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ABSTRACT

Lcad substances and exhaust from automobiles posc both environmental and health
hazard. The occupational handling of leaded petrol, exposure to exhaust as well as the
increase in (he number of car- wash centres discharging their waste walcer info sircams
increase the predisposition to lecad and associated health hazard. There have not been
studics on blood lcad levels in auto-mechanics, petrol station nticndants and herdsmen in
the arca. The main objeclive of the study was to measure the blood lead levels in the three
different occupational groups, viz. automabile mechanics, petrol station attendants and
Fulani herdsmen in Horin West LGA of Kwaro State, Nigeria.

The study had descriptive and laboratory components. Puipasive sampling wos used to
sclect 41 mechanics, 40 pecuol attendants and 29 Fulani herdsmen. Semi-stiuclured
questionnaire was adminisicied to the |10 respondents. The infonmation collectcd included
demographic characleristics, occupational {eotures and perceived health problems. Food
habits of the sclected respondents were documenied and venous blood samples were
collected at two periods in time; during panic buying and normal salec and samples of
foddeis collected around where cattle grazes were analysed for lcad using Atlomic
Absorption Spectrophotometer Bulk 200. The blood levels of calcium and ainc were also
determined. The data were analysed using ¥°, corelation, (- and F- tests.

The mean ages of auto- mechanics, petrol station attendants and Fulani herdsmen werc
32.4, 32.7 and 27.5 respeclively. Ninety-cight percent of the aulo-mobile mechanics and
100% of the petiol station attendants used petrol as solvent for removing grease or as hand
wash. Nincty-onc percent of auto-mechanics and petrol atlendants siphoned it from

aulomobilc tank with mouth and rubber hose. Nincty-three percent of auto-mechanics and
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87.5% of petrol attcndaats used plastic containces for carying petrol. Duning the panic
buying period in 2004, the auto-mcchanics, petrol siation attendants and heidsmen had
mean blood lead (pgfdl) of 20.1 (£ 4.2), 14.2 (£ 3.2) and 2.2 (% 2.3) respectively and duning
the normal sale, they had 17.8 (£ 4.6), 11.5 (2 3.1) and 1.9 (£ 2.1) respectively. The valucs
during both pertods weie less thun the WHO limit of 25 pg/dl. A strong positive coirclation
cxisted between blood lead levels ia both periods (r = 0.965 and p < 0.0S). Signilicant
relationship was observed between the blood lcud levels and occupation in both periods
with (p < 0.0S). In aulo- mcchanics and petrol slation allendants, lead levels positively
comrelated with length of contact in both periods (r = 0.255, p <0.05 and r = 0.331, p <
0.05) respectively. Significant relationship was observed beiween fodder and lead (p<0.05).
Lead lcvels ncgatively correlated with the blood calcium and zinc levels in both periods.
The auto-mechanics ase more predisposed to cnviionmental tead absorption. Risk of
high lcad was higher in the auta-mechanics than others. The low blood lead in herdsmen
indicated somc level of exposurc through the food chain because analyses of fodder
consumed by cattle during grazing showed lead. There is nced for the replaccment of

leaded petrol with unleaded one or absolulc spirit.
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CHAPTER ONE
INTRODUCTION
i.I BACKGROUND INFORMATION

In the quest for impioved standmd of living, man ventured into the homeostatic
natural habitat through different arcas of scicntific knowledge which in the cnd 1esulted
into myriads of problems very difficult o solve. Thcte was iacrcasc in tolal energy
consumplion as well as numbers of chemical substances needed. Insatiable quest later
resulled in pollution and thc inwoduclion of some chemical substances thal arc poisonous
to humans and animals.

As a1 1988, about 88.0% of the lotal world cnergy consumption was provided by

' fossil fucls (oil 37.5%, coal 30.0% and natural gas 20.2%) and thc combustion of the fucl
for diffcrent putposes is the predominant source of primaty pollulants in developed and
industtinliacd nations as well as developing nn{ions. The ptimary pollutaats wbca there is
complctc combustion arc CO;, SO;, NOx, and volatile tace metals such as arscnic (As),
cadmium (Cd), fcad (Pb) and mercury (Hg) (UNEP 1992).

Icad is a biuish grey metal that is malleable and non-corrosive bul il is a serious
cumulative poison. 1t is ubiquitlous in the cnvironment of industiial and developing
aalions as a resull of ils diverse urcas of application. The contribution of the natueal
sources (o the environment (about 19,000 tonnes/ycar) is low compared to that from

', buman activities {Paticrson ct al. 1991) such as mining, smelting, rcfining. manulacluring
and recycling which account for about 12,600 tonnes of lead per ycar gelting into the air,

waler and surfaces of 1he soil (Nriagu, 1989). Thic annual consumption of lead is over 3

million tonncs (WHO 1993).
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Some sectors which are contribulors (o the increase in lead in the environment
include automobilc traflic, heavy civil coastruction sector, manufacturing industries and
those iavolved in combustion o [ fossil fuel (Onianwa, 1985). Natural water contnias up lo

5 g/l of lead. In some cases up to 400 pg/l has been recorded (UNEP/FAO/WHO 1988)
as o resull of contamination from various sources such as industries, mines, smelter

discharge, leaded pipes, erosion and others.

The primary production of Icad is about 3.4 million tonnes (3.4 x 107 million kg) per
annum while the secondary production of refined lead accounts for 43% of the lotal
production as shown in Fig. 1.1 (UNEP 1992). Petrol fraction takes a high propostion of
the lcad in the fonn of tetraethyl lead (I) and tetremethyl lead (I1). As long as leadcd
petrol is uscd. there is need lor conlinual monitoring of lead level of human blood as well
as that of the cnviroament,

A litre of petrol (petrol) in Nigeria contains from 0.5 g to 0.7 g of lead (Uche ct al,
1991) in the form of tetracihyl lead (I) (Pb (C2Ms);) and tetramethyl lead (1) PYCH;)
uscd as anti-knocks (W110,1993) as a wey of boosting the Octanc Number (ON). Octane
number is the quanlitative measurement of the performance of a fuel in an intemal

combustion engine (Uche ct al, 1991). n-heplane has ON of zcro while 2,2,4 rimethyl

pentanc bas ON of 100.

To prevent lead from depositing inside the cngine, two solvents (additives) arc added
1o enhance its volatility. The additives are 1,2, dichlorocthanc and 1,2 dibromocthane. As

such 75% of the lead uscd in petrol (petrol) ended up in the exhaust gas (Hu, 1998)
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_Figure 2.1 World lead production 1960-1989
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FIGURE 1.1: WORLD LEAD PRODUCTION 1960-1989
Source: United Nations Environment Progruamme (UNLEP), 1992
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and part of which is inhaled by humans and other animals while the cemaining suspended

particles scllle on exposcd objects, plants and watcr.

Ninety- cight percent (98 %) of car’s cxhaust is composed o f waler, oxygen, nitrogen
and carbon dioxide. The volume of this mixture produced daily is high. The remaining 2
% nonnally considercd as pollutants becomes vety significant. Lead genetated from

tciraethyl lead (TEL) takes a high proportion of the pollutants (Agbo, 1997).

Lead is a highly toxic mctal, which has no physiological bencfit and technically its
| idcal blood level should be zcro. However, because of its cxcellent physicochemical
properties, the element has been found to be useful in 8 wide range of occupations that

arc cxtremely bencficial to man (Anclorct al, 1999).

Occupational Safcty and Health Act of United State of America (OSHA, 1979)
stipulated 0.05 mgPb/m’ as permiticd Icad level in the wotk place air and that of blood of
workers to be less than 40 mg Pb/100 g wholc blood for adult worker and less than 30
mg Pb/ 100 g wholc blood for prospective parent (Moshman, 1997).

Replacement of whitc Icad in paint with titanium oxide has contribuled grestly to the
reduction of Icad poisoning through flokes and acrosol spray from leaded paints. In the
casc of leaded petrol that has not been complelcly phased out (Fig 1.2), the auto-
mechanics and 1he petrol attendants arc more cxposed to the lead because of their
frequent exposure to automobilc exhaust and also through some occupational fcatuses

and practiccs.

Sincce lead in the blood i3 biologically active, it is used as an indicator of recent
exposure and to evalunte the likclihood of health effects (UNEP, 1992). In some studics,

lcad concentration in air-bome pasticulates and blood showed similar decreases
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Global Opportunities for Reducing the Use of Leaded Gasoline
Figure 2: Coumtries Using Leaded Gasoline vs. Unleaded, 1958

I only unleaded
B On'y leaded [] No deta

Source: [OMC 1998,

I Sone unlsaded

FIGURE 1.2; GLOBAL OPPORTUNITY FOR REDUCING THE USE OF LEADED PETROL
Source: World resources, 2001
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associated with teduction of lead in petroleum and a shift to unleaded fuel as shown in

Fig. 1.3.

Lead taken in by absorplion, ingestion or diffusion will certainly get into the blood

and then to various organs of the body where it could be stored for a long period as in
osseous lissues of the bone. If it is possible to prevent or control the entiy of lcad through
i thc dermal, GIT and other minor roules, it is reatly difficult to totally prevent its entiy

through the pulmonaiy roulc when it is present in the ambicnt air.
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Figure 2.2 Tirme trends in lead emisslons
and environmental
concentrations in Canada
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1.2 STATEMENT OF THE PROBLEM

Scveral studies about Icad on health have proved that it has po usefil function in
human bdody and technically its ideal blood level should be zero. Nevertheless, its
unavoidable cxcellent physico-chemical propertics have made it extiemely beneficial (o
man hence its possible afiltration into human ecovitoament (Anctor ef al, 1999).

Although (he daily dictaty lead intake in different countries ranges from lcss than
100 pg/Kg to more than 400 pg/Kg (WHO 1989), the provisional tolezant weekly intake
(PTW1)of 25 Ug/Kg bady weight was proposed (UNEP, 1992).

Apart from the fact that paint is known to be the major source of bioavailable lead
in the environment, tilanium dioxide is fast replacing it in the developed countries. In
developing countries, lcad as an additive to petrol [fraction is the major source of lead
pollution. Evety lire o! petrol sold in Nigerin, conains between 0.5 g 10 0.7 g of Pbin
the form of Tetracthyl Icad 11 (Pb (Cails)s os an antiknock agent and with the estimated
doily consumption of 20 miliion litres therefore, more than 1500 Kg of lead is emitled
into the atmosphere daily (Agbo,1997).

In 1975, the lead that was cmilted from peirol combustion in Cansda alonc was
cstimated to be 1.45 x 10 tons, though the ambicnt air only retained about 78 pg /m’ of
lcad (UNEP, 1992). The average blood lead level in children in Northen Ontario in 1987
was 8 Hg /dl. Records like thesc arc very neccssary in Nigeria, considering the lcaded
petrol still in use and the rise in the number of rickety vehicles on our roads which
contributc a lot 1o thc lcad emissions into the aimospherc. Issucs pertnining (o lead
poisoning appear (0 be trivially handled by the government with little or no consideration

for the purpose of urban and environmental planning.
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The impontation of toxic fuel between 1995 and 1998, recoided a number of casualty.

The fucl was found to contain a more poisonous Icad biomale as an additive. Though
Icad contamination culs actoss diverse enviroamenial media such as water, air, and food,
it is absolutcly clear that pulmonary route of cntry is the most difficult to pievent except
by total elimination of the sousce (that is through substitution or change of process).
Presently no socio-cconomic group, geographical area, racial or cthnic population is
spased from lead poisoning (CDC, 1991) which is as a result of long- term low level
cxposure 10 lead (IPCS, 1995). The auto-mechanics and the petrol atiendants arc
frequently exposcd to lead from vehicular exhaust as well as through some occupational
practices. The [Fulani herdsmen weie also exposed 1o lead (1hrough mobility arid other

exposure sources) despite the fact that the occupation was not Icad related and their life
stylc lcss urban.

The elTects of lead poisoning include faliguc, headache, irritability, abdominol pains,
respiralory disorders like asthma, enccphalopathy with sensoiy and cognitive disorders
and ncuro-psychological cffects, and also more chronic manifestation such as
hypcricnsion (Lindgren et o, 1999) and increasing percentage of spermatozoa with
abnormal moiphology occurring in malc adults (itu, 2001). Spontancous abortion in
pregnant women, kidncy damage, impaired bones, and cardiovascular diseases can also
occur (Goyer, 1993)

The ncuio-psychological effects may even account for uncoordinated behaviour
manifesting from those that are continuously exposed (o lead within the occupational

setting.
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1.3 RESEARCH QUESTIONS
(1) Will the length or period o [ contact have effect on the blood lead level?

(2) Will the level of education of the vulncrable group has cflect on the handling of

Jeaded petrol as well as the blood lead level?

(3) Will the nature of occupation sigaificantly determine the lead level of the blood of the
individual?
(4) Will there be any relationship between Icad and zinc in the blood?
(5) Will there be any relationship between lead and calcium in the blood?
1.4 RESEARCH HVPOTHESES
The null-hypotheses for the research arc as [ollows:
(1) The length of contact with leaded petrol is not a significant exposurc faclor to the
blood level of lcad
(2) The level of education of the profcssional is not a signilicant factor 1o the blood level
of lead.
(3) The naturc of the occupation is not a signilicant contributor to the blood lcad level.
(4) There is no relationship between lead and zinc level of the blood
(5) There is no relationship between Icad and calcium level of the blood.
1.5 JUSTIFICATION FOR THE STUDY
The study location, llorin West Local Governmenl Area is a fast developing
commercial centre but the inhabilants have little or no knowledge/awareness about Jead
poisoning. Aport from government cmployees (a small percentage of the population),
auto-mechanics, petro] atiendants and commercial vehicle diivers constitute a larger

peicentage of private ecmployees which arc predominontly mafe.
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The Local Goverument Asea is experiencing a fast growing number of petrol stations as
well as unwholcsome attitude of buying fisel in plastic containers at the slightest shortfall

in supply. Thesc containess are uscd for walter or storing food items later when notmal
supply is 1estored.

Somc adversc occupational features among the auto-mecbanics and pewrol atiendants
that can result in ingestion of lead need (o be studied. It is a common habit among auto-
mechanics (o apply petrol on fresh wound instcad of anti scptic like iodinc tincturc. An
old habit of dankiog 1ndintor water as a therapy for a form of phobia among the auto-
mechanics is still in practice.

There is an increase in the number of rickety commercial vehicles in llorin (West)
Eocal Government Area which discharge thick smoky cxhaust and apart from reducing
visibility, increases the Icad contents of the aimosphcere. The development is also bringing
faster cncroachment o the suburbs where the herdsmen arc and who ot picsent are betler
comparative gioups lor the study, considering their present aititudes towards the usc of
molor cars and urban living,

There is proliferation of car wash centres in and around the area. This results in
constant discharge of the waste- waler into the straams which arc consumed by cattle and
the herdsmen as well as farmers in the suburbs. Cattle mostly depend on the giasses
growing alongside of the strcams during dry season.

Although there is an improvement in relusc disposal in the area, occasional buming
of refuse contoining old lyres and tubes occurs since there arc no standard incincrators for
refise, In this case, thick smoke of contaminanis is dischoarged into the stmosphere thus

adding (o the lcad content of the atmosphere.
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According 10 United States Centers for Disease Contro] (CDC 1983), lcad's toxic
eflcct can occur at very low concentration levels in the blood. For children, it occurs at
lead levels of 10 pg/dl of blood and for adults, at 25 pg/dl of blood (CDC 1985).

The government of Nigcria has not fully implemented the Agenda 21 of 1992 Enth
Summit with the United Nations Conference on Envitonment (UNCED) held in Rio De
Janeiro, Brazil towasds 8 ‘commitment to reducc lcad exposure’. Also the fulfiilment of
the promise by the government to fnally remove leaded petio! from cisculation by the
year 2005 as published on Monday, Masch I, 2004 (Punch, 2004) has not been
ascertained.

Conclusively, the study will enable us to asccris any disparity between blood

Jead levels of those occupationally ielated and those unrelated to petrol. It will also be
uscful to the govermment in eflecting measuscs toward reducing lead in petto] as well as
the blood Icad level of peirol and non- petrol telated workers.
1.6 OBJECTIVES

Broad objcctive: The broad objective of the study is 1o mcasure the blood lead levels
(relative 10 cnicium and zinc levels) among sclecied occupationsl groups in llorin West
Local Government Aica and 1oascertain the factors predisposing them to
bionccumuiation and associaled peroeived bealth cflecls.
Specific objectives:
1. To dcterminc the conceniration of lead, calcium and zinc in blood of sclecled

occupational groups- Auto-mechanics, Petiol attendants and Fulani herdsmen in

llorin West Local Government Arca of Kwara Siate.

2. To comparc the lead levels of the vaiious groups 1o their life style and bchaviour.
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3. To determine the relationship between blood lead and zine and blood lead and
calcium.
4. Todetetmine the health knowledge of the respondents on lead poisoning and the
occupational features exposing them to lcad.
5. To asccriasn whether the herdsmen also experienced the health cooditions similar

to outo-mechanics and petrol altendants and also compase their food intake style or

habit.

1.7 SCOPE OF STUDY

The reseasch is limited 10 only the blood samples of three occupational groups, the outo-

mcchanies, petrol atiendants and herdsmen and their food intake habis.

1.8 LIMITATIONS OF THE STUDY

\. The study will not involve gender because of the abscnce of females in the group of the

aulo-mechanics.

2. The prescnt level of lead in the petrol will not be detennined since it is not constant in

the product maskcted in the country.
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CHAPTER TWO

LITERATURE REVIEW

2.1 NATURAL OCCURRENCE OF LEAD

Lead docs not occur free in nature, it occuts nawrally as Gelena (PbS), Cerrusile
(PbCOy), Gelesite (PbSO;), Crocoisite and Motphite all of which are products of crosion

of igneous, mctamorphic and sedimentaty rocks (Waldron & Stofen, 1974).

[t occurs notutally in water as solublc solts of lcad traceable to leachates from soil and
leaded pipes, industrial cfllucnt, mines, and smelter discharge. Lead has been known for
a very long time as it was used by the Romans for constructing lead pipes (Holdemness &

Lambert, 1979).
2.2 PINYSICAL AND CHEMICAL PROPERTIES OF LEAD

Although lcad is a metalloid, it exhibiis all the physical properties of mctals in tcyms of
mallcability, ductility. tensile strength, lustteness and conductivity as shown in Table 2.1.
Lead is a modemtely reactive metal. [t reacts with oir, moist oir, water, acids, alkalis,

potassium tctraoxodichromatc (VI) and potassium iodide as shown in Table 2.2.
2.3 USES OF LEAD AND ITS COMPOUNDS

Lcad as wide areas of application as a melal, alloy, or compound. As a metal, it is used
in making pipcs for water and gas; roofing shecls, lead shots for bullets, hydiometer and
so on. As on alloy it is uscd for making type mctal, solder, pewier, ballery plates and
casings. ccramics and as compounds). 1t is uscd in petiol (as ictiacthy! lead I1), paint (as

white lead (PbCO3sPb (O11)2), as printers ink. It is an imporiant shicld against dangerous

X-10y ond tadioactive radiations,
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Tablc 2.1: Physical Properties of Lead

Properties Description

Appcasance Greyish — white solid with lustre

Isotope Four( 208, 206, 207and 204 in order of abundance)
Relative density 11.3

Malleability Very malleablc

Hardncss Not hard, soft cnough to be cut with a kmife
Ductility Notductile enough to bc diawn into wires
Tensile strength Fair

Melting poim 327°C

Conductivity A very good conductor of heat and eleciricity
['lame colour Light blue

Absorbance linc

216.8n),

Source: Holdemess & Lambert, 1979 (modificd)
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Table 2.2: Chemical Properties of Lead

Propcrties Descriptioa

Oxidation stale 2 or 44

With moist air Fonns a thin white coating of lead 11 bydioxide and lead
11 t1i0xocarbonatc (1V)

Healed in air at 450°C Fonns dilcad (11) lead (1V) oxide, PbyOa

With watcr No 1caction with cither hot or cold waier

With acids Attacked by oxidizing ecids

W heodium byduxide Reacls to form a white precipitote of lead

Wilth K2Cr204
With Kl

(TT) hydroxide which dissolves in excess of the alkali to
form a plumbate

Yellow precipitaie of Pb;Cr2 Oy
Ycllow precipitate of Pbl,

Source: Ilolderness & Lambeit, 1979 (modified)
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Sources of lead exposure arc mainly lead-based paint, peuol, solder, smelter wbile 1he
pathways of exposures arc air, food, waler, dust. and soil. Lead compounds are useful in
many aseas. The common ones arc shown in Table 2.3. Their molecular formulae,

melting and boiling points and solubilities in water, acid, alkali and/or cihano! ate

indicated.
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Table 23: Physical and Chemical Properties of Lead and Selected Compounds

Name Relative M. Pt B.Pt  Solediity in Soluble in
atomic (C) Q) Coldwater
Insolubl ITNO»: hot conc
- 1740 nsojuble 2 .
= - i H;S0,,hot water, alcohol
Lead salts:
Acetaic 325.28 280 443 . .
Catbonat 267.20 31S 0.0011 .ACId, olkali, desomposcs
o ‘ decomposes in hot watcr, alcohol
Chlorute 374.09 230 Very soluble
) decomposes .
' 919 NH, salts: slightly soluble
e L 3 in HCI, WNily and hot
wialer
: 376.5 Alcohol. alknlit.NIls, hot
. Nitmic 331.20 t:":gompm et (10 w8
" Ouho B1IS1 1014 0.00014 Alkali, HNO;
gz:l:::‘:lc 295.21 300 0.000i6 IIITIO;. dil. HCIl, acelic
decomposes acid
Dioxide 239.19 290
decomposcs A .
il. acctic acid,
Monoxide 223.19 888 0.017 !
Sulphate 303.25 1170 0.0425 salts, conc. HiSO,s
Sulphide 23925 11l 0.00086 Acid
Source: Weast, 1985
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24 SOURCES OF LEAD
(a) Lead in Paint
The primary uses of paint are decoration and prolection against coivosion. Paint is the
major source of bioavailablc lead in the environment (WHO, 1989). Leaded paiats are
used for both intetior and exterior decoration of both residential and commercial
buildings as well as toys, fumiture and cven cosmetics (nail cnasnels) all of which causes
unavoidable contact with lead (OEHHA, 1996). Lead-based point remaints the most
common soutce of high dose of lead exposure for pre-school children. Tiroughout 1940s
lead-basex) paint containing up to 50% lead was widely used but the use of interior lead-
based paint declined in 1950s and until 1978 when paint containing moe than 0.06% of
lcad by weight was banncd for both interior and exterior residential surfaces, toys and
fiuniture (USA Commitiee on Environmental Hazmrds/ Commitice on Accident and
Poison Prcvention (CE CAPP, 1987). Despite this, lcadbascd paint available for
industrial, military arxl mannc usage occasionally ends up in homes. Neveiheless, lend
paints arc still used on sicel structures of bridges and expressways (Landrigan et af,
1981).

