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CHAPTER ONE 

1.1 GENERAL I NTRODUCTION 

One of the oldest metal known to man is Lead 1
• Lead has 

been used for var ious purposes in the past , but in modern . 

times it lS used mostly In storage batteries , as paint 

pigments , and in plumbing . Organic lead used a s gasoline 

addit ive is the curr ent chief source of environmental lead 

incrcuscd industrial, mining Qud constructioil 

activities and the phenomenal increase in t he number of 

vehicles plying Nigerian roads as a result of t he o il boom In 

the mid-seventies to early e i ghties has enhanced the potential 

hazards of environmental lead to man and animals. There is a 

relationship between traffic volume, and the amoun t of l ead in 

the air2. 

Chemistry has achieved great popularity c ur ing this 

decade as a consequence of our increasing concern ove r the 

quality of life. However, the gathering of vital data in t his 

field is made cumbersome by the complexity and wide scope of 

its greatly interrelated aspects on several research areas , 

a ll o f the m deserving serious consideration 3 . For instance, 

any National or global policy in this regard affect the 

previous acquisition of fundamental and applied knowledge on 

problems such as the world-wide dis tribution and i nteract ion 

of chemicals , both of natural and anthropogeni c o rigin , their 
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modes of transport and ultimate fate as well as thp e ffects on 

the ecosystem, notably on biological specles . In a ny case , the 

identification of toxic substance s in a i r , wa t er , food and 

soil will continue being a const a nt driving force behind many 

outstandi ng research programme and progress along these lines 

will depend l argely on the development and imp lementation of 

sensitive and reliable methodologies. 

The practice of using tet raethyl lead8 a nd other lead 

tetra alkyls as additives in pe t rol wa s i nt r o duced in 1923. 

They were added to improve the octane rating of l ow quality 

pet ro l for use in high compression engines a nd t o prevent 

semi-explos ive combustion or knocking in the e ngine . During 

combus tion, the organlc lead fuel c ont e nt passe s lnt o the air 

in the exhaust gases contributing a nuisance a nd hence 

atmospheric pollution. 

The maln sources of a tmospheric po l l ut ion may be 

summarized as follows : 

a . The combustion of fuel to p roduce e n e rgy for heat ing and 

power . This is carried out in mos t indust ri a l /commercial and 

domestic premises. 

b . The exhaust emission from transport vehi c les that use 

petrol or diesel oil, or kerosene fuel, i ncluding road 

vehicles , diesel locomotives and; 

rlust and heat from mrinv inr111~t- r i rll ... ----.1 -------- -- ----
~;t- p", 
- - - -- I 

including chemical manufa c turers, lro n and s t e'l s mel ting 

works, cement and brick works , quarries and elect r i ca l power 
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generating stations. 

A considerable amount of air pollution re sults from 

burning or combustion of fuel s . Fue l s are primari ly derived 

from fossilized plant materi als and consist mainly of carbon 

and its compounds . They are burned in air a nd undergo 

combustion to produce heat energy, gaseous and s olid waste 

products . 

Road vehicles are the s econd major s ource of air 

pollution and a 1973 estimate i s given in tab l e below. The 

data given is based upon nearly 17 million vehicles 4
• About 

86% were cars and motorcycles using petrol and 1.06m or 11% 

were goods and passenger vehicl es , which use mainly diesel 

fuel . Even allowing for the dif ferenc e in the type of 

vehicles , it is clear that diesel engines are much less 

polluting than petrol engines. Both types of engines are not 

very efficient converte rs of fuel to energy. Howe~e r, diesel 

types with a conversion e ffi ciency o f around 30% , must be more 

efficient and use less fuel than pe trol type with a 15 - 20% 

conversion efficiency. Both types of engine have incomplete 

combustion of fuel as a characteristic . The proport i on of 

theses pollutants varies with the type of engine, its speed, 

maintenance and operating effici~ncy . 

In the United Kingdom in 1973, it was es timat e d that over 

8,100 tones of lead per yea r from petrol entered the 

atmosphere as a toxic pollutant ;. This figure w~ s probably 

too low, as a 1977 estimate was 250 , 000 tones pe ~ year. The 
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primary pollutants produced In veh i cle emiss ion undergo a 

series of complex interrelated chemical reacti )ns In the 

troposphere and lower stratosphere to form secondary produ c ts . 

A regu lar daily sampling is carried out a t 1200 sites 

throughout the country (UK) shown o n table 1 : 1 and 1 : 2 . 

Table 1 : 1 Air Pollution from fuels in the U . K (Adapted from 

clean air year Book 1976) 

Pollutant Output 

Carbon Monoxide 16.3 

Oxides of Sulphur 6.29 

Carbon dioxide 6.2 

Smoke 0.84 

Grit and dust 0.55 

Unburnt hydrocarbon 0. 48 

Aldehydes 0 . 26 

Oxides of nitrogen 0.26 

Lead 0.006 

Total 3 1. 18 6 

This resul t i s a more comprehensive estimate of t he pollut i o n 

output in the yea r 1970 71 than the 1973 e st i mate shown 

below4
• 
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pollution by t h is element and other members of the g roup 

cannot be overemphasized. Certain employers such as policemen , 

garage workers have accumul ated relativelY nigL body lead 

concentration . Similarly residents living near motor ways and 

interchanges are also at risk where there is a sustained high 

concent ration of vehicle exhaust fumes. 

