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ABSTRACT

Fresh tomato, puree and ketchup samples were collected
from a vegetable and fruit processing compaly in Bauchi State.
Similarly, groundnut, groundnut cake, crude and refind oil
samples were collected from three groundnut processing
companies two in Kao (A & B), ad one, (c) in Zaria

The atomic absorption spectrophotometric (AAS technique
was used for the analysis of copper (Cu), iron (Fe) Zinc (Zn)
manganee (Mn), and lead (Pb) levels of the samples.

The results indicate that amongs the metals analysed in
the samples from the tomato processing compay, iron was found
to be highest with a level of 230gom obtained from the puree.
The Cu levels in the fresh tomato, puree axd ketchup differ
significantly (P < 0,05, ANOVA). There was a statistical
difference in the levels of Fe in these samples also. The levels
of Zn in the fresh tomato, puree and ketchup also diferred
significantly. The levels of Mn in these samples differ
significantly. There wes statistical difference in the levels of
Pb in these samples from the tomato processing company.

The results obtained from the analysis of groundnut samples
from the three companies (A, B & C) indicate that in each of the
companies, iron level is highest amongst the metals. The mem
values are 109.3 and 98.8ppm in samples from factories A & B
respectively; and these were obtained from groundnut cakes. The
highest meen value obtained in factory C was 81.9ppm ad it wes

obtained from groundnuts.



The levels of Qu in the sanples fromfactory Adiffer
significantly. So also are those of Fe, Zn, M and Ph in the
sanples fromthe factory A, The levels of Qu in the sanpl es
fromfactory B are statistically significant. Those of Fe, Zn
and Mh in the sanme sanples fromfactory B differ statistically
al so. However, the Pb levels in sanples fromfactory B are not
statistically significant (P>0.05). In factory C, the |evels of
each of the netals in the sanples are statistically significant.

Results of Pb and Fe are hi gh conpared to the international
standards permsible lints, for foods, while Cu, Zn and M are
within their permssible lints.

Sone suggesti ons have been made as to the effective control
of trace netals in the environment w thout causing nuch harm

to man.
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CHAPTFR QNE

INTRODUCTION AND LITERATURE REVIEW

1.1 INTRODUCTION

For several decades, national and internation organizations
have striven to improve the health of the pcople throushout the
World. Although substancial progress has been made, much more
needs to be done if the goal of health for all by the ye:r 2000
is to be met, In particular, the impact on health of food =
borne discase associated with contamination of food supply hacs
not been well recognized by some national govermments and the
efforts made by international orgonizations have not prove too
effective. To a significant extent, the ubiquitous nature of
the problem has made it loss visible than the more dromatic but
less globally significant outbreaks of other diseases, which
have received greater attention and resources than food safety,
Indeed, the Declaration of Alma-Ata (WHO, 1978) only implicity
considered foed safety as an essential component of primary
health care, rather than recommizing it explicity as a major
component contributing significantly to disease prevention and
health promoti.on.

Seience and technolegy over the years have browh many
benefits to mankind. Not the least has been a marked increase
in the food supply and nutritional status, although much still
remains to be done. These denefits have been accompanied by
dangers of pollution. Public concern over contaminats such
as pesticides, chemical additives an! heavy matsls (in the food
area) has been aroused (Crosby, 1977) and the long-term riske
to health must be assessed and balanced arainst the henefits

-
nchi.. -



2
achieved. This assessment requires carefnl and concerted
thought and action co~ordinated at international level,

Most countries have enacted pure food laws in one form or
another over the years, Regulations usually take the form of
maximum permissible limits for specified metals in individual
foods or a general limit may be established for all foods with
a list of permissible exceptions to the general rule, Such
specific legislations applies in peneral to a strictly limited
number of toxic elements e.r. arreniec and lead, (Ireilly, tafln)
Additional proteclion for the concumer is available howover
under general pure food rerulations thich vrohibit the sellines
of materdils pure food rermilatione yhieh prohibit the oelling
of matters (product) that are danrerous to pihlis health
{Crosby, 1977).

In the Hetherlands, control of metnllic centamination i=
based on prohii:ition of the use of machinery, utenrila,
containers, solders, etc that contrin harmfl met-ls (2roshy,
1977).

Many International Orgonizations are at vresent onsared
on a programme for the establichment of uniform food st-amdnrd
It is hoped that the adoptien of agreed standard will facilitate
the development of International trade as well as promote fair
practives in the food manufacturing industryj ultimately for
the benefit of the consumer, Pre-eminent amongst these bodies
is the Codex Alimentarius Commission, est-blished jointly by
the Food and Arricultural Organization and the World Henlth

Organization (WHC) of the United Nations in 1962 (crosby, 1977).
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Other International bodies working towards the harmoni-
sation of foods standards include the Buropean EKconomic
Community (EEC) and various organizations with a particular commodi ty
interest e.g. International Association for General Chemistry
standards and International Commission for uniform metheods of
Sugar Analysis. In addition, the work of these bodies provide
a basis for those developing nations without established food
laws of their own, Concern has been expressed in many quarters
over the level of heavy metals in the environment (“aldron, 1975).
There has been much speculation that children may absorb more
lead than adults thus placing them at greater risk. Although
adults are though to absorb about 10 of ingested lead,
Alexander et al, (1972) reported an average absorption of 53
in 8 children.

The high productivity of gresnhouse borders in maintained
by considerfable fertiliser, pesticide and herbiciie application
as well as by intensive farming metheds (Zurera~Cosano et al,
1989). The use and environmental consequences of metal=-based
pesticides containing such heavy metals as Hg, Pb, 0d, On, Ili
and Cu have been widely questicned cver recent years (Zurera-
Cosano et al, 1989). Vegetables absorb these metals from the
soil as well as from deposits on the parts of the veget:ble
exposed to the air from the polluted environment. Obviously,
in greenhouse crops, the possibility of environmental
contamination f rom the air and from rain, which in the cnre of
lead are the two major routes of contamination, is limited
(Bauchauer, 1973; Havre and Underdal, 19763 Zurers

et al 1987). The absorption of metnls throurh the seil is



h
influenced by different factors such as pH of the soil (itreet at al,
1977), the organic matter eontent (Faakkola and Ylaranta, 1976) and
the interaction of other met-1s such as Se (Lisk, 19723 Froncis
and Rush, 1973; Cary, 1981),

A number of elements present in traece ammunta in food are
known to be essential in human nutrition ("ielsen and Sandatend
19743 Jones, 19773 Buss, 1983; MNerta, 1983). C(ereals,
especially when unrefined provide a simifiernt if not the major
source of Pe, 2, Cu, Se, Mn, Cr and I!i in the diet (Jones, 1377)
Buss, 1983). For example, UK dict stndies (Muss, 1983) have showm
that cereal foods, principally bread contribute on averape 19
of the sinc, 264 of the copper, LU of the selenium ~nd M, of Lhe
manganese. The mangaanse figure would have been much hi her were
it not that in the UK, tea contriltu:tes abeut 5°¢0 of the manganese
in the diet, Studies on the levels of wvorions troen alepents in
wheat and milling products and bread derived therefrom have been
carried out in the USA (Cserniejewﬁki'gi al, 196Li; Ishander ond
Morad, 1986), Australia (Mu-ford and ‘teele, 19003 {teals, 1071),
Germany (Meuser.gj al, 1981) and Hunpary (Sxalay and buranyi 1902),
All of these studies involved ecopper, mangraneas and zive, asore
iron (Cserniejewski et al, 196l Warrle et al, 19673 Murford and
Steele, 1980; Steele, 1901; Ranhetra et al, 19f5; lahafer

Morad, 1986) selenium but only one nickel and chrominm (“onk et al,

1970). All reached the conclusion amount of trace elements than
refined products.

Cadminm, lead and mercury are three of the trace met-lse

known teo be toxie to humen beings. Cadmium is a cumulative
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poison (Jenning and Rainbow, 1979) associated with hypertension,
esteomalacia especially among patients with low dietary ealcium
intake (Deluea, 1976) and itai-itai disease, a paintul =nd
disabling illness which occured in Japan as the result of eating
sea foods contaminated with cadmium (Tsuehiya, 1976). Lead poisoning
disturbs the synthesia of heme in the body (Dresel and Falk, 1956)
and it usually causes permenent brain damage in children (WHO)
1972). The most harmful compounds of mercury are methyl mercury
and ethyl mercury (Davison et al, 1981). Among the many problems
caused by mercury poisoning are metal retardation, damage to the
central nervous system, paralysis and lack of musecular
coordination (WHO, 1974).

