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ABSTRACT

Heavy metal pollution of stretch of Nairobi river ina

the Ngara-Gikomba areas and their environs due to influx
of from cottage industries studied.wastes Surfacewas
(0-15 soilcm) obtainedsamples from cottagewere
industry locations between 0 and 1 from the000 m away

centres of the installations. Plants were sampled at 5-

whereas sediment and water samples were drawn320 m away,

from the Nairobi river between Chiromo and the downstream
Gikomba. Chromium,end of Pb, Cd, andCu Zn were

Atomicdetermined Absorptionby Spectrophotometry

following aqua regia digestion of soils and sediments and

digestion and samples.of plantHNO3-HCIO4 water

extracted usingheavy metals 0.05MExchangeable were
regression analysesLinear of total and EDTA-EDTA.

soils sediments,heavy metals andextractable pH,on
percent clay were performed. Heavy metalpercent OC or

of Amaranthus plants were regressed soils'contents on

establishEDTA-extractable metalsand thetotal to

undertaken using
EDTA solutions.

The results revealed that the cottage industries caused
significantly (P = 0.05) higher levels of heavy metals in
soils receiving wastes than in control soils. The heavy

relationships. A remediation study was
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intensity and
duration activityof distanceindustry fromof and
activity There significant (P 0.05)centre. were
correlations between EDTA-extractable Pb, Cu and Zn and
percent OC and percent Clay of the soils.

Most metals in Amaranthus were significantly (P = 0.05)
correlated with soil fewtotal metal levels, but very
with EDTA-extractable metals. There was increase in plant
metal contents with increase of metal levels in soils.

Significantly higher metal levels of0.05)(P
sediments and waters from Nairobi river were contributed
by the wastes from cottage industries.

The remediation study showed EDTA to extract substantial
amounts of heavy metals from polluted soils, with maximum

EDTA.

metal accumulations depended on the type,

recovery of the metals accomplished using 0.1M or 0.25M
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CHAPTER ONE

1.0 INTRODUCTION

Pollution of soil and aquatic ecosystems, over and above
background levels, by such heavy metals as cadmium (Cd),

zinc (Zn)copper (Cu), lead (Pb) , and chromium (Cr) is a
worldwide highproblem. concentrations in theAt
environment, these toxic heavy metals foodentermay
chains and result in health hazards. Adverse effects due
to consumption of contaminated foods have received much
attention (Singh, Singh and Steinnes,1991; 1994; 1994) .

information pertainsof the theBut most to
industrialized pollutionworld where problems are
serious, widespread. developinglong-term and In
countries, pollution problems

pollution insites The of(Assey, 1995) . theseextent
intense as in the developed world.sites is probably as

of products containing these heavy metals whichAs use
contribute to environmental hazards is on the increase in
developing countries, there is an urgent need to monitor
their accumulation.

occur largely in localised
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Generally, these metals have a wide range of conventional
industrial uses from which they find their way into soils
and waters as industrial, domestic and other wastes. Use
of these textile,metals electroplating,fromranges
printing, chemical industries. electrical appliances and
electronics, plastics, paints, welding,chemicals,
soldering industries (Nriagu,and battery The1992) .
metals used include Zn, Hg and Cr,Cd, Pb,Sn, Cu,Fe,

find inothers. These metalsamong nonsame use
conventional industries, also called cottage industries,

sites inGikombabe found the andat Ngaraas can
are disposedNairobi. from these industriesWhen wastes

such as the Nairobi river, pollution of theof in rivers,
environment results in.

slums
industry sites at Ngara and(jua kali)and the cottage
receivingin Nairobi, largeGikomba thus ofamounts

from the cottage industries and the municipality.wastes
industries which disposing ofof theSome cottage are

into river, it flowstheir the through thewastes as
sites, include finishing,Gikomba furandNgara car

washing and painting, chemical industries,small scale
laundry, pickling, dipping of metals, welding, soldering,

joinery.dyeing, and and battery repaircarpentry and

The Nairobi river flows through residential areas,
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which contain heavy metals. Apart from these small scale
industries, there large markets, andtwo Ngaraare
Gikomba, of food. from the twoWastessources
markets channeled to the river. result of allAsare a
these, the river water is likely to be a potential health
hazard livingthe organisms pollution,dueto to
including that caused by the heavy metals.

Normally, the background levels of heavy metals in soils
and waters in the absence of anthropogenic additions and
enriched relativelyrocks low, and do notare cause
pollution (Nriagu, pollutionproblems 1990) . However,

soils receive higharises when and levels fromwaters
anthropogenic additions and enriched natural Thesources.
main pollutionof domesticheavy metalsources are

industrial oil spills, combustionwastes,sewage,
operations,emissions, mining metallurgical activities

and Wittman,and garbage dumps (Bryan, 1976; Forstner
1979).

environmental contamination byofconsequence
these heavy metals is their toxicity to man, plants and

poisoning,Cadmium instance,animals. for has been
reported to have caused the Itai-itai disease in Northern

which are

recharging. These industries use chemicals and materials

The major
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Japan (Kitagashi and Yamane, Clinical signs were1981) .
characterised tiredness,by osteomalasia, nephropathy.
loss of appetite, and hypertension inheadache man,
rabbits andand dogs al. , 1965;(Schroeder Perryet
Elanger, 1974) . Lead poisoning has also been reported to
result in neurological defects, anaemia and damage to the
central nervous system, especially in children (Cantorow

Pb toxicity causes stuntedand Trumper, 1944). In plants,
which may decrease crop yields ingrowth (Assey, 1995),

addition to accumulating in edible parts. Chromium and Cu
For example, the

skintoxicity throughofhexavalent form Cr causes
(Kagi andalceration,

is known toon the other hand,Nordberg, 1979) . Copper,
result in a marked depression in feed intake and growth,
especially in birds, and anaemia in mammals including man
(Underwood, 1971; Kagi and Nodberg, 197 8) .

is informationtherehowever,Todate, scanty on
environmental dynamics and public health implications of

So far,
exhaustive investigations on the toxicity of such metals

in developedbeen doneand hasPb, CrCd, Cu, Znas
but very little in developing countries suchcountries,

contributionFurthermore, the ofKenya. cottageas

heavy metals within these areas of Nairobi city.

are also toxic at high concentrations.

nasal perforation and lung cancer
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industries is wellpollutionheavy­ metal notto
established in they discharge toxic metalsKenya, yet
such as Cd, Zn and Cr which, as
polluting the environment. may affect the health of the
operators and nearby residents (Nriagu, 1992).

The Nairobi river is agriculturally important as a source
inirrigation thevegetableof for ofwater crops

The river receives from theadjacent lands. the wastes
irrigationmunicipality. ofindustries theand Upon

the heavy metals contained in the incoming wastescrops,
This scenario needsmay contaminate the irrigated crops.

Information on the extent of heavy metalto be evaluated.
pollution in Kenya due to cottage industry activities has

expansionWith of thehighlighted. thebeennever
country's industrial (including cottage industry) sector,

Thispollution. calls forintensifying thethereby
in alleviateremedial orderattention and tomeasures

environmental hazards from these toxic metals.
herein aimedtherefore,reportedstudy atThe was,

assessing the degree of pollution of the Nairobi river
and its environs by heavy metals from cottage industrial
and municipal wastes.

a consequence of

use of these heavy metals will also increase accordingly,

Pb, Cu,
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The specific objectives were:

To document on the history and relative capacity of1.
different cottage industries operating in the Ngara-
Gikomba area for a period of 30 days

To determine the concentrations of heavy metals in2.
water and sediment within the area influenced by the
cottage industrial/market sites for 30 days

To determine the concentrations of the metals in3 .
soils within and around cottage industrial areas for
3 5 days

To evaluate the concentrations of metals in some4.
plants growing within the sites for 25 days

To evaluate possible ways of remediation of polluted5.
soils using a chelating agent for a period of 25
days.
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CHAPTER TWO

2.0 LITERATURE REVIEW

Global concern of heavy metals2.1

ofIn
the problem of pollution environment by heavyof the

inmetals. levels of generalThe heavy metals the
environment the increase and, thisconsequently,
has resulted in much global (Nriagu, The1992) .concern

for these metals is based on their toxicity whenconcern
in environment higher than establishedlevels the are

tolerable levels (Nriagu, 1992).

cadmium and lead are biologicallySuch metals as mercury,
toxicityessential iselements, whose ofnon

for instance, reportedenvironmental concern. Hay (1984),
that approximately 200 000 tons of lead were deposited on

surface annually, result ofearth's ofthe as a use
Thisin fuels. has intetra-ethyl lead resulted

(Kitamura,pathological ineffects 1976). Cadmiumman
poisoning has also increased as the world consumption of
the metal increased (Hay, 1984).

recent years,

are on

there has been a growing awareness
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Oehme (1978) reported that exposure to lead has occurred
in circumscribed of the world for 3 000 yearsareas or

and was high among the Roman upper class population.more

Sporadic episodes of lead poisoning occurred in persons
drinking water from lead pipes in soft water Whenareas.
alkyl lead added to gasoline antiknock agent,was as
further exposure to lead toxicity occurred (Oehme, 1978).

Cadmium was an industrial curiosity in the year 1900, but
its increasedhas sharply with resultantuse
contamination of air, water and food (Hay, 1984). World
production of refined Cd began in reaching to1969, a
peak of 17 000 tons. Since then, world production figures
have fluctuated between 15 000 and 18 000 tons per year

Atmospheric emissions(Metallgesellschaft, 1978) . Cdof
estimated at 7 000 tons per year,

exceeded those of natural by order ofsources an
increasemagnitude 1986). The marked(UNEP, of Cd use

during the last three decades has caused a corresponding
environmental contaminationincrease in and toxicity

problems (UNEP, 1986) .

8world production of Cu stood at 3.1 x 10In 1971, tons
Excessive levels1982) . have also been observed(PSES,

due to its use in alloys of brass, in chemical catalysts,

from man-made sources,
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algicides, antifouling paints, insecticides and
fungicides (Oehme, is1978). Hexavalent inusedCr
electroplating, tanning, paint preservativesand wood
(PSES, 1982; Oehme, 1978). Thus, from thesewastes
activities contribute much to the environmental burden of
Cr. Nriagu and Pacyna (1988), for instance. estimated the
worldwide fallout of Cr from the atmosphere to soil to be
between The majority5.1 kg/year. totalof thex
inputs come from disposal of wastes of various types on

Kabata-Pendias and Pendiasland. showed a steady(1986)
global increase of Zn in the air in different locations.
They recorded values ranging from 0.002-0.05, 10, 15, 14-

3600 ng/m' for the South pole,6 800 and 55-1 Norway,
Japan and Germany, respectively.Shetland Islands, These

mineral smelting,attributedhigh values to Znwere
thereby releasing exhaust fumes. Natural
volcanic eruptions and aeolian dusts were also reported
to contribute significantly to environmental Zn pollution
(Alloway, 1990).

Heavy metals in soils2.2

Within the soil profile Cd, Pb and Cu were found toZn,
in high concentration in the surface horizonsbe as a

recycling through vegetation,result of atmospheric

103

sources such as
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deposition and adsorption by soil organicthe matter
(Alloway, 1990). The elements in thefound concentrated
lower horizons of the soil profile were mainly Al, Fe, Mg
and Ni, which tended to be associated with accumulations
of translocated clays and hydrous oxides 1979).(Bowen,

recently soilspolluted higherHowever, often had
concentrations in soilsof pollutant metals the top
because the pedogenic processes been operatinghad not
long redistributionenough effect within theto a
profile.

the total metal content in soil is the resultIn general,
of inputs of a metal from several sources such as parent

atmospheric deposition, fertilizers,materials, agro-
organic wastes and other organic pollutants,chemicals,

in mineralsminus removed by materials,losses crop
volatilisation.leaching (1979) Webberand andBowen

concentrationsof metalreported the(1984) ranges
encountered in agricultural soils in various parts of the

The natural concentration of metals in the normalworld.
soils concentrationusually lower than the in thewas

the average concentration of
in reportedthe earth's beCd 0.2crust towas ppm

1981). The(mg/kg) (Bennett, natural soil Cd
concentration normally ranged from 0.01-0.7 ppm (Bennett,

earth's crust. For instance,
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1981). Average values of 0.2 to 0.4 ppm in uncontaminated
soils have organicbeen infound, with 0.9 thePPm
fraction (Bennett, 1981). Bennett (1981) further reported
that the concentration of soil samples from91average
farming in Cdthe 0.57USA However,areas was ppm.
concentrations in contaminated soil 800reach PPmmay

According to Kabata-Pendias and Pendias(Bennett, 1981).
(1986), the average content of Cd ranged from 0.07 to 1.1
ppm and higher values usually reflected the anthropogenic
impact on the Cd status in the top soils.

Piotrowski and Coleman (1980) recorded the range of Pb in
soilsuncontaminated Pb/kg.be 20 200 Into to mg

agricultural soils, the levels of Pb are typically in the
Pb/kg (Bennett, 1981) . Theof 3020 to mgrange

distribution of Pb in uncontaminated surface soil was in
the range of 48 to 160 mg Pb/kg in England, 20 to 80 mg

to 155 mg Pb/kg in the USA,Pb/kg in Scotland, 60
Pb/kg in Canada and 20 114 mg Pb/kg into some

insoils The Pbtropical from Cameroon. content some
agricultural soils in England and Wales was found to vary

being 57 mg Pb/kgquite widely, (Khan, 1980).
Pb concentration range in argillaceous soils

(Kabata-Pendias10 mg/kgfrom and Pendias,0.1 towas
High Pb levels reported in Denmark,1986). Japan,were

the mean

21 to

The common

108 mg
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(Kabata-above 100 mg/kgGreat Britain and Ireland, at
Pendias and Pendias, 1986).

Soil Cu has been discussed by several authors. Aubert and
for instance, has given the Cu abundance inPinta (1977),

parent rocks and soils. They reported that the C horizon
soils derived from garnet and granulite contained upof

Pendias (1986)Kabata-PendiasCu/kg. and100to mg
reported the range of Cu in soils to be 2 to 100 mg/kg,

Davies (1980) reported anaverage of 20 mg/kg.
average value of 20 mg Cu/kg for soils.

(1987) of 6 000 soils in England andA survey by McGrath
concentrationsin the geometric CrresultedWales mean

(1988) gave the upper limits ofbeing 34 mg/kg. Williams
soils receivingin sludgeconcentrationsCr sewage as

trigger values for thethemg/kg.150-250 UK,In
in soils beenhave adoptedconcentrations metalsof

Committee the Redevelopment of(Inter Departmental on
threshold valuesLands, 1987) . TheseContaminated are

is forused when scheduledthat areaanare
concentration inmetalsIf the of theredevelopment.

the land was regardedsoils was less than trigger value,
varieduncontaminated. trigger valuethresholdTheas
70 mgaccording to the proposed use of the land. For Cr,

with an
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the trigger value wherever crops were to
be grown, and 600 mg Cr/kg soil for domestic gardens and
allotments, increasing 1 000 Cr/kg for lessto mg
intensive uses such as parks, playfields and open spaces
(IDCRCL, 1987). Recognising that Cr toxic,IV was more
threshold value for this 25 mg Cr/kgatwas
soil for all end uses (IDCRCL, 1987) .

The common Zn range for soils with10 to 300 mg/kg,was
average content of 50 mg/kg (Lindsay, 1972) . Kabata-an

Pendias and Pendias (1984) reported values of 17 to 125
Zn/kg background of large ofnumbercontentmg as a

surface soils of different countries. The highest values
found in some alluvial soils, while thesolonchaks,were

for light mineral and light organiclowest values were
In Zn contaminated soils concentrations of 1soils. 000

to 10 000 mg Zn/kg soil have been found (Alloway, 1990) .

contaminationsignificance of soilsThe of by heavy
metals is that from soils the metals may be dispersed to
other environmental segments such as plants and water.

