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ABSTRACT

Garage waste is a major source of environmental polldioce it containdieavy metals.
These heavy metals end up being swept by rain water into rivers. When the water is used for
drinking or irrigationthe heavy metals end up in animal and human tissues causing adverse
health effects. In soil, heavy metals exist in different forms whidmente their mobility

and bioavailability. These forms include those solublevater those exchangeable with
other metal ionsthe reduddle forms (carbonate and oxides), and the oxidisable forms (o
ganic and residual).The water soluble and the exchhlgéarms are the most mobile and
bioavailablewhile the oxidisable forms are the least moliteMachakos towrKenya,there
aremany garages situated next to each other and at close intervals. The waste from-these g
rages is swept by rain water to tieeipientkatothyani streanwhich is only 50 metres away.
Water from this stream igsedfor irrigation and drinkinghence posing as health risk to the
community. The objective of the present study was to deterrforas of Pb, Zn and Cuh
garage soils of Machakos town and levelthmnearby Katothyani streamaterand kales by
Atomic absorption spectrometridine composite soil samples each made of three replicates
from depth intervalsof 0-15, 1530 and 3860 cmof Kaunda, Industriabrea and Mwangi
siteswere collected bystratified random sampling andxtracted sequéially to ddermine
forms. Forms of Pb and Zn were mainly oxides and organic type. The water soluble and e
changeable fractions were associated with the garage soétatwely low concentrations
with Pb and Znn these formgontributing less than 5% and 2.6%spectively of the total of
each metalextracted. Total heavy metal concemations (ppm) in soils ranged between
1.61+0.02 to 69.19%14 for Ph 1.61+0.02 tdl1.514#.01 for zh and Cd was belowletectim

limit. The mobility factors of lead in the top kprofiles ranged between 4 Z0and 1069%

while those of zinc were bgeen 9.20 % and 15.74. Levels of the metls in Katothyani
streamobtained ly random samjuhg and irrigated kalesbtained purposivelyere also d-
termined. In kales the highestean concentrations of Pb, Cd and Zn were: 0.03+0.04,
0.01+0.01 and 1.62+0.02 ppm respectivdlge mean Plzoncentrations for water samples
ranged between 0.00#1 aml 0.1440.04 ppm while Zmean concentrations were between
0.00+£0.01 and 0.92+0.01 ppm with Cd being below detection IAOVA, SNK test
showed significant differences in mean concéitns of Pb and Znn Industrial area and
Mwangi sites with respect to depffhis meant that activities at garage sites caused change in
concentrations with deptin Kaunda garage, the mean concentrations for lead weregaot si
nificantly different while the ma&n concentrabns for zinc weresignificantly different for the
three soil profil es f r ac tPearsonaprodudt ménpent Goa€l 5 ,
tion of water soluble and exchangeablefi@ns with the total metalshowed negativeoere-
lation. Thisindicatesthathigh concetration of heavy metals in garage soilsedmot necs-

saily infer their mobility and therefore their bioavailabilifyhe stream and garage soils are
slightly contaminated witlespect tdead while the kales contad all metals within tole

able levelsDue to variation of mean concentrations of Pb and Zn with dapthn evidence

of surface pollutionthere isnot onlyneed torelocate garages from the town centre but also
to plant indigenous plant species affectel soils to mop up the bioavailable heavy metal
forms



CHAPTER ONE: INTRODUCTION

1.1 Background I nformation

In industrialized countries, a garage is an enclosed area of land set aside for repai of aut
mobiles(lwegbue, 2007)In Kenya, the concept of garages is however different as it refers to
an open place where the activities of repair and maintenance of motor vehicles take place.
Many of the open air garages are characterized by poor waste management piactices
Kenya vehicle imports have been on thpsurgedue to their increased demand with most of
them being secondand from Japan (UNEP, 2006)sarage sil pollution associated with
spilling of automobile wastes hast been reported in Keny&tudies reported haveccea-

trated m emissions along busy highways (Onyral, 1991; Wanjala, 2009)

When an automobile is runninthie engine oil, transmission oil and hydraulic fluid collect
heavy metal debris due to frictional weaftie amount of frictional wear and tear however
depends on the age and conditions of the engine and transmission systems. Recyating of e
gines and gear boxes further increase theumt of tear and wear resulting to increased- co
centration of heavy metala used oil.Many of the automobiles in rurareasand middle

level towns are old and are often repaiesdl serviced in open air garages (Cooke, 2000;

Kumaret al, 2002).

Although many developing countries embrace the use of unleade@dtieities & auomo-

bile garages and service centres continue to add heavy metals to the environment. This is due
to poor handling of garage waste and a number of vehicle maintenance operati@ns that
harmful to the environmenSome of the waste generated from gagirtludes oldpaints,

batteries, fluorescent tubes, waste electrical and electronic equixleatist systemspent
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engineand transmissionil, worn outtyresandphotochemicabherosolgGarcia and Millan

1998).

Spent egine oil in particular 8 amixture of several different chemicalsat reach garage
soils directly(Awofolu, 2005. Thesemclude low anchigh molecular weighaliphatic hydo-
carbons, aromatic hydrocarbons, polychlorinated biphenyls, chlorodibenzofurans, lubricative
addtives, decomposition products and heavy metal contamisantsas aluminiungopper,
chromium,iron, lead, manganese nickel tin and cadmiuange amounts of spent engine oils

are liberated into the environment as the motor is serviced, and disposetthedigimund

(Garcia and Millan, 1998wofolu, 2005.

During the rain season, the waste from garage soils is swept to pollutewagte!f water

from these water ways iused for irrigation, the irraged crops bioaccumulatke contani-
nants ad more esgcially heavy metalsAwofolu, 2005. Research has shown that kales a
cumulate highest quantities of heavy metals than other green vegetables (Githalku
2010). In a research conducted in Kibera and Maili saba in Nairobi Kenya, it showed that
rigated kales had accumulatedead as high as 29.06mg/kg and cadmium as high as
5.78mg/kg in their leaves. Othgrigatedleafy vegetables like black niglshade and arrow

roots had accumulated lower levels in theavies on the same soils (Githukual,, 2010).

The absorption of heavy metals by plants growing on polluted soils is closely related to the
forms (chemical species) in the soil matrix (Annex, 200@pending on their origin, heavy
metals are in different mineral forms and chemical specias of interestn environmental
analytical chemistry because the behaviour of heavy metals in natural systems depends on
forms as well as the amount pres@fabala and Sing, 2001%ince the heavy metals exist in

different forms in the soil, their ¢&rmination is usually performeasing sequential extra
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tion. The proceduresmvolve subjecting a solid sample (soil or sediment) to successive a
tacks with reagents possessing different chemical properties (acidity, redox potential, or
complexing propertyin which each extractadissociates part of the heavy metal bound to it

in order ofincreasing destructive ability (Wasayal, 2001).

To assesthe reactivity of the species or binding forms, of heavy metals in solid matdeals,
Tionised wate various extraction media electrolytes (Ca@l MgCl, ), pH buffers of weak
adds (acdic or oxalic acid), complexing agen{ammonium acetateEthylenediamie-
tetraacetic acid), Reducing agent (Hydroxylammonium chlow@ahe) oxidising agents (H

drogenperoxide, concentrated rid acid) have widely been used (Bouchareoal., 2005).

One of the most popular methods of operationally defined speciatssrjuential extcéion

by Campbell and Tessi€t987). This consists of five steps in which thestals are disthi-

uted in the differenphases. So far, a six step geqtial extraction procedure which is a
modified CampbeHlTessier procedure has been applied to soils and sediments to fractionate
metals by using different reagents to obtain more usefioimation (lwegbue, 2007Yusuf,

2007). The fractions obtained in a six step extraction include: water soluble, thexsalt e
changeable part, the carbonate bound fraction, the oxides (easily reducible), the organic
bound (easily oxidisable) and the restifracion which is obtained usingstrong oxidising

agent (lIwegbue2007).

1.2 Problem Statement and Justification

Lead, zinc and cadmium can cause poisoning when taken at levels exceeding the defined
maximum contamination \els (MCL) set by worldealth organisation (WHOT.hese heavy

metals have been identified to be found in garage waste. All over the world, due to phenom

nal increase in the number of autos, the number of garages has also multiplied. Many of these
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garages do not have any elemeptschemes for disposing off mats generated while se
vicing vehicles. Almost all waste is thrown directly to the environment to contaminate water

either by percolation or surface runoff (Annex, 2000).

Machakos isa rapidly growing town. It has a Higvehicle @nsity as it ishe major town in
Machakos countyand the main connection route to Kitui and Makueni counties. Maen
garages have been set up for repair of automobiles adettmand for the service is high.
Much of the land on which the opgarages are situated is moderately sloppy and this e
courages soil erosion. the vicinity of the garages and about fifty metres away is Katothyani
stream into whicltontaminated raiwater from the garages is drained. This water is used for
irrigation d kales grown along the stream. It therefore believed that the kales receive pollu

ants including heavy metals from these garages.

Studyin Nairobi have shown high levels of these metals in garagfesmeansranging le-

tween 6241 659 mg/kg(Onyari et al, 1991), however the chemical forms of these heavy
metals have not been identified in garage soils hence the need for this study. The purpose of
the present studwastherefore to determine forms of lead, zinc and cadmium in the garage
soils of Machakos ton by sequential extraction as wedl tneir levels in irrigated kalesd

water inkatothyanistream. lthelped determine whether their levels exceed the defined MCL

hence assesdthe contribution of garage waste to environmental pollution.

1.3Hypotheses
i.Levels of Pb, Cd, and Zn in Kaunda, Mwangi and Industrial area garage soiighare h
and in bioavailable forms.

ii.Katothyani stream and irrigated kalesntain high levels of cadmium, lead andczin



1.4 Objectives

1.4.1 General Objective
To determine forms of selected heavy metals at garage sites of Machakos town and-their le

els in hie nearby stream and irrigated kales.

1.4.2 Specific Objectives
I.  To determine forms of Pb, Zn and Cd at garage soilglaxfthakos town byes
guential extraction.
ii.  To determine levels of Pb, Zn and Cd in neakayothyanistream and irrigated

kales.

1.5 Scope of tle Study,Limitations and assumptions

The study covered only specific garage sites of Machakos town, a retia@dy and irrigated

kales. Analysis involved only three heavy metalggaragesoils, water and the leaves of
kales.Changes in forms and concentration due to seasonal variation westudied.This

was due to inadequate time dnthnce.Ilt was assumethat pollution was only due to waste
generated from the automobile garages and that the heavy metals were washed to katothyani

streamby surface run off.

