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ABSTRACT
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The lead and cadmium concentrations in roa
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soils and grass from six sites in Nairobi and four
sites in Kiambu were determined by atomic absorptior
spectrometry. Results showed that both soil and grass

contained the metals studied. Linear re
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plants the range was between 2.88 X 107ppm and 33.0 X
104 ppm. Cadmium concentrations ranged between 0,200
ppm and 0.6%94 ppm in scils and between 0.140 ppm and
0.340 ppm in plants.

The variation of lead concentration with distance
varied 1in two ways. For sampling transects with
barriers there was a decrease away from the road and
then an increase towards the Dbarrier. For open
sdmpling transects the variation was exponential like.
The soils were classified and their pH determined in
order to 1investigate the possible role pH plays in

lead and cadmium retention in soils and also in the

metal uptake in grass. However, there were no
observable relationships between the pH and metal

concentrations on the roadside soils and grass.

An evaluation of the implications of the

=4

ntroduction of lead and cadmium into the environment
egpecially their introduction inte the feood chain has

been covered.



CHAPTER ONE

INTRODUCTION

Trace elements are the main source of metal
toxicity problems in the environment, since most
organisms are not adapted to deal with them when they
occur locally at high concentrations. Trace element
analysis 1is necessary for the understanding of
environmental hazards related to heavy metal
gollution. Trace elements can be categorised into two
classes; Essential elements and non-essential
elements. Essential trace elements are those that are
necessary for specific physiological functions in
organisms {Mertz, 1981; Rainbow, 1985). Non-essential
trace elements do not have any biological functions in
living tissues, they are acquifed and accumulated as
environmental contaminants.

Excessive levels of trace metals occur naturally

or due to anthropogenic sources. Once available they

are not easily detoxified and thus accumulate, The
metals pollute the environment either by direct
toxicity, interference with the resgpiratory and
photosynthetic balance or by impairment of the
diversity and stability of an ecosystem.

Lead and cadmium are among the most hazardous
elemental pollutants. They are known to have

cumulative effec s, so that even small qgquantities

consumed may show effects later in l1ife {(Lucas, J.,



1975). In the recent years there has been increasing
concern about the possible toxic effects of these
metals in plants and animals. The ability of plants
and soil to accumulate these elements has been used to
investigate and monitor their levels in the
environment.

In Kenya the number of registered motor vehicles
has been increasing steadily. This has led to a high
concentration of traffic, not only in urban areas, but
also 1in rural areas where the main activity 1is
ag;iculture. The increase 1in traffic density may
result to high lead and cadmium 1levels in nearby
roadside soil and vegetation.

Lead pollution arising from motor vehicle exhaust
fumes has been amply studied in the developed world in
recent years. The addition of tetramethyl or
tetraethyl lead to petrol is one of the cheapest ways
of increasing its octane number. Only a fraction of
the lead content of petrol 1is emitted to the
atmosphere in motcor vehicle exhaust. Hirshler and
Gilbert (1964) have estimated a 70 to 80 per cent
discharge to the envircnment. Data concerning lead
emission to the atmosphere are discrepant, on a per
vehicle basis (Smith, 1976; Cantwell et al., 1972;
Ter, Haar and Boyard, 1971). The average lead content
in petrol is calci1lated to be 0.19 g/1 (Ward et al.,

1875 ).

0o



The lead burden of the envircnment is related

o
<

the vehicular traffic density as shown by Daines e

-t

al. (1980), Motto et al. (1970), Shuck and Locke
(1970), Gange and Page (1972) and Wheeler and Rolfe
(1979), have fqynd that lead levels in soil and
vegetation increase with an increment in traffic
density.

Other factors that affect lead content in the
ecosystem near the roads are, the distance from the
road, the predominant wind direction, the local
topography and the season of the year. Motto et al.
(1970) have pointed out that most of the effect of
lead discharge from motor vehicles is confined within
a zone 33 metres wide from the road edge, however Ward
et al. (1975) suggested a strip having a width of 100
metres.

Cadmium pollution due to abrasion of motor
vehicle tyres, (wear of galvanized parts and scone
metor oils) has not received much attention as
expected. Cadmium 1is primarily derived from motor
vehicle tyres, whose cadmium content varies between 20

and 90 ug/g (Lagerwerff and Specht, 1387(

D

). Cadmium
may also be a by-product of combustion of certain

fuels (Porfi’ev et al., 1970; 1971; Krayushkin et al.,

The dynamics of cadmium transport to scoil and
vegetation differ from those of lead. Cadmium reaches

the soil mainly in runoff water and not through an



aerial route. Ward et al. (1977) have found a
significant correlatipn between traffic density and
cadmium levels in the soil and vegetation of the
median strips of the roads.

In order to investigate the influence of traffic
density on lead and cadmium levels in roadside soil

and vegetation, several sites were selected with

varying traffic densities in Nairobi and Kiambu.

1:1:0 LEAD IN THE ENVIRONMENT
Lead is a fairly abundant element in the earth’s

crust and is present in all parts of the environment.

[

4]
4]

T
&

>ffect as a hazardous metal has been recognised

ince early civilization., The metal being easily

n

smelted has been used by man for making tools and
vessels for either cooking, eatiﬁg or wine storage. In
modern times lead has played a major role in
occupational diseases among smelters, miners,
automobile finishers, storage battery workers and
spray painters (UNEP, 1980). This has led teo a lot of

research work on lead as an environmental pollutant.

lal:d LEAD IN SOILS

The terrestrial abundance of lead indicates a
tendency for lead to concentrate in the acid series of
magmatic rocks and argillacecus sediments in which the
common lead concentrations range from 10 to 40 ppm,

while in ultramafic rocks and calcarecus sediments its



are <calena (PbS) cerussite (FbCO.)

$ v .
he natural lead content of soils is strongly

related to the composition of the bedrock, and lead is

reported to bDe the least mobile among the heavy
metals. Although the lead species can vary

considerably from one soil to another, it may be
concluded from the results given by Norrish (1975),
Riffaldi et al. (1976), Tidball (1976) and Schnitzer
and Kerndoff (1986) that lead is associated mainly
with <c¢lay minerals, manganese oxides, iron and
aluminium hydroxides and organic matter. However some
soil lead may be highly concentrated in calcium
carbonate particles or in phosphate concentrations.

The solubility of lead can‘be greatly decreased
by liming. A high soil pH may precipitate lead as
hydroxide, phosphate or carbonate, as well as promote
the formation of lead-organic complexes.

The characteristic localisation of lead near the
soil surface 1in most soil profiles 1is primarily
related to the surficial accumulation of organic
matter. The greatest lead concentrations are also
often 1in the organically rich top horizons of
uncultivated soils, as was reported by Fleming et
al.(1968). Therefore organic matter is considered as

the important sink of lead in polluted soils.



The fate of the anthropogenic lead in soils has
recently received much attention because this metal is
hazardous to man and animals from two sources; the
food chain and soil dust inhalation. The steadily
increasing amounts of lead in surface soils, both
arable and uncultivated, have been reported for
various terrestrial ecosystems (Hughes et al., 1980).
The accumulation of lead in surface soil exposed to
various pollution sources at some sites has already
reached a value as high as about 2% of dry soil
material. The levels of lead in soils that are toxic
to plants are not easy to evaluate, however several
authors have given quite similar concentrations,
ranging from 100 to 500 ppm.

Studies on lead compounds in contaminated soils
have been reviewed by Hildebraﬁd (1974), Olson and
Skogerboe (1875) and Harmsen {(1977). The main lead
pollutants emitted from smelters occur in mineral
forms (e.g. PbS, PbO, PbSO, , PbO.PbSO4), while lead in
automobile exhausts is in the form of halide salts
{e.g. PbBr, PbBrCl, Pb(OH)Br, (PbO)gpbBrg}. Exhaust
lead particles are unstable and readily convert into
oxides, carbonates and sulphates. Because lead enters
the so0il 1n various and complex compounds, its
reactions may differ widely among areas.

Several observations of the lead balance In
various ecosystems show that the input of this metal

greatly exceeds 1its own output., Hansen and Jjell



(1978) estimated that the annual increase of lead in
Danish agricultural soils was 3.7% of its total amount
in soil. The contamination of soils with lead 1is
mainly irreversible and therefore a cumulative process
in surface soils will continue even if the inputs are
low. The accumulation of lead in surface soils is of
great ecological significance, because t%is metal 1is
known to greatly affect the bioclogical activity of
soils., This topic has been reviewed by Tyler (1975),
Anderson {(1976), Doelman and Hanstra (1979), Hughes et
al. (1980), who showed that increased levels of lead

in

wn

0il are 1likely to 1limit enzymatic activity of
microbiota and as a consequence, markedly increase the
accumulation of incompletely decomposed soil organic
matter, particularly those materials that do not
decompose readily such as celluiose.

Niyazova and Letunova (1972) reported a strong
tendency of soil microflora tc accumulate lead at a
very high rate that was proportional to the metal
content of soils. Consumers such as earthworms also at
times concentrate lead from the soil substrata, which

greatly contributes to a secondary depoesition of lead

in surface soils.

1:1:2 LEAD IN PLANTS
Although lead occurs naturally in plants, it has
not been shown toe play any essential r

metabolism. Broyer et al. (1972) concluded that if



lead was necessary for plants its concentration at the
level of 2 to 6 ppm should have been sufficient.
Zimdahl (1975) and Hughes et al. (1980) have
shown that lead, although not readily soluble in d9il,
is absorbed mainly by root hairs and is stored to a
considerable degree in <c¢ell walls. When lead 1is
present in soluble forms in nutrient solution, plant
roots are able to take up great amounts of this metal,
the rate increasing with increasing concentration in
the solutions and with lime. The lead content of
plants grown in mineralised areas is in general highly
correlated with the 1lead concentration 1in soil,
although this relationship differs among the organs of

the plant.

-

he translocation of lead from roots to tops is
gsreatly limited. Zimdahl (1975) reported that only 3%
of the lead in the root is translocated to the shoot.
Apparently most of the lead in soil is unavailable to
plant roots. Cannon (1976) and Zimdahl and Koeppe
(1977), Wilson and Cline (1966) showed that only 0.003
to 0.005% of the total lead in soils may be taken up
by plants, this uptake,; however varies significantly
over the concentration ranges currently present in
soils and with various forms of lead that occur in
soils. There is evidence that lead is taken up from
soils by roots, at both low and high lead
concentrations and that this process 1is strongly

governed by soil and plant factors.



Airborne lead, a major source of lead pollution,
is also readily taken up by plants through foliage.
Much controversy exists in literature on the gquestion
of how much lead is actually taken into foliar cells.

A number of studies have shown that lead
deposited on the leaf surface is absorbed by these
cells. Although it has been suggested that most of the
lead pollution can be removed from the leaf surfaces
by washing, there 1is 1likely to be a significant
translocation of lead into plant tissues (Isermann,
1977). Zimdahl and Koeppe (1977) have shown that under
certain conditions lead if mobile within the plant. It
is generally agreed, however that 1lead from soil
source 1s not readily translated to the edible
portions of plants. The main process responsible for
lead accumulation, in root tiséue is the deposition of
lead especially as lead pyrophosphate, along cell
walls. Malone et al. (1974) identified the deposits in
cell walls outside the plasmalemma as lead
precipitates and lead c¢rystals. Similar lead deposits
observed in roots, stems and leaves suggest that lead
is transported and deposited in a similar manner in
all tissues of the plant.

Although there 1is no evidence that lead 1is
essential for the growth of any plant species, there
are many reports on the stimulating effects on plant
srowth of some lead salts, mainly Pb(NQ}Z at low

concentrations. Moreover, other reports have described



inhibitory effects of 1low 1lead levels on plant
metabolism. Several reports describe the toxic effects
of lead on processes such as photosynthesis, mitosis
and water absorption, however the toxic symptoms in
plants are not very specific (Kabata and Kabata,
1988).

Although even very low lead concentrations may
inhibit some vital plant processes, lead poisoning has
seldom been observed in plants growing under field
conditions. The two.possible explanations are; the
relatively low lead concentration in soil and a low
lead availability even in contaminated soil
conditions.,

The interference of 1lead with o%her trace
elements has been reported only for zinc and cadmium.
The stimulating effect of lead on cadmium uptake by
plant roots may be a secondary effect of the
disturbance of the transmembrane transport of ions.
The zinc-lead antagonism adversely affects the
translocation of each element from roots to tops.

The interference of lead with calcium 1is of
metabolic importance, since lead can mimic the
physiological behaviour of calcium and thus inhibit
some enzymes. The beneficial effect of 1liming on
reducing lead absorption by roots is governed by soil
type. In soils where lead-organic complexes are
formed, Ca2+ cations do not significantly 1limit the

availability of lead.

10



A favourable phosphorous regime 1is known to
reduce the effects of lead toxicity. This interference
is due to the ability of lead to form insoluble
phosphates in plant tissues, as well as in soils.
Sulphur is also known to inhibit the transport of lead
from roots to shoots. Jones et al. (1973) reported
that sulphur deficiency in soils increases markedly
the lead movement into plant tops.

The great variation of lead content of plants is
influenced by several environmental factors, such as
the presence of geochemical anomalies, pollution,

seasonal variation, and genctype ability to accumulate

]

lead. Nevertheless natural lead in plants gpowi

=

{
i

oo

>

uncontaminated and unmineralised areas appears to be
quite constant, ranging from 0.1 to 10 »vppm and
averaging 2 ppm {Alloway, 1968; Cannon

The ability of plants to absorb lead from two
sources, so0il and air, 1s of major environmental

significance, even though lead is believed to be the

metal of least bioc-availability and the most highlyx

accumulated metal in root tissues. Several plant
speclies and genotypes are adapted to grow in high lead

concentrations in the growth media; tt

by anomalous amounts of this metal in plants.

i

The highest bio-accumulation of lead generally is
reported for heavy vegetables {(mainly lettuce)
in surroundings of non-ferrous metal smelters where

plants are exposed to lead sources of hoth =oil and



air. In this locations highly contaminated lettuce may
contain as much as 0.15 % (DW), (Roberts et al.,

1974).