Iren defi;:iency is a problem in affluent as well as poor
nations and much of this is caused by the poor availability of
iron for absorption (Underwood, 19813 Venkatachalam 1968), Ilron
availability is dependent upen the chemical ferm of the iron and
upon its interactions with various components (Hazell, 1985).

For example, much of the iron added to fortify food is

insoluble and unavailable for absorption (Lee and Clydesdale,
1978). Also, there are a variety of dietary constituents which can
either euahance or inhibit iron availability, for example,

protein (Klavins, 1962), vitamin ¢ (Hallbery, 1981), and eitrie
acid (Gillooly et al, 1983) have been shown to enhmee iron
availability, whereas fibre (Fernandez and Phillips, 1902)

Phytate (Hussain and Patwardhan, 1959) 2nd tannin (Disler et al,
1975) have been shown to inhibit iron availability. Froit

Juices that contain vitamin C, citric acid and other or;aniec
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acide have also been found to enhance iron availability
(Rossander et al, 1979).

However, there is less information on the effects of food
processing on iron availability. Current recsearch in this area
has been reviewed (Lee and Clydesdale, 1978; Lee, 1982), but
there are gtill many foods and processing methods that have not
been examined, Many of these processess, especially those in
which additives are also involved, misht be exvected to have a
marked influence over iron chemistry and, hence iron availability,

Manganese is an essential diet reguired by marmnls for
normal growth and reproduction underwood, 1277: Leash and
Lilbam, 1978). A daily intake of 2.5 = ©,0m~ has been
recommended as adequate for adults and most normal diets
contain sufficient levels of manganese (lecon, 1973),

With regard to human consumption, it has been reported
that people drinking well=water containin~ high lewels of
manganese have suffered loss of appetite, loss of mevory or even
metal disturbances (WO, 1971), The maximum permissible level of
manganese in water set by the \HO for o per:ion weirhing 70ks is
1.25mg per daye.

ORJECTIVES OF THE STUDY

In recent years, concern has been exnresced in many
quarters over the leve of heavy metsols in the enviroanment
(Waldron, 1975). MNickel, when inhaled is enrcinogenie while

copper causes congestion of the nasal mucouz (Unldron, 1970).

Combustion of petroleum is the mnin source of lead,

chromium, nickel and copner into the envivenpent, thourh othor
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sources like metal smelting, municipal refuse are also important
(Anonymous, 1965). Day et al, (197) have drawn attention to the
high concentrations (about 1000ppm) of lead in urban street dust
as opposed to dust from rural areas (85ppm), and its simificace
for the daily intake of chiliren., The importmece of air-borne
lead pollution on the levels in bloed for residents in a hirh
density traffic area have been discussed by Waldron (1977).
Some correlation between the increase in blood lead levels and
traffic density was observed. Little information on the
ultimate fate of lead in the environment is known but vong et al,
(1975) have demonstrated the tr-nsformation of certain inorranie
and organic lead compounds into tetraethyl lead by a murely
biological process, involving microorpgonisms in a mannor
analogous to mercury and arsenic.

A comprehensive study of the distribution of trace metals
in the Nigerian environment does not appear to be available,

In view of the industrialisation and agricultural
activities, this study has been undertaken to provide some
preliminary data on some of the metal contaminations on which
further systemetic monitoring can be based.

This investigation has veen undertaken toj

i) Find the levels of some trace metzls (copper, iron
zine, manganese and lead) in some row and processed
foods,

ii) Determine any variations in the levels of the metals in

the same food from different loc:tions,
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iii) Determine the influence or effect of processin-< on
the metal content of the food,
iv) Make possible suggestions about control measures of
the environmental pollution by trace metals,

In order to achieve these objectives, samples of fresh
tomato and its products; groundnut and its products were
collected from the northern parts of ligeria.

It is not the purpose of this investigation to ascertain
which factories had the hirhest, or which had the lowest trace
metal content, and inorder to avaid any possibility of factories
being associated with the concept of "best” or "worse” with
regard to heavy metal content, facbory names have been

ommitted.



1.2 LITFRATURE REVI®Y
1.2,1 TRACE METALS

A large number of elements occur in living tissues in such
small amounts that their precise concentrations could not be
measured with the anlytical methods formerly available, 0‘uch
elements were therefore reported to be present in ""race"
amounts and the term "trace elements" became widely acrented,
This term, with its connotation of imprecision has continued in
popular usage, although most of the trace elements present in
biological materials can now be measured accurately and
reliably.

No clear line of demarcation, fittin; all elements in all
circumstances, can be driuwn betwen the trace melal and the
major elements, Those elements that occur or function in
living ticsues in concentrations most conveniently expre:ced
Ug/g or Ug/litre are gener~lly considered as trace elerents ("H0,
1973). These concentrations are lower by several orders of
masmitude than those of such typical major elements ~= clacium
phosphorusa,

142,2 CLASSIFICATION OF TRACT RLWNT TS:

Trace metals are ubiquitons and electrovositive, nd
according to Underwood (1977) can be divided into three rroaps,
namely; essential, probably essential and non-rasential, OUn
the other hand, YO (1973) is of the view that elassifisation of
the trace metals into essential, non-egssentinl, and totiec rrounps

can be inaccurate and misleandinrg, 211 the ecerntial eolement:
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become toxic at sufficiently high intakes and the mar: in between
levels that are beneficial and those that are harmful may be
small., In some instances, e.g. selonium and fluorine in man and
copper in sheep, the mar;in between toxicity and deficiency is
very small (Underwood, 1977). However, it is usual to
differentiate between those elements which are known to be
essential for animal (human) life and those which display severe
toxicological effect at extremely low levels and have no known
beneficial function in living organisms., it preeent, less than
1} elements are believed to be essential for animal life viz,
iron, iodine, copper, zinec, manganese, cobat, molybdenun, selonium,
chronium, nickel, tin, silicon, fluorine and vanadium (W0, 1973),
Trace metals such as Ca, Co, Cu, Fe, K, 2n, Ny, and Na are
egsential for plants (Valkovie, 1977,

1.2,3 FUNCTIONG OF TRACE ELEMINTS

Some trace metals when precent in toxiec concentra ions in
food materials can lead to the formation of stable bonde in
some active sites of some enzymes (Giddings, 1973). This
chemical affinity is the basis of metalaboxicity in man, The
attachment to an enzyme, of this metal, impaire the normal
metabolic roles of such enzyme (Giddinrs, 1973), Thus, the hirh
affinity of lead for thiol and phosphate containing lisanda in
living systems, for example, inhibits the biosynthesis of heme,
affecting membrance permeability leadin; to convulsions,
behavioural disorders and deat (Gidding s, 1973). The most
important amechanism of toxic action is thow,h to be the poisoning
of enzymes. The more electronegative metnls, notably copper,

mercury and silver, have a grat affinity for amine, imine and
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sulphydryl groups which are doubtless reaetive sites an many
enzymes, and are readily cholated by organie moleeules ( Powen,
1979).

The essential trace metals; iron, copper, zinc, cobalt,
manganese, selemium molybdenum and chromium serve as essential
compenents of a wide variety of metalloproteins, usually enzymes,
which participate in important hydrolytic, oxidative or transfer
biological processes. They are also necegsary for the coptimal
functioning of the mammalian organs (e.s. prowth, healing) and life
itself, Criteria which a metal muct satisfy before being termed
essential have been reviewed by Cotzinc and Farndori, (19€9),

They are:

i) The orpanisms can neither rrow nor comnlote ita 1ife

cycle in the absence of the elementic.,

ii) The element has a dircet influrnce on the or ~nism -nd

is involved in itc metabolism,
iii) The element cannot be replaced camnletely in any other
element,
The indispensahle feature of | he most prominent of thean Lroen
metals (Fe, Zn, Cu, Mn, Mo, Cr, Co, Se) rests on the role as
functional corstructural components of crucizl matalloenzyres and
metalloproteins (Frieden, 197h). The most important oxidases and
all oxygen carrying proteins are Cu -ni or “e mel:1loprotein:,
Cytochrome oxidases, a Cu-hemoprotein, is protavly the ::i!-.-lq‘-
most crucial metabolie enzyme in the rmmmalian ecll ( W'I'W.'é‘:;?”’;},"’:;f
1966), Metalloenzymes have assumed even pgrenter import nmee in A ',,(L
aerobic cell biolosy since the realization (Bowen, 1979) that
adaptation to oxygen required prot-~tion agninst two 'maveidable

by-products of oxyren reduction, emuperoziie and peroxvide ione,
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These toxic intermrdiates arve mitirated by a tenm of probeetive
metalloenzymes, superoxide dismutase (mainly Cu=/n, but ~lso
Mn, Fe enzymes) and the heme enzyme:s, peroxilase and ecatalnse,
There is enhanced interst in Zn-enzymes since the demanstralion
of Zn2+ as a vital constitutent of T™IA and RIIA palymerases and
reverse transcriptase (Underwood, 1977).

