurs
from November to June each year as experienced in some other parts of West
Africa(Dajab 2006; He, Breuning-Madsen and Awadzi, 2007; Gadzama,1995;
Rayar 1996). The Harmattan isknown to risein the Saharadesert and iscarried
southwest by windsfrom that area(Harris, 1967). Harmattan dust isthe product of
anAeolian system of continental scalewhich originatesinthe southern Saharaand
acrossWest Africaand theAtlantic (McTainsh, 1980).

Storm activitiesinthe Bilmaand Fayal argeau areain the Chad Basin
werereported to raiselarge amounts of dust into the atmosphere, which isthen
carried southwest by the predominant winds (Alfeti and Resch, 2000). On the
other hand, fugitive dust and automobileemissionsresult from the complex interplay
between wind and anthropogeni c activitiesthat generatesdust or particulate matter
(PM) whichissuspended in the atmosphere. Anthropogenic activitiesgenerate
dust which emanates primarily from soil that hasbeen disturbed by wind or human
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activities, such asearthmoving and vehicular traffic on both paved and unpaved
surfaces. Generally, theentity air particulate or dustisamixture of particlesin
which differentiation existsonly insource, size, compodtion, and properties(USEPA,
20044, IDEQ, 2008). Thisregionisgenerally scantily industrialized, but heavily
populated and extensively utilized for agricultura activities. Thisheavy dependence
on agriculturerelated activities|ead to land degradation and desertification, asa
result of deforestation and denudation. Thisfurther exacerbatesthe environmental
problems Anthropogenicactivities, such asextensveandindiscriminateland clearing,
treefelling, bush burning, removal of vegetations, accentuate soil erosion, cause
excessive flooding (Bababe, 1988). Air pollution may come from human
(anthropogenic), industrid aswell asnatura sources. Human and Industria sources
of air pollution usually result from activitiesaimed a improving thequdity of lifeof
people. Theseactivitiesmay beindustria, trangportation or commercia activities.

Industria activitiesimplicated in environmental contamination, includeail
refining, meta smelting, food and wood processing, meta recycling, mining, battery
making, plumbing, dyefabrication, welding, brassand pottery work, NewsPrint
and so on (DHSS, 1980; Ward, 1988; Akeredolu, 1989; Oyedele et al.,1995).
Natural sourcesof air pollution may result from sand or dust storms, harmattan
winds, hurricanesor asdirect consequencesof soil or wind erosion. Theparticles
aremechanicaly produced by the breakup of larger solid particles(US-EPA, 1996).
This may result from disintegration, or fragmentation of solid form material,
windblown dust from agricultural processes, uncovered soils, unpaved roads or
mineral operations, among others (DHHS 2008; M oses, 2007).

Themohilization of soil dust, comprisngminerd dust and product of chemica
or organic processes, dependson avariety of factors, which can bedivided into
two categories: firgtly, mobilization resulting from the surface and presence of wind
being strong enoughtollift thesoil particlesintotheair. Theamount of dust mobilized
at agivenlocation over any given period will therefore depend on thefrequency,
intengity and duration of wind eventsinwhichthemagnitude of thesurfacevelocity
exceedsacertainthreshold valueat that location (Akeredolu, 1989). Secondly, the
degree of dust mobilization occurring at agiven location asaresult of particular
combination of climaticfactorswill depend on the susceptibility deflation of the soil
at that location (M oses, 2007). Theparticular mix and concentrationsof air pollutants
may vary considerably from locationto location, and from day to day. Particles
suspended in the atmosphere may havelong atmospheric resident times; thesemay
betransported by vertical and horizontal wind currents, frequently to agreet distance
(McCartney, 1976). Theincidencesof harmattan dust and dust stormsinthedry
belt of Nigeriahave becomearecurring phenomenon and recently are assuming
alarming rateand proportion, destroying livesand properties (M oses, 2007; Rayar,
1996).
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CHARACTERISTICSOFARIDAND SEMI ARID ZONESOFNIGERIA
All theregionsthat are situated above 10°N according to Dgjab (2006); Gadzama
(1995); Rayar (1996) are bathed by smmering heat experience, endlessoccurrence
of incessant droughts, harmattan and dust storm of monumental proportions, which
are brought about by an alarming rate of desertification, and thereby putting
tremendous pressure on the already crippled agriculture and economy, resultingin
acontinued declinedintheliving standard of the people. Thisregionischaracterized
by arid and semi arid climate pattern, which consist of vegetation zonesof Northern
Guinea, Sudan and Sahel Savannas. Thearid and semi arid zonesof Africaarea
mixture of varying magnitude of desertsand dry lands, coupled with difficult and
fragileenvironment that isfast becoming inhabitable (Gadzama, 1991, 1995; Rayar,
1996). Thezoneisgeneraly characterized by short rainfall, receives between
200mm and 800mm of rainfall per year (IIED, 1989), scanty vegetation cover,