The risk of lcad poisoning is related 1o the presence of lead-based paint and the
condition of such paint (EPA, 1986). The risk being greater when the lead paint or the
underlying surfaces are in deteriornting condition and when lcad point is located in
occessible arcos (EPA, 1986). f.cod paint on the interior or exterior pait of windows is

easily obraded into dust by repeated opening end closing of the windows (Farfel &

| Chisolm, 1990) there by increasiog the osecessibility (o lead. Renovation, remodeling or

dcleading ol homes not properly carried out ofien results in childhood poisoning (Marino,
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1990; Landrigan e/ al, 1982). In some countries the allowable amount of lcad io paint

tanges from 0.7-1.2 mg/em?® of wall using x -1ay fluonescence analyacr (XRF) or a
standard of 0.5% lead by weight The rcgulatory limit is bascd mostly on practical and
nol health considcration.
(b) Lead in the Petrol

The pnmary reason for adding Icad into pcuvl is 10 reform the fraction and prevent
cngine knock during combustion. A lilie of petrol contains from 0.5 10 0.7g of lead in the
form of tctiacthyl lead (1) (Pb (C2Hs)y) (Uche, 1991) and 75% of it ends up in the
cxhoust gas (Hu, 2001). Major sources of lead in ambicni air are cstimated to cmil
approximatcly 180 tons per year in Califomia (OEHHA, 1996, EPA, 1977). Apait from
aticrafll fucl combustion 1hat cmits 149 lons/year; stationary fucl combustion also
contributes a Imge amount of lead into the ambicnt air and dust (Annest ct al, 1983).
Thete is cortclation between the reduction in amount of lead added to petol and
rcduction in children blood lesd level. There is also a correlation between leaded peteol
sales und umbilical cord blood lcad level (Rabinowitz & Necdlemon, 1983).
(c) Lead in Watcr

Lead in drinking water is a vesult of distribution system where lead -lincd cistems
or lceded water pipes me used for its storage and distribution respectively. The
contamination can occur at five different points such as ot the (o) conacclors, that is,
| goosc nccks or pigtails (b) lcaded service lines (c) leaded solder joint (d) lcoded watcr
fountain or coolers (¢) lesded brass {aucets and fixtwses (CDR, 1991). The extent of
lcad contomination of water is affecied by mony {aclors such as (o) its corrosiveness in

tcims of its pil, alkolinily, and minctal content (b) age of lead soldered joints with new
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ones being more risky (c) Quantity and surface arca of leaded matenial (d) standiog ¥me
and lemperature of water in contact with leaded surfaces (ATSDR, 1988).

Water with a low pH. low concentrations of Ca®' or Mg®’ that is, sofl water. or
with on clevated organic content is known to be more corrosive and dissolves heavy
metals such as cadmium, and/ or lead casily from pipes containing them (NAS, 1979).

Sof watcr can dissotve up to 500 ug/l comparcd to hard water of about 30 g/l (Davies

& Everhart 1973).

Suspended lead in air may finally settle on sianding water (OEHHA, 1996) thus

contributing to its lcad content. Waste water from mining, smelting, rcfining,
manufacluring and recycling could get into body of water and cmpty its lead content
(Patterson et al, 1991). Solid wastes such as lead-based glassware, Icad glaacd pottery

and so on arc oficn dislodged into standing watcr body thus contributing to its lead level

(Potterson et al, 1991).

Although the recommendced level of lead in drinking water is 15 ppb, one can be more
exposed alter 1aking plants that have absorbed lead (OCHHA, 1996). Lead in dnnking
waler is absorbed more by the body than that in food with adult absorbing 35%-50% and

childsen more than 60% of the Icad they drink (ATSDR, 1988).

(d) Lesd in Air and Dust

Air can bc cotegorized into indoor and ouldoor types. The indoor air lead
conccntrations arc typically lower than that of the outdoors air (OCHHHA. 1996). Most of
the lead in the indoor air of non-occupational environments is usually rom inliltration of
lcad particles from outdoor air and the ratio of indoor to outdoor lead conccntration

1anges fiom 0.3:1 w0 1:1 (OEHHA, 1996),
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Large amount of lead patticles con be released during remodeling of indoor house
paint, removal of lcad-bascd paint, re-entrained contaminated dust as well as particles
from agricultural activities. The average ambicnt air lead coocentration is between 0.02
and 0.12 |.1g/m3 in some cilics, bul the approved standasd ¢s 1.5 pgfm’ (OEHHA, 1996).
Almospheric Icad level depends on geographical location with highest concentration near
smelters. The level ranges from 0.000076 pg/m’ in remote areas to 10 pg/m’ near smelter
(Elios, 1985). Lead particles greater than 2 pm in diametcr arc transported over a long
distancc and results in contamination of rcmolc areas such as miwclic circle (Sertle &
Patterson, 1980). Their removal is influenced by atmospheric conditions and their size
(Niclscn, 1984).

Apait {rom the stationaty point as a source of air lead, other imponant sources arc
arca source fucl combustion, aircraft combustion contributing up 10 149 tons/ ycar in
California olone (OCHHA, 1996), aulobody refinishing, ccment manufaciuring,
tncincration, baltery manufacturing, paperboard mill, sand and gravel (acilities, foundrics,
sicel mills, sccondary lead rccycling focilities, re-enttained ond inorganic lcad may
contribute 390 tons/yeas 10 the atmosphere (OEHHA, 1996). 11 is necessary 1o state that
air-bornc lcod contributes a small proportion to lead burden butl those deposited on
objects an: sesponsible for high concentration of lead in dust that childicn ingest

(Chamcy, 1982). The dust contributes 710 10% of the basclinc lead in adult but 44% in 3

years old children (Elias, 1985).
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(¢) Lead in the Soll
Soil is the natuml residence of lead as ores (Waldion & Stofen, 1974). The
contribution of this aatural source to the environment is low compared to that fiom

human activities (Pattcison ct al, 1991). Sincc lead does not dissipate, biodegrade, or
decay, the lead deposited in soil or dust becomes a long- teim source of lead exposuie to
cbildren. Despite the ban of lead cmission from petrol in some counmies, about 4-5
million tons of lead uscd in petrol tcmains in dust and soil. (ATSDR, 1988).

Soil contribules a greater proportion of Icad 1o the background butden and 10 the young
children thon to adult and older children becouse of their incecased hond to mouth
activitics (Chamcy, 1982). The topsoil in the immedinic cnvironment can be a major
source of lead that has deposited and accumulated for many ycars from suspended lead in
thc ambicnt air. Because the organic componcent of the soil immobilizes lead, it tcmains
in the upper 2-5 cm of undisturbed soil (EPA, 1986). Noturally, the soil contains Icoad and
the typical Icad backgiound conccntiation is approximatcly 15 milligram per kilogtam (or
15 ppm). lHowcver, soils ncar cmission sites may have concentration of 100 fold higher
or morc (OEHHA, 1996). Soil lead lcvel within 25 m of road ways s1e 30-2,000 ppm
higher than natural level, with some road side soil having concentiation of as high as
10,000 ppm. Those adjacent o houscs painted with lead paint have lead level of above
10,000 ppm, and thosc adjacent to smclter have as high as 60,000 ppm (EPA [986).
Thicre is o high correlotion between average blood lead levels and the amount of Icad in
indoor dust. topsoil and paints in the immediote cnvironment (Rabinowiiz er al, 1984)
and the cflcct is high with children living ncar high level sources (Landiigan ¢ al, 1976)

For every 1,000 ppm increase in soil or dust Iced level, there is a gencral risc of 3-7 ug/dl
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children blood lead level (EPA, 1986. Bomschein er a/, 1986, ATSDR, 1988). Particle
size and the chemical fonn of Jead moy affect the bioavailability of lead in the soil and
dust; access to soil, behaviour pattern and ptesence of ground cover (Barltop & Meck,
1979, 1PSC, 1989)

(1) Lead in Food

Lead in food comes fiom scveial sources apart from lead solder. Soil on which the
plant is grown; air and rain; food processing; contact with Icad solder or ccramic wares
used to store the food and contact with lead dust in the home are some of the sources
(CDC. 1991). Food from agricultwal crops grown in heavily wiavelled roads or near

industrial sources of lcad or their clflucnts must contain a high level of lead (OEIHA.

1996).

Canncd food can also absorb Icachatc from lecad soldeted can (Mahaftey, 1983).
' Food contaminatcd with Icad also occurs in handling during processing and packaging.

This makes milk and infant formulated food have significant amount of lcad (FAQ, 1986

| a & b). Brecast milk contain onc-tenth (1/10) of motcmal blood fead concentration

{Moore, 1983).

The use of sewage sludge from high way run-ofY (that bas been contaminated with
! lcad) as fcriilizer increases the Jcad in foodstulf and animal fodder (Kinder, 1997). plH,
phasphotus content, bufler capacity and amount of organic content of the soil as well as
the type of plant determine the quantity of lead transfered to the plant (CDC,1991).
Unusually high lcad contemination of food may be duc 1o (a) a long time storage in lcad

soldeied cans (b) acidic food stored in lead glazed ceramic container (c) processing of
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food with lead contaminaled water (CDC. 1991). Provisional tolerable weekly intake

(PTWI) of 2Spg Pb/Kg body weight was sct in 1993 (FAO/WHO 1993).

(g) Lead in local Cosmetics and Medicines

Other sources of lead contamination are local medicines such as greta and azarcon
(which contains lead (1I) chromatc with Icad (1l) oxidc) used in Mexico to tseat diarrhea
and GIT disorder colled ‘empacho’ (has more than 70% of lead). Cosmetics such as
surma or kohl (used in India/Pakistan) as astringent on umbilical cord stump or tiro used
for cyc decosation or treaiment of conjunclivitis contains a high level of Icad (Astam ct
al, 1979; Femando et al, 1981; Sharna ct al, 1990; CDC, 1991). There is also an Hindu
folk medicinc for treating dinbetes, which contains 8 mgPb/g (Pontifax & Garg, 198S).
Bukheor, which is a mixturc of lead metal and lead sulpbide, is bumt as incense and
belicved to wadce- ofV cvil spirits (Shaliout ct a}, 1981). Lead poisoning duc lo various
compounds of lcod used as ingredients in troditional medicines/cosmetics has boen
recorded among children. (Fermando ct al, 1981; Sharmmna ct al, 1970; Mitchell-Hegg et al,

1990).

(h) Lead in local Alcohalic Beverages

Lead finds its way inlo alcoholic drinks theough various routes such os in
preparation, rcpair of costs, kegs for storage and conveyance, 18p line or pesticide such s
lead (II) asscnele uscd o 1scat soil where grapes are grown. Though alcobolic beverages
have heen obscrved not lo be significont contributors of lead inwakc (IPCS, 199S;
Sherlock ct al, 1986 & 1991), a chronic high level of lcad was associated with individuals
thot aic chronic consumers of locally produced wines ond spints (Anclor ct al, 1999) as o

result of old leaded pipes used in distillotion,
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(i ) Lead in Tobacco

Filter -tipped cigarcttes produced beiween 1960 and 1980 had lead content of about
2.4 yng/g of which opptoximately 5% may be inhaled while the remainder oocurs in the
cigarenies and side-stream smoke (Mussolo- Reuhamaa ct ol, 1986).

2.5 Efiology of Lead Toxicity

Having itemized various sources of Icad, many of them still constitute the ctiology of

its toxicity. Through hond 10 mouth, swallowing or motor activities in the young ones,
many non-food items arc swallowcd c.g. Pica, paint (lakes, lead containing dust and
garden soil (WHO, 1989; Beunkreef, 1986). Waicrfowls, ducks 1hat oftcn ingest spent
lcad gunshots and discarded fishing weight, contribute 10 the lead toxicity wbea they are
also consumed (USEPA, 1991),

Though lead in air, food and water orc at lower level than those in paiot. soil and
dust, on average of 2 year old child may reccive 44% of his daily intake from dust, 40%

from food, 14.8% from watcr and beverages and (% from inhaled air (Elias, 1985).

Improper packaging and handling of foods during processing and with the use of lead
soldercd cans increasc the chances of lead toxicity in infant and children who depend on
canncd milk and infant foods (FAQ, 1986 b).
Most of Icad particles emitled inlo air are less than [Q pm in size. The siac makes
them constitute a heaith risk becausc they are respirable ond can bypass the body’s
notural defence mechanism and are also capable of long residence in the Jung. Those 1
pastictes in the dust that atc more than 10 pm in size and which ate not respirblc arc

ingested when deposited on food aad water (OENIIA, 1996).
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The common habits of cating without prior thotough washing of hand by
professionals of lead related jobs coupled with the animde of sucking pctrol from
contnincrs usvally resull in the ingestion of significant amount of Icad. Some dyes or
creams lor vealing greying hair contain Icad salts as the active ingyedicnt such as lead
acclale, which can be absorbed thiough the skin or ingested orally with food. Some
cyclincr also contains lead particles that arc casily absorbed (hrough lachrymal ducts
(CDC, 1991).

Tmditional method of distiliing with leaded pipes, convcyance of water through
lead pipes (Holdemess & [ambert, 1990) pave way for lead ingestion. Ceramic dishes or
bowls contain significant amount of lead thal could dissolvc in acidic dnaks such as
vincgar and be ingesied.

Exhaust from aulomobiles as well as siationary cngines using leaded petol (fuel)
directly contribute immenscly lo the level of Icad in air (Chamcy, 1982) and indiscct y to
the blood lcad level (Ncedleman, £983).

Alloys of lcad such s soldcring flux, batte;y plates produce particles that can attach to
clothes or waslc malcrials and be brought home (Maizlish et al; 1990 CDR Wonder:
1991). Table 4 below shows some occupations or operalions, which may present lead
hazmds for workers,

There arc many occupations thal expose the workers o lcad loxicity thsough
conlinuous exposure o lead cmitted from 1he work place. Some hobbies also cxposc
people to lcad hazard, Accidental ingestion of lead also occurs through foods, medicines
and containcis used for prepating and serving them. Table 2.4 shows the list of some of

the workers al tisk; the hobbies and the subslances (hat can causc Icad cxposure.
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Table 2.4: Occupations, Operations or Substances, whicb may present Lead

Hazards

Occupational Ilobbics Substance Use
Coastruction workers Casling bullets or fishing Some folk remedies
Lead Miners /Smelters  sinkers Home temodcling  Some Healih Foods
Stee] welders Target shooting at finng Moonshine whiskey
Bridge reconstruction ranges Ceramic warc
workers Lead soldering
Firing 1onge instructors  Auto repair
and cleancis Stained glass making
Painters/ paint Sprayer  Glazed pottcry making
Remodclcrs ond Mixing (by hand) of lead
refinishers stobilizers into polyvinyl
Foundry workers chloride.

Sctap metal recyclets Mixing (by hand) of
Auto rcpaiters (todintor crystal glass mass
inclusivc)

Cable splicers

Stoiage battery

manufacturcrs: pasling,

osscmbling, welding of

batiety connector

Ship breaking

Sourced bul modified: Hemberg, 1973 and N. Y. State Dept. of Health, 2001
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2.6 Toxico-Kinetic Routes of Lead into the Body

The theee identificd routes of lead into 1he body are

a. Gastrointestinal tiact

b. Respiratory tract
¢. Derma) (p&cutaneous) routc (CDC, 1991).
(@) Gastro Intestinal tract (GI'T)

A significant amount of lcod is ingested through the GIT along with food and non-food
items such as Pica, locally distillcd alcohol. somc local drugs and hair trcatment creams.. The
lcad particlcs in air that are more than 10 pm in size ase usually deposited on the upper part
of respiratory tract and finally cnter the GIT (OEHHA, 1996). The daily diclaty lcad intake
in diffcrent countrics tanges from less than 100pg o more than 400 pg (FAO / WHO, 1989).

For adults only a rangc of 1 to 10% is absorbed and children may absorb up to 50%. The

absorption is influcnced by:

i. Nutritional dcficicncy such os o tow level of calcium, iron, zinc, vitamin D (WIHO 1989,
WHO., 1995).
ii. Piesence of lat and ascorbic acid dectcase the absotption (L.avender 1977).
iii. The cfficacy of absoiplion of Icad from o drink dcpends upon whether the diink is taken
before food (high lcad uptake) with or after food (low lead uptake) (Sherlock, 1991).
(b) Respiratoty Teact Routc
Although solubility of lead salts dilYer greatly according to the oaturc and its oxidation
stote, its chemical forms arc not considcred faciors for respiraioty absoiption (USEPA,

1986; WHIO, 1987).

Its absorption from the air sacs (alveoli) into the blood siream involves two stcps namely;
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j. Deposition of the air — borne lead particles in the respiratory tract.
ii. Cleaiance from the 11a¢t inlo the circulation (WHO, 1995).

Large porticles of lead deposit faster at the upper respirtatory tiact and finally cnter the
gastro-intestinal tract (GIT} (USEPA, 1986; WHO, 1995). The claarance is direct for
particulates that arc Jess than 10 um in sizc becausc of their ability to by-pass nalural defence
mecchanism (OEHMA, 1966). However, respiratory system is capable of absorbing up 10 10 -
15% of dcposited lead.

(¢) Dermal Route
Gencerally, the skin is mainly perineablc 10 organic patticles (WHO, 1995) and for this
rcason, organic form of lcad such as tetnaethyl lead (If) can enter through the sbn. Lead
particles incorpotated in oil may also penctrate the skin but the cffect may be ncgligible

(Harmilton ct al, 1972).

(d) Teansplacental Routce/Breast Feeding
Transplaccnial routc of transporting leod is important in that lead in fctal; tissue is
detcctable by the twellth week of gestation (Barltiop, 1972). Placenta can account for

57.4% of the leve] of lead translcaed 10 (he foctus. Also the umbilical cord blood lead level

corrclates with matemal Icad level (Moore, 1983). Breast milk contains about one-tenth of

the matcmal blood lead concentration (Moore, 1983).

2.7 Absorplion, Distribution, Rctention and Excretion of Lead

(a) Absorption of Lead

Though lcad is toxic and commonly found in natuce, it gets into the sysiem mainly by
ingestion and inhelation (Fleming ¢/ a/, 1997). The absorption of lcad is a (unction of:

(a) The amount of lead available to the portals{routes) of entry
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(b) The physico-chemical state of the metal

(c) Age, nutritional level, physiological statc and possibly genctic factors (WHO,

1995).
Absotption of any air-bome pasticles (lead inclusive) ttiough tespitatory tract is
determined by

1. The size of the particle

J

11. Distribution level of the pasticlc and
ili. Vcntilation totc of the individual
in children, the main route of lead is gastrointestinal tract. The absotption is about 40%

to 50% of intake. In odult, the absosption is between 5 to 10% of dictasy lead intake and it
varies with sources, that is, water, food and so on. Decescase intake of cssentiol minetals
such as iron, zinc and colcium as well as poor nuttitional status increascs ifs absorption
(Rosen, 1985). Milk may piomote the gastro-intestinal tract (GIT) absotption of Jead when
leaded cons nrc uscd as its containers (Stephen & Waldron, 1975).

{b) Distributlon of l.cad

For either orally or inholed dose of Jead, distsibution into various organs and systcms

gencrally depends on;

1. The rate of blood delivery
ii. The alTinity of a particular tissue for lead

iii. The type and size of the organ {or tissue) and

iv. The accessibility of such organ to lead (Rabinowiiz et ol 1976; Rabinowit et al, 1977).

This makes the distiibution not uniform. Blood lead concentiotion is o reflection of

balance belween uptake and excretion os well as the equilibrium of exchange to and from
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- soft and hard tissuss The blood and some componcnis of soft issuc contain 10% of the
body lead and of which 9.0% to 99% is associated with the red blood cell (USEPA, 1977).