The metabolic functions of these elements are still not
fully understood, but Bowen (196€) has classified them into
electrochemical, catalytic, structurel and miscellaneous proups.
Examples of the electrochemical group are sodium potassiuu,
calcium and mangaesium, which exisgt inside cells in the jonic
state at concentrations that differ from those in the
surrounding medium. They act as a store for available free
energy for use in various cellular processes and they influence
the solubility of protein molecules in particular. Catalytie
functions arise through an association with enzyme systeme and in
many instonces the metal in firmly bound into the protein
structure. Bowen (1966) listed a number of important metal=
activated and mﬁlloenzm systems in which tho metal contents
ranged from 0,05 to 6.5%. The structural role of met ls is
cheifly to neutralise negative charges of anions, free
carboxylic acids, nucleic acide and peptic sulstances,

(Crosby, 1977).

Among the trace metals, the transition metals, which happen
to be the essential ones share lwo propertics of pgrewl
importance in biologys nawelys their ability to exist in more
than one relatively stable oxidation strte, and their ability to

form many complexes (Underwood, 1977).
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Copper, cobalt, zinc, manganese, molybdenum, nickel and
vanadium have been associated with enzyme syctemas narticularly
those involved in oxidation procesres. (Cobalt is prenent in
vitamin B12, while chromium plays an important role in
carbohydrate metabolism together with insnlin (Hambridme, 197L).
Manganese agtivates enzymes involved in the transfer of
phosphate and hydroxyl groups as well as some dehydrogenation
reactions,

1.2.44 SOUKCES OF CONTAMINAITON OF TRACE IiElils

The non-essential metals which totsl about thirty nr
believed to be acquired by the animal body as environmentsl
contaminants and also reflect the kind of environment in uhich
the organism 1lived (Crosty, 1977).

Other elements e.rs. arsenic, antimony, lead, eadrinm -nd
mercury, are known to be toxic at very low levels of intake ;nd
there are no known deficiency symptoms (Rroshy, 1977) . The
effects of some elements are cumlative, Toxic elements are
present in foods to a greater or lesser extent as econtaminmnts
as a result of inecreasing industrinlization eontaminatian max
arige from a number of different sources. Oraps could econt-in
various amounts of contaminants acecoriings to the nature of the
soil, fertiliser and/or herbicide treatment and proximity to
industrial activity. Subsequent harvestins, storate, proceasini
and packaging (Especially camning) and demestic operations may
also affect the level of contaminants in the food conoumed, l!ot
all such procevues will increase the contaminationg for example,

rejection of outer leaves, washin/ and cookin (lenchin of
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soluble contaminants) may lead to reduction, The existience of au-

factors (Many of which apnly also to nutrient elements) has
stimilated a world-wide study of concentrations of metnl in
foods in order to assess both the safely and the adequncy of
human diets, Food-processins equipment ard eentainers have long
been recognised as a source of chemical as well as microbiolnrical
contamination of food (Reilly, 1973). In modem times, the use
of similar poorly glazed vessels to hold olives durin: pickling:
has resulted in lead poisoning in Yugoslavia (Analytical lethods
Committee (AMC), 1960), Lead has always been a problem in food
processing bacause the metal lends itself readily to the
fabrication and repair of cooking and storgge utencile, Amateur
repair work on cooking and storate equipment in which soldrs
containing high levels of le&dd are used to join bresks in
metals or attached loose handles in another caure of lead
contamination,

The problem of trace metal contamination of food during
processing occurs frequently as a result of misuse of equipment
or the overlooking of the consequences of usins unsuitable metals
in apparently insirmificant ways.

The trace metal content of plants indireectly affects the
dietary intake by both man and animals since the plantn seem
to provide the main source of minerals to man and his animals,

In the mid 1960s, it was found that some eontainers mnd
utensils desired to come into contact with food were, inf-ct,
coted with a ti.n-leaci alloy of varying compositio:, rather thmn
with pure tin, A typical example was a frying pm thot was

found to have 5.6 lead in the coating: which cnnced cor ciderable

h
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concem (Chapman and Pindas, 1965).

Ogezin and adiuku-Brown (1907) observed a hirh concenbtratlion
of lead, cadmium and zinc in a study. They also observed Lhat
the plant leaves which showed an optimum level may indicote that
the soils in the mining districts may accumulate the snnlyoeqa
elements, These elements may be toxic especially in the immedinte
vicinity of the base metal minin~ distriet in Zurnk where the
concentration of the elements; lead (360ppm) zine (F;??m':.".) and
cadium (2.27ppm) are hirher compared to the "Torld lealth
Organisation (WHO) permissible limits for anfe drinkins wnter,

Aquatic insects play important role in the trancporl of
metnals in the aquatic environments and in many biolorical
monitoring programme, Jop and Wojtan (1981) have abserved thai
the animals assimilate trace metals in considerable amount even
in the case of slirht metal contaminanlion of the namatic
environment,

Ejike et 2l {1987) in a study to find out the tiiane metal
contents of microbenthos of two city reservoire in Joe Platenn
in relation to their fredin;: functional ~roupes, ohserved that
except for the herbivorous grazers, the pattern of tr ce elopent
accunulation and the sorption capacity did not follow the patiern
of availability of traae metals in sodiments of the reservoir:s,
The herbivorous prazwers showed trace element necutulation in the
pattern of Fe, In, Zn, Cu, Pb, which is concigbent with the
pattermn of availability in sedimentr., Tvey obrerved ~loo that the
orranism's feeding habits relate most to thot obaerved ‘v
macrobenthos, These proups of herbivores live rermanently in the
reservoir sediments and feed on the plant materials in the

sediments, Similar observation has b en reported by rock (10971),
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Holzinger (1977) has observed that the content of heavy metals
in animals feeding on the sediments depends on the amountl of the
elements deposited on the sediment,

In a study, Thomas et al, (1975) determined the levels of
lead in samples of canned pineaples, fruit said, logamberries
blackcurrants, cherries, apricot, pears, raspberries and
tomatoes. They found that the lead content of the 168 samples
was in the range of 0.02 to 8.16ppm. In an earlier work, Thomas
et al, (1972) determined the levels of lead and cadmium in Brussels
sprouts, apples, pears, cahbages, potatoes, onions ecarrots,
swedes, watercreas, frozen vepetables, tomatoes, dried herba
etc, The lead content of the 231 samples waz in the ranse of 0,01
- 3.85ppm while cadmium content ranged from 0,01 to 0.22ppm,

Kirkpatriek and Coffin (197%) used atemie absorption
spectrophotometry to measure a number of trace motale o,-,
chromium, cobalt, copper, fron, manranres, niekel ant zine in
curred meats and egrsn,

The body burden of lead is a function of expozsure, Ior
example, the American total burden is 121m7 of lead with n
organ concentration of 1Oppm in the aplead. The body hoarden
of Africans is 63mg, with 2ippm in the spleen (113, 1970),

Day et al, (1975) have drawn attention to the Hi )
concentration (about 100ppm) of lead in Urban street du:t as
opposed to dust from rural areas (85ppm), and its import-nce for
the daily intake of children. The simmificance of air-home
lead pollution on the levels in blood for residents in a hirh-

density traffic areas have been discnncad by “ialdeon (1077),
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Atomic absorption apectrophotometry for the estimation of
lead, iron, ginc and other metals in wines and spirits hag been
used successfully by Reilly (1973).