Cr/kg soil was

set lower,
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2.3 Heavy metal levels in waters

The natural concentrations of heavy metals are extremely
inlow the hydrosphere, insoluble speciesand are

considered be controlling mechanismthe (Burrell,to
highly1974). The heavy in solutionmetals true are

reactive, hence their "trace level" concentrations may be
removed by a variety of physico-chemical and biochemical
processes such as biotic and inorganic particulate phases
(Burrell, 1974). It has been established that most of the

oxides, hydroxides or
carbonate solid phases which were of major importance in
maintaining their levels in water as aquo ions (Stumm and
Morgan, 1970).

recyclingof heavy metalsnatural pathwaysThe are
largely controlled by two major processes: incorporation

various solidinto phases, chemicalandoron
solution.in mechanismscomplexation These act to

stabilizationrestrict ofand thepromote metals,
immobilisation onto various solidrespectively. However,

sinks predominated and trace metals in all natural waters
tended to be less than might be calculated based on known
geochemical parameters. considerableA fraction of the

fresh watersoluble or colloidal heavy metal content of

heavy metal complexes existed as
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bodies in form of organic complexesthe (Burrell,was
1974) .

In industrialised regions of the world, where heavy metal
pollution of waters has been a major concern, legislative

set with respectcontrols have been resources
pollution (Burrell, stringent1974) . The most
requirements are concerned with drinking water quality.

Levels of Pb in normal surface waters and potable waters.

for instance, were usually below 10 |lg/litre (Piotrowski

In cases where lead pipes were stilland Coleman, 1980) .
Pb levels in ground waters were in the range of 1in use,

to 500 ppb, while in hot springs, they sometimes exceeded
1 ppm (Piotrowski and Coleman, 1980). Lead concentrations

0.02

1981). Dissolved Pb0.3 |lg/ml in surface waters (Bennett,

in rivers than 0.1 ng/ml,less

while in rain water, concentration was normally in 10 to

Pb levels were 0.1 to 0.5 pig/ml in rain3 0 ppb. However,

collected of heavy traffic (Bennett,waters
The World Health Organization recommended limits1981) .

Pb in municipalfor water supplies 0.1 mg/litre
(WHO, 1971; Hay, 1984) .(ppb)

in unpolluted areas was

in deep ocean waters were about

to water

from areas

to be

to 0.02 p.g/ml and
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In uncontaminated fresh waters, Cd levels were well below

0.001 gg/ml (Piotrowski and Coleman, 1981). Ocean water

normally contained Cd levels of 0.1 |lg/ml (Piotrowski and

Coleman, Dissolved1984). in contaminatedCd levels
mainly highdependentwaters Thus,pH.are on

concentrations of suspendedCd have been found on

particulate high y.g/ml,levels 700matter to as as

especially at neutral and alkaline water (Piotrowski and
Coleman, The permissible level of Cd in drinking1980) .

0.01 mg/litrewater has been recommended by WHO beto
1971) . According to Alala the range of Cd(WHO, (1981),

concentrations in water samples from seven Kenyan Lakes

This0.116 p.g/litre. conformed with0.002 to rangewas

Cd/litre obtainedof 0.075-0.088 fromvaluesthe ng

Malewa river in Kenya (Muigai, 1992) .

Heavy metal toxicity to humans and animals2.4

environmental pollution bysignificance of heavyOne
metals is their toxicity to humans and animals via food

essentialchains. Both and essential elementsnon may
toxicexhibit effects whenever their doses exceed a

certain critical level (Muigai, Toxicity effects1992).
are now reviewed briefly as follows:
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a) Copper

Chronic poisoning in animalsCu throughoccurmay­
contamination of feeds industrial offrom sources
pollution (Underwood, toxicosis1971). beenhasCopper

in sheep,observed pigs unbalancedand fedcattle on
dietbasal excessiveanimals,(Walbott, 1978) . allIn

consumption of Cu results in the accumulation of Cu in
the tissues, especially in the liver and the blood. The
capacity for hepatic Cu storage and the liver Cu levels
that can be tolerated without signs of Cu toxicosis vary
greatly among species. In sheep and cattle, hypercupremia
resulted in haemolysis and juandice, whereas adult birds
exposed to excessive Cu intake exhibited a marked loss of

anaemia pigs,body weight (Schroeder, 1976) .and In
dietary Cu levels of 425, 450, 600

manifested bytoxicosis, marked depression inasevere
hypochronicintake and microcyticgrowthfeed rate,

anaemia and juandice, marked increase in serum and liver

leading to general tissue damageactivities, (Underwood,
(1976) reported a generalised icterus,Schroeder1977) .

haemoglobinuria and haemoglobinaemia in a steer fed with
forsulphateof Haemoglobinuria5g 122 days.Cu and

or 750 ppm caused a

Cu levels, and in serum asphartate aminotransferase (AAT)
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haemoglobinaemia were associated with widespread necrosis
and juandice.

hazard in workers engaged in Cu mining or processing, but
unlikely to from ingestion of foodwas occur

because these didother supply amountsnotsources
sufficient industrialtoxicosis.to However,cause

has in Wilson'sbeen reported result thetoexposure
disease, which is characterised excessiveby
concentration in tissues, arisingof the fromCu
metabolic defects involving absorbed Cu but not from the
ingestion of excessive amounts of Cu (Underwood, 1971).

b) Chromium

especially trivalentChromium, has low level ofCr, a
marginwide existstoxicity. of safety betweenA

ordinarily ingested those likelyandamounts to cause
deleterious effects (Mertz, 1986) . A study using rats
established the lethal dose about 1 mg Cr/lOOg bodyat

1969) . This was many times greaterweight (Mertz et al.,

0.10than the 0.05 |lg Cr/lOOg requiredto to correct

Copper poisoning in man mainly occurred as an industrial

or water,



19

impairment of glucose metabolism in vivo (Mertz et al.,

1969) .

Hexavalent is much toxic trivalentCr than Cr.more
Chronic chromate dust correlatedhas beentoexposure
with increased lung in experimentalandcancer man
animals. Oral administration of excessive levels (e.g. 50
ppm) has also been associated with growth depression and
liver kidney­ in experimental animalsand damage

Chromium VI is believed(Underwood, also1977) . beto
carcinogenic in cases of intense human exposure, such as

Bianchi,the occupational setting (Levisin andthat
1982).

c) Zinc

Zinc is also relatively less toxic to birds and mammals,
with a wide range of safety margin between normal intake

(Underwood, pigs,toxicity levels 1971) . Rats,and
sheep and cattle exhibit considerable tolerancepoultry,

to high intakes of Zn, depending the composition ofon
pigs and poultry,diet. instance,basal forthe Rats,

tolerated about 2 500, 1 000 and 1 200 to 1 400 ppm of
respectively (Underwood, 1971). when a dietaryZn, But,
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intake of 5 000 ppm was given to rats as zinc chloride or
zinc carbonate, growth was severely depressed, with heavy
mortality (Underwood, 1971) . whichOther havesymptoms
been observed due Zn toxicity anaemia,to were severe
anorexia and malformation of foetuses of pregnant rats.

weaning pigs,For anorexia,depressed growth and
arthritis and internal haemorrhages observed atwere a
dietary feed intakes of 4 000 8 (Prasad,000or
1976). Broilers and layer hens exhibited similar clinical
signs when the increasedlevels 3 000Zn towas ppm
(Prasad, 1976) .

Lambs and cattle are, somehow. less
pigs or poultry. Consumption by lambsintakes than rats,

of diets containing more than 1 500 ppm of Zn, as oxide,
caused depressed feed efficiency and mineral consumption

Steers tolerated diets with less than(Underwood, 1977).
but 900 ppm caused reduced weight gains and500 ppm Zn,

lowered feed efficiency. Levels of 1 700 ppm induced, in
addition, depressed appetite characterised by excessive

mineral consumption,salt and other and wood chewing
(Underwood, 1977).

ppm Zn

tolerant to high Zn
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d) Cadmium

Biological interest in Cd is in its toxic properties, its
possible relation itshypertens ion,human andto
interaction with Zn and other essential metals. In human

animal nutrition,and is poisonaccumulativeCd
prominent(Underwood, 1971). of the effectsSome

associated with toxicity included andCd pulmonary
testicular lesions, dysfunction, bonerenal poor
mineralization, anaemia, liver kidneyand damage,

carbohydrate metabolismdisturbed andretarded growth,
inhibition of drug metabolising enzymes (Piotrowski and

1980). Schroeder et al. (1965) showed that humanColeman,

50 pig Cd/litre in

high Cd:Zn ratio in body tissues. This
injection disodium zincby ofreversed trans-was

cyclohexane-1,2-diaminetetraacetic acid (Na2Zn-CDTA) ,
which depleted renal and hepatic Cd, lowering thethus
Cd:Zn ratio in tissues (Schroeder et al., 1965). Rabbits

hyperplasticdeveloped boneCdfed andmarrowon
hypochromic microcytic anaemia, whereas poultry developed

anaemia associated with increasedmarkedlyseverea
of plasmaconcentrations transferrin and elevated

transferrin:albumin ratio (Nearthy and Miller, 1975) .

the urine and a

hypertension patients had as much as
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High Cd levels in chicks' reported to reduce
live weight gains, increased mortality, reduction of red
cell haemoglobin levels and cytochrome oxidasecounts,
activity in the heart (Nearthy and Miller, The1975).
syndrome was ameliorated by inclusion of Zn in the diet,
since Zn reduced the toxicity effects of Cd by competing
with Cd for the protein binding sites, thus increasing

excretionthe organism kidneys,of Cd from the by
intestines (Underwood, 1977) . theIn
reproduction system,
by inducing haemorrhagic necrosis in experimentalthe

and epididymis interference by Cdduerats' testes to
with testicular blood supply and the destruction of the

Thisseminiferous tubules (Underwood, 1971). was
seleniumadministration sodiumofprevented by as

selenite, which protective agentactedselenate asor
against Cd toxicity (Underwood, 1971).

poisoning, was reported by Hay
salivation, vomiting, diarrhoea(1984)

and abdominal pain. Chronic Cd poisoning due to long term
low dosage has also been observed in Cd industry workers.
The most serious case of health hazards due to chronic Cd
was
occurred through ingestion of rice
irrigated by polluted industrial waste water (UNEP, 1980;

or biliary tracts

observed in Japan, after world war II. Exposure to Cd

to cause nausea,
at 10 mg administration,

Cd was reported to cause sterility

diet was

In man acute Cd

grown in the fields
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itai-itai1984) . The disease, kyo,Hay, calledthen

occurred most commonly among post menopausal women above
45 subjectsof developedThe affectedyears age. a
syndrome that began with renal dysfunction and eventually
resulted in painful bone changes (Friberg et al., 1974).

intestineions becameNormally, Cd absorbed thefrom
proteinsmetallothioneinbound otherto transportor

sheep, cattle, pigs,(Nearthy and Miller, 1975) . Chicks,
producehave all been shownhorses and toman

intakesexcessive Cdmetallothionein in response ofto
inof Cd(Nearthy and Miller, body burdenThe1975).

with 0.5

(Piotrowski and Coleman,|ig/ml in urine 1980).2.0to

Nutritional deficiencies of elements like Zn, Fe and Ca
predisposed individuals to adverse effects of dietary Cd

estimated to give renal Cdlevels of 250 to 350 p.g/day,

the critical Cd concentrationof 200 p.g/g, thatlevels

caused kidney damage (Piotrowski and Coleman, 1980) .

e) Lead

in rural areas unless specific exposures existed (Wanjie,
Food was the main source of Pb intake for humans living

humans was shown to range from 10 to 60 mg Cd,
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1992). Dietary intakes ranged 500from 100 gg/dayto

(WHO, 1977) . contributefoods can
significantly to the intake, since food products such as
processed milk and fruit juices in soldered havecans

1979;(WHO, 1977,
IRRTC/UNEP, 1978) . The distribution of Pb in the body has
been reported by Lucas (1975) range between 7.0 andto

2.0 ppm in the liver, in the1.0
kidney, with the brain, heart and muscle tissue having

Underwood (1977) reported that the soft tissue0.01 ppm.
containedof the adult human body Pb concentrations

ranging from in liver.1.3 1.7 fresh Skeletalto ppm
tissue is the long term storage site for Pb and contains
most of the body burden of the metal (Wanjie, 1992). Lead
deposited in bone replaced calcium, and more than 95% of
the body burden was stored in bones as tripolyphosphates.
Lead in the blood is biologically active and may result
in health effects (UNEP, 1986). Blood Pb levels of less

than 80 gg/100 ml usually indicates very low Pb exposure.

Levels between 80 and 100 gg/100 ml indicate moderate Pb

and levels greater than 100 gg/100 ml indicateexposure,

more chronic Pb exposure (UNEP, 1986) .

11.0 ppm in the bone,

been shown to contain high Pb levels

Processed and canned
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Experiments animals shown that minutehaveon even
quantities of Pb interfered with respiratory pigments,

production function.and membrane Otherenergy

manifestations of Pb inoccurred adultsexposure
occupationally exposed high levels of Pb, therebyto
resulting in abdominal colic, anaemia, renal damage,
nephroparthy and, occasionally, encephalopathy. Lucas
(1975) further reported that Pb poisoning affected the
formation of blood by retarding normal maturation of red
blood cells in the bone marrow and also by inhibiting the
synthesis haemoglobin.of poisoningThus, Pb effects
mainly involve blood forming mechanism, gastro-intestinal

in advanced stage,tract and, the nervous system. After
excessive absorption. paralysisprolonged Pb of eye

muscles and the extensor muscles occurred (UNEP, 1984).
the minimum lethal dose of(1978) reported that,Walbott

inorganic for betweenPb 300 and 700 mg/kg,man was
resulting in blood levels of 0.8 mg/litre. Because of the

discussed isabove, there instituteneedeffects to
reducetomeasures

the environment.
or prevent heavy metal pollution of
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2.5 Industrial and municipal wastes as sources of heavy­
metals in soils and waters

Toxic heavy metals may be introduced into soils through
disposal industrialof conventional andfromwastes
cottage industries (Mmbaga, 1997). Cottage industries, in
this include activitiesscalesuch small assense,
soldering, welding, burning, repair of leadrubber

washing and painting, metalbattery accumulators, car
concentrations ofsmiths, The andpottery, etc. types

thein ofthe depend themetals wastes natureon
1981) . Metalsindustrial waste (Greenland and Hayes, are

normally used for making various industrial products from
into soils and waters.find their waywhich the wastes

is used in electroplating, wherefor instance,Cadmium,
is deposited either electrolytically or mechanicallyit

of Cd include making of pigmentscorrosion.

in plastic industry,pigments used theThese are
paints and coatings, high quality industrialceramics,
and in glass and enamel. Cadmium can also befinishes,

used for making Cd phosphors as tubes in television sets,
fluorescent lamps, X-ray screens and in making electrical

on objects to provide bright appearance and resistance to
Other uses

from Cd sulphides, which gives yellow to orange colours.
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and electronic appliances heavy duty relays,such as
switches, automobile distributor contacts, and solar and
photo cells (Oehme, 1978).

earliestThe making paintof in the ofCruse was
pigments in Recently,and England.Germany, France
metallurgical chromite ingrade thehas been used
production of ferroalloys. Presence of Cr in iron casting
improves its resistance to corrosion and oxidation, and

increases ability withstandalso the to stress at
The ferrochrome alloys are widelyelevated temperatures.

employed in the production of stainless steel and heat
inwhich corrosiveresisting usedsteels are

in petrochemical processing, turbine andenvironments,
cutlery and decorative trim, mechanicalfurnace parts,

Chromite is also employed in thetools and jet engines.
of refractory bricks, ramming gunmanufacture mortars,

and high repairfurnace materials.mixes temperature
Another important use of Cr is the making of chemicals.

chemicals manu f ac tured from sodiumCrMost are pure
obtained from chemicaldichromate, grade chromate.

Chromium compounds pigments,used mordants andare as
textile industry,in tanningdyes, in leatheragents
and forindustry, chrome electroplating, anodi sing and

dipping (Oehme, 1978). All these results in wastes which



28

contaminate the environment if improperly disposedmay

of.