The mcan half-)ifc of Iead in the accessible postion is about 36 days while that of other

tissue is about 40 days. The lead in the bone and (eeth has half-life of about 10,000 days
thus forming the largest and accessible depot (Rabinowiiz ct al, 1976; Rabinowitz. 1991).
Even the bones and tecth do not store equal amount of lead and also the distribution in

J tissues diller between young and adult becausc Jead accumulates more in immalure bratn

~  than adult brain as well as other organs even when they are exposed to equal amount of
lcad. [n young animals, lissue lead level riscs faster than blood lead level (Mahaffey, 1983).
- (C) Retention and Excretion

In inlant, when the inlake of lead is less than 4 pg/kg/day, feacal exciction exceeds
intake but wbcn the intake is more than 5§ pg/kp/day, net absoiption is 42% of intake and
the retention is about 32% of intake (Zicglar ct al, 1978) while 1etention rate of particulates
by adult ranges from 20 to 60% (USEPA 1986, WHO, 1987),

Infants and children not only absorb lcad morc cfficicnily but also excrete it more
rapidly than adult do (Rabinowilz er al, 1976). About 76% of lcad cxcrelion is primarily
through the kidney, 16% via the gosirointestionl tract and 8% through sweal. bile, hair and
nails (WHO, 1977). As a result of the aflinity of Icad for osscous tissues of the bone, its
retumn fromn them to the blood is slow. Moeeover, the longer the period of exposure to lead,

the slower the removal from the body (I lammond, 1982).
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) Factors affecting Lead Retention in the Body

The retention of lead in the body is not different between male and female but it is
proportional to dose up to 400 ug. Itis not related to iron absorption capacity or the size of
body iron stosage or ingestion of 10 fold molar excesses of iron. Retention is lowered with
increased (at content of food. ingestion of ascorbic acid and markedly with ethylene
diaminc tetia acctie acid (EDTA). It is not affected by adminisiration of lactose (Lavender,
1977). 1t is decreased by calcium intake ofup to 1500 mg pcr day, 10 fold molar excesses
of zinc and high cobelt intake. The deficiencies of calcium, zinc, iton, and copper (to a
Jesser extent) increase absorption, retention as well as toxicity of lead (Lavender, 1977).

2.8 Kinetics of Lead in the Blood and Body Fluids

Lead in its oxidation state of 42 (Pb**) is aided in its functions by lcad binding proteias
(PbBPs), which are numeious, and of gencrally tow moleculor weights. They ore rich in
dicarboxylic amino acids such as aspatic and glutamic acids. Al binded staic, it has very
low dissociation constant of the order of 10 for lead. This appesrs 10 influence (he

intiaccllulor bioavailability of lead in target organs such as brain, kidney ctc ( Masden ct al,

2000).

Anather form of kinetics takes the form of fillenng — eflcct of placcnto tissue on lead

which makes the placcnta account for 57.4% of the lead transfenied Lo the foetus using o
dynantic modus (Nashashibi et al, 1999; Ziegler, 1978).

The kinetics of lead is modified in human by polymoiphism in & - amino levunilic acid H

dchydratase enzyme (Hu et al, 2001). i
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2.9 Lead binding at Cellalar Level

Lead exhibits its toxicity by several mechanisms in different targets of altack.
(a) Red Blood Cell

[t has scveral targets of attacks in the process of haem synihesis. It inhibits amino

levulinic acid dehydiatase (ALAD) which catalyses the synthesis of S-aminolevulinic acid.
It binds and inhibits caprooxidase involved in the synthesis of protoporphyrin from

copcopotphitinogen llI. 1t binds and inhibits ferrochelatase involved in heam synthesis

from protopoiphyrin 11 (Masden, 2000).
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FIGURE 2.1: TIIE EFFECT OF LEAD ON HAEM SYNTHESIS
Source: Burlis and Ashwood, 1996
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(b) Hair

The clectrophilic nature of lead makes it easy for it to (oim covalent bonding with the
sulphydiyl (-SH) group of Cysicine amino acid in the keratin. Keratins in hair contain &
high fraction of cysleine relative to other amino acids thus providing binding siles for lead.
(Buitis and Ashwood , 1996)

(¢) Neuron

Some prolcins become labile when lead binds to them. causing a change in their testiasy
stucture. Ncurons also undergo stiucuual change when binded to lead (Burlis and
Ashwood , 1996).

(d) Rena) Cclls (Nephrons)

The renal tubular cells binds with lead and change their testioty sttucture sufficient iy to
become antigenic when exposed 1o high concentintion of lead dunng clearance proccss
(Buitis and Ashwood , 1996).

(c) Skeletal Tissucs

The skeletal tissuc is the site for long-term storage of lead (UNEP, 1992). A significant
fraction of absorbed lead is rapidly incomporated into bone because of its high affinity for
osseous tissues (MHammond, 1982). Lead is known lo cxhibit some similar properties as
calcium duc to its divalent nature.

2.10 Efflects of Lead on Humans Health

Generally, the cffects of lead can cither be acute or chronic (Bindets et ai 1991

Maohaflcy, 1977).
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(a) Eftect of Lead on Metabolic Processes

The ability of lead o bind with biologically imporiant molecules and intesfere with
their finctions through a number of mechanisms is the basis for its toxicity. It competes
favourably with essential cations such as calcium ion for binding site on calcium dependent
enzymcs thus inhibiting their aclivitics.

At subcellular level, mitochondria appeass to be the main target where it sclectively
accumulates in it causing structural damage and impanng ccllular cnergetic and other
functions (Bricrley, 1977; Holtzman er al, 1978). At 10 pg/dl, it interferes with d-amino
levunilic acid dchydratasc in thc synthesis of heem, a prosthetic gioup for haemoglobin,
myoglobin, cytochrome p450 and cylochromes (Hemberg & Nikkancm, 1970). This causes
the accumulation of 6-amino levunilic acid (6-ALA), which in tum causes toxic cflect on
neura) tissues thus affccting the activities of ncuroTansmiltter Y-amino bulyric acid (CABA)
(Silbergeld & Lamon, 1980).

The reduction in haoem synthesis alversely alfect a hacm requiring teyptophan pyrollase
aclivity thereby forcing the tryplophan metabolism through the sccond pathway resulting in
a high blood and brain levels of neurotransmitter scrotonin (Litmnn & Corrcia, 1983).

In children, it inhibits red cell pyrimidine— S- nucleotides at a blood fcad concentintion of
10 to 15 pg/d]l (Anglc ct al, 1982). At blood level of 10 to 15 pg/dl, it inhibits
hydioxylation of 25-hydroxyl vitamin — D needcd to produce active forn of vitnmin - D

also (MahafTey 1 al, 1982).
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(b) Effect of Lead on Heamopoictic System

Lead is a cumulative poison producing a continbum of effects primanly on
bacmopoietic systcm (Rosen, 1985, Moorc & Goldbag, 1985). In pediatric gioup,
excessive cxposure causes miciocylic, hypochromic and mild hacmolytic anscmia
(Silbergeld & Lamon, 1980). There is increase in the blood coocentration of
protoporphyrins and 8-ALA before the development of overt anacmia at 40 pg/d! (WHO,
1977). Similarly increase occuts in adults at blood lcad level of 16.07 pg/dl in female and
24.38 pp/d] in male (Chalevelalas et al, 1995).

(c) Effect of Lead on Nervous System

In children, it causcs chain of effects from slowed nerve conduction at 30 pg/di
(Landrigan et al, 1976). o behavioral changes such as gencral decline in mood resulling in
angcr, confusion, depression, fatiguc and tension (David ctal, 1972; Landrigan etal, 1975;
Landrigan ct ol, {995; Winncke ct al, 1983). Decrement in cognitive ability occurs al
between 30 to 60 pgfdl blood lead level and cven at a lower level of 10 to 20 pg, the
intelligent test scorc of a child is dccrecased by 2 points (Davis & Svensgoard, 1987,
Mushak ¢t al, 1989).

Dentine lcad levels above 20 ppm werc associeied with a seven fold risk of not
graduating from high school, a six-fold risk of having a rcading disability, deficit in
vocabulary, problems with attcntion and fine motor coondination, greater absenteeism and
lower class ranking (Necdleman ct al, 1979; Lyng bye ct ai, 1990).

Even as low as 10 pp/dl it results in deceased heanng acuity (Schwarlz & Otto, 1987),

Mental rctardation is conspicuous at 80 ug/dl and acutc cnccphalopathy and death occuis at
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80 to 100 ug/dl (Needlcman ct al, 1979; Nccdleman & Landrigan, 1981). In adult,

cnccphalopathy and other ctTects developed at slightly higher blood Icad levels.

The cflfects on central nervous system (CNS) are mostly morbidity ond mortality
(Mohaflicy, 1977). The sequels include seizure, cesebral palsy and optic airophy. A ncar
source cxposure (o lcad at annual average ambicnt concentiation of 0.24 pg/m® could cause
four-fold increase in ncuro-developmental cffect It has negative cfTect on postural stability
in exposed workers (Dick ¢/ al. 1999; Bhattacharya ct al, 1988).

(d) Effect of Lead op Excretory System

The excretory pathway is affected by the lead loxicity on kidney, which impairs its
multiple fuictions. The carly toxicily results in proximal tenal tubular dysfunct on shown
by incicased urinaty excretion of glucosc, amino acids nnd pbospbatc which occurs ot a
high level of 150 up/dl blood Icad concentiation in children (NAS, 1972). Chronic lead
ncphropathy is shown in both children and aduits by intense interstitial fibrous and tubular
atrophy and dilalion afler a prolong exposure to high level of lecad (MahalYey, 1977).
(¢) Effcct of Lead on Growth and Reproduction

The reproductive ouicomes of high blood lead level duting pregnancy arc aboition and
stillbitth. During pregnancy and lactation periods, the cumulative lead lux from maternal

skeleton into the blood ranges between 0.9 to 10 pg/day (Gulson et ol, 1999).

Matcrmal and cord blood levels of 10 -15 j1g/dl appear to be associated with reduced bitth
weight, reduced gestationel age (pretcim delivery inclusive,), nconatal head circumfercnce
(Shwarz ¢f al. 1986. Bomnschein er al, 1986; Shukla er o/, 1989,). 1t is also a statistically

significant predictor of height, weight and chest circumference of children with lead in the
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Jood. There is strong iclationship between blood lead and height down to 4 pg/dl

(Schwarz ct al, 1986).

In male with high blood lcad level, it causes an ingease in the percentage of
spermalozoans wilh abnormal motphology. decrease in spermatozoan concentration and
tota! sperm count and alteration of male endocrine function (Hu, 1998). In female, incrcase
in lead release from bonc is associated with both perimenopausal period and Ostcoporosis
(Symanski et al, 1995).

(1) Effect of Lcad on Cardiovascular System

There is a correlation between lead in biood and incrcasc in blood pressure and related
cordiovascular conditions in adults with increase in both systolic and diastolic pressure
cven as Jow as 4pg/dl for middic aged adults and stretched over a wide range cutting across
womcn, diffcrent reces and age groups (Houston & Johason, 1999; Hu et al, 1996).

A ncar source exposure (o lcad at the annual average ambicnt concentration 0£0.24 pg/m’
could causc incrcasc in blood pressute (OEIHHA, 1996) and decrease in oxygen absorption
(Kindcr, 1997). An increasc in blood lead level from 10 to 20 gg/dl in adult will causc an
increpsc in syslolic biood pressure [rom 1 to 3 mm Hg (OCHHA, 1996).

(@) L.cad as a Carcinogen

Lend can cause gene mulation and cell transformation in mammalian cell in culture by

interfering with DNA synthesis. H can induce kidncy tumor in rodents. Extrapolation of

data from animal to man and from ingestatioo to inhalation gave a range of unit cancer risk |
from 1.2 x 102 t0 6.5 x 10° pg/m3 for a life time cxposure 1o | pg,fm’ of lend (OEHRA.
1996), The cfliect of lead on various physiological processes of the body is summanzed in

Table 2.5.
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lood. Tuere is suong relationship between blood lead and height down to 4 pg/dl
(Schwarz et al, 1986).

In male with high blood lead level, it causes an incease in the peicentage of
spermatozoans with abnormal moiphology, decrease in spermatozoan concentration and
total sperm count and alteration of male endocrine function (Hu, 1998). In female, increase
in lead release from bonc is associated with both perimenopausal period and Ostcoporosis
(Symanski ct al, 1995).

(1) Effect of Lcad on Csrdiovasenlar System

There is a corrclation between lead in blood and increasc in blood pressuse and related
cordiovascular conditions in adulis with increase in both systolic and diastolic pressure
even as low as 4pp/dl (or middlc aped adults and strctched over a wide range cutting across
womcn, dificrenttaces and age groups (Houston & Johnson. 1999; Hu ct al. 1996).

A ncar source cxposuic to lcad at the annual average ambicnt concentration of 0.24 pg/m?

could causc incrcase in blood pressure (OEHHA, 1996) and decrease in oxygen absoiption

(Kinder, 1997). An inctcasc in blood lead level from 10 1o 20 pg/dl in adult will cause an
increase in systolic blood pressure [rom 1 to 3 mm Hg (OCHEHA, 1996).

() Lcad as a Carclnogen

Lead can cause gene mutation and cell transformaltion in mammalian cell in culture by
interfering with DNA synthesis. [t can induce kidncy tumor in rodents. Extrapolation of
dato from animal to man and from ingestation to inhalation gave a range of unit cancer risk
from 1.2 x 10 to 6.5 x 10”° pg/m’ for a life time exposure o 1 pg/m’ of lead (OEHHA,

1996). The cficct of lead on vatious physiological processes of the body is summatized in

Table 2.5.
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hle 2.5: Effect of Lead on Varions Physiological Processes

ewrological  Castro Reproducive  Haem Renal Others
intestinal Effects Synthesis Effects
Effects .
Nausca Miscamages)  Ancria Chronic Anbrlgia
Dyspepsia Stillbirths Erythsocyte pephiopathy ~ Myalgia
Constipation Reduced sperm  protoporphyrin - with
Colic Abnormal ¢levation proximal
Lead line on sperm ubular

concentration  gingival tissuc domoge

Hearing loss Hypertension

Wnist / Foot
drop

Seizures
Encephalopa-
thy

Source: Rempel, 1993.
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2.11 Signs and Symptoms and Treatment of Lead Toxicity

(») Signs snd Symptoms

Although there is lack of specificity of symptoms of lead toxicity, it was described as a
silent hazard and with non-specific symptoms (Got, 1993) and symploms of lcad toxicity
may includc anorexia, abdominal pains, malaise, vomiting, irritahility, loss of memory and
apathy (Louria, 1985). Early symptoms may include headache, sleep disturbance, fatigue,

aching muscles and bones {myalgia and anhrelgia) (Zcilhius, 1983). Table 2.6 shows some

of them.
(b) Treatment of Lead Toxicity

The immediate action to be taken is removing the patient fiom the source of lecad and
which may be the only action required. In high lesd level with clinica) symptoms and
biochemical evidences of an appreciable degree of poisoning, chelation therapy may be the
best option. It is the mainstay in the trcatment of hesvy metal toxicity (Waldron, 1966)
whcther acute and chronic. Ca-EDTA is the common chelating agent. The chelate is
cxcreted in the urine. New chelating agents include (a) 3- dimmercapto propanc sulphate
(DM?P’S), (b) dimmer capiosuccinic acid (DMSA). Both of them arc derivatives of
2,3dimercapto propanol (BAL). Pcnicillamines are also used especially in children with
blood Jcad less than 35 pg/dl because they lese rebound than DMPS and DMSA (Goyer ct

al, 1995; Schwartz ct al, 1997).
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Table 2.6: Signs and Symptoms of Lead Toxicity

Fatigue Weight loss
Livitability Dizziness

Poor concentiation Anhralpa

Wrist or footdrop Myalgia

Vague sbdominost pain Hypetkalaemia
Gingulal lead line (Burtonus line) Nausea and vomiting
Mycrocytic hypochronic anemia Anorexia

Gout (hyperuricaemia ) Sleep disturbance
Interstitial nephritis Memory loss
Anemia Mental retardation /dysfunction
Dulling sensation Pcrsonalily change
More rapid aging Metallic 1asic

Source: Zeilhius, 1983; Louna, 198S.
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Table 2.6: Signs and Symptoms of Lead Toxicity

Fatigue

Irritability

Poor concentration

Wrist or foot drop

Vague abdominal pain

Gingulal lead linc (Burionus line)
Mycrocytic hypochronic anemia
Gout (hyperuncaemia )
Intesstitial nephritis

Anemia

Dulling sensation

More rapid aging

Weight loss
Dizziness

Arthrajgia

Myalgia
Hyperkalacmia
Nausea and vomiting
Anorexia

Steep disturbance
Mcemory loss

Mental retardation /dysfunction
Personality change
Mctallic tasic

Source: Zeilhius, 1983; Louria, 1985.
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12 ZINC

Zinc is a crystalline bluish- white metal, which does not occur free in nature, It occurs

'in various fonns as ores. The propettics of zinc ase shown in Table 2.7.

(a) Sources of Zinc

The sowrces of zinc are natuzal and antbzopogenic of which the tatter contributes largely

10 the environmenial Jevel of the metal in air., water and food.
Natural Soucces of Zinc

Natuzal cnvironmeniali concentiation of zZinc in fresh water ranges from less than 0.1 to

1.5 pg/l, sea water contains 0.002 o 0.1 ug/l, soil contains 10 1o 300 mg/Kg diy wi

scdiments contain up 1o 100 mg/Kg dry wt and air contain up to 300 ng/m’ (GHC, 2001).

Anthropogcnic Sources

Sources from various human aclivitics csuse elevation in zinc level such that near
sourcc watcr contains up to dmg/l, soil about 35 g/Kg dry wi, estuarine water, t5 mg/l and

air up 1o 8 pg/m’ (EEIC, 2001).

Food Sources

Zinc is present in red/whilc meat ond shellfish but very low in embiyo part of grains e.g.

wheat. Phytic acid combines with zinc to fonn an insolublc complcx, which reduccs its

bionvailability in food. Other inhibitors of Ziac are polyphenols and high level of calcium

intake (King & Lcan, 1999).
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.13 Rccommended Dielary Intake

The recommended dictmy intake of zinc are 5.6-10 mg/day for infants/ childizn aged 2
months to |11 years, 12.3 to13.0 mg/day for children between 12-19 years, 10-15 mg/day
for male above 10 ycars, 12 mg/day for female above 10 years, 8.8 t014.4 mg/day for adult
between 20-50 years. 15 mg/day for pregnancy and lactation beiween 0-6 months is 19
mg/day and 16 mg/day between 7-20 months. Drinking water (o supply less than 0.2 mg/l
(King & Lean, 1999)

2.14 Comypounds of Zinc

There are many compounds of zinc that huve many arcas of applications. Some are
found natwal whilc others are synthesized. Table 2.7 summarizes the compounds and their

chemical formulae.
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Table 2.7: Chemicul Names, Synonyms and Formulac of some Zinc Compounds

Chemical name Formuia Synonyms

Zinc arsenile Zn (AsO3y), Zinc mcta-arsenitc, ZMA
Zinc bromide ZnBny -

Zinc carbonatc ZnCO) -

Zinc chloride ZnCl, Butter of zinc

Zinc cyanide Zn(CN), -

Zinc fluoride Znl; -

Zinc ZnSiTs.6H:0 Zinc silicofluoride; zinc
hcxafluorosilicate fluosilicate

Zinc iodide Znl; -

Zinc nitrate Zn(NO;)2 =

Zinc oxide Zn0 Chinese white; zinc white;

Zinc permanganalc

Zinc peroxide

Zn(Mn04);.611;0

ZnOz

flowers of zinc; phitosopher’s
wool

Zinc dioxide; zinc superoxide;
Zr0O

Source: Environmentall Hea$th Criteria (EHC), 2001
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2.15  PROPERTIES OF ZINC

(@) Physical properties

As a mctal, zinc cxhibits all the physical properties of mctal such as malleability,

tensile strengih, metallic lustcr as well as conductivity. Table 2.8 summarizes these

propertics,
(®) Chemical Properties of Zinc

Zinc is a transition mctal but differs from the other members because

1. Its has only one oxidation statc of +2
1. Usions arc not coloured and
ii. It lacks direct catalytic function.

iv. 1t is moderately reactive as it will combine with oxygen (in ait), watcr, many

no netals, acids and alkalis (Ababio, 2004).
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2.15 PROPERTIES OF ZINC

| (a) Physical properties

As a mctal, zinc exhibits all the physical propertics of mctal such os malleability,

tensiic strength, metadlic fuster as well as conductivity. Table 2.8 summarizes these

properties,
(b) Chemical Propertics of Zinc

Zinc is a tcansition mctal but differs from the other members becatise

). Its has only onc oxidation slatc of +2
ii. lts ions arc not coloured and
ii. It lacks direct catalytic function.

iv. It is moderately reactive as it will combine with oxygen (in air), waler, many

no nmelals, acids and alkalis (Ababio, 2004).
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Table 2.8: Physical Propertics of Zinc

Physical Property Description
“Sute Solid L W
Appearance Bluish-white, can be polished
Deasity (g/cm’) 7.1
Malleability Malleable between 100-150 °C
Tensile strength High
Mciting point 419°C

Conduction of heot and clectricity Good

Absorbance 214nm

Source: [oldecmess and Lambert, 1979
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Table 2.8: Physical Properties of Zinc

Physical Property Description 3
“State Solid e
Appeanance Bluish-white, can be polished
Density (g/cm’) 7.1
Mallcability Malleable between 100-150 °C
Tensile strength High
Melting point 419°C

Conduction of heat and electricity Good
Absorbance 214nm

Source: Holdemess and L.ambert, 1979
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2.16 ZINC IN TRE BLOOD

Zinc has becen shown lo prevent inhibitory cffcet of lead on the red blood cell
enzymc d- amino levulinic acid dchydratase (ALAD) presumably by inducing morc
synthesis of cnzyme for which zinc is an essential componcal (Cleyton & Clayton, 1982).
Thete is 1isc in red cell zinc prolopotphytin level in lcad worker even at low lead levels
(Clayton & Clayton, 1982).