1.1.3 LEAD: FOOD CHAIN AND HEALTH

Lead pollution and its health effects are matters
that deserve serious attention. With the steady
increase of motor vehicles using leaded petrol in
Kenya, there is no doubt that the lead level in the
environment will also increase as a result of auto-
exhaust emissions., Although the present levels may not
be directly harmful to human health, the concentration
of lead is steadily increasing in food chains. This
could ultimately produce toxic dose to man and other
organisms which feed on large quantities of food
contaminated with lead.

Lead can be taken by man through air, water or
food. The atmospheric contribution to the total lead
intake in an average man depends on his working and
domestic environment. McMullen (1977) reported 0.01
mg/m3 for urban areas and 0.002 mg/m3 for non-urban
areas.

It has been found that the lead content of crops
growing within a short distance from the motorway
increased with time as the plant grew to cover larger
ground (McClean and Shield, 1977; Davies et al.,
1972). Grazing livestock in the vicinity of heavily

used roads exposes the animals to lead from exhaust

12



fumes. Graham and Kalman (1974) established that lead
content of forage grass from sites at varying
distances from the roads were sufficient to pause a
threat to grazing animals. Ingestion of such grass by
livestock may provide an additional increment of lead
in man’s diet.

Several studies have shown high lead levels in
animals habiting roadsides heavily used by motor
vehicles. Lead from automobile exhaust poisoned
roadside populations of deer mice (Marian and Faura,
1975). In a study on seven different tissues from deer
mice, Welch and Dick (1975) found that increased
traffic density and higher fraction of exhausted lead
had contributed to higher environmental lead levels
and higher tissue levels., Ward et al. (1979) found
significant lead concentrations ‘in ;rgans of sheep
grazing adjacent to busy highways. Lead levels
determined in the organs was a result of automobile
exhaust emissions. These results suggest that offal
animals grazed adjacent to highways stand a high risk
of lead pollution, which subsequently finds its way
into the food chain.

TABLE 1; THE DISTRIBUTION OF LEAD N THE

BODY (Lucas, 1975)

Bone 7.0-11 pPpm
Liver 2,0 rpm
Kidney 1.0 ppm
Brain, heart and muscle tissue 0.01 ppm

13



The average concentration of lead in human beings
ranges between 1.5 and 7.1 mg/kg. Lead 1is mainly
deposited in the bones, where it replaces the calcium,.
More than 956% of the body burden is stored in the bone
as tripolyphosphates.

Even though there is no evidence in literature
concerning biological necessity of lead in 1living
organisms, experiments on animals have shown that even
minute gquantities interfere with respiratory pigments,
energy production and membrane function. Lead affects
the formation of blood by retarding normal maturation
of red blood cells in the bone marrow and also by
inhibiting the synthesis of haemoglobin by interfering
with deltaminolevulinic acid (6-ALA) and
coproporphyrin (Lucas, 1975).

In lead poisoning 6-ALA and coproporphyrin are
excreted in the urine in excess. The normal daily
coproporphyrin values in urine vary between 0.005 mg/1
and 0.015 mg/l as compared to 0.098 mg/l in lead
poisoning, & -ALA dehydrogenase 1is inhibited when
organic lead levels in blood are between 0.2 and 0.1
mg/kg (Hernbersg et al., 1970; Miller et al., 1970). In
a survey done in America on lead blood levels, it was
found that blood levels were in the range of 0.15 to
0.70 mg/kg and averaged about 0.3 mg/kg.

Lead poi

n

oning effects mainly involve blood-
forming mechanism, gastrcintestinal tract and in the

advanced stage, the nervous system. The effects in

14



adults are different from those on children. In the
early stages of poisoning, adults become anaemic,
restless and easily distracted. Children develop
stomach pains, constipation and heartburn. The most
serious manifestation of lead ©poisoning 1is the
involvement of the nervous system which accounts for
a wide range of neurologic symptoms ranging from
drowsiness to coma and epileptic convulsions. After
prolonged excessive lead absorption, praralysis of the
eye muscles and the extensor muscles occur (UNEP, il
February, 1984).

The minimum lethal dose of inorganic lead for man
has been estimated at between 300 and 700 mg/kg and
blood levels of 0.8 mg/l. Lead poisoning involving a
physicians family, reported 1in America in 1969,
revealed that six members of theyfamily experienced
fatigue, poor appetite, vague pains in the stomach and
vomiting. Unexplained personality changes were also
observed in both the children and the parents. Their
lead blood levels was found to be 1.94 mg/l1 (Walbott,

1978},

Lead poisoning can cause permanent injury or even

early death. In a survey 1in Chicago, out of 40!

!

(%7

children with chronic lead poisoninsg, only 257
recovered completely, the remaining ones had permanent
mental retardation and recurrent epileptic seizures.
Pregnant women are more vulnerable to lead poisoning,

which cause abortions and premature births. Lead also
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causes sterility in women. These harmful effects of
lead on women prompted the restriction of employing
females in lead based industries (UNEP, 7t February,
1984).

Lead contaminated soil invariably has been found
to contribute significantly to children’s risk of
blood level elevation. A study carried out in
Charleston, South Carolina showed that, the soil lead
levels around 37 poisoned children were significantly
greater than the levels of 170 randomly selected sites
in the city (Fairey and Gray, 1970). A study carried
out by Rabinowitz and Bellinger (1988) established
that as the mean soil lead concentration rose from 225
ppm to 1800 ppm in the study area, the mean blood
levels of the inhabitants rose from 0.17 to 0.30 mg/1.

Lead in surface soil and duét accounts for most
of the lead exposure in young children. Children up to
the age of six years are a population at increased
risk for lead exposure and 1its related adverse
effects, because of their behaviourial
characteristics. Mielke et al. (1983) estimated that
40 to 50 % of reported lead poisconing in the USA were
a result from sources in the environment such as soil,
plants, water, roadside dustfall and indoor dust.
Guidelines published by United States Development
Agency (USDA) and Environmental Protection Agency
(EPA) indicate that lead levels in garden soils

ranging from 500 to 1000 mg/kg can be a potential
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health hazard for children that may ingest the soil

(Mielke et al., 1984).

1.2.0 CADMIUM IN THE ENVIRONMENT

Cadmium is an extremely toxic element for plants,
animals and man. Although the earliest recorded
incident of cadmium poisoning occurred in 1858, as a
result of occupational exposure, numerous outbreaks of
acute cadmium food poisoning occurred up to 1945
because food was allowed to come into contact with
cadmium-plated containers (Fulkerson et al., 1973).

However cadmium emissions from various high
temperature sources (smelting of certain ores),
incineration, combustion of certain fossil fuels and
the continuing incorporation of cadmium into products
of domestic and industrial use have shifted concern to
the health effects of environmental cadmium,

Increased cadmium concentration on highways
result from the wearing out of automobile and truck
components {(tyres, galvanized metal) as well as from
the combustion of petroleum distillates and their

additives.

1241 CADMIUM IN SOILS

The abundance of cadmium in magmatic and
sedimentary rocks does not exceed 0.3 ppm, and this
metal is likely to be concentrated in argillaceous and

shale deposits. Cadmium is strongly associated with
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zinc in its geochemistry, but seems to have a stronger
affinity for sulphur than zinc and exhibits also a
higher mobility than zinc in acid environments.

The main factor determining the cadmium content
of so0il 1is the chemical composition of the parent
rock. The average content of cadmium in soils 1lie
between 0.07 and 1.1 ppm. However, the background
cadmium levels in soils apparently should not exceed
0.5 ppm, and all higher values reflect the
anthropogenic impact on the cadmium status in top
soils.,

Forbes et al. (1976) and Street et al. (1977)
have revealed in their studies that cadmium activity
in soil is strongly affected by pH. In acid soils, the
organic matter and sesquioxides may largely control
cad@ium solubility and in alkaline soil, precipitation
of cadmium compounds is likely to account for cadmium
equilibria. Cadmium is most mobile in acidic soils
within the range of pH 4.5 to 5.5, whereas in alkaline

soils cadmium is rather immobile.

1242 CADMIUM IN PLANTS

Although cadmium 1is considered to be a non-
essential element for plants, it 1is effectively
absorbed by both the roots and leaf systems. Soil pH
is the major soil factor controlling both total and

relative uptake of cadmium. Kitagashi and Yamane

18



(1981) reported that the relative uptake by rice
seedlings was greatest with the pH range 4.5 to 5.5,

Although soil characteristics, other than pH, can
also cause differences in cadmium absorption by roots,
goluble gspecies of cadmium in soil are always easily
available to plants. Although an appreciable fraction
of cadmium is taken up passively by roots, cadmium is
also absorbed metabolically {(Smeyers-Verbeke et al.,
1978)., Chaney and Hormic (1977) reviewed plant
response to increased levels of cadmium in soil and
showed a great difference in the ability of wvarious
plant species to absorb this metal. Cadmium can be
easily transported within a plant in the form of
organometallic complexes.

A great proportion of cadmium 1is known to be
accumulated in root tissues, even when éadmium enters
the plant via foliar systems (Kabata-Pendias, 1978).
Although the roots of several species can take up
large amounts of cadmium from the growth medium, the
translocation of cadmium through the plant may be
restricted because cadmium is easily held mainly in
exchange sites of active compeunds located in the cell
walls., The most important biochemical characteristic
of cadmium ions is their strong affinity for
sulfhydryl groups of several compounds. In addition
cadmium also shows an affinity for other side chains

of protein and for phosphate groups.
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Dabin et al. (1978) and Braude et al. (1980)
reported that cadmium was likely to be concentrated in
the protein fractions of plants. This fact is very
important in food production problems. Cadmium
toxicity results from the metal disturbing enzyme
activities, Cunningham et al. (1975) and Baszynski et
al. (1980) reported inhibition of the formation of
anthocyanin and chlorophyll pigments in plants that
were treated with cadmium.

Overt symptoms induced by elevated cadmium
content of plants are growth retardation, root damage,
chlorosis of leaves and red-brown coloration of leaf
margins or veins., The phytotoxicity of cadmium, beyond
interfering with normal metabolism of some
micronutrients, shows inhibitory effects on
photosynthesis, disturbs transpirafion and carbon
dioxide fixation, and alters the permeability of cell
membranes., Cadmium is also known to inhibit the DNA-
mediated transformation in microorganisms and to
interfere with symbiosis between microbes and plants
as well as to increase plant predisposition of fungal
invasion (Mennear, 1979).

The cadmium content of plants is, however, of the
gsreatest concern as a cadmium reservoir and as the
pathway of cadmium to man and animals. Thus, tolerance
and adaptation of some plants species to higher
cadmium levels, although important from the

environmental point of view, create a health risk.
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Plants are simultaneously exposed to a variety of
pollutants and thus their integrated effects most
often are different from the effect of cadmium only.
Several elements are known to interact with cadmium in
both the element uptake of plants and in biochemical
roles., Zinc, for example reduces the uptake of cadmium
by both root and foliar systems. Chaney and Hornick
(1977) reported that when the cadmium/zinc ratio in
plant tissues is limited to 1%, the cadmium interacts
with copper, manganese, nickel, selenium, phosphorus,

and calcium in plant uptake.

123 CADMIUM; FOOD CHAIN AND HEALTH

In man and animal nutrition, cadmium 1is a
cumulative poison, therefore, its content in food and
feed plants has been widely studied. Although plants
have no metabolic requirement for cadmium, most plants
readily take up cadmium from their surroundings.
Absorbed cadmium 1is quite mobile in plants and is
generally not excluded from edible portions such as
fruits or Seedsy however roots normally contain the
highest levels. Two key food grains, rice and wheat
are particularly capable of absorbing cadmium from the
soil (Kabata-Pandias, 1988).

A comparison of the cadmium contents of the plant
foodstuffs produced under uncontaminated conditions of
various countries shows the highest cadmium

concentration in spinach leaves (0.11 ppm FM) and
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lettuce leaves (0.66 ppm DW), (Kabata-Pendias, 1988).
When plants are grown on contaminated soil, however,
cadmium is very likely to also be concentrated in
roots.

Because cadmium is readily available to plants
from both air and soil, its concentration rapidly
increases in plants grown in polluted areas. A few
data collected from several countries show that both
industrial and agronomic practices may create a
significant cadmium supply to plants. The highest
concentration of cadmium in polluted plants were
always reported from roots and leaves, whereas cadmium
seems to be excluded from seed crops. The highest
cadmium values reported for wheat grains (14.2 ppmn)
and brown rice (5.2 ppm) were less than amounts of the
metal accumulated in root and leaf tissues of these
plants (Kabata-Pendias, 1984).

The most serious case of environmental hazards of
cadmium occurred in Japan after world war II. Exposure
to cadmium occurred through the ingestion of rice
grown on fields irrigated by industrially polluted
water (UNEP, 1980). The affected subjects developed a
syndrome that began with renal dysfunction and
eventually resulted in painful bone changes (Friberg
et al., 1974). The mysterious disease, then called
itai-itai kyo, occurred most commonly among post-
menopausal women above 45 years of age, who delivered

several children. Cadmium was reported to interfere



with calcium and vitamin D metabolism (Piscator and
Larsson, 1972).

The main sources of cadmium in the diet are organ
meats such as liver and kidney, aquatic animals such
as molluscs and crustaceans and cereal grains such as
wheat. Dairy products, potatoes and fruit make lesser
contributions. FAO/WHO experts recommend a provisional
tolerable weekly intake of 400-500 pg cadmium.

Cadmium interacts with many nutrients to produce
altered rates of absorption and responses. Some
components that interact with cadmium include zinc,
copper, mercury, selenium, calcium, cobalt, protein
and chelating agents. The main c¢linical signs and
responses of primary cadmium toxicity in animals are
anaemia, retarded gonadal development or degeneration,
enlarged joints, scaly skin, liver and kidney damasge,
reduced growth and mortality rate that relates
directly to the concentration of cadmium fed. (Cousins
et al., 1973; Pond and Walker, 1972; Nearthery and
Miller, 1975).

Cadmium ions absorbed from the intestine become
bound to metallothionein or other transport proteins
{Nearthery and Miller, 1975). Chicken, sheep, cattle,
pigs and horses have all been shown to produce
metallothionein 1in response to excess intake of
cadmium (Evans et al., 1970). Kidney and liver tissues
may accumulate sufficient cadmium concentrations in

cadmium exposed animals to pose concern regarding the



consumption of animal derived foods. However, milk and
muscles, the main animal protein foods are very low in
cadmium concentrations even in poisoned animals.