The largest user of Cu is the electrical industry. Usage
under this category includes power transmission cables,
electronics and electrical equipment. Copper is also used
in construction and plumbing. is incorporatedThus, Cu
into roofing and plumbing products. whereas alloys are

in bearings, fastenings fittings marineused inand
hardware.

sinceLead is one of the oldest metals known to man and,
piping, buildingintimes, usedmedieval has been

ammunitionpaints, type metal, andsolders,materials,
In more recent times,castings (Nriagu et al., Pb1988).

in batteries,mainly metalusedhas been storage
chemicals and pigments (Nriagu et al., 1988) .products,

uniqueits characteristics,sound controlofBecause
consumption of Pb has also increased in the manufacture

materials,attenuation both sheetssoundof andas
composition paneling. Lead-casted steel sheeting (terne

which combines anti-corrosion and sound barriersteel),
properties with the strength of steel, has found several

in building.applications Lead asbestos and anti­
vibration pads are employed in foundation for buildings
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various equipment, including air-conditioning systems,
industrial equipment commercial machinesand laundry
(Oehme, Additional1978). includeapplications cable
sheathing, collapsible materialscaulking andtubes,
corrosive liquid containers. Tetramethyl lead constitute
an antiknock agent in gasoline. Lead stearate is used in
the production of synthetic polymers (Oehme, 1978).

large proportion of the world production ofA
its way into industry in the metallic form, as in various

decasting alloys and as
coating ironprotective and steel. Importantona

also used in the productionquantities of the metal are
zinc oxide lithophonewhite pigments such andof as

(Phillips, 1976; Oehme, 1978) .

variousproduced from thethegeneral, wastesIn
industries using these metals as raw materials contribute

the heavy metals into the environment.high amounts of
of final productsSecondary the from theuses

industry,manu f ac tur ing in the ofcaseas cottage
industries, also produces wastes containing high levels
of these metals into the environment (Nriagu, 1992) .

types of brass, roland Zn sheets,

(Nriagu et al., 1988). It is also used in the mounting of

Zn f inds
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Municipal integrate all ofwastes andsorts wastes
discarded consumer items which contains varying levels of
heavy metals. This majorbe of metalcan a source
pollution depending on the concentrations of the metal in
the wastes (Greenland and Hayes, The careless1981) . or
unauthorised dumping disposal containingof metalor
items, ranging from miniature dry-cell batteries (Cd) to
abandoned lead-acidand (e.g.componentscars car
batteries) of very high
concentrations of metals in the soil (Alloway, 1990). The
disposal of domestic wastes by burning gardensome on

in inbonfires burial the garden also resultor can
but anomalously high concentrations of metalslocalised,

such as Pb in soils used for growing vegetables (Alloway,
1990). All these may pose serious human health hazards.

Adsorption of heavy metals by soils and sediments2.6

chemicalimportant affectingThe themost processes
in soilsbioavailability of heavy metals and sediments

concerned with the adsorption ofthose the metalsare
liquid phase solidthethe phase.from Theseonto

concentrationscontrol the ionsof metal andprocesses
the soilin solution and,complexes thus exert majora
theirinfluence uptake by plants' (Alloway,rootson

can give rise to isolated areas
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1990) . Several different mechanisms involved in
the adsorption of metals, including cation exchange (or
non-specific adsorption), specific adsorption, organic
complexation and co-precipitation.

attracted by and are adsorbed to the negative charge of
soil colloids. electroneutrality maintainedThus, is
where the negative charges are balanced by equal quantity

the oppositely charged counter-ionsof (Alloway, 1990).
described ion exchangeAlloway (1990), however, theas

exchange between the counter ions balancing the surface
charge on the colloids and the ions in the soil solution.
During cation exchange, high sensitivity at

risesite, giving replacing orderexchangethe to a
cations determined by the valency andtheamongst as

hydration higherThe(Alloway, 1990) . thedegree of
the greater its replacing powervalency of and

the greater the degree of hydration, and the vice versa
(Alloway, 1990).

Specific adsorption involves the exchange of heavy metal
anionscations withand ligandsmost surface formto

partly covalent bonds with ionslattice (Greenland and
1981). It results in metal ions being adsorbed toHayes,

Cation exchange is the process whereby metal cations are

there was a

an ion.

can be
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far expected from thewould bethangreater extenta

(1986), forBrummer
instance, sorptive capacitiesshowed ofthat the

time,amorphous Fe and Al oxides for and 2 67
respectively, their cation exchangethangreater
capacities at pH 7.6. Specific adsorption is strongly pH
dependent and is related to the hydrolysis of the heavy

ions The metals likely formmetal (Brummer, 1986). to
specifically theadsorbedhydroxy complexes toare

adsorptionSpecific(Alloway, 1990).greatest extent
(equilibrium constant)decreasingincreased with pK
which have the same pkbut in case of Cu and Pb,values,
ionic sizewhichPb has thevalue, greater was more

(1986)(Alloway, 1990) .strongly adsorbed Brummer gave

the order for increasing specific adsorption as Cd (pK =
Pb (pK = 7.7) .(PK = 7.7)(pK =10.1)< Zn <

mainAl and theoxides of MnHydrous Fe, were
in specific adsorption reactionsinvolvedconstituents

(Alloway, 1990).

is defined simultaneousCo-precipitation theas
chemical in conjunctionprecipitation of withagenta

other elements by any mechanism and at any rate (Sposito,
1984).

Zn were

cation exchange capacity of a soil.

9.0)« Cu
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Organic complexation solid-phase humicinvolves
substances adsorbing metals by forming chelate complexes
and low molecular weight organic ligands. Humic compounds

such as hydroxyl, phenoxyl
and carboxyl, form co-ordination complexes with metallic
ions. Carboxyl groups play a predominant role in metal
binding in humic fulvic acids. maximumboth and The
amount of any given metal that can be bound was found to
be approximately equal to the number of carboxyl groups
(Chen et al., 1986).

been found that at trace levels, whereIt has, however,
exchange adsorption and

specific adsorption by the solid components of the soil
1986). The solid component ofwere dominant (Chen et al.,

the soil responsible for adsorbing these metals are clay
organic matter and oxides and hydroxides of Feminerals,
(Greenland and 1981). general,and Hayes, InMn

adsorption of metals in soils by organic and inorganic
colloids depended on pH (Huang et al., 1977). As the pH

adsorption of metals like Cd and Pbincreased above 5.5,
with ofincreased and, the metals, the reactionmany

became partly irreversible (Greenland and Hayes, 1981) .
Adsorption of heavy metals including Cd2+,

conformedand the Langmuirto Freundlichor

Pb2+ Zn2+Cu2+

Cr3+

with soluble reactive groups,

precipitation was not a factor,



34

a wide range of concentrations (Soldatini
et al., 1976). The stability of the complexes formed as a
result of adsorption tended to increase as pH increased.
and depended on the type of The stability ofthe metal.
the complexes has been reported to increase in the order

(Greenland and Hayes, 1981).
This stability is important in determining the amount of
metal fixed by the colloidal surface.

Absorption of heavy metals by plants2.7

is generally influenced by soilPlant uptake of metals
characteristics. These include total quantity and total

in soil, soil pH,speciation of the metal present the
exchange capacity, clay mineralogy and organiccation

soil,of the well plantcontentmatter as as
physiological factors (Xhung fung and Ghalamhoss, 1989).

the absorption and theMany workers have reported that
concentration in plants increaseof heavy metals with

organic carbon, cation exchange capacityincreasing pH,
for

concentrations of6.5, the Cd, inPb and Hg some

> Pb2+of Cu2+ > Cr3+ > > Cd2+

and clay content of a

isotherms over

example, observed that when pH was increased from 5.3 to
soil. Dowdy and Larson (1975),
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vegetable leaves increased by 7.3, and 0.1 |ig/g of1.2

dry matter, respectively.

Absorption mechanisms can vary for different metal ions,
ions whichbut into the root by the same

mechanisms likely with each otherto competeare
(Alloway, 1990). For example, Zn absorption was inhibited
by Cu and H+, whereas Cu absorption was inhibited by Zn,

(Kabata-Pendias and Pendias, 1986).

Since plants are the primary source of nutrient supply to
absorption of heavy metals byanimals,and otherman

of metals circulating in food chains.

Remediation of soils polluted by heavy metals2.8

aimed removinginvolvesRemediation the atprocesses
heavy metals from polluted soils. Removal of heavy metals
from soil depend on clay content of the soil, pH, organic

concentrations theof heavy metalscontent,matter
involved and reaction time of the metals with extractant
(As ami, 1988).
of two major approaches: Ex-situ and in-situ remediation

NH4+ and Ca2+

plants is an important aspect in determining the amounts

Soil remediation may involve one or both

are absorbed
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(Moffat, 1995) . Ex-situ remediation requires the
excavation of the soil followed by its washing, whereas
in-situ remediation involves applying remediating
extractant to the soil without excavating it (Matschullat
et al., 1992).

Some workers have reported different ways of removing or
reducing the concentration of heavy frommetals
contaminated soils. Benschoten for example,(1994),
reported on the use of chelating agents, organic and/or
mineral acid solutions the heavy metals. The
soil can as well be remediated by capping or covering it
with an uncontaminated soil (Tokunaga, 1996) . Thecover

soil diluted mixed) withpolluted also be (orcan
unpolluted soil to bring down the concentrations
heavy metals to an acceptable limit (Tokunaga, 1996).

washing is suitableSoil of the ofmostone process
from polluted soils.removing heavy metals It uses a

solution which contains either acids, bases or chelating
1994). soil(Benschoten, Generally washingagents a

process consist of four basic parts: i) pre-treatment of
the contaminated soil by sieving and hydrocylonation, ii)
extraction of heavy metals from the soil, iii) separation
of the cleaned soil particles from the liquid phase, iv)
cleaning and/or recycling of the extracting agent (Tels,

to remove

of the
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1987) . The contaminants in the extracting solution can be
treated by conventional methods for reuse (Cushnie, 1985;
Tels, 1987). washingThe problem with the process,
especially with mineral acids, is physical,that the
chemical biologicaland properties soilof the are
normally disturbed. This, therefore, requires preliminary

(Davisbench-scale study select the bestto extractant
inSingh, solutions usedand 1995) . of theSome

remediating polluted soils are summarised below:

a) Mineral acids

In many cases, the interaction between soil and the heavy
metals is pH dependent (Arnfalk et al., 1996). Except for
Cr (VI), uptake of heavy metals increases with increasing

was removed in
the pH range of 2 and 3, and this may include those forms
retained by aluminum oxide, a major soil component (Lo et

1992) .al. ,
in soils in the low pH region, suggesting that soil-bound
metals may be mobilized by decreasing the pH (Lo et al.,

the possibilitiesThis, then, opened usingof1992).
remediation.acids for washing pollutedmineral For
have been used extensively.HC1 and HNO3soils,

In general, heavy metals are hardly retained

A 0.1M

pH. More than 60% of Cr(VI), for instance,
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HC1 solution, for instance, effective in removing 77was
97% Ni,to Cu, Pb increasingand and by theZn,

concentration of HNO3 from 0.01M to 0.1M, 70% of Zn, Pb,
andCu, Cd removed acid(Tokunanga, 1996) . Thewas

washing process is advantageous inalso the subsequent
treatment of the leachate containing heavy metals, which
can be accomplished by some simple precipitation methods.

adverse effects may occur to the soil's physical andBut,
chemical properties when acids whichusedstrong are
dissolve significant amounts of silica, aluminum and iron

Concentration(Tokunaga, 1996). acidof should,
therefore, be optimised by prior experimentation.

b) Inorganic cleaning agents

acids,than mineral inorganic cleaningthereOther are
mercuric sulphide, potassium iodidesuchagents as
hypochloritesodium solutionsolution, and calcium

An acidic 0. IM KI solution.chloride. for instance, was
high percentageshowreported removal ofto a very

whereas 70 to 85% of Cr in soil extractedwasmercury,
with a hot 0.46M sodium hypochlorite solution at pH 8.5

Calcium chloride1990) .(Tels, Pb and CdZn,remove
al. , 1993) .(Fischer The mechanismet of removal was
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believed to be desorption cation exchange reactions, in
which heavy metals were desorbed by the added secondary
exchange cations of higher affinity to the soil than the
heavy metals in question (Tokunaga, 1996) .

c) Organic acids

Some naturally occurring organic acids are used for soil
washing because of their ability to lower the pH of soil
and to form soluble metal complexes. These include acetic

and other aliphatic acids.acid, glycine,oxalicacid,
instance. reported thatfor 0.IM(1995) ,Reed al.et

effective in removing more than 50% Pb,acetic acid was
Oxalic acid had higher ability toCd and Zn.Cu, remove

than acetic acid (Leidmann al. ,andCd, etPb, Cu Zn
(1993) reported that a 5% glycineFischer et al.,1994) .

84.9% of Ni,solution removed 94.7% of the Cu, 69.9% of
Zn and 61.3% of Cd contained in a soil.

d) Biosurfactants

biosurfactants produced by organisms form stableSome
complexes with heavy metals, and hence to

metals from soils (Miller,heavy 1995) .remove
can be used
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Biosurfactants with molecularcolloidal in nature,are
weight of less than example of these1500. An
biosurfactants are rhamno lipid, produced by Pseudomonas

aeruginosa. effective in removing Pb, Cd and Zn
(Herman Rhamnolipid metalal., 1995) . had heavyet

selectivity in the order of Pb = Cd > Zn (Herman et al.,

1995) .

e) Chelating agents

complexes and, hence,
Ethylenediamine­

tetraacetic acid (EDTA), nitrolotriacetic acid (NTA) and
diethylenetriaminepentaacetic acid (DTPA) are some of the

extensively studied.chelating agents which have EDTA,

extracted up to 90% of heavy metals such asfor instance,
(Leidman, Reed al.1994) . (1995)Cd and Cr etCu, Zn,

further reported that a 0.01M EDTA solution was effective
in extracting 100% of Pb in the form of Pb(II) , PbSO« or
PbCCh. The Pb removal from soils containing 10 000 mg/kg

respectivelyfor andand 19.1% NTA,64.2% EDTAwere
Extraction with EDTA was rapid1992) .(Peters and Shem,

and pH insensitive, whereas that with NTA was slow and pH
dependent (Davis and Singh, 1995) . Davis and Singh (1995)

It was

are used to extract soil-bound metals.
These normally form stable metal



41

effective in completely removing Zn from soil containing

4 450 mg Zn/kg. By using chelating agents, heavy metals
therefore be removed, with high percentage removalcan,

achieved. there with ofHowever, problemsare use
chelating agents. i) high cost of chelating

ii) difficulty of leachate treatment becauseagents, some
leachate highlycomplexes iii)stable, andare
environmental safety (Sorvari and Sillanpaa, 1996) .

biodegradable without producing undesirableisNTA

utilizeditmetabolites. has beenTherefore, as
isis degradable, whereasdetergent. EDTADTPA non

degradable (Stumpf et al., 1996).

Due to the comparatively confined nature of pollution in

excavation,the cottage industry setting. gathering and

practical proposition in pollution abatement.

remediation of such soils by washing processes could be a

also reported that a 3 x 10'3M EDTA or DTPA (at pH 6) , was

These are:
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2.9 Review of the theory atomicof absorption

spectroscopy using a flame

The atomic Absorption Spectrophotometer (AAS) thewas

analytical instrument used in the present study. It is a

inusedtool analysis highmetal due itstocommon

sensitivity, accuracy and reproducibility, ease of sample
preparation, applicability to large number of metalsa

and comparatively low cost (Hamilton, 1986) .

metallic elements by atomicdetermination ofThe
absorption spectrophotometer is based on the principle of

absorption or emission of radiation by free atoms, thus

fromresulting in transition of these atoms one steady

transitionThe of1976) .(Welz, typeanothertostate

the magnitude ofbetween

The basic1976). reaction(Welz,energies involvedthe

excitation offollowing the groundunderlying AAS, a

state atom from R to R* were stated as follows:

R + hv = R*

atom, h is the Planck's constant and u is the frequency

the steady states depended on

where R is the ground state atom, R* is the excited state
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of radiation (Welz, 1976) . An atom is said to be in the
ground when itsstate in theirelectrons lowestare
energy levels (Welz, 1976) . When energy is transferred to
such atoms, by means of thermal or electrical excitation.

number differentof excitation inresultsa states
throughout the population of the atoms (Welz, 1976). The
ground state atom, therefore, absorbs energy to yield the
excited state, which in emits radiation followingturn

de-excitationthe Absorption emission ofprocess. or
light is, associated withtherefore, ofthe process
transition of atoms from one steady the otherstate to
(Welz, 1976).