Soi l normally contains s mal l amount of heavy metals like 

Pb, Cd , Hg, Cu , and Zn. Those used in fuel and l ubricants find 

their way into the atmosphere and drift a~ross n2ar heavily 

travelled routes . The soil beneath some fruit tre es becomes 

heavily contaminated with heavy metal s that dropped or washed 

from the trees . The washing away of soil contamlnated with 

lead into a water supply may arise from indust ri a l mine and 

smelter discharge or from dissolution of old plumbings; all of 

... these contribute to environmental pollutioll . 

Concentrations of lead , Cadmium and mercury in surface 

layers of forest soils in souther n Sweden are now between 

three and ten times higher than they were ~efore the 

industrial revolut i on. 

"It's difficult to come any firm con~lusion about what 

effects this accumulati on of metal~~ in l he ,;oll mdi be having 

on ecosystems today", say Birgita Timno at t he Sweden 

Environmental Protec tion Agency (SNV) She has been involved 

dyu.vv'ing up .c. _"~ _ ...... L.. --. 1 
.LV.!. (lIC l..Ct...L 

.-. , 1 .. ~ -: .-._ .tJ .... J.....LUL...1..Ull 
-..,-,..-._ ............ 't"V",.... ....... -l-
u,o..:::J\.- C) .:Jlll\.-.1.1'-

,-, .. _ .... 4- _ ... ,.. ......... 
\..... .L....LL. C.1....LGl 

_.t= 
UL 

forest and farm soils. 

In report , SNV calculates that atmospheric depos ition o f 

6 



... 

... 

metals ln Sweden must be redu ced by ovpr SO per ~ ent in the 

case of Lead , 80 p er cen t in the case of mercury and 50 per 

cent in the case of Cadmium , if fLu t he. ~ncrea 'eS in soil 

concentrati ons a re to be avoide d. This would safe guard the 

l ong-term p roductiv ity of soil s and ensu re t hat metal 

pollut i o n does n o t j eopardiz e the s tructure and func tioning of 

ecosys t e ms. Thi s woul d a lso make s ure that food obtained from 

soil and water does no t pose a heal th risk to people or 

animals . 

Lead is the ultima te product o f the variou s r adi oactive 

decay s e ries . Radiation carcinog enesis i n man , gene t ic 

effects, experimen tal radi a tion carc inog2n p sis anJ developed 

effects of irr adiation i n ut e r o have been l-p('en~ ly r e v i e wed by 

UNSCEAR 7 Th e most important somati c effects are ma lignant 

diseases and d i sturbance i n pre-na lal ..if 'ft' lopruenL . 

In numan b e ings small d o s e produce benavioural c hanges . 

This e lement under investigation with a half-li f e o f 22 years 

is particularl y ha zardous because it is cxc::::-etcd .~lowly . Mo s t 

accumulated lead i s stored in the bonp , hrwever A~cumulation 

in the nervous s yst em cau ses swe l ling of brains t i ssues . It 

also disrup t s t he n ormal production of led tlood cel l s cau s ing 

anaemia . Pregn a nt women a r e e spec i ally vulnerable a nd t here is 

evidence that young c hildre n can be harmed8
. Recu rr i ng lead 

poison may be fol l owed by permanent injury to the idney . Th is 

problem can be arrested by adminis terinq ':hemica. substance s 

that allow lead to be excreted more easily from tie body. 

7 



1.2 MECHANISM OF HEAVY METAL INORGANIC TO. ICITIES. 

Al thoug h h e avy me t al s were formerly import "l nt ': herapeutic 

agent s , interest now lie s with the t ox ic 1 eac tic 1 S they a r e 

capable of producing. The probl em created by wa t er a nd air 

pol lution, food contamination and the wi despr ~ad use o f 

agricul tural chemi cals are largely conce rne d with the s e 

tox icants . Humans, as wel l as d ome sti c ind wll d In imals a r e 

vulnerable . 

I n orde r to recognize study , and treat the conditions 

caused by t hese compo unds , the b io l og i c a l dis t ribution and 

fate o f he a vy metals must be underst ood. I t i :: g e nerally 

r e cognized t hat the a bsorption of inorganic compou nds depends 

largely o n t heir so lubil ities. 

1 . 3 ABSORPTION OF LEAD 

Metalli c l e ad i s slowly but c o n sLanLly absor bed by most 

routes exc e pt t he skin. Skin abra s ion rl n j 1 r::; it s , howeve r 

wi ll al low s i g n i fic ant absorption . Lead ~il ticles a b sorbed i n 

suf f ic ient c once ntrat ion c an caus e poi !""r 'Ill~' r; Itl' chill one month. 

Respiratory trac t absorption of Ip-=)rl l: c.)mmonly t he 

cau se of industrial po isoning . Le ad l S a bso r b e d from all 

portions of the r espira t o ry tra ct i ncl udi ng the nasal 

passa ges , a nd indeed the a b sorption is moyp comp l e 2 a nd rap id 

t ha n by a ny o the r r oute 8
. 