That cadmium accumulates in the body, its
concentration increasing with age was reported in a
study on rats by Matsubara-Khan and Machida(1975).
Inhalation of cadmium oxide dust can occur in certain
occupation and can lead to severe pulmonary changes
including emphysema. An occupational exposure, for
example of 0.008 mgﬂﬁ for 25 years can cause cadmium
poisoning {(Hodges, 1977). Cadmium can lead to very

rapid sterilization of animals because of it

n

toxicity
to testicles and sperm cells. Cadmium and its
compounds have been proved to produce malignant tumors
in rats, but it 1is not certain whether they are
carcinogenic and teratogenic to humané.

Several studies revealed that cadmium leads to
high blood pressure in rats, rabbits and dogs and is
probably associated with heart diseases in humans. The
induction of hypertension in cadmium fed animals has
been reported (Schroeder and Buchman, 1862, 1967;
Schroeder et al., 1970), The toxic action of cadmium
seems to involve the replacement of zinc in certain
enzymes by cadmium, resulting in inhibition of their
proper functioning (Pulves, 1977).

In humans, absorbed cadmium 1is more highly
concentrated in the plasma than in the red blood

cells, except in persons with elevated exposure, where



the situation 1is reversed. Plasma cadmium rapidly
deposits in the iiver, prostate and the kidneys. In
time, most of the cadmium 1is redistributed to the
kidneys. Renal cadmium levels increase up to age 50,
and levels of accumulation are approximately dependent
on cumulative exposure, The critical renal cortex
concentration of cadmium which preoduces chronic kidney
damage is estimated to be about 200 mg/Kg wet weight.
Normal urinary excretion of cadmium by typical adult
human 1is wusually less than 2 X 10{ mg/day. Renal

tubular dysfunction might be expected when urinary

excretion exceeds 2.0-2.5 X 10° me/dayv; renal
pathological effects probably occur at urinary levels

of 5 X 10 © mg/day. Increased urinary excretion of

ta-2-microglobulins is probably the arliest

eta e S
indicator of cadmium-induced renal tubular
dysfunction. Nutritional deficiencies Zipge; L1roen;

calcium) may predispose individuals to adverse effects
from dietary cadmium levels below the 250-350 X 10°

mg/day estimated to give a level of cadmium in the

idney damage.
1.3.0 OBJECTIVES OF THE PROJECT

1w3.1 AIM

To conduct a detailed study on the extent to
which lead and cadmium from motor vehicles have

contaminated soils and vegetation in selected areas in

Kenyvsa.,

0o
(%]



1:3.2 OBJECTIVES

i) To investigate the relationship between motor
vehicle exhaust emissions (by estimating traffic
density) and occurrence of 1lead and cadmium on
roadside goils and vegetation on chosen roads in
Nairobi and Kiambu.

ii) To investigate lead and cadmium concentration in
relation to distance from the chosen stations.

iii) To determine the acidity/alkalinity of the soil
samples.

iv) To evaluate environmental implications of lead
and Cadmium from motor vehicles egpecially their

introduction into the food chain.

1 e3.3 SIGNIFICANCE OF THE PROJECT

Lead and cadmium are toxic trace élements. Both
may be derived from motor vehicles. Several studies
indicate that lead derived from combustion of lead
antiknock compounds (tetraethyl and tetramethyl lead)
in motor vehicles form a major component of the global
lead cycle. Automotive lead is a major contributor to
the high lead levels 1in the surface waters and
sediment, especially in the vicinity of roads with
heavy traffic. Cadmium concentration near highways
result from the wearing out of automobile and truck
components (tyres, galvanised metal), as well as from
the combustion of petroleum distillates and their

additives.
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Apart from accumulation by plants, animals and
human beings, lead and cadmium deposited on soils and
vegetation may be removed and translocated elsewhere
by action of run-off water and wind and may eventually
reach rivers and lakes, thus polluting other parts of
the ecosystem.

Several studies showing the toxic effects of lead
from motor vehicle exhaust fumes on vegetation,
animals and humans located close to highways have been
well documented (Patterson, 1965; Rabinowitz and
Wetheril, 1972; Andrew, 1972; Welch and Dick, 1975).
Ward et al. (1977) found a significant correlation
between traffic density and cadmium levels in the soil
and vegetation of the median strips of roads. Toxic
effects of cadmium on plants and animals have also
been well documented (Mennear, 1979).

However most of these studies have been carried
out in the developed world. Some of the results
obtained have led to laws being enacted to minimize or
eliminate environmental pollution. Few such studies
have been conducted in the developing world,
particularly in Africa, thus leaving a vacuum on the
related information. It 1is therefore necessary to
document the extent and magnitude to which lead and
cadmium have contaminated roadside soils and
vegetation in Kenya, as this will help in monitoring
and managing environmental pollution from these two

trace elements.
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In Kenya some studies have been done on the
concentration of Theavy metals in environmental
samples, rivers, lakes and the Indian ocean (Wandiga,
1981; Kinyua, 1982; Wandiga et al., 1983; Ochieng,
1987). This project 1is therefore an attempt to
establish the contribution of the tremendous increase
in traffic density on Kenyan roads to the levels of
lead and cadmium, in soils and vegetation,

particularly in high motor traffic density areas.



CHAPTER TWO

2.1.0 ANALYTICAL TECHNIQUES

Several reliable methods for monitoring trace
metals in the environment exist. Walsh and Beaton
(1973) discussed the new atomic absorption techniques,
such as atomic fluorescence and electrodeless atomic
absorption spectroscopy. Methods of analyses like X-
ray fluorescence, polarography, neutron activation
analysis and spark source mass spectroscopy have been
described (Pinta, 1973).

Atomic abgsorption is a viable analytical
technique for measuring trace elements, because of its
high specificity and relatively high sensitivity when
compared with other methods, (Slavin, 1968). Atomic
absorption spectroscopy has been widel& used for trace
element analysis in environmental | samples. Good
reviews of flame and non-flame atomic absorption
techniques have been published by Christian (1965,
1969), Segar and Gili (1973) and Van Ormer (1973).

In this chapter only flame atomic absorption
spectroscopy is discussed. One of the main advantages
of atomic absorption spectrophotometry as an

analytical method 1is that absorption by atoms takes
place within very narrow spectral regions and only
those involving the ground state are normally
observed; yielding extremely simple spectra, thus
there is very little possibility of coincidence of
lines and therefore very little spectral interference
(Welz, 1976).



2+:1.1; THEORY OF ATOMIC ABSORPTION SPECTROSCOPY

The determination of elements by atomic
spectroscopy is based on the principle of absorption
or emission of radiation by free atoms. (fig.1l)

E

T QﬁExoited state)

Eh(Ground state)
(a) (b) '

Fig., 1 ABSORPTION/EMISSION
(a) Emission of line of frequency, v.
(b) Absorption of the same line.

For the excitation of a ground state atom, R to

R+hy=R"* (1)

where h is Planck’s constant and V is the frequency,
the absorption or emission of light is associated with
the process of transition of atoms from one steady
state to the other, The type of transition between the
steady states will be dependent on the magnitude of
the energies involved.

For the steady states m and n with energies Emand
En’ respectively, absorption of light will take place
when E, » B, following the transition from m to n,
while the transition n to m, results in the emission

of light.
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The frequency Vmn for m to n transition will be

inversely proportional to Planck’s constant, so that,

V.. = =B M (2)

Einstein’s quantum theory of radiation suggests
that between levels of steady states m and n, three
types of transitions may take place;

(i) Emission (n

>m), transition from an excited
state, to a lower energy state, due to external
radiation of the same frequency P

(1ii) Spontaneous emission (n

>m), transitions from

the excited state to lower energy state, and,

(iii) Absorption (m »n), transition from a lower
energy state to a higher one due to external radiation
with frequency Vo This is the basis of atomic
absorption spectroscopy.

Absorptions involving ground state atoms result
in the production of resonance lines characteristic of
the element. However, the proportion of population of

excited atoms to ground state atoms at a given

temperature is governed by the Boltzmann distribution;
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where;

z
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. number of atoms in excited state,

2y
n

. number of atoms 1in ground state.
g, and By = statistical weights of excited and ground

states respectively (g=2J+1, where J is the rotational

quantum number).

En and Em = Energies of excited and ground states
respectively.
E{{% = Excitation energy.

K =

-9 1
Boltzmann’s constant (1.3806%10°° JK ')

T

absolute temperature.

At a fixed value of gn/gm, the ratio Nn/Nm
increases with temperature for a particular element at
a particular spectral line,

Absorption by atoms takes place within very
narrow spectral regions, of the order of a hundredth
of an angstrom, and in the laboratory, only those
involving the ground state are normally observed,
vielding extremely simple spectra. This accounts for
one of the main advantages of atomic absorption
spectrophotometry as an analytical method; there 1is
very little possibility of coincidence of lines and
therefore very little spectral interference {( Welz,
1976). For an atomic gas consisting of a population of

atoms in thermal equilibrium capable of absorbing a
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quantum of energy hv, containing a radiation of
frequency V and intensity IN passing through the
atomic gas, the absorption of the incident radiation
by neutral atoms is given by;

I,
A=109(—I) (4)

The resulting emission I does not compensate the
absorption L, because it is omnidirectional. The
absorption can be measured by classical
spectrophotometric procedures. It permits the
quantitative determination of the elements introduced

into the atomizing source. A relation exists between

I0 and I that depends on the absorption; fig.(2)

- 4 >

b ¢ & o C @ v

-
. e - - -
v N ',
.
I r - - s -, \-I
3=
a o t - ¢ ¢~

v : ¢ . . 2 °
? - = @ ,

s B . -

N=N_+N
3 f

Fig. 2 ABSORBANCE

1)
I=Te ¥° L4

where;
I = Intensity of incident beam

I = Intensity of transmitted beam
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Ig= Absorption coefficient at the

frequency,v

N = atomic population with a concentration

9

of N0 atoms per cm’ in path.
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2.2.1 INSTRUMENTAL PRINCIPLES

The basic components of an atomic absorption
spectrophotometer are shown in fig. 3.

(i) A 1light source which emits the spectral 1line
characteristic of the element under study.

(ii) A method to produce atomic vapours of the sample
being analysed,

(iii) A wavelength selector (monochromator ) which
isolates the desired resonance line,

(iv) The electronic system comprising a detector,
amplifier and read-out.

The light source in most AAS measurements is the
hollow cathode lamp, whose cathode incorporates the
element being determined. The radiation is passed
through the flame and the resonance lines are
partially absorbed by the ground state atoms of the
same element, if they are present in the sample. By
comparing the intensities of the light transmitted by
the flame before and after the introduction of the
sample, the instrument indicates the amount of light
absorbed, which is a measure of the concentration of
the element in the sample.

Atomization takes place at the nebulizer - burner
stage. For flame AAS, the fuel oxidant mixture, in the
proper ratio, is ignited to produce temperatures of up
to 3000 K. Chemical radicals and other substances

present in the flame will produce chemical effects
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during the analysis and therefore a proper choice of
the mixture is important.

Fuel gases include, propane, hydrogen and
acetylene, while oxidants commonly used are nitrous
oxide and compressed air. Air-acetylene is a proper
choice for those elements which do not form refractory
oxides on introduction to the flame. The use of
nitrous oxide as the oxidant gas was suggested to
improve the sensitivity of those elements which form
refractory oxides. The sample uptake into the
nebulizer is made possible by the creation of low
pressure at the end of capillary tube by the flow of
the carrier gas or oxidant. In the spray chamber, the
introduced sample forms an aerosol with the fuel
mixture before reaching the burner.

For the flameless AAS, formation of vapour takes
place at the desired low temperatufe without the
ignition fuel. This technique became popular in the
early seventies when Osland (1970) and Braun and
Husbands (1971) developed procedures for the
determination of mercury.

When the hollow cathode lamp is used, several
non-absorbing lines may be produced by the cathode
metal or the lamp fill gas. To achieve the desired
resolved spectral line, a monochromator is used.
Additional characteristic features of the
monochreomator is to 1isolate the measgsured resonance

line from the molecular emission and other background
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continuum which originate in the flame, this explains
the reason why it is placed before the detector.

The resolution of the monochromator and the
detector depend on the amount of light reaching them.
Slits function to allow controlled amount of 1light
reaching the monochromator. The amount of this light
is dependent on the slit width selected, which in turn
depends on the wavelength, nearness to the resonance
line of other lines by the source, the intensity of
the resonance line and background emission from the
flame. Transition elements, which include trace heavy
metals require narrower slits because they have other
lines near the resonance line due to complex emission
spectra. The slit-width can also be increased to
improve the electronic gain durinsg operation,
especially with low intensity source.

The detectors are normally photomultipliers made
of photosensitive materials, usually alloys of alkali
metals with antimony, bismuth and/or silver.

The read-out system may consist of a meter or be
simply a digital scale, both calibrated linearly with
absorbance. The detector output is proportional to the
energy falling on it and this is proportional to the

transmittance.
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20202 INTERFERENCE IN MEASUREMENT OF ABSORBANCE
SIGNAL

The presence of some substances (metal ions or
other species) in the flame may be detected in the
instrument and this may lead to suppression or
enhancement of absorbance signal as compared with
standard absorbance reading of standard solutions, in
which no interferents are present , for the element
under study. These foreign substances cause
interference with signal output. There are two types
of interferences, spectral and non-spectral.

Spectral interferences {(Lovett, 1975) arise from
coincidence of spectral lines emitted by radiation
situated close to the spectral line under study.
However, AAS is highly specific for a given element
and as such there are very few known examples of
actual spectral interference.

Non-spectral interferences are grouped into two;
physical and chemical. Physical interferences refers
to incomplete volatization of the solid particles of
the samples formed in the flame, variations in the
physical properties of the solutions or matrix effects
(Welz, 1976; Price, 1972) and scatter and background
absorption.

Chemical interferences (Cooke, 1973) include
stable complex formation and metal ionisation. Most

AAS laboratory guides deal with these effects at
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length, and this too, is another advantage of atomic

absorption over other methods of analysis.

2.2.3 INTERPRETATION OF THE ABSORBANCE SIGNAL

Absorbance 1is directly proporticnal to the
absorption coefficient, which is characteristic of the
particular element under study. There are two major
methods of obtaining quantitative data by
interpretation of the absorbance signal. These are;
(a) the standard curve method,

(b) the standard addition method.