2.17 USES OF ZINC

The various uses of zinc can be calegorized into catnlylic and non-catalytic uses.
(a) Non-Catalytic Uscs

Zinc is seldom used alonc cxccpt as a cooling (usiog hot-dipping or
clcctiogalvanizing), as oging inhibitor or activalor and stabilizer for plastics (ATSDR,

2007). It is used to make alloys such as bitass, bronze, dic-casung alloys, foundty alloys

and supper plaslic zinc.
(b) Catalytic Uses

Zinc is roquircd for the activitics of more than 300 cnzymes covering all the six
classes of enzymes. Iis binding sites arc made up of the sulphur in eystiene, the nitrogen

in histidinc and the oxygen in aspariatc or glutomatc or a combination. (McCall ct ai,

2000). The important classcs of zinc cozymes arc
i. DNA and RNA polymciases
ti. Alkaline phosphatascs
. Pcptidoses
iv. Carbonic dchydsases

v. Alcohol dchydrogcnases(ADH).
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Tabic 2.9 shows the impoitant amino acids used as the active siles of the cnzymes
and the functions of zinc enzymes, The aclive sites of many of the cnzymes features a
tetsabedrally coordinated zinc centre thal is attached to the prolein backbone by three

amino residucs denoled by letters X, Y and Z and the fowrth sile being water. (Kumura,

1993).
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able 2.9 Coordination Motifs in Representative Mononuclear 5 (XYZ) Zo*(OH); Zine
Enzymes and their Funclions

Y Z Enzyme Fuaction

His His  Carbonic anhydiase Hydtation of watcr

His Glu  Carboxy peptidase Exo peptidasc

His Glu  Thermolysin Endo peptidasc

His Glu  Ncutsal protcase Endo peptidase
His His Asp  Protease from Endo peplidase

streplomyces,cacsptomyces

His His Cys DBacterioplage 1 7 lysozyme  Cleavage of the amide bond between
L-acctyl murarnote moicties

in polysacchandes

His His Cys  Famcsylprotcin tronsferase ~ Transfer of a famcsy] isoprenoid 1o a
cystienc icsiduc

His Cys Cys  Alcohol dchydsogenase Oxidation of alcohols 1o aldehydes
and kctones

Cys Cys Cys S-aminolcvulinotc Synthesis of porphobilinogen from §-

dchydratase aminolevulinie acid

Source: Parkin ct al, 2000
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2.183 PROPERTIES OF ZINC THAT ACCOUNT FOR ITS ROLE IN ENZYMES

Some propeities cnable zinc 1o take pert in enzyme activities c.g. redox properties,
gcomctrical oricntation in space, ligand binding and cxchange enhances its cocnzym¢

activities. 11 also cnables it 10 compete viciously with lead thereby reduces or inhibits its

binding in the body. Thesc propeitics are statcd and described in the Table 2.10.

2.19 ROLE OF ZINC AT MOLECULAR LEVEL

Zinc is important in various functions such as its antioxidant pioperty, protein
synthesis, wound healing, devclopment of reproductive orgaas, prostrate funclions, male
hormone activity. 11 governs muscular contraction, blood stability and body alkaline
balance. 1t also aids noimal tissue functions, digestion and metabalism of photosynthesis

(Wood & Stccd, 2004).
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Table 2.10: Properties that Enhance Zinc Rolein Enzymes

'.Eopeuics

Description

Y)xidaﬁon-Rcduclion
propetlies

Coordination Geometries

Ligand binding

Ligand cxchenge

Ligand nucleophilicity

The divalent zinc is exceptionally stable
With respect 1o reduction-oxidation and

So it does not patticipate in redox reaction, In contrast 10
Mn, Fe and Cu.

dy Configuration of zinc complexes we not subjected to
ligond ficld stabilization cffects and so coordination
number and gcomctiy is only dictated by ligand size and
charge. In cnzymes, zinc shows a strong prefcrence for
tctrahedral coordination, which cnhances both the Lewis
acidity of Zn cenicr and the Bronsted acidity of a
coordinated water molecule. Only Cu is o betier Lewis
acid.

Zinc is an ¢element of borderline hardness so that nitrogen,
oxygen and sulfur ligand Cea al) be accommodated in
contrast 10 Mg and Ca, which favows binding 1o oxygen.
Thercfore zinc binds strongly to proteins.

The [Nexibility in coordination gecometry makes ligand
exchange more facile than For Ni or Mg and cnhances the
ability of Zinc 10 cfficcta catalytic cycle.

Anion such as OH’, OR™ and SR° rctain nuclcophilic
charocter when coordinated to Zn. Only Mn?*, Fe’*and
Cu?* are better in this regards.

Souice: Williams, 1989
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2.20 ZINC DEFICIENCY

Zinc deficiency results in retardation and cessation of growth, impaircd wouad
healing, and defccts leading to reproductive failure, actodermatitis entropathica (with loss

of hair), inflammation of small intestine, anorexia nervosa and bulimia netvosa (Bryce-

Smith, 1989)

2.2] EXCRETION OF ZINC

Most ingested zinc is climinated in the facces, about 5 mg/day 1o 10 mg/day, which
comprises of unabsorbed zinc and endogenous zinc from bile, pancreatic fluid and
intestinal mucosa cells. A considetable amount is cxcreted into the small intestine
through pancreatic biliaty secretion. (Davies. 1980; Matseshe ct al, 1980; Johnsons &
Evans. 1982). Human pancteatic sectetions contain zinc levet of 0.5-5 pg/ml (Hombridge
et ol, 1986). It is also cxcreted through sweal from a healthy human up to 0.50 mg/l in a

F man and about |.25 mg/l in a healthy woman (Hohnudcl ct al, 1973).
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CALCIUM

2.22 NATURAL OCCURRENCE

Calcium docs not occur free in nalure but in combined fortns such as limesione,

chalk, marble, calcitc and aragonite all with 8 formula CaCOj, It also occurs as dolomite
(CaC03;.MgCQ;), anhydrite (CaSQ,), gypsum (CaS04.213:0), fluoispar, calcium fluoride
(CaF:) and calcium phosphate Cay(PQ,); (Holdemess & Lambert, 1979).
2.2 PROPERTIES OF CALCIUM
Calcium is 8 grey mecinl which exhibits melsllic propertics such as high
conductivity, lustemess, mallcability, ductility, moderately high melting point and a high
boiling point as shown in Table 2.11. 1t js a very teactive metal, which accounts for why
i1 does not occur free in nature. It reacts with oxygeo, cold waler and acid (such as HCI)
, 1o form calcium oxide, calcium hydroxide and calcium salt of the acid (i.c. CaClz)
| cespeclively.
224 FUNCTIONS OF CALCIUM !N TIE BODY

a Skclcton formation: An aveisge man's body conlains approximately 1.5 Kg of calcium

of which 99% makes up the principal sttucture of bones and skull mainly as calcium

phosphate.

b. Component of blood: calcium role in various meiabolisms requires a sleady

maintcnance of about 100 mg? of blood plasma, a process controllcd by parathyroid

glands,

c. Blood clotting: calcium is onc of the several subsiances in blood clotiing to prevent

haemorrhage fiom a wound.
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Table 2.11: Physical Propertics of Calcium

Physical Property Calcium
State Solid
Appearance Silvery-shining mctal which rapidly

tamishes in air to fortn oxide

Density (g/cm’) 1.55
Mallcability/duct lity Mallcablc and ductile
Tensile sirength I'air teasile strength
Meclling point 850°C
Conduction of heot and Good conducior
clectsicity
Absorbancc 422nm

Source: [Holdemess and Lambert, 1979 (modified)
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Muscular conuiaction: it controls muscular conttaction through nerve signal

transmussion. A drop in calcium level resullts in tetany.

e. Enzyme activation: it plays an important put in the activation of enzyme such as
uypsin from @ precursor uypsinogen, and gastric cnzyme rennin involves in digestion of

milk.
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2.25 SOURCES OF CALCTIUM

There arc two main sources namcly the food sources and the non-food sources.

(a) Dictasy Sourecs

The main sources of calcium arc milk and milk pioducts such as checsc, diied or
condensed milk. Other good sources arc lish like sardincs, white bait and salmon in the

form of calcium phosphalc. Table 2.12 shows the calcium level of some food.

(b) The Non- Food Sources

The non-food sources arc drinking water, which may conlain various amount ol
calcium depending on its source. Rain water is known 1o be free of calcium and all
mincrals. Well water paiticularly in limesionc arcas contributes significant amounts of
calcium ® the dict. Dnanking water contribuies calcium partly through dnaking and paitly
thiough precipitation of calcium on food wben they are boiled in wnter. The average
doily contribution of calcium ieaches 74 mg pcr becad. Inicotionally added calcium

compounds such as baking powder arc oflen applied for culinary rather than dictary

1cason. Purified chalk is added to bread flour for regulotory reason (Pike, 1979).
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Tablc 2.12: The Calcium Contents of Certain Food

Food mg pec rW
Good sources:;

Onion dricd 2540
Dricd skim milk 1277
Whitc bait 800
Chcese (Hard cheddar) 810
Com flour with brun 354
Condenscd milk 344
Soybean whitc 331
Fresh milk 120
Canned salmon 66
Baking powder 1130

Modcrute sources:
Cassava ,dricd, pounded 69
EBBS ) 56
Peanut, shelled, dried 18
Gari fermented, dried

Yam flour ;:
Taro flour 21
Millet 13
Bunter 15
Meal 10
Sorghum {who!c) rcd 7
Poor sources:
Oat meal 55
Sweal Potalo 27
Brown flour 24
White flour 15
insh Potato 8
Rice 4
Com flour without bran 4
Sugar 0
Cooking (ot 0

Source: Pike, 1979 and Isbatou et al, 2001
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Table 2.12: The Calcium Contents of Certain Food

Food mg per 100g
Good sources:
Onion dried 2540
Dricd skim milk 1277
White bait 800
Cheese (Hard cheddor) 810
Com flour with brun 354
Condenscd milk 344
Soybean white 331
Fresh milk 120
Canned salmon 66
Beking powder 1130
Modcrute sources:

Cassava ,diied, pounded 69
Eggs 6
Pcanut, shelled, dried 18
Gari fermented, dried 3|
Yam flour 2
Taro flour 91
Millet 13
Butter

Meat :g
Sorghum (whole) red 7

Poor sources:

Oat meal 55
Sweal Potato 27
Brown flour 24
White flour 5
Irish Potato 8
Rice 4
Com flour withoutbian 4
Sugar 0
Cooking fat 0

Source: Pike, 1979 and Isbatou et al, 2001
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226 CALCIUM ABSORPTION

Substances facilitating calcium absotplion into the body ate vilamin D and protein

- whilc those inhiditing its absorptions ase phytic acid, oxalic acid, and fat (Pike, 1979) duc

lo complex formution with calcium.
227 CALCIUM REQUIREMENT OF DIFFERENT PEOPLE

Calcium is pnmanly tcquired for bones and Icctlt formation. Growing children
required rclatively more calcium in their dict than adults. Nusing mothers wbo arc
providing calcium 1ich breast milk also need adequate supply of calcium in their food.
Inadequalte calcium supply causes rickets in childrea and ostcomalacia in adult. Their
trealment requires large doses of calcium up lo 1200 mg per day followed by regular
supply of dict rich in calcium (Pike, 1979). The dictary requirement of calcium by
different people vaties aceording lo age and the body morphology. This is shown in

Table 2.13.
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Tahle2.13: Calcivm Requlrements of Dilferent People

People mg/day =3

Infants (0-1 year old) =5 == 600 T -
Children:

1-9 years 500

9.15 years 700

15-18 yeurs 600
Nonno! adult (men and women) 500
Women in the last 3 months of 1200
pregnancy ond when breastfeeding their

babics

Source: Pike, 1979
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CHAPTER THREE

MATERIALS AND METHODS

3.1 DESCRIPTION OF THE STUDY AREA

Kwata Statc is onc of the 36 states of the Federal Republic of Nigerio and is
locatcd in the middle belt zone of the country, Geographically, Kwars State is between
Longitudes 2* and 7°E and Latitudes 3° and 10°N. It is bounded on the North by Niger
State, on the South by Oyo Stalc, on the West by the Republic of Benin and Eastern side
by Kogi and EKiti stotes. The arca of about 32,500 Km® and o population of over 1.5
million pcople made of four cthnic groups viz, Yoruba, Nupe, Fulani and Baruba. The
vegelation of the state is mainly guinca savannah and rain forest It cnjoys both wet and
dry seasons and has a maximum tcmperature of 30-35°C and annual rainfall of 1000-
1500 mm. The arable soil suppotts farming and reanog of livesiock. Agricultute is thus
the main slay of the economy of the state. Kwara State has 16 Local Govemsent Arcas
and llotin West Local Governmenlt Arca is onc of them and part of il makes the state
capifal, llorin. llorin Local Government Arca has a populalion of about 44,000 people.

On the Noith- West is Moro LGA; on the South and South-Wes! is Aso LGA and on the
East and South-East is llorin East LGA.

florin West Local Government Areca is the study arca As part of the state capifal, urban
migation bhas caused some dcforcstation with soil more open to crosion. The arca does
nol cnjoy any mass truaspotlation sysicm. so the only means of vanspoination is in
vchicles. With the ailing economy in the last few ycars, sccond- hand vehicles with o]d
engines arc impoited into the area. The scrvicing, 1cPiring and washing of the vchicles

have impacts or the cnvitonment and the health of the people.
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Although some cnvironmental sanitation measures have been put in place by the state

govemenent, the arcas of vehicular exhaust and increased car wash centres have not been

considered. Most car wash centres are sited near strearns which 1eceive their wasiewater.

The sttcams are used for rice fanning and other humnn and animals needs. They also

sustnin grasscs for animal gazing,
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3.2 STUDY DESIGN

The study was descriptive in design. It involved both survey and laboratory mcthods.
The survey involved semi-shiuctured qucstionnaires and the laboratory methods involved
blood analysis.

3.3 SAMPLING

(a) Study Population

The study population compriscd of Auto-mcchanics, Petrol station atticndants whosc
occupations arc 1elatcd 10 petrol and FHerdsmen whose occupations do not cntail dircct
exposure to petrol. Figures 3.2 and 3.3 respectively showed an auto-mechanic and a
Fulani herdman who voluntecred in the study
{b) Sumpling Sitcs/ Sample Size

Sampling sitcs wcrc selected for three occupations based on different modalities. For
the auto-mechanics. the local government area was divided into six zones which
coincidcs with their local union i.e. Oloje /Oko Olowo; Omoda/lta-Ogunbo; Pakata/
Adetn; Agbo-Oba/ Azeew Atta; Taiwo/ New Yidi and GeriAlimi/Olorunsogo zoncs. The
selection of shed or workshop was based on (a) accessibility of the shed, (b) the lcvel of
patronage and (c) the willingness of the owner of the shed 10 take part in the cescasch,
The selected sheds are shown in Table 3.1

The petrol stations were sclected based on level of functioning (m Icast open and
dispense fuel for four days in a week) and also on the willingness to take pant. The
selected petrol stations are shown in Table 3.2

The selection of cattlec farms was based on scniemcnis within the area, accessibility

and willingness to take pait. The scleetcd fmm sciticments arc shown in Table 3.3
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Tablc 3.1: Auto-mcchanic Workshops

Location

§/No Namcolshed  Specialization  Population of
auto-
mechanics
! Ogudi Yinusa Toyots lormry 4
2 s Baba Toofik Dalsun 2
3 3 Olowolomonz  Honda 3
4 Popo Igbonna 1'sho Gencral 6
5 Popo Igboona Ambalj Dalsua/Toyola 4
6 Isalc Aluko Baba Nuru Gencnl 4
7 Ita Noa Kayo]e/Latcef  Carburetior 2
8 Agbo Oba Shola Mercedez 8
9 Adabata Yellow General 4
10 Azeez Alla Mumini Mech/ Brake 5
1) Taiwo road Baba Genezal 3
12 “* Layi Toyota 6
13 lm Ogunbo  Rasak General 5
14 Ode Adano Raufu General b
15 Alausa Loyo Datsun/l'oyola 3
13 Ansarul Gaoi Geoerl 5
14  Olorunsogo  Tunde Mechalignment 7
15 Olomnsogo  Abukunlowo  General 85‘

Total
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Tahte 3.2: vecrng e

N0 Locution Pctrol Station Population of
srIcooun s

! Ogidi Ambali Petroleum A0
2 Oko Olowo lberolak 4

3 OkoOlowo Ara Qje * 4

4 Ogidi Giwa - 5

5 Oko Olowo Lavel - 5

6 Ansaru| [.avel = 4

7 Aasarul National * 6

8 Oloje Uni-petrol 7

9 Adeta Round- about  Ali Petroleum 5

0 Adewole Esinrogunjo 4

i Agbo-Obe Pcace < 3

i2 Kuntu Adisa Bokme * h

13 Oja-Oba Texaco 8

14 Ois wnwn junction  Uni-Petol 6

15 [ 4iWO 1020, Lubricon 738

Total
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Table 3.3: Cattle Farms

S/No Location Name of Farm  Population of
Berasmen

|  Eruda Goa Akanbi Farm 8
2 Oloje Gas lambo “ 12
3 Adeta Gaa Aremu "

4  Ansanul Gaa Osibi 7
s Ogdi Adisa s il
6 UKo UIowo Untyang - ty

total 37
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3.4 SURVEY MATERIALS AND METHOD

The research instuments used were questioanaises, which were semi.structured. In

addition. samplcs of blood, water and fodder were analysed for lead, calcium and zinc

levels.

(a) Questionnaire Design

‘The queswonnaire was semi-structured. [t contained fifty (50) questions of which two
were open ended and forty eight (48) were close cnded. The questionnairc was divided
into {tve scclions viz, demogyaphic featuics, occupotional features/activities, knowledge
aboul lead, awareness of lead loxicity, perceived health problems and facilities used for
trcatment. The key vanables were age, occupation, educational status, duration in the job,
knowledge/owarcness about lead and lead poisoning.

(b} Questionpaire Pre-test
The pre-test was cairied out with 20 questionnpites. Fourteen (14) questionnaires
were administcred to aulo-mechanics and 6 o petiol station attendonts. The location was

| Bode [gbo in Iddo Local Govermmment Arca of Qyo Slate. My [:ndings wcrc

). Theee was nced (o intceeprete the questionnaire in the language of some of the |
respondents becausc of their level of education.

ii. Somc were cvasive 1o some questions bordering on age, level of cducation,
yecars in the job, pcersanal hygienc and the heath facilitics used for treatment.

iii. Maeny were impalient and responded hast:ly to end the interview quickly.

iv. Somc were skcptical about the outcome of their respoascs on their job.

\ v. Somec prociastinated by dcfcrring respanse (o some questions.
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 (c) Administration of Questionnaires

Five previously trained interviewers administered the 110 questioanaires to 110
respondents sclected by purposive sampling,

3.5 Samplc Sizc

Based on literoture, the sample size was estimated with following pasomeicr with

standaid devintion (o) of 6.3 and standard error of 0. 03

d = Z X SE
= 19 x 003
= 0.0588
n = Zzuzoz_
4
= (1.96} (0,05} (6.3%
(o.osss}
= 1102

Where S.E. is the Standard Ecror
Z is the Rcliahility Cocflicient at 95% Confidence Level

& is the level of signilicant that is, 5%
g 1s the standard deviation

d is the interval

The target population was 216. The szmple size was proportionally shared omong the

three groups.

36 Sampling Technique

The population was styatilicd bascd on diflerent types of occupatinn. The sampling was

ive. based on 8 Minimum of two ycars on the job and their willingncss to take part
puIpOSIVC,

in the study Each occupnlionnl goup had its p0pU|ﬂliOll numbcied separately and the
n wnc 3

oluntecred subjccts were subjected to simple random method. Ballot system was used to
v
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lect 110 subjects. The sclecied subjects were then used for the survey and blood

samples donation. The relative proportion of each goup was selected as shown below:
Population sizc =216
Sample size =110

Proportion estimation:

Number of mechanies:
81 x 110 =41
216

Number of petrol attendants:
78 x 110 =40
216

Number of herdsmen:
37  x 110 =29
216

3.7 Method of Collection of Blood Samples

Venous blood was collected afler simple swuobbing using methylated spirit. Two (2)
mi of blood was taken from each subject using sterile, pyrogen-fice needle and sytinge
(Beclon- Dickeson) of superior sharpness and smooth penetration. The blood samples
were collecled from the same subjects st dilTcrent periods viz panic buying period, 2004
(sarnple P) nnd normal sale period, 2005 (samplc N) within a year.
3.8 Pretreatment of Blood Sampics
The ususl pictreatment involving collection. concentration and purification of samples
were not reyuired in blood analysis. Digestion of sample with 2% trioxonitraic (v) acid
was donc. The content was centrifuged at 4 - 10 gravity to precipitale suspended
particles. The supcratant liquid was filtered through 11 cm whatman lilter paper No. 42

10 obtain a light brown solution.
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39 Laboratory Equipment

The materiols required included, needles and syringes (Sml), polyptopylene pipctte
tip. specimen bottles (EDTA bollles) and Teflon rcagent botles. Teflon
(polytetrafluoroethylenc) appamtus wos uscd, to prevent adsorption of uaces of metals
sought for onto the wall of the container or leachate of lead if lead (I]) borosilicate glass
is uscd. Centrifuge, filuation gndgct, maphite fumacc. and atomic absomtion
Spectrophotometer (AAS) by Bulk Scientific (USA).