summering heat, incessant dust scormsand harmattan, droughtsand desertification,

desiccating wind pattern and sandy soil texturesthat are proneto droughts and
alarming desertification and soil degradation and deterioration, brought by both
natura and human forces. Nonethd ess, ashort cold spdll usualy known asharmattan
cold blowsfrom December to February. The temperature during thisperiodis
relatively lower; thus enabling the cultivation of wheat and other vegetable crops
under irrigation. Theopen and flat topography of theregion alowsan uninterrupted
incursion of dust particlesinto theregion and thispersistsfor the greater part each
year. Thescanty vegetation dictated by insufficient rainfal and anthropogenicactivities
and demand for wood for construction, building, fuel and other uses, removal of
trees, shrubs, herbaceous plantsand grass cover fromthefragileland of the Sahel

continueto accel eratethe degradation of thesoil to desert likecondition, predisposes
the soil to various destructiveforces of nature, thusleading to its degradation of
varying magnitude, thereby reducing sustainableagyricultura productionand ensuring
the perpetuation of drought syndrome (Dgjab, 2006; Gadzama, 1995; Rayar,

1996). Together with seemingly limited and erratic distributionsof rainfall lingering
each year, theravaging effect of drought and desertification becomesexceedingly
intensve and warrants systematic monitoring of the climatic pattern and changesso
astoinstitute deliberate and appropriate measuresto stop thisugly trend. Itis
presently estimated that Nigeriahaslost some 351,000 squarekmto desertification
representing 38% of itstotal |andmass which correspondsto the eight desert—
threatened front line States of Sudano-Sahelian West Africa(Table1). Maiduguri,

thecapital of Borno Statefor example, islocated inthe semi arid region of thedry
belt zone of Nigeria, and it hasaclose proximity to the Saharadesert. The open
andflat topography of theregion alowsan uninterrupted incursion of dust particles
into Maiduguri and itsenvirons. Suspended particulate matter or dust isprevalent
inthisregion and mostly accruesfrom dust sormsfrom the harmattan winds, which
blows acrossthe Saharadesert (Gadzama, 1991, 1995; Rayar, 1996).
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Table1; Sudano-Sahdlian West Africa

Country Population Total Land Total Dry lands
(millions-1983) (Area000/sg, kms) (000/sg.km)  As% of total
Benin 38 113 50.7 45
BurkinaFaso 6.7 274 2439 se]
Cameroun 96 474 1236 %
CapeVerde 03 4 35 87
Chad 47 1284 1,1686 a
Gambia 0.7 n 96 D0
Ghana 125 2% 66.8 2
Guinea 58 246 25 1
Guinea-Bissau 09 H 11 3
Mdi 73 1,240 12025 97
Mauritania 16 1,031 10310 100
Niger 6.1 1,267 1,267.0 100
Nigeria 936 924 3510 33
Senegal 6.2 1% 1711 87
Togo 28 57 140 5
Total 1688 7,397 5,706.9 771

Source: United Nation Sudano-Sahelian Office (UNSO) (1989)

Maiduguri dust stormin particular, which occurred on 30" May, 1988, is
of grave concernto every inhabitant of thisregion and indeed, the entire nation
(Rayar, 1996).Thisunsurpassed sand storm | asted for about 30 minutes, thereby
causing total darknessat about 3.30pm. It hasbeen estimated that the magnitude
of dust accumulationsin an enclosed household yard during thisstormwas45 tons
per hectare (45t/ ha) (Rayar, 1996). The extent of deaths, and damageor injury to
human and animal health aswell as damage to the environment by thissingle
unsurpassed episode of dust storm has not yet been officially documented, but
surely the consequencesmust begrievous.

Similar episode of almost exact magnitude occurred on 30" May, 2012,
exactly 24 yearsafter. Thisdust storm also occurred the sametime, at 3.30 pm,
andlagted for thesameduration of time, that is, about 30 minutes. Thisisof particular
interest for researchersand all concern citizens of Nigeriaand callsfor keen and
systematic scientific observation and continuous monitoring of such anatural
phenomenon. It can be inferred that such ahorribledust phenomenonwill probably
occur againinthe next 24 years, that is, on 30" May, 2036, around 3.00pm local
time, and will last for about 30 minutes. Similar episodes of dust storm of less
magnitude occur ondaily basis, especidly between the months of January and June
(Gadzama, 1995; Rayar, 1996).