Samel and Abdulmukaila (198)) investirated the
contributions of cadmium, lead and mercury introduced into beens
ground on domestic Nigerian grinding stones using colorimetric
methods, The highest additions of Cd, Pb and Hp were 0.1, 0.7?
and 0,17ppm respectively. The corresponding lowest values were
0.01, 0.05 and 0.01ppm, respectively, These arounts introdneed
by the grinding stones are greater than the tolerable daily
intakes recommended by the World Health Crponissation,

Thomas and Smythe (2973) observed high values of ’n, Cu,
Mn and Fe in plant materials. The values of 7Zn ranged from 25 -
17Lppm, while that of Cu ranged from 5 = 92ppm, Fn ranged from
11-63ppm, while Fe ranged from 59=-358ppm,

Michie and Dixon (1977) have recently drawn attention to
the inhomogeneity of tem. Heplicate analyses of pacheted tea of
lead content showed a wide variation and subsequent work
established that this variation was due to particle of dust
admixed with the tea leaves during processing. The dust  had
a lead content many times greater than the oceuring naturally in
the leaves. They found similar variations for iron, zinc and
copper.,

Osborne and Laal<Khoshah (19A9) studied the iron, copper,
zinc, manganese, chromium, nickel, selemium, protein and ash
contents of two different bread prists and flour samples from
the first to the fourth break and A to J reduction systems of

a commercial flour mill, They observed that iron, zine, manpanece
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and selenium levels followed the trend of ash and protein with
the lowest from, A, B and C rolls and higheat from either the
fourth break or J roll, Copper and chromium levels were
relatively homogeneous amoryr the grist and mill streams while
for nickel, there was only a slisht increase throush the break
and reduction system,

Tran, et al, (1987) compared the manganese content
of 33 samples of seeds from two species of lupin grown under
field condituons in Vietorial, Australia, Their recults
indicated that Lupinces angustifolius had a much lower mans, eoe
content (61ppm) than L., albue {(137ppm). In L. albus 80/ of
the mangenese content of the seed was concentrited in the
endosperm, while in L, angustifolius, only L% of the man: anese
was present in the endosperm, demonstratine the ability of this
species to exclude manganese from the seed, ‘'Thole flour -nd
spray-dried powder produced from L, albus senrds with n mangonese
content of WLi79ppm contained and LLi79rpm and Lh337ppm of
manganese, respectively.

In contrast, protein isolate prepared from the sarme seecdn
contained only 176ppm. In order to avoid potential mansrnece
toxicity problems from these foodstufif, L, altne gead containings
high levels of manganese could be used forthe production of
protein isolate, while L, angustifolius could be used to produce

t al ’ 1“”'?) -

all three products (Tran
Compost utilisation as manure is beeoming widespread

during recents years, as a consequence of the rise in price of

conventional fertilizes, 1In adiditinn, the arrienltursl nse

of composit contributes to the disposal of waste vhich is a

well known problem of molern timesn,
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Nevertheless, addition of organic matter and nutrients toe
the soil by using composit has some important drawhacksa; orionie
matter in compost has a high carbon nitrogen ratio, which could
cause plants and soil microorganisms to compete for the soil
nitrogen (Purves, 1973); Gonzalesz vita and lartin hartines, 1902);
secondly, some undesirable materials present in compost, e.q.
thin glass and plastics, are added to the soil. But the main
problem of the use of compost as manure comes from its hi;h
content of heavy metals, causing an increase come from its hich
content of heavy metals, causing an increace in soil pollntion,
Consequently, the plant content of thore elements aleo
inereases, toxieity symptoma ecan oceur and simificont amounte
can be introduced into the food chain Turves, 19723 Tiordane
et al, 1975).

Cabrere et al, (1989) compared the effect of addins annnal
doses of 14,000krha of urban compost to a moil with the addition
of SOOkgha.—1 of 15=15=15 compound NPK fertilizer, Two rotation
cycles of sorghum/wheat were carried out durins the experiment
and the crop yields were not significantly affected bhv the
treatments, It was observed that compost added in the proportion
used did not cause any statistically significant change in the
initial level of available phosphorus in the soil, but caused an
increase of the potassium potential.

Soil total contents of copper and zinc as well as available
levels of both metals showed noticeable increases, but other
metal were searcely affected by the addition of compost. The
results suggested that large doses could be an important cause

of pollution of the soil with trace metals.
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Zurera-Cosano et al, (1989) determined eirht trace metals
in some horticultural species cultivated in greenhouse borders
by atomic absorption spectrophotometry to evaluate the contribution
of these vegetable to the daily int:ske of cadmium and lead in
Spain., The existence of significant differences (P >0,001) in
the levels of metalic concentration found among the vegetable
species has been proved, and the greater capacity of concentration
of trace metals, except copper, in green beans was observed,
No statistically significant correlation (P> 0.05) between the
concentration of the soild and that of corresponding vesetable
species was found., The trace metal uptake from soil to plants
is a function of the physieal and chemiecal nature of the noil ol
is altered by innumerable environmental and human factors,
Havre and Underdal (197€) obsgerved that the serial zones of
the vegetables are the most important entry point for the metala.
Plants undoubtedly absorh trace metals from the soil
though their roots, This absorption is influenced by, amongs
other actors, the pH of the soil (Anderson and Mihon, 197)).
The trace metal retining capacity and availability of the =oilds
could be attributed not only to differences in acidity, but also
to the organic matter content (Jaakkola and Ylaranta, 1276),
These authors showed that a large amount of orpanic matter in
the s0il limited the availability of cadmium to plants, Orqanie
matter in the coilds form the stronject metal complexesy snd
hence retain the metal more firmly.

Soulis et al, (1988) determined Fe, Cu, lin, and /n
content in a number of processed and fresh Greek orarpe (citrus

Sinensis var valencia late), lemon citrus lemon var w~v1ini),
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grapefruit (eitrua paradist var dimkan) and mandarin (ciline

deliciona var wedibeorrmen) infacs by oloamie o cnenljon
spectrophotometry, The values gbbaived vare aithin Timils
gsimilar to those for inices from the Engresn comtries, 1n

Greece, a large quantity of fruit juices is consumed, especinlly
during the summer months, and it iz therefore of interest io
know the metal content of such juices,

The presence of some metals in the juices mny couse
undesirable flavour changes (metallic flavours). A number of
the metals are toxic and the sale of Teversres centaining torie
substances is prohibited, The procence of some minerals is
important for the appearonce, shell 1life and orranoleptie
characteristics of the juices (Amerine, 197L).

The nutritional value of frech and vrocessed froit jnices
depends on their content of sugars, vitamine and minersls
(soulis et al, 1988).

In recent years there has been a lendency for Governmente
to adopt lesal limits for the levels of some wine gonatitnente,
legal or suggested limits exist for Al, As, B, ir, 04, r, Mu,
F, Fe, Hg, Li, Ni, Pb, Se, Sn, and Zn (Amerine and Ough, 1970).
According to Ou~h et al, (1982), it is important to estoblish
bacelines for the composition of wines and to be able to detact
‘any changes from the norms.

Lazos and Abxakis (1989) determined the concentration of
fourteen metal ions in 113 commercial Greek wines by atomic
absorption or emission spectrophotometry. The ions of K (14L0ppm),
Na(27.7ppm), Mg(101ppm) and Ca(31.9ppm) were found in preatest

concentra.tia'a.. Among the others, mean Fe and Al concentration
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were 3.51 and 2.35ppm respectively; Cu, Zn, and Pb were between
0.20 and O.41ppmy and Li, Ni, Cr, Co and Cd were 0.10ppm,

It is known that many metals wre normal constituents of
grapes, and also that many of them can be added to grapes in
fungicides and insecticides, fumes, dust, etec. A large
proportion of the metals is, however, lost during alcoholic
formentation,

Grapes contain only traces of lead naturally, but they can
be contaiminated from fungicides, dust, car exhausr fumes and
industrial pollution (Favretto et al, 1275). Uome lead is losot
during alcoholiec formentation and mich is removed durings the
fining treatment with ferrocyanide. Cadnium, Lithium, Chromium
and nickel are well of toxicological import-nce, but zinc, on
the other hand, is important to yeast and human nutrition, A
possible gourse of zine may be zine containing fungicides and
insecticides {Lagos and Alexakis, 1389),