Le ad is rap i d l y remov e d from the plasmato c~mbine wi t h 

b l ood cellular e l ements . Nearly all 01 t.e ': irc u l a ting 

8 



inorganic lead is as sociated with t 11e ervr h ",cyt-es chie fly in 

the membrane stroma 9
. 

The ti ssu e concentrat ion in the ki In,'y prov ~ de s higher 

levels for a l onger period of time than do any other tissues 

in the body . Kidney t hus provides the bes t t is sue for 

analysis 10
. Lead concentrations 111 hail r-lradual_ y increase 

until two mont hs aft er the l as t lead >'1'Tlinist'"ation . The 

degree of exposure t o lead maybe fa irly evaluated b y measuring 

the hairs lead content 11 . Despi te thE" t L"quenl y of lead 

poisoning , little work has been d one on the me tal li c action 

and biocrans formation of inorgani c lead. Alchough generally 

assumed to be a protop lasmic po ison i'lnd to cGmbine wi th 

sulphydryl groups (resulting 1n enzyw' i nb ibi t i on) , the 

relative ine ff ec tiveness of dime rcaprol treatment and the 

affinity of lead for bone suggest that dlLhlnl bindi ng is the 

only mechan ism invo lved in vivo and that other i nt eraction 

should also be investigated . Complete inhibit i on of the 

sulhadryl conta ining enzyme SU~," lit zidase has been 

demonstrated 1n the dog (1. ) Othe- st-Ul~' 11 "1 ve shown that 

Lead produce s an inhibition of act -Lve pol a,;s-Lutn transport in 

the red blood ce ll membrane , a f ind1ll'J ()ll. l..-,teL t wi th the 

OCCllYTRnCR of i'lnaemi .::J .::Jn n i ncrp;:J ,Q pr1 [';:JSP,q ',l' 

is on e of the first signs of lead poisoning . 

I norgan i c lead 1S excreted from L h,.:; body chief ly 1n 

faeces and urine , t he concentration being 0Pp p nde1t upon the 

duration of exposure to t he metal . In an earlier stu dy o n the 
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use ot urinary -d- aminole-vulinic ac 1('. I ."·LA \ eYc r et ion i n 

humans and c att le a s an i ndex of expOSetl p t" Lh3d j n the Zaria 

contamina t e d enviro n ments, like automobile l e a d battery 

charge r and leaded gasoline attendant s , had elevat e d urine ALA 

concentrations whil e rural humans and r','1l t 1,' did no t have 

significant urinary ALA e l e vations. 

90% o f orally inges t e d lead i s unabsorbed a nd p a ssed in 

the faeces . In a ddit ion, the s mall qual1Lil j S Cl lead excreted 

in the bile and from t he intestinal mucosa are present (15 ) . 

Most of t h e absorbed lead is excret ed by the kidneys at rates 

dlrecLly propor t ional to the rate ot 11. r ' ,on . Indust rial 

workers in Lead smel ter plant s ha ve L7:("l' t ie' vil l u e s of 5-

736ug per 1 00ml o f u rine ,6) . The ur inary C'XI retion of lead in 

sheep is dep e n dent upon the quanL lt) ,(, absorbed , b ut 

does not exceed O. 8mg/da.y(17) . The Concentrat ion in t h e tissue s 

diminis h in accordance wi th urinary excretion and r e ach normal 

levels in 1 2-1 8 months. The skele t 011 

return to normal (9 ,18 ) . 

1 ' ,--,'" !.ast tissue to 

Lead is eliminated thr ough the milk in proporti o n to the 

concentration found 1n the blood ,E L' 
.1 probably n e v er 

exceeds 1.0ppm . The concentrat i on of lea.d ln the s weat is 

about the same as t hat ln urine, but the to t a l q uantity 

excreted is small (9) . ~'llp excretion is POnelllCer! b y cond i t i ons 

that favour mob i l i s at ion of bone and sot~ [< Sel?es. Die tary i n 

balances , v itamins D infectious , parathyroid hormone , a cidosis 

1 0 
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and iodide and biocarbonate admin ' st rn t- i( II erel.se urinary 

level of lead . Exogenous chellat i 'lg ~C!pn .cJ E-;L1c h as calcium 

disodiumede tate, penicillamine and di ,'L a 1 30 se rve to 

dislocate lead from bone deposit s and to hasten i ts urinary 

excretion . 

Mptrils nyrr,:::, nc: - - .:::;_._- -

systems. The consequence of pre ferent il.l }rlCal izat ion in 

certain organs of the body are not necessarily bad. As an 

example, lead ha s a high affinity [or Lhe ))')11:.. . More t han 9 0% 

of the lead in the body is locali zed in bone, yet the toxic 

effects of lead are the result of its presence in muc h lowe r 

concentratio ns elsewhere in the body in the 

hpmntopoiet ic and in the central nervnUF . v~[e~ respe c tively . 

It has been stated that acidosis by NH~Cl) enhances the 

excreLion from the bone It lS C n L , nat unde r some 

circumstances acidosi s could convert a Intp~t toxic burden to 

an active o ne. Translocation of me tals from one po int in the 

body to a nother h as been shown f- ( ! F slIt from t he 

administrat ion of chellating agel.t. 11 11'" cas~ o f lead, 

administrat ion of chellating agpnt EDTA (e thyl d iamine 

tetracetate) causes trl.nslocatiol1 OL j, til rom bone into 

muscle (1 0

1 . The effec t is trans i ent and of doubt ful t oxicologic 

significance . 