1.6 Significanceof the Study and Expected Output

The present studgissessd the forms of heavy metals in soil as well hsit availability in
water and irrigated kale§he results obtained are nohly relevantto the community in
Machakos but atsto the n#on. It assessd the contribution of automobile waste to heavy

metal mllution in garage soilend determing the forms in which these heavy metals are
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found Although the concentrations of Pb, Zn and i@dkaleswere below their MCLs, the
results indicated an increase in concdidraof the various forms with depthence a eu-
dence of surface pollution with heavy metals by garage wakése results are imgant as
they suggest that activities at garages cause an increase in heavy m#ialsai andcan
assist in policy formulation and sensitisation of the commumityharmful effects of poor
automobile garage waste managemblgicessary measures can therefore be taken to control
the disposal of the garage waste to the environment and by instituting proper waste handling,

disposal and recycling practices.
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CHAPTER TWO : LITERATURE REVIEW

2.1 Introduction

Although total heavy metal content in soils provides a convenient means of expressing a
measure of pollution, numerous reports have highlighted that such measures are deficient in
predicting toxicityof metal pollutants (Yusuf, 2007). Heavy metals may be distributed among
many components of the soil or sediment and may be associated with them in different ways
(Harrisonet al, 1981;Ma and Rao, 1997; Kabala and Singh, 2001). The nature of tlis ass
ciation is referred to as speciation. Thus, the chemical form is of great significancerin dete
mining the potential bi@vailability and remobilization of the soil metals to other compar

ments (such as water, plants and biota) when physicochemical condrdiasourable.

2.2 lead, Zinc and Cadmium in Soil, Water and Plard

Heavy metals once released to the environment can enter can enter food chain and water.
The Soil actsas long term sink for heavy metals which have residence times ranging from
hundreds to thousands of years depending on the element and soil properties (Kaara, 1992).
They are able to adapt to adapt to variable chemical properties of the environmert2Higur
shows how heavy metals circulate by both natural and anthropogenic processes to reach air
soil and plantsPlants accumulate these heavy from soils and partly from water and air which
later move to animals and especially to man causing adverse éiéadiis (Cooke, 2000). As

figure 2.1shows, one of the sources of heavy metals for soil pollution is from motor vehicle

emissions.
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A
water
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Power ge-
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coal,wood, o] Plants
oil. \

| \
Food

Dusts/Paints
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»
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Source: (IPCS, 1996)

Figure 2.1: Exchange of heavy metals among air, soil, water and plant

Natural uncontaminated#s cortain betweerl5-40 ppm of lead with no detrimental health
effects. The greatest concentration of lead is in the top one to two inches of the soil (Grosse,
1986; Denise and David, 2001). Particulate from automobile emissions of size less than 5 um

have the highest coantration of heavy metals and therefore of greatest hazard to health
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(Alchlabi and Hawkr, 1997; Teevan and Shantaral®99). Waterfrom different sources
containdifferent levels of lead but drinking water level should not exceed 0.05 mg/l (Annex,
2000).Zinc is contained in soils at levels of approximately 50 ppm. Zinc levels in Kenya
gion soils have been found to be-360 pg/g and permissible levels of zinc in drinking water
is about 50 mg/I (Ofuset al, 1999; Annex, 2000). Cadmium in Kengggionsoils has been
found to be 0.22.5 pg/g (Ofuscet al, 1999). The levels of cadmium in drinking water

should not exceed 0.005 mg/g (Annex, 2000).

A number of factors influence the concentration of heavy metals on and within plants. These
factors include lamate, atmospheric deposition, the nature of the soil on which the plant is
grown and the degree of maturity of the plabake et al, 1987 Grimaniset al, 1996

Soott and Keoghan1996. The nature of the soil is one of the most imporfaaotors in @-
termining the heavy metal content of food plants (Itanna, 2B@ggiraet al, 20028). How-

ever the heavy metal content in plants can also be affected by other factors such as the appl
cation of fertilisers, sewage sludge or irrigation withsteavater (Mangwayana,1995
Schmidt andDevkotg 2002 Frost and Ketchuen, 2002. Heavy metal contamination ofja
ricultural soils can pose loAgrm environmental problems and is notheut health implia-

tions (Chumbley1982 Femuson, 1990Cook et al, 199§. When the metals are derived
from anthropogenic sources, this can strongly influence their bioavailability as is the case
when metal contaminated water by garage waste is appliedgrioultural land (Annex,
2000. Although the concenttimn of heavy metals in different plants growing in the same
environment vary, the allowed concentrations of lead, zinc and cadmium in leafy vegetables

are, 0.3 mg/kg, 50mg/kg and 0.2mg/kg respectieiSEPA, 2002
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2.3Factors Affecting Toxicity of Heavy Metals
Metal toxicity is greatly influenced by intrinsic and extrinsic factors as well as the physiology
and ecology of the organis(hNordberg, 2007)EXxtrinsic factors which may individually or
collectively impact on the toxicity of a gamlar metal are temperaturelissolvedoxygen,
light, redox potential and salinity of the ambient environment. In addition to influencing the
form of the metal, these factors may also contribute to impacts on the physiology of the o
ganism. Concentration is ahetr factor. In case of essential trace metals requiretthéofa-
mation of haemoglobin, both a deficiency anetrsupply may prove to be detrimental &r u
timately lethal to the organism. For non essential elements, their presencedconicenta-
tion may be tolerated by the organism but with increasing levels, it may eventually prove
hazardous and lethal to the life cycle and development process. Extrinsic factors dither in
vidually or collectivelydecrease or increase the toxicity of a particular mgtahlanging the
physiochemical naturef the metal in liquid or solid medium and thus changing its avéilabi

ity and consequently toxicity.

The condition of an organism and its environment may greatly influence or facilitate the toxic
impact of a metal on particular organism. Influential physiological variables of an organism
impacted on by heavy metals include its entogenic stage, any major change in the life cycle
or process, its age, size, gender, nutritional state, physical and metabolic activighand b

ioural responses to contaminafitsckey and Venugopal 978; Nordberg, 2007).

Intrinsic factors that influence the toxicity of metals are highly complex and includerthe sy
ergestic and antagonistic effect$at is the physiological state or form ahow it acts sg-
ergistically with other heavy metaldletal forms encompass inorganic and organic species
and whether they are in solubler{, conplex ion, chelate ion or molecular state) or partic

late (colloidal, precipitated, adsorbed or absorloedfiguration.(Fergusson, 1990)
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2.4 Health Effects of Zinc, Lead,Cadmium and Treatment

2.41 Lead

Lead poisoning primarily affects the chemistry of the nervous system when the ML is e
ceeded. It also affects the red blood cells. Some oéffleets of lead poisoning are reduced

IQ, reduced physical development and neurological disordémswal et al 1999 CDC,

2004). An increased level of lead in the body is the leading cause of anaemia. Although there
is no safe and acceptable level of l&adhe bloodtolerable levelsn the bbod samples of
young childrerhasbeen set a0 pg/dl (Luckey and Venugopdl978; CDC, 2004). Lead

has no biological role in the bodlg mimics essential metals like iron and zinc when ingested
allowing it to bind with vital molecules thuslisrupingt hei r functiooni ng.
nounced in children under the age of six and can cause speech delay, hyperactivity, attention
disorder, reading disability, behaviour disorder, stunted growth, and cognitive deficit wh
may persist to adulthood (Needikal, 1979; CDC, 2004)Lead poisoning manifests itself in

the following ways:

2.4.1.1Lead asEnzyme Inhibitor

Lead coordinates with sulfhydryl groups enzymes. This causes an inhibition of enzyme
activity. Theclearest manifestation of the inhibitory effect of lead is the disturbance in the
biosynthesis of heme. The latter is the iron containing biomolecule that is precurser to ha
moglobin synthesig/hich isthe oxygen carrying pigment tfe red blood cells. Hhee is also

an essential constituent of the other respiratory pigments, the cytochromes which play key
roles in energy metabolism. The decrease in heme biosynthesis leads at first to detirease in
lifespan of red blood cells and later to decrease in timber of red blood cells. However,

the rate of production is less than the rate of disappearaheeefdre, in a person suffering
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from lead poisoning, immature red cells called reticulocytes and basophilic stippledoeells a

pearin circulation, causingnaemigBrycesmith, 1972Sodhi, 2006).

2.4.1.2 Effect of Lead on Kidney

Acute lead poisoningauses impairment of kidney functions. Lead tends to concentrate in the
proximal renal tubules liningThere is an increase in thess ofamino acids glucoseand
phosphates in the urine because the damaged tubular cells fail to absorb these substances as
completely as normal tubular cells do. The energy storage system of the body suffers

Exposure to milder doses of lead causes chronic nephriiseaseharacterised by scarring

and shrinking of kidney tissu&rycesmith, 1972Sodhi, 2006).

2.4.1.3Lead and Neurological Disorders

Central nervous system effects are the most serious manifestation of lead poisoning. Co
tinuous exposure to lead over a Igmgriod of time causes encephalopathy or brain damage
by two mechanisms. Firstly, the blood capillarieacteéng the brain start leakirapd cause
edemathatis swelling of the brain. There is not enough space to accommodate the swelled
brain within the periphery of the rigid skull therefore the brain cells get damaged. Secondly,
the cells constituting the motor nerve extremities are damaged and the cooiditeae m-

pulse is impaied. Symptoms of encephalopathy initiate with the onset of vomiting, ataxia,
periods of alternative stupor, and hyperirritability. Subsequently, these culminate imnaleliri

convulsions, coma and deaBrycesmith, 1972Sodhi, 20@).

2.4.1.4Behavioural ProblemsAssociated with Lead Poisoning
When a person is exposed to milder doses of lead, the neurogical damage manifests itself in
form of behavioural problems. In such cases the symptoms include excitement, restlessness,

insomnia nightmares, impairment of memory and loss of concentration. In adults fhese e
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fects are reverseahen the exposure tead stops. The pictureithr childrenhowever is very
different. In a few cases, childhood attackswihptomatic leaghoisoning carresult tohos-
tile, aggressive and destructive beloural patterns so that thereay eventually be need for
institionalization. In large number of cases children suffer because of dulling of mentation
and chronic hyperkinesis. The former is followed byadional abnormdiles, the latter by

an impulsebehaviour with a tendandg violence Brycesmith, 1972Sodhi, 2006).

2.4.15 Reproductive Problemof Lead

Women employed in pottery work where exposure to lead is high are more liable to be sterile
than those in general population. If they become pregnant, the pregnancy is more likely to
result to miscarriage or still birth. If the child is born alive, thera higher infant mortality.
Plumbismin father also affects the survival, vigour and fertilization of the offspriins

means that many of the males working in automobile garageat risk of becoming sterile

(Brycesmith, 1972Sodhi, 2006).