The standard addition method (Welz, 1976; Klein,
1977) suffers the disadvantage of being time consuming
and lengthy, while the standard curve method for which
a plet is made of absorbance Vs standard concentration
of the element in solution is affected by matrix
effects, but if proper correction is made to reduce
the matrix concentration (Welz, 1976), the standard
curve 1is the most commonly accepted method of
quantization in atomic absorption spectrophotometry.
Both methods are however based on the fact that a
proportionality exists between absorbance, A, and

concentration, C, so that,

A=KC (6)

where K is the constant of proportionality.
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2w 0 pH MEASUREMENTS
2.3 1 THE GLASS ELECTRODE

The glass electrode was used for pH measurements.
It consists of a pH-sensitive glass containing a
chloride solution of known pH, and an internal
reference electrode, usually calomel. The glass is a
partially hydrated aluminosilicate containing sodium
or calcium ions and often small amounts of lanthanide
ions. It is reactive to hydrogen ions in the sense
that an ion can join an oxygen site at the same time
that another, on the opposite surface leaves, thus
maintaining electrical neutrality in the glass. An
equilibrium is easily established with hydrogen ions
in the inner and outer solutions; producing a
potential:

E=ks BT 15 )
F (H*)

inner (

~3
S—

outer

K in this expression includes the difference
between the characteristic potentials of the inner and
outer reference electrodes, the liquid-junction
potential, and a small, unpredictable contribution
known as the asymmetry potential, possibly due to
physical strains in the glass.,.

By introducing the definition of pH, (7) can be

rewritten (at 25°C) as,
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E=K+0.0591 (PH oy~ PHipper) (8)

In any given electrode the pH of the inner
solution is the constant, so it can be combined with

K and the subscript dropped, to give,

E=K'+0.0591pH (9)

In a practical pH meter, the constants K’ is
taken 1into account in the calibration procedure,
whereby the electrode assembly is immersed in a
standard buffer and the indicator arbitrarily made to
show the correct value. The glass electrode 1is
characterised by a pH of zero potential, the point
where the inner and outer solutions are of the same
PH.

Potassium Chloride solution  serves as an
electrostatic shield for the high-resistance glass
electrode. One short coming of the glass pH electrode
is that an erroneously high reading is obtained in the
presence of a large concentration of an alkali metal,
the so called sodium error. The correction to this is

covered by the Nernst-Eisenman equation {Ewing, 1985).

2.3.2 INSTRUMENTATION
A pH meter 1is a voltmeter that contains an
amplifier that senses the signal voltage and produces

a proportional meter deflection or numerical (digital)
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indication. The resistance of a glass electrode may be
as high as 10° ohms, and if the error is to be held at
0.1 per cent, the input resistance of the amplifier
must not be less than 10 ' ohms. This is easily
achieved with modern solid-state amplifiers.

A line-operated laboratory pH meter has three
controls on its panel, and may have a fourth. These
are;

(i) Switch with standby and operate positions.

(ii) A calibration or standardization adjustment,
which amounts to a zero offset with which to adjust
the meter to read the correct value when the
electrodes are immersed in a standard buffer,

(iii) Temperature compensator that permits alteration
of the sensitivity to account for the temperature
dependence of the Nernsts potential.

(iv) A scale selector, that allows the instrument to

cover the whole pH range (0 to 14),.
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CHAPTER THREE

3.0.0 MATERIALS AND EXPERIMENTAL TECHNIQUE

3.1.0 DESCRIPTION OF STUDY AREAS
For Nairobi Stations refer to Figs. 4 and 5. For

the Kiambu Stations refgr to Figs. 4, 6 and 7.

Felsl STATION N1 (Museum Hill Round-about)

Soil and grass samples were collected at a
transect perpendicular to the round-about on a flat
terrain at distances of 2.5, 5.0, 10.0, 20.0, and 30.0
m from the road. The direction of the wind was
perpendicular to the transect. The study area had been
cultivated before, though at the time of sampling it
was all covered with vegetation. There was a high
plant fence about 5.0 m from the 30 m sample point,.
The average number of cars per hour was 1412. Sampling

was done on a dry day, during the short rains in

November, 1990,

3.1.2 STATION N2 (Waiyaki Way)

Soil and grass samples were collected on a
transect perpendicular to the road at distances of
2.5, 5.0, 10.0, 20.0, 30.0, 40.0, 50.0 and 60.0 m. The
direction of the wind was perpendicular to the

transect., The terrain was flat from the reoad up to the

10.0 m sample point, where there was a sharp downward
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slope, which gradually flattened out as one moved away
from the road. Beyond the 60.0 m point there were
double storey buildings. The number of average cars
per hour was 1198. Sampling was done during the short

rains in November, 1990.

3.1.3 STATION N3 (Ngong Road)

Soil and grass samples were collected on a
transect perpendicular to the road at distances of
2.5, 5.9, 10.0, 20.0, 30,0, 40.0, 50.0, 60.0 and 100
m. The land was flat and was used as a playground as
well as for grazing livestock. The number of average
cars per hour was 1213. The direction of the wind was

perpendicular to the sampling transect., Sampling was

done during the short rains in December, 1990.

3.1.4 STATION N4 (Thika Highway)

Scil and grass samples were collected at a
transect perpendicular to the road at distances, 0,
2.5; 5.0, 10.0, 20.0; 30.0, 40.0,; 50.0,; 60.0, and 100
m., The road was on a slope which became steeper away
from the road. The plant samples consisted of grass
from the road up to 15 m., Beyond 15 m was a cultivated
land and the plant samples here consisted of
vegetables, sweet potato leaves and maize leaves. The
wind was in the direction perpendicular to the

sampling transect, The number of the average cars per
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hour was 1440. The samples were collected during the

dry season in January, 1991.

3.1.5 STATION N5 (Outer-ring Road)

Soil and grass samples were collected on both
sides of the road at perpendicular distances from the
road of 0, 2.5, 5.0, 10.0, 20.0, 30.0, 40.0, 50.0,
60.0 and 100 m. The direction of the wind was
perpendicular to the road, from the left hand side to
the right hand side. On the right hand side of the
road sampling was done from 0 to 100 m, however, on
the left hand side, there had been a fire and grass
samples were collected only to the 10.0 m point. The
terrain of the land here was flat., The land was
sometimes used for grazing. The average number of cars
per hour was 698. the samples were collected during

the dry season in February, 1991.

3.1.6 STATION K1 (Kiambu-Ndumberi Road)

Soil and grass samples were <collected at
distances of 0, 2.5, 5.0, 10.0, 20.0, 30.0 and 40.0 m
perpendicular to the road. The study area was an open
portion to the road, with the other three sides fenced
with plants. The road was on a hill, however the
sampling points were on a flat terrain. The direction
of the wind was perpendicular to the sampling
transect. There was farming activities, around the

sampling area, though on the sampling area there was
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no sign of any recent activity. The average number of
cars per hour was 140. The samples were collected

during the dry season in March, 1991.

3.1.7 STATION K2 (Boma Road)

On this sampling site the road was on a hill. The
sampling points were on a hill, perpendicular to and
draining towards the road. Scoil and grass samples were
collected at distances of 0, 2.5, 5.0, 10.0, 20.0,
30.0, 40.0, 50.0, 60.0 and 100 m, perpendicular to the
road . There were tall trees scattered around the
sampling area and the land was used for livestock
grazing. The average number of cars per hour was 53.
The samples were collected during the dry season in

March, 1991,

3.1.8 STATION K3 (Kamiti Road)

The sampling site was a large tract of land
bordered on all sides with coffee plantations, except
from the road. There was no evidence of apparent
activities, though there had been a recent fire, and
the vegetation looked quite green. The direction of
the wind was along the sampling transect from the
road. The average number of cars per hour was 40.
Samples were collected during the dry season in March,

1991.
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3.1:9 STATION K4 (Nairobi-Naivasha Road)

This sampling area was on a flat land scattered
with tall trees. The land was mainly wused for
livestock grazing. Secil and grass samples were
.collected on a perpendicular to the road at distances
of 0, 2.5, 5,0, 10.0, 30.0, 40.0, 50.0 and 60.0 m., The
direction of the wind was perpendicular to the
transect. The average number of cars per hour was

1180. The samples were collected during the dry season

in March, 1991.
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3.2.0 SAMPLING AND TRANSPORTATION

3.2.1 SOIL SAMPLES

Soil samples were collected at chosen stations,
and distances given in the description of study areas.
About 100 g of soil was collected randomly from each
gsampling point, using a stainless steel scoop. The
s0il was scooped up to a depth of 2 cm. The so0il was
then packed into labelled polythene bags and

transported to the laboratory for further treatment.

322 PLANT SAMPLES

Plant samples were collected in a similar way to
soil. A stainless steel knife was used to cut the
grass (or plants), randomly at sampling points. About
80 g of the grass was packed intd labelled polythene

bags and transported to the laboratory for further

treatment.
3:3:0 ANALYTICAL PROCEDURE
3.3.1 REAGENTS
All the chemicals used were of analytical

reagent grade;

Nitric Acid, HNOz BERK SPENCER ACIDS LTD.
Hydrochloric Acid, HCI BERK SPENCER ACIDS LTD.
Cadmium Chloride, CdCl,.2.5 H,0 BDH CHEMICALS LTD.
Lead Nitrate, Pb(NOg) BDH CHEMICALS LTD.
Perchloric Acid, HClO, | Riedel-de Haen.
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3:.3.2 SOIL PRETREATMENT AND DIGESTION

Soil samples were oven dried at 105°C for at
least 24 hours in 100 ml beakers. The dry soil was
sieved using a ! mm sieve, The large particles which
consisted mainly of stones and pebbles were discarded.
The fine scoil was then ground into a fine powder using
a pestle and mortar.

To 1.000%20,005 g of dry soil in a boiling tube
was added 6 ml conc. hydrochloric acid (HC1l) and 2 ml

conc. nitriec acid (HNOﬁ. The boiling tubes were then
placed in an aluminium hot block, which was heated on
a hot plate at a temperature between $0 and 100°C. The
digegsts were heated with occasional stirring to near
dryness, then allowed to cool.

About 20 to 30 ml of deionised water was added to
the digest and the digest solution filtered through
acid washed filter paper into a 100 ml volumetric
flask. The filter paper was washed with deionised
water and the filtrate was diluted to volume with
deionised water. The filtrate was stored in
preconditioned polypropylene bottles, ready for AAS

analysis. The residue was discarded.

J:vi3 03 PLANT PRETREATMENT AND DIGESTION

Plant tissue samples were macerated and oven
dried for at least 24 hours at 105°C. Plant tissue
samples were finely grounded using a pestle and

mortar., To 1.000%0.005 g of dried plant tissueg in 50

o
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ml beaker, 5 ml conc. nitric acid (HNOﬂ and 2 ml conc.
perchloric acid (HClO4) were added and the beaker
covered with a watch glass. Pinta (1978) reported that
HNO;/HC10; mixture is most suitable for plant
digestion. The sample was digested at a temperature
of 90 to 100°C, to a final volume of 3-5 ml. About 10-
15 ml of deionised water was added to the digest after
cooling, and the digest solution filtered through acid
washed filter paper into a 50 ml velumetric flask. The
filter paper was washed with deionised water. The
filtrate was diluted to volume with deionised water.
The filtrate was stored in preconditioned

polypropylene bottles ready for AAS analysis,

343 .4 AAS ANALYSIS

Each sample was analysed in triplicate following
the pretreatment and digesticn methods already
described. Blanks were analysed in triplicate for each
Station ( Separately, for plants and socoil). The
absorbance was recorded three times for each sample
and the average taken.
Je 3 . B DETERMINATION OF OPTIMUM OPERATING

CONDITIONS

In order to attain the best sensitivity, the
absorbance of lead and cadmium were studied with
respect to fuel compesition, spectral band pass,
wavelength, and the height of the light beam above the

burner head. The sensitivity was checked by preparing
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standards containing lead (20 mg/l) and cadmium (2.0

mg/l) as per manufacturers’ recommendations.

3.3.6 ANALYSIS OF CERTIFIED REFERENCE MATERIALS

To check the qgquality and reliability of the
results obtained by this method, certified reference
materials distributed by the International Atomic
Energy Agency (I.A.E.A.) were analysed as detailed
below;
(i) s-5

For analysis, 0.50%0.01 g of the soil sample were
accurately weighed in triplicate, and analysis carried
out as previously described.(ref. 3.3.2)
(ii) s-7

For analysis, 0.50%20.01 g of the soil sample were
accurately weighed in triplicate and analysed as
previocusly described, (ref, 3.3.2 )

3.3.7 CALIBRATION STANDARDS

STOCK SOLUTIONS (1000 ppm)
(i) LEAD

1000 ppm Pb ions in 0.5 M nitric acid {HNO3 ), was
prepared by weighing 1.6108 g of 99.5% lead nitrate
[(Pb(NO,),] into a one litre volumetric flask and
adding 31.70 cm3 of 70% nitric acid (HNOg). The

golution was diluted to the mark by adding deionised

water.

n
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(ii) CADMIUM
1000 ppm Cd ions in 0.5 M hydrochloric acid
(HCl), was prepared by weighing 2.0522 g of 99%

CdC12.2.5H20 into a one litre volumetric flask adding
44,14 cm3 of 35% hydrochloric acid (HC1l), and diluting
to the mark with deionised water.

The stock solutions were stored in cleaned,
preconditioned polypropylene bottles. Immediate and
working standard solutions were prepared by successive
dilution.

Calibration standards were freshly prepared
whenever required and were treated in the same way as
the samples and carried through the whole procedure.
For each metal analysis, solutions c¢ontaining the
concentrations detailed below were accurately
prepared, additional to three replicéte samples.

LEAD

Aliquots of the working solutions were used to

prepare calibration standards containing 0.05, 0.1,

0.3, 0.5, 0.7, 1.0, 2.0, 3.0, 5.0, 10.0, and 20.0 ppm.
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CADMIUM

Aliquots of the working solutions were used to
prepare calibration standards containing 0.005, 0.01,
0.03, 0.05, 0.07, 0.10, 0.30, 0.50, 0.70, 1.00, 2.00

ppm.