The most common precipitate found in wines ie potassium
hydrogen tartrate. To aveid this, the wine is stabilized Ly
cooling or by ion exchange. The latter may recsult on sowe
increase in sodium content, Other esources of sodium ion: are
various sodium salts, Efforts are made to minimize the sodium
content because sodium intake is of importmnece to penple on

low sodium deeta. Caleium lone ean ecombhine with evalates and

tartrates, which may precivitate after botitlinec, FHoneranacinm
is usually the third most abundant ecantion after votazsium and
calcium, Generallv, it dres not cance a stability rroblem in
wines (Ough.gi_gl, 1982), althourh there are same indiestion

that it may be of importance for torirate stahility and aeid
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teste (Amerine and Ourh, 1980). According to Cugh et al, (1002)
magnessium may be toxic to persons with kidney disfunction, but
at a level above that which is normally found in wines, Iron is
of importance to the wine maker because when it is present at
T7-10ppm, it may cause doudiness or colour change; the content
depends upon iron levels in soil and dust, and contamination
during harvesting, transportation and processings Copper con aleo
form precipitates, doudiness oceurs in winea contoining
0.02-0.4ppm (Amerine and Ough, 1980). The amamt of lead in
wine has received extensive research due to its sifnifiemmce to
public health and its exosenous oririn Farretto et al, 1977
Amerine and Ough, 1980; Danilates and “alaha Ummnteopoulon, 1003),

1.2.,5 METABOLISM OF TRACE-METALD:

The great majority of trace elements serve chiefly as koy
components of enzyme system or of protein with vital finelbions
(Frienden, 1974). Bnzymes in which metnls are tirhtly
incorporated are called metalloenzymes, since the metal i=s
usually tightly embedded deep inside the structure of the protein,
If the metal atom is removed, the protein usuall losses its
ability to function as an enzyme, The enzymes known to be
activated by essential trace metals form a2 lon~ and imprescive
list, e.r. phosphate transferases, decarboxylages, acyl
transferases, reductases, oxidesrs, phosphomonarsterane,
aminopolypeptidase, gly@ylrlycine=dipeptidase and ar:inine
desimidase,

1.,2.,6 METAL ACTIVATED ENZYIIFS

In these enzymes, the activating metal is leasely bhonded

and is readily * lost on processing. The activating met~1, most
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often magnessium, is believed to act as a temporary link betw en
enzymes and subsgracts during chemical reaction (Powen, 1966),
In many cases, the activating metal is not unigue, For example,
magnessium can frequently be replaced by divalent mangaenese,
cobalt, iron or zinc, and rarely by aluminium, barium, camdium,
celeium, chromium, lanthanides, lead, nickel (Schutte, 196L).
In such cases the efficiences of the different metals as
activators differ widely, and it is clear that the fact that
zirconium, say, can activate an enzyme in vitro is not evidence
that it is essential in vivo. The concentration of the activating
metal is also important, as some if not all metals inhibit
enzyme action at high concentration. There is some evidence of
synergism between paire of elements in activating this class of
enzyme, and enzymes often act most efficiently in the prosence of
traces of elements which are not essential for them to function,
The number of metal = activated enzymes known is increasin; so
fast that no list can remain complete for long (Sehutte, 1961),
Here, the salient features of the commoner tyves, clasaified under
their activeting mefal are only outlined,

Magnesium is the commonest enzyme activator, It is
especially important in activating the large erlass of phonvhnte
transferases, and a number of decarboxylases, but will also
activate acyl transferases and one reductase,

Manganese resembles masmesium in aectivatine a number of
rhsophate trangferases and decarboyxylases, notably thooe used
in the Kreb's cycle. It appears to remain in the divalent state

as it does not activate many oxidases or reductages,
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IronII activates a number of oxidasesd, notably those
involving molefular oxygen, but the majority of iron enzymes are
metalloenzymes and the same holds for copper, molybdenum and
zine,

CobaltII activates a few enzymes such as acid phosphomo-
noesterase, amino polypoptidase, rlycylrlyecinedipeptidace snd
arginine desimidase.

1,3 MNETALLO-EHNZYMES

The active metal is firmly bound in a econatont
stoichiometric ration to protein in there enzymes., Frequently,
the metal is chelated by, or attached to, a small molecnle ealled
a "prosthetic group”. In view of their better defined chemi~nl
nature, metallo~-enzymes have been more intensively studied than
metal activated enzymes in recent years, It i2 now clenr thot
metalloenzymens containings copper, iron, molybdenum and zinec nre
rather numerous and many more probably await discovery., (nee -n
enzyme has been isolated, it can be anlysed for met-1ls and its
molecular weight can be found. The valency of the metsl cop b
found from electro=spin resonanee (TOR) studiecsn, and the tyge
of binding may be inforred from more detailed MR meacurcments on
hyperfine structure, or dialysis, proten displacement
orochemcical techniqgues (Pouen, 1960),

There are severnl ways of elas=ifvins meoballo=cnevmesy Lot
the simplest one, under individual metals, fails herance covera)
examples are known to contain more then one melal (Pouen, 1000),
Here they are classified accordin~ to the procthetie =roun

involved, i,e.
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Metalloprotein enzymes: These have no prosthelie gronp

and the metal is bound directly to the protein, so that one
function of the metal may te that of maintnainin~ the spatial
arrangement of the protein chain, They includé many cooper
and zinc enzymes and some iron enzymes.

Metalloporphyrin enzyems: The metal is chelated by a
porphyrin prosthelic group. Examples include many oxidases
containing iron bound in a heme group, and a few enzymes
containing cobalamin or its derivative 5, 6 dimethyl benzimlazoy!
cobamide.,

Metalloflavin enzymest There eontain a flavin prosthetic
groups, but the mode of attachment of the metal is not known.
They include many oxidases or dehydropenases containinz iron and/
or copper, magnesium, manganese, molybdenum or zinc together with

either FAD or FMI.
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CHAPTER TWO
2.0 MATERIALS AND METHODS
2.1 SAMPLE COLLECTION

At the tomato processing company, samples of fresh
tomatoes, pures and ketchup were collected.

Similarly, samples were collected from the groundnut
processing companies A, B and C,

The samples were raw groundnut, groundnut cake, crude kand
refined oils.

These samples were stored in plastic bottles which were
refrigerated at 4°C for the period of the analysis.

The tomato processing factory derives its raw materials
from farms within a SO0km radius around the factory site. These
raw materials f are not stored but ready for use as soon as
they are brought to the factory. The groundnut factories pet
their raw materials from the states in the Northern part of the
country., The raw materials could be stored for as long as three
months depending on the quantity available for use at a
particular time,

2.2 MET DIGESTION OF SAMFPLES FOR TRACE ELEITHT ANALYSIS

The method amployed is that of the Analytical Methods

Committee, (1960), which uses nitric and perchlorie acide as the

decomposition reagent for ormanie matters. There arcids  have
the advantage of not producing insoluble sulphates which absorb
a considerable proportion of trace metals,

APPARATUS:

1. Kjeldahl flasks (200ml)

2. Healing Mantles - klectrothermal, Eng:land
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3. Volumetric flasks (25ml)

L., HMeasuring cylinders (10ml1, 20ml1)

5. Weighing balance - Hettler, top loadin;: Tyve Fe LLO

6., A Pye Unicom SP 1900 atomic abmorption spectrophotometer

7. Hollow eathode lamps for the various metals.

REAGEITSs

All reagents used were of analystical reagent prrade unleas

otherwise stated,

1. Concentrated nitric acid (sp. rr. 1.12)

2, Perchloric acid (605 v/v)

3. Acid washing liquid for plasswore: TI'repared Ly diluting
concentrated nitriec acid 100 times with distilied,
deionized water.

2.2%1 SOLID SAMPLES

2g of the dried ground samples was accurately weirhéd into
a 200ml Kjedahl flask., To this was added 25ml of concentrated
nitric acid (HNOJ) and glass beads, The mixture was boiled
slowly for 30 minutes under fumehodd., This was cooled and 15ml
of perchloric acid (ucwh) added. The mixture was then boiled
very gently for about one hour until it became colourless and
donse white fumes avolved. The mixture was allowed to cool and
quantitatively transferred to a 25ml volumetric flask and
diluted to volume with distilled, deionized water.
2.2,2 SEII-SOLID SAMPLES

The samples were prepared as recommended by Analytical
Chemist Society (1973).