(1976) reported that for the steady states m and nWelz
respectively, absorption of light

Em following the transition>was

light with frequency inverselyemission ofthe

proportional to Planck's constant and given as:

- Em)/h

3)mn

taking place when En
and En,

= (En

with energies Em

from m to n, while the transition from n to m resulted in
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Einstein's radiation suggestedquantum theory of that
between levels of steady states m and n, three types of
transitions may have taken place:

Emission of radiation from an excited state to (n)a)
due to external radiationa lower energy state (m) ,

emission (transition from excitedb) Spontaneous
converting n to m andstate to lower energy state),

Absorption of energy from a lower energy state to ac)
higher one due to external radiation with frequency

converting m to n.

Absorption involvingThese transitions form basis of AAS.
productioninresulted the ofground atomsstate

characteristiclines of the element (Welz,resonance
isEmission absorbed whenof the1976). energy n

again produces theconverted back same resonance
lines characteristic of the element. These lines (emitted

used analytically in AAS determine theenergy) toare
concentrations of the atoms involved.

The essential components of an AAS are shown in Figure 1.
include i) light (hollow cathode lamp)These a source

of the same frequency Vmn,

to m
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which emits radiation characteristic of the element under

ii)study, iii)flame which produces atoms,a a
wavelength selector which isolates(monochromator) the
desired line iv) electronicand systemresonance
comprising (photomultiplier), amplifier anddetectora
read-out (recorder).

The hollow cathode lamp has
element being determined. radiation is passedthe The

radiationsthrough the flame (burner) and the resonance
partially absorbed by the ground state atoms of theare

inif the sample.theyelement, presentaresame
Atomization takes place at the burner (nebulizer) stage.
The monochromator isolates the desired resonance line and

the photomultiplierradiation fallthisallows to on
The electronicswhere an electrical signal is generated.

designed to respond selectively to thethe unitof are
pulsed radiation emanating radiationfrom the source.

which in electronicSignal processing resultsoccurs,
absorption byoutput proportional thethe analyteto

atoms (Price, 1972).

a cathode which incorporates
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monochromator
flame

detector

amplifier

fuel—>:

nebulizer
oxidant

\T
printer

incterjJ

recorder

sample

resonance 
line source

spray 
chamber

Figure I. Practical system for atomic absorption spectrophotometer
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CHAPTER THREE

3.0 MATERIALS AND METHODS

Investigation on the history and capacity of3.1
cottage industries

present study. These locations were in Ngara and Gikomba
sites along the Nairobi river, as follows:

Middle Kirinyaga Road Garage Car Washing anda)
Painting(MKRG CWP),
Middle Kirinyaga Road Garage Motor Welding (MKRGb)
MW) ,
Lower Kirinyaga Road Metal Welding (LKRG MW),c)
Upper Kirinyaga Road Garage Car Washing and Paintingd)
(UKRG CWP),
Jilinda Soldering,e)
Ngara Garage Car Washing and Painting + Motorf)
Welding,
Machakos Garage Battery Charging + Welding,g)
Country Bus Garage Motor Welding (C.B.G. MW),h)
Kamkunji Rubber Burning (K.R.B.),i)

Twelve cottage industry locations were selected for the
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j) Kamkunji Soldering (K.S.),
k) Kamkunji Metal Beating and Painting (K. MB + P) ,

Kamkunji Metal Beating + Painting + Welding1)
(K. MB+P+W).

general information concerning the approximate datesThe
of their establishment and the raw materials used by each
industry are given in Table 1.

According to industry owners, it was noted that most of

Therebeen undertaken.hadtheseknown to wasowners,
activity toshifting fromalso one

depending on how lucrative the business was. Itanother,
further observed that the activities of some of thesewas

difficultintegrated thatindustries towere so
specific installationcontribution ofquantify the a

in the soil.towards high levels of heavy metals Thus,
contamination,point of metallocating the source

especially in the Ngara industries,
this sampling inrecognition of latter fact,In some

Kamkunj i MB+P+Wsuch as Ngara Garage MW+CWP,locations,
was generally carried out in order toand Kamkunji MB+P,

the combined contribution of the integratedassess

was a difficult task.

the industries were installed where other activities, not

it was

a general trend of
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Table 1. Specific industries surveyed with dates of
establishment, relative capacity rating, raw
materials used and trends of operation of each

industry

ofIndustry location and activity Date Activity Raw materials Capacity

fluctuatingMKRG CWP1 1990 medium

fluctuatingmediumMKRG MW2 1990

large consistent1993LKRGMW1

medium consistent1983UKRG CWP2

fluctuatingwire smallsoldering1997Jilinda Soldering

consistentlarge1996Ngara Garage MW+CWP

small fluctuating
1988

large consistent1978C.B. Garage Weld.

large consistent1984Kamkunji Rubber Bum.

wire. large1980 consistentKamkunji Soldering

small fluctuating1982Kamkunji MB + P

medium consistent1980Kamkunji MB + P + W

battery 
charging, 
welding

welding, 
panelling, 
mechanics

washing, 
painting.

welding 
washing 
painting

welding, 
mechanics

iron 
various

Trend 
operation

Machakos Garage Batt. Charg.+ 
Weld.

car washing, 
painting, 
mechanics 
welding, 
panelling

rubber burning 
heating and 
reshaping 
metal sheet 
soldering 
metal scraping 
metal beating, 
painting, 
plating

soldering 
brass 
galvanized 
sheets, 
sheets, 
paints

metal beating, galvanized metal 
painting, sheets, various
welding paints
plating welding rods (Pb,

Cu), gas welder

Sadolac, sadocril 
& Higlose paint. 
Detergent 
gas + electric 
welder, welding 
rod (Cu & Pb), 
paints 
gas + electric 
welder, welding 
rods (Cu & Pb). 
paints 
sadolac, 
primer.filler 
sadocril.higlose, 
paints, detergent 
soldering 
(Pb, Cu) 
gas + electric 
welder, welding 
rods (Pb +Cu), 
sadolac.sadocril 
paints, detergent 
Lead sulphate, 
welding rod (Pb, 
Cu), gas and 
electric welder 
gas + electric 
welder, welding 
rods (Pb, Cu) 
vehicle tyres 
petrol, paints
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industries towards high metal levels. Finally, there was
little specialization within the cottage industry sector.

Sampling3.2

Soil sampling, processing and routine analysis3.2.1

undertaken during long rainy El nino period inThis was
soilFor each cottage industry,1998.January, g

sample was drawn to a depth of 0-15 cm, within 0-5 m away
inactivity,industry fourof thethefrom centre

replicates.

and following theMoving further away
soilprevailing winds, samplesdirection of more were

similarly collected at distances of 300, 500100, 200,
from each of the two sites (Ngara and000 m awayand 1

Gikomba) . This was done in order to establish the extent
pollution of eachfrom the centremetalof away

maintained.Four replicationsindustry's activity. were
locationsis sketch of the whereAppendix 3 mapa

sampling was undertaken.

a 200

from the centre,
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it is worth notingHowever, to high rainfallthat due
during sampling period, some of the heavy metals may have
been leached off or washed away by run-off, thus causing

determined metalthe in soil sampleslevels the lower
than the expected values.

taken to the laboratory and
air-dried. They were ground using mortar and pestle and
sieved through a 2 mm sieve. The soils' routine physical

chemical propertiesand analysed. The pH waswere
determined electrometrically using the UNICAM Model 292

soil:water ratio (Maclean,1:2.5MK2 pH Meter, at a
1982). Organic carbon was determined by the wet digestion

(Nelson and Sommers,method of Walkey and Black 1982) .
distribution determinedsize byParticle thewas

Bouyoucos hydrometer method (Anderson and Ingram, 1993) ,
obtained usingwhile classes thetextural USDAwere

The soils'textural class triangle. properties are shown
in Table 2a.

The soils were generally on the alkaline range. However,
organic carbon soilof samplesthe content were

relatively low, although the Kamkunji Soldering location
had a high value of 11.42%. The soils were heavy (clay)

The moist soil samples were



52

to light textured (sandy loam) with clay contents ranging
from 11% to 44%.

The high pH observed may result in precipitation of most
heavy metals into insoluble compounds. the highHowever,
organic carbon and clay contents may lead to adsorption
of the metals onto the soil colloids, thereby preventing
them from leaching or washing off by run-off.
metals from these soils are likely to be retained due to
high soil pH and clay content, with little influence from
the low organic matter content.

Plant sampling and processing3.2.2

of 5-10, 40,
280 and 320 m away from each of240,160, 200,80, 120,

following directionsites, again the ofthe two
The edible speciesprevailing winds. of Amaranthus was

sampled. This species was chosen because it was the most
distributedwidely edibleand plantabundant, found

vicinity of industry sites.within thethe The whole
aerial portion of the Amaranthus plant was cut above the
soil surface at each sampling spot. For each of the spots
where a plant sample was collected, soil samplea 200 g

Plant samples were collected at distances

Thus, most
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Table 2a. Physico-chemical properties of soils from Ngara
and Gikomba cottage industry sites

Sampling locations

SD = standard deviation, OC = organic carbon. SCL = sandy clay loam.
SC = sandy clay, SL = sandy loam, CL = clay loam

Textural.
Class

PH
±SD

%
Sand

8.3±0.21
8.1±0.13
7.9±0.09

7.8±0.28 
7.9±0.19 
8.2±0.13 
8.0±0.14 
8.1+0.11 
7.9±0.05 
8.3+0.21
7.1 ±022 
7.8
6.6 
7.7±0.09 
7.5±0.14 
7.9±0.06 
7.2±0.24 
7.9±0.14 
7.3+0.38
8.0+0.09 
7.5±0.28 
7.4±0.3
7.3±0.16

2.89
4.64
6.19+0.04

1.57±0.08 
6.05
3.13 
1.62±0.03
3.34 
2.85 
3.18±0.02 
2.24
I. 41 ±0.09 
5.75±0.05 
7.99
9.81 
O.6O±O.O3 
4.85±0.04
II. 42 
2.42±0.03 
4.77±0.04 
3.78 
2.20 
3.62±0.02

%OC
±SD

62
78
62

36
48
65
36
62
40
43
40
44
46
64
70
45
66
74
50
60
56
63
43

17
8
19

20
14
16
22
16
16
17
18
15
20
23
19
16
18
14
18
24
25
18
24

21
14
19

SCL
SL
SL

%
Silt

44
38
19
42
22
44
40
42
41
34
13
11
39
16
12
32
16
19
19
33

Jilinda Soldering (0-5m)
MKRG CWP1 (0-5m)
MKRG MW2 (0-5m)
MKRG 100-150m from MW2 and
WP1
LKRG MW1 (0-5m)
LKRG MW 1 (50-100m)
LKRG MW1 (100-150m)
UKRG CWP1 (0-5m)
UKRG CWP1 (50-100m)
Ngara Garage MW+CWP (0-5m)
Ngara site (300m away)
Ngara site (500m away) 
Ngara site (1,000m away) 
Machakos Ga. Bat. Ch.+ W. (0-5m) 
C.B. Gar. Weld.(0-5 m) 
C.B.Gar. Weld.(100-150) 
Kamkunji Rubber Burn. (0-5m) 
Kamkunji Soldering (0-5m) 
Kamkunji MB+P (0-5m)
Kamkunji MB+P+W(0-5m) 
Gikomba Site (300m) away 
Gikomba Site (500m) away 
Gikomba Site (1 000) away

Clay 
SC 
SL 
Clay 
SCL 
Clay 
Clay 
Clay 
Clay 
SC 
SL 
SL 
CL 
SL 
SL 
CL 
SL
SL 
SL 
SC

%
Clay
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also drawn for subsequent heavy metal analysis. Thewas

to correlate the amounts of heavy
in the soils with thosemetals in the associated plant

samples. The samples transported to the laboratorywere
for further preparation. soilsThe treated aswere
described in section 3.2.1 above. The plants were washed
with tap water and rinsed well with distilled water to

any adhering soil particles. dried atThey wereremove
60° C and ground using a plant sample grinder.

Sediment sampling, processing and routine3.2.3.
analysis

also done during long rainyThis when theseasonwas
Sediment sampling restrictedflooded.river towaswas

cm below the waterthe river bank up to
This was due to lack of sophisticated equipmentsurface.

sedimentsdeep water sampling. The collectedfor were
which was washed betweenusing a stainless steel scoop,

at variousThe samples drawn locationssamplings. were
the Nairobi river. Chiromo, Chiromo-Thesealong were

Ngara midpoint, Ngara midstream,Ngara upstream, Ngara
Ngara-Gikomba midpoint, Gikombadownstream, upstream,

midstream GikombaandGikomba downstream. Three

objective of this was

a depth of 100
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replications were maintained at each point. The samples
packed in polyethylene bags and transported to thewere

laboratory, dried described soils.and forground as
Routine sediment analysis carried out for soilswas as
and the results of analysis are shown in Table 2b.

The river sediments were predominantly clay textured with
and with low contents of organic carbon. AspH above 7.0,

in soils, this impliesthe of that of themostcase
metals are likely to be retained in the sediments through
precipitation adsorption colloids,and clay butonto
little influence from organic matter.

Water sampling3.2.4

collected in one-litre, high density
using stainlessbottles steelpolyethylene a scoop.

Sampling was done to a width of 2m across the river using
limitationsdue caused bysimple tools to constant

lack of sophisticatedriver andflooding of the water
containerssample washed priorThesamplers. towere

described in section 3.3 below, and rinsedsampling as
withtimes the pointseveral from the ofwater

collection. The pH of the water samples were recorded at
every sampling site using portable pH meter. The pH of

Water samples were
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Table 2b. Some selected properties of sediments obtained
from Nairobi river (between Chiromo and Gikomba
downstream)

Sampling location

SD = standard deviation
OC = organic carbon
SCL = sandy clay loam
SC = sandy clay
CL = clay loam

Textural 
class

Chiromo
Chiromo-Ngara mid-point 
Ngara upstream
Ngara mid-stream
Ngara downstream 
Ngara-Gikomba mid-point 
Gikomba upstream 
Gikomba mid-stream 
Gikomba downstream

7.1±0.12
7.4±0.21
7.4±0.07
7.5±0.15
7.0+0.07
7.4±0.02
7.8±0.15
7.0±0.02
7.5±0.06

1.39±0.01 
1.06±0.03 
1.85+0.01 
1.57+0.08
1.88±0.06 
1.23±0.03 
1.05±0.01 
1.59+0.05
1.41 ±0.02

56
46
26
22
28
31
24
28
44

29
38
67
58
54
50
65
64
34

Ph
±SD

%OC
±SD

%
Sand

15
16
7
20
18
19
11
8
22

%
Clay

%
Silt

SCL 
SC 
Clay
Clay
Clay
Clay
Clay 
Clay 
CL
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the samples later adjusted about less,2.0towere or
using concentrated nitric acid. The addition of acid was
to prevent metabolic processes of micro organisms which
could biochemical inchanges samples.thecause

itFurthermore, helped flocculation andprevent
precipitation reduced adsorptionof metal compounds and

containersof the metals the surfaces of theonto
(Muigai, 1992). The pH data is shown in Table 2c.

Table 2c. pH of the Nairobi river water samples

Sampling location pH ± SD

SD = standard deviation

slightlyThe pH of
implieswith Thisof 7.0-7.3. thatalkaline, rangea

metal solubility in water environment may be reduced due
to high pH.