In view of the ahove and increased qnvprnment efforts to 

protect the e nv ironment, it has bec ime VP1 y nee, ·sse: ry to study 

the extent of l ead cGr~amination on Minna 10rids . This study 

11 



~ .1l·:'W1 c; to analyse t hp amoun t of , 1 ')ad s i de so i l 

samples as a measure of dispersion of leaJ on Min '1a roads . 

This p ro ject wi l l contribut e to ~!1i...J ' ~i ) l-t J:y studying: 

1. Soi l samp les along h e avily travelled r01.1tes in Minna . 

2 . make a comparative study of lead c ont ent o f r oad i n the dry 

a nd rainy season, and 

3. this is compared with a t ypi c al Shp V ' 

traffic a l ong Kuta r oad in Minna. 

12 
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2 . 1 I NSTRUMENTATI ON 

2.2 Introduction. 

The Atomi c Absorpt ion Spec t rophome t r AAS) h as bee n 

chosen for t his study becaus e i L is lpss prone to inte r 

element i n terf e re ncp. effec t s , j 11 1 ' .. em, radiat i o n 

sourcE'S are speci fi c for e ach element to bp mF'as u r ed (20) . Th i s 

overcomes t he p r ob l e m of o v e r lap of spectra l bands tha t 

t re-.::rUl llLL y o ccurs i n t lame Phot omet- ry. 'I' . y' '')r t h is reas o n 

and piHtly b ecause of inter-e lement pFf (" ' At, mi c ab s o rp t i o n 

SpecL'ophome t ry (AAS) is generally prE 1.t.l I t a . 

C n order t o o bserve the optic3 t' ,)f f r ee atoms , 

thp scllnple mu st be in the ga s eous st"'l.U·, l'1d Lhi s g e n e r al l y 

requires v o latilization of l i quids or solids fo llowed by the 

dissoclation of mol ecules to give trOt d (~S. 

2 . 3 Atomi zation 

ThE~re are a numbe~ of techn jLt. whic h metall i c 

elements can b e atomized, in most cases t'y heat ene rgy , e ithe r 

elec t rically produ c e d or fr o m a fl ame. C~re[ul cor trol of t h e 

temperature i s n e e ded f0r o pt imum con'.r·'~ ., UI~ Lo t he atomic 

vapour, Too high a t ---'IrP 'J '1 ure can "~ 'U~, ~ l:, f c • 'OllJ. a ble as t o o 

low, as it wi ll c ausp a fr a ction of tbe at'oms t o b e c o me 

• 
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,i 1 hence n ot lrl absorb at . ~'c '",a\ elength . On " " , . 
LllE" ()~hpr hand , a high temperatu' ~ ~l",:ll::":' t ' redu ce matrix 

p! f O(·j .', dnd so is de~3L:!' able . 

", 

where they proceed t hrou gh a series of '~"l.f+les t o ensure 

complet e mixing , to tl10 burne r heaJ. 

FUEL--)I-_--. j l~ 
~ ~ BURNER HEAD 

~II . 
OXIDANT- 1 - ," J 

• t 

I ~ 
I I[-!f=- ·L''::...... 

SAMPLE I 1 
I /I I ASPIRATING r DRAIN 
~ AIR 

MIXING BAFFLES 

Fi0.2.1 Laminar Flow; premix f or Atom" ~I Rorption 

rhp [lame o rif ic. lS In the f( • fll J; Jr 1 , na r row slot , 

•. L I..:' 1 [ib bon f L,ll1' 1 S pLoducec. ~ il s,)lution , 

is aspirated into t he nnxing chamb. 1 by d ,[.all ai r jet. This 

kind of asp iration p roduces d r oplets of 1 wldL range of sizes ; 

which would lead to poor reproducibil i t'T . f'lis is overcome by 

contact wit h the mi xing baff le s which t p l'c1 t ) in'":ercept the 

ldl gel" drops, so that t ,-: ,se re a chi II; l-I.t 1,1 'Le smal ler a n d 

nJ( '1" 1,,·a 1'1 v u n iform 

A burner using PI ;T'lxerl gases np"sPj1' S 1 " 1fet y ha zard if 

1 4 



.' '. 

t. E 1 'I ( hou ld str ike back int r; t ' . r ; , '1be r, a violet 

explosion would ensup, Th e likel~h00d (~ flashback is 

n '11 ilT -:..- '.1 b y making t he burner slc' I. , IJ 1S poss ible so 

that the g ase s will blow through i"lt '1 11;ql1 veloc ity and by 

making the metal part s around the f'lot r;"")t "10r ass ive so that 

heat will b e conduct e'l clway readi ly S"( r: , explos ion can 

",_'.ll ; f I h e qas fl ow ':Co not adlus ' PO 1 

Compre ssed air and acetylene are mort orrmonly chosen as 

o;.:idan::.. a nd fuel tOl Atomic absol-l t 1.0[1. maxlmum 

temper-=ttllre attainable is about 220 (", When higher 

t emperature is needed, nitrous oxide (N 0) Lan be substituted 

for t~e 1l r , This gas decompose s :l . : 1 mi x ture of 

ll" t 1- "r'l1 Ind oxygen , <'ompared to oL n a ir i the 

hiqhc,~:- nxygen canno be used wi' 1; '1" r 'J F''',:> in a premix 

LE:' ' use the fl ame propagate: 8'1 t I, L'y l hat flashback 

C lllnc t Lv a voided . 