3.10 Chemicals and Reagents

The reagents required for the analysis wete;

1. Trioxonitiate (v) acid (HNOy): sub-boiling redistilled ultta pure concentiated

HNO, or 98.00% HNO,.

2. Diluent; The diluent and metrix modificr were 10.0 m)/1 Triton X-§00
(iso-Octylphenoxypolycthoxycthanol) and2.0 g/l. Ammonium dihydrogen
tetrmoxophosphatlc(V) (oithophosphate) N1k (2104 ( 99.9% pure) in 0.2% HNO,

3. Calibrator: Prepaed from stock reference solution containing lead at 1000 pg/t

and to be dilulcd 10 achicve final concentiations of L0, 20, 40 and 60 pg/dl and

uscd 10 calibrate the instrument.

4. Blank: Prepatcd from distilled waler treated with the diluent as donc (o the

samples.

4. Compwative ssmples: Blood samples from tic herdsmen.
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.11 Preparation of Standard Solutions

Colibration of slandard graphs was done either fiom swndard stock diluted to

different concentrations or measured dry compounds (PY(NOs)s, CaCO3 and Zn/ HCI)
The stondard solutions of Icad, zinc, and calcium ions were used 10 check the valucs

obtaincd from the AAS,

(a) Standard Lcad Solutions

Stock standard was obtained from commeicial sources and contained 1000 ug/ml
Lead (I1) trioxonitratc (V).

(b) Preparation of Standard Solution of Calcium

By Dissolving 0.2497 g CaCOy (heated (0 180°C for | hour before weighing) in

water with o minimum quantity of 1: }HNQjy and odding 10m] cone. HNQ;y then diluted to

1000 m!

1.00 m] contains 100 ug Ca was prepared as follows:

Co = 40
CaC0y 100
Mass of Ca in CoCO; = 40 x CaCO,
100
= 40 x 02497
100
= 009998
= 0.lg

0.1g in 1000 m] solution
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1.0 ml of solution

0.1

——

1000
= 100pg

(c) Preparation of standard Zinc solution

Dissolved 0.100 g of ainc metal in 20 ml 141HC! and diluted to 1000 ml with distilted

walcr.

1.00 ml =100 pg Zn.

3.12 Quality Control

The quality controls obscrved werc on blood samples collection, (reatnents and

analysis.
(2) Blood samplc collection
In sample collection, the following precautions were observed:

1. The ncedles and syringes wvere sicrile and pysogen irce. The needle chosen were of

superior sharpness and smooth penctiation.

2. Samplc labcel included number, date, time and place (workshop or duty post) |

3. Plastic contninesrs made of fluorinated polymer (11°E) or polypiopylene were used so

as 10 prevent cither odsorption or leachotc of lead ions possible with lead borosilicate

glass container.
4. The containers were ticated with 10% HNQs for one week to cquilibrite them gnd

then tinsed in triple distilled WPICT.

5. Disposable hand gloves were flecassary for Pcrsonal protection,
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. Careful handling of blood sample was observed 1o prevent spilling-

7. The usc of EDTA bottles (sodiurn or potassium 1ype) was lo prevent coagulation

because lead is concentrated in the crythrocytes as shown in Fig. 3.4.

8. The sample was acidified to below pH of 2.0 to minimize pyecipitation and

absorption of mctals on to the wall of the containcrs.
9. Thec time intcrval between sample collection and its analysis was as short as possible.

(b) Sampic digestion (treatmcent)

1. High-level phosphate detergent was uscd to mop surfaces and hands to remove

lead contaminants, which could intcrfere with the assay.
2. The digestion procedure was done in dust-fece laboratory (o avoid contamination.
3. Digestion process was lcft ovemight to ollow cnough time for the digestion and the
containers wcere covered 10 minimize loss through froth.
I (c) Samplc annlysis
The following precautions werc 'sken during the mnalysis of blood samples:

1. Exposure of the blood samples to high level of chloride concentration was prevented
because the chloride of Iced 8 volatile ot the charring tempcralurc used in ntomic

absorption analysis. AAS Bulk 200 uses oxy-occtyicne fame with a fumace

tcmperature of about 3200°C.
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FICURE 3.4: PHOTOGRA'I1 OF BLOOD SAMPLES COLLECTED IN
Na -EDTA DOTTLES
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A vanation of morc than 10% in the resulls of triplicates indicate sample
contamination during peocessing while a vanation of less or equal to 10% was

considered acceptable reproducibility.

(d) Others

1. Five sample pois (uscd in samplc aspiration) were ansed in 2% HNO, for 24 hrs. The

solulions were aspirated to check for possible lead leachate.

2. Fonified blank (distilled H20) and matix modificr (NHsH1POy (s )Were prepared by
dissolving a known conccntation of lead ion in them and lel for 24 lvs. The

solutions were aspirated to dclect possible vanotions. Vasialions within 5% were

acceplable. .

3.13 Sawmplc Prcparstioa

1. The blood samples were prepared accosding to method adopted by the National
Commiltee for Clinical Laboratoty Standards (NCCLS) in the United States. That

is 1+ 9 dilution of 50 ul wholc blood with modilicr ofI- linc. The contents were Icfi

overnight to reduce foth.

2. Modifier Solution was picparcd from 0.5% (w/v) of N1Li12PPO4 by adding 5 & of

isti : iton X- dding 5 cm’
NH.H1PO4 to 100 cm’ of distilled watcr: 0.5%(v/v) of Triton X-100 by adding

isti 0.2% (viv) HINO by adding 2 cm’
of Triton X-100 to 100 am’ of distitled waler and o (

f ntrated 1HNO;3 to 100 cm’ of distilled watcr. All were ndded together and
ol concentrn

made to 1000 cm’ (1 litre).

3. The contcnts were filtered the following day using Whatman filtcr paper of No. 42
. The

obiain clear biown [Mtratc,

(diameter = 11 cm) l0
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enlation: wave length (A) = 283.3 sm for Pb, 213 nm for Zn and 422 nm: for Ca.

4. Blank solution: | cn’ uiple distilled H20 + 9 cm’ diluent left in the same laboratory

conditions as the samples solutions.
3.14 Dilution ol Standard (Stock) Lead Selution

The 1000 pg/dl Pb standasd (stock) solution was diluted te various concentiations €.g.
10, 20, 40 and 60 pg/dl using 0.2% HNOy The proccdure for the dilution of 1000 ug/d!
to 10 pg/d] was as lollows:
CcxVe = CdxVd
1000x1=10 x Vd
Vd = 1000/ 10
= 100ml
Volumc 0f0.2% LINO; required = 99 ml
Cc = Initial Concentation of the sample.
Cd = Final Concentration of the sample.
Ve = |nitial Volume of the sample.

Vd = Final Vo!ume of the sample.

Further dilutions were done (o obtain 10, 20, 40 and 60 pg/d) as shown below

Stock (1000 pg/dl)  Diluent (m) c-nbm%mm_
I 99.0

1 49.0 20

1 240 40

| 14.2 60
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.15 Calibration

The calibration was constructed using the points (10, 20, 40, 60 pg/dl) and a blank

for the construction of a standard curve) as shownin Fig. 3.5,3.6 and 3.7.

3.16 Sample Analysis

The instrument used for the analysis of the samples was the Atomic Absorption
Spectrophotometer; BULK 200 manufactured by BULK Scicatilic USA os shown in Fig.

38

(a) Atomic Absorption Spectrophotomcter

Principle: When a sarnple of treated blood mixed with modificr solution (1+ 9) was
introduced thiough a capillary tube into the Gas (acctylene) fumace Atomic Absosption
Spectrophotomelcr, the process of unalysis involved theee stages. First, a low cuerent
heated the sample to dryness between 130 and 200° C. Sccondy, a cherring stage
destroyed orgunic matter and volatilizes other matrix components at an intermedinte
temperature of 600° C. Finally, o high current heated the tube to incandescence and
etomizes the clements being determined in an inctt oimosphere at 2,400° C. vaporized
Jead absorbs cncegy at the 216.8 nm linc emitied from a hollow cathode lamp. The
absorption of the wovclength was specific for lead and propostional to its concentration.

There arc three types of AAS: the gruphitc fumace. the clectro-thcrmal and the gas burner

types. The gos bumer was used.

The method was developed for the Perkin-Elmer 4100ZL (THGA) s referred by

Pasons ct ol (1999).
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FIGURE 3.6: STANDARD CURVE OF ZINC
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FIGURE 3.7: STANDARD CURVE OF CALCIUM
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FIGURE 33: PHOTOGRAPII OF THE ATOMIC ABSORPTION SPECTROTIIOTOMETER
USED IN THE STUDY
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(b) Measurement of Lead, Zinc and Calcium using Atomic Absorption
Spectrophofometer.

Before the aspiration of the sample of intercst, appropriate lamps were insetted into
the turret slots according to the specification of the elements that the lamps can be uscd to
determine. Bulk AAS has two turrct slots for lamps 1 and 2. Thc lamp nceded was
warincd for 10 min with apptopriate current (12 mA for lend and 10 mA for zinc and
calcium according to specilication). For lead, the desiied wave length (216.8 nm) was
selecled using a seleclor and scanncd until the rcquired resonance line (the largest
deflection from zero on the energy mcter) was obtained. The aspiration rate of the
nebulizer was already programmed into the machine. It enabled machine to sct it
automatically. The machine sucked in aliquots through a copillary tube.

The air valve was opened followed by the acetylene gas. The ignition button was
pressed and releascd when the flamc was produced at the bumer head. The vcrtical
alignment was checked by bringing down the llame (bumer) and be sure the icadout was
2cro and increase in bumer resulted in increase in meler 1eading. The honzontal
alignment was done by using the appropriate knob. The absorbance of the corresponding
meter standard (0.1 ppm for low and 1.0 ppm for high standards for lcad) was read and

poted before aspirating the sample. Absorbonce/ concentration for the sasuples were

accordingly noled.
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(c) Samples from Foma Stream

Foma swcam in llorin (study area) has been o regular source of water for animols and
some remolc Villages. It also feeds the grasses along its bank as shown in Fig 3.9. Caule
and other animals regularly graze the grasses. Most of the streams in llorin west local
Govecmment are contzrainated by waste water from car wash centres that have increased

in number 1n the last decode. Most of the car wash centres ore located ncar streams,

which serve as sources of waler as shown in Fig 3.10.

The presence of Icad in the blood of herdsmen prompied 1he scarch for possibility
through food chain because the Fulani herdsinen by nature of their life style never exposc
themsclves 10 urban lifestyle but follow traditional ways of living. Watcr samples and

fodders from the stream weie analyzed for Icod.
1. Treatment of Animal Fodder
This involved the digestion of the plants. Since cxtioction methods depend on the

nature of the sample, To cxtract tracc clemenis from the plants three different methods I

commonly used are

(8) Dry ashing
(b) Wet digestion including Aqua- regia (HHC1 +HNO; in ratio 3:1) method developed

by Amecrican Public Health Association (APHA), 1998,

The method used for the digestion wos diy ashing.

Apparatus: Mulflc fumace, Sarforius balance (PT2100/000001 modecl), Oven (carbolite

type), crucible, Milling machinc (Thomas tyPe), {icater, Volumetiic flask (100ml) and

Dry fibre filter poper.
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FIGURE 3.10: PHHOTOGRAPH OF

WASTE-W

89

SOME CAR WASH CENTRES TIIAT DISCHARGE THEIR
J
ATER INTO FOMA STREAM
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rocedure: The samples were dried for three days in the oven then ground to powder in

milling machine. 2.0 g of each sample was put in a previously dried crucible then

covercd with lid and placed in a fumace at 460° C for 4 hrs to tum (o ash. It was cooled

and the following day 10ml of 1M HCI was added to the crucible. The content was

heated for 2 or 3 scc. it was filicred into a volumeuic flask and made up to 100 ml with

distilled water. The icad content was then determined using AAS (Buck 200 model) at

283 nm.

Formula for Calculation of Lcad in P’lant Samples

Lcod (mg/kg) = sample x  Concentrution of gandard  x 100
Absorbancc of Standard Mass of Sample

Or,

= ppm of Sumple X 100

Mass of Samplc
ii Treatment/Annlysis of the Waicr Somples Fiom the Stream

The paramcters detcrmincd from the watcr samples were

(a) Suspended solids
(b) Dissolved solids
(c) pH and conductivity

(d) Lead contentL

The lead content of the water, which was the main concer, was reported in the study.

(c) Suspended or Non-Fillcrable Solids (SS)

The method of analysis was accordifig (0 the mcibods described by USEPA, 1983,
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Apparatus: Gooch funncl, (iltering flask, oven, desiccator, vacuum pump, 100 mi
pipelic, dry (ilter papcr and Satorious balance.

Proccdure: Dry glass fibre filter paper; 5.5 cm in diamcicr was heated 1o @ consuinl
weight a1 103-105° C in the oven and the weight noted. It was placed in a Gooch funncl
with o pair of tonguc. 100 ml of a thoroughly mixed watcr samplc was poured into it.
Afler the filtration, the (ilter paper was carefully remover] and hested fo n constant weight
at 103-105° C. By subtracling the weight of the lilter paper. the weight of the suspended

solid was obtaincd.

SSmg/l =  S§§S(mg) x 1000

Volumc of sample (ml)

(d) Dissolved or Filicrable Solids (DS)

Dissolved solids can be estimated () by obtaining a known volume of the filtrale and
heating it 1o dryness until a constant weight is obtained (b) by obtaining the total solid

and deducting that of the suspended solids from it 8s shown below.

DS =TS-SS

(e) Total Dissolved Solids (I'DS)

Apparatus: Evaporating dish, 100 mi pipette, steam bath. Satorious balartec bYEREnE

desiccator.

Procedure: A clcan evoporaling dish was heated to between 103 -105°C inen oven and
rocedure:

ple was pipetted into it and was cvaporated o dryncss on a

thoroughly mixed watcr sam i
4 then the content was dricd in an oven at

si=m bath. The outside of the dish was wipc

The dish was wansferred into 8 desiccator gad weighed ot
r.

103 -105 ° C for about 1 hou
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toom temper@iWe .the process was rcpeated until a constant weight was obtained (0
within 0.05 mg. The weight of dry dish was subtracted from it to obtain that of the solid.
(d) Lead content of water samples
Apparotus/ Reagent: Glass beads, Vacuum filter, Erlenmeyer flask, AA S, Nitric acid
(1+1), Hydrochloric acid (I+1), deionized waler, matrix modilicis (ammonium nitrote
10% wiv),
Proccdure: The organic materials in the waler was removed by first digesting it with
conc. I{NO3s ond liliered thiough a preconditioned and prewashed 0.4 pm pore- diameler
membianc plastic filter. The flter was preconditioned by soaking in HNOy (1+1) and
prewnshed with deionized watce. 500 cm® of the weter sample was concentrated 1o 25
cm’ (Abua, 1996). $ cm® of HNOs and § cm® of 10% (w/v) ammonium nitrate were added
10 25 cm® of the sample. The solution was diluted to 50 cm” then aspiraied into the AAS

(Atomic Absoiption Spectropbotometer bulk 200). The solution was a ten - foid

cooccotintion.

3.17 DATA ANALYSIS

The raw dnta obtained from questionnairc responses and those from blood analysis

were fed into a computer. The Statistical Package for Social Scicaces (SPSS) Sofiware

Progrusmunc was employed 10 produce [requency tables and statistical tests.
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CHAPTER FOUR
RESULTS

This chapter presents the socio-demographic characteristics of the respondents

from the study arca: occupational features that cnuse lepd exposure; lead awarencss and

knowledge/ experience of lead poisoning. Also presented are the loboratoiy resuits of

lead. calcium and zinc in the blood samplcs of the icspondents.

4.1 Demographic Characteristics

In the three occupational groups. fcmale respondents weie absent among outo-
mechanics. Occupation, sex, religious affiliation. ethnlcity, age and cducalional status
were considered os voriables to assist the rescorcher in collecling relevant data on
important aspccts of the study.

The maojority of the respondents sampled in the three gtoups were males numbcring
83 (75.5%) and the fcmolcs were 27 (24.5%). The differcace was in the absence of
fcmale auto-mechanics, which might be due 1o societal peroeption of the profcssion as
male profession. There wos o significant relotionship (p < 0.05) between gender and
occupation as shown in Table 4.1.

The mean ages of the outo-mechanics, pewol ottendanis and the herdsmen were
32.41 + 7.97. 32.65.+ B.14 and 27.48 £ 7.44 respectively. The overoll mean age of the
resposdents was 31,20 + 8.14. The age distribution of the respondents is shown in Fig.

4.1. It was obsctved thot 87 (79.1%) of the respondcals were Moslems while 23 (20.9%)

were Christians. A signifieant relotionship (p < 0.05) was observed between tlie religious

afTiliation and occupation as shown in Toble 4.2.
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“The ethnicities of the respondents were Yotuba, 75 (68.2%); Igbo 5 (4.5%); Hausa |
(0.9%) and Fulani 29 (26.4%). There was a significant relationship (p < 0.05) between
ethnicity and occupation as shown in Table 4.3.
The distribution of the respondents according to marital status indicated that 80
(72.7%) were martried, 26 (23.6%) were single and 4 (3.6%) were scparated. There was
no signilicant relationship (p > 0.05) between marital status and occupation as shown in
Table 4.4.

The educational background of the respondents as prescnted in Fig 4.2 showed
that primory education was the highest 43 (39.1%) followed by secondary education |1
(10.0%) and the least was polytechnic cducation | (0.9%:). There was a significant

iclationship (p < 0.05) between education and the occupation.
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Table 4.4: Sex Distribution of (he Respondents by Occupation

Auto- Petrol Herdsme Total 4 z p-

mechanics Attendants n value

No. % No. % No. % No. %

41(100.0) 22 (55.0) 2 (69.0) 83(75.9) 7.862 0.02
Female 0(0.0) 18 (45.0) 9()1.0) 27 (24.5) —=
~Total  41(100.0) 40(100.0) 29(100.0) 110(100.0)
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FIGURE 4.1: AGE GROUP OF THE RESPONDENTS
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[able 4.2: Religious Afliliation of the Respondents

llgion Auto-mec Petro! Herdsme Totl x] P
banics Attendants value
No. % No. % No.%  No. %
hastianity 13 (31.7) 10 (25.0) - 23 (20.9) 6.139 0.046
Islam 28(683)  30(75.0)  29(100.0) 87 (79.1)
Total 31 (100.0) 40 (100.0) 29(100.0) 110(100.0)
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able 43: Ethnicity of the Respondents by Occupation

Autome-  Petrol Herdsme  Tolal r? P
chanics Attendants n valae
No. % No. % No. % No. %
Yoruba 38 (92.7) 37(92.5) E 75 (682)
Igbo 2(49) 3(7.5) - 5 (4.5)
Hausa ) (2.4) - - 1(0.9) 111.631 0.00
_Fulani . = 29%(100.0) 29(264)
_Total 41(100.0) 40(100.0)  2%(100.0) 110(100.0)
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Table 4.4: Marital Status of the Respondents

Marital  Autome- Petrol Herdsme Tolal S
Status chanics Aticadants n value
_ No. % No. % No. % No. %
Single 9(22.0) 6(15.0) 11379) 26 (23.6)
Manied  31(75.6)  3i(77.5) i8(62.1) 80(72.7)
Separated  1(2.4) 3(7.5) - 4 (3.6) 7302  0.121

Divorced -
Widowed - - - a
 Total 41(100.0) 40(100.0) 29(100.0) 110(100.0)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



N

Table 4.4: Marital Status of the Respondents

Marital Autome-  Petrol Herdsme Total IT p-
{atus chanics Altendants n value
No. % No. % No. % No. %

-~ Single 9(220) 6(15.0) 11(379) 26 (23.6)

Marmtied  31(75.6)  31(77.5) 18(62.1) 80 (72.7)

Separated  1(2.4) 3(7.5) - 4 (3.6) 7302 0.21
Divorced - - - -

Widowed

“Total 41(100.0) 40(100.0) 29(100.0) 110(100.0)
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FIGURE 4.2: LEVELS OF EDUCATION OF THE RESPONDENTS
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9 The Mean Blood Lead, Calcjum and Zinc levels in relation to Occupation

Significant lcvel of lead concenirations was obtained from the auto-mechanics and
petrol attendants. The blood lead levels of the herdsmen were relatively low. The mean
blood lead levels (1/1) of the Auto-mechnnics in sample P and sample N were 20.1(*
4.2) and 17.8 (£ 4.6) ccspecijvely; of the Petrol attendants were 14.2 (£3.2) and 11.5 (=
3.1) and of the Herdsmen were 2.2 (+ 2.3) and 1.9 (+ 2.1) as shown in Table 4.5. The
1ecommended blood Icad level for lead workcess is 25.0 pg/dl.

The blood levels of calcium in the Herdsmen were relatively high compaied with those
of the Auto mechanics and Petrol attendants. The mcan blood calcium levels (mg/l) of
the Auto-mechanics in samples P and N were 18.9 (21.2) and 18.5 (£1.1) respectively; of
the Petrol atiendants were 13.7 (£1.9) and 13.3 (£1.9) and of the Herdsmen were 214
(£1.8) and 19.3 (£ 5.6) as shown in Table 4.5. The normmal blood calcium level is
between 8.5 - 10.5 mg/1(4.5 - 5.6 mp/ in ionized stalc).