7.l±0.03
7.2±0.01
7.3+0.05
7.1±0.02
7.2±0.01
7.1±0.01
7.1±0.03
7.0±0.03
7.3±0.01

Chiromo upstream 
Chiromo - Ngara point 
Ngara upstream 
Ngara midstream 
Ngara downstream 
Ngara - Gikomba point 
Gikomba upstream 
Gikomba midstream 
Gikomba downstream

the Nairobi river water samples was
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3.3

All the laboratory ware including digestion beakers and
flasks, pipettes, volumetric flasks, sampling containers

for 24 hours in detergent solution. They were then rinsed
again with 1:25 hydrochloricinand soakedtap water
acid:water for 24 hours. Washing was completed by rinsing
with deionised water before use.

Digestion of samples for total metal analysis3.4

Digestion of soil and sediment samples3.4.1

From the 2 mm sieved samples, 10 g was drawn and further

ground into fine powder. Exactly 2.0000 ± 0.0005 g of the

soil was weighed and transferred into a 100 ml beaker. To
in beakers ml concentratedthe dry 15samplesthe

hydrochloric acid and 5 ml nitric acid (aqua regia) were
added (Jeng and Bergseth, 1992). The samples were swirled

overnight. followingstand The day theleftand to
beakers were placed on a hot plate and boiled at 90-100° C

conditions Refluxingforreflux hours.under two was
stopped and boiling continued until the solutions almost

Washing and preconditioning of laboratory ware

and watch glasses were rinsed with tap water, then soaked
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dried, but without caking. cooled andThe samples were
the residues dissolved in 5 ml concentrated HNO3. After
cooling, the quantitativelytransferredcontents were
into ml volumetric to volume using50 flasks and made
deionized water. filtered through Whatman no.They were

filter42 washedand transferred topaper
(preconditioned) bottles.100 ml polypropylene Heavy

in digests determined usingmetals the Flamewere
Emission Atomic Absorption Spectrophotometry Model 680

with appropriate instandards prepared(FE-AAS), a
similar matrix (i.e. 10% HNO3) .

Digestion of plant samples3.4.2

wet digestion using HNO3-HC1O4thesamples,For plant
(1982) used. Exactlyand Amacherof Bakermethod was

1.0000 ± 0.0005 g finely ground plant sample was weighed

weighed samplebeaker. the 5 mlmlinto 100 Toa
concentrated HNO3 and 2 ml concentrated perchloric acid
(HCIO4) were added and the contents covered with a watch
glass and incubated for 24 hours.

then digested hot platesamplesThe atwere on a a
of between finaland90temperature range C to a100°



60

volume of 3 to 5 ml. The digest was allowed to cool for
minutes20 after which deionizedml of15 water was

added. The digest was quantitatively transferred into a
50 ml volumetric flask and made to volume with deionized

It was filtered using Whatman no. 42 filter paper.water.
This then transferred preconditioned 100 mltowas a
polypropylene bottle. Heavy metals were determined by FE-
AAS, with appropriate standards used.

Digestion of water samples3.4.3

The water samples were thoroughly shaken to mix, and 50
samples transferred into ml beakers. They were100ml

C until about 5 mltemperature ofevaporated at a
8 ml of a 3:1remained. To the remaining volume of water,

volume/volume mixture of nitric acid and perchloric acid
The digestion beakers were covered with watchwas added.

glasses, incubated for 12 hours and then transferred to a
C until allabout thehot plate and heated to

dioxidenitrogen completelyoffumesbrown gas were
continued minutesDigestion was for 20expelled. more

white solutionsfumes appeared. Theuntil dense were
The sides of the beakers andcooled at room temperature.

washed down with ml ofwatch glasses 15-20were warm

130-140°

100°
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deionized final solutionThe of thewater. pH was
adjusted digestsbelow using2 Theto HNO3. were
quantitatively transferred into 50 ml volumetric flasks
and using deionizedmade volume Theyto water. were
filtered using Whatman filter into ml1001no. paper
polyethylene bottles. Heavy metals were determined using

with appropriate This procedure forstandards.FE-AAS,
digestion of water has been recommended and adopted by

Griffithsincluding and(1971),workers, Hessemany
Rees and Hilton Thompson and(1978),Wordsworth (1977),

and MuigaiMainaAlala (1982)Wagstaff (1980), (1981),
(1992) .

in water,during AAS analysis of heavy metalsHowever,
detection limitbelowmetalsoflevelsthe most were

(non-detected) of the instrument due to limitation of the
certain concentration.instrumentsensitivity of to a

sensitive instrument would have beenTherefore, a more
lowin detect the metalorder to verynecessary

ofin the theconcentrations Forwater. presentcase
study, only FE-AAS was available for the analysis.
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Extraction of heavy metals from soils and3.5
sediments using EDTA solution

The objective this experimentof determine thetowas
of extractable Cr, releasedPb, Cd, andamounts Cu Zn

into the soil solution since this may correlate with the
forms which subsequentlytaken by plants,up may
circulate in food chains.

solution0.05M ethylenediaminetetraacetic acid (EDTA)A
was prepared from disodium-EDTA (CioH14N2Na208 - 2H20) salt by

one-litreintodissolving of the salt18.612g a
volumetric flask and adding deionized water to the mark.

To 20g of the 2 mm sieved soil samples in 100 ml plastic
0.05M EDTA solution was added and the40 ml ofbottles,

The mixture was then shakenbottle screw capped tightly.
mechanical shaker at 120 revolutions per minute(rpm)

The suspension was filtered using Whatmanfor two hours.
determined usingHeavy metalsfilter paper.No. 42 were

FE-AAS, with appropriate standards.

on a



63

3.6 Studies on remediation of polluted soils

The objective of this experiment
ways of removing heavy metal contamination of the most
polluted soils by using EDTA. The concentrations of EDTA
solution that could give maximum the heavy

was 1:10.

Different concentrations (0.005M, 0.05M,0.01M, 0.1M,

polluted soil sample for each of the studied metals (Cr,

Cu and Zn) were selected for the study. Thus, the

included Kamkunjiselectedmost polluted samplesfour

Kamkunj i Rubber BurningSoldering (Pb = 3796.25 mg/kg),

mg/kg), Kamkunji MB+P+W(Cd = 7.26 mg/kg and Zn = 349.81

(Cr = 81.43 mg/kg) and Kamkunji Soldering (Cu = 1159.75

mg/kg). Six washed plastic bottles were prepared for each

of the selected soil samples. To each of the six bottles,

4g of

EDTA solution added, each bottle containing a different

0.2 5M and 0.5M) of EDTA solutions were prepared. The most

Pb, Cd,

was to explore possible

recovery of
metals were explored. The ratio of soil:EDTA volume used

2mm sieved soil sample was weighed and 40 ml of
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mechanical shaker hours120 for andon a at tworpm

filtered using Whatman No. 42 filter paper into plastic

bottles. Three replicates heavy metalsused. Thewere

were determined using FE-AAS.

Stock solutions, standards and standard curves used3.7

for determination of concentrations of the metals in

the samples

For each metal, analytical grade reagents (Pb(NO3)

and K2Cr4O7)Cd(NO3,) 2.4H2O,

solutions. Working standardOOOppm stock1to prepare

solutions of concentrations 1, 4, 5 and 6ppm were2, 3,

prepared by diluting respective stock solutions of the

metals using the equation:

C0V0 = CiVi

CuSO4.5H2O, Zn(NO3)2

2.4H2O,

were used

concentration of EDTA solution. The suspension was shaken
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where Vo is the initial volume (ml) required in order to

make Ci, Co is the concentration of the metal (ppm) in the

solution, concentrationstock is (ppm)the metalCi

required in Vi and Vi is the volume (ml) as determined by

the volumetric corresponding absorbance forflask. The

instrument andeach concentration was read from the AAS

shown infor each metalused to draw standard ascurve

inconcentrations theof metalsFigures The the2-6.

andthesefromthen readunknown samples curves,were

calculations made to obtain the metal concentrations in

the soil, sediment, plant and water samples.
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Statistical Analysis3.8

Total and metalsEDTA-extrac table heavy were

statistically analysed by analysis of variance using the
The Completely Randomised Block DesignMSTAT programme.

influence industryused oftheto cottagewas assess
activities and distance away from the centre of activity

ThePb, Cd, Cu and Zn.on total and EDTA-extractable Cr,
(at probability level.Duncan's Multiple Range Test

0.05) was used to rank the means.

regressions EDTA-extractable heavyoflinearSimple
propertiesselected physico-chemical of themetals on

in(pH, organic carbon and clay content)soils were run
R2)(using coefficient of determination,order to assess

the extractable heavythe influence of these factors on

Heavy metal contents of Amaranthus spp were alsometals.
usingEDTA-extractable metalsandtotalregressed on

establishinregression order thelinearsimple to
soil'srelationship between plant's and totalcontents

The Statgraphicsextractable heavy metal contents.and
in running linear regressionusedPLUS wasprogramme

analysis.

P =
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Total heavy metal contents in the soils of cottage
industry areas

The total heavy metal (Cr, Pb, Cd, Cu and Zn) contents in
shown

in Table 3.

Total metal levels in soil were generally highest within
the centres of activity (0-5 m) .

(0-5 m) locations(0-5) and LKRG MWIin Ngara, UKRG CWP2
had the highest quantities of most metals. theHowever,

generally differed all the 0-5levelsmetal among m
significantly (P = 0.05)levelslocations. These were

higher than those in samples collected at 300 m, 500 m or
in soils obtainedmetalThe contents0001 away.m

between 300 and 1 000 m were not significantly (P = 0.05)
different within that interval.

Within the 0-5 m zones

soils of cottage industries in the Ngara site are
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Table 3. Total heavy metal contents of cottage industry
soils of the Ngara site 

Cr Pb Zn

Means within a column followed by the same letter were not significantly (P = 0.05)

different according to the Duncan’s New Multiple Range Test.

Sampling location 
(± Activity)

8.83 de 
10.00 d
29.83 a
11.78 c
7.26 e
32.67 a
8.13 de

11.57 c
6.20 ef
5.21 ef
3.14 f

17.97 b
11.00 cd

372.75 d
784.88 b

87.25 e 
347.00 d
572.59 c
124.61 e
46.88 e
1 156.94 a
371.31 d

161.37 e 
118.66 e 
79.06 e
23.37 e

0.13 gh
0.34 ef
0.21 f
0.09 h

62.87 be
171.81 b

15.61 c 
131.9b 
412.05 a 
45.34 be 
11.68 c 
327.58 a 
47.57 be

76.04 be 
11.48 c 
ll.06c 
7.22 c

246.71 ab
262.63 a

141.42 d
245.45 ab
273.76 a
215.00 b
100.15 e
248.99 ab
179.71 cd

200.90 c
102.71 e
134.30 de
103.35 e

MKRGCWP1 (0-5 m) 
MKRGMW2 (0-5 m) 
MKRG 100-150 m from 
MW2 and CWP1 
Jilinda Soldering (0-5 m) 
LKRG MW1 (0-5 m) 
LKRG MW1 (50-100 m) 
LKRGMW1 (100-150 m) 
UKRG CWP2 (0-5 m) 
UKRG CWP2 (50-100 m) 
Ngara Garage MW + CWP 
(0-5 m) 
Ngara Site (300 m away) 
Ngara Site (500 m away) 
Ngara Site (1 000 m away)

0.15 g 
0.57 d 
1.52 a 
1.07 b 
0.44 e 
1.11 b
0.54 de

Mean metal concentration 
Cd Cu 

mg/kg  
I 0.70 cd
i 0.89 c
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Table 4. Total heavy metal contents in cottage industry
soils of Gikomba site

Cr Zn
mg/kg

Means within a column followed by the same letter were not significantly (P = 0.05)

different according to the Duncan’s New Multiple Range Test.

Sampling location 
(± activity)

Machakos Gar. Batt. Char, 
and Weld. (0-5 m) 
C.B. Gar. Weld. (0-5 m) 
C.B.Gar. Weld.( 100-150m) 
Kamkunji Rubber Bum (0-5 m) 
Kamkunji Soldering (0-5 m) 
Kamkunji MB+P (0-5 m) 
Kamkunji MB+P+W (0-5 m) 
Gikomba site 300 m away 
Gikomba site 500 m away 
Gikomba site 1 000 m away

44.65 b
36.91 be
8.23 cd
69.97 ab
26.94 c
22.28 c
81.43 a
9.82 cd
8.84 cd
3.61 d

1 468.25 c
2 333.81 b 
189.85 de
3 595.50 a
3 796.25 a 
457.44 d
2 345.75 b 
181.93 de 
69.79 e 
30.88 e

1.81 d 
0.57 ef 
0.54 ef
7.26 a 
1.67 d
6.12 b
3.54 c 
1.02 e 
0.49 ef 
0.19 f

440.25 b 
379.94 be 
28.36 e 
171.23 d 
1 159.75 a 
329.66 c 
389.11 be
38.29 e
30.80 e
5.80 e

262.10 c
254.18 cd
219.91 de
349.81 a
307.94 b
293.06 be
314.19b
244.12 d
247.13 d
108.49 e

Mean metal concentrations
Pb Cd Cu
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For the Gikomba site, the total heavy metal contents are
shown in Table 4. The trend was similar to that observed
in Ngara.

The total heavy metal inlevels soils Gikombaof were
also generally highest within the centre of activity (0-5

and differed significantly from those inm) (P = 0.05)
soils collected further totalFurthermore, theaway.

levels differed within the 0-5metal fromm zones away
activities. obtainedofthe samplescentres However,

between 100 m and 1000 m did not differ significantly (P
=0.05) in total heavy metal levels.

the high concentrations ofFrom the observations above,
the heavy metals obtained in both Ngara and Gikomba sites

from disposal of theof theresulted wastes cottage
industries installed there. Those cottage industries were
using raw materials which contained high levels of the

disposal inTherefore, ofmetals. theheavy wastes
vicinity resulted in high levels of the metals in soils,
especially within 0-5 m of the centre of activity.

the differences in heavy metal contents amongstHowever,
withinlocations the activity maythe of becentres
three factors.attributed to first isThe the type of
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activity taking place within the individual industry. For
instance, where washing paintingandareas car were
undertaken in Ngara, like UKRG CWP (0-5 m) and MKRG CWP
(0-5 m), showed high levels of all the metals. Thus, the
levels of Cr, Pb, Cd, Cu and 32.67, 1 156.94,Zn were
1.11, 327.58 and 248.99 respectively,mg/kg, for the
former location and 17.95, 372.75, 0.7, 62.87 and 246.71

respectively,mg/kg, for the latter (Table These3) .
significantly (P = 0.05) high levels may be attributed to
the fact that of these metals inusedsome were
formulation paints stabilizersof duringand

chemical constituents of paints, pigments lubricantsor
(Nriagu,Pb and 1978; 1980; 1988). Therefore,Zne.g.

apart from the spillage of the paint in the process of
painting, original paintthe would normally becar

scraped off before a new paint was added or during metal
beating operations. this,result of the metalsAs a
contained in the old paint were discharged into the soil

leading to high soil metal contents dueenvironment, to
Likewise,these paint wastes. the high levels of Pb and

Cu around Kamkunji Soldering (3 796.25 Pb/kg and 1mg
159.75 mg Cu/kg) and Machakos Garage Batt. Char.+ Weld (1
468.25 mg Pb/kg and 440.25 mg Cu/kg) in Gikomba were due
to soldering and battery charging activities. These high

manufacturing of paints e.g. Cr and Cd, while others were
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levels of Pb and Cu were realised owing to the fact that
Pb and Cu formed integral components of the raw materials

in soldering wiresused inand Pb accumulators (PSE,
1982; Oehme, during1978) . solderingTherefore, and

fragments from
the soldering inrods and battery- resultedcontents
accumulation soils.of these in recipientmetals the
Also, rubber burning operations, such as that at Kamkunji
Rubber Burning (0-5m), contributed to significantly (P =
0.05) high levels of Cd (7.26 mg/kg) . This may be due to

is incorporated duringthe fact that Cd normally
manufacturing of rubber materials, such as vehicle tyres
and plastics (Hiscock, cited by Wanjie, 1992),1979,
which were burned at that location.

industry activitiesIntegration of alsocottage was a
factor which contributed to significantly (P = 0.05) high

ininvolved activities.thoselevels of An
example is in the case of Kamkunji MB+P+W (0-5 m) (81.43

345.75 mg Pb/kg, 3.54 mg Cd/kg,2mg Cr/kg,
Cu/kg and 314.19 mg Zn/kg) where metal beating, painting
and welding activities undertaken within thewere same

painting could have resulted in highenterprise. Thus,
Cdof and weldinglevels Cr, whereas probablyZn
highcontributed levelsto Similarof andPb Cu.

the metals

battery charging operations splinters or

389.29 mg
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influences of cottage industries on heavy metal levels in
soils were reported by Assey (1995) and Mmbaga (1997) .