Although the flame JS a c O'1Venif'Il' ,1' 1 r eproducib le 

n~ i n c d evice for 

II.' ( 11 i' 'lh ,oorption, l' t lFI t. the ,1 end0thermic 

processes (solvent evaporation foIl ,W("l1 1 'y' tL (' ni z a tion ), must 

t ctKe p Lace wi thin t he v' ry short t Lt');:; L'" : \' .1. that it takes 

for a part ic le to s hoot through thp fl)ll' In a ddition , the 

flame introduces s i qnif i cant r andom f1 !.lct] 'lt ion ln the 

effective optical pa th lenqth, ber'aw.;, L L. L-bu Lence , this 

C',USPS PYTe ssive no ' 8 e '"1 t lie S1.gr. 1 0 

1 5 



2.4 Source s of Radiation 

Atrmlc Absorpt ior :-;pectrophom ~ <- -"-f' " 'r ~iA _ l a mps that 

gl..lll..:rat L l ine spect ral cha racteri~ [ie I • • ,pe\..'if ic el ement s . 

These a re much more ef fect ive When lsed Wit 11 meuium r esolution 

monochromators whic h functi on to :"plec'" 'hE' pm ssion line 

dpsired. 

Th" "~o st succeE' s:u~ line s oun ' i,) t sorption is 

the hol low cathode la·fll. Thi s con. j.l-r 1 3.S 3 O'~ quart z 

elc'vT,"'l ope containing tW0 elec t rodes, one ( <- "'[,lC n (t he c athod e) 

l~,'Up shAped and made of the speci E i pr] .. ,\" - n [ . The material 

of which the anode i s mAde is no t c -itic ' '~e" 1alt p 1S fill e d 

w '-n a l obl e gas at a low pre ssure . I\r::pl ~ <- 'r, 'Jf 10 0 to 220V 

It L pr l';: e I after cl ,'h,')rt wa rm f L) N discharge 

with most of the emlSS10n comir~ f-, 'r "i'l in t he hollow 

Ccl~ ,.ode . pos itive ions fro m the 111<::'1' T 1S bombarded t he 

c" thode removing metal a toms by a P"')C' ,'C; <ii "'11 as sputtering. 

CATHODE 

BASE 

ANODE 

(i) 

Fig. 2. 2 Schematic r1. <i'cW of '1 ] r~l~ 
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Thr" atoms C ('l'l Ip~' Pi?t n a nd e mit 

tllPi r characteristi c 1 i'ldia tion , I ]l , RJ~n cons ist o f 

dis :: r eteLines of meLd plu s those or- :!, ~Jde gas, the g as 

is s elected by the manufac turer t) q:i""" l-h,C'; lea s t s pectral 

i nte rfe r e nc e with t he me ta l concerned , Q~~in l lt;on in p o wer o f 

the bea m o f radia t ic il reac hing )- i s d irectly 

1:- enc:::lUnte red 

in t he samp ling are a _ 

2 . 5 Oth e r Lamps. 

It is possible to fabricate holluw "lLhode lamps which 

<:,11, ;:ot ls l' ",-ra il able wi'" h mi xture (If r-,~-,,-, 1 :; 1 ~_ :in g the 

C-l: ',ode C'up , as long "IS t hey do n OI ii, t nec tra lly with 

o t L , and pnJV 1, d Lhat Lh d 'u t t h e s ame 

r )0~3 ible to 

dLLe r mi nE s e veral e lements wit h o u t Lhe 1 ,r', ~s~ty of changing 

lamp s . 

Ho l10w -cathode 1 tD'"rs t ke aft- I " 1 - ch :t s teady 

output. Th i s is part~('ularly anne ',1. "ngl e l amps if 

St- veral p e ments are (, hE determ~ il' liD, sarrp le . One 

way to c've rcome t hL- ; --1,_ t u r r et 

assembly c. hat will hOLd severa l ] Imps , II llllLain l n g the m at 

standby I s o that any onp of them can he I )1" ci r r'd i nto p osit ion 

frn- use_ A doubl e CO',' 'tem ng l amp 

bril liance will alsc ,"'1 re '-0 s hort --'n ["' J" 1 '\' when c hang ing 

Ano t he r type of ,11'[1 ~hat C 
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Atomic absorption is the electrode l ess discharge lamp . This 

consist of a sealed quartz tube containing a small amount of 

the pure metal and a low pressure of an inert gas. It is 

exc ited by an intense microwave fi eld in a wavelength cavity, 

and emits essentially the same spectrum as its hollow-cat hode 

counterpart . 

2.6 Background Cor rection 

In Atomic Absorption Spectrophometry, background 

correction is essential for quanti tative work. The background 

signal arises in part from the radiation emitted by the hot 

sample itself . The source of background is unique to Atomic 

absorption, resulting from the inevitable electronic 

exc i t ation of analyte atoms tha t spontaneously emit photons at 

the same wavelength being studied in absorption . 