The blood zinc levels in the hesdsmen weee also higher than those of the Auto-
mechanics and the Petrol attendants. The mean blood zinc levels (mg/l) in the Auto-

mechanics in samples P and N were 5.0 (x0.8) ond 4.1 (£1.0) respectively: of the Petrol
attendants were 3.1(20.7) and 2.4 (+0.6) and of the llerdsmen were 13.3 (£3.0) and 7.6

(+3.8) as shown in Tablc 4.5. The normal blood zinc level is 10 — 14 mg/l. Signilican

rCIaﬁonship occurted (p < 005) between the mctals (lCDdo calcium and 7Iﬂc) and

occupation.
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Table 4.5; Tle Miean Le

ad, Caleium and Zinc levels in reintion 0 Qccupation

Lead Levels(pa/di)
Mean £ S

Calclum Levels (mg/d))
¥eana £ SD

Zlnc Levels (mg/dl)
Meanz SD

Sample P

231.457

p-value

Sample N

170.522

Petrol

mechanies  Anend2z mep

nes
14.23

+325

Aulo-me
charnics

Autome

chenics  Attenda

201.117 340.839

®

I+
J

2103 =193

Petrol
Attendan
ts-

3.13

% 0.69

Herds-

Total

6.49

2 .147

458

=2.89
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Blood Lead in Relation 1o Occupations

A significant relationship (p = 0.05) was obscrved between blood lead level and the

nature of occupation. At 0.05 level of significance, the calculgted values of F for both

ssmples P and N were 231.457 and 170.522 respeclively as shown in Table 4.6. Both
values were greater than the Table value of 19.486 at the degree of freedom of 2. 107.
This showed that the nature of occupation was a significant contnibutor to the level of

fead in the blood. It was highly significant with p < 0.05 at the diffevent periods of pettol

salcs.

44 Blood Lead Levels gnd Period of Petrol sale

The blood samples were collectled from the same subjects a ycar interval. A stiong
correlation (r = 0.965) was obscrved between the two analyses. This is shown in Table
4.7. The {irst sct of samples collected was in a period of inadequate supply of peirol
which resulted in panic buying of the fucl but the replicate samples were collected during
normal sales. Tt was a usual occurrence that during panic buying. plastic containers were
frecly used for carnrying and stoning petiol. Most of the containers were uscd for domestic

putposes later during regular fuel supply.

4.5 Blood Lead l.evels and Number of Years in the Job

There were significant correlations between the number of years in the occupalion

and the Jead Jeve] of the blood in the P and the N samples in which r 0255 and r

0.331 respeclively as shown in Toble 4.8.
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Table 4.6: Blood Lead in Three different Occupations

Occupation n Meant SD F p-value
Auto-mechamics 4] 20.12 £ 4.20
Petrol nitcndonts 40 14.23 + 3.25
Herdsinen 29 224 £0.23 231457 0.000
13.26 +7.87
Auto-mechanics 41 17.76 £4.59
Petrol aticndants 40 1148 £3.12
Herdsmen 27 1.86 = 0.21 170.522  0.000
Total 108 11.28+7.19

—

— -
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Table 4.6: Blood Lead in Three different Occupations

| 'fnctc Occupsation n Meant SD F p-veluc
tics
ple P Auto-mcchanics 41 20.12 + 4.20
Petrol attendants 40 1423 + 325
Herdsmen 29 224 £0.23 231.457 0.000
13.26 + .87
Sample N Auto-mechanics 41 17.76 +4.59
Petrol attendants 40 1148 £3.12
Herdsmen 21 1.86 £ 0.21 170.522 0.000
Total 108 11.28+£7.19
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Table 4.7: Blood Lead Levels in relation to period of Petrol sale

:r—(’.‘hnncleﬁslio n Mesa £ SD r p-value
(ng/dl)
Sample P 110 1326 £7.87

0.965°* 0.000
Sample N 108 11.28 £7.19
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Table 4.8: Blood Lead Levels in relation to Number of Years in the Job

“Charscteriatics N r p- valee
Sample P 110 0.255¢4¢ 0.007

Samplc N 108 0.331** 0.000

e ———————
——

*+ Significant at 0.01 level
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.6 Blood level of Caicium in relatiop to Occupation

From Table 4.9 below, in the sample P, 1he mean blood calcium level in the Auto-
mechanics group was 18.85 & 1.17, in the Petrol Auendants was 13.73 + 1.89 and in the
Herdsmen was 21.41 £ 1.84 mg/ ]. This showed that the heridsmen had a higher level of
calcium ip the blood than the other groups. In the samplc N, the mean blood calcium
fevel of the Aulo-mechanics group was 18.48 + 1.13, the Petrol Attendants was 13.33 £

1.93 and the Herdsmen was 19.32 + 5.61.There was a significant eclationship (p < 0.05)

between blood calcium and the nature of occupation in both samples.

4.7 Bload level of Zinc in relation te Occupation

In sample P, as shown in Table 4.10, the mean biood zinc levels in the Auto-

mcchanics, Peirol Attendants and Herdsmen were 4.96 £ 0.76, 3.13 £ 0.69 and 13.29 +

3.02 (mg/]) respectively. It was obscrved that the herdsmen had higher blood zinc than
the other groups. [n sample N, the mean blood zinc levels in the Automcchanics, Petrol

Attendonts and Herdsmen weee 4.06 £ 0.97, 240 + 0.63 and 7.57 + 3.78 mg/

respectively. 1 was cdoblished in both somples that occupation was significantly celated

(p < 0.05) 10 blood zinc lcvel. The Table voluc of F was 19.486 at 0.05 level of

significance and degree of freedom 2 and 107.
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Table 4.9: Blood levels of Calcium in different Occupations

Characteris  QOccupation R Mean +SD F

p-value
tics

Sample P Aulo-mechanics 4} 1885+ 1.17
Petrol Attendents 40 13.73 +1.89

Herdsmen 29 2141 2184 90 117 0.000
17.66 %3.54
Sample N Auto-mechanics 4| 18.48 £ 1.13
Petro) Attendants 40 13.33 £1.93

38803 0.000
Herdsmen 27 1932 £5.6l
Total 108 1683413

]
g
Y
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Table 4.10: Blood levels of Zinc in different Occupations

“Characteristics Occupation

I Mean £SD F p-valee
~Sample P Aulo-mechanics 41 4.96 % 0.76
340.839 0.000
Petro! Attendants 40 3.13 £0.69
Herdsmen 2 13.29 +3.02
6.49 +447
Sample N Auto-mcchanics 41 4.06 +0.97

] 0.000
Petrol Attendants 40 2.40 £0.63 33.896

Herdsmen 27 757 £3.78

Total 108 438 +289
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‘Blood Lead levelsin relation to the Calcium and Zinc levels

(a) Blood levceis of Lead and Calcium

The relationship between lead and calciwn of the blood is shown in Toble 4.11. In
ol cases there were ncgative correlation (r = -0.358, -0.063, -0.123 and -0.272) between

the lead and calcium in the blood though not veiy stiong.

(b) Bload levels of Lead and Zine

The relalionship between blood lead and zinc is shown in Table 4.12. below. In atl
cases, negalive corrclations (r =-0.693, -0.451, -0.633 and -0.409) occurred between the

blood Icad and zinc. The comelations were highly significant (p < 0.05) and stronger than

those between lead and calcium.
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Tabled.11: Blood ievels of L.ead and Calcium

“Chbaracteristics n Mesa + SD - p-value
Pb (Sample P) 110 13.26 +7.87
Ca (Sample P) 10 17.66 +3.54 .0.358°* 0.000
Pb(Sample P) 110 13.26 +7.87
Ca(Samplc N) 108 16.83 £4.13 -0.123 0.201
Pb (Sample N) 108 1128 £7.19
Ca (Sample P) 110 17.66 + 3.54 02720 0004
Pb(Sample N ) 108 11.28 £ 7.19
Ca(Sample N) 108 16.83 £4.13 -0.063 0.514
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Table 4.12: Blood levels of Lead and Zinc

~ Characteristics n Mean + SD ™ p-value
Pb(Sample P) 110 1326 +7.87
Zn(SampleP) 110 6.49  4.47 0693+ 0.000
Pb(Samplc P) 110 13.26 + 7.87
Zn(Sample N) 108 4.38 +2.89 -0.451° 0.000
Pb (Sample N) 108 1128 +7.19
Zn(Samplc P) 110 6.49% 4.47 -0.633°¢ 0.000
Pb(Sample N) 108 11.28 +17.19
Zn (Sample N) 108 438 £2.89 -0.409°*° 0.000
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ead expoture Among the Occupational groups

I1 Petrol handlers

{a) Use of Petrol

A total of 80 (98.8%) of Auto-mechanicy/Petol gtiepdgats agreed that they used
petrol as solvent for removing grase from machine pans while oaly 1(1.2%) did oot.
Seventy-nine 78 (96.3%) of the respondents dissolved grease with bare hands and 2

(2.5%) used hand gloves as shown in Table 4.13.

(b) Frequency of band coalsct with Petrol

The frequcncy of hand contact with petrol is peesented in Fig.4.3. Among thc auto-
mechanics the petrol hand eontact were 9 (22.0%) once, 1(1.3%) twice and 3 (3.7%)
thrice per week. Twenty six (32.1%) of the petrol attendants had the contact once a week
and 4t (50.0%) of many times a week. The chart showed that the auto-mechanics were
more exposed to Icaded petrol among the thiee occupational groups The herdsmen were

not exposed to leaded pe:tiol by the nature of their occupation

(c) Personal hygienc

On the personal hygiene which involved hand washing before cating while at work,
77 (9s. 1%) of the respondents did while 4 (4.9%) nte without washing their hands. Sixty-
Six 66 (85.7%) of thosc that washex! their hands before eating did it always, 11 (14, 3%)
OcCasionslly as shown in Table 4.14. Fillecn (13.6%) used water only, 43 (39.1%) ysed

503p solution and 50 (45.5%) used detergent solution and 2 (1.5%) uscd cloth as meqys

of cleasting their hands. Fig. 4 4 showed @ higher piobortion of petrol attendants used

delergent ¢olution which bas o slxongcrclming power than the other meaas.
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Table 4.13: Handling of Grease by Auto-mechanics and Petiol Attendants

Ch.r.C‘Cmtia Auto- ' Petivl Tots) II p'VllﬂC
mechanics Attendants
No. % No. % No. %
3. Uscd petrol o 40 (97.6) 40 (100.0) 80 (98.8)
dissolve grease on 59 4 0.00
the hands or 100ls
Did not use petrol 1(2.4) - 1(1.2)
to dissolvc greasc
b. Used hand 1(2.4) 1(2.5) 202.5)
gloves when
handling petrol
Dissolved grease 19 (95.2) 39 (97.5) 78(96.3)
with bare hands 52.6 0.00 ‘
Usncertain 1(2.9) - 1(1.2) {
Tota) 41(100.0) 40 (100.0)  81(100.0) 4
|
|
Al
|
|
I
|
b
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Frequency
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Once Twice Thiice Many Times

None
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FIGURE 4.3: FREQUENCY OF EXPOSURE TO PETROL BY I{AND

CONTACT (WEEKLY)
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Table 4.14: Personal Hygiene practices at Work

Charscteristics  Aato- , Petrol Towl = pralwe
mechauics Attendants
No. % No. % No. %
"2 Washed hands
before eating, 40 (97.6) 37(925)  77(95.1) L6 .o
Did ootwash 1(2.4) 3(7.5) 4 (4.9) '
before cating.
b. frequency of
hand washing: 0127
Always 35 (87.5) 31(83.8) 66 (85.7) 5.643
Oceasionally 5(12.5) 6(162) 11(14.3)
Total 40 (100.0) 37(100.0) 77 (100.0)
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FIGURE 4.4: MODE OF
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Mode of siphoning of Petrol fiom Vehicle Taak

The mcthod used to remove petrol (used as solvent io dissolve grease fiom molot

g) from vehicle tanks showed that of 81 mxpondents, 74 (91.4%) claimed that they
scked petrol with mouth with the aid of nibber hose, 4 (4.9%) used suctioo pump and 3
.T%) uscd other meams as shown in Table 4.15. Thac was oo significant relationsbip (P
> 0.05) between the methods of roving petiol from @ vehicle tank apd ocoupation.
Sixty-thiee 63 (79.8%) of the respondents removed traces in the mouth by spitung, 14
(14.4%) by rinsing wilh water and 2 (2.5%) used mouthwash as shown io Fig. 43. This
indicated that most of them used spitting as a meaas of removing traces of leaded petiol

from their mouth.
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Table 4.15: Method of Siphoniag Petsol from Yehicle Tank
racteristio Avto- Petrol Total I°  P-value
;lethaniu Altcodants
0. % Neo. % /

- = No. %

rubber bose 37(90.2) 37 (925) 74 (91 4)
| ‘ 0988 08

Using suction pump or 2 (4.9) 2 (5.0) 4(4.9) s
device
Used other means 2 (4.9) 112.5) 33.7)
Touw) 41(100.0) 40(100.0)  81(100.0)
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FIGURE 4.5: METIIOD OF REMOVING TRACES OF PETROL IN TIIE MOUTU
AFTER SIPITONING FROM VEIICLE TANK
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9 Handling of Contziners used for Petrol by the Auto mechanio and Petrol

altendants

On the use of plasiic containers for carying petrul, it was observed that 73 (89.9%¢) of
the occupational groups used containers for cauTying and storing petrol and 8 (10.1%)
denied the use although there was no significant relationship (p > 005) between such
prectice and Occupmtion as shown in Tablc 4.16.

On the handling of the containers used for carrying or storing petrol, 40 (49.4%)
cloimed that they were nlways disanded. 13 (16.0%%) used them for water and 23 (28.4%)
used them for other puposes. There was a significant relationship (p < 0.05) between the
handling of the plastic containers and the occupation as shown in Table 4.16. On the
means of cleaning the containers before they were used for wnter, among the auto-
mechanics, 5 (12.2%) used eold water, |8 (43.9%) used hot water, 3 (7.3%) used soap
solution and 15 (36.6%) used detergent solution. Among the pettol atiendants, |2

(30.0%) used cold waicr. 26 (65.0%) used hot water and 2 (5.0%) used detergent solution

as shown in Figuie 4.6.

4.11 Exposure 10 automobile Eihaust by lhe Autlo-mechanics and Peirol atiendants

On the exposure lo automobile exhaust during work. 35 (85.4%) of the auto-

hanics cloimed that they were expased Lo it out of which 26 (74.3%) wetc slways
mechanics cloi

exposed and the remaining 9 (23.7%6) Were occasionally exposed. Thiity-one (77.5%) of

. : | ,
the petrol attcndants cloimed of €xposire while 9 (29.0%) were olwnys exposed

[ between exposure and
Although there was no significant e lationship (p > 0.05) observed between expo

' usred between {requency of exposure
occupation, a significant relationship (P < 0.05) oce

. in Tabl
10 exhaust and occupatiop as shown 10
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Table 4.16: Use of Containers for Petrol and re-use of the containers

racteristics Auto- Petrol Total 1° p-value
mechanics Atendant
No. % No. % No. %

Used plastic containers for 38 (92.7) 35 (87.5) 73 (89.9)
rol

| uscd plBSﬁC containers for 3 (7.3) S (]25) 8 (lO.l) 0.611 0.434
rol,
_Discarded the containers used
or petiol 11(26.8) 29 (12.5) 40 (49.4)
the containers [or: 23.659 0.000

ater 7(17.1) 6(15.0) 13 (16.0)
Kerosene 4(9.8) 1(2.5) 5(6.2)

Other purposcs 19(463)  4(10.0) 23(28.4)

e e ' — = = ——

Total ' 41(1000)  40(100.0)  81(100.0)
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FIGURE 4.6: MEANS OF CLEANING TIIE CONTAINERS USED FOR
STORING PETROL
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47: Exposure to Vebicular Exbaust by the Auto.mechapics and Petrol attendan(s

“Characteristics Auto- Petrol Total 0 p-value

mechanics  Attendants
No. % No.% No. %
a. Exposed (o 35(85.4) 31(77.5) 66 (81.5)
aulomobile exhaust |
Not exposed to 6(146)  9(225)  15(8L5) 0362 0266
automobile exhaust
b. Exposed 1o the
exhaust: :'
always 26(74.3)  9(29.0) 35(53.0) 13812 0.000 |
occasionally 9 (25.7) 2(710) 31470
|
Total 35(100.0) 3i(100.0)  66(100.0) i

R
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4 12 Knowledge about Lead and Blood Lead levels

(a) Awareness of Lead

On the awarenas of cad, 52 (47.3%) of 110 tespondents were aware of the clement.
Forty-three 43 (63.6%) of the 52 respondents claimed that they knew of ils presence in
petrol. There was a significant relationship (p < 0.05) between the knowledge of lead and
occupation though no significant relationship existed (p > 0.05) between the souress of
information and occupalion as shown in Table 4.18.

(b) Knowledge about Lead in relation to Blood Lead levels

The prior awareness of 1he existence of lead is shown in Table 4.19. The mcan blood
lcad of 43 respondents that had a previous knowledge of lead in the {irsi set of samples
and the replicate werc 16.54 £ 5,95 (gg/dl) and 14.30 £ 5.93 tespectively while the mean
blood Icad of 1he 67 respondents that claimed ignotant were 11.16 + 6.27 and 9.34 £ 7.30
(ne/d). A significant relationship (p < 0.05) was obscrved belween awareness of lead and
mead blood lcad levels in both petiods. From the resull, previous awareness of lead did

Mot reduce the exposure to it although thete were significant relationships between them.,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

TR R — S R



126

Table 4.18: xpowledge and Sources of infortation about Lead

haracieristics Auilo- Petrol tierdsme Total 1° p-value
mechanics  Attendants
No % No % No % No %

@ Awarcnessof  24(58.5)  25(62.5)  3(103)  52(47.3) 21.674  0.00

moanccof  17(41.5) 15375  26(897)  S8(52.7)

. Knowledge  21(51.2)  20(50.0) 2(69) 43 (63.6) 17.156 0.00
of the presence

)f lead in petrol

Ignorant of the 20(48.8)  20(500)  27(93.1) 67(36.4)

prescnce of lead

in petrol
¢. Informed:
By fiiends 4 (9.8) 5(12.5) - 9(3.2)

By the boss 4(9.8) 1(2.5) - 5(4.9)

Theough news 18 (43.9) 26 (65.0) 1 (50.0) 45 (40.1) 5453  0.487

s
I;:\p:llugh other 5(12.2) 4 (10.0) 1(500) 10(9.1)

SOurces

[ 45) 41(373)
Uninformed 10 (24.4) 4 (10.0) 27(24.3
_Total 41 (100.0)  40(100.0) 29 (100.0) 110¢100.0)
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Table 4.19: Knowledge about Lead and Blood Lead level

haracteristics Respounses

Mean £SD ¢

p-valuc

Sample P

Sample N

Those wath previous

knowledge about
lead

Those without

previous knowledge
about lcad

Thosc with picvious
knowledge about
lcad

Those without
previous knowledye
about lead

43

67

43

67

1654 £395 3.687
i11.1616.27
1430 % 5.93

3.731

934 £7.30

0.000

0.000
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4,)3 Awarcness of Lead Poisoning in relation to bjood Lead levels

(a) Awareness of Lead Poisoning

On the awareness of lead poisoning, of 110 respondents, 26 (63.4%) auto-mechanics,
318 (95.0%4) peuol attendants and 1 (3.4%) of the herdsmen wete aware of it A significant
telationship occurred (p < 0.05) betwren awarencss of lead poisoning and occupation. Of
110 respondents, only 18 (43.9%) of the auto.mechanics, 11 (27.5%) of the petio]
attendants and 1 (3.4%) of the herdsmen got the coirect meaning of lcad poisoning. No
significant rclationship (p > 0.05) occwred between knowledge of the mcaning of lead

poisoning and occupation as shown in Table 4.20,

(b) Causes of Lead Poisoning

Only 3 (7.3%) of the auto-mechanics, 1 {2.5%) of the peliol attendunts knew the tre

cause of lcad poisoninganda total of 92 (83.6%) of the thice occupationa] groups had no

3, ’
idea about the causc. No significant cclationship (p > 0.05) occurred betweca the cause o

lcad poisoning and occupation o5 shown in Table 4.21.