10g of the sample (well-mixed) was taken and 1,0ml of

distilled, deionized water and 10ml of concentrated hydrochloric
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acid were aided, The mixture was heated to boiling and then
simmered gently for about 5 minutes, colled, transferred to a
100ml1 volumetric flask and made up to volume, 20ml was filtered

for the analysis by atomic absorption spectrophotometer.
2.2.3 QL SAMPLES

The samples were prepcred as recommended by Analytical
Chemists Society (1973).

Sml of the oil was added to 20ml of pentylacetate. The
mixture was aspirated direotly into the atomic absorption
spectrophotometer.

A blank was prepared using the same amount of reagents.
The digested samples and blank were then transferred into
plastic reagent bottles (50ml) and stored in a refrigerator
until required for use.

2.3 ANALYSIS OF TRACE ELEMENTS

2.3.1 ATOMIC ABSORPTION SPECTROPHOTOMERY

The determination of the trace elements; copper, iron,
zinc, manganese and lead in the digested samples was carried
out by the method described by Csborne and Voogt (1978). The
solution contained from the wet digestion was sprayed into the
flame of an atomic absorption spectrophotometer and the
absopption of each of the metals to be analysed was measured
at a specific wavelenght.

PRINCIPLES

In this technique, a sample is aspirated into a flame and
atomised. A light beam is directed through the flame, into a
monowhramator, and unto a detector that measures the amount of
light absorbed. Absorption is more mensitive because it depends

upon the presence of free unexcited atoma. In the usual flame,
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the ration of unexcited to the excited atoms at a given moment
ig very high. Becanse each metallic element has its own
characteristic absorption wavelength, a source light composed
of that element is employed, which magkes the method free of
gpectra or radiation interferences, Thus, the amount absorbed
in the flame ia proportional ta the cencentration of the element
in the sample.
i To determine the concentration of a particular metal in an

~unknown samples, a calibration curve of concentration versue

' gnsorbance 1ig ugually prepared, using standard solutions

| prepared from the gtock solution. BRBach determination was

carried out in triplicate, : a |

2.3.1.1 COPPER ;
Reagents: I
1o Hydrochleric acid, 3M: prepared by diluting 260ml of
concentrated hydrochloric acid (5P. gr. 1.18) to 1,000ml with
distilled, deionized water.
2. Copper stock solution, (1000ppm) prepared by dissolving
9.9812 of cofiper sulphate (CUSOh.SHQO), analytical grade, in
25ml of IM hydrochloric acid, This was diluted to 250ml with
‘distilled, deionized water. E
3. Copper working standard solution; 10m! of the stock solutien
was dilated to 100ml with digtilled, deionizedwater, and 0.0,
0.25, 0.5, 1.00, 2.0, 3.0, 4.0 and 5.0ml of this solution were
pipetted into separate 100ml volumetric flasks and maie up to
volume with digtilled, deionized water., These gave working

standard solutiong containing 0.0, 0-25' 0.5, 100, 200, 3.0’
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4.0 and 5.0ppm of copper respectively.
Mothod?

| Copper wasddeternined at 324.80mm with a pax imum lamp curren£
:of bmA and a Blit setting of 0,15-0,20mm, The flame system was
air~acetylene. The concentraiion; of copper in the sample
solutions were read off from the calibration curve plotted from
. the readings of the standard solution.
Calculation:

The method employed is that of the American Water Works

Aspociation, American Piblic Health Association and Water

Pollution Control Federation (1985).

Metal Concentration (ppm) = AXx3B
¢

Whera:

A = Concentration of metal in

digested solution, ppm.

B = Final volume of digested solution (ml)

¢ = Sample and aize (g)
203.1.2 IRON
Reagents
1e Hydrochloric acid, 3M. Frepared as for copper
2. Iron gtock gtandard solution (1000ppm). This was prepared

by dissolving 2.158g of ferric ammonium sulphate (Fe2 (SOh)

(NHh)zsoh.Qhﬂao), analytical grade in 25ml of 3M hydrochloric
acid end diluted to 250ml with diptilled, deionized water,
3. Iron working standard solution: 10ml of the above stock

solution was diluted to 100ml with distilled, deionized water
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and 0.0, 0.5, 1.0, 2.0, 4.0 and 5.0ml were pipatted into
separate 100ml volumetric flasks. These were made up to volume
with digtilled, deionized water and they gave working standard
golutions containing 0.0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0ppm of
iron respectively,

Mothods

Iron was determined at 21)8.30mm with a maximum lamp current of

15mA and slit setting of 0.10-0.15mm. The flame system was
air-acetylene, The concentration of iron in the sample sclutions |
were read off from the calibration curve plotted from the readinga.
of the standard solutions. |
Calculations

As for copper.
ZINC:
Reagentg:
1. Hydrochloric acid; 3M., Prepared as for Copper,

2. Zine stock standard solution (1000ppm). This was prepared
by dissolving 1.10g of zinc sulphate (ZnSOh.7H20), analytical
grade, in 25ml of 3M hydrochloric acid. This was diluted to
250ml with distilled, deiocnized water.

3. Sinc working standard solution: 10ml of the above gtock
solution was diluted to 100ml with distilled, deionized water;
and 0,0, 0.1, 0.3, 0.4, 0.5, 0.75 and 1ml of this solution were
plpetted into separate volumetric flasks and made up to volume
with digtilled, deionized water. These gave working standard
solutions containing 0.0, 0.5 %2, 2.0, 3.0, 4.0 and 5.0ppm

of iron respectively,

rr LIS
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Method: | |
Zinc was estimated at 213.9mm.w$..th a maximum lamp current
of 10mA and slit setting of 0,10-0,15mm, The flame system
was air-acetylene. The concentration of zinc in the
sample solution were read off from the calibration curve

plotted from the readings of the standard sclutions..
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Caleulation:

As for Copper
MANGANESE
Reggentg:
1e Hydrochloric acid, 3M, Prepared as for Copper
2. Manganese stock standard solution (1000ppm). This was
prepared by disolving 1,015g of Manganous sulphate (HnSOh.hﬂzo),
analysital grade in 25ml of 3M-hydrochloric acid and diluted to
250m1 with distilled, deionized water.

3. Manganese working standard solution: 10ml of the above stock
gsolution was diluted with distilled water and 0,1, 0.2, 0.5, 1.0,
1.5, 2.0 and 3.0ppm of manganese respectively,

Method:

Manganese was determined at 279.50nm witn a maxium lamp
current of 12mA and slit setting of 0,10-0.15mm, The flame
system used was air-acetylene. The concentration of manganese
in the sample solupions were read off from the calibration
curve plotted from the readings of the standard solutions.

LEADs

Reggent

1. Hydrochloric acid, 3M, Prepared as for Copper
2, Lead stock standard solution (100ppm)

This was prepared by dissolving 1.598Lg of lead nitrate
(Pb (N03)2), analytical grade.

3. Lead working standard solution: An intermediate 10ppm lead
solution was prepared by diluting 1ml of the stock solution to

100ml with distilled, deionized water, 0.1, 0.4, 0.5, 3.0,
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and O.hppﬁ lead standard solutions were prepared by diluting
appropriate volumes of the intermediate sclution,
Mathod *

Lead was determined at 283.3nm with 2 maximum lamp
ocurrent of 6mA and slit getting of 0,10-0,15mm, The flame
syetem upedame was alr-asctylene., The concentration of lead
in the pamples were read off from the calibration curve plotted

from the readings of the standard soluticons.
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CHAPTER THREE

3.0 RESULTS

3.1.1 COPPER CONTENT
The highest level of copper found in the samples from the

tomato factory is 15,7ppm. (Table 3.1.1). It was obtained from
puree. There were significant differences (P 0,05) in the
copper level of tomato, Those of puree also show statistical
difference. The copper levels of the ketchup alsec differ
significantly,

The copper content of the groundnut processing factory
samples are lower than that of the samples from the tomato
factory., The highest level of copper obtained is 13.9ppm. It
was obtained from groundnut cake in factory B (Table 3.1.3).

The copper levels of groundnut differ gtatigtically., The
levels of copper -~ in the groundnut cake algo differ statistically.
There are significant differences in the levels of copper in the
crude oil. Those of the refindd oil show statistical
dii_‘foranoe also.