58



3.4.0 METHODS

3.4.1 INSTRUMENTATION

3.4.2 ATOMIC ABSORPTION SPECTROPHOTOMETER

The Atomic Absorption Spectrophotometer used was
Perkin-Elmer Model 2380 (Perkin Elmer Co. 1980). This
is a microprocessor controlled Atomic Absorption
Spectrophotometer which measures the concentration of
metallic elements and provides integrated readings in
absorbance and concentration. Single element hollow
cathode lamps were used for the determination of the

elements as per manufacturers’ recommendations.

3.4.3 THE GLASS ELECTRODE

The glass electrode used was a combined electrode
Model GK2401B, supplied by Radiometer Copenhagen. The
combined glass/reference electrode feature; A wide
temperature range; A symmetrical electrode chain based
on Ag/AgC1 cells, providing negligible light
hysteresis, negligible light sensitivity and a fairly
constant isopotential point even at great temperature
variations. The pH range was 0 to 14 and the maximum
flow of saturated KCl solution through the porous pin

junctieon was 10 pl/h/10 cm water column.
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3.4.4 THE pH METER

The pH meter 22, Type PHM220 supplied by
Radiometer Copenhagen was used for pH determination.
The pH meter is an electronic voltmeter that contains
an amplifier that senses the signal voltage and

produces a proportional meter deflection.

3.4.5 THE ALUMINIUM BLOCK

The Aluminium hot block, made according to
specifications by Agemian et al., (1980), was used to
digest soil samples. The block can accommodate 18
digestion tubes, which are placed in the hot blecck and

heated on a hot prlate to the required temperature,

3.4.6 LABWARE APPARATUS

All glassware was soaked for at léast 24 hours in
washing detergent, rinsed with chromic acid where
necessary, then rinsed with running tap water and
soaked in 10 % (v/v) Nitric acid (HN03) for at least 24
hours. The washing procedure was completed by rinsing
the glassware when required for immediate use, with
tap water and finally rinsing with deionised water and

oven drying at 90°C,
3.4.7 SAMPLE BOTTLES - PRECONDITIONING

Polypropylene bottles were scaked in detergent

solution for at least 24 hours, rinsed in tap water
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and then leached in 10% (v/v) Nitric acid (HNQ,) for at
least another 24 hours. The washing procedure was
completed by rinsing the bottles when required for
immediate wuse, with tap water and finally with

deionised water and oven drying at 60°C,

3.4.8 pH DETERMINATION

2.000%20.005 g of dry soil sample were dissolved
in 50 ml of deionised water. The =so0il paste was
stirred and allowed to equilibrate for one hour, after
which the solution was centrifuged and the pH

determined using the pH electrode.

3.4.9 ESTIMATION OF TRAFFIC DENSITY

Car counts were taken for every sampling station.
In the morning sessions car counts were taken between
9.00 and 11,00 am. In the afternoon sessions car
counts were taken between 3.00 and 5.00 pm.

The average number of cars per hour was
determined by taking the average over the four hours.
The traffic flow during these times of the day are
assumed to give an indication of the normal traffic

flow., During the morning rush hour the traffic flow i

97}

usually high, while during the day and in the late

evenings, traffic flow 1is usually low.
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CHAPTER FOUR

4.0.0 RESULTS AND DISCUSSION
4,1.0 VALIDATION OF ANALYTICAL PROCEDURE

Evaluation of the analytical procedure was done
by analysis of certified reference materials obtained
from the International Atomic Energy Agency (IAEA).
The validation of the analytical procedure was carried
out by a comparative analysegs of two certified
materials, so0il-5 and soil-7. The reproducibility of
the analytical procedure was determined by the
replicate analyses of soil and vegetation samples,

Measurements of concentrations are subject to
systematic and random errors. The analysis of
certified reference materials was done so as to allow
for ©precision and accuracy to be assessed as
summarised in Table 2 and Table 3.

Sensitivities were evaluated fof each element
from individual standard curves, examples of which are
shown on figure 8 and figure 9. Only precision
measurements were made for plant samples as there were
no certified reference plant samples available, as in

the case of so0ils to test the accuracy of the values.
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4.1.1 PRECISION AND ACCURACY OF THE ANALYTICAL

TECHNIQUE

TABLE 2; STANDARD SOIL-5 CONCENTRATION IN PPM (DW)

ELEMENT REF. EXPT'L R.S.D. R.E.
CONC. CONC. (%) (%)

Pb 129+26 155.70%4.29 2.80 20.73

cd 1.50 | 2.51%20.23 9.20 67.33

n=3, where n is the number of samples analysed.

TABLE 3; STANDARD SOIL-7 CONCENTRATION IN PPM (DW)

! { i ‘ I
| ELEMENT | REF.CONC. | EXPT'L | R.S.D. | R.E.
1 CONC. : (%) (%)
Pb .60 | 64.30%3.24 | 3.60 | 7.17
T [ ‘
l cd i e | 1.52#¢0.12 | 5.26 . 16.92

n=3, where n is the number of samples analysed.

The data shows good agreement between the
certified and experimental values attesting to good
accuracy of the analytical procedure. Relative
standard deviation (R.S.D. %) values range from 2.80

% to 9.20 % for all samples analysed, demonstrating

the good precision of the method.
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4.1.2

OPTIMUM INSTRUMENTAL PARAMETERS

The AAS instrumental parameters that yielded the

most sensitive and reproducible results are listed in

Table 4.

TABLE 4;

OPTIMUM INSTRUMENTAL PARAMETERS

|

Ccd Pb
Lamp current 4 10
intensity(mA)
Spectral band pass(nm) 0.7 0.7
Wavelength(nm) 38.3 283.3
Oxidant flowrate(1l/min) T+5 19.5 {
Acetylene flowrate(l/min) | 1.0 1.3 i

Integration time: 0.5

5 replicate readings.

seconds.

64




concentration(ppm)

257

0 01 0-2

Absorbance

Fig. 8: Typical lead standard calibration graph
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Cadmivm
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Fig.9:  Typical cadmium standard calibration
graph



4.2.0 RESULTS

The results of analysis of roadside soils and
vegetation for their cadmium and lead concentration as
a function of distance from the road are presented on
Tables 5 to 14. All the entries are averages of values
for three determinations on each sample.

The lead data shows that 91% of the total number
of samples analysed had relative standard deviations
of between 0 and 10%. However all analyses had
relative errors of below 456%. The low R.S.D. values
obtained show commendable reliability. T h e
cadmium data shows that 87% of the total number of
samples analysed had R.S.D.’s of between 0 and 5% and
all the analyses had relative errors of below 48%. The
low R.S.Ds values obtained reflect commendable

reliability.
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TABLE 5; STATION N1 MEAN

SOILS AND PLANTS

{Pb]

IN

ROADSIDE

: !
% | Pb cd %
i Distance Soil | {ppm) {ppm)

{ {m) pH § ) ; o § f
g . Soil | Plant Soil { Plant

! 1_ , !

I 2.5 6.82 |158.02 | 8.84 0.20 | 0.09

1 L +24.20 | $0.17 +0,01 | #0.01 |

5.0 6.80 | 64,60 7.54 .20 | 0.10 |

i | i

« [ *0,00 | *1.44 +0.01 | #0.01 |

10.0 | 6.75 | 47.32 | 20.72 0.20 | 0,10 |

; | 6,00 | *5.,80 +0,01 | +0,00 |

1 ! ¥ i
| 20.0 7.26 181,35 17.71 0,20 1 0,10
‘ ' +12,10 +2,84 +0,01 +0.00
1 30,0 8.20 | 350.27 9.04 §.21 0.09
| | £21.01 £0,01. , £0.00 | #0.00
(n=3], hers n is the number of scamples taken per

is noted
oy




TABLE 6;
SOILS AND PLANTS

STATION N2 MEAN [Pb] AND [Cd] IN ROADSIDE

Distance Soil Pb (ppm) Cd (ppm)
(m) pH . .
Soil Plant Soil Plant
245 T:22 181.02 16.4 0.22 0.16
+7.47 4,3 +0.00 +0.05
5,0 7.06 105.00 45,8 0.22 0.16
+17.30 7.4 *0.01 #0.05
10.0 6.63 105.22 9.13 0.24 0.16
+*5.79 +2.84 +0.01 +0.05
20.0 5.58 53.31 16.41 0.17 0.17
+17.60 +1.56 +0.08 +0.07
30.0 6.63 53.37 12.00 0.21 0.16
+23.20 +0.08 +0.01 | *0.06
T
40.0 6.21 76 .32 7.59 I 0.18 t0.12
+0.04 { ¥1.32 +0.00 [ £0.01
50.0 5.84 147.20 | 4.72 0.20 | 0.15
*#5.61 +1.55 “*0.01 | 20,06
60.0 6.25 78.57 '12.00 0.22 ] 0.16
+13.90 +5.75 +0,00 | +0.05
(n=3), where n 1s the number of Sémples taken per
point.
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TABLE 7; STATION N3 MEAN [Pb] AND [Cd] IN ROADSIDE
SOILS AND PLANTS

i)

Distance Soil Pb (xlOg) (ppm) Cd (ppm)
(m) pH . :
Soil Plant Soil Plant
2.5 7.26 41.89 30.27 0.14 0.10
+0.43 +0.40 +0.00 +0.00
5.0 6.87 34.61 30.20 0.13 0.10
+2.06 +0.26 +0.01 +0.00
10.0 6.74 33.37 30.45 0.12 0.11
+0.30 +0,03 +0.01 +0.01
20.0 6.82 33.83 | 29.82 0.13 0.10
+0.25 +0.06 +0,02 +0.00
30.0 6.32 33.78 29,73 0.11 0.10
+0.17 +0.05 +0.01 +0.,00
|
| 40.0 | 6.37 | 32.72] 29.50 0.12 0.10
! | _#0.01 | #0.30 | #0.01 | *0.01
50,0 | 6.06 32.63 | 29.34 | 0.12 | 0.10
| +0.18 | *0.14 - | #0.01 +0.01
I T 1
60.0 | 5.84 31.82 | 29.39 | 0.12 0.10
| £0.18 | *+0.11 | #0,01 £0.01
| 100.0 5.64 30.61 | 29.60 | 0.11 | 0.10
g | +0.01 | 20.42 +0.00 | +0.00
(n=3), where n is the number of samples taken per
point.
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TABLE 8; STATION N4 MEAN [Pb] AND [Cd] IN ROADSIDE
SOILS AND PLANTS

| Distance | Soil | Pb (X10%) | cd
(m) pH (ppm) | (ppm)
T :
Soil | Plant Soil Plant
|
0 7.48 | 108.51 | 68.88 0.23 0.21
. +7.07 | +0.00 | #0.00 | +0.00
i | ! !
2.5 7.5 90. 44 66.7 0.24 0.21
£1.08 +1,15 | +0.01 | #0.00
5.0 | 6.27 64.78 65.43 | 0.23 0. 21
| £0.01 £0.93 | $0.00 | £0.00
10.0 6.46 | 64.47 | 60.10 | 0.22 | 0.23
£1.01 £0.18 | +0.01 | +0.,00
20.0 6.05 | 63.43 | 60.62 | 0.22 0.22
| | $0.44 | $0.30 | #0. | +0.01
| 30.0 | 6.12 | 62.66  61.19 0.22 | 0.2
% . *+0.59 | +0.08 | *0.01 | 0,01
| 40,0 | 5.76 | 62.44 | 61.95 | 0.23 | 0.25
1 | $+0.54 | #0.04 | +0.00 | +0.00
| 50.0 | 5.44 | 62.53 | 60.69 | 0.23 | 0.25
; { | $0.10 | #0.42 | #0.00 | #0.00
! : ! ! ! ' 7
| 60.0 | 5.53 | 62.03 | 60.73 | 0.22 | 0.25 |
| ; | +0.12 | +0.54 | £0,01 | +0.00 |
100.0 | 6.26 | 63.76 | 60.32 0.23 | 0.25 |
} | +0.24 | #0.22 | +0.00 | 0,00 |

(n=3), where n is the number of samples per point.
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TABLE 9;

STATION N5(RHS)
ROADSIDE SOILS AND PLANTS

MEAN

[Pb]

AND

[Ccd] 1IN

DISTANCE | Soil Pb (X10%)
(m) pH (ppm) (ppm)
Soil Plant Soil Plant
0 7.35 | 54.74 23.95 0.15 | 0.15
| *1.67 +0. 1.3 +0.00 | 0.00
|
2.5 7.15 55.90 | 24.43 0.16 0.15
+0.73 | *0.37 +0.00 +0.00
5.0 7.18 55.00 28.24 0.16 0.15
+0.19 +0.49 +0.00 +0.00
10.0 7.39 50.74 24.55 0.16 0.15
+0.19 +0.12 +0.00 +0.00
20.0 8.68 49.83 24.30 0.17 | 0.15
+0.18 +0.07 $0.00 | #0.01
I 30.0 | 7.12 49.53 | 23.79 0.15 | 0.14
3 ; +0.11 | *0.21 | #0.00 , #0.00
k ! ! { !
40,0 | 6.95 48.66 24,30 | 0.15 = 0.14
| +0.04 £0.06 | *0.00 | #0.00
50.0 } 6.92 18.45 24.47 | ,0.15 % 0.14
| +0.,12 £0.12 | +0.00 | +0.00
60.0 | 7.03 | 49,26 23.23 | 0.16 | 0.14
; | *0.25 $0.27 | #0.00 | %0.00
100.0 i 6.85 | 48.68 23.13 | 0.16 | 0.14
| | £0.36 £0.09 | #0.00 | %0.00
(n=3), where n is the number of samples per point.
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TABLE 10; STATION N5(LHS) MEAN [Pb] AND [Cd] 1IN
ROADSIDE SOILS AND PLANTS

Distance Soil Pb (X10°) cd
(m) pH (ppm) {ppm)
Soil Plant Soil Plant
0 6.7 55.20 | 7.85 0.39 0.18
+2.81 | +0.03 +0.01 £0.00
2.5 6.9 52.71 | 8.05 0.37 0.17
+0.29 | +0.11 +0.01 +0.00
5.0 6.99 | 51.09 | 7.71 0.35 0.17
+0.11 | #0.13 +0.00 +0.00
10.0 8.05 | 50.32 | 7.89 0.36 0.17
+0.09 | +0.01 +0.01 +0.00
20.0 8.35 | 47.69 ND 0.35 ND
+0.19 +0.01
30.0 8.22 | 47.76 ND | 0.36 ND
+0,22 L +0.01
40,0 7.82 | 47.61 ND 0.35 ND
+0.26 £0.00
1
50,0 8.13 | 46,89 ND 0.36 ND
+0,24 | +0.01
60.0 8.13 | 46.72 ND } 0.36 ND
£0.14 | +0.01
100.0 7.98 | 47.00 | ND | 0.35 | ND
, +0.07 £0.00 |