(c) Knowlcdge about Lead PPoisoning and Blood Lead levels

isoni there was na
On the previous knowlcdge gbout lead poisoniag and blood lead lcvel, there

0.05) belween knowing the conccl mconing of lcad
P - |

significant rclotionship ( 1%
d the mean blood lcad in both periods as shown in Toble 4.22. This implic
isoning and the mean
Ty { affect the handling of leaded petral

j SOl id no
that the previous knowlcdge of lead pot=0TiE i

as well as cxposure 10 lead.
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Table 4.20: The Awareness and understanding of Lead Poisoning

)sracteristics Aufo- Petrol Herdsmen Total . p-value
mechanic Atiendant
s 3
No. % No. % No. % No. %
. Knew about 26 (63.4)  38(95.0) 1(3.49) 65 (59.1)
cad poisoning
orant about  15(36.6) 2 (5.0) 28(96.6) 45 (40.9) JFERA N
Poisoning
Knew lead
poisoning as:
High Blood 18 (43.9) 11(27.95) 1(3.4) 30 (27.3)
Lead
Obesity 3(7.3) 3 (7.5) - 6 (3.5) 12.331  0.055

Smoking 6(14.6)  23(57.5) - 2 (26.4)
Lung disease  1(2.4) 12.5) . 2(1.8)
Asunknown  13(31.7) 2(5.0)  28(966) 43(39.1)

vector
Tolal 31(100.0) 40(100.0) 29(100.0) 110(100.0)
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Table 4.2§: Causes of Lead Poisoning

cteristies  Auto- Petrol Hetdsmen Total X p-value
mechanics  Attendants
No. % No. % No. % No. %
poisoning
dug to0:
jonof lead 3(7.3) 1Q2.5) - 103.7)
oking 1(2.4) - - 1(0.9)
ity 1(24) - . 1(0.9) 11.981 0.152
7(17.1) 2(5.0) 1(3.4) 10(9.0)
o ide2 29(70.7) 35 (87.5) 28(%.6) 92(836)
0 feSpOnse - 2(5.0) - 2(1.8)
otal 41(100.0) 30(100.0) 29(100.0) 110(100.0)

- )ndicates none.
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Table 4.22: Knowledge about Lead Poisoning and Blood Lead Icvels

Charncleristia Respoases

D Mcan 2 SD F p-value

Sample P Highbleedfead 30 1673 25.18

Obcsity 6  19.50 +4.46

High blood 29 1548 2430 1599 0211

pressure

Lung discase | 12.00

16.36 + 4.81

Sample N High blood lead 30 14.07 £5.21

Obesity §  17.33 £4.93

High blood 29 129 1.543 0212

pressure

Lung discase ] 11.00 =441

Total 66 13.80 £4.90
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14 Education in relation ta Blood Lead levels

In both samples, there was no siguificant relationship (p > 0.05) between the

educational status of the Auo-mechanics and petrol artendants and the blood lcad levels
as shown in Tables 4.23 and 4.24. Among the mio-mechanics, the ssmple P showed that
the highest average blood lead level occurred among sespondents with universily
education (12.51 - 28.49 ug/dl) followed by those with primacy education (17.39 -25.99
pg/d]). ln sample N, also the highest blood lead level occuned in those with university
cducation (9.51 - 26.49 pg/dl). lo the petio] attendaots, the highest averaoge blood lcad
levels in both samples occirred in those with non formal cducation (6.93 - 21.07 pg/dl)
end (8.64 - 21.36 pg/dl) respectively, All this implied that the manner of handling lcaded

petrol was not related to the level of education.
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14 Education in relation to Blood Lead levels

[n both samples, theTe was no significant relationship (p > 0.05) between the
educational status of the Auto-mechanics and petrol atiendants and the blood lead levels
as shown in Tables 4.23 and 4.24. Among the auto-mechanics, the sample P sbowed thal
the highest average blood lead level occurred among respondents with university
education (12.51 - 28.49 pg/d) followed by those with primary education (17.39 -25.99
pg/dl). 1n sample N, also the highest blood lead level occuried in those with university
education (9.51 - 26.49 pg/dl). In the petol atiendants, the highest average blood lead
levels in both somples occurred in those with non formal cducation (6.93 - 21.07 pg/dl)

and (8.64 - 21.36 pg/dl) respectively, All this implied that the manner of handling lcaded

petrol was not rclated to the level of education.
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Table 4.23: Education and Blood Lecsd levels in Aato-mechanics

Cbharscternistics n Mean £ SD F p-value
(ne/dl)
Sample P:
No formal Education 3 22.67 + 0.58 /'
Arabic 2 13.50 £ 0.71 1.837 0.121
Primary 13 21.69 + 430
Sccondary 12 18.67 + 4.03
|
NCE 8 20.13 = 2.90 |
Polytechnic ] 23.00
University / 20.00 + 8.49
20.12 ¢ 420 |
b. Sample N; 3 20.00 = 1.00 |
No forrnal Education
Primary 13 1969 £ 5.2 g 0208
Sccondaty 12 15.92 £4.36
NCE 8 17.63 % 2.77
I
Polytechnic ' 20.00 i ‘.
i . |
University 2 h
Total -4l 1736 £14-9
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e 4.24: Eduacaiion and Blood Lead levels in Petrol atiendants

baracyeristics 2 Mecan £ SD F p-value
(ng/dl)
ample P
No formal Education 2 14.00 = 7.07 0.332
Primary 25 14.72 £ 3.05 1.190
Sccopdary 9 1356+ 328
NCE 2 10.00 £ 1.41
University 2 15.50 £ 0.71
1423 £ 3.25
b. Smnplc N:
No formal Education 2 15.00 + 6.36
Pnmary 25 1204 £ 2.65 1.677 1.77 |
Secondary 9 10.88 + 3.55
NCE 2 6.50 £ 0.7!
University 2 12,00 £ 283
Total 41 11.48 % 3.12
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.15 Associated Health problems among the three Qccupational Groups

Although symplomatic intoxication due to lead begins with blood Icad level of 40 -
60pg/dl, asymplomatic but impaired abilities occur Grom 10 - 25kg/dl blood tead level.
Table 4.25. showed that 71 (64.5%) cxpaicneed headache always, 31(28.2%),
occasionally and 8 (7.2%) rarely. Fifty six (50.9%) expeticnced inritabilily nlways and 23
(20.9%) occasionally. Fifty four (49.1%) had constipation always. 24 (21.8%)
occasionally. Lethargy was experionced always by 55 (50.0%) and occasionally by 28

(25.5%). Loss of memory was experienced always by 30 (27.3%) mainly auto-mechanics

and petrol ettendants and occasionally by 35 (31.8%) of them.

4.16 Comparing thc Heslth problems that occurred always

The associated hevlth problems as shown in Table 4.26 affected petrol attendants
morc than the other occupationsl groups oithough all were ot asymptomatic stage
according to Lewis (1990) grouping of symptoms a:d signs of lcad poisoning. 1icrdsmen

were the lcast affected among e three o¢cupational groups. It could be attributedl to their

lcss exposure to lead.
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Table 4.25: Perceived Health Problems

Aulo- ~ Petrul Herdsmes  Total X p-
mechanic  Attecadants value
No. % No. % No. % No. %
29(70.7)  38(95.0) 4(131.8) 71(64.5) 50.1 0.000
10(244) 2(5.0) 19 (65.5) 31(28.2) 5SS
2(4.9) - 6 (20.7) 8(7.2)
22(550) 34(85.0) - 56 (50.9)
15(37.5) 5(125) 3(10.3) 23 (20.9)
1(2.5) 1(2.5) 16 (55.2) 18(16.4) 87.883  0.000
2(5.0) - 10(34.5) 12(10.9)
1 (2.4) - 1(0.9)
24 (58.5)  27(61.5) 3(10.7) 54 (49.1) 54257  0.000
Occasionally 1)(26.8)  9(22.5) 4. (14.3) 24 (21.8)
Rarely 5(122) - 10379  16(14.5)
Never 1 (2.4) - 10 (34.5) 11(10.0)
No response - 4.(100) 1(34) 5(43)
d. Lelhargy:
55(50.0)
Always 22(53.7)  27(61.5) 6(20.7)
Occationally  16(39.0) 1) (27.5) 1(3.4) 28(25.5) 6).727  0.000
, 14 (483) 16(14.5)
Rasely 2(4.9) 10(9.1)
Nevee 1 (2.4) 1(2.5) 8(21.6) Pad)
No response - 1(2.5) : ,
c. Loss of
memory: 30 (273 79430  0.000
Always 8 (19.5) 22(55.9) l (34) 35 53 1.8;
Occasionally 19 (46.3) 15(37.5) S (” 2) 15(13.6)
Rarcly 8 (19.5) 2(5.0) -
23 (19'3) p..] (2 SS)
Never 5(122) l 2.5) ) 2(18)
Norcspanse 1 (2.4) : 110 (100.0)
Tokal 41 (100.0) M

- indicalcs nonc.
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Table 4.26;: Comparing the Health Probiems that occurred alwsys

Charactenistics Auto-

‘ Petrol Herdsmen Total

mechanics Attendants
| No. % No. % No. % No. %
Headache 29 (27.6) 3825.7)  4(308) 7 (26.7)
Irritability 22 (21.0) 34 (23.0) - 56(21.1)
Constipation 24 (22.9) 27(182)  3(23.0) 54 (20.3)
Lethargy 22 (21.0) 27(182)  6(46.2) 55(20.7)
Lossof 8 (7.6) 22 (14.9) - J0(11.3)
Mcmory
Total 105 (100.0) 148 (100.0) 13 (100.0) 266 (100.0)
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17 Health Faciliticsand level of usage for treatment of Health conditions ,

Various health facilitics were used for the treatment of health problems. The options
‘indicated by thc rcspondents were Hospital/Clinic, Patent medicine  vendols.
Traditional/Hetbal Domes and Self-medicaion. On comparing the health facilitics !
frequently used, it was observed that Hospilal/Qlinic Sdf medication were cqually vsed.
Headache 44 (26.7%). imiwbility 40 (24.2%) were wveated by scIl medicabon.
Constipation 25 (15.2%) and lethargy 36(21.8%) were treated in the Hospitol. Loss of

memory 40 (32.0%) was treated in Traditioaal/besbal clinic as shown in Table 4.27.
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Table 4.27: Level of Usage of Health Facilitics for treatment of hesith conditions

gracteristi Hogpital/ Patent Traditional Sclf medication  Total

Clinics medicine clinic
vendar

No. % No. % No. % No. % No. %
31(188)  19(388)  14(I1.2) 44 (26.7) 108(21.4)
24 (14.5) 7(14.3) 12 (9.6) 40 (24.2) 83 (16.5)
25 (15.2) 9 (18.4) 24 (192) 24 (145) 82(16.3)
36 (218) 10 (20.4) 13 (10.4) 27 (164) 86 (17.1)
25(152)  2(4.1) 40 (32.0) 4(24) 71(14.1)
165(100.0) 49 (100.0) 125(100.0) 165 (1000) 504 (100.0)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



140

4.18 Food intake Habits of the Auto-mechsaics, Petrol atlendsats and Herdsmen

Food intake habit of the three occupational groups was canied out by purposive

selection of 10 subjects from each gioup o determine the source of calcium in the blood

jy wos observed that all the ten herdsmen respondenis consume Nunu and Fum/Nunu
daily 8s shown in Tables 4.28. Nunu, a fiesh Cow milk and Fura is a millet derivative.
The herdsmen also consumed fish more than the other groups but consumed less meat

tha the auto-mechanics and the petrol attendonts.
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1.18 Food intake Habits of the Auto.mechanics, Petro] attendants and Herdsmep

Food intake babit of the thiee occupational gioups was cartied out by putposive
«lection of 10 subjects from each group to determine the source of calcium in the btood.
1 was Observed that all the ten herdsmen respondents consume Nunu and Fur/Nunu
doily as shown in Tables 4.28. Nunu, a fresh Cow milk and Fura is a millet derivative.
The herdsmen also consumed fish mosc than the other groups bul consumed less meat

than the auto-mechanics and the petsol attendants.
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¢ 428: Food intake Habit of the Auto-mechanics, Petyol aitendants and Herdsmen

Food Auto-mechanics

Petrol attendants  Herdsmen Total
Once/ Twice or : Once! Twiccor Once/ A4
day more/wee day ?;tt/wt day mare/weck
Pousded 1 (5.3) - 3 2(15.4) - (1) 9(66)
yom (13.0)

Amala 8 }(4.8) 8 1 (2.7) - 1(3.7) i9
(42.1) (34.8) (14.0)

Tuw 6 1 (4.8) 7 : 8(242) 137 23
e (31.6) (30.4) (16.9)
Rice 3 3(143) 2(8.7) - - 2(74) 10(749)

(15.8) e

: 6(46.2) 4(121) 15(55.6)

Fish 1(5.3) 7(333) ? ;0) (46.2) (26.5)

7. 20
Meal . 9(42.9) - 4008 sasn 2004 &5
) . 9(223) 137 10(74)
i _ 1012) 2(14)  9(686)

funu only 3 ; (|00€)_— =53 03 33 27(100.0) 136
1 (100. 100.0
Tolal " (:3.0) (100.0) (Loo'o) (100.0) (100.0)

— E——
e r—— —

- indicales none.
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18 Possible source of Lead exposure ¢ Herdsmen

Toe herdstmen should have no significant blgog lcad level by virue of their life

style. The low level of lead detected in their bloods indicated some level of exposwe

possibly through food chain or inhalation in theis nomadic lifestyle. Car wash wentres

were proliferated in the study aiea and were mostly sited close 10 (be soeams, which
scived as sources of water for their need. Wasiewalo from car wash centres are
consolly channeled into the steams. Foma stream and somc fodders grown in and
around it were used in (he sludy because it was bigger than the other suirams, oflen
survived diy season and more grazed by canle, Although water samples from the stream
contained low lead level (0.06 + 0.04 mg/l) compared with the ceommended swandard of
0015 mg/l (EPA, 1993). Most of the fodders showed higher lcad levels (0.13 + 0.04
mg/kg). There was no signilicant relationship (p > 0.05) betwoen the water sources and
their lead content. Four different types of fodder that were present on the bank of the
Foma strcam were Guinea grass (Panicum maximum), Stubborn gress (Eleusine indica),
Elephant gress (Pennisetum purpurecum) and Norhem Gamba mass (dndopagon

Gayanus). A significant variation {p < 0.05) was obmcrved between the plants and lcad

content of the plants as shown in Table 4.29. Guinea 8rass (Panicum mazimum), had the

tighest lead fevel (0,19 + 0.004 mgkg) and Stubbom grass (Eleusine indico) had the

lowest |ead Jevel {0.09 + 0.001] ms/"g)-
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Tsble 4.29: Mean Lead levels in the samples of water and Fodder from Foma
grazing ficld

(1) Watcr samples

“Water pH Conductivity Dissolved Suspeoded Pb (mg/l)
samgles solids solids

~ pScm’ (mpN) (mg/M) |

697+ 015 1122267 # 1760 + 10493 + 008+ 0.04
2.52 0.26 0.25

6.80 + 0.01 10965.67 + 1233 % 12687 + 006« 0.02
2.08 0.f5 0.64

690 + 0.10 1161833 + 1450 £ 11697 £+  0.03% 00!
10.41 1.19 0.2t

1.462 8175314 16.892 2129.065 0.93

p-valuc 0.304 0.000 0.003 0.000 0.426
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(p) Plant samples
Chsractenstic Mean £ SD F p-valac
.- (mg/kg)
Fodders:
Panicum maximum 0.19 = 0.004
(Guinea Grass) X
Eleusine indica 0.09+ 0.001 | |
Stubborm Grass) |
(Pennisetum purpureum  0.14% 0.004 349.143 0.000
(Elephant Grass)
Andopogon Gayanus 0.1140.004
(Northem Gamba Grass)
Mean 0.13%0.04
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CHAPTER FIVE

BLOOD LEAD LEVELS IN AUTO-MECHANICS,PEIRQL STATION A1TENDANTS

AND FLLANT HERDSMEN IN ILORIN WEST LOCAL GOVERNMENT AREA OF
$WARA STATE, NIGERIA

DISCUSSION

Lead is probably the oldest human.made atmospberic and occupational chemical
dating back at least 8000years (World Resources, 2001). Lead pollution bas been o global
pheomenon due to the anthropogenic sources, which supersaled naturnl sowrces.
Anihtopogenic souices dispersed enonnous quantitics of lead into the environment,
which presently posc serious health implications. Automobile emission through the usc of
lesded petrol has been the dominant source of lead in Africs (Nriogu ct ol, 1996)-
Acconling 10 ‘REC- Phase-oul of 1caded pewro] mtionale,’ human exposwe to lead isonc

: : ' e
of the most serious heatth problems facing populations cspecially children

i d
‘Global Lcad network’ (2002), chowed tbat out of only 47 countries of the world ha

phascd out lcaded petrol by year 2002.

i28tion | .2 coupled with impropcr
Increasing industsyalization ond wbanization In Africa P

iqnal diseases 10 the
ent of both solid und liquid wastes further add occupational Cis
management o

|c) discaascs 1Bvaging th
_30% of urban children had biood levels

¢ continent (WHO, 1995).
present environmental (commum'cnb

. Nigeria, 13
Nriogu, (1979) obscrved that i Nigeria.

Ecr than 25 g/l in Nigeria bas 0ot reduced the persistent fucl
in '

The decegulation of the oil S€C1or

u

large

: . of pelioleum producis. A larg
5 he ingestion 0

tis usually 1

petroleum products, The resul

done on lead in
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CHAPTER FIVE

BLOOD LEAD LEVELS IN AUTO-MECHANICS, PETROL STATION AT TENDANTS

AND FULANT HERDSMEN IN [1.ORIN WEST LOCAL GOVERNMENT AREA OF
KWARA STATE, NiGERIA

DISCUSSION

Lead is probably the oldest human-made atmospberic and occupational chemical
dating back at least 8000years (World Resowres, 2001). Lcad po! lution bas been a global
phenomenon duc to the anthropogenic sources, which supersaed nawtal sources
Anthropogenic souices dispersed enormous quantities of lead into the environment,
which prescently pose setious health implications. Automobile emission through the usc of
leaded petrol has been the dominant source of kad in Africa (Nriagu ct al, 1996).

i 2 isone
According to ' REC- Phase-out of lcaded petiol rationale,’ human ex posure (0 lead is

, , - e,
of the most serious health problems facing populations cspecially children

' orld had
‘Global Lead network’ (2002), showed that out of only 47 counaies of the world
phased out leaded petrol by ycas 2002.

S | ¢ : Py i oy
Increasing industrialization and wbanization in Africa coupled with impropc
e

Ic) disenss ravaging the
_30% of urban children had blood lcvels

continent {W140, 1995).
prescnt environmental (communicab

- . ° IS
Nriagu, (1979) observcd that in Nigena.

g et bas not reduced the persisient fuel

. in Nigeria
The deregulation of the oil scctor in Nige

: . causes feckless handling of
buying which also

shortage that usually result into Panic
| is usually the 10
lead in the past

gﬁlion of Petiolcum products. A large

petroleum products, The resul and cven at present, but the

volume of work has been done oF
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ivolvement of the Fulani herdsmen is presently ETESIry (0 be sble 1o s
of COntamination or pollulion by some chemicals due 1o industrialization and
whanizalion.

The study was (o determioe the blood lead levels of the workers whose occupation
waae Iclated 10 leaded petrol and those who were occupauonally remote to it and nlso
exsmined the occupational features that predispossd them to lead loxicity. Those whose
occupations were unrelated (o petrol should have no lead in their blood. Accoding 10

Shwartz (1993), scientist has not yet identified a level below which no adverse effects of

Jead occur.
5.1 Knowledge Attitude and Occapational Practices of Auto-meehanlcs, Petrol

Altendants and licrdanico

It was observed that those that had previous knowledge of lead and lead poisoning

| . |
had more lead in the blood than those withoul prcvious knowledge. This cou d bc

boes ) handlcd as shown in
usc of their attitude to lended petrol and the wey 1l wWas always ha |
T lo-

Tablcs 4.19 und 4.21 here woic many oa:upalionnl festures that exposcd the aulo

cs 4.19 und <4.21.

was m\ﬂ’ < 80 (98.8% of |
mecianjes and the pecliol aticndants 10 lead, It o that ) hermn
hands and machinc ports &s shown In

used petrol for icmoving @XA% from
D 78(963%) of the

d for the sulo-mechanics

m uscd baie hands. On the ralc of

Toble 4.13. In such actio was almost twice that for

contact per week, the figure obeain¢
wn on Flg 4.3.

77(95.1%%) claimed
f Jcad ingestion
by air-bomc lesd vanicles (not

the petol attendants as sho o have washed their handy before

Although a high number
r WCTC possibilitics ©
food contamination

liased on the madec and

cating a1 work Place. the!

level of hand washing as well a8
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ostimated). The highly frequent bad practice of haadling lcaded peuol occurred during
madequale fuel supply that usually resulled in panic buying usiag plastic containers by
people from vatious professions. The frequency of carrying peirol in plastic containas
was higher in auto-mechanics than in petzol atiendants (Table 4.16)and could be due to
ihe nced to remove grease fiom their hands aad engine parts. These plastics were oflen
rcused at home for water. It was also a common practice by the workers to suck oui petrol

with mouth and rubber hose when needed for cleaning as shown in Fig 5.1. Table 4.15

showed (hat 74 (91.4%) of them practiced it

§ 2 Nature of Occupation and the Bload Lcad levels
Accorling 10 Sithisasankul ¢t al (1997), lead woikers asc more predisposed to lead

absorption. In 2004 sample, the mean blood lead (pg/dl) of the Auto-mechanics, Petrol

sitendants and Herdsmen weie 20.12 + 4.20, 14.23 £ 3.25 and 2.24 £ 0.23 respcctively.