The sand dunes created by such phenomena bury crops lands, houses
water, schools, roads, anima's, and rendering thisregion dmost completdy unsuitable
for human and anima habitationand agriculturd activities. Famine, diseases, poverty
and hunger areamongst myriadsof consequencesof thiscatastrophe. Thispresents
continuous prevaence of hostile and inhospitable environment to crop and animal
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production aswell ashuman habitation (Gadzama, 1995; Rayar, 1996). Incidences
of disease out breaksresulting directly or indirectly from such catastrophe are
commoninthisregion. Adverse health effects of dust or particulate matter (PM)
aregreatly associated with itssizeand weight (USEPA, 2004b; Nku et al ., 2005).
When such pollutantsareinhal ed, the coarse particles (2.5-10pm) aredepositedin
the upper respiratory tract and bronchi, whereasthe fine particles (<2.5um) may
reach terminal bronchioles and alveoli and remain there and, contributing to
respiratory illness. Theadverseeffectsof thesedust particledepositsinclude acute
respiratory morbidity, pneumonia, asthma,lung damage,decreased lung functions
andincreased mortality and premature death in sensitiveindividuals (USEPA,
2004b). Man bregthesbetween 10cm? and 25cm? of air daily and any toxins present
areasoinhded (Radojevic and Bashkin, 2006). Of main concernarethesmall size
dust particlesranging from 0.1-3.0pm unit density sphere.

These usually have high percentage passing rate through sel ector device
and arenormally deposited in therespiratory system upon inhal ation, and present
60%-80% extraction efficiency into biological system (Patterson and Schroeder,
1971). Duetothecomplexity and varying Sizesof dust and other particulate matters,
anumber of terms are used to describe them (Patterson and Schroeder, 1971;
OSHA, 2008). Suspended particlesvary in size, composition and origin. It is
convenient to classify particlesby their aerodynamic propertiesbecausethesegovern
thetransport and removal of the particlesfromtheair and subsequent depositionin
therespiratory system (OSHA,, 2008; Patterson and Schroeder, 1971). Thetransport
andremova of dust and other particulatesintherespiratory sysemaredso governed
by their deposition rate within the respiratory system and are associated with the
chemical composition and sources of particles (OSHA, 2008; Patterson and
Schroeder, 1971). The aerodynamic diameter isthe size of aunit-density sphere
with the same aerodynamic characteristic. Dust, therefore, in general can be
differentiated or classified onthebas sof compaosition, or with respecttosze(OSHA,
2008). Dust can be classified by sizeinto three primary categories: Respirable
dusts, Inhalabledusts, and Total dusts(OSHA, 2008).

Respirable Dugt: Thisreferstothosedust particlesthat are small (< 2.5um) enough
to penetratethe nose and upper respiratory sysemsand degpinto thelungs. Particles
that penetrate deep into therespiratory systemsare generally trapped by body’s
natura clearance mechanism of ciliaand mucus, and aremorelikely to beretained.
The United States Mine Safety and Health Administration (US-MSHA, 2008)
definesrespirabledust asthefraction of air borne dust that passesasize selecting
device, having thefollowing characteristics(Table2).
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Table 2: Aerodynamic diameter and percent (%) passing selector of respirable dust

Aerodynamicdiameter Per cent passing selector
(bm) (%)
2.0 90
25 75
35 50
5.0 25
10.0 0

Source: US-MSHA (2008)

I nhalable dust: The United States Environmental Protection Agency (US-EPA,
1996) describesinha able dust asthose dust particles, which enter thebody, but is
trapped in nose, throat, and upper respiratory tract. The median aerodynamic
diameter of thisdust isabout 10 um.

Total Dust: Thisincludesall dust or air borne particles, regardiessof their sizeor
composition

Composition of Dust
Dust representsacomplex mixture of organic and inorganic substances, solid or
liquid substancesand massof inert materials. Dust composition can be chemical,
mineralogical or organic in composition or source, among which may be
hydrocarbons, nitrogenous compounds, sulphur compoundsor other metals.
()] Fibrogenic dust: Thisconsstsof fibrogenic materids, such asfree
crysdlinedlicaor asbestos, which arebiologicaly toxic.
@i Nuisance (or inert) gas: Thisconsistsof massof inert materials