The second contributedfactor that have tomay
differences in heavy metal concentrations within 0-5 m

the volume of work handled by each industry.zones was
whileindustries ofhandled volumes worklargerSome

incapacity, resultingothers had smaller thereby
in the amounts of wastes disposed of by andifferences

the activities of MKRGindividual industry. For example,
similar and started(0-5 m) and LKRG MW (0-5 m)MW were

respectively).time (1990 and 1993,almost theat same
intensities ofdifferences in theofbecauseHowever,

operation between the two, metal contents were relatively
LKRG MW must have beenhigher in LKRG MW than in MKRG MW.

itsdue largeofdisposing of large volume wastes to
the large-scale operationscale operations. Furthermore,

of Kamkunji Soldering (0-5 m) over Jilinda Soldering (0-5
led tomay havem)

which resulted in high levels of Pb (3 796.25 mg/kg) and
while the latter discharged smaller(1 159.75 mg/kg),Cu

into the(347.00 mg Pb/kg and 131.90 mg Pb/kg)amounts
soil. Mmbaga (1997) also reported on variations of heavy

concentrations with intensity operationof ofmetal
cottage industries.

the former disposing of more wastes
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Thirdly, the duration which industry has beenover an
operating also influenced the differential metal contents

the 0-5at industriesThus, which have beenm zones.
operating for longer duration of time had higher metal
levels than their short-term operated counterparts. For
instance, the two locations UKRG CWP2 and MKRG CWP1 had
similar activity and capacity ofalmost the same
operation, different.but the metal Thecontents were
high concentrations of heavy metals observed in UKRG CWP2
(32.64 Cr/kg, 156.94 Pb/kg, Cd/kg,1 1.11mg mg mg
327.58, mg Cu/kg and 248.99 mg Zn/kg) may have been due

the industry started working earlierthe fact thatto
compared with (17.95 Cr/kg,(1983) , CWP1MKRG mgas

372.75 mg Pb/kg, 0.70 mg Cd/kg, 62.87 mg Cu/kg and 246.71
Similarwhich started much later (1990).Zn/kg)mg

evidence may be drawn from Kamkunji Soldering and jilinda
activity.whichSoldering handled the oftypesame

Although both were operating on a large scale, Kamkunji
Soldering had been operating since while Jilinda1980,
Soldering was started in 1997. Differential metal levels
within locations due to different duration of operation

also reported by Mmbaga The distances(1997) .was away
from the centres of activity of the industries played a

in causingsignificant role differences in heavythe
metal levels further way from the centre of activity. The
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from the activity approach nearlyofcentre toaway

constant background levels in samples collected between
300 and 1 000 away may haven been contributed bym m

First,three factors. the wastes were usually dumped not
individualfrom the centre of operation of an

industry. Thus, higher levels of heavy metals were found
mainly within receivingthe of the wastesmostarea
dumped, especially the 0-5 m zones.

second factor which confined high metalThe
industries may have been minimal influence of windsthe

distributing inin metals thesetheseand water
The inability of winds transport metalenvironments. to

far off distances probably as result ofdusts to awas
buildings withinobstructions tall thesuch areasas

the metals must have been releasedstudied. Furthermore,
whichnon-volatile could beforms transportedin not

easily by winds from the site of contamination.

physico-chemical properties such asthe soil'sThirdly,
organic carbon and clay content may have contributedpH,

to heavy metal retention in the soils resulting in low
mobility of the metals in the soils (Alloway, 1990). The

(alkaline)high have precipitatedpH must the metals,

sharp decrease in soil heavy metal contents at 50-150 m

levels near

far away
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whereas clay and organic carbon probably adsorbed the

Adsorption by soil constituentswashed away by run-off.
in insoils is implied by presentedthese the data

A similar decrease in heavy metalsection 4.2 and 4.3.
concentrations with distance was also reported by Oduor
(1992) and Assey (1995) .

The levels of the heavy metals in soils obtained from 1
probably reflecting thethe lowest,000 away werem
for 1 000The valuesbackground levels.

Tables 3 and 4 are consistent with background levels for
reported to be between 15 and 25 mg/kg (Aubertsoil Pb,

and soil Cd ofcited by Assey, 1995),and Pinta, 1977,
less than 0.5 mg/kg (Oduor, 1992).

EDTA-extractable heavy metals in soils of cottage4.2
industry areas

inEDTA-extractable heavy metalsconcentrations ofThe
are presented insoils of Ngara cottage industry areas

Table 5.

m reported in

metals, thereby preventing them from being leached out or
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observed in samples obtained within 0-5
centre of industry activities, as was the case for total

0.05) from those of samples collected 1 000 m away.
Generally, soil samples collected between 150 m and 1 000
m away did not show significant (P = 0.05) difference in
EDTA-extractable metals. Similar trends obtained in Ngara
(Table 5) were also observed for the Gikomba site (Table

6) .

the significant difference in0.05)(PIn general,
extractable metals between the 0-5 m zones and theEDTA-

from thelocations further ofother centreaway
First isfactors.activities to two

probably the high total metal concentrations in the soil
in the vicinitydumping ofofresult wastes asas a

discussed in section 4.1. The higher the concentration of
in the soil, thetotal metals

metal extracted. An example is shown in the case of UKRG
in Ngara, whose extractable Pb level ranked(0-5m)CWP2

consistent with highest totalhighest (343.9 mg Pb/kg),
Similarly, in the Kamkun j ilevel (1

Rubber Burning (0-5 m) location of Gikomba site, the high

m away from the
The highest levels of EDTA-extractable heavy metals were

may be attributed

metal contents. These levels differed significantly (P =

the higher the levels of

156.94 mg Pb/kg).
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Table 5. EDTA-extractable heavy metals in soils of
cottage industries within Ngara site (mg/kg)

Cu Zn

Means within a column followed by the same letter were not significantly (P = 0.05)

different according to Duncans’s New multiple Range Test.

Sampling locations 
(± activity)

0.31 b
0.25 be

0.21 c
0.05 d
0.20 c
0.24 be
0.29 b
0.18c
0.11 d

0.54 a
0.09 d
0.07 d
0.06 d

164.32 b
335.45 a

44.4 Ode 
137.76 be 
179.00 b 
55.97 d 
11.45e 
343.90 a 
47.16 de

96.38 c
9.01 e
26.51 e
8.06 e

0.27 c
0.46 b

0.06 e 
0.19 cd 
0.72 a 
0.17d 
0.06 e
0.43 b 
0.12 de

0.08 de
0.05 e
0.05 e
0.06 e

17.22 d
45.67 b

14.09 e
33.91 c 
78.07 a 
27.05 cd
6.33 ef
53.33 b 
10.72 e

13.27 e
5.06 ef
5.55 ef
1.32 f

28.22 ab
29.55 a

22.72 c
28.42 ab
30.36 a
24.00 b
17.92 d
27.26 ab
20.84 cd

25.95 b
20.03 cd
18.48 d
18.49 d

MKRG CWP1 (0-5 m) 
MKRG MW2 (0-5 m) 
MKRG 100-150 m from 
MW2 + CWP1
Jilinda Soldering (0-5 m) 
LKRG MW1 (0-5 m) 
LKRG MW1 (50-100) 
LKRG MW 1 (100-150) 
UKRG CWP1 (0-5 m) 
UKRGCWP1 (50-100) 
Ngara Gara. MW+CWP
(0-5 m)
Ngara site 300 m 
Ngara site 500 m 
Ngara site 1 000 m

Mean metal concentration
Cr_________ Pb_________ Cd

mg/kg....
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Table 6. EDTA-extractable heavy metals in soils of
cottage industries in Gikomba

Cr Zn

Means within a column followed by the same letter were not significantly (P = 0.05)

different according to Duncan’s New Multiple Range Test.

Sampling locations 
(± activty)

0.27 be
0.22 be
0.15 be
0.76 a
0.08 c
0.37 be
0.31 be
0.45 b
0.18 be
0.07 c

389.35 a 
324.05 b 
111.01 c
296.60 b 
391.80 a 
143.18 c
305.60 b 
46.90 d 
40.65 d
9.93 d

0.53 b 
0.16 b 
0.09 b 
1.85 a 
0.34 b 
0.18 b 
1.38 a 
0.29 b
0.11 b 
0.07

47.68 b
36.17 b 
11.67 c
18.95 c
79.17 a 
47.66 b
65.95 a 
9.78 c
9.51 c 
2.26 c

29.43 be
28.16 c
26.77 d
34.57 a
32.24 ab
31.85 b
32.44 ab
29.96 be
27.70 cd
18.16 e

Machakos Ga. Batt. Ch.+Weld 
(0-5 m)
C.B.Garage Weld. (0-5 m) 
C.B.Garage Weld. (100-150 m) 
Kamkunji Rubber bum. (0-5 m) 
Kamkunji Soldering (0-5 m) 
Kamkunji MB+P (0-5 m) 
Kamkunji MB+P+W (0-5 m) 
Gikomba site 300 m
Gikomba site 500 m
Gikomba site 1 000 m

Mean metal concentration
Pb________Cd Cu
.....................mg/kg................
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total metal levels 595.50 mg Pb/kg,(69.97 mg Cr/kg, 3
7.26 Mg Cd/kg and 349.81 mg Zn/kg) subsequently resulted
in high levels of EDTA-extractable metals (0.76 mg Cr/kg,
296.60 mg Pb/kg, 1.85 mg Cd/kg and 34.57 mg Zn/kg). These
relatively high EDTA-extractable metal levels were
probably due to the fact that as more metals were added
into soil,the the exchange/adsorption sites theof
various soil's organic inorganicand gotcomponents

leaving some cations loosely attached/adsorbedsaturated,
the colloidal soil.surfaces of the Those looselyonto

bound heavy metal cations may have been easily extracted
solution. relatively lowThe levels ofby EDTA EDTA-

extractable metals in locations between 300 and 1
initially lowdue total metalprobably towasaway

contents of those soils. Similar results were reported by
Assey (1995) and Mmbaga (1997).

The second factor which may have caused variation in the
concentrationsmetal between soilEDTA-extrac table

samples obtained from the industry locations was probably

organic matter and Clay content. For example, LKRG MW (0-
5m) and UKRG CWP (0-5 m), whose pH, %OC and clay contents

relatively high (7.9, 6.05 and 37.6, respectively,were
and 8.1,former, 3.24 and 21.60, respectively,

000 m

the physico-chemical properties of the soils, such as pH,

for the



84

for the latter) , the

EDTA-extractable metals

low. This may be attributed to the precipitation of the
metal cations form insoluble compoundsto the highat
soil leading extraction bypH, low Organicto EDTA.

have also complexedmatter thesemust metals, thereby
making them difficult instance,For
the high total Pb level obtained(3796.25 mg/kg) from
Kamkunji Soldering (0-5 m) , only a small fraction (391.80
mg Pb/kg) was extracted by EDTA. This was probably due to
high organic %0C) Kamkunj i(11.42 ofmatter content

which perhapsSoldering soil, contributed increasedto
retention of in soil colloids. locationsIn
with high contents of clay, more metal cations may have
been held up firmly, thus making them difficult

the Ngara site between 300 and 1extracted. For example,
Kamkunj i (0-5 m) , had lowand000 MB+P EDTA-m,

but high clay contents.extractable metals, Therefore,
clay may have contributed to low metal extracted by EDTA.
Similar observations were reported by Assey (1995). The

observed for the EDTA-extractable heavytrends metals
agree well with the results of regression analysis, as
outlined in section 4.3.

it was observed that the ratio of

the metal

to extract.

to total metals were relatively

out of

to be
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4.3 Relationships between EDTA-extractable heavy metals
and some physico-chemical properties of the soils of
Ngara and Gikomba.

Regression equations for EDTA-extractable heavy metals on
%0C and %Clay of soils of the cottage industries inpH,

shown in Table 7. Those for the Gikomba
site are given in Table 8.

EDTA-extractable Pb and Cu were significantlyIn Ngara,
correlated with %Clay respectively.and %0C,(P=0.05)

correlated with
EDTA-extractable Cd and Crboth %0C and %Clay. However,

not significantly (P = 0.05) correlated with %OC orwere
not correlated withThe rest of%Clay.

any of the soil parameters. Copper and Zn were positively
while showed negativecorrelated with Pb and%0C, Zn

relationships with %Clay. The chemistry of the respective
metals may have contributed to the selective correlation

observed.

correlated with %OC, and the relationships were positive.

Ngara area are

the metals were

whereas Zn was significantly (P = 0.05)

In Gikomba, only Pb and Cu were significantly (P = 0.05)
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The significant (P = 0.05) positive regressions of EDTA-

observed in Tables and7 8, respectively, bemay an
indication that a substantial proportion of these metals

held by the organic matter in easily exchangeablewere
forms. This may imply that the bonding not
high to retain the metals against the force of extraction
by EDTA. Such metals may be easily taken up by plants,

likely to be released into
soil solutionthe availableand, thus, made for

absorption by plant roots. Similar findings were reported
by Jeng and Bergseth (1992) and He and Singh (1993) . The
negative correlation between clay and exchangeable Pb and
Zn in Ngara was probably due to strong binding energy of

thus preventing them fromclay for these heavy metals,
quantities.into soil in largereleasedbeing These

metals,
absorption because of the strong binding energy by clay

and Bergseth (1992)colloids. and and SinghJeng He
(1993) made similar observations.

energy was

therefore, may not be easily available for plant

since large proportions are

extractable Pb, Zn or Cu with %OC in Ngara and Gikomba as
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Table 7. Regression equations for EDTA-extractable
metals on pH, %0C and %Clay for Ngara soils

Metals Regression equation R‘

Cr

Pb

Cd

Cu

Zn

OC = percent organic carbon

*

ns = no significant correlation at P = 0.5

Extractable Cr = -0.907+0.141(pH) 
Extractable Cr = 0.197+0.001(00 
Extractable Cr = 0.226-0.001(Clay) 
Extractable Pb = -632.77+94.95(pH) 
Extractable Pb = -10.03+35.81(00 
Extractable Pb = 327.02-(6.62(Cay) 
Extractable Cd = -1.50+0.224(pH) 
Extractable Cd = 0.020+0.071(OC) 
Extractable Cd = 0.394-0.004(Clay) 
Extractable Cu = -117.70+18.0(pH) 
Extractable Cu = 1.27+7.40(00 
Extractable Cu = 50.46-0.817(Clay) 
Extractable Zn = -16.34+18.0(pH) 
Extractable Zn = 19.00+1.47(00 
Extractable Zn = 32.30-0.26(Clay)

0.255 ns 
0.000 ns 
0.004 ns 
0.156 ns 
0.275 ns 
0.414 * 
0.184 ns 
0.227 ns 
0.037 ns 
0.145 ns 
0.501 * 
0.162 ns 
0.300 ns 
0.504 
0.483

* = significant at P = 0.05
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Table 8. Regression equations for EDTA extractable heavy

Metal Regression equation
Cr

Pb

Cd

Cu

Zn

OC = percent organic carbon

ns = not significant at P = 0.05

Extractable Cr = 2.28-0.263(pH) 
Extractable Cr = 0.314-0.006(00 
Extractable Cr = 0.340-0.003(Clay) 
Extractable Pb = -1520.39+228.35(pH) 
Extractable Pb = 32.21+34.82(00 
Extractable Pb = 406.93-10.02(Clay) 
Extractable Cd = 0.077+0.056(pH) 
Extractable Cd = 0.404+0.019(00 
Extractable Cd = 0.992-0.025(Clay) 
Extractable Cu = -364.61+52.57(pH) 
Extractable Cu = 70.77+5.03(00 
Extractable Cu = 56.85-1.194(Clay) 
Extractable Zn = -1.66+4.07(pH) 
Extractable Zn = -26.86+0.454(OC) 
Extractable Zn = 31.75-0.131(Clay)

Rz

* = significant at P = 0.05

0.146 ns
0.009 ns
0.014 ns
0.205 ns
0.697 **
0.366 ns
0.007 ns
0.013 ns
0.132 ns
0.350 ns
0.469 *
0.167 ns
0.071 ns
0.130 ns
0.068 ns

metals on pH, %OC and %Clay of soils of Gikomba
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4.4 Influence of industries heavycottage metalon
contents of Amaraathus plants growing within the
Ngara and Gikomba areas

The heavy metal of Amaranthus plants growingcontents
within Ngara and Gikomba areas are shown in the Tables 9
and 10, respectively.