In 2005 sample, they were 17.76 £ 4.59, 1148 % 3.12 end 1.86 £ 0.21 res)clively as

shown in Table 4.5. The results were in support of the obscrvation of Grimsley wid

 1elationship between occupation and lcad burden

Adams. Mount (1994) on significan

the Auto-mechanics and Pelro}

s . . . OU s.
and intoxication. 1n the three occupational EFOUp

natuze of their occupations. Brugnone ct al

attendants were Oflen €xposed [0 lcad by

t increasc in blood lcod an
¢ of lead and benzcnC i

d exhalcd benzenc in SCrvice station

(1986) observed tho
n inbaled petrol vopors.

workers was due to :ncrcosed level

mmcaded blood lead :

in the auto-me<

evel for lead workcrs is 25 pg/dl. the
Although the WO rcco

ranies called for caution

d
average lend level of 20.148d! that occunc

towards fiuther accwnulotio®
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The teduced lcad observed in hetdsmen was pauily due 1o their regular dietary calcium

;omke from cow milk. This was corroborated by the jntetvicw on the dictaty hobit of

spme representatives from the groups.
The possible area of exposure to icad by the herdsinen m ght be tlwough the food
chain. Analysis of the grasses al a common grazing area showed they coniained lcad.

Discharges (efflucnis) from car wash cenires inlo strams form a pathway for lead

cxposure.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



149

r
..r"?

=
T(}MFC]IANIC SIPHONING PETHOL FROM A

FIGURE &1 PIIOTOGRAVH OF AN SUTC O o wrpal

viSUCLE

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



150

5.3 Length of contact with Lesd apd Blood Lead levet

The leagh of contact was assumed 1 be the number of years on the OcCupanon.
frEording {0 Anclor ct al (1999), tead iaccumulates over a long pesiod of lowtlese!
exposwe. This implicd that blood lcad Jevel Will always risc with incrense in the length of
exposure Simply expressed as the number of years on the job. Positive corrclations were
obscrved between the number of yeas and lead levels in the rcplicales  showing
exposure- cllect relationship as shown in Tablc 4.8
54 Pelrol sales condition rad Blood l.ead levels

[n the lirst sample P collecied during panic buying period, the mcan value of lead
was 13.26 + 7.87 and in the sample N collected during normal sales, the level was | 1.28
£ 7.19 as shown in Table 4.7. A general drop in (he levels of blood lead within a year
could cither be as a resull of gradual reduction of the lead contents of petiol or reduction
indose of lead intake when the sales normalized. This was in line with the observation of

Rabinowilz and Necdleman, (1983) that a signilicant correlation between petiol sales and

blood Lead level exist.

5.5 Nature of Qccupation and the Blood Calcium level
terdsmen hod the highest calcium levels of 21.4]

ich could be related to

In the theee occupational groups, !

+1.84 and 19.33 + 5.6 in the swnples Pand N respclively wh
their nuntionnl habits which contoined fiesh cow milk (Nunu) and consumcd daily as
It contained 120mg/100

the Peurol attendants in both periods as

g of calcium (Pike 1979). The

shown in Tables 4.5. and 4.28.
Alo-mechanics hod higher blood calcium than
| decrease intake of essential mincrals

shown in Table 4.5. According to Rosen (1985).
gbsoipliod of leod. The normal blood calcium

suich as jron. zinc and calcium PrOMOLCS
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level is between 8.5 mg/d] and 10.5 mg/], but 4.5 and 5.6 mg/dl if ionized (Ambers
2001).
5.6 Nature of Occupation and thc Blood Zine level
Herdsmen had the highest zinc tevels of 13.29 + 3.02 and 7.57 £ 3.78 mg/l in
samples P and N respectively among the threc occupational groups. The Petrol ancodants
had the least of 3.13 + 0.69 and 2.40 + 0.63 mg/l respectively as shown in Table 4.5. The
level of zinc could also be affected by nutiitional intake but could also bc as o result of
cell toxicity. Nonnal bloed zinc level is betweeo 10 mg/l and 14 mg/l. Low level of zinc
in the blood influenced Icadabsoiption and accumulation (WHC. 1989; \WHO,1995).
Accorging to Clayton and Clayton (1982), zinc prevents inhibitory effect of lead on
5- aunino Jcvulinic acid (ALA) dchydratasc by inducing more synthesis of the enzyme for

which it is csscntial component. The high blood zinc levels in the beidsmen could

account for their low blood lead levels.

5.7 Previous Knowledge shout Lead and Blood Lcad level

Suiprisingly (hosc that had previous knowledge of lcad had higher blood lead levels

than those that hod no knowledge of it. In sample P, the mean blood lead of those that had

knowledge of lead was 1654 % 5.95 and for those wilhout the knowledge was 11.16 +

6.27. The resultl was similar in samplc N as shown in Table 4.19. This indicatcd that the

knowlicdge had no impact on the habit of handling leaded peniol. Although Poliuka

(1999) obscrved a positive impuct of knowledge of Icad poisoning on rural residents. this

stady showed that the previous awarcness of lead poisoning had no impact on the

owledge of Icad also had high blood

handling of teaded petrol. Those that had previous kn

lead) POISONING ‘Vas alluded to 1986 cases of

lead level despite that the awarThess of
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impoited toxic fuel. Significant relationship was not established between the wue

meaning ol lead poisoning and blood lead level as shown in Table 4.22.
5.8 Educational Status and Blood Lead

Altbough there was no significant rclationsbip belween the educational attainment
and the blood lead levels, in the auto-mcchanic group, the mean blood lead level of
respondents with university educational status was the highest in both sampics with
values of 20.00 £ 8.49 and 18.00 £ 8.49 rspectivcly as shown in Table4.23. la the penol
attcndant group, the mean blood lead level of respondents with non fonnal educational
status was the highest in both samples ' and N with values of 14.00 £ 7.07 and 15.00
6.36 rcspeclively as shown in Table 4.24.
5.9 Rclationship betweea Blood Lead and Calcium

According to Dosumu e al (2005), high blood lcad occuried with low blood
calcivm. This study also showcd ncgative corcelations (r = -0.358, r =-0.123, r = -0.272
and r = - 0.063) between blood Icad and calcium in panic and nornal periods although
not sirong as shown in Table 4.7.3. High calciwn level naturally reduces lead binding as
well as posing inhibitory cffects on it (Stephens & Waldron, 1975). This could account
partly for the low lced level observed in the Herdsmen

5.10 Rclationship between Bloed Lead and Zinc

There wcre negative coirelations between blood Iead and zinc es shown in Table
4.12. The strongest conelation was observed between lead and zinc in sample P with r
-0.693. Clayton and Clayton (1982) observed that at low Icad level, there is a rise in zinc
protoporphyzin level due to the tendency of zinc to prevent the iphibitory effiect of |ead

on 8-amino levulinic acid (ALA) dchydratase. This could be used to explain why the
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blood zinc level in the auto-mechanic group was higher than thosc of the petrol
altendants. Also. the total concentiation of zinc alone was oot a good prediclor of lead

toxicity (IPSC, 2001). The high blood zinc in the herdsmen could not be a resulf of lead

loxicity but of nutzition
5.11 Lead in the Blood of Herdsmen

The study showed that the herdsmen had leod in their blood despite their traditional
life style and non-exposure to urban style of living. The prescnce of Icad tn the blood of
somc herdsmen indicated a certain level of exposure and called for fuisher cesearch for
arcas of lead conlact. Car wash centres werc possible sources of lead into the food chain.
The low level of lcod in the herdsmen may be as 3 result of the diet. which included milk
{rom culile. According to Pike (1979), the colcium content of fresh milk is 120 mg/100g,
whilc that of meat is 10mg/100g. Thai is milk belonged (o the group of food (hat are good
sources of calcium while meat belonged (o the moderately good souices and nice, poor
sources of calcium (Pike, 1979).

Analysis of water and plant samples from Foma stream ofien consumed by cattle
gave the mean lesd contents of 0.06 2 0.04 (mg/1) and 0.132 0.04 (mg/kg) respectively.
Though the lead level of woter was lower than the WHQ recommended level of 0.1 mg/1,
the prescnec of lead in the foddeiss growing in and around the suream indicated
bioaccumulation of lead and possible distribation through the food chain.

5.12 Food intake l{abits of the Occupational grou ps

From the Toble 4.28. it was obscived thot the herdsmen consumed foods thit are

richer in calcium than the other occupational groups. Nunu is fresh whole milk whilc FFura

is a dcrivative of millct. According to Pike (1979), fresh wholc milk contains more

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



154

calcium (120 mg/100g) than fish (cxcept sandines, 409 mg/100 g). Becf contains 10
mg/100 g of calcium. Calcium might have accounted for ihe low level of blood lesd

recorded in the heidsmen since it is known 10 either prevent the binding of lead or chelate

it from the binding sitcs {Kerper & Hlinkle, 1997).
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CONCLUSIONS AND RECOMMENDATIONS

5.13 CONCLUSIONS

The study was to delennine possible exposure to lead by three occupational

groups viz auto-mecbanics, penol aticndants and heidsmen in llonn west LGA of Kwara

State. Whole blood lead level as well as calcium and zinc levels were measured. The

following conclusions werc drawn based on the results obined fromthis study.

7 The average lead (samples P and N) in the auto-mechanic group was 18.94

N

% 4.40 (pg/dl). Thosc of the petrol attendants and herdsmen weie 12.85 +
3.17 and 2.05 £ 0.22 (pg/dl) respectively.

The high level of lcad in the auto-mechanic gioup was likely duc to the
occupational fcatures such as the sucking of petrol with mouth and hose,
dissolution of greasc from vchicle pasts with bare hond and usc of petrol as
hand wash as well as inhalation of cxhaust.

The petrol attcndants were likely cxposcd 1o lead through vchicular
cxhaust, pctrol vapour os well as spills during off-londing into the
underground tanks and filling of jeiycans especially when there was fucl
Crisis.

Only ninc of the herdsmen bad blood lead level undetcectable. the others
showed cvidence o lexposure to lcad.

The general decrease in the lead levels of all the groups might be due 1o

diffcicnce in soles condition because the lirst sct of blood somples was

collected during panic buying period while the second was collected dwming

normal condition of sales.
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7 Blood lead 20-30 pg/dl indicated that regular cxposurc was occuning.
» Blood lead less than 0.5 pmol/] (10.4 pg/l) is desuable. 0.72 pmol/t (14.9
ug/l) whether in less than [0 years or adult is a notifiable disease to medical

officer and 1.9 pmol/l (39.3 pgA) 1equircs chelation. This showed that many of

the auto-mechanics and petiol attendants had blood [ead ot notifiable levels and

could become high risks.

5.15 RECOMMENDATIONS

some intervention can be cmployed 1o cithcr reduce or complcicly climinate

cxposurc to [ead from petrol source.

| Educating the professionals whosc jobs arc Icaded petiol related on lead awareness and

handling of lcaded petrol is necessary and could be as follows:
(a) Handling of fucl (Icaded petrol) by refraining from
i. usc of contuiners such as plastic kegs 1o cary it from onc place to another

ii. use of mouth and hosc 1o siphon fucl from a stormge which often leads 10

accidental ingestion of the fucl or its vapour-
iii. dirccl/ intentional application of petrol to fiesh wounds as Fiist- aid,
iv. personal hygicenc required by washing their hands prior cating whileat  work.

(b) The knowledge on the health implications of ingesting lcad will improve their
handling as well as application of leaded petrol.

All contmincis that are used previously for petrol should not be used for any other

houschold use. High phosphatc dctergent or 5 — 8 % &isodium phosphate should be used

to wash them if thecy musi be uscd
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{b) Exposure to vehicular cxhaust during serviciog or repairing or refueling of vehicles.
Since this type of exposure is inevitable nod difficult to totally preveat, the nced for

reduced exposure should be the main focus which could be on the enforcement of gas
mask while at work.

(c ) The use of hand gloves where dircct haad contact with leaded petrol is inevilable and
the subsequcent cleaning with soap or preferably deteigent before cating. The usc of apron
will also reduce cxposure from splashing.

Since panel-beaters are always at a close proximity to mechanics, the usc of face (gas)

mask is nccessary for all professionals to protect them from exposure through aerosol

dunng spraying. The gas mask will also reduce exposure from cxhaust.

2. Food intake: Rcgular os well as balanced dict is necessary to rcduce Icad absorption
since lead is fast nbsorbed on empty stomach. The implication was obvious in the blood

Icad Icvel of the herdsmen and their diclary pattem, which contained more calcium,
obtaincd from Nunu (fresh cow milk).

3. Drastic rcduction in the leaded petiol supply as well as regular screcning of the lead

tevel of impoited fucl. Reduction of rickety vehicles by creating opportunitics fos new

oncs.

4.Total replocement of leaded petrol with unleaded onc despite its higher cost. There

should be a bill enacted to back it becoausc the promise of Intioduction of vchicle that can

use absolute spirit as fucl will also help to reducc Icad pollution.
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5.Finally, Government should ensure regular supply of fuel because shortfalls in supply
glways result in panic buying with the use of jeny cans/plastic containers and also

cnsures total phasc out of Icaded petrol (Punch 2004 in appendices § and i ).
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5.Finally, Government should ensure regular supply of fuel because shotfalls in supply
always result in panic buying with the use of jeny cansg/plastic continers and also

easures total phasc out of leaded petrol (Punch 2004 in appendices [ and I! ).
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Ethical Consideration

(1) Confidentiality of Data

The respondents were assured of obsolute confidentiolity of all information obtained
from them.
(2) Staticment of tianslation of protocol to local language for easy communication
The content of the questionnaire was inteipreted (o the illitciate respondeuis.
(3) Beneficial to participants
The panticipants were infonnes of the benefits of trcatment if they were found to have
high blood lcad level.
(4) Non- maleficent 10 participant. They were asswed ofno injury in the couisce
of participating
(5) Right 10 decline/withdrow from study without loss of bencfits. The patticipants hed the

right to decline or wathdrow during the study

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



183

APPENDIX 1

News Paper Publication titled Succour for Children as Nigeria phases out Lead in
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APPENDIX 1
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APPENDIX 111

BLOOD LEAD LEVELS IN RELATION TO ZINC AND CALCIUM AMONG
SELECTED OCCUPATIONAL GROUPS IN ILORIN WEST LOCAL GOVERNMENT
AREA OF KWARA STATE, NIGERIA

Dear Respondent,

| an Mr. Siddik Sulaiman Oba, o posigroduaic student of the department of
cnvironmenial heath, University of [badan. [ am conducling iesearch project on [ead in

the blood with a focus on exposure through gasoline (pcirol fraction) or cxhuaust gases

from combustion cngines.

[.cad s o poisonous, haimful melal, which is vastly disttiibuled in air, dust, water, soil,

food and in many objects that arc cxmcmely beneficial to man
Kindly answer the under listed questions to the best of your knowledge and at the same

timc, [ am assuring you thai your answers will be treated with utmosi confidentiality.

[ thank you inadvance for anticipaticd cooperation,
LOCAL GOVERNMENT AREA CODE

H L S N O e se s 10 98 o..... STATIONMWORKSHOP NO

.....................
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SECTION A:  SOCIO-DEMOGRAPHIC INFORMATION

L.
2.

3.

Gender: Male — Female )
Age W dene s ORI F e T AT
Occupation:
l. Auto mechanic ==y
px Petrol station attendance =2
3. Commercial driving G
4, Fulani herdsman A=y
5. Painting/Spraying =D
6. Pancl beating/Welding =1l
7. Re-wiring/Battery charging (C__)
8. Others (specify)
Ethnicity:
1 Yoruba =3
5 ligbo =
3 Hausa =
4, Fulani =
5 O oy I ————
Maiital Status:
. Single ()
9. Matricd Gum—
3. Divorced D
" Scporated =3
5. Widower =)
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6. Rcligion:

L. Islam ()
2. Chnstanity =il
3. Traditional )
4. Others

T Highest level of education atlaincd:
1. No formal educstion ¢==)
7 Arabic cducation =]
3. Primory cducation =N
4, Sccondory education r—3
5. Notional Cerlilicate of education =3
&, Polytechnic =3
7. University =3
8. Others  {specify)

LEAD CONTACT FROM OCCUPATIONAL ACTIVITIES

8 tlow many ycars have you been on the job?

ch.occv000¢0tlvoaocuoon .

9. Do you degrease (wash away gicase) with petrol?
1. Yes ()
2. No 1
10. When de greasing machine parts. which of the following mcthods do you use?
K Barchand —>
2, tHand gloves -

3. Atoo) C—D
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4. Others (specify) .oceeeeene.o.

11. llow often do your hands come in conlact with petrol in a week ?

1. Once C___D

2' T\Vice C:)
3. Thsice =]
4. Many limes )

12. Do you clcan / wash your hands before you eat while al work?

{. Yes(— )

2. No S_—

13. How often do you cleasv/wash yowr hands before ealing al work?

). Always C—)
2. Occasionally/sometimes  C_2
3. Never ="

4. When there is need for you to cleasv/wash your hands before you cut, what cleaning

mclhod do you usc?
3 Walcr only D
2. Waler with soap €=l
3. Waler wath delergent -
4. Dry clcaning with cloth )
3 Others (specify)

tepair, by what means do you remove the petrol from the vehicle?

1 Suck out with mouth =)
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2. Mecluanical suction pump C

3. Others (specify)

[AEA XX EREE Y N RN NN N FYN YRy ¥

16 Assuming that you use mouth to suck out the petrol, how do you iemove

the traces of the petrol lefl in your mouth?

1. Moere spitting out =)
2. Rinse with waler =)
3. Usc a mouthwash =)

17.  When you buy petro] for use. do you use Jerycans or other conlainees?

1. Yes (=3
2. No €3

18. What do you do to such container afler usc?

I. Discard 63
2. Usc for water =0,
3. Use for kerosene &=l
4. Usc for other purposes =0

§9. If there is any need 1o use the container for watcr. what prior treatment (clesning) do

you give (o it?

I. Rinsc with cold water D
2. Rinse with hot water =0
3. Wash with ordinaiy soap o=
4. Wash with detergent =ty

20. Whilc at work, are you ofien exposcd 1o exhaust from sutomobiles?

1. Yes =
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2.No e=r

21.  lHow often arc you exposcd to cxhaust?
l. Occasionally )
2. Always =3

22. Do you know there is a metal tead, which isdifferent from lead in  pencil?
i. Yes =)
2. No (==

23.  Have you ever heard that such metal lead is present in petrol?

l. Yes C=3

2. No =
24.  What is your source of information?

1. Fricnds S

2. Oga (master) (=

3. Newspapers =)

4. Others (specify) s A - T

HEALTH KNOWLEDGE

2S.  Have you cver heard about lead poisoning?

. Yes (==
2. No ==
26. What ia lead poisining?

1. U isa diseasesthatis associated with high level of Icad in the body =9

2. A discasc] thatisassocialed with Obsity. —
3. A discose that is associated with high blood pressure. =

4. a discase of the lung, -
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2. Smoking
3. Hereditary
4. Food

S. Don't know
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27.  How do people get lead poisoning?

1. Infection from centain disease

=
-
=5
(=3
=
=4

6. Others (specify)

28. How often do you have the following experiences (tick \/ ).

Condstions

Always | Attimes | Rasely

Never

Headaclhe

Dirziness

{rritability

Hot temopcr

Convulsion

Constin2tion

— —lenesis

Resticmncss

General weakness ([ cthargyv)

£.058 of Mcmory

g

 High blood pressure
Olhers Sencify,

l. Yes
2. No
30. 1low many limes
1. Once
2. Twice
3. Theice

4. Many times

29.  Have you cver been told to

—

go on bed rest by a doctor
=2
co
have you been on si€
c
co
=)

&)
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| Where do You go for care when you have the expericnces I wil Jist 1o you now and how’

ofien (use the table below).

Conditions

Ilospital
{Clinic

Patent
Medicine
vendor

Thaditio
na

Self
Medicatio
n

How ofle

Always

Headachc

nally

Dizziness

Imitation

Hot tempered

Convulsion

Constipation

(General
weakness

Restlessness

Loss of
Memory

Nigh dlood
pressurc

Others
Specify.....
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APPENDIX 1v

QUESTIONAIRE ON DIETARY PATTERN (24-1I0UR DIETARY RECALL } OF THE
SUBJF.CTS

Answet the following q0cstuons to the best of your knowledge:
llow many times do you cat in a day

(i) Once ( ) (11) Twice ()

(iiiy Thrice () (iv) Moic than three ()
Which mecal do you miss in a day

(i) Breakfast () Gi)Lunch ( )
(iii)Dioner () (ivyNooc ()

Why do you miss i1?

Yes ( ) (inNo ( ) | |
Please tick the food commonly consumed in respect to breakfast, lunch and dinner. Tick

where appropriale,

FOOD BREAKFAST LUNCH DINEER
Yam —
| Pounded v_:_un_ e =V,
| Amala o=
Lafun e I = i
Fulu e
T —— —
Ree | = [sraa
[Gan(Gom) | ——= 1
Plontain ~ N
Soup(Okred | —— —
Soup 1VC_LElgbl_Ll s~ —————e B
| Soup( Gbegirs ) _1___._~_-—-——-—-"“j:#:_______
.&_ P R e . ————] e e
| Mcal N _____._._-—-—-——-*":_‘___:_d________ﬁ____a__._-—
| Chickc_n e —
m) =
1 e —— -
e e
Fusaand Nuow | —— ———1 ]
Fﬂ‘i’“ only _—-—s—f——"“_“ﬁ___Jr.:___._-——— ———————
Others (specv) | ——
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FooD FREQUENCY : Kindly tick the appropriate time(s) the food below

is laken.

Foed Every day .’M‘?e A weak | Twice a weak | Once 2 weak ’
Yam ;

- | E—
Pounded yam ’

Gan!th)

Planain

Soun{ Okro)

Soup (Vegetable)
Soup(Gibegiti)
Fish

Meat

Chicken

LE&
Brad =
Snacks

Fuand Nupu
Nuay only
\Othiers (specifv)
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