suchasclay, st etc, and usually consistsof duststhat contain less

than 1% quartz (OSHA, 2008).
Extensveresearches have been conducted on composition and € emental contents
of dugtsinthe Sahd region of Nigeria(McTansh, 1980; Adepetu, Asubigjo, I Skander
and Bauer, 1987; Adedokun, Emofurietaand Adeddi, 1989; Ayode eand Gimba,
2002; Dimari, Hatis, Waziri and Maitera, 2008) and in neighboring West African
country (Oduro-Afriyieand Anderson, 1996; Breuning-Madsen and Awadzi, 2005;
Ogugbugja and Barsisa, 2001; Moses 2007) on annual basis with elemental
enrichment factors. Some of these e ementsinclude Copper (Cu), Iron (Fe), Lead
(Pb), Cadmium (Cd), Aluminum (Al), Nicke (Ni), Sdenium(S), Zinc (Zn), Arsenic
(Ar) Cobdlt (Co). Also found weresilt, clay, organic mattersor hydrocarbonsin
varying proportions. Theseelementsor the organic matterswhen absorbedin high
proportion aretoxic to the body systems (Rob, 1996).

IMPACTSOFDUST ONNORMAL PHYSIOLOGY
Dug assaultson animadsand humanshaveresultedin severd diseaseswhichimpacted
adversaly on normal body physiology. Prolonged dust depositionintherespiratory
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tract causes acute respiratory morbidity,chronic bronchitis, pneumonia,lung
damage,decreased lung functions(Noor et al, 2000; Glvosky et al., 1997; Nku et
al., 2005). Such particulate mattersor dust irritate the respiratory systemsto cause
respiratory illness. It increasesboth theincident and severity of chronic respiratory
diseases and providesreaction sitesfor other pollutants or microbes, resultingin
breaching or damageto the lung and facilitates acid formation (Ogugbuajaand
Barsisa, 1991). Thisdecreases effective gaseous exchange at the alveoli and can
cause further decreasein oxygen supply to thetissuesor cellsof thebody. The
depositionsof the particlesin thelung are governed by particle characteristics,
anatomy of therespiratory tract, tidal volumeand bresthing pattern (Lippman, 1994).

Thesmall sizedust particlesranging from 0.1-3.0um unit density sphere
have high a percentage passing rate through selector device and are normally
deposited in the respiratory system upon inhalation, and present 60%-80%
extraction efficiency into biological system (Patterson and Schroeder, 1971). Once
thedust areinhaled and deposited in the lung most particlesare removed by the
variousclearance mechanisms, such asmucocidlary activities(Schlesinger, 1990).
Clearance from the pulmonary region may occur through the actions of alveolar
macrophages or other alternatives mechanisms (Schlesinger, 1990). Therate of
effectiveness of clearances also depends on the amount of particlesinhaled or
deposited and particul ate characteristics (Pepeiko, 1987). Clearance mechanism
may be adversely affected by theinhal ed toxicants so that the clearance may take
longer periodsand extends particleretentionin therespiratory system. Thismay
providereaction Sitesfor other pollutants, resulting in breaching of thewal| of aveolar
lumen and adjacent intergtitia tissue causing damagetothelung.

Nku et al. (2005) report reduced lung oxygen saturation level (SPO,) and
peak expiratory flow Rate (PEF) in street sweepers, leadingto lower respiratory
functionindices(FV C, FEV, and PEFR). Prolonged dust exposure has been reported
to decrease total Red Blood Cells (RBC), Packed Cell Volume (PCV) and
Haemogl obin (Hb) concentration (Moses (2007). The Hb content of the blood
determinesthe oxygen carrying-capacity of thecirculatory system. Inthealveali,
high oxygen concentrations are usually maintai ned through the acts of breathing.
Oxygendiffusesfromtheaveoli into the plasmainthe capillary wherethe oxygen
bindswith the haemoglobin. Oxygen bindswith haemoglobinintheblood toform
oxyhaemoglobin and istransported as such to the cell s of the body. Decreased Hb
concentration aswell asdecreased RBC and PCV will impair oxygen transport
and resultintissue hypoxiaasaresult of decreased oxygen supply to thetissuesor
cdlsof thebody. Insuchindividua stherefore, they can easily succumbto any form
of respiratory illness or stress. Thus, cough and asthma have been reported in
individual s exposed to suspended dust particul ate mattersfor along period of time
(Cohen, Bowersand Lepow, 1973; Lovejoy and Linden, 1991; Baraski, 1993;
Sullivan, 1993). Dust hasa so been reported to cause some damagesto vita organs

International Journal of Health and Medical Information Volume 2, Number 3, December 2013 46
I SSN: 2350-2150



and structuresin the body and alterstheir function or physiology (Cohenet al .,
1973; Lovegoy and Linden, 1991; Baraski, 1993; Sullivan, 1993; Aukernman,
1996). Thiscan beby direct physical or chemical damage transported through
haematogenousroutes. Physica breachesand direct injury to the skin and mucous
membranewill destroy their normal physiology and damageto somevital organs
canbeathreet tolife. Toxicokineticsof dustingoatsfollowingintratrached infuson
of buffered dust was studied by Moses (2007). The dust elementswerereadily
absorbed into the body system with highest concentrationsfoundintheliver, lung,
kidney and myocardium, 2-3 hoursafter infusion (Moses, 2007).