(n=3), where n is the number of samples per point.
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TABLE 11;

STATION K1 MEAN [Pb] AND
SOILS AND PLANTS

[Cd] IN ROADSIDE

Distance Soil Pb (XlO% E cd

(m) pH (ppm) (ppm)
Soil Plant Soil Plant

0 6.98 73+ 14 7 .3H 0.22 0.18
+0.33 | ¥0.00 +0.00 +0,00

2.5 6.78 72.14 | 6.70 0.21 0.18
+0.08 | +0.00 +0.00 +0.00

T

5.0 6.60 69.32 6.96 0,21 0.18
+0.13 *0.00 +0.00 +0.00

10.0 6.60 68.42 7.09 0.21 0.18
+0.18 | x0.00 { *0.00 +0.00

20.0 6.85 65.83 7.06 0.20 0.17
+0.39 | ¥0.00 +0.00 +0.00

30:0 6«85 66:35 7.06 0.20 t0.17
+0.14 +0.00 { £0.00 . +0.00

40.0 6.72 67.60 7.06 % 0.2’ ' 0.18
+0.28 | £0.00 | £0.00 { £0.00

(n=3), where n is the number of samples per point.
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TABLE 12; STATION K2 MEAN [Pb] AND [Cd] IN ROADSIDE
SOILS AND PLANTS

Distance Soil Pb (XlOS) cd
(m) pH (ppm) {ppm)
Soil Plant Soil Plant
0 6.55 74.40 32.80 0.40 0.19
+0.,42 +0.08 +0,01 +0.00
2+H 6.07 69.07 32.98 0.41 0.19
+0.36 +0.12 +0.01 +0.00
5.0 6.25 69.18 32.71 0.41 0.20
+0.08 +0.07 *0.01 +0.00
10.0 6.30 69.31 32.36 0.41 0.20
+0.07 +0.03 +0.01 +0.00
20.0 6:25 69.46 32.37 0.41 0.19
+0.41 +0.02 +0.00 0,00
30.0 6.25 70.486 3250 0.41 0.19
+0.37 +0.13 +0,00 +0.00
40.0 6538 68.93 32.29 0.40 0.20
+0.47 +0.15 +0.00 +0.00
50.0 5,95 69.16 32.32 0.40 0.20
+0.20 +0.11 +0.,01 +0.00
60.0 6.50 68.53 32.18 0.39 0:20
+0.24 #0.13 +0.,00 +0.00

(n=3), where n is the number of samples per point.
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TABLE 13; STATION K3 MEAN [Pb] AND [Cd] IN ROADSIDE
SOILS AND PLANTS

Distance Soil Pb (X103) cd

(m) pH (ppm) (ppm)
Soil Plant Soil Plant
0 7.05 19.19 | 3.89 0.69 0.34
£0.30 | +0.14 £0.00 £0.00
2.5 7.02 14.91 | 3.71 0.69 0.34
£0.30 | +0.02 £0.01 £0.01
5.0 6.81 10.36 | 3.31 0.69 0.34
+0.31 | 0,00 £0.01 £0.00
10,0 7.12 9.20 3.31 0.69 0.34
£0.02 | +0.01 £0.01 £0.00
20.0 6.95 9.75 3.30 0.69 0.34
£0.28 | +0.00 £0.01 £0.00
30.0 7.02 9.19 3.31 0.68 0.34
| £0.24 | 0.00 £0.00 £0,00
40.0 6.69 9,50 | 2.88 0.69 0.34
£0.25 | +0.00 £0.01 £0.00
50.0 7.04 8.91 3.45 0.69 0.35
£0.28 | +0.28 0,01 £0.00
60.0 6.94 } 9.32 | 3.74 | 0.85 0.34
| $0.09 | +0.01 | $0.00 | £0.00

(n=3), where n is the number of samples per point.
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TABLE 14; STATION K4 MEAN [Pb] AND [Cd] IN ROADSIDE
SOILS AND PLANTS

Distance Soil Pb (X10%) cd

(m) pH (ppm) (ppm)
Soil Plant Soil Plant
0 6.81 51.45 20,53 0+33 0.16
+0,20 +0.,17 +0.01 +0.00
29 6.60 50.25 20.08 0.32 0,16
*0.34 +0.15 +0.01 +0.,00
5.0 6.54 46,11 20.36 0,32 0.15
+0.58 +0.,11 +0,00 +0.00
10.0 6.30 45,56 20.25 0.33 0.15
+0.08 +0.02 +0.01 +0.00
20.0 6: 50 144,11 20.35 0.32 0.16
+0.34 +0.13 +0.00 +0.00
30.0 7,02 42,78 20.13 0.31 0.15
+0.29 +0.11 +0.01 +0.00
40.0 6.12 39,97 19.99 0.31 ' 0.15
+1.08 +0.16 +0,01 +0.00
50.0 6.48 39.43 19.98 0.30 | 0.15
+0,20 +0.28 +0,00 | +0.00
60.0 6.25 39.17 20.14 0.30 E 0.15
| +0.30 +0.15 +0.00 | £0.00

(n=3), where n is the number of samples per point.
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TABLE 15; NAIROBI STATIONS CAR COUNT (cars/hour),

STATION N1 N2 N3 | N4 | N5
K
CARS PER HR. 1412 1198 1213 1440 i 698
TABLE 16; KIAMBU STATIONS CAR COUNT (cars/hour).
|
STATION K1 K2 K3 K4
CARS PER HR. 140 53 40 1180
TABLE 17; KIAMBU SOIL SAMPLES CLASSIFICATION
T T B
STATION K1 K2 K3 | K4
SOIL TYPE sandy clay clay loam loam E clay
loam i
TABLE 18; NAIROBI SOIL SAMPLES CLASSIFICATION
STATION N1 N2 N3 N4 N5R N
SOIL clay clay clay loam clay cl
TYPE
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4.3.0 DISCUSSIONS
4.3.1 LEAD CONCENTRATION IN SOILS
The concentration of lead in soil decreases in an
exponential-like fashion with distance from the road
for most of the stations as shown on figures 12 and
13. However, for Stations with barriers along the
transects (stations N1 and N2), lead concentration
falls to some minimum level and then rises again as
the barrier 1is approached, as shown in figures 10 and
11, This trend may be attributed to reflection of lead
particles on the barriers at the end of the transects.
Lead concentrations nearest to the road
(0 to 5.0 m) invariably show the highest levels. The
concentration then decreases up to distance of
approximately 50 m, where nearly constant background
levels are observed. Similar variations have been

reported by Rodrigues et al,{1982

[N

1

Most of the areas exhibited a significant
correlation between lead levels and vehicular traffic
volume, however the overall correlation coefficient
was 0,470, What appears to be an anomaly is the
relatively high concentrations at K1 and K2 {73.10 X
107 and 74.40 X 10~ ppm respectively) with low traffic
{140 and 53 cars per hour respectively), as compared
to K4 and N3 which have high traffic (1180 and 1213
cars per hour respectively), but low concentrations of

a9

51.10 X 107 and 41.90 X 107 ppm respectively.
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The low lead concentrations in soil at K4 and N3
may be attributed to other activities that take place
on the two stations. Station N3 was a football field
and was also used for grazing livestock. These kind of
activities tend to reduce lead accumulation in the top
soil. Station K4 was covered with scattered trees,
which also obstructs the free dispersal of lead
particles, Grazing may also be a factor in the low
concentrations observed at this station.

There are several other factors like topology,
windspeed, season, soil type, etc. which also
contribute to the lead level in soils and plants.
However, these other factors were not considered 1in
this study and further research may show their
contribution.

The soils analysed were mainly clay and lead ions
become readily and firmly attached to clay particles
and organic matter and maybe co-precipitated in
inscluble complexes (Zimdahl and Skogerboe, 1977).
This may be another reason for the low lead levels
observed in this study.

To ascertain the influence of wind direction on
the distribution of lead in the ecosystem, stations
NSR and NSHL were chosen because of their flat terrain,
the absence of trees or buildings which could exert a
screening effect for free lead dispersal., The
predominant wind component blows from north-eastern to

the south- western direction along the transects. It
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is readily observed that the lead discharge
concentrations of soil and grass are larger for the
south-west side of the road. This constitutes evidence
supporting an aerial route for the dispersion of lead
through out the ecosystem near the roads.

Although the role of pH on lead levels has not
been established in this study, it is known that high
soil pH may precipitate lead 1ions as hydroxides,
phosphates or carbonate as well as promote the

formation of lead-organic complexes.
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4.3.2 LEAD CONCENTRATION IN PLANTS

The lead concentration in plants were in all
cases much lower than those found in soils. Lead
concentration did not fall off rapidly with distance
as had been observed with soils. In only three cases,
was there a fall-off with distance (N2, N4 and K2),
For N1, the lead concentration even increased with
distance from the road. This may have been due to the
many network of roads close to this sampling site and
also the barrier situated approximately 35 m from the
road, along the sampling transect, which was also
responsible for the high lead levels c¢lose to the
barrier,

The rest of the stations studied had no
significant wvariaticen of lead concentration with
distance. The concentrations appeared to be more or
less constant for each of these stations. There was no
significant correlation (R=0.395) of lead
concentration in plants with traffic volume

With the low lead concentrations in plants, it is
most unlikely that even the heaviest contamination of
roadside foliage with lead can cause any deleterious
effects on plant growth, However, studies by Bazzaz et
al,{1974) have shown that 20-50 ppm of lead causes
reductions in photosynthesis and transpiration. It has
also been reported that severe contamination of tree
leaves (>4000 ppm) has not resulted in any detectable

effects on the plant growth (Arvik and Zimdahl, 1974).
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Harmful effects have been observed at foliar
concentrations of 6000 ppm, but such levels are far in
excess of observed roadside levels. (Krause and
Kaigser, 1977).

The great variation of lead content of plants is
influenced by several factors, such as the presence of
geochemical anomalies, pollution, seasonal variation,
and genotype ability to accumulate lead. Nevertheless
natural lead content in rlants growing in
uncontaminated and unmineralized arrears appear to be
quite constant, ranging from 0.1 to 10 ppm and
averaging 2 ppm {(Alloway, 1968; Cannon, 1976).

The percentages of soil lead absorbed by plants
in stations N1 and N2 range between 0.1 and 43.8%,
showing how lead uptake by plants varies significantly
over the concentration ranges currently present in
soils. Airborne lead may also be taken up by plants
through their foliage (Iserman, 1977), although much
controversy exists in literature on the gquestion of
how much lead is actually taken into feoliar cells.

In stations N3, N4 and N5(RHS), the percentages
of soil lead uptake by plants appear to be very high,
ranging from 43.6 to 100%. The anomalous amounts of
lead metal in plants has been reported especially in
areas where plants are exposed to lead sources of both
soil and air (Roberts et al, 1974). The high lead

concentrations observed in plants in the above
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stations must therefore be due to atmospheric lead
pollution.

Studies of lead uptake from roadside soils have
in fact demonstrated remarkably little translocation
to the shoots and to the edible portions of root
crops. Concentrations of several thousand ppm of lead
in soil often result in concentrations of no more than
a few tens of ppm in plant shooté. As a general rule,
harmful effects have seldom been detected in plants
grown in soils containing less than 250 ppm lead in
soil. (Hasset et al., 1976)

When plants are grown in the field with adequate
amount of fertilizer, the prevailing opinion is that
soil lead concentrations of at least 1000 ppm must be
present before effects are observed on plant growth.
Indeed many studies near lead smelters have shown no
observable effects of lead on plant growth even with
soil lead concentrations greatly in excess of those
recorded beside motorways.

However, the addition of lead rich highway dust
to acid and calcareous soils has been reported to
vield concentrations similar to those in roadside
soils (140-1080 ppm) which produced significant growth
reductions in acid soils with corn, beans, lettuce and
radish at soil lead concentrations of greater than
140, 280 and 560 ppm respectively. It has also been

noted that in calcareous soils, growth of corn and
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beans was significantly impaired at >1080 and >560 ppm
respectively (Page and Gange, 1972).

Thus it seems possible that the levels of lead
currently found beside cur busiest roads and motorways

could be of very small significance to plant life.

4,3.3 CADMIUM IN SOILS

The cadmium levels in soil show some

correlation (R=0.601) with traffic volume for all the
stations, thus suggesting that traffic could bhe a
source of cadmium on roadside soils. Stations K3, K2,
N5L and K4 show relatively high levels of cadmium
{0.69, 0,41, 0.39 and 0.33 ppm respectively). The rest
of the stations exhibited an average of 0.20 ppmn.
The average content of cadmium in soils lie between
0.07 and 1.10 ppm. However, the background cadmium
levels in soils apparently should not exceed 0.5 ppm,
and all higher values reflect the anthropogenic impact
on the cadmium status 1in top soils. The cadmium
concentration in soils does not vary with distance
away from the Kkerbside as was the case with lead. The
cadmium concentration along each transect appears to
be constant.

The low levels of cadmium observed in this study
may be attributed to the relatively mobile nature of
the metal in soil (Harrison et al., 1981), so that it
would not accumulate to any appreciable extent in the

topr layer of soil. Cadmium activity 1in <soil 1is
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strongly affected by pH. It is most mobile in acidic
soils, and this may explain the reason for the low
cadmium concentration observed.