3.1.2 IRON CONTENT

The highest level of iron, obtained in the samples from the
tomato factory is 230ppm (Table 3,1.1). It was obtained from
puree, The differences in the iron content of tomato are
significant, The iron content of puree also differ significantly.
There are significant differences in the levels of iren in the
ketchup,

The iron content of the groundnut processing factory samples
are lower than that obtained in samples from the tomato factory,

The highest level of iron obtained is 109.3ppm (Table 3.1.2).
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It was obtained from groundnut cake of factory A. The
differences in the iron content of groundnut are significant.
Those of the crude o0il show statistical difference, The iron
content of the refined oil differ statistically.
3.1.3 BINC CONTENT

The highest level of zinc obtained in the samples from the
tomato processing factory is 97.8ppm (Table 3.1.1). It was
obtained from tomato. The differences in the zinc levels of
tomato are significant. There are significant differences in
the levels of zinc in the puree also, The differences in
the levels of zine in the Ketchup are significant,

The zinc levels of the samples from the groundnut
processing factories (A, B, & C) are lower than those of the
tomato factory, The highest level obtained is 55.7ppm
(Table 3.1.3). It was obtained from the groundnut cake of
levels of groundnut, There are also significant differences
in the zine levels of groundnut cake, Those of crude and
refined oils show statistical difference also.
3e1.l MANGANESE CONTENT

The highest level of manganese obtained in the gamples
from the tomato processing factory is 15.3ppm (Table 3.1.1).
It was obtained from tomato. The differences in the manganese
levels of tomato are gignificant. There are significant
difference in the levels of mangenege in the pure. The levels

of manganese in the ketchup show statistical difference.
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The manganese levels of the samples from the groundnut
processing factories (A, B, & C) are higher than those of the
tomato factory. The highest level obtained is 21.5ppm
(Table 3.1.2). It was obtained from groundnut in factory A.
The differences in the manganese levels of groundnut are
gignificant, The manganese levels of groundnut cake differ
statistically., The manganese levels of the crude and refined
oils, are also statistically different.

3.1,5 LEAD CONTENT

The highest level of lead obtained in the samples from
the tomato factory is B0.Tppm (Table 3.1.1)., It was obtained
from puree, The differences in the lead levels of tomato are
significant, The lead content of puree also differ significantly.
There are significant differences in the levels of lead in the
Ketchup.

The lead levels of the samples from the groundnut
processing factories (A, B & C) are lower than those of the
tomato factory. The highest level of Th.6ppm was obtained
from crude oil in factory A (Table 3.,1.2)., The differences
in the lead levels of groundnut are significant in factories
A. & C while in factory B, the differences are not significant.
The lead levels of groundnut cake differ significantly also
in factories A & C while they do not differ significantly in
factory B. The lead levels of crude and refined oils are
statistically different in factories A and C, while there is

no difference in factory B.
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CHAPTER FOUR
4.0 DISCUSSION
L.1.1 COPPER

The low level of copper in the samples may be explained
by saying that the soil had low content of the trace metal,

It has been observed by Street et al, (1977) that the
absorption of metals through the scil is influenced by different
factors such as the pH of the scil, the organic matter content
(Jaakkola and Ylaranta, 1976) and the interaction of other
metals such as selenium (Francis and Rush, 19733 Cary, 1981)
Another probable reason for the low level of copper in the
samples could be that the metal was not employed such in the
construction of the factory machinery.

The observation in the tomato factory samples is not quite
different from that of the groundnut factory samples.
Generally, low level of copper was observed.

The levels of copper obtained when compared with the
International Standard of 100ppm (Appendix III) are found to
be low. This implies that no health hazard can be caused by
the level of copper in the foods.. In the UK, South Africa
and Canada, acceptable limits of 20, 20 and 50ppm respectively
have been recommended (Reilly, 1980),

L.1.2 IRON

The level of iron were high. A lot of heat is needed
during food processing. As a result, part of the machinery
that are ungalvanized become heated up and the metal leak

into the food as oxides. Leo and Clydesdate (1980) and Lee
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(1982) have shown that heat treatment can either increase of
decrease the solubility and availability of food iron, The
high level of the metal in the puree could be as the effedt
of corrogsive action of the organic acid content of the puree
on the metals of the factory machinery to which the puree comes
into contact. The level of 230ppm in the puree (Table 3.1.1)
when compared to the permissible limit of 100ppm (Moore, 197L)
can pose gome health hazards to the consumers of these foods,
However, much higher levels of iron has been determined in
foods earlier. Crosby (1977) reported that black currents
had 1300ppm of iron., This is to point out that there is a
wide margin between permissible and toxicity levels, Reilly
1973) identified food processing equipment and containers in
which foods are stored as sources of contamination of trace
metals in foods,
ba1.3 ZINC

The levels in the tomato was higher compared to those of
puree and ketchip. This agrees with the observation of Osborna
and Leal-Khoshab (1989) that less refined products contain
appreciably higher amounts of trace elements than refined
products, Permissible limits of 100ppm in edible gelatin
(Appendix III), 50ppm in the UK, 100ppm in galatin in South
African and 100ppm in galatin in Cadada have been recommended
(Reilly, 1980)., Since the levels are lower than the standard
limits, there should be no fear of sinc toxicity in thege
foods,

hatals MANGHNESE

The level in tomato was higher compared to those of puree
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and ketchup. Thosé of the groundnut samples are pigher than
those of the other samples from the groundnut factories. This
agree with the obgervation of Oshorne and Laal-Khoshab (1989).

The very low level of manganese in these samples may be
as a :esult of low occurence in the soil. It could probably
be asla result of alkaline nature of the soil., A condition
that bringe about the converiion of the exchangeable divalent
manganese to the tetravalent ion which cannot be utilized by |
plants (Pege, 1962). | |

k1.5 LEAD

The levels of lead in the study were very high compared
to the International Standard permissible 1limit of 5ppm
( Appendix III), The high level of lead in these foods render
theme ungafe for human consumption. The recommended levels
for the UK, South African and Canada are 2, 5 and Tppm
respectively (Réilly, 1980).

The high level of lead in the puree as compared to tomato
may be explained by the action of arganic acids in the julce
on the metals of the factory machinery, Lead and its alloys
are used very much in the factories. Chapman and Pindas
(1985) observed that a frying pan was found to have 5l8 lead
in the ceoating which caused considerable poisoning. The
high lavelg of lead observed in the oils could be as a result
of heating process that made the metal weme off as exides
into the oil.

be1.6 GENERAL DISCUSSION

There is less information on the effects of food
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processing on trace metal availability. All of the foods
studies underwent heat tﬂ?tment agsociated with their
processing, It has been shown (Lee and Clydesdale, 1980; Lee,
1982) that heat treatment can either increase or decrease the
aolubility of food trace metidls, Although, this may have been
due to heat treatment itself, it might have been due to other
factors frequently associated with food processing, in
particular the use of certain additives.

Fruit juices contain the ecrganic acidsg eitrie, assorbie
and malic (Hazall and Johnson, 1987). Ascorbic acid as an
antioxidant, citric acid as a sequensirant, and acetic and
lactic acids as acidulants have the potential to influence the
chemical form of food trace metals. They are added to foods
to prevent microbial growth, rancidity due to lipid oxidation,
and undegirable flavour, colour and textural changes; many of
which are due to trace metal catalysis of lipid oxidation or
formation of coloured-complexes (Fmria, 1972; Howlett, 1972;
Stackey, 1972}.

Le1.7 CONCLUSION

It has been obgerved from this study that iron and lead
were higher than their permissible limits. 2inc, copper and
mangsnese were lower than their permissible limits.

It {5 indicative from the result that location and
processing are factors to reckeon with when considering heavy
medal content of vegetable crops, Zurera-Casanc et al, (1989}

observed that vegetablés absorb metals from the soillas well
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as from deposits ean the parts of the vegetables exposed to the
air from the polluted environment, It is obvious that there
is similarity in heavy metal content between the two groundnut
processing factories from Kano. On the other hand, the heavy
metal content of these two factories differ markedly from
those of the factory in Zaria.