~I,---__ --D--t-L 
LAMP AT a-t I C VAPOOR MONOCHRa-tATOR DETECTOR 

Fig . 2 . 3 

(a) Continuous operat ion without choppinq. Emission from hot 

sampl e adds to the radiation from the hollow-cathode lamp 

leading to ambiguity. 

- L1 1- -,-
CHOPPER ATa-tIC VAPOUR 

Fig. 2.4 

- \ 

MO.NOCHR OMATOR 
»1PLI!IER 

-L ·1 

DETECTCR 

(b) with chopping, only the radiation from tl e lamp is 

observed by the detector with its selective electronics . 
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If no precautions are taken, the observed radiant power, 

Pobs, will be given by PoT + Pe , where P, is incirle'1t power, T 

is the transmittance of the sample and Pp is that portion of 

power emitted by the sample that reaches the monochromator. 

til-flee i..he ra.dia.tion relation to Po ana Pc are r.he same 

wavelength, both pass through the monochromator to the 

detector , and are indistinguishable from each other . This 

effect can be eliminated by chopping the radiaticn from the 

hollow cathode lamp as shown in (b) i leaving untouched the 

radiation by particles of smoke from the sample matrix, and, 

with flame excitation by turbulence. 

The background may also contain contribut :: on due to 

absorption by other components of the sample. Several methods 

have been described for minimizing this type of in erference. 

l. The use of continuous source: such as H2 or D2 lamp: 

simultaneously with the line source (7,S) 

Fi g . 2.5 

-0 
DETECTOR 

Radiation from the auxiliary lamp passes through the sample 

along with the resonance radiation from the hol low-cathode 

lamp. 
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turned so that the plane of polarization of the beam is either 

paral lelo to or perpendicular to the orientati on of the 

magnetic field. When the radiation lS polarized at right 

angles to the field, it is not absorbed by the at01ic vapour, 

but when paralle~, absorption takes place as it would if the 

field were not present. However, the absorption due to the 

background is no different in the two situation, and so 

subst raction of one (perpendicular) from the other (parallel) 

gives an absorption spectrum free from background. This has 

the advantage over the D2 lamp method that, sine"=! only one 

lamp is used, and no special alignment problem exist . Other 

alternative arrangements of the components in a zeeman

corrected spectrophometer a:re possible (23,241 . their relative 

merits have been discussed in a recent review(2 51 . 

iii. the third method of background correction is based on the 

technique of wavelength modulati on 261 . Yet another method for 

background correction has recently been announced (27) , that has 

much to recommend it . In this method , the hollow-ca thode lamp 

serves as its own corrector . A low current pulse (12mA) is 

applied to the lamp to measure the absorbance of ~ he desired 

element plus background. then a brief high current pulse 

(250mA) is applied to broaden the emission lin"=! from the 

reduced , whereas the background absorbs a constant proport ion 

of the radiation . The difference between the two signals gives 

the corrected analytical information . 
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2.7 Detection Limits. 

The sensitivities of Atomic absorption methods depend In 

a complicated way o n t he: 

i. optical properties of the atomic vapour 

II the temperature 

iii the relative line width of lamp and abso rber 

iv and the geometry o f the optical system. 

2.8 Interferences 

The chemical r e action taking place In a f lame can give 

rise to interferences in Atomic a bsorption Spect --op hometer . 

The chief difficulty is due to incomplet e dissoc i a t i on or to 

the formation of refractory compounds. 

Interference could arise from differences in viscosity or 

other bulk property of the solut ion, a lt e ring th~ e ase with 

which it is aspired and tra n sported t h rough the ' l a me . thus 

two solutions with the same c o n c e ntratio n o f me tal ~ut varying 

amounts of other extraneous ma ter ials may give different 

instrument readings. 

The 283 . 3 nM wavelength is o ften preferred rOY routine 

determinations 28 because of the b e tter signal t o no i s e ration 

and lower background int e rfere nce e ffect s ha v e be(~n reported 

for the determination of lead . 
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CHAPTER 3 

3 . 0 EXPERIMENTAL TECHNIQUES 

3 . 1 Samplin g Techniques and Strategies. 

During the initiation of any project 1n which the 

conceptual model of the site indicates that soil is one of the 

key f actors, proper planning and selection of thE technique 

a nd strategies for collecting the sample 1S essential (29) • 

Several general characteristics of the site and/or problems 

that affect a soil sampling project at the preliminary must be 

considered. These characteristics include: 

( i ) the type and distribution of the contaminant (or other 

consti tuent of interest) . 

(ii) the natural soil characteri stic that can inj luence the 

distribution of the contaminant of concern, and 

(iii) the nature of the media to be sampled (i. e. s \)il vs non

soil materials, or a combination of the two distinct l y 

d if ferent media) 

One of the basic characteristics of the site nd problem 

have been clearly identified, the strategy and tec~niques for 

collecting the soil sampling protocols, the investigator 

s hou ld consider the following issues: 

i the size or area of contamination; 

11 particulate sampling theory or address proper sample and 
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, 
sub-sample collection; 

iii statistical aspects pertaining to soil sampling; 

iv the use of relevant historical data; 

v sampling designs and their appropriate use; 

V l proper sample collection procedures; 

v ii other types of sampl ing of soil materials and ; 

v iii interpretation of the final results . 