Biologica systemspossess mechanism for absorption, transportation and
excretion of elements. However, thisfunction may be compromised in disease
conditionsor droughts such asthose caused by dust assaults. Damage to major
detoxifying agentsand excretory agentssuch astheliver and kidney will affect their
physiology, resulting inincreased level of toxic substancesin the body; thisisof
great potential danger to the body. Cadium for example, apart from being
carcinogenic, itslong time exposure has been associated with rena dysfunction and
lung diseases (Jerome, 1996; Aukernman, 1996). Other metal s such asselenium
and nickd aso causekidney damageand decreased glomeruler filtrationrate (GFR),
liver damage and impaired hepatic function (Jerome, 1996; Aukernman, 1996).
Consequently, clinica rend failure(CRF) and end stagerend diseases (ERDs) are
highly prevaentinthisregion (Arogundadeet al., 2006). Therefore, thedistribution
and eimination of toxic substancesinthebody will beimpaired. Possiblerelation
between someformsof cancersand congenital malformation and dust stormshas
been suggested, but the situation has not been systematically studied.

Apart from adverse effects on human and anima physiology, thedust has
equally been reported to affect plants physiology, resulting in disruption in
photosynthesis, retardationin growth and deathin plants (Seinfeld, 1975, Gwaski,
2001). Thedust pollutants probably enter the plantsthrough the stomata during
respiration to cause the observed effects. Incessant dust assaults, together with
other harsh extreme environmental conditionsof the Sahel region had led to some
physiological and anatomical adjustmentsin thenativeanimasand humans. Borno
white goats, which are ecotypes of Sahel goats, were reported to have high
respiratory ratewhen compareto their counterparts, theWest African Dwarf goats
(WAD) inthe humid region of Nigeria(Akinwoleet al., 1999).

There seemsto be compensatory physiological adaptation to increase
respiratory efficiency that might have been compromised dueto dust assaultsand
also asameansto achieving evaporative cooling effects. Thus, during the hot dry
season, the adult goats breathe more air per kg body weight than others at rest
(Akinwoleet al., 1999). Other physiologica peculiarity observedinthe Sahel native
animasand humansof thedry belt regionisthe development of thick nasdl hairsas
firs lineof defenseagaingt dust entry into thebody. Hencethey have more devel oped
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mucocilliary mechanismswhich effectively filter theincoming dusty air thantheir
counter partselsewhere.

EFFECTSOFDUST ONPUBLICHEALTH

Itiscommon knowledge that exposureto dusty air causes short but reversible
effectslikeirritation of the nose, throats, eyesamong others, but in-depth study of
prolonged exposure of dust on humansand animalsaswell asecosystemin genera
indicate more grievious consequences on health and ecosystem. Suspended
particulate matter, or dust, inthe atmosphere, may have seriesof del eteriouseffects
on humans, animals, aswell astheecosystemingenera. Dust pollution leadsto at
least 500,000 premature deaths and chronic bronchitis per year in West Africa
(Aukernman, 1996). Thisleadsto lossin productivity, heavy economiclossand
hundreds of work hoursarelost every day dueto sicknesses associated with dust
exposure (Aukernman, 1996).

Exposureto dust haslong been associ ated with the prevalence of varying
degreesof airway obstruction and respiratory illnessin both humansand animals
(Noor et al., 2000). High incidence of cough, chronic bronchitis, sneezing and eye
irritation, coupled withinfection of thethroat, acuterespiratory morbidity, pneumonia,
agthma,lung damage,decreased |ung functionsandincreased mortaity and premature
deathin sensitiveindividuals (USEPA, 2004b; Nku et al.,2005), has al so been
reported to bedirect or indirect consequencesof dust pollutionintheenvironment.
Recent studieshavelinked exposureto dust generated from heavy goodsvehicles
and busy traffic with respiratory problems (Carlos, 1999; Nku et al ., 2005).