In both Ngara and Gikomba, the concentrations of heavy

zone than at 320 m away.

in heavydifference metal of AmaranthusThe contents

may have been contributed by differences in bothaway
in soilsEDTA-extractable metals thetotal and as

accumulationinfluenced by differential of the wastes
industries within distances.thosethefrom cottage

total andtheWithin 5-10 EDTA-extractablethe m zone
levels of heavy metals were generally high as a result of

industries.from thedumping of wastes cottage Due to
plants growing within these locations may tend tothis,

absorb high levels of heavy metals owing to exposure to
large quantities in the soil. The low total and EDTA-

sampled within 5-10 m zone compared with those from 320 m

metals in the plants were generally higher in the 5-10 m
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extractable heavy metal in soilslevels collected from
320 have contributed inlow levelstom away may
Amaranthus plants growing Kabata-Pendiasthere. and
Pendias (1986) reported a linear relationship between Cd,

Pb, and Cu contents in edible portions of cabbage orZn,
lettuce and total contents of these metals in the soil,
implying soilthat the of heavy metalscontentsas
increased, the uptake by plants also increased linearly.
The high heavy metal of Amaranthus at 5-10contents m

away from the centre of activities of industries compared
with the rest, which are consistent with this reasoning.

the high heavy metal in AmaranthuslevelsIn general,

risk to man and other animals since it can results in
plants growing within the 5-10 m away may be a health
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toxicity consumption contaminatedtheofupon

Amaranthus plants. Toxicity hazards due to long-term
consumption of Cd contaminated rice in Japan were
reported by Kitagashi and Yamane (1981).

Relationships between heavy metal contents of4.5
Amaranthus plant and soils' total and EDTA-
extractable heavy metal contents within Ngara-
Gikomba areas

Regressions of plant heavy metal contents on total and
soilsin of andEDTA-extractable heavy metals Ngara

ingiven Tables and 12. These11Gikomba are
regressions were obtained from the raw data recorded in

Tables 9 and 10.

significant (P = 0.05) positive correlationsIn Ngara,
between plant heavy metals and total soil heavy metals,

Zincobserved.(Table 11)for Cuexcept was was
negatively correlated with total Zn in soil. Only plant

Cd had positive and significant (P = 0.05)andPb
correlations with EDTA-extractable Pb and Cd in soil.

In Gikomba, plant Pb was positively and significantly
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(P= 0.05) correlated with EDTA-extractable Pb. Plant Cd
positivelyalso significantlyand (P 0.05)was

correlated with both total and EDTA-extrac table Cd
(Table 12).

The positive and significant correlations0.05)(P =
between plant heavy metal contents and total soil metal

indicates concentrationslevels that soilthe ofas
increased,heavy metals plant uptake of these metals

increased proportionally. The uptakealso of heavy
soilthe largely depended themetals from totalon

concentrations in the soil, speciation of the metal in
the soil solution, the efficiency of transport of that

intosurface thethe andfrommetal root root
translocation of the metal from the root to the aerial
parts of the plant (Alloway, 1990). In the soils of the
present studies, of the heavy metals,total contents

Cu and Cd were sometimes high Table 3especially Pb,
to high EDTA-extractableThis led levels forand 4).

implying a high level of(Table 5 and 6) ,these metals
availability to plant absorption. These observations

consistent with the significant regressions of theare
in Amaranthus plants levels inthe metalmetals on
depicted in Tablessoils 11 and 12. In greenhouseas

pot experiments, Singh and Jeng (1993) and Assey (1995)
increasessimilarfound in plants' uptake of heavy
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Table 11. Regression equations for heavy metal contents

of Amaranthus on soils' total and EDTA-
extractable heavy metals in Ngara.

Regression equationMetal

Cr
Pb
Cd
Cu
Zn

ns = not significantly (P = 0.05) correlated

Plant Cr = -2.39+0.392(TotalCr) 
Plant Cr = -.0457+12.59(EDTACr) 
Plant Pb = 1.30+0.004(TotalPb) 
Plant Pb = 1.57+0.009(EDTAPb) 
Plant Cd = -0.09+0.378(Totaled) 
Plant Cd = -0.243+1.113(EDTACd) 
Plant Cu = 2.78+0.000(TotalCu) 
Plant Cu = 2.84-0.003(EDTACu) 
Plant Zn = 158.15-0.40(TotalZn) 
Plant Zn = -0.249+2.08(EDTAZn)

R“

* = significant at P = 0.05

** = significant at P = 0.01

0.530 *
0.347 ns
0.610 *
0.090 ns
0.732 **
0.774 ** 
0.0001 ns 
0.0002 ns
0.408 *
0.023 ns
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Table 12. Regression equations for heavy metal contents

of Amaranthus on soils' total and EDTA-
extractable heavy metals in Gikomba

Metal Regression equation

Cr
Pb
Cd
Cu
Zn

ns = not significantly (P = 0.05) correlated

Plant Cr = 0.577+0.198(TotalCr) 
Plant Cr = 1.75+4.78(EDTACr) 
Plant Pb = 1.38+0.001(TotalPb) 
Plant Pb = 1.25+0.009(EDTAPb) 
Plant Cd = 0.089+0.098(TotaLcD)
Plant Cd = 0.104+0.196(EDTACd) 
Plant Cu = 2.73+0.004(TotalCu) 
Plant Cu = 2.05+0.048(EDTACu) 
Plant Zn = -59.53+0.527(TotalZn) 
Plant Zn = -86.24+5.49(EDTAZn)

R2

0.236 ns
0.262 ns
0.355 ns
0.522
0.495
0.464
0.160 ns
0.009 ns
0.150 ns
0.233 ns

* = significant at P = 0.05
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soilmetals increased. Whenmetal thesecontentsas

heavy metals taken up by Amaranthus enter food chain
to consumption ofdue

and/or animals,other ultimate isthe consequence
toxicity.

Heavy metal contents in sediments from Nairobi4.6
river

The total heavy metal contents in sediments drawn from
the Nairobi river between Chiromo and the downstream
end of Gikomba are shown in Table 13.

of heavy metals were comparativelytotal contentsThe
lower in sediment samples drawn from locations between

than those(control) andChiromo upstreamNgara
obtained from the midstreams and upstreams of Ngara and

The concentration of theGikomba stretch of the river.
metals increased significantly (P = 0.05) between Ngara
upstream and Ngara downstream and also between Gikomba

with midstreamGikomba thedownstream,andupstream
points having the highest (P = 0.05) of most of the

the highest levels of all heavyFor example,metals.
metals were obtained from Gikomba midstream (11.54 mg

161.07 mg Pb/kg, 32.23 mg Cu/kg and 189.53Cr/kg, mg

contaminated Amaranthus by man
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Zn/kg), while Ngara midstream had the highest level of
Cd (0.34 mg/kg).

The low levels of heavy­ inmetals sedimentsthe
obtained between Chiromo and Ngara upstream, which may
represent background control levels, was probablyor

influence of metal wastes because
there were no cottage industries
of these locations. The significantly (P = 0.05) higher
levels of metals obtained from Ngara upstream sediments
(5.80 mg Cr/kg, 29.35 mg Pb/kg, 0.09 mg Cd/kg, 4.04 mg
Cu/kg and 105.98 mg Zn/kg) compared with the contents

20.39 mg Pb/kg,in the control (4.49 mg Cr/kg, 0.05 mg
3.50 mg Cu/kg and 75.10 mg Zn/kg) was probablyCd/kg,

due to the combined contributions of metal-rich exhaust
fumes from heavy traffic in the city, municipal wastes

from Chiromo (University)and, wastes
from river.located about 500 theCampus awaym

higher levelsmuch metal observed intheHowever,
sediments collected from the midstreams and downstreams
of Ngara and Gikomba parts of the river may have been

First,factors. thecontributed by metaltwo wastes
released from the cottage industries within Ngara and

either directly dumpedsitesGikomba washedwere or
away by run-off into the river at these points.

due to little or no
on the upstream side

to some extent,
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Table 13. Total heavy metal contents in sediments drawn
from the Nairobi river

Sampling locations
Cr Cu Zn

Means within a column followed by the same letter were not significantly (P =

0.05) different according to Duncan’s New Multiple Range Test.

These industries were installed very close to the river
therefore, wastes may be discharged directly intoand,

Secondly, two large city markets (Ngara andthe river.
disposing of foodalso andmarkets)Gikomba were

associated wastes into the river at these spots. These
wastes probably contained levels of these heavysome

time of sampling the wastestheatmetals. However,

to heavy rains. Thus I recommend that more work be done
during the dry season for comparison purposes.

Chiromo
Chiromo-Ngara midpoint 
Ngara upstream 
Ngara midstream
Ngara downstream 
Ngara-Gikomba midpoint 
Gikomba upstream 
Gikomba midstream 
Gikomba downstream

4.49 ef
4.17 f
5.80 de
6.94 d
7.37 c
5.59 e
4.84 ef
11.54a
9.74 b

20.39 e
26.26 de
29.35 de
156.21 a
82.92 b
41.55 d
20.39 e
161.07 a
63.59 c

0.05 d
0.04 d
0.09 c
0.34 a
0.30 ab
0.18 b
0.04 d
0.23 ab
0.08 cd

3.50 d
3.37 d 
4.04 cd 
31.53 ab
23.15 b 
12.70 c 
7.78 cd
32.23 a 
26.56 ab

75.10 c
68.79 c
105.98 be
170.65 a
170.98 a
123.15 b
97.49 be
189.53 a
170.66 a

Mean metal concentration
Pb_________ Cd

mg/kg...

were continuously washed away by the flooded river due
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The highest metal contents in Gikomba midstream (11.54
mg Cr/kg, 161.07 mg Pb/kg, 0.23 mg Cd/kg, 32.23 mg
Cu/kg and 189.53 mg Zn/kg) and Ngara midstream (6.94 mg
Cr/kg, 156.21 mg Pb/kg, 0.34 mg Cd/kg, 21.53 mg Cu/kg
and 170.65 mg Zn/kg) may have been due to the fact that
these immediatethe where industry andspotswere

market wastes were directly discharged since they were
the closest to the Gikomba and Ngara cottage industry­
installations . Elevated heavy metal ofcontents
sediments have also been reported by other workers.
Muigai (1992), for instance, reported values of Pb and
Cd in sediments obtained from Malewa river in Kenya to
range between 13.710-28.084 mg Pb/kg and 1.418-2.129 mg
Cd/kg, respectively. Alala (1981) also reported values

inPb/kg 1.0-3.06.7-210 and Cd/kgbetween mgmg
sediments from seven Kenyan lakes. These values for Pb

comparable with ranges of 20.39-161.07 mg Pb/kgwere
obtained from the Nairobi river sediments. For Cd, the

the Nairobi river sediments (0.04-0.34forvalues mg
relatively lower probably due heavyCd/kg) towere

inwhich had washed the and,rains thewastesaway
diluted inthe metal levels the sediments.process,

Also Cd contents in the industry wastes were generally
low, hence low amounts released into the river.
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Relationships between heavy metal contents in the4.7
sediments and selected physico-chemical properties
of the sediments

The regressions of heavy metal contents in sediments'
pH, %0C and %Clay are shown in Table 14.

positively and significantly (P 0.05)Copper was
correlated with soil clay content. there wereHowever,

correlationsins igni f icant between total(P = 0.05)
for other metals.metals and pH, %OC or %Clay,

correlationsignificant 0.05)positive and (P =The
that high clayand %Clay indicatestotal Cubetween
increasedsediments probably thein thecontent

colloidal surface of thetheretention of Cu at
sediments. This was probably due to the fact that clay

have adsorbed the metal, thereby preventing it frommay
leaching (Alloway, 1990).

correlationsinsignificant (P 0.05) of otherThe
impliedwith and %Clay that%OC thesemetals pH,

parameters had little influence total heavyon
metal retention in the sediments. This was probably

or no
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Table 14.

pH, %OC and %Clay

Metals Regression equation
Cr

Pb

Cd 0.167(pH)

Cu

Zn

OC = percent organic carbon

ns = not significant at P = 0.05

0.135 ns
0.185 ns
0.040 ns
0.114 ns
0.184 ns
0.127 ns
0.145 ns
0.331 ns
0.148 ns
0.057 ns
0.153 ns
0.454 *
0.085 ns
0.297 ns
0.253 ns

R~
Total Cr = 35.15 - 3.46(pH) 
Total Cr = 1.62 + 3.52(OC) 
Total Cr = 4.92 + 0.035(Clay) 
Total Pb = 591.32 - 71.41(pH) 
Total Pb = -47.33 + 78.87(00 
Total Pb = -4.79 + 1.40(Clay)
Total Cd = 1.38
Total Cd = -0.168 +0.220(00
Total Cd = -0.010 + 0.003(Clay)
Total Cu = 97.52 - 11.08(pH) 
Total Cu = -6.65 + 15.71(OC) 
Total Cu = 6.74 + 0.184(Clay) 
Total Zn = 502.27 - 50.65(pH) 
Total Zn = 11.10 + 82.31(00 
Total Zn = 7.19 + 0.003(Clay)

Regressions of heavy metals in sediments on

* = significant at P = 0.05
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caused by­ altered physico-chemical conditions within
the water environment.

4.8 Heavy metal contents in the Nairobi river

The heavy metal levels of waters of the Nairobi river
are shown in Table 15.

of inThe levels metals generally low waterwere
locationfrom the controlsamples drawn upstream

the midstreams(Chiromo). and downstreams ofHowever,
which differedGikomba had higher levelsandNgara

in allfrom the controlsignificantly (P = 0.05) the
The other locations showed significantly (P =metals.

Cu and Zn relative to0.05) higher levels of only Cr,
those in the control site.