When each of these issues is properly considered and 

a ddressed , a solid basis for the development of a soi l 

sampl ing protocol will have been established . 

TJ:H:~ IlliIlilrlUlll cUllounc of SOLL required is basEd upon che 

re l ationship between variability of the material, partic l e 

sizes in the material , distribut ion of the contami nant o f 

interest and size of the sample taken (291 . The variability 

f ound in part i culate material such as soil, is bas ~d upon the 

n umber of individual particles i n the sample . there fore the 

controlling fact or in the collection of the correc~ sample is 

the size of largest particle. 

Sample handling techniques that are often used to reduce 

sample variability (or sample error) includes : 

1 sub - sampl ing and sample size reduction; 

2 composite sampling: and 

3 sample homogenization . 

When a sample of any population, such as soil is 

collected , it is usually necessary to reduce its original size 

to smaller quantity of material for chemical analysis (i.e a 

24 



s u b - samp l e) . the guiding principle for the sub-sample 

selection is that the probability of collection of all 

fraction of the soil must be equal . 

3.2 Sample Col lection Procedure. 

The r e a re two (2) portions of the soil that ar,:: import a nt 

to the e nvi r onmental investigator 29) . The simple layer (0 -

15 c m) r eflects the deposition of airborne lollutants , 

espec i a lly recently deposited po l lutants , a nd pollutants that 

are strongly bonded to so i l particle . On the other hand , 

pollutants that have been deposited by liquid-spil13 , by long

term deposit i on of water soluble materials, or by burial may 

be f ound at considerable depth . 

The sampling methods , therefore varies ; however , two most 

fr equ ently used techniques are : 

l cor e sampl er or a Uge r device 

II excavations or trenches . 

Sampl es , (soil /dust) were taken at approxin a t ely 1 . Om 

intervals at various points along the followin0 route s 

Minna - Su l eja , Minna-Bida, Minna-Zungeru, Minna-Kut~ roads and 

locations i n She village. Samples were also t aken from 

iso l ated bush l a nd along airport road , Maikunke l e , Mobil 

Junction , Kpakungu and central motor parks . 
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3.3 EXPERIMENTAL PROCEDURE 

3.3.1 Reagents Used. 

The reagent s used in the cu rrent studies W2re all of 

analytical grade, hence further purification 

necessary. These include; 

l con centrated trioxonitrate(v) acid; 

II concentrated Hydrochloric ac id; 

III Distilled and deionised wate r . 

3.3.2 Sample Preparation 

was no t 

Soil samples were oven dried at about 120°C for one hour . 

for each sample, a sub- sample we ighing 19 was _aken in a 

250cm3 beaker . 60cm3 of acid mixture of PH = 2. 2J (This was 

prepared by taking 252cm3 of Concentrated Trioxonitrate (v) 

acid and 60cm3 of Concentrated Hydrochloric acid i n one litre 

volumetric flask, the mark was made up using deionised water) 

was accurately measured and poured into the sub-sample in the 

250cm3 beaker. This was digested on a steam bal-:.h for two 

hours. 

The blank was prepared by wa shing the filter paper with 

60cm3 of the acid solution and ma de up to mark .t n a lOOcm3 

flas k using deionised water. 

After digestion , the solution was allowed 0 cool and 

later filtered using whatman filter paper and lAashed with 

deionised water. The filtrate and washiDgs were po ired into a 

lOOcm3 graduated flask and made up to the mark. 
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3 .3 .3 Calibration Graph 

A calibration graph for lead ~~s prepared. Th_s was done 

by dissolving 1 . 5980g of lead trioxonitrate (v) salt in 100cm3 

of deionised water . This was dlluted to one li tre in a 

volumetri c flask using deionised water and st)red In a 

polythene bottle. 

Standard solution containing between 0 15 ppm were 

prepared. these were done by tak ing appropriate volumes of 

stock solution in 100cm3 volumet ri c flask and the mark made up 

using deionised water. 

The standard solutions were then asplra _t:~C into the 

spectrophometer with the wavelength set at 283 . 3nm. The 

aspiration was done in descending rder i.e. starting from the 

highest concentrated solution to t he lowest. between each 

aspiration, deionised water is aspira ted into the system for 

_ 1 _ ~~_ 

I............LCct.L 

solution. 

'- l~ _ 
L lIe: 

.Cl _._~ ... 

.L..LClLLIC 
_. c 
U.L 

A calibration graph was drawn (fig3 . 1) and this was used 

to find the concentration lead in the samples. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Analysis for l ead in roa d-side soil samp l es as a measure 

of probable environmental contamination using :he Atomic 

Abs o rption Spectrophometer techni que is prefprre j to other 

methods that are available (e . g calorimetric method). n t he 

current studies, the technique employed i . e. the Atomi c 

Absorption Spectrophometry (AAS) method with or without 

solvent extraction for l ead is most preferred at p resent. 