Inadditiontoinhalation, excessvedust depositionintheeyes, throat, ears
and on the skin, may cause unpleasant body response and irritations. Thismay
causeinjury to the skin or mucous membrane by chemical or mechanical actions,
resulting in unpleasant body odours (Noor et al., 2000; IDEC, 2008). Some
condtituentsof thedust pollutantsaffect body systemsor organs, othersact indirectly.
Cadmium, for example, isknownto be harmful tothekidney; mercury (Hg) impairs
the central nervoussystem (CNS), whilebenzeneiscarcinogenic (Ikamaiseet al .,
2001). Other components of the dust that may beinjuriousto both humansand
animal sinclude some heavy metalsor chemicalsfrom germicides, fungicidesand
herbicides, employedinagriculturd activities, tracemetal sand macronutrientssuch
asPotassum (K), Magnesum (Mg), Calcium (Ca), strong acids, or dkalis, haogens,
acid compounds, which may be constituents of pesticides (Noor et al., 2000;
USEPA, 2004b; IDEC, 2008).

These chemicalsmay damage the general ecosystem aswell and change
the composition of theecosystem inthisparticular environment. Theeffect of inhaed
aerosolsor dust on hedlth dependson the site of depositionintherespiratory tract
whichisalso determined by particlesize, itscomposition, biologica reactivity and
theamount of the substancesinhaled (Seinfeld, 1975). Thenoseisthe specialized
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structure of the head that serves asboth an organ of smell and respiration. Theair
breathed into the noseiswarmed, humidified, and filtered by therichly vascular
mucous membrane and mucocilliary apparatus. Inanimals, whichisoftentermed
nuzzles, in additionto being the site of respiratory passages; it asolodges some of
the end organs of the sense of touch. resence of pathogensin thenasal region can
beinfluenced by severd factorsor predisposing factors some of whichinclude:

I nflammation of Respiratory Tract: In most cases, the direct cause of the
inflammation of therespiratory tract istheinfection of thelining of therespiratory
mucous membranewith micro organisms. Parasitesor micro-organismsmay lodge
inupper part of thenasal cavity and causessignsof cold or purulent running nose
(Bloodet al., 1983).

Exposureto draughts. In most cases, pathogensare ableto producetheir effect
inthe body when thegeneral vitdity of thebody or local vitality of the membrane
itself islowered through some predisposi ng cause. Among such are exposuresto
draughts, cold, underlining disease condition, hunger, extremewesather conditions,
and so on.

Age: Extreme agelimitssuch asthevery young and the very old areimportant
factorsthat influence the presence of pathogensin therespiratory system. These
groupshavelower res stanceto draughtsand diseases, and thereforeare susceptible
to suchrespiratory diseaseslike pneumonia, asthma, whooping cough, tuberculoss,
and soon (Blood et al., 1983). Humans and animalsare usually exposed to air
pollutants, through inhal ation, contact with skin or ingestion. Theassociated health
problems may vary. These may include cough, sneezing, asthma, bronchitis,
pneumonia, lung cancer, renal failure, infertility, decreased RBC, PCV and Hb
concentration, liver cirrhos's, skin diseases, reduced lung oxygen saturation level
(SPO?) and Peak Expiratory Flow (PEF) rate and generalized impaired resistance
toinfection (Cohenetal., 1973; Lovegoy and Lindon, 1991; Baraski, 1993; Sullivan,
1993). The effects of inhaled aerosol or dust on health depend on the site of
depositionintherespiratory tract and subsequent absorption and distribution into
tissueswhich aso dependson both particle sizeand chemica composition (Patterson
and Schroeder, 1971; Seinfeld, 1975).

Most of thetraditional air pollutants primarily affect the respiratory and
cardiovascular systems(OECD, 1984). Of main concernsarethesmal szeparticles
ranging from 0.1um—3.0pm. These particlesarenormally deposited directly into
therespiratory systemuponinhalation and present 60% - 80% extraction efficiency
into the biological system (Patterson and Schroeder, 1971). Theseverity of effect
however dependsontheleve of exposure, ageand thestate of hedth of theindividua
and other predisposing agents at the time of exposure (Seinfeld, 1975; OECD,
1984). Particulate matter irritatestherespiratory system and can contributeto acute
respiraory illness. It may increaseboth theincident and severity of chronicrespiratory
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diseases and may providereaction sitesfor other pollutants and facilitates acid
formation (Ogugbuagjaand Barsisa, 1991). Excessivedust depositionintheeyes,
throat, ear, and on the skin, may causedirect or indirect injury or unpleasant body
or skinresponses. Direct injury to the skin or mucous membrane, by chemica from
dusts or by mechanical action, resultsin unpleasant body odours (Noor et al.,
2000). Adverse health effects, such as thyroid enlargement, lung cancer or
pneumoconiosishavelong been associ ated with prolonged exposureto dust particles
(Ogugbuagjaand Barsisa, 1991). In addition, there are other pollution synergies
with dustswhich together condtitute serioushedlth hazardswheninhaled in excess.