The presence of cadmium in phosphate fertilizers
(P-fertilizers) constitutes a very diffuse source of
cadmium contamination. Cadmium contents in P=
fertilizers vary from 1-2 ppm for tertiary
calciumphosphate to 50-170 ppm for superphosphate
(Bolt and Bruggenwert, 1976), The relatively high
concentrations observed in K2, K3 and K4 which are in
rural agricultural locations may be due to the
presence of P-fertilizers. Cadmium content of soil in
non-polluted areas are usually below 1 ppm (Yamagata
and Shigematsu, 1970),

Since apart from traffic wvolume many other
factors also govern the dispersion of contaminants
along the road, i 7 is possible not to obtain
correlations between traffic volume and concentration.
Lau and Wong (1982),for example did not detect any
correlation between metals in soil and the traffic

volume,
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4.3.4 CADMIUM IN PLANTS

The cadmium levels 1in grass are lower in all
cases than the soil concentrations, The cadmium
concentration again appears to be constant for each
station (ie. does not vary with distance) thereby
indicating that the contribution of traffic is
minimal. There is some correlation (R=0.513) between
the concentration in plants and traffic volume., The
low correlation may occur as a result of several
factors. The low cadmium input to the environment
makes it more difficult to measure accurately the
variations in the concentration of cadmium above
background levels, and since cadmium 1is transported
mainly through run-off waters, its distribution in the
environment should follow a much less regular pattern
than that of lead.

It 1is evident from the data that cadmium
distribution is independent of wind direction,
supporting the fact that the metal is mainly
transported via runoff waters.

The low cadmium levels in plants is a reflection
of the low levels found in scoils. Street et al.,{1978)
reported that lower pH enhanced solubility (and
availability), resulting in higher uptake by plants.
Hence the cadmium concentrations in plants in most of

the cases points towards the low availability.
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4.3.5 RELATIONSHIP BETWEEN TRAFFIC VOLUME AND

CONTAMINATION ON ROADSIDE SOILS AND PLANTS

BY LEAD AND CADMIUM
Stations N1 and N2 with the highest lead levels of 350
ppm and 181 ppm respectively are highly contaminated,
since soil normally contains less than 20 ppm (Smith,
1976). However, the mean lead levels for soil 1in
Nairobi was 88.54 ppm while that for Kiambu was 54.60
X 10~3 ppm, confirming the fact that Nairobi, where
traffic was relatively large, with a mean of 1110 cars
per hour has higher level of lead contamination than
Kiambu (which is rural), with a mean of 353 cars per
hour.

Soil tended to accumulate more lead than grass

and the highest lead level found in scil was 350 ppm

while for grass it was 20,70 ppm. The high mean soil

-

ead of 88.54 ppm is not unusual bearing in mind, the
generally high traffic volumes in Nairobi. Infact it
is still much lower than the mean lead value of 1,545
ppm reported for Vancouver(Schmitt et al

., 1979) and

1564 ppm reported for Auckland(Ward et al., 1977)

¢

The lead levels in plants show the same trend.
For Nairobi the mean lead level was 11.11 ppm while
for Kiambu it was 16.14 X 10'3 ppm, attesting to the
fact that high traffic volume contributes to high lead

contamination 1in plants also.



The mean cadmium level in Nairobi soils was 0.229
ppm while that for Kiambu was 0.413 ppm. For plants
the mean cadmium level was 0.160 ppm for Nairobi,
while for Kiambu it was 0.219 ppm. It is apparent that
the cadmium level in rural Kiambu is higher than in
Nairobi for both soil and grass. This discrepancy
between cadmium level and traffic volume may be a
result of the use of P-fertilizers, which are a source
of cadmium contamination in rural farming areas.

However the range of cadmium level in soil was in
general agreement with similar studies in other places
(Lagerwerff and Specht, 1970, Ward et al., 1977).
Grass had lower cadmium concentrations than scoils
Reports from other studies have shown that the levels
of cadmium in roadside plants are generally low (
Lagerwerff and Specht, 1970; Ho and Tai, 1985).

Ward et al,,(1977) found significant cecrrelations
between traffic density and lead and cadmium in
surface soils from an Auckland motorway in New
Zealand. However, such correlations between traffic
volume and metal contamination, though present, often
are not clear cut (Motto et al., 1970) since apart
from traffic volume, many other factors also govern
the release and/or dispersion of these contaminants
along the road. Indeed, in some studies {(Lau and Wong,
1982) no correlation was detected between metals
including lead and cadmium in soils and the traffic

volume.
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How well the levels of metal contamination 1in
plants correlate with the traffic volume may also

depend on the species concerned (Ward et al., 1977).
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CHAPTER FIVE

5.0.0 CONCLUSION AND RECOMMENDATIONS
5.1.0 CONCLUSION

Stations with high traffic volumes had high lead
concentrations in both roadside soils and grass
samples., It 1is evident from the results that the
majority of stations in Nairebi, which 1is highly
urbanised and where roads with high traffic flow are
concentrated had relatively high levels of lead in
both soils and grass samples. The converse was true
for stations in Kiambu, which is predominantly rural
and with low traffic flow.

Stations in Kiambu showed higher cadmium
concentrations for both soils and gSrass samples,
despite the lower traffic volume. This observation
between cadmium levels and traffic volume may be
attributed to the use of p—fgrtilizers which are known
to be a source of cadmium contamination in rural
agricultural areas.

In using soil and grass to monitor the extent of
aerial deposition of roadside lead and cadmium, the
roles playved by these two materials are not identical.
Soil tends to accumulate metals on a long-term basis
since many metals in soil are not so mobile., This
explains the overall higher contamination level of
metals 1n soil and the reason for Sémpling the top

layer.
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The amount of metals in roadside grass generally
represents a more recent accumulation since turnover
of plant materials and meteorological influences
prevent an uninterrupted build-up of metals. Thus by
combining soil and plant in the study gives a better
overall presentation of the contamination of lead and
cadmium in the roadside ecosystem.

The concentration of lead in soils decreased in
an exponential-like fashion with distance from the
kerbsides for stations which did not have barriers
along the sampling transects.

For lead concentration in grass, cadmium
concentration in both so0il and grass, there was no
simple relationship between the metal concentration
and distance away from the roadside. Infact cadmium
concentration tended to be constant for soils and
grass, though grass concentration were lower in all
cases.,

There was no observable relationship between the
pH and metal concentration on the roadside soils and

gra

w

S.
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5i.2.0 RECOMMENDATIONS

(1) To be able to understand the cause of the very
low lead concentrations observed in this study,
further research should be done to study;

i) the effect of pH on retention of lead in top
soils.

ii) the effect of meteorological influences on lead
dispersal and retention in soils.

(2) Introduction of legislation to control lead
emission and introduction of standards should be
effected. The goal should be lead-free petrol or use
of catalytic converters to reduce the amount of lead
emitted,.

(3) Apart from the study on accumulation of heavy
metals in roadside soils and vegetation,
bicaccumulation in animals and human body, affecting
both prhysical and physiological parameters should be
pursued. More studies should be done to ascertain the

extent and level of these contaminants.

97



REFERENCES

Agenian, H:; Sturtevant, D.P.,Austen, K.D,
"Simultaneous acid extraction of six trace metals
from fish by hot block digestion and determination by
Atomic Absorption Spectroscopy", Analyst., 105:125-

130. (1980).

Allaway, W.H., "Control of the environmental levels of
Selenium”, in Trace Subst. Environm. Health, Vol. 2,
Hemphill, D Dy Ed.: 4 University of Missouri,

Columbia, Mo. 181, (1968)

Anderson, A., "On the determination of ecologically
significant fractions of some heavy metals in soils",

Swed. J. Agric. Res., 6, 19, (1976b)

Andrew, W. A. Ed., "A guide to the study of
Environmental Pollution", Eaglewood Cliffs, N.J.

Prenticehall. (1972)

Arvik, J. H, and Zimdahl R. L., J. Environ. Quality,

3, 369-73, (1974)

Baszynski, T., Wajda, L., Krol, M., Wolinska, D.,
Krupa, Z= s and Tukendorf, A, "Photosynthetic
activities of cadmium-treated tomato plants", Physiol.

Plant., 4, 365, {(1980)

98



Bazzaz, F. A., Rolfe, G. L., and Windle, P. v

FEnviron. Quality. 3, 156, {(1974)

Bolt, G. H. and Bruggenwert, M. G. M., Eds., "Soil

Chemistry", Elsevier Scientific Pub. Co. p 222 (1976)

Bowen B. C. and Foote, H. M., Petrol Rev., 28: 680.

(1974)

Braude, G. L., Nash; A, M., Wolf, W. J., Carr, R. L.,
and Chaney, R. L., '"Cadmium and 1lead content of

soybean products", J. Food Sci., 45, 1187,(1980)

Braun, R., and Husbands, A. P. Spectrovision. 26, 2,
(1971)

Rroyer, T. C,, Johnson, C. N., and Paull, R. E., "Some
aspects of lead in plant nutrition'", Plant Soil, 36,

301, (1972)

Cannon, H. L., "Lead in vegetation, in Lead in the
Environment'", Lovering, T. G., Ed., U.S. Gecl. Surv.,

Prof. Pap., 957, 23, (1976)

99



Cantwell, E. N., Jacob, E. S., Gunz, W. G., Jr. and
Liberi, V. E., "Control of particulate lead emission
from automobiles'", In: Cycling and Control of metals,
ed. by M. G. Curry and G. M. Gighotti. Cincinnati,

USEPA, 107, 95, (1972)

Chaney, R. L., and Hornick, S. B., "Accumulation and
effects of cadmium on crops", paper presented at Int.

Cadmium Conf., San Francisco, January 31, 125. (1977)

Christian, G. D. "The biochemistry and analysis of

lead". Adv. Clin. Chem. 18 : 289-326. (1976)
Christian, G. D. Medicine, "Trace Elements, and Atomic
Absorption Spectroscopy'. 4nal. Chem. 41 : 24A-40A.

(1969)

Cooke, P., "Atomic Absorption Spectrophotometry'". Pye

Unicam Ltd. (1973)

Cousins, R, J., "Influence of cadmium on the synthesis

of liver and kidney cadmium - binding protein. In
Trace element metabolism in animals” - 2. Ed. by W. G.

Hoekstra, J. E. Suttie, H. E. Ganther and W. Mertz,.

University Press, Baltimore. pp 503 - 505, (1973)

100



Cunningham, L. M,, Collins, F. W., and Hutchinson, T.
Cay "Physiological and biochemical toxicity in
soybean", paper presented at Int. Conf. on Heavy
Metals in the Environment, Toronto,; October 27th, 97,

(1975)

Dabin, P ..y Marafante, | Mousny, J. M., and
Myttenaere, C., "Adsorption, distribution and binding
of cadmium and zinc in irrigated rice plants", Plants

Soil, 50, 329, (1978)

Daines, R. H,, Motto; H: La; and Chilko, BD.,
"Atmospheric lead: Its relationship to traffic volume
and a proximity to highways'. FEnviron. Sci. &

Technol., 4, 318-22, (1970)

Davis, B. E., and Heolmes, P. L., "Lead contamination
of roadside soil and grass in Birmingham, England, in
relation to naturally occurring levels". J. Agr. Sci.,

79, (Pt., 3) : 479 - 84, (1972)
Doelman, P. and Haanstra, L., "Effect of lead on soil

respiration and dehydrogenase activity'", Soil Biol.

Biochem., 11, 475, (1979)

101



Evans, G. W., Majors, P. F. and Cornatzer, W. E.,
"Mechanism for cadmium and zinc antagcnism of Copper
metabolism". Biochem. Biophys. Res. Commun., 40 : 1142

- 1148 (1970)

Ewing, G. W, "Instrumental Methods of Chemical

Analysis". McGraw - Hill Book Co. p227 -278, (1985)

Fairey, F. and Gray, J. "Soil lead and Pediatric lead

Poisoning". Sc. Med. Assoc. 66 : 79 - 82, (1970)

Fleming, G. A., Walsh, T., and Ryan, P., "Some factors
influencing the content and profile distribution of
trace elements in Irish soil", in Pch. 9th Int.
Congr. Soil Sci., Vol. 2, Adelaide, Australia, 341,

(1968)

Forbes, E. A., Posner, A. M. and Quirk, J. P., "The
specific adsorption of divalent Cd, Co, Cu, Pb and Zn
on goethite", J. Soil Sci., 27, 154, (1976)

Friberg, . Piscator, M., Nordberg, G.F. and

Kjellstrom, T. "Cadmium in the environment II",.

(o]
o o)
(@]

Press, Cleveland, Ohio. 284pp. {(1974)



Fulkerson, W., Goeller, H. E., Gailer, J. S., and
Copenhaver, E. "Cadmium, the dissipated element". Oak

Ridge National Laboratory, Oak Ridge, Tennesse. (1973)

Gange T. J., and Page, A. L. "Lead concentration of
plants, soil and air near highways". Calif. Agric.,

26, 7 - 9, {1972)

Grahamk, D. L. and Kalman, S. M. "Lead in forage grass
from a suburban area in Northern California". Environ.

Pollut. 7 : 209 - 215, (1974)

Hansen, J. A., and Tjell, J. C., "Guidelines and
sludge utilization practice in Scandinavia'", Paper
presented at Conf. Utilization of sewage sludge on

Land, Oxford, April 10, {(1978)

Harrison, R. M., Laxen, D. P. H. and Wilson, S. J.
"Chemical associations of lead, cadmium, copper and
zinc in street dusts and roadside soils". J. Environ.

sci. Technol., 15, 1378-83. (1981)

Harmsen, K., "Behaviour of Heavy metals in Soils".
Doctoral thesis, Centre for Agric. Publications and

Documents, Wageningen, 170, (1977)

Hassett, J. J., Miller, J. E., and Koeppe, D. E.,

EFnviron., Pollut., 11, 297 (1976)

103



Hernberg, S., Nikkanen, J., Mellin, G. and Lilius, H.
"Deltaaminolevulinic acid dehydrase as a measure of

lead exposure'". Arch. Environ. Health., 21 : 140

145. (1970)

Hildebrand, E. E., Die Bindung von Immisionsblei 1in

Boden, Friburger Bodenkundliche Abhandlungen, 4, 1,
(1974)

Hirschler, D. A. and Gilbert, L. F, "Nature of lead in

automobile exhaust". Arch. Environ. Health., 8, 297 -

313, (1964)

Ho, Y.B. and Tai, K.M. "Potential use.of a roadside
fern(pteris vittata) to biomonitor lead and other
aerial metal deposition'". Bull. Environ. Contam.