Processing can increase the heavy metal content of food
when there is contamination from the fabrication material of
the machinery to which the food comes into contact or from the
liming of the walls of the containér in which the food is
packaged, A very good example of this is when tomato is
processed into puree., The level of lead is increased
drastically in the puree. A lot of heat is needed during food
processing. As a result of that, the materials that are
ungalvanized in the plant become heated up and these metals
leak into the food as oxides. 1t may also be as a result of
the use of food additiwes.

Varietal difference is another factor to look at when
considering heavy metal content of vegetable crops. It is
also evidenced from the resulte of this study that higher
contents of the metals were found in the tomato products than
the groundnut products. The trace metal accumulation varies
even within one spedies according to the variety (Crews and
Davies, 1985) and the part of the plant (Zurera et al, 1987).
Le1.8 SUGGESTIONS

Already, there are many sources from which these metals
find their ways into the body; the water we drink the use of

clay pots, ungalvanized cooking utensile, the air, just to
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mention but a few,

In the light of the above, it is worth suggesting to the

Federal Government of Nigeria to:

i)

ii)

1i1)

iv)

v)

Make the food processing factories take more
seriously the quality contrel of the products. This
quality control should be geared towards trace
elements in foods.

In a situation where a person consumes a lot of the
puree with the groundnut oil, the amount of heavy
metal consumed by the person can be imagined. Either
the food processing factories be made to carry out
thorough guality control test on their products or/
and the consumers be enlightened on what they are
consuming and the implications,

Research in trace metal in the area of foods should
be encouraged and those already carried out should
be traced and their findings made known to the
processors.

This study is a very small aspect of the work that
has to be done in the food area as regards trace
metals; so more investigations should be embarked
upon to have enough data to work with,

1t is frue that standards of these trace elements in
foods are available in the literature, but that does
not prevent Niteria from coming out with here just

as some countries have done.
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APPENDIX I:

Copper, Iron, Zinc, Manganese and Lead contents (ppm) of tomato, puree and
Ketchup from the tomato factory (A).

SAMPLES Cu Fe irn Mn Pb

TOMATO 23,0,11.2,13.16 | 82,43,62.5,72¢37 [111.5,57:24,250.0 | 6:76,13:16,9.87 | 23.65,6458,16.45
PUREE 1149, 1¥.25, 20.07 | 35.71,209.85, 228a| 14.2, 42.88,47.45 | 5.4,10.22,10.77 | 128.85,72.99,72.9
KETCHUP 1092,2¢13,2.49 | 6477515:63,17.05 | 4.63,6.04,8,17 24542434, 3,05 1478,0.71,0.71




T
APPENDIX

I (contd.)

Copper, Iron, 2inc, Manganese and Lead contents (ppm) of

_and ketchup from the tomato factory (B).

tomato, puree

SA¥PLES Cu Fe Zn Mn Pb
TOMATO 9e21,11.18,13.16 | 74.3,65.79,78.95 | 58.6,39.47,69.74 | 22.37,13.82,15.79 |32.9,6.58,26.32
PUREE 12.87,15.15, 5151 | 30.8 346.72,529.20 | 14.0,32.85,29.2 | 5.06,6.39,6.75 8.52,82,12,118.61
KETCHUP | 6.79,2.84,2.27 21.79,22.73,20.6 | 8.7,26.28,9.8 4,3,4,83,3,98 145,0.0,0.0
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APPENDIX II

-~

Copper, Iron, Manganese and Lead contents (ppm) of Groundnut, Groundnut cake,
Crude and Refined oils from Factory (A).

SAMPLES Cu Fe Zn Mn Pb
GROUNDNUT 8e3,9e498:9 | 14,8, 444, 44,4 | 36,5,59.6,59¢6 | 20.6,1740,16.9 | 12:1,13.2,13.2
GROUNDNUT

CAKE 3090 802,402 | 47¢1,169:1,111.8[ 2102, 461,46e1 | 13.9,13:2,13.2 | 922,543,543
CRUDE OIL | 0.9,0.9,1.7 | 20.9,20.1,20.6 | 5.8,8.8,8.7 1.4,2.4,2.6 61.5,79.2,83.0
REFINED OIL| 0.9,1.1,1.4 | 7.0,8.9,9.3 2.547+2,7.0 1.0,1.8,2.0 43,6,77.9,82.8




6

APPENDIX II (contd.) Copper, Iron, Zinc, Manganese and Lead contents (ppm) of groundnut,
groundnut cake, Crude and Refined oils from factory (B).

SAMPLES Cu Fe Zn Mn Pb
GROUNDNUT 2063910624561 | 34:3,29¢2, 62 [23:l445946,57.1 14.6,8.9,13.3 7:6,5:1:2:5
GROUNDNUT

CAKE 1848,11:5, 1145|2640, 135:2, 1352|2645, 7002, 7062 | 1141,2367,23+7 | 8+0,5.1, 5.7
CRUDE OIL | 0.8,1.2,1.1 12:0,10.7,11e1  |240, 743, 8.1 Zt: 2 24 26.4,79.2,53.0
REFINED OIL| 1.4,1.1,143 12.3,9.6,8.9 2.5,8+2,7.5 Feby 251,20 3040, 7849, 79.1




65

APPENDIX II (ccntd,)

Copper, Irom, Zinc, and Manganese contents (ppm) of groundnut,
groundnut caxe, Crude anc Refined oils from Factory (C).

SAMPLES Cu Fe Zn Mn Pb
GROUNDNUT | 5.0,5¢1,4.6 | 79.4,77.5,88.8 | 2143,19.4,24.0 | 14.8,13.1,15.0 | 5.0, 5.0, 5.6
GROUNDNUT

CAKE 2079247430 | 0.7,0.8,0.7 9.2,9.0,10.0 14.3,1242,12.8 | 3.5,2.7,1.6
CRUDE OIL 0.0,0.0,0.0 8.8,7.5,8.1 B 1y 5:6, 5.0 0e6,0.6,0,6 59,4, 59.6,61.3
REFINED OIL| 0.0,040,0.0 | 1.6,1.6,1.6 15 T P 043,043,0.3 24e2,29.8,22.3
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*  (Pearson, 1976), TABLE 3.2 (continued)

¢

g

0! ...-«.t..r.. iii
oy ey .H.E."ril-l-...t oy s

(Modined from Davig, 1966, of regulations specified in notes at end of Table)
GanemaL Lisuts iN PARTs pn MiLLion

SPECIFIC LisiTs 1n ParTs PEn Mivvion

——— = b Statutory | Reco

{@) Statutory—Lead 2 ppm. (5 wunog%hovvon 20 ppm. v Foods Lead  Arsenic  Fluorine | Copper Zinc
—Arsenic | ppm. —Zinc 50 ppm. ! T —
—Tw 250 pam (canned foods m..a_-ﬂ-_- confections . . ~ 05 05
enly) Frun juices: concentrated : 20
e M:.E Juices: excluding ime o les.ion | 03 _
" it juices: undiluted . . : 05
B o o ummlq_lzn Lintrs in ParTs pen MiLLion Gel ol ) . _ . 50 20 =N
Geneva . . : 5 i 05
Statutory ' Recomumended . Gin % . ) ) " : 05 |
Fuuds Lead  Amemc  Fluorie | Copper Lunc . Glucose: biquid or solid: sulphated ash . I
: - e | content greater than | per cent : 50
Agar : ¢ a . . , 10 ' ) Golden rmmng powder . % . 15
Alcoholic cordials ' . o= . o~ 10 | 70 Herbs: dried | " y - f 10 50
Alginic acid and alginates . . : 10 Hop concentrates: excluding those for y [
Apples . : . S 30 ‘ o1 imercial brewing g _ ; 50 _
Buking powder . . . m P 15 Hopa: dried; excluding those for com-
Beer a . ; . 03 [ 70 mercal brewing | i 3 : 20
Beer: black beer or black beer and nm 05 lce-c ream . q 3 . 7 05
Beveruges: alcoholic | ) » . 10 02 I lee-c eam: excluding water ices . i 10
Beverages: non-alcoholic:  prepar«d | > 1 Iron. reduced mon: used in the pre- |
from cider, ; : : 4 ) | .70 ; paianon of fiour | A : . 50 !
Beverages:  non-alcoholic: ready-to- . | Leatn | 50
drink . . ; . : 02 01 Lemon juwce 20
Beverapes: readv-toedink | ¥ | 240 50 Lme jusce 2-0
Blackh 7954 . : . 10 2 ' Ligueurs | . i 10