These pollutions synergy include toxic gases released under various
conditionsof environmenta pollutionsassociated with increasein urbani zation and
industridization, increased human and vehicular traffic, air pollution resulting from
increased leakagesin storage aress, industria accident; durry tanksused to store
animal wastes and so on. The major harmful gasesrel eased are carbon dixodie
(CO,), carbon monoxide (CO), nitrogenoxide (NO), methane (CH,), suphoxides
(SO,), anmonia(NH.,), hydrogen sulphide (H,S). Some of thetoxic effects of
these gases include apnoea, progressive dysponea, lachrymation, excessive
sdivation, grunting, anorexia, emaciation, dehydration, bronchitis, infarction, kidney
faillureand necrosisof skeletal muscles(Cohenetal., 1973; Loveoy and Linden,
1991, Baraski, 1993; Sullivan, 1993). Sulphurdioxide (SO,) aggravatesrespiratory
diseases; Nitrogen dioxide (NO,) and Nitric oxide (NO) bothinterferewith normal
function of therespiratory system. NO, causeslung cancer; itisadeep lungirritant
capable of producing pulmonary oedema. Thetypel cellsof thea vieoli appear to
bethe cellschiefly affected on acute exposure (Katzung, 2004). Pollutantsfall on
soil by acidrainwhich tendsto lower thepH of thesoil renderingitinfertile. Carbon
monoxide reducesthe haemogl obin capacity to carry and circulate oxygen. These
effectsmanifestsas slow reflexesand drowsinessto eventual deathsat very high
doses (Noor et al., 2000; OECD, 1984).

Nitrate can also be obtained from oxides of nitrogen (NO,). Thesearenot
toxic, but on conversionto nitrite (NO,’) withinthe body aretoxic (Sodipo, 2007b).
Thehighestleve of nitriteoriginatesin our salivawherebacteriain themouth change
nitratesto nitrite (Nelzlich, 1991). Nitrateseasly enter the blood stream and causes
methaemogl obinaemia. The Nitrates oxidisethe Fe** ionin the heamoglobinto
Fe* state, which isunableto carry oxygenleading to cyanosis, stupor and cerebral
anoxia(Lawrenceet al., 1997). Sulphaemogl obin, asul phide oxidation product of
Hb, produced in vivo isirreversible and isan indirect poison asit can neither
transpire O, or CO, (Sodipo, 2007b). Heavy metalsbio-accumul ate over timeand
toxicity occurswhenthey accumulatefaster than they are metabolized or excreted
(Rob, 1996). Biological systemspossess mechanism for absorption transportation
and excretion of toxic el ements. However, at high dosesfollowing prolonged
exposure, therate of deposition and subsequent absorption may exceed therate of
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elimination, leading to toxicity and damageto organslikethelung, liver, kidney,
spleen and other target organs. Cadmium, for example, apart from being
carcinogenic, long time exposureto it hasbeen associated with renal and biliary
dysfunction and lung diseases (Jerome, 1996, Sodipo, 2010). Over 50% of the
total burden of cadmiumisintheliver and kidney becausethe metal strongly binds
to aspecific metal binding protein called metal othionein whichissynthesizedin
both liver and kidney. At the sametime cadmiumisnot easily eliminated fromthe
body asitshdf lifeisover 10years(Sodipo, 2010). Other metas, such asselenium
and nickel aso have been reported to cause kidney and liver damage (Rob, 1996;
Jerome, 1996). Many elementsare classified asessentia or toxic.

These classificationsarefurther complicated since trace elementswhich
areconsideredtoxic at relatively small doses may be essential and indispensable
for normal body function at lower physiological amounts (Schwartz, 1977). For
example, arseniclevelsabove safelimitsof 0.01mg/L (ppm), causesskinlesions,
cancer and neurologica diseases, whilefluoridelevel above 1.5mg/L (ppm) causes
bone diseases and mottled teeth in humans (UNEP/WHO, 1994). Metalssuch as
Aluminum (Al), Iron (Fe), Cobdt (Co), Nicke (Ni), Chromium (Cr) and Cadmium
(Cd) werefound by someresearchersto be congtituentsof dust samplesin Maiduguri
and environs (Ogugbugja and Barsisa, 2001; Moses, 2007). Thisis atypical
representative of Sahelian dustsin Nigeria. Such dementswereearlier reported to
catayzefreeradica sformation and activatetheformation of reective oxygen species
(Drehar et al., 1997; Vallyathan and Shi, 1997; Smith et al., 2000).