Toxicol., 35, 430-8, (1985)

Hodges, L. Ed. "Environmental Pollution". 2nd Ed.
Hott. Rinehart and Winston, N.Y., 425 - 426, {(1977)

Hughes, M, K., Lepp, N. W., and Phipps, D. A., "Aerial

ecosystems", 4dv. Ecol. Res., 11, 217, {(1980)

Isermann, XK., "Method to reduce contamination and

uptake of lead by plants from car exhaust gases",

Environ., Pollut., 12, 199, (1977)

104



Jones, L. H. P., Jarvis, S. C., and Cowling, D. W.,
"Lead uptake from soils and perennial ryegrass and its
relation to the supply of an essential element

{suphur)", Plant Soil., 38, 605, (1973)

Kabata-Pendias, A. and Pendias, H., "Trace Elements in
Soils and Plants". CRC Press, Inc. Boca Raton,

Florida. (1984)

Kabata-Pendias, A., "Current problems in Chemical
degradation of soils", paper presented at Conf. on
Soil and Plant Analyses in Enviromental Protection,
Falenty/Warsaw, October 29, 7. (1979)

Kabata-Pendias, A Effects of inorganic air
pollutants on the chemical balance of agricultural
ecosystems, paper presented at United Nations-ECE
Symp" . on Effects of Air-borne Pollution on

Vegetation, Warsaw, August 20, 134, (1979)

Kinvua, A. M., "Multi-elemental analysis of liquid
samples by X-ray Fluorescence". M. Sc. Thesis. U. O,

N. {19

0O
0

2)

Kitagashi, K. and Yamane, I., Eds. "Heavy Metal
Pollution in Scils of Japan', Japan Sciene Society

Press, Tokyo, 302, {(1981)

105



Klein, R, Standard Addition Methods. "Uses and

Limitations in Spectrophotometric Analysis'". NBS

Spect. Pub., 464, 61-66, (1977)

Krause, G. H. M. and Kaiser, H., FEnviron. Pollut., 12,

63-72; 1977)

Krayushkin, V. A., Kzakov, S. B, and Andrusechko, V.
I., "Trace elements in crude o¢ils of the Ripne
Deposit”". Geol. Geokhim. Nefty. Gaz Mestorozhd., Akad.
Nauk. Ukr. RSR. Resp. Mezhoedomsto. 3 ; 24-35, (1965)
Lagerwerff, J. V. and Specht, A. W, "Contamination of
roadside soil and vegetation with cadmium, nickel,
lead and zinc". Environ. Sci. & Technol., 4 , 583-6,

(1970)

Lau, W. M., and Wong, M, H. "An ecological Survey of
lead contents in the roadside dusts and soils in Hong

Kong". Environ. Res. 28, 39-54., (1982)

Lovett, R. J. "Importance of Spectral Interferances in
Atomic Absorption Spectrophotometry’". App. Spectrosc.,

29, 56, 470-7. (1975)

Lucas, J. "Our Polluted Food. A survey of the Risks".

1st Ed. Charles Knight Co.,, London. (1975)

106



Malone, G., Koeppe, D. E., and Miller, R. J.,

"Localization of lead accumulated by corn plants",

Plant Physiol., 53, 338 (1974)

Mennear, J. H., Ed. "Cadmium toxicity". Marcel Dekker,

inc. NY. (1979)

Mieran, W. G. and Favara, B. E. "Lead Poisoning in
roadside populations of deer mice". FEnviron. Poll.

8:55-64, (1975)

Matsubara - Khan, J., and Machida, K. "Cadmium
accumulation in the mouse organs during the sequential
injections of cadmium - 109". Environ. Res., 10, 29-
38, (1975)

Mclean, R. 0., and Shields, B., "A Study of factors
causing changes in the lead levels of crops growing

beside roadways". Environ. Poll. 14 : 267-273, (1977)

Mcmullen, Enviromental Health Criteria 3 Lead, WHO,

-1

Geneva. (1977)

Mielke, H. W., Anderson, J. C., Berry, K. J., Mielke,
P. N., Chaney, R. L., Leech, M. "Lead concentration in
Inter-city scils as a factor in the c¢hild 1lead

problem". AMJ Pub. health. 73 : 1366-1370., (1983)

107




Mielke, H. W., Blackie, B., Burroughs, S., Hassinger,
N. "Urban Lead Levels in Minneapolis : The case of

among children". Environ. Res. 34:64-71. (1984)

Mertz, W. "The essential trace elements", Science,

213, 1332 (1981)

Miller, J. A.,, Thomson, G. G., Goldberg, A., Barry, P.
S. I. and Lowe, E. H. "Deltaaminolevulinic acid
dehydrase activity in the blood of men working with

lead alkyls". Br. J. Ind. Med., 29 : 317 - 320. (1972)

Motto, H., L., Daines, R. H., Chilko, D. ‘M. and Motto,

C. K. "Lead in soils and plants : Its relationship to
traffic volume and proximity to highways". Environ.
Sci. Technol., 4 : 231 - 237. (1970)

Neathery, M. W. and Miller, W. J. "Metabolism and

toxicity of cadmium, mercury and lead in animals ; a
review". J., Dairy Sci., 58 : 1767 - 1781. {(1975)
Niyazova, G. A., and Letunova, S. V., "Microelements

accumulation by soil microflora at the conditions of
the Sumsarsky lead - zinc biogeochemical province in

Kirghizya", Ekologiya, 5, 89, (1981). (Ru).

108




Norrish, K., "The geochemistry and mineralogy of Trace
Elements" in Soil - Plant - Animal Systems. Nicholas,
D. J. D. and Egan, A. R., Eds., Academic Press, New

York, 55, (1975)

Ochieng, E. 0. "Limnological Aspects of trace Element
Analysis of Some selected Kenyan Natural waters".

M.Sc. Thesis, U.O.N. (1987)

Olson, K. W. and Skogerboe, R. K., "Identification of
soil lead compounds from automotive sources', Fnviron.

Sci. Technol., 9, 277, (1975)

Osland, R. Spectrovision. 24, 11. (1970)

Patterson, C. €. "Contaminated and natural lead
environments of man". 4Arch. Fnviron. Health., 11 : 344
- 360. (1965)

Perkin Elmer Co. "Instructions Model 2380, Atomic
Absorption Spectrophotometer”. Rev. OQctober, 1980,

Norwalk, Connecticut, U.S.A. (1980)

Pinta, M. "Modern Methods for Trace Element Analysis'".

Ann. Arbor. Science. (1978)

109



Piscator, M. and Larsson, S. E., "Retention and
Toxicity of cadmium in calcium - defficient rats".

Reprints : Pro. Int. Congr. Occup. Health. (1972)

Pond, W.G. and Walker, E. F., "Cadmiun - Induced
anaemia in growing rats : Prevention by oral or

parental iron". Nutr. Rep. Int., 5 : 365 - 370, (1972)

Porfir’ev, V.B., Krayushkin, V. A. and Kazakoz, S. B.
"Ash composition of crude oils from the Frasnian stage

of the Pripyat Basin". Dopov. Akad. Nauk. Ukr. RSR.,

Ser. B, 32(2):121-125 {1970)

Porfir’ev , V. B., Krayushkin, V. A., Kazakoz S. B.
and Rynskii, M. A. "Geochemical correlation of crude
oils from the Rechitsa, Shatiocka, north Domanochi and
Visha oi)l fields in Beloorussian'". S. S. R., Dopov,

Akad. Nauk, Ukr. RSR, Ser. B, 33(5):406-408 (1971)

Price, W. J. Ed. "Analytical Atomic Absorption
Spectroscopy”. London, Hedden., (1972)
Pulves, D. Ed. "Trace Element Contamination of the

Environment"”". Elsevier Scientific Publ, Co. NY.

(1977). P1§.

110



Rabinowitz, M. B, and Bellinger, D. . "Scoil lead
blood lead relationship among Boston children"”. Bull.

Fnviron. Contamin. Toxicol., 41 : 791 - 797. {(1988)

Rabinowitz, M. B. and Wetheril, G. W. "Identifying
sources of lead c¢ontamination by stable isotope

techniques". Environ. Sci. Technol., 6(8) : 705 - 709,

(1972)

Rainbow, P.S. "The biology of heavy metals in the
sea", International Journal of Environmental Studies,

25; 195 (1985)

Riffaldi, R., Levi - Minzi, R., and Soldatini, G. E.,
"Pb absorption by soils, water, air". Soil Pollut., 6,

118; (1876)

Roberts, T. M. Gizyn, W. and Hutchinson, T. C. "Lead
contamination of air, soil vegetation and people in
the vicinity of secondary lead smelters”. In Trace
substances in environmental health. Ed. D.D. Hemphill.

8:155-156. (1974a)

Schmitt, N., Phillion, J.J., Larsen, A.A., Harnadek,
M, and Lynch, A, J. "Surface soil as a potential
source of lead exposure for young children”". Can. Med.

Assoc. J., 121, 1474-8. (1979)

111



Schnitzer, M and Kerndoff, H. "Reactions of fulvic
acid with metal ions". Water Air Soil Pollut., 15, 97.
(1981)

Schroeder, H. A. and Vinton, E. H. Hypertension
induced in rats by small doses of cadmium. Amer. J.

Physiol., 202 : 515 - 518, (1962)

Schroeder, H. A., and Buchman, J. B. "Cadmium
hypertension. Its reversal in rats by zinc chelate".

Arch. Environ. Health. 14 : 693 - 697. (1967)

Schroeder, H, A.,, Baker, J. T., Harnsen, N, M,, Size
J. G., and Wise R. A. "Vascular reactivity of rats
altered by cadmium and zinc chelate"., Arch. FEnviron.
Health. 21 : 609 - 614. (1970)

Segar, D. A, and Gilli, J. L. "The Determination of

Trace Transition Elements in biological tissues using
Flameless Atom Reservoir Atomic Absorption". Int. J.

Environ. Anal. Chem., 2(4) : 291 - 301. (1973)
Shuck, E.A. and Locke, J. K., "Relationship of
automotive lead particles to certain Consumer crops'.

Environ. Sci and Technol., 4 : 324 - 330. (1970)

Slavin, W. Ed. "Atomic Absorption Spectroscopy',

Interscience Publishers, NY.

112



Smeyers - Verbeke, J., de Graeve, M., Francois, M., de
Jaegere, R., and Massart, D. L., "Cd uptake by intact

wheat plants", Plant Cell Environ., 1, 291, (1978)

Smith, W, H. "Lead contamination of roadside
ecosystem". J. Air Pollut. Control Ass., 26 : 753 -

766. (1976)

Street, J. J., Sabey, B, R, and Lindsay, W. L.
"Influence of pH, phosphorus, calcium, sewage sludge
and incubation time on the solubility and plant uptake

of cadmium". J. enviren. Qual., 2, 351-3, (1978)

Street, J Fw 5 Lindsay, W. T s Sabey, BB s
"Solubility and plant uptake of cadmium in soils
amended with cadmium and sewage sludge", J. Environ.

Qual., 6, 72. (1977)

Ter Haar, G.L., and Bayard, M, A. "Composition of

airborne lead particles". Nature. 232 : 553 - 554,
(1971
Tidball, R. R., "Lead in soils", Lead in Environment,

Lovering, T. G., Ed., U.S. Geol. Surv. Pro. Pap., 957,

43. (1976)

113



Tyler, G., "Effect of Heavy Metal Pollution on
Decomposition in Forest Sail", SNV/PM, Lund

University, Lund, Sweden, 47, (197

)

w

United Nations Enviroment Programme, UNEP. Ann. Rep.
The State of World Environment; Heavy Metals. (1980)
UNEP, Governing Council, 12th Session, Item 7B.

UNEP/GC, 12/16, 7th February. {(1984)

Van Ormer, D. G. "Atomic Absorption Analysis of some
Trace Metals of Toxicological Interest'". J. Forensic

Sei. 20(4) : 595 — B823. {1975)

Walbott, G. L. "Health Effects of Envjronmental
Polutants", 2nd Ed. C.V, Mosby Co. (1978)

Walsh, L. M. and Beaton, J. D. Ed. "Soil Testing and
Plant Analysis". Rev. ed. Madison, Wis. Soil Society

of America. (1983)

Wandiga, O. 0., "The Concentration of =zinc, copper,
lead, manganese nickel and fluoride in Rivers and
Lakes of Kenya", Sinet : FEthiop. J. Sci. 5 : 87,

(1981)

Wandiga, S. 0., Molepo, J. M. and Alala, M, S. "The
concentration of Heavy Metals in Water, Sediments and
plants of Kenyan Lakes", Aenya J. Sci. and Tech.

Series., A4(2), 89. (1983)

114



~.BRARY

ol |

-‘;v;)!

(R ¥

QUIVERSITY o.

Ward, N.I., Reeves, R. Q0. and Brooks, R. R., "Lead in
soil and vegetation along a New Zealand State Highway

with low Traffic Volume". FEnviron. Peoll. 9 : 243 -

251, (1975)

Ward N,, Brooks, R. R., "Roberts, E. Heavy Metal
Pollution from Automotive Emissions and its effects on
Roadside and Pasture Species in New Zealand". FEnviron.

Sci. Tech. 11 : 917 - 921. (1977)

Welch, W. R. and Dick, D.L. "Lead concentration in

tissues of roadside mice". FEnviren. Poll. 8:15-21
(1975)
Welz, B. Ed. "Atomic Absorption Spectroscopy'. 2nd

Edition. Verlag Chemie, Weinheim. NY. (1976)

Wheeler, G. L. and Rolfe, G. L. "The relationship
between daily traffic volume and the distribution of
lead in roadside soil and vegetation', Environ.

- 274, (1979)

[#2]

Pollut., 18 : 26

Wilson, D. O. and Cline J. F., "Removal of plutonium -
239, tungsten - 185, and lead - 210 from scils",

Nature (London), 209, 941, (1966)

115



Yamagata, N. and Shigematsu, I., "Canadian pollution
in perspective", Bull. Inst. Public Health, 19, 1.

(1970)

Zimdahl R. L., "Entry and movement in vegetation of
lead derived from air and soil sources'", paper
presented at 68th Annu. Meeting of the Air Pollution

Control Association, Boston, Mass., June 15, 2, (1975)

Zimdahl, R. L. and Koeppe, D. E., "Uptake by plants,
in Lead in the Environment", Boggess, W. R. and
Wixson, B. G., Eds., Report NSF, National Science
Foundation, Washington, D.C., 99, (1977)

Zimdahl, R.L., and Skogerboe, R.K. Fnviron. Sci. and

Technel., 11, 49-57, (1977)

116