2.4.1.6 Teratogenic Effectsof Lead

Children born to women who are exposed to lead during pregnancy suffer from convulsions

and a form of macrocephaly characteribgdh square shaped head. It has also been observed

that children born to women who suffered from plumbism, during their childhood may also
show birth defects. This means that a girl growing up in a lead polluted environment might
years laterpass that let to her offspring (Sodhi, 2006[puring adolescencehé¢ lead b-

comes concentrated inhe girl 6s bones. During pregnanc
womands bones and passed to the blood strea
developingem r y 0 6 s . Is thie proeds, dead also comes out of bonesosses the at

centa and enters the foetus whérelicits teratogenic effects (Brycesmith, 1972Zd§i,

2006.
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2.4.1.7Treatment of Lead Poisoning
The treatment of lead poisoning is carrad with potent compounds called chemotheuwape
tic agents. These compounds tend to sequester lead from the body tissues and bind it in form
of soluble complexesin soluble form, lead is excreted through the kidney. Initially two

agents are admistered byinjection: British antilewisite (BAL) and ethylem@amine

British antilewisite

CH,COOH

2
HOOCH,C. _C_ _N._
N ¢" "CH,COOH

|
CH,COGH
Ethylenediamine tetraacetic acid

H,N. .COOH
CH
H C)[\CH
3 SH 3

D-penicillamine

tetraacetic acid (EDTA)With these complexing agents, very high tissue levels of lead are
reduced to levels approaching normal and the adwedfsets on metab@m are suppressed.
After the lead level has been reduced, another chemotherapeutic agemidillamine may

be administera orally as a followup therapy (Jones and Pratt, 1976; Sodhi, 2006).

2.4.2 Cadmium

Cadmium ranks among the most toxic elemeittaccumulates in the duodenum, liver and
kidney tissues and is dgerous even in small quantgielts accumulation in the body can
cause cardiovascular, renal and reproductive dysfunctions. The acute effects on oral intake of

cadmium are; excess salian, nausea, vomiting, abdominal pains, diarrhoea and vertigo
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while large doses may lead to loss of consegiess (Sodhi, 2006 The dramatic toxic effect
of cadmium is the development of itai itai disease, where the outcome is osteomafacia (so
tening ofbones). The early signs of the problem are joints lumbago pains and pseude fractu
ing of bones. Cases of high blood pressure have also been attributed to cadmiitgn toxic

(Fergusson, 199Wordberg, 200)

2.4.2.1 Cadmium Poisoning

Consumption otadmium contaminated food causes enzyme poisoning. Cadmium displaces
zinc in many vital enzymatic reactions resulting in disruption or cessatiantivity. This

leads to acute gastemnteritis. Epideomologic studies indicate that workers engagediin ca
mium related work are more likely to suffer fropnostrate and nasopharynx cancers than

their counter parts engaged in other activiflesrgusson, 1990).

2.4.2.2 Natural Removal of cadmium from the body

Nature has provided a mechanism to protect humans against chronic exposures to low levels
of cadmium. Human bodies contanchelating agent called metallothionein which removes
cadmium and other metals from the body. It is a metal containing proteimevitially @p-

per and zinc on its structure. The metal free protein thionein, has a molecular weigbtiof
10,500 and 26 sulfhydryesidues for binding and subsequently removing toxic heavy metals.
Cadmium as well complexes with metallothionein througlfhgdryl functions and is then

quickly removed through uringodhi, 2006).

2.4.2.3 Treatment of CadmiumPoisoning
If the ingested amount is too high, one can not solely rely on natural means of recovery.
Unlike lead cadmium can not be removed using BAL. This is because the reagelmates

to cadmium present in different tissues and transfers the entire complexadanthe kil-
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neys. Other than being eliminated from the body, the complex dissociates in the kidneys and
damages this organ. As a result the condition of the person worsens. The most effeetive ch
lating therapeutic reagent for cadmium is EDTA. This reagbelates with cadmium for

ing a stable and soluble complex that is rapidly eliminated from the (Smdihi, 2006).

2.4.2.4Control Measures for Cadmium Pollution

Modern zinc plants are endowed with electrostatic precipitators so asttwmecapdmium

rich particulatesThe waste water from the extraction plant before being discharged into the
aguatic system is passed through ion exceendpr removal of cadmium. In the iox-e
change resincadmium eghanges withmore soluble and non tox@ation. Phosphate based
fertilizers are treated before being sprayed on agricultural lands to remove cadmdim. Ca
mium enters the vegetation only if the pH of the soil is within the acidic range. Liming of soil
to increase itpH is an effective way of tyip up cadmium as an insoluble hydroxide and
metals. Unwanted cadmium containing utilities are now not dir@atiperated instead they

are subjected to waste separation technologies to isolate the cadmium ddrgesgdmium

free waste is incenarated Whihe separated cadmiumimsmobilised by vetrification (Alb-

way and Ayres, 1993)

2.4.3 Zinc

2.4.3.1 Zinc as an essential trace element

Zinc is required by both plants and animals in small concentsatiois a component ofre

zymes which play keyoles in growth, for example alkaline phosphatise and carboxy- pept
dase. In humans its deficiency can cause delayed sexual maturity (Sorenson and Tepper,

2000).
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2.4.3.2 Effects of excess zinc in the human body
The free zinc ion is a very powerful Lewasid. Stomach acid contains hydrochloric acid in
which metallic zinc dissolves to give corrosive zinc chloride (Prasad, 2003). It can eause s
vere hemolytic anaemia as well as liver and kidney damage. Vomiting and diarrhoes-are po
sible symptoms of zinc &oning. Zinc can also damage nerve receptors in nose which can

cause anosmia (Prasad, 2003; Hambidge and Krebs, 2007).

2.5Sources of Heavy Metaldor Garage Soil Contamination

Due to phenomenal increase in the number of autos, garage sourced \abssieois then-

crease. This waste incluslevaste oil, lubricants, discarded dilters, tyres, acid batteries
paints, gas filters, brake pads, bearings and nuts. Heavy metals from the waste contaminate
water through percolation or surface run off (Bow&®79; Annex, 2000). Bearings, races,

nuts and bolts are cadmium coated and are used widely in the construction of cars. Cadmium
also protects junctions between different metals (Fergusson, 1990). Alloys contaithing ca
mium are also used in bearings; (Cd 9%b1%). Pigments containing CdS are also used in
paints because they have high stability to heat and UV radiation and do not dark&h in H
atmosphere. Their colours range from yellow to red (Fergusson, 1990; Annex, 2000). The
automobile industry uses g proportion of lead in car battery and in solder and theiprinc

pal use of lead is in lead accumulators. Oil acquires too many impurities in the process of
combustion or compression, including heavy metals. Cadmium is also used in certain exotic
lubricans and finds its way to oil (Annex, 2000)he toxic effect of metals depends not only

on total concentration but also the form of the metals. Soluble forms of the aretaire

toxic than non soluble ond&abata and Pendias, 1992). Garage wasjetherwith waste

from other industries can contribute to high levels of these metals in soils and rivers hence

need for this study.
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2.6 Sequential Extraction Techniques
The analysis of heavy metal species in soil, dust or sediment, can be undertaken by either
acid digestion or sequential extraction techniqu&salysis using acid digestion allows the
analyst to ascertain the total content of heavy metal contamindtowever, it is insuff
cient when assessing the environmental impact of the contaminatemt seiliment, since
the chemical form which the metal is in will determine its behaviour and meobgity and
bioavailability. Although several extraction schemes for soil and sediments have been d
scribed, selective sequential extraction procedures are commonly used for studying chemical
mobility and availability in soils since such procedures provide gqualitative information on
forms, associations, bioavailability and potential harmful effects ibfnsetals as well as a
guideline in the choice of remediation technologies (Aboéihal, 2002). These heavy me
als end up in water and are absorbed by plants when the water is used for irrigation (Sopper

and Kerr, 1979; CDC, 2004).

Sequential extraain procedures, based upBissonet al (1979), Yusuf (2007), and lwg-

bue (2007)are useful in assessing the relative geochemical forms that may be present in the
sample bimg tested Sequential extraction techniques use successive chemical extractants of
various types in order of greater destructive ability and therefore possess greater sensitivity
than a single extraction procedui@peci fi cally defined O0speciat
difficult due to umerous environmental variables (Kabala amhBj 2001) Consequently,
operationally defined &éspeciationbé6, usi ng se
for assessing geocheralcforms in soil and sedimenHérrisonet al., 1981; Ma andRao,

1997). Fractionation by selective chemical extraction removes or dissociates a specific phase

with the associated metal bonded toThe geochemical fractions most commonly analysed

for are:water solublegexchangeablehound to carbonates, ironamganese bounarganic
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boundand re&lual for Yusuf, (2007) as well as Iwegbue, (20@f)d the exchangeables-r

ducible, oxidsable and resigal for Bissonet al., (1979)

2.7 Mobility and Bioavailability of Heavy Metals

It has been suggested that mobility and bioavailability of metals decrease apparently in order:
water soluble > exchangeable > carbonate bound-Mr-exides bound > organic bound >
residual (Wasagt al, 2001). The water soluble, exchangeable and caabt®iound fre-

tions therefore indicate the forms in which metals acstnavailable for plant uptakand

metals retained in the residual fraction are expected to be immobile in the soil.

2.8 Methods of Analysis

Some methods used in heavy metal analysis are AAS, EDXRF and ICP (Fergusson, 1990;
Abolino et al, 2002).For analyss of various fractions obtainday sequential extraction,

AAS, ICP-MS and ICP AES are use@wegbue, 2007)ICP-MS and AAS are most preferred
because they are not prone to polyatomic interferences and are less affected by pratrix su
pression (Harrisort al, 1981).The methodsed in he present study for analysis wa8S

due to its availability. AAS is simple, sétige and selective and has the advantage of being a

fast method of analysis (Katz, 1984).

2.8.1 Atomic Absorption Spectroscopy

This technique was introduced for analytical purpose by Walsh and Alleemade,iVithaz

year 1956under the designation Atomic absorption spectrosddrdberg, 2007) It is

found to be superior tother techniques as it can be used to determir@05€lements from

trace to large quantitieft involves use of a flame to convert the sample into &teens of

the element being analysed. A beam of monochromatic radiation is passed through these a

oms from a hallow cathode lamp source of a wavelength specific to each element.tThese a
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oms absorb radiation in proportion to the number in the flame. Abstesrelated tacon-
centration byp e e r | &\wmin @hich é@bsorbance is directly proportional to the conce

tration of absorbing species.

2.8.2 Principle

The sample is first converted into an atomic vapnd then the absorption of atorwapaur

is measured at a selected wavelength characteristic of atoeash element. The amouwit
light absorbed is determined because the absorption is proportional to the concentthgon of

element.

2.8.3 Instrumentation

2.8.3.1Radiation Source

Hollow cathode lamp is widely used. It is a thick walled glass tube with a transpéameitv

at one end. Tungsten wires are sealed into other end of the tube, which acts a®tende.
wire is attached to a hollow metal cylinder which acts as cathode. Thestfilbed with he-

lium or argon at 2 mnYHg pressure.

Anode\ glass or pyrexvindow
~ — \\ N _
— S / / Z )

Holfow cathode lamp

Glass shield Ne or Ar at 15 torr

Figure 2.2 Radiation source. Hollow cathode lamp
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2.83.2 Atomizers
It is the one which introduces the spray into the flame. Atomization refdoseaking the
sample in solution into gaseous atorikere are various methods of atomizatithre first
one being flameatomization in whichie burnerand a nebulizer help in the atomization of
the element. The flame poduced in the burner where the combustion occurs and an atomic
vapaur of the element to banalyzed is produced. The selection of flame temperatune-is i
portant for atomizaionWhen itis low, atomization will be incomplete. When ithgh, the
atoms may be ionized. A second type of atomizatiorraplgte furnace atomizatiodt is
used in graphite furnace atomic absorptgpectroscopy. The atomizer mag elongated
along its axis to increase the distance betwbenoptical path and the sample deposition
point. The elongation of atomizer increases dhalytical sensitivityOxidants and fuehre
also usedo provide energyor atomization process:uels used are hydrogepropane, b-
tane, acetylene and natural gaslthe one which iswidely used isacetyleneOxidants used

are air enriched with oxygen, oxygand nitrous oxide.

Table 2.1 Flame and Flame temperature requirement

Flame Temperature Examples of elements analysed
Air 1 Coal gas 1800 Zn, Cu, Cd, Pb

Air i Propane 1900 Volatile and noble gases

Air i Acetylene 2300 Sn, Ba, Cr

N,O 1 acetylene 2955 Al, V, Tp, Bi, Se
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2.8.3.3Monochromator
It is important that this instrumerite capable of providing a narrow band witlthseparate
the line chosen for determination frorther undesirable lines. Usuallyatings or prismsre

used

2.8.3.4Lenses and slits

They are used for theolation of required spectral line from the total spectrum.

2.8.3.5Detectors
Photo multipliers areommonlyused as detectors. In some instruments two filters and two
detectors are used to compensate thdéuaions in the outpuiThe output ophotomultiplier

is taken to amplifier which helps in source modification.

2.83.6Read out device
A chart recorder is used as a read out deicechematic diagram showing the components

of an atomic absorption spectrometer is given in figure 2.2.

Hollow

Flame

_ monocho- Detector
cathode @ nelulizer ™ mator > and read
lamp unit out

Figure 2.3Schematic diagrammatic representation oAAS

2.8.4 Working of the instrument
A blank solution is sprayed into the flame and the metadjssted for zerabsorbance or

100% transmittance. Now the solution under investigation is sprayedidhes in excited
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state absorlgertain part of light resulting in decrease in transmitted lighhanease in la-
sorbed light falling orphotomultiplier. This gives a deflection in the meateedle, with the
help of standard graph, the concentration of a particular element saitge can be dete

mined

2.85 Interferences
Though atomic absorption spectrophotometers are free from dpattréerencesthey are
prone to chemicalnterferencesNormally in AAS, chemical interferences could occur, due
to the nature of the ionavolved. For examplethe phosphate ions interfere with the dete
mination of calcium ananagnesium. The reasontlse formation of phosphates of calcium
and magnesium, whigbrevents theeasy breakage of Ca and Mg atom® the flame. This
interference could beeduced by the addition of salt of lanthanum or thorium. These salts will
form a bond withphosphate ionsTherefore the calcium and magnesium ions can be-dete
mined easily.The second type of interference anization interferencavhich also ocar in
AAS along with chemical interferences. Suoterference occurs when the free metal atom
undergoes ionizatioasfollows:

M g—> Mg +€
This occurs with alkali metals as they need very low energy for their ionizatiodeibaizer

or a radiation buffer is added, then this type of interference may be ovedcoimganalysis.
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Research Design

The studydesignwas experimental. It aimed at determining forms of Pb, Cd and Zn in
Kaunda, Mwangi and Industrial area garage soils as well as their levels in water and kales
along Katdhyani streen of Machakos town. Soil sampling was done in the dry nsooth

July to September by stratified random sampling, water sampling in the rainy sradric-

tober toDecember by systematic random sampling and kales in the dry sradritanuary to

March after they had been irrigated with water from katothyani str8arthsamples unde

went sequential extraction to obtain six fractipes samplevhile the water and kale samples
were subjected to acid digestiddetermination of heavy metal contantthe samples was

done using AAS and data analysed by ANOVA.

3.2 Sampling Sites
Samples for analysis were collected from Machakos main garage sites and along the nearby
katothyani stream. The garageserenamely, Industal area, Mwangi and Kaundahese are

the most spaciouand the busiest garageehey have also servéar over twenty years

3.21 Industrial Area
This site is located to the western side of Machakos town. It has &elexwking space and
moderatecarrying capacity. Apart from the automobile repair work, a section of it is reserved

for dumping of old damaged vehicle parts. It is on a flat surface of land.
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Figure:3.1 A map of the sampling area

Figure 3.1 shows a map of the posisarf Kaunda, mwangi and Industrial aggrage sites
relative to katothyani stream hand Machakos bus terminus. It also shows Madkiakos
road (C97 alongside which the garage are situated.

3.22 Mwangi

This garage site is to the eastern side of Machakos town. It is on the entry point to Machakos
from Mbooni and Kitui. It is the oldest garage in Machakos fzexsi been in operation since

the colonial era Although it has a moderate parking space, it is usually a busy site owing to

its proximity tothe Machakos bus terminus. It issa on amoderate slope

3.23Kaunda
It is located to the eastern side of the town and adjacentto Mwangikit 6 s al so on a

ate sl ope. Il t 6 s 0 n Kayothylani $treayn amdemuch eofsthe aligscarged f r o
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waste end up inhe stream. Soil had recentlgdn spreacénd the groundlattenedby the

automobile garage ownbefore sample collection.

3.3Sampling

At each garage site, samples were collected by stratified random sampling design:- This i
volved subdividingeach garage site in to cells (10m byr)Ovith each cell denoting arsa

pling pont and soil samples collected d¢pths of €15 cm, 1530cm, and 3860 cm.The
samples at the same depths at each garage site were combined to form a represemtative sa
ple for the horizon. This was done to avoid bias and give a good representation c-each g
rage site. Soil sampling was done during the dry seabdnly to September to avoid rain
washing of the heavy metals. A soil trowel and a tape measure were used for soil sampling.
After sanpling samples were placed in plastic containers and sealed to avoid contamination

and taken to the laboratory for anagys

Water samle were collected byandom sampling along the Katothyani stream. This i
volved selecting a point near the source at randodwater samples collected at intervals of
100m fiom each othedownstream durig the wet season of Octoberecembefn=20).

Kale samples were collected purposively at their growing points along the stream. Biisis b
cause they were not evenly distributed at their growing points adjacent to the stream. Sa
pling was done during théry spell January to March aftéhey had been irrigated with the

stream water

3.4 Cleaning of Glassware andsample Containers
All sampling containers and glassware to be used were washed in detergent then soaked in

50% nitric acid for 24 hours to leach out adsorbed metal ions (AF¥398)1They were then
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rinsed in tap water followed by dmnised water before drying in a dust free area.The bottles

were then packed and sealed in separate bags.

3.5Chemicals/ Reagents.
The reagents used for chemical analygere from (BDH Chemicals Ltd. Poole Englaadyd

were purely analytical grade.

3.6 Preparation of Standard Solutions
To make zinc stock solution, 1 g of analytical grade granulated zinc metal purity (99.9%) was
dissolved in 30 mL of 5 molarydrochloricacid. This was then diluted to 1 litre mark using
distilled deionised water. The desired concentrations were prepared by serial dilution using
the formula
CiVi= G V3

Where V; is the volume of the initial $ation to be diluted and {ds its concentration. ¥is
the expected volume after dilution angi€ the expected concentration. For example & pr
pare 50 rh of 500 ppn from 1000 ppm we require 25 nalf the latter. That is:

1000ppmx \{ = 500ppmx 50 ml

V1= (500ppm x 50ml) £1000 ppm

Vi=25ml.
Lead stock solution as obtained from spectroscogiade lead nitrate (BDH Chemicals Ltd.
Poole Englad). To prepare 1000 ppm, 1.5980f lead nitate wasdissolved in 100 ml of
deionised wadr. The solution was diluted to one litre in a volumetric flask using mor@-deio
ised water. The desired concentrations were prepared by serial dilution as described for zinc.
To prepare ateck solution of cadmium, 2.03% of analytical grade cadmium chide was
dissolved in 250 ml deionised water. This was diluted to one litre in a volumetric flask. From

the stock solution, standards were prepared which ranged from 0.01 to 100 ppm. In each of
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these cases, the stock solutions were stored in polyethyléthesito minimize loss of the
metal through adsorption. Standards were freshly prepared each time an analysis was to be

carried out.

3.7 Preparation of Solutions for Sequential Extraction
3.7.1 MagnesiumChloride
One molar magnesium chloridelutionwasprepared by dissolving 9pof magnesium clo-

ride in 250 mLof deionised water artthen diluting to one litre i volumetric flask.

3.7.2 Ammonium Acetate
One molar ammoniuracetatewvas prepared by dissolving &7 of ammonium acetate in 250
mL of deionised water and then diluting to one litre in a volumetric flask using deionésed w

ter.

3.7.3 Hydroxy Ammonium Chloride
0.04 molar hydroxyl ammoniurohloride was prepareby dissolving 2.78) in 250 mLof

deionised water and then diluting to oiteelof solution in a one litre volumetric flask.

3.7.4 Hydrogen Peroxide
30% hydrogen peroxideas prepared by diluting 300 nmdf hydrogen peroxide to one litre

of solution in a one litre volumetric flask using deionised water.

3.7.5 Ammonium Acetate
3.2 molar ammonium acetate waiepared by dissolving 246.@60f ammonium acetate in
250 mLof deionised water and then diluting to one litre in a volumetric flask using reere d

ionised water.
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3.7.6 AguaRegia
This was prepared by mixing concentratetitic acid and concentrated hydrochloric acid in
the ratio 1:4 volumes respectively. 200ml was prepared for extraction and it involved adding

40 cm® of concentrated nitric acid to 160 ¢of concentrated hydrochloric acid.

3.7.7 TwoPercentNitric Acid
20 mL of analytical grade concentrated mitacid were added to 980 nmdf water in a one

litre volumetric flask.

3.7.8 Two Molar Nitric Acid

126.78 mLof analytical grade concentrataitric acid was added to 250nof deionised \a-
ter andthe mixture diluted further in a one litre volumetric with more deionised walter.
specifications of the acid were as follows:

Molecular weight = 63.01

Essay =69 71

Specific gravity = 1.42 g/ cin

Mass of 1000 ml = 1000 x 1.42 = 1420 grams

Moles of ntric acid in one litre = (70 400) x (1420 + 63.01) = 15.78

Volume to be diluted to one litre = (21000) + 15.78 = 126. 7@L

3.8 Preparation of Blanks

In order to correct for background effects from the reagents used for sequential extraction, an
empty centrifuge tube was used for the six steps of sequential extraction. For the vegetable
and water blanks, 6% nitric acid solution used in the preparatithre samples was prepared

and treatedh a similar way as the sampl&bese were used to calibrate the instrument before

samples were introduced into the flame.
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3.9 Sample Preparation
3.9.1 Soil Samples
All soil samples were aidried,ground and passed through a 2 mm sigvey were further
dried in an oven at 150 °for 24 hours.Soil sample from each horizon at each garage site
was used to separate metals into six operationally defined fractions through sequential extra
tion. (Kabah and Singh, 2001; Iwegbue, 2007). To obtain the water soluble fraction (F1), the
soil sample was extracted with 20 nolf de-ionised water for two hours:or exchangeable
fraction (F2),residue of (Flvas extracted with 20 maf 1 mol L* MgCl,, pH 7 forl hour.
The third fraction was the carbonate bound fraction (F3), which was extracted from residue
of fraction (F2) with 20 rh of 1 mol L* NH,OAC pH 5 for 5 hours. F&In oxides bound
fraction (F4) was obtained fronesidue of (F3)y extracing it with 20 mL of 0.04 mol L*

NH,OH.HCI in 25% (v/v) HOAC at 96C with occasional agitation.

Organic bound fraction (F5) came framsidue of (F4) which was extracted with 15 wiL

30% H0, atpH 2 (adjusted with nitric acid) for 5.5 hours (water bath,®p After cooling,

5ml of 3.2 Mol L'* NH,OAC in 20% HNQwas added and shaken for 30 minutes before final
dilution to 20 mLwith deionised water. For residual fraction (Fégsidue of(F5) was
placed in a 250 miglass beaker and digested with 8 ndf aquaregia on a sand bath for 2
hours. After evaporation to near dryness, the sample waslded with 10 mlof 2% nitric

acid, filtered and dild to 50 mLwith distilled water.The solid phases (with an exceptiof

F6) were washed with 10 nmif de-ionizedwater before further extraction. The washes were
collected and analysed with supernatant from previous fraction. After each extractian, the s
pernatant was separated by centrifugation for 30 minutes. To verify the sum of the metal
recovered, in the sequial extraction, a separate total concentration, of Cd, Pb and Zn was
determined on the sub samples after aqua regia digestion. Quality control was assured by use

of triplicates and preparation of blanks (Fergusson, 1990; APHA, 1995; lwegbue, 2007).
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3.9.2 Water Samples
50 cnt of water sample was filtered using a whatman No 41 (0.45 nm pore size) filter paper
for estimation of dissolved metal content. 10°ash analytical grade nitric acid was then
added and the mixture heated on a digestion blockapagate it to about 25 chwith occa-
sional addition of few drops of analytical gradgOx After evaporation the solution was d
lutedin a50 mL volumetric flask with distilled water and filled to the mgkHunt and Wk

son, 1986; Grande, 1996; Paar, 1998).

3.9.3 Vegetable Sample

Kale samples wereiashed with tap water to remove adhering saitiglas and then rinsed

with distilled water The samples were thent into small pieces, air dried for 2 days and f

nally dried at 100 + iC in hot air oven foB hours (Kabata and Pendia892). The samples

were then ground and passed through a 1 mm sieve. Digestion involved measuring 1g of the
ground sample and placing it in a clean flask. To the flask, 5ml of analytical gradew$O
added and the flask plat®n a hot digestion block and.:®; added drop wise. The mixture

was then filteredrad diluted to 50 mlin a volumetric flask (Paar, 1998).

3.10Determination of Pb, Zn and Cd in samples

Determination of Pb, Zn and Cd in samples was da@ieguAAS technique (Spectr AAO
Varian Techtron Pty Ltd. Australia) interfaced to a computer. Calibration curves veere pr
pared from Zn, Pb and Cd standards by running different concentrations of the standard sol
tions. The spectrometer was set to zero by runrhegréspective reagent blanks. Average
values of the triplicates were taken for each determination. Samples were aspirated-into a n
trous oxide acetgne flame The detailed theory of AAS has been described in chapter 2. The

experimental parameters that eersedare presentenh the table 3.1
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Table 3.1 AAS Operating conditions

Operating parameters cadmium lead zinc
Wavelength (nm) 228.8 217.0 213.9
Slit width (nm) 0.2 0.3 0.2
Lamp current (mA) 3.0 4.0 3.0
Detection limit (ppm) | 0.01 0.0(b 0.009

3.11 Statistical Analysis

ANOVA test was carried out to find out whether there was significant differentleein
means of heavy metals at different levels of each garage site. Pearson product moment corr
lation wasused for correlation angis of the concentrations of heavy metals in soil, water
and kales. For samples with values below the detection limit half of the respective limit qua

tification was used to perform statistical analysis (Miller and Miller, 1984).
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Introduction

A sequential extraction procedure Sa#dwal, (1998) which is a modified version Bisson

et al, (1979) was used to characterize how the heavy metals are retained in.thieaoj
metals were analysed on the basfiglemental compositionf each horizon per garage site.
The results described in this gher are for garage soils collected in the profiles of three main
garages of Machakos and for watend kale sampleall cdlected from along nearby Kat
thyani stream. The garage sites are namely, Industrial area, Mwangi and Kaunda as described
in chapter 3. The soil samples were sequentially extractecmaigized for lead, zinc and
cadmiumbased on two parameters per sitenental composition per fraction in eachihor
zon and that of depth in the three soil profiles carsitl The analytical data fathe three
garage sites, water and kales are sansed in the tables 21 to 45.2 and graphical regr

sentations of mean lels are shown in figures2i1 to 44.2

4.2 Formsof Heavy Metals in the Soil Profiles of Garag&ites

The mearlevels ofthe various forms in the various horizomere obtained asr@sult of c&
culating the aveage mean levebf each horizon fothe three horizons per garage site at
depths of €15 cm, 1530 cm and 3660 cm for Kaunda, Mwangi and Industrial area respe

tively.

4.2.1Forms of Lead in theSoil Profiles of the Three Garage Sites

From Table 41 the mean levelgppm) in the various form®f the upper soil profileg0-
15cm)ranged from 0.0% 0.01 to 0.74: 0.02 for Kaunda site, 0.G20.02 to 44.0& 0.03 for
Mwangi site and.00£0.00 to 17.92 0.06 for Industriabrea siteas indicatedin the seond

profile (1530am), the various lead levetangedfrom 0.00+ 0.01 to 1.03t 0.01for Kaunda
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site, 0.02+ 0.02 to 1.68t 0.02 for Mwangi site and 0.200.00 to 9.27# 0.05 for Industrial
area site. As far as thhird profile is concerned, thearious lead levels rangdcbm 0.02 +
0.02 to 1.68t 0.02 for Kaunda sitd).07+ 0.01 t03.02+ 0.02 for Mwangi site and 0.08
0.00 to 4.90+ 0.02 for Industml area. Tie forms of lead at the three garage sitespage
dominantlythe FeMn oxides bound and tharganiclayers wih theirhighest concentrations
being1.68+ 0.02 and 0.93 0.04 for Kaunda site44.08+ 0.30 and15.56 0.32 for Mwangi

site and 17.92 0.06 and 17.1& 0.28 for Industrial area.

The general trend is a decrease from the upper soil profile toottemn profile with an x-
ception of Kaunda site whose results depict a general increase. This could be due to the fact
that it had been levelled with soil before soil sampling andbitttom profile therefore

showed the highest concentration of the diffiéferms of lead.

The garage with # highest mean levels t#ad is the Mwangi garage recording the highest
concentrations of 44.08 0.30 and 15.5& 0.32 for FeMn oxides bound and organic bound
fractions respectivelyThe high concentratioof lead athis garage sitewas prolably due to

its long time ofoperation and because of being preferred to other sites owing to its proximity

to Machakos bus terminus.

The water soluble fractions and exchangeable fractions were relatively lower in ppm co
paredto the distribution of lead in thearbonate bound fracticior the soil profiles as et
picted in the table 4. Water soluble fractiofor the upper soil profile (A5 cm)wasas low
as 0.01+ 0.01 for Kaunda site, 0.02 0.02 for Mwangi site and 0.05 0.03 for Industrial
area sites respectively. On the other hand, the exchangeable fraeso0.1+ 0.01 for
Kaundasite, 0.14+ 0.04 for Mwangi site and 0.08 0.00 for Industrial areaite forthe top

soil profiles respectively. Comparing these to therithistion of lead in the carbonate bound
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fraction which was 0.0& 0.02 for Kaunda site, 5.980.02 for Mwangi site and 1.570.04

for Industrial areaitefor the same top soil profilesiggests very minimal contributidginany

of these two phases the mobility and bioavailability of lead. These results therefore suggest
low mobility and bi@valability for lead because it mainly distributedin the organic and

Fe-Mn oxides bound fractionsrusuf (2007) also found lead to be largely bound to the Fe

Mn oxides (reducible forms) as well as the organic fractions (oxidisable). Under oxidising
conditions, metals present in both natural organic matter (due to complexation and
peptization) and living organisms (as a result of bioaccumulation of meatals) may be
remobilised to the environment. Since the concentrations of these elements are not above
their MCLs it therefore means that these favourable conditions of reduction aaticxiare

not highly pronounce(Bissonet al, 1979).

The predominance of Hén oxides and organic bound fractions is in broad agreement with
the results reported by Kabatnd Pendias (1992) and Ranaisal . (1994) that found most

lead associated with the oxides fraction in their study of spanish soils, with only very small
amounts in the exchangeable and water soluble fractions. Although some lead was found in
the residual fraction, there are low chanceths fraction being mobile.This is because the
residual phase represents metals largely embedded in the crystal lattice of the soil fraction
and should not be available for remobilization except under very harsh conditierssults

for the mean levelsf the various forms of lead with depth profiee® shown in the tableX.

and illustrated graphically in figure 4.
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Table 4.1 Distribution of lead from different fractions of the garagesoils with depth

(ppm)
Water Exchangg-
Ga- Depth(cm)| soluble able (F2) | Carbonate| FeMn Organic Residual
rage(n=3) (F1) bound(F3 | oxides(F4) | (F5) (F6)
Kaunda | 0-15cm 0.01+0.01| 0.1+0.01 | 0.06+0.02 | 0.74+0.02 | 0.43+0.04 | 0.25+0.04
Site
1530cm | 0.00+0.01| 0.10£0.01 | 0.01+0.02 | 1.03+0.01 | 0.51+0.06 | 0.28+0.04
30-60cm | 0.02+0.02 | 0.12+0.03 | 0.16+0.02 | 1.68+0.02 | 0.93+0.04 | 0.51+0.04
Mwangi
Site 0-15cm 0.02+0.02 | 0.14+0.04 | 5.93+0.02 | 44.08+0.30 | 16.56+0.32| 2.46+0.02
1530cm | 0.07+0.01| 0.98+0.02 | 0.77+0.07 | 7.12+0.02 | 5.37+0.04 | 0.67+0.02
30-60cm | 0.07+0.01 | 1.01+0.08 | 0.63+0.03 | 3.02+0.02 | 2.23+0.06 | 0.41+0.04
Industi-
al 0-15cm 0.05+0.03 | 0.00+0.00 | 1.57+0.04 | 17.92+0.06 | 17.18+0.28| 1.81+0.03
Area site
1530cm | 0.06+0.02 | 0.00+0.00 | 1.48+0.03 | 9.27+0.05 | 7.18+0.04 | 0.74+0.02
30-60cm | 0.05+0.02 | 0.00+0.00 | 0.26+0.05 | 4.90+0.02 | 1.68+0.04 | 0.27+0.03

4.2.2Moblility Factors for Lead

Table 4.2givesthe mobility factors calculated for each soil profile at each garage site in

terms of the percentage of mobile phases relative to the total heavy metal content for all

phases in a horizoithe mobility factor of metals in soil samples may be assesed trasie

of absolute and relative of weakly bound fractions to soil compisn The relative index of

metl mobility was calculateds a mobility factor (MF; Kabala and Singh, 2001; Naretal

al., 1999; Salbweet al, 1998) on the basis of the followieguation.

MF = (F1+F2+F3) + ( F1+F2+F3+F4+F5+F8)100(Where F1 to F6 represents the various

formsin the order given in table 3. Since some metal formsxtracted in F3) are relatively

less mobile (more strongly bound to the soil compontats thoseextracted in F1 and F2),

the above index describdse potential mobility (Kabala and Singh, 200Ihe soil samples

had mobility factorsof lead as presented on table 472o0m the tablemobility factorsof
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10.99%, 8.80% and 4.20 for top most soiprofile for Kaunda, Mwangi and Industriarea

sites were obtainedrespectively. The MF values above 10% for this element Pb, is a
symptom of moderate stability in the soil samp{¥sisuf, 2007) Higher MF values have

been interpreted as symptoms of highility and biological availability of heavy metals in

the soils Ma and Rao, 1997/Kabala and singh, 20D1IMwangi site showed the highest MF

in the lower soil profile and the order of MF increased in the order Industrial Area
site’” Kaunda ewith®MMF diW.3a3k0g8.77% and 23%Z0respectivelyDue to
erosion, the lower soil profiles can also be exposed to surface run off. Because of the loose
soil on the upper profilef Kaunda site, the nearby Katothyani stream s at risk of receiving
lead fran Kaunda site due to its MF of near 10% in the lower profile.The site is also nearest

the stream and on a moderate slope.

Table 4.2Mobility factors of lead for each soil profile at each garage

Garages(n=3) | Depth (cm) F1+F2+F | F1+F2+F3+F4+F5+| MF (%)
. F6

Kaunda Site 0-15 0.17 1.59 10.69
1530 0.11 1.93 5.70
30-60 0.30 3.42 8.77

Mwangi site 0-15 6.09 69.19 8.80
15-30 1.82 14.98 12.15
30-60 1.71 7.37 23.20

Industrial Areal 0-15 1.62 38.53 4.20

site 15-30 1.54 18.73 8.22
30-60 0.31 7.16 4.3
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From table 4.3he mean levelsf zinc in thevarious forms ofupper soil profile of the three

garage sites ranged from 0.8@.00 to 0.72+ 0.01 for Kaunda site, 0.00 0.00 to 8.17+

0.00 for Mwangi site and 0.0& 0.00 to 5.18+ 0.08 fo Industrial area respectively. At the

middle soil profile, themean levels for zinc ranged from 0.800.00 to 1.05+ 0.00 for

Kaunda site, 0.0% 0.01 to 2.04t 0.01 for Mwangi site and 0.060.00 to 3.38t 0 .01 for

the Industrial area respectively. At the bottom soil profile, zinc means ranged front 0.00

0.00 to 2.61+ 0.01 for Kaunda site, 0.1 0.01 to 2.75t 0.01 for Mwangi site and 0.08

0.00 to 2.42 0.00 for the Industrial areaspectively

Table 4.3Distribution of Zinc ( Mean +SD) ppmfrom different fractions

Garages| Depth Exchang-
(n=3) (cm) | Water able Carborate | FeMn
soluble bound oxides Organic | Residual
Kaunda | 0-15
0.00£0.00| 0.01+0.01) 0.29+0.01] 0.72+0.01] 0.38+0.02] 0.51+0.0
1530
0.06+£0.01| 0.00£0.00, 0.33+0.00| 1.05+0.00, 0.50+0.02| 0.48+0.01
30-60
0.01+0.00| 0.00+0.00, 1.37+0.01] 2.61+0.01) 1.02+0.01] 0.50+0.01
Mwangi | 0-15
0.01+0.01] 0.00+0.00, 1.05+0.01] 8.17+0.00, 1.42+0.03] 0.87+0.01
1530
0.05+0.01| 0.05+0.01 0.58+0.01| 2.04+0.01/ 0.72+0.01] 0.50+0.01
30-60
0.19+0.01] 0.39+0.01 0.35+0.00| 2.75+0.01/ 0.97+0.57| 0.53+0.01
Indus- 0-15
trial 0.11+0.01] 0.00+0.00, 1.29+0.01| 5.18+0.08| 1.63+0.01] 0.70+0.01
Area 1530
0.12+0.01| 0.00+0.00, 1.04+0.01| 3.38+0.01/ 0.73+0.01] 0.42+0.01
30-60
0.13+0.01] 0.00+0.00, 0.62+0.01| 2.42+0.00, 0.94+0.01] 0.16+0.01
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The trem of abudance of zinc is also acdease from the upper soil profile to the lower
profile except for Kaunda site which shows a general increase from the upper profile to the
lower soil profile. More zinc was extracted from Mwangi site than from Kaunda and
Industrial area sites. This indies that Mwangi site is more polluted with zinc thé&aunda
and Industrial area sites.The dominant fractions in all the three sites were e dedes
(F4) and the organic bound fraction (F5) with-ié@n mean leveldbeing 0.72+ 0.01, 8.17+
0.00 and 8.8 + 0.08 on the upper soil profile for Kaunda, Mwangi and Industrial area sites
respectively. For the case of the organic bound fraction, the meamsafistribution were
0.38+ 0.02, 1.42+ 0.03 and 1.63t 0.01 for Kaunda, Mwangi and Industrial aretes
respectively. The water soluble and the exchangeable fractions were low compared to the
other fractionghis could have been due ttzeir low concentration in the garage soWsisuf
(2007) found zinc as largely bound to theNe oxides fraction. The study also showed the
same relationship. The oxide has high stability constant for the heavy metals to be
concentrated in the fraction. In agreement with these results, severawattiers have
reported the dominance of #n oxides bound fraction for zinc (Ahumada al, 1999;

Narwalet al, 1999; Yusuf, 2007
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Table 4.4 Mobility Factors for Zinc

Garages (n=3) Depth F1+F2+F3 | F1+F2+F3+F4+F5+F{ MF(%)
(cm)

Kaunda 0-15 0.30 1.91 15.71
1530 0.39 242 16.12
30-60 1.38 5.51 23.05

Mwangi 0-15 1.06 11.52 9.20
1530 0.68 3.26 20.86
30-60 0.93 5.18 17.95

Industrial area| 0-15 1.40 8.91 15.71
15-30 1.16 5.69 20.39
30-60 0.75 4.27 17.56

The mobility factorssuggest zinc is more mobile at the Kaunda garage site reaching a
maximum of 23.0454%rom the middle soil profile to the bottom soil profilEhe three sites
showed different mobilities of zinc with th
s i t e triblrackas Site as depicted the mobility factors in the lower soil profile. The
Mobility of zinc from the top soil profile to the middle soil profile was higher at Mwangi site

than for both Industrial area and Kaunda sites.

4.2.4Mobility Comparison for Zinc and L ead
As the mobilities for the two metals suggest, zinc is more mobile than lead down the soil
profiles. The mobility of lead is highest at Mwangi site while the mobility af Brhighest at

Kaunda site with mobility factors of 23.2022% &810454% respectively.



41

4.2.5 Forms of cadmiumin the solil profiles of the garage sites

The mean levels of the various forms of cadmium obtained are as given in fablelike

the previous cases of lead and zinc which gave mean levels for statistigalsar@dmium

levels weremostly below the detection limit of the AAS machifBL).Very little of it was

bound to the exchangeable fraction and the residual fraction. Cadmium is very soluble and
easily leached away or swept by rain water especially when the soil pH is within the acidic
range. Its also released from tear and ware of ruinbemall quantities and also from the
waste engine oil in the small amounts. Apart from the low detection limit of the machine, it
may have been low due to the slope of where the garages are situated due to possible
occurence of surface run off. Cadmiwwoncentrations were therefore very low and did not

yield enough data for studying its mobility down the soil profiles.

Table 4.5Distribution of cadmium (MeanxSD) in ppm from different fractions

Garage(n=3) Depth | Water | Exchangeabl¢ Carbonate | FeMn | Organic | Residual
cm soluble bound oxides

Kaunda 0-15 |0.01 DL DL DL 0.01 DL

site 1530 | 0.01 DL DL DL DL 0.01
3060 | DL DL DL DL DL DL

Mwangi site | 0-15 | DL DL DL DL DL 0.01
1530 | 0.01 DL DL DL DL 0.01
3060 | DL DL DL DL DL DL

Industrial 0-15 | DL DL DL DL DL DL

area site 1530 | DL DL DL DL DL DL
3060 | DL 0.01 DL DL 0.01 DL
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4.2.6Total Pb and Zndown the Soil Profiles

The results of total lead and zinc down the saiffiigs are given in table 4.@he total Pb

and Zn showed a general trend of decrease down the soil pmfitept for Kaunda site
which showed a general increalee total lead mean in the upper soil pofile was highest at
the Mwangi garagevith a maximum of 69.19% 0.14 ppmfollowed by Industrial areaite

with a maximum of 38.53+0.21 ppand lastly Kaunda site with a total of 1.61.05ppm

The extent of metal availabilityith respect tdead therefore decreased in the order Mwangi

site  Industrial area Kaunda site.

On the basief six step sequental extraction, tiséal concentration of lead on the upper soil
profile was higher than the mean for world soils as reported by KabatBeamtiag1992
who reported a mean of 2#m. The totl leadin the upper soil profilat Mwangi site was
between the range of values reporbgdKaara (1992) for soils within and around Nairobi
which ranged between 45.263.8 ppm. The totdkadin the upper soil profildor all the
sites was also between the range of lead reported foobland its environsn soils by
Oyaro (2002). Oyareeported lead levels rangiffigpm 6.6 to 395.1 ppm for Nairobi province
and its environsThe total lead on the upper soil profiespecially at Mwangi sités
corsiderably higher than the mean lewbtained byWanjala(2009) at some road side site
with heavy traffic. he lead levels recorded for Nairobi Mombasa road at Cab were 34.6
ppm to 53.4 ppm (Wanjala2009 . Wa rfipdands aal8os showed that lead was more
concentrated at garage site than it was along the readsparking placewhich showed a
maximun 236.1+92 ppm at the garages which wagher tharthetotal mean level obtained

in the garage soils of Machakosvio. From theresults obtained for garage sites at Machakos,

Mwangi site which is nearesi theMachakos bus terminus has the highest concentration of
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lead. Although the total lead concentration at the garage site is lower than the threshhold
value given by Kariof 200 ppm (Kari, 2007)more reseattis needed to monitor the blood

lead levels of the people working at the garages . The concentratiesdofhnormalblood

should be below 10ug/dl (CDC, 2004).

Total zinc down the soil profiles as obtained by six steps sequential extraction was low
compared to the mean for the world soils which is reported td5oppm (Kabata and
Pendias, 1992 The toal concentration of zinc on the upper soil profilas highest at
Mwangi garage and the range was 1+90.02 to 11.5% 0.01ppm for the upper soil profiles

of the garage sitesn the middle and lower profile the ranges were 24200 to 11.51+
0.01ppm and 4.26 0.00 to5.51+ 0.00 ppm respectivelyfhese concentrations were far
much below the ones reported by Wanjala (2009) from a study conducted along busy roads in
Nairobi and its environs. He reported zinc levels of between#5.9 to 337+ 18.2 ppm.
Another studygavethe upper soil profile (@0 cm) levels ranging fronB4.4 to 267.2 ppm
during the dry seasafWanjala, 2009)The low levels of zinc extracted could be daets

low concentrationin the soil of Machakos area. Yusuf (2007paded zinc as low as 1.62
ppm for some sitesear ojota waste site of Nigeridabata and Pendias (1992) reported a

higher value 063 ppm inthe soit of Poland
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Table 46 Comparison of total heavy metal distribution across the soil profiles

Pb(MearSD)

Garage | Depth(cm) ppm Zn (Mean +SD )ppm
Kaunda 0-15 1.61+0.05 1.91+0.02
site 15-30 1.94+0.04 2.42+0.00

30-60 3.42+0.06 5.51+0.00
Mwangi | 0-15 69.19+0.14 11.51+0.01
site 15-30 14.98+0.02 3.95+0.00

30-60 7.36x0.07 5.18+0.33
Industrial | 0-15 38.53+0.21 8.91+0.04
area site | 1530 18.73+0.01 5.69+0.01

30-60 7.16+0.03 4.26+0.00

The lead and zinc of Mwangi and Industrial area sites shovgetheral decrease down the
soil profiles . This in perfect agreement with othesearches carried out in other countries by
the procedure of six steps sequential extraction procéatmta and Pendias, 199%a and

Rao, 1997 Yusuf, 2007. Kabata and Pendias found that the concentrations changed in the
same order only that zinc wanore concentrated than lead in Poland ( concentration of zinc
was 53 ppm while that of lead was @im). Yusuf (2007) also found that lead amt were
strongly bound to F&In oxides and the Organic soil fractions just as it was the case in
Machakos.The Kaunda garage site showedemeral increase for the the concentrations of
the two heavy metals down the soil profiles which may have been attributed by tgeéllin

the site with soil.

4.2.7Comparison of Concentrations ofPb and Zn at Soil Profiles of Each Garage Site

The results for variation of mean concentrations of lead and zinc down the soil prbfiles
each garage sitare illustrated graphidgl in figures 4.1 and 4.2espectivelyThe means
were compared using oneay ANOVA followed by stidents Newman kuels test ( SNK

test) For lead metal concentrations, it was found that the means of the three levels at both
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Kaunda and Mwangi garage sites were significantly different from each other while the lead
mean concentratiagnof the the three Wels of Irdustrial area wereat significantly different

(p 0.05,Anova,SNKtes).
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Figure 4.1 comparison of lead in the profiles of garage sites

Site A: Kaunda site Site B: Mwangi site Site C: Industrial area site.

Bars with the same cluster followed by different small letterssaggificantly different

(p 0.05, Anova, Snk test)
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Zinc showed significant differences for the three profdésll the three garage sites.These

differences are shown by different small letters a, b, and c for each garage site in Zgure 4.
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Figure 4.2 Comparison of zinc inthe soil profiles of garage sites

Site A: Kaunda site  Site B: Mwargjte  SiteC: Industrial area

Bars within the same cluster followed by different small letters are significantly different
(p"0.05, Anova, SNK test)
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Table 4.7 Mean percentages of lead and zinc across soil profiles.

Heav Total
y Water Exchar- | Carbonate | FeMn mean fra-
metal soluble geable bound oxides Organic Residual tion.
Pb 0.04+.01 | 0.28+.08 | 1.21+.34 9.97+2.57 5.78+1.24 0.82+.14 18.10+4.1
mean 5
+sd
0.44+.07 | 4.09+.87 | 5.20+.560 | 51.71+1.64 | 30.69+1.36° | 7.87+1.00
%fra
ction
Zn 0.08+.01 | 0.05+.02 | 0.77+.08 3.15+.42 0.92+.08 0.52+.04 5.48+0.56
mean
+sd
1.56+.25 | 1.05+.46 | 14.62+.98 | 53.21+1.84 | 17.84+.76 | 11.72+1.3%"
%fra
ction

Percentage mean fractions followed by small letter(s) within the same row are significantly

di

Mean Percentiges oflead andZinc Down the Soil Profiles

fferent

( PK t@st).0 5 |

Anova,

The mean percentages of lead and zinc down the soil pridilesfferent forms are shown

ontable 4.7 The percentage mean fractions suggest that there is no significant diffemence

water soluble, exchangeable and the carbonate bound fractions which are the fractions most

mobile and bioavailable to plantsvegbue, 2007)The results also show that the percentage

average mean of the iromanganese oxides bound lead is significantly different from that

of water soluble, exchangeable and carbonate bound fraeti@aly mentioned as well as

the residual fraction. For g, the water soluble percentage mean fraction is not significantly

different from the percentage mean of the water soluble fractions. The study also suggest that

the percentage average mean of the carbonate bound zinc is not significantly different from

that bound to the organic fraction.The-Rdn percentage mean fraction is significantly

different from all the other five fractions while the residual percentage mean of zinc is not

significantly different from the first three fractions.
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4.3 Pearsoncorrelation of fractions with the total Pb and Zn

4.3.1 Correlation of mobile and most soluble fractions with the total Pb and Zn

The correlation of mobile and most soluble fractions with the total Bad zinc is given in

table 4.8 Correlation forlead was significant for the three mobile fractions that is, the water
soluble,the exchangeable and the cardt® bound fraction when three fractions were
correlated with the total for the six fract
correlation was negativdor water and exchangeable fraction and positive for the carbonate
bound fractiormeaning thathe availability of soluble lead to water and bioavailability of
lead to plants may or may not be influenced by the garage waste leatie Fease of zinc,

the correlation was not significant for the three soluble fractions when correlatethe&vith
total zinc. The correlation was however negative meaning that when the concentration of
water soluble zinc was high the concentration ef tiftal zinc was low.This means that not
every time zinc was high in the soil the soluble zinc was high in the same gara@&s(p

99% confidence limit).

4.3.2 Correlation of the low soluble fractions with the total Pb and Zn

The low soluble fractions refer to the oxides, organic and residual forms which were also
correlated with the total lead and zinc. The results are giwvetable 4.8 For the FeMn

oxides, the organic and residual fractions, it was only the redidution lead which had a
significant correlation with the total leadh i ch was negative (p 0. 05,
The other two fractions had a positive correlation with the total lead at the sites which was

not significant. Zinc on the other hd showed significanhegativecorrelation for the three

phases when compared with theatotinc in all the six phases(P<95, 99% confidence

limit). This indicates that zinc was strongly bound to the low water soluble fractions. This
means that notvery time we are talking about high levels of zinc, the same is mobile and

bioavailable to plants.
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Table 4.8Pearson correlation coefficients of total heavy metal with the six fractions

F1 F2 F3 F4 F5 F6

Pb(r*) -0.520* | -0.492*| 0.489* | 0.346 | 0.156 | -0.560*

P-
VALUE |0.005 |0.009 |0.010 |0.077 |0.436 |0.020

Zn(*) | -0.279 |-0.116 |-0.240 | -0.852* | -0.509* | -0.622*

p-value |0.159 |0.565 |0.228 | 0.000 | 0.007 |O0.001

*correlations are-alddgni ficant at U=0.01(two

4.4 Concentratiors of Lead, Zinc and Cadmium in Water

The results for the levels of lead amthc in water are given in table 4.9he mean
concentrations of lead in the water samples ranged between 0.01+0.01 to 0.14+ 0.04 ppm.
The concentration of lead along katothyarnream from the source to abou®@n was
slightly higher than te maximum contamation levelsreported to be 015 ppmby WHO
(1996) while at a distance exceeding 900m away from the sdaheeoncentrations were
lower. A research conducted in Nairobi by Kimei (1996) showed lead levels rabgingen
0.050.80 ppmfor Nairobi water. The mean concentration in katothyani stream was therefore
within the range obtained by Kimedtlevated levels of between 6:023.39 ppm blead in
Kenyan lakes have been reported priatlipfrom industrial dischargesewage sludge and
weathering process (Kiilu, 1993Fhe concentrations of leagere relatively higher near the
sourceof katothyani stream which is 50m away from Kaunda garaitethan they were
downstreamThis may be due to the upstream being nedhessource of the contaminants

the garagedsAt the lower end of katothyastream the higher concentrations than the middle
of the streammay be attributed to farming carried out on sloppy farms adjacent to katothyani

stream.
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4 9 Results for the concentrations of lead and zinc in water

Sampling Distance  from
point the source (Me-| Pb (Mean + SD
tres) ppm Zn(Mean £ SD) ppm

1 0

0.11+.0.01 0.46+.0.01
2 100

0.11+.0.03 0.68+.0.01
3 200

0.14+.0.04 0.65+.0.01
4 300

0.02+0.02 0.31+.0.02
5 400

0.01+.0.01 0.92+.0.01
6 500

0.02+.0.00 0.80+.0.02
7 600

0.01+.0.01 0.74+.0.02
8 700

0.02+.0.02 0.52+.0.02
9 800

0.01+0.01 0.71+.0.02
10 900

0.02+0.02 0.51+.0.02
11 1000

0.04+0.02 0.13+0.01
12 1100

0.09+0.02 0.12+0.02
13 1200

0.08+.0.01 0.04+0.00
14 1300

0.07+.0.04 0.06+0.02
15 1400

0.02+0.02 0.03+0.01
16 1500

0.06+0.01 0.03+0.01
17 1600

0.03+.0.04 0.01+0.01
18 1700

0.05+.0.02 0.01+0.01
19 1800

0.10+0.02 0.07+0.01
20 1900

0.04+0.04 0.04+0.02
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Figure 4.3Variation of mean concentrations of lead down the stream.
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Figure 4.4 Variation of mean concentrations of zinc down the stream.
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These mean concentrations are represented graphically in figures 4.3 and 4.4 for lead and
zinc respectively. Near garage sites2(@®M) the higher concentrations of lead and zinc
could be due to proximity to the source of contaminants. Sampling poirit8 akd 19 could
be having higher levels of lead due to contamination from farming near them on sloppy farms
adjacent to Katothyani streadinc mean concentrations on the other hand ranged between
0.02- 0.92 ppm.This is below the acceptable levels of mrdrinking water and therefore the
water is deficient of this important mineral element. The acceptable leviglooinzdrinking
water is belows0 ppm and higher concentrations are detrimental to health (WHO, 1996).
Kiilu (1993) reported Zn levels rangjrbetween 2.54 265.2 ppm in Kenyan lakes. Zinc is
an essential and beneficial element for growth of both plants and animals. However
concentrations above 5 mg/l can cause bitter taste and an opalescence in alkaline waters. The
trend of zinc was thatigher cocentrations were found near the source of Katothyani stream
than downstreanmThis means zinc was more availabkear the garage sites than away from
the sites. The reasdor lower levels of Zn than Pb in the stream water could be due to its

highermobility.

4.5 Concentration of lead, zinc and cadmium in kales

The mean levels of Pb, Zn and Cd in kales are given in table 4Tife lead mean levels in
kales ranged between 0.@20.03 to 0.03+ 0.04 ppm while the zinc mean levels ranged
betweer).59+ 0.02 to 1.62 0.02ppm. The levels of cadmiumangedbetween ND to 0.0%
0.01 ppm.The permissible MCL of lead in leafy vegetable2 ispmwhile that one of zinc is
50 ppm (USEPA, 2002)his showsthat neither the lead nor the zinc in tkeleshad levels
exceeding the defineMCL. USEPA (2002), recomends that the MCL for Cd in leafy

vegetables should not exceed 0.3 ppm hence the kalestarentaminated with cadmium.
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Table 4.10Mean concentrations of lead, zinc and cadmium in kale@pm)

Distance from
Sampling point source (M) Pb Cd Zn
1 0 0.03+0.04 0.01+0.01 1.62+0.02
5 400 0.03+0.03 0.01+0.01 0.81+0.06
6 500 0.02+0.03 0.01+0.01 0.59+0.02
8 700 0.03+0.03 0.01+0.01 0.63+0.01
12 1100 0.03+0.03 0.00+0.01 1.01+0.04

The pearson moment correlation of mean concentrations of lead and zinc in kales with the
mean concentratios of the respective metal in water sampled from the nearest point to the
kale growingareas was also dond.ead showed weak positive correlation whichswnot
significant (p.0.05 ) at 99% confidence |
correlation which was also not significant at 99%fatence limit. This means thathere

may be other factors influencing the concentration of these heavy nmekales other than

the use of water contaminated with these heastals by garage waste.

Table 4.11 Correlation of Pb and Zn concentrations in kales with concentrations in a&-
ter

pb Zn
pearson correlation 0.055 |-0.41
p-Value 0.846 |0.129
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CHAPTER FIVE : CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSION

The forms of heavy metals present at garage soils were mainly ki@ B&idesbound and

the organic bound fractions. The forms which are most bioavailable, that is, the water soluble
and exchageable fractions were prst in relatively small amounts for both lead and zinc.
The garage soils at machakos Hhérefore a low potential of polluting water resources and
biosystems. The abudance of lead in garage soils followed the ordiém Brides> organic

> residual > carbonate > exchangeable > water soluble. Availability of zinc on the other hand
followed the order F&In oxides > organic > residual earbonate > water soluble >
exchangeableThe forms of cadmium at Machakos garage soils were below the detection
limit of the AAS machine. This could be attributed to its low concentration and distribution in
the different forms that were fractionat€étadmiumcould also have beesolubilised ad

moved because it does so especially at low(ptsuf, 2007) The residue fraction, the least
mobile was present at a lower concentration than tidriFexides and the organic fractions.

The dominance of the AHdn oxides could be attributed to the fabiat oxides exist in
nodules, concretions, cement between particles or as a coating on particles and are excellent
scavengers for trace elements (lkehal, 2003) Sorption by these oxides tend to control the

solubility of heavy metals (Pickering, 1986).

The immediate Katothyani stream had lead mean leshglistly above the the defined MCL
of 0.015ppm by WHO (1996) especially the uppearps nearest the garage sites. The zinc
mean levels were below its MCL. The kales grown along#iethyanistreamby irrigation
contained lead, zinc and cadmium below their MCL of 2ppm, 50ppm ad8pfm

respectively (WHO, 1996) hence not polluted with the heavy metals.
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5.2 Reomendations

a)

b)

The variation of lead levels down the soil profiles is an evidence of accumulation of
lead due to anthropogenic activities at the garage sites. There is therefore need to
plant local phytoremediation plants and grass on the garage soils to help counteract
the accumulation of the toxic lead. According to Bouchar@ébnal . (2005),
indigenous plant species predominant in an area are usually preferred for the
phytoremediation process. This is because the plant species can easily adapt to
relocations and cope with local conditions in a phytestoration programme.
Fakayodeand Onianwa (2002) also obtained strong correlation between heavy metal
concentration in the soil and local guinea grass ( Panicum Maxicum) hence planting
of guinea grass can help in the reduction of lead and other heavy metals from the

garage soils.

Due to variation of heavy metal concentration with depth as an evidémsteface
pollution, garages should be relocataslay fromMachakos town centre to isolated
land reduce the extend of surface pollution. Although the forms at apresent are of low
mobility, with time, increased volume of automobiles and changes in prevailing
chemical environment the heavy metals may slowly be leached to the nearby stream

polluting it as well as the nearby vegetation

The water flowing in Katothyani stream shoulddt be used for drinkg purpose or
irrigation.This is because some points contained lead levels exceeding the defined

MCL.These include sampling points 1, 2, 3, 12, 13, 14 and 16.
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d) The kales grown along the vicinity of Katothyani stream may be uséubds Care
should however be taken to ensure that theast does not receive other
contaminants from the populated Machakos town. There should also be continuous
monitoring of the water in the sam@ and irrigated vegetables to assess the changes of

heavymetal pollution with time

e) As the results indicate high levels of heavy metals in the soil does not necessarily
infer mobility and boiavailability. It is therefore important to determine not only the
total heavy metal content of polluted soils but als® forms in which these heavy

metals are in order to assess their toxicity.

5.3 Areas of Further Research

Although there are tolerable levels of lead and zinc in the vegetables grown along Katothyani
stream, Zinc levels happen to be of concern becdélieg are much lower than the
recommended leveldt is therefore necessato research on levels of zimt farm soils and

other food crops of Machakos ardéde concentration of heavy metals in underground water
systems need also be studied.This is bexapart from surface run off heavy metals can also

be leached to pollute underground water ways.

Other elements which may be presim garage waste likeopper, manganesad iron need
also to be fractionated and their total content determined in the garage soils to assess their
distribution. This is because ap&m zinc, lead and cadmium the other metals mentioned

above can also be present at automobile garages go#uton.

The concentration of lead in the blood of the people working at the automobile garages

shouldalso be determined to assess the bioaccumulation of this toxic heavy metal and assess
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the implication of garage waste heavy metals on health. ridgheye is also need for the
determination of total heavy metal content in the garage soils and find the percentage of each
metal extrated in the sequential extractmwocedure. The backgrouncbncentration of these
heavy metals in unpolluted soils was nohsidered in the present studihere istherefore
need to determinthis background concentratidar comparison purpose because the extent

of pollution for a particular place can also be judged on the basis of this comparison.

Since there are seversgquential extraction schemes, it is also needful to carry out research

to compare these methods to find out which extractants and with which sequential extraction
steps there is maximum extraction of the desired méfhks soilwas only sampled during

the dry season to avoid surface run off. There is need for further reswmarsbasonal

variation on forms and total concentration of these heavy metals. Determination of soil type
and fractionation of the soil into size that is, the course (BOOOum), nedium (500

125um), fine (1255 3 Om) and silt (- 530m) i soutthe so an
distribution of of heavy metals in the different size fractions. This is because the distribution

of the heavy metals in the various fractions vary with thghést concentration being

associated with the smallest sized particulates.
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APPENDICES
APPENDIX 1: Graphs of total Pb and Zn fractiofws three profiles
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APPENDIX 2: Photographs of sampling sites.

b) A photograph showingart of Mwangi site
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c) A Photograph showing part of Industrial area sit

d) A photograph showing a section of katothyani stream