The low levels of the heavy metals in Chiromo (control)
water samples may have resulted from its location far

the discharge points of thefromand upstreamaway
and/or municipality.industriesfrom cottagewastes

(1981) also observed that sampling sites locatedAlala
from industrythe metal-rich effluentsfromfar away

had relatively low levels of heavy metals. However, the
significantly (P = 0.05) high levels of heavy metals in
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Table 15. Total heavy metal concentrations in water
samples drawn from Nairobi river between
Chiromo and Gikomba downstream

Cr Zn

27.33 f7.1±0.03 0.00 c 0.00 d 3.67 e 14.00 d

Means within a column followed by the same letter were not significantly (P =

0.05) different according to the Duncan’s New Multiple Range Test

Sampling 
location

Water 
pH

Chiromo
Chiromo-Ngara
midpoint
Ngara upstream
Ngara midstream
Ngara downstream
Ngara-Gikomba 
midpoint
Gikomba upstream
Gikomba midstream
Gikomba downstream

7.2+0.01
7.3+0.05
7.1 ±0.02
7.2±0.01

7.1 ±0.01
7.1±0.03
7.0±0.03
7.3±0.02

47.67 def
78.33 c
111.67 b
89.67 be

63.33 d
66.33 cd
126.33 ab
181.33 a

0.00 c
0.03
1.47 a
0.81 ab

0.00 d
0.00 d
0.01 c
0.02 b

0.00 d
0.00 d
0.03 a
0.01 c

29.67 b
23.67 c
26.33 b
24.00 be

27.33 cd
45.67 be
73.67 a
38.33 c

30.33 cd
28.00 cd
84.00 a
59.67 b

8.00 de
9.67 d
27.33 b
51.67 a

0.07 c
0.04 c
0.087 ab
0.28 b

Mean metal concentration 
Pb Cd Cu 
............................. gg/l.......
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water samples drawn from the midstreams and downstreams
of Ngara and Gikomba were possibly attributed to metal­
rich wastes discharged into the river from the Ngara
and Gikomba cottage industries and also from the two
markets (Ngara and Gikomba markets),
for sediments (section 4.6) . observed thatIt was
sampling locations closest industriesthe cottageto

like Gikomba midstream showed relatively high contents

of these metals (126.33 pg Cr/1, 0.87 |lg Pb/1, 0.03 p.g

26.33 |lg Cu/1 and 84.00 |lg Zn/1) . Muigai (1992)Cd/1,

also reported high levels of Pb (1.117-1.342 |lg/l) and

Cd (0.075-0.088 |lg/l) in water samples drawn from river

industries Naivasha,in ThecloseMalewa Kenya.to

comparatively lower ranges of Pb (0.00-1.47 gg/1), Cd

and other metals (27.33-181.33gg/D(0.00-0.03

3.67-51.67 |ig Cu/1 and 1.00-84 |ig Zn/1) obtainedCr/1,

heavy rainsprobably duefrom Nairobi river towas
that accumulated inwhich had diluted out the wastes

thereby reducing metalthe rains,the river prior to
concentrations in the river water.

whichlocations such hadNgara upstream,The as

relatively high levels of Cr, (78.33 |ig/l,Cu and Zn

p.g/1 and 45.67 gg/1, respectively), and yet had9.67

as was discussed
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received wastesnot industriesfrom the cottage may
have been contaminated by assorted metal-containing
wastes from the municipality.

4.9 Evaluation of EDTA for remediation of heavy metal
polluted soils of the cottage industries

The results of the remediation study using EDTA are
shown in Table 16.

Extremely small quantities of heavy metals were removed
from soil samples when deionised water (no EDTA) was

When different concentrations of EDTA solutionsused.
significantly (P = 0.05) higher extents ofwere added,

realised. differentthemetal However,
concentrations of EDTA applied recovered significantly

different of eachlevels of the0.05) heavy(P
The highest levels of most heavy metalsmetals. were

recovered when 0.1 or 0.25M EDTA was applied.

The lower concentrations of heavy metals removed when
EDTA was applied revealed that without a chelatingno

there was no complexation of the heavy metals;agent,
soilthus they were extracted fromnot the colloids

1995) .(Reed et al. , This may indicate the need for a

recovery were
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complexing substance, maximizefor example EDTA, to
recovery of heavy metals from soils polluted by such
types of pollutants. This is important as far as heavy

pollutionmetal abatement is concerned because a
complexing agent may lead to maximum recovery of heavy
metals, thereby reducing the chances of these metals
circulating in food chains and causing toxicity hazards
(Tokunaga, 1996).

The significantly (P = 0.05) higher proportions of the
compared withremoved by those of themetals EDTA

(no EDTA added) attested to the power of EDTA,control
in recoveringchelatingpossibly otherand agents,

soils.heavy metal polluted Theheavy metals from
inclusion of the control (0.000 M EDTA) was significant

metals releasedcomparing of heavythein amounts
before and after addition of a remediating agent. For

example, when 0.005M EDTA solutions were added to the
soil samples, the proportions of Pb, Zn and Cr

respectively)and 32%,33.1%, 44%,16.6%,(26.2%,
removed were significantly (P = 0.05) higher compared

Cr removed from the control samples. The same was true
with all other concentrations of EDTA used. The various
EDTA solutions added probably resulted in formation of
soluble EDTA-metal complexes in soil solutions, thus

with the 0.02%Pb, 0.03%Cd, 0.05% Cu, 0.10% Zn and 0.03%

Cd, Cu,
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Table 16. Proportions of heavy metals recovered using
different concentrations of EDTA

Sampling location Metal

Pb

Cd

Cu

Zn

Cr

(P = 0.05) different according to the Duncan’s New Mulptiple Range Test.

Kamkunji Rubber 
Burning (0 - 5 m)

Kamkunji Rubber 
Burning (0 - 5 m)

Kamkunji Soldering 
(0 - 5 m)

Kamkunji Soldering 
(0 - 5 m)

Kamkunji MB.+P.+W. 
(0 - 5 m)

Total soil 
metal 
(mg/kg)

Amount 
extracted 
(mg/kg)

%
extraction

Cone, of 
EDTA 
(M)

3 796.3
3 796.3
3 796.3
3 796.3
3 796.3
3 796.3
3 796.3
7.26
7.26
7.26
7.26
7.26
7.26
7.26
1159.8
1159.8
1159.8
1159.8
1159.8
1159.8
1159.8
349.8
349.8
349.8
349.8
349.8
349.8
349.8
81.43
81.43
81.43
81.43
81.43
81.43
81.43

0.02 
26.2 
31.3 
52.6 
66.6 
60.6 
52.0 
0.03 
16.6 
18.0 
40.6 
71.8 
63.6 
36.0 
0.05 
33.1 
40.7 
44.4 
45.3 
45.7 
43.9 
0.10 
44.8 
48.2 
50.6 
51.4 
49.7 
49.3 
0.03 
32.8 
39.9 
46.8 
61.2
94.1 
78.8

88.9 f
992.6 e
1 189.3 d
1 997.6 c
2 530.0 a 
2 300.7 b 
1 971.0 c 
0.219 f 
1.193 e 
1.29 e 
2.93 c 
5.17 a
4.58 b
2.59 d 
53.8 e
383.6 d
471.5 c 
514.4 b
524.9 ab
529.9 a
508.7 be
36.1 e
156.6 d
168.7 c
177.1 ab
179.9 a
173.8 b 
172.3 be 
2.481 g 
26.67 f 
32.50 e
38.13 d 
49.83 c 
76.60 a
64.13 b

0.000 
0.005 
0.01 
0.05 
0.1 
0.25 
0.5__
0.000 
0.005 
0.01 
0.05 
0.1 
0.25 
0.5 
0.000 
0.005 
0.01 
0.05 
0.1 
0.25 
0.5 
0.000 
0.005 
0.01 
0.05 
0.1 
0.25 
0.5 
0.000 
0.005 
0.01 
0.05 
0.1 
0.25 
0.5 _________________

For each metal, means within a column followed by the same letter were not significantly
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recovering the heavy metals from the strong binding by
soil colloids. Similar observations have been reported
by other workers. Peters and Shem (1992), for instance,
reported Pb recovery to be 64.2% from a total soil Pb

of 10 000 mg/kg whencontent 0 . IM EDTA solution was
applied to the soil. Davis and Singh (1995) reported a
100% removal of Zn from soil with a total Zn content of
4 450 mg/kg when 0.03M EDTA was added to the soil.

The significant increase in the levels of(P = 0.05)
removed with increasing concentrationsthe metals of

increasesolutions inprobably dueEDTA towas
cations associated withconcentrations of the EDTA

significant role in displacing heavywhich played a
colloids. Basically thesoilcations from themetal

associated withwhichcations Na-EDTAare

(CioHi4Na208.2H20) are Na* and H*. Once displaced from the

H*,Na*colloids by the heavy metalsandsoil are
released into the soil solution where they form metal
complexes with anions such as COO" and OH" resulting in
from the dissociation of the Na-EDTA dissolved in water

increasingTherefore,1990) . the(Alloway, EDTA
concentration implied increased level of each ofan
these ions and, subsequently, enhanced displacement and
complexation reactions, resulting in increasedthus
heavy metal removal from the contaminated soils. Thus,
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increased from 0.005M to

0.05M, the proportions of heavy metals removed also
increased from 26.2% Pb, 16.6% Cd, 33.1% Cu, 44.8% Zn
and 32.8% Cr 44.4% Cu, 50.6% Zn
and 46.8% These proportionsCr. further increased to
66.6% Pb, 71.8% Cd, 45.3% 51.1% Zn and 61.2%Cu, Cr
when the concentration of EDTA was increased to 0.1M.
Similar observations have been reported by Farrah and
Pickering (1978), Linn and Elliot (1988) and Davis and
Singh (1995).

The highest proportions of the different heavy metals
were recovered when 0.1M or 0.25M EDTA was added. This
may have meant that the concentrations of EDTA that

maximum of each metal probablyrecovery weregave
this instance,attained in study. highesttheFor

proportions of Pb (66.6%), Cd (71.8%) and Zn (51.4%)
removed when 0. IM EDTA was applied, whereas 45.7%were

whenremoved 0.25M94.1%and Cr EDTACu were was
applied. Perhaps higher recovery levels may have been
obtained if the equilibrium (shaking) time was extended
longer than the two hours used in the present study.

shakingtimes of shouldDifferent subsequently be
evaluated to maximize the extractability. For example,
Davis and Singh (1995) reported 100% extraction of Zn
from a soil Zn content of 4 450 mg/kg after shaking for

when EDTA concentration was

to 52.6% Pb, 40.7% Cd,
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than six hours. soil:EDTA solutiontheHowever,more

ratio obtainshould optimized inalso be order to
maximum theBeyond 0.1 0.25M EDTA,recovery. or
proportions of recovered decreasedthe heavy metals
significantly (P = 0.05), probably due to saturation of
the soil with the ions supplied during dissolution of
EDTA in water. Those ions replaced the heavy metals in
the EDTA-heavy metal complexes, leading to readsorption

the heavy metals onto the soil colloids (Alloway,of
1990). This decreased the levels of heavy metals in the
soil solution. This may be supported by the case of Cr
whose recovery decreased proportionally from 94.07% to

35.97%),(from 63.61%of Cd78.75%, toor
concentration was increased from 0.25M to 0.5M. Similar

(1995) as cited byresults were reported by Reed et al.

Tokunaga (1996).

EDTA remediation of heavy metal pollutedIn general,
soils may hold promise even for the cottage industry-

since high percentage of heavysoilscontaminated a
it should be borne inmetals can be extracted. However,

and, therefore, becostlythemind that EDTA may
application.large-scale Leachatefordifficult

EDTA-heavyof metal complexes betreatment may
difficult because of the high stability of the complex

Therefore recovering the metalsformed. or EDTA from

when EDTA
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the complex for further remediation may be a problem.
Furthermore, there is a problem of environmental safety
due since non-biodegradableof it isto EDTAuse

(Stumpf et al., 1996). These constraints may impede its
field application and, therefore, careful investigation
in order to find a feasible way of using EDTA is called
for.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

Conclusion5.1

the

in both Ngara and Gikomba soils were generally highest

within the centre of activity of cottage industries (0-
and differed significantly from soils5) (P = 0.05)

Thecollected further away (between 100 and 1 000m) .
highest levels observed were 81.43 mg Cr/kg, 3 796.25

1 159.79 mg Cu/kg and 349.817.26 mg Cd/kg,mg Pb/kg,
samples obtained between 150 and 1mg Zn/kg. However,

000m did not differ significantly in the(P = 0.05)
The high levels of heavytotal heavy metal contents.

metals obtained within the 0-5 m zones resulted in from
metal-rich from thedisposal of wastes cottage

The differential metal contentsindustries.
locations within the centres of activity were due to

i) the type of activity taking placefactors:three
within the individual industry car washing and(e.g.
painting, metal welding, battery charging and repair,
rubber burning, soldering and metal plating) ; ii) the

among the

total and EDTA-extractable Cr, Pb, Cd, Cu and Zn levels
The results of the present studies revealed that
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volume of work handled by each industry and iii) the
duration over which an industry has been operating. The
sharp decrease in heavy metal contents between 0-5 m

to approach nearly constant background levels inzone
samples collected between 300 m and 1 000 m were due to
three factors: i) wastes were not dumped far from the
centre of operation ii) minimal influence of wind and

in distributing these inwater metals these
environments and iii) the possible retention of the
heavy metals in the soil through precipitation due to
high (alkaline) and retention by soil clay andpH,
organic matter. It is concluded that cottage industry
activities contributed to high levels of heavy metals
in the soils.

Regressions of EDTA-extractable heavy metals soilon
pH, percent OC and percent clay showed significant (P =

positive correlations of Pb, withand0.05) Cu Zn
negative significantand (POC, 0.05)percent

correlations of the same metals with percent clay. The
correlations indicatedpositive that substantiala

proportion of held by the organic
in easily exchangeable forms. The negativematter

correlations of the metals with clay indicated stronger
retention of these metals by clay colloids.

these metals were
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The concentrations of high inheavy metals were
Amaranthus collected from the 5-10 m zone than in those

collected 320 m away because of high total metal levels
in soils receiving metal-rich wastes from the cottage
industries (5-10 m) and low levels at 320 m away from
industries. Regression analysis revealed positive and
significant (P = 0.05) correlation between most metals
in soilAmaranthus and total metal butcontents,
insignificant relationships with EDTA-extractable

metals, except for Pb and Cd.

midstreamsSediment andsamples collected from
downstrams of Ngara and Gikomba spots had significantly

higher metal those of thelevels than(P 0.05)
direct influxThisChiromo. duecontrol toat was

through dumping and/or washing in by run-off of metal­
and Gikombareleased from Ngararich wastes cottage

from Ngara and Gikomba marketsindustries and wastes
which probably contained metals.

Similarly, highest levels of heavy metals were observed
in samples drawn from the midstreams and upstreams of

Gikomba thanand those of the controlspotsNgara
(Chiromo) due to influence of metal wastes from cottage
industries and, possibly, market wastes. theHowever,
concentrations of heavy metals in waters were generally
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low, probably due to heavy rains which diluted out the

that river prior theaccumulated in thewastes to
rains.

Remediation of the polluted soils indicated that 0. IM
metalsmaximum of the0.25 EDTAor recoverygave

studied.

It
contributed to high levels of heavy metals in both the
terrestrial and the aquatic environment in the vicinity

of the industries.

Recommendations5.2

the following areIn view of the results of this study,
recommended for future consideration.

Since wastes from cottage industries are potential1.
sources of heavy metal pollution, a common dumping
site should be constructed in which they can be
disposed of instead of dumping them wantonly
within the site of activity and the river where

accumulationheavy metal andthey cause
contamination of Dumping sitesthe environment.

beshould carefully thatselected to ensure

can be concluded that cottage industry activities
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further spread of heavy metals to other sites does
not occur.

Cottage industries should not be installed in2.

locations which are close to agricultural lands,

order to avoid health risks associated with the
heavy metals released from these industries.

Agricultural activities should not be undertaken3 .
within the areas where cottage industries are

Gikomba sites. Edible plant species like
which grow within or close to cottageAmaranthus,

inconsumedactivities should beindustry not
avoid heavy metal accumulation in food

chains.

Awareness should be created to the general4.
population concerning the contribution of cottage
industries to heavy metal pollution of the
environment and the toxicity hazards associated
with the heavy metals if they accumulated in food
chains.

located, as is encountered in the Ngara and

residential areas or livestock rearing sites, in

order to
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5. Heavy metal contaminated water of the Nairobi
river for irrigatingshould usedbenot crops
growing drinkingnearby localfor by theor
residents. This is because these are the pathways
through which heavy metals enter food chains and
subsequently cause health risks to man and other
animals.

Last, but not least, further research is required6.
wi th feasible ofin methodsorder to come up

soils likecontaminatedremediating heavy metal
Gikomba. ofTheandofthose Ngara ause

complexing agents like EDTA should be thoroughly
evaluated because this is one method of recovering

Equilibriumsoils.pollutedfrommetalsheavy
complexingconcentrations oftime.(shaking) a

agent and soil:solution ratios should be evaluated
remediation studies becausecarryingwhen out
the maximum ofaffectfactorsthese recovery a

particular metal.
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APPENDICES

Appendix 1. Distance profiles of the metals in the Ngara
cottage industries
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Appendix 2. Distance profiles of the metals in the
Gikomba site.
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