Tables 4 : 1 and 4: 2 show lead contents of sar1ples taken 

from the most preferred travelled ~outes in Minna '3nVlron a nd 

she village during the rainy and iry seasons as can be seen 

from the bar chart (f i g 4.1) . The highes t lead content was 

found in the dry season (10. 60ppm) compared Lo the rainy 

season (2.20ppm). 

Significant differencps were observed in the amount of 

l ead between the travelled routes, the parks and l)cacions i n 

she village . 

The heavily t ravelled routes - the Suleja-Minna, Minna 

Bida , Minna-Zungeru , Minna-Kuta routes have recorded 

appreciabl e level o f lead. This cou ld be attribL~ed to the 

increase in transport activities invol ving simple and heavy 

automobiles capabl e of emitting th is heavy metal . 

Soil /dust samples were also tclken from the central Minna 
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and Kpakungu parks for comp31ativp reason. the ~mo~nt of lead 

in these areas are appreciably hia~~r. The parks a~e prone to 

lead pollutio n as these vehicles are left on for a l ong time 

before take -o ff a nd parking respect ively. 

In she village, the traffic flow is gene rall: vFry low . 

Few vehic les were seen along the sampling sites . The average 

amount of lead found compared to that obtain~d fro~ Minna 

sites was very low . 

The variation in the result s l . e. between the dry and 

rainy season could be att ributed Lo the washing away of the 

tOD soil bv rain water . Th e nreS""l1ce of oxi.dp~ (f ; III phllr: 

Nitrogen, and Carbon in the atmosphere from pollution 

activities may shift the PH of tl~~ rain water Lowara acidic 

condition which may help to elut ( the lead fro" 1 the soil 

surface . 

It is probable that the reported lead concentration in 

the dry season could be hiqh"'r bu t JO or wind ern; .~'J 1 w'lich may 

carry the emitted lead away in the direction of the wind and 

may not be depos i ted in th"l 1 '-:>a ( l interest. 

Other parameters for disc ~>sion incl'ldp tre soil 

vegetation along this routes on the emitted meta l cou ld be 

deposited on the immediate vegetation . This would be developed 

in future work. 

The gasol ine ref ining Companies 

researches in place to analyse on a 

reduction in t he amount of I pad 

environmental pollution. 

/9 

have now p ~t so many 
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4 . 1 Re sults of Ana lysis f Ol ~ead on Minna r oads . 

S i No 

1. 
2 . 
3 . 
4 . 
5. 
6 . 
7. 
8. 
9. 
1 0 . 
11. 
1 2 . 
1 3 . 
14. 
15. 
1 6 . 
1 7. 
1 8 . 

Location 

Tunga (Top Med. Bus S tOD) 
Tunga (2 ) 
Mo b il Junction 
NITE CO road 
Bosso (FUT Bus S t op ) 1 
Bo sso (under bridg e ) 2 
Mypa Junction (1) 
My p a road (2 ) 
Bosso Estate r o ad 
Tundu Fulani 
Ma i kunkele road 
Kuta road (New marke t ) 
Minna park 
Bi da road (Kpakungu) 
Kpakungu park 
CHE Lab lounge 
Staff Quartl~rs road 
Bush land (Airport road) 

Rainy Season 
ppm 

0 . 60 
0 . 80 
1 . 60 
0 . 65 
1. 40 
1. 6 0 
0.80 
1. 40 
1. 00 
1. 6 0 
1. 40 
1. 00 
2.20 
2 . 00 
2 . 20 
0 . 65 
0.60 
0.40 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 . 2 . Result of analysis f or Lpad on She s i tes. 

S iNo .Sampl ing Site s Rainy season 

1. Grinding Enqi n e Site 0 . 65 
2. Main Bus Step 1. 00 
3. SHE road (i) 1. 40 
4. SHE road (ii) 0.60 
5. SHE road (iii) 0 . 65 
6. SHE road (iv) 1. 20 
7 . SHE Local Park 1. 40 
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Dry Season 
ppm 

2 80 
2.60 
4.80 
1 80 
2 20 
3.40 
2 60 
2.20 
3.00 
3.20 
2.60 
2 .20 
8 20 
4.00 

10.60 
1. 00 
0 80 
0.65 

- - -- - - --

Dry .Season 

1. 00 
1. 40 
0 . 80 
o. i 0 
0 . ~5 

1. 40 
1. 60 
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CHAPTER 5 

CONCLUSI ON 

The determinat i on of Lead u sing the A.Tc..S machine is 

r eliable for its high sens i tivity a nd convenience . the exten t 

of e nvironmental Lead contamina tion cannot b e -inci 'ed until a 

r esearch of this nature is supported to const ant ly monitor t he 

seasonal variations over a period of time . 

However, the re lS need for more zona l J.nl Jegiona l 

studi es In order to a scertain t he exact extent o f 

contaminat ion ill Minna and in Nigeria in gene ral ; especially 

in areas with hiqh a utomobi le dens ity. 

The results report e d here a r e based on sma l l sca le 

labor atory work . It may be d if fere nt i f mon i tored f o r a period 

of time. 

It could be suggested t hat : 

i . a study on the des ign of a tran spor t syst em t hat would b e 

environmentally su s tainabl e in the long term be pmbark~d upon. 

ii . t he use of leaded petrol should b e discouraged 

III a n ew classi ficat i on and standard sche me for motor fue l 

be e v olved. 
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