Freeradicalsarereported to react with and impede normal body metabolic
functions(Dreharet al ., 1997). Also organic constituents of the dust were reported
to undergo oxidation and reduction processesresulting ininterferencewith normal
body metabolic functions. Exposureto naphthal enefor example hasbeen reported
to cause anaemiacharacterized by marked reductionin Packed Cell Volume (PCV)
and Red Blood Cdll counts(RBC) inindividuasexhibiting genetic susceptibility to
thiscondition (Stanley, 2005; Smith et al., 2000).

The deposition of the particles in the lung is governed by particle
characterigtics, anatomy of therespiratory tract, tidal volumeand breathing pattern
(Lippman, 1994). Theseusually have high percentage pass ng rate through selector
deviceand present 60%-80% extraction efficiency into biological system (Petterson
and Schroeder, 1971). Oncethe dust isinhaled and deposited in the lung most
particlesareremoved by the various clearance mechanisms, such asmucocidliary
activities (Schlesinger, 1990). Clearance from the pulmonary region may occur
through the actions of alveolar macrophages or other aternative mechanisms
(Schlesinger, 1990). Therate of effectiveness of clearancesal so dependsonthe
amount of particlesinhaled or deposited and particul ate characteristics (Pepeiko,
1987). Clearance mechanism may be adversely affected by theinhaled toxicants,
extending retentionin therespiratory system. Thismay provide reaction sitesfor
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other pollutants, leading to breaching of thewall of alveolar lumen and adjacent
interdtitia tissues, thuscausing damageto thelung. Smilar mechanismsinther target
organsal so occur following heavy dosesof dustscontaining similar metalssuch as
auminum (Al), Iron (Fe), cobalt (Co), Nickel (Ni) and chromium (Cr) (Ogugbugja
and Barsisa, 1991; Gwaski, 2001; Moses, 2007). Thesetypes of metalswere
reported to catalyzefreeradical formation and activate the formation of reactive
oxygen species(Dreharet al., 1997; Vallyyathan and Shi, 1997; Smith et al., et
al., 2000). Freeradicalsreact with and impede normal body metabolic functions
and physiology causing severe pain and damageto body organs (Dreharet al .,
1997). Thelongroster of diseases caused by dustisgenerdly mediated by physicd,
chemicd or biologica meanswhichdirectly or indirectly affectshumansand animas.

Animalsare part of man’shiologica environment. Theincorporation of
domesti cated animal sinto human habitationsincreasestherisk of many infectious
diseaseswhich are contracted through dust. Animalstend to be more physically
activethan humans, therefore environmental toxicantsfoundintheair, bothindoor
and outdoor, will be delivered to animalsat higher internal dosesthan humans.
Animalshavelower breathing zones, dueto their feeding habitswhen comparedto
humansand are therefore more vul nerableto environmenta hazardsthan humans.
They feed inthefield closeto the ground, so chemical sand heavy pollutantslike
mercury and lead will concentrateintheir breathing zone. The careand breeding of
animals, frequent butchering for meat and other purposes, consumption of milk and
mest of diseased or infected animals, offer unlimited opportunitiesfor transmission
of zoonotic diseasesto man and viceversa.

Thus, theanimal diseasesare ultimately transferred to man asend target.
Direct contact withinfected or sick animal productsor faeces carried inthe dusts
asaresult of contamination during processing and ddliveriesare someof thecommon
modes of transmission of the zoonotic diseases. Zoonos's, according to thejoint
Expert Committee on Zoonosis (FAO/WHO, 1967) isdefined asthose diseases
andinfectionswhich arenaturaly transmitted between vertebrate animal sand man.
Transmisson of such diseasesisdirectly or indirectly influenced by dustsand other
pollutionsynergies.

CONCLUSION

Inthedry belt zoneof Nigeria, themain air pollutantsare derived from theincessant
perennia harmattan dust and dust storms. Thisisfurther exacerbated by alarming
desertification and soil degradation and deterioration, brought by both natural and
human forcesleading toloss of livesand property. This piece of work examined
public health and physiologica implicationsof dust assault onthepeoplelivingin
thedry belt zoneof Nigeria Theobservationssofar havereved ed that dust assault
hasseriouspublic hedthimplication asit iscapableof causng severa hedth problems
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such aslung cancer, rend failure, infertility, cough, asthma, pneumonia, bronchitis
among so many others. Based on these and much more, it was concluded that dust
assault has serious negativeimpact on public health. Consequently, government at
al levels, non-governmental organisations, religiousgroupsand al stakeholdersin
human environment should step up effortsin addressing theissuesof public health
asameansof having ahealthy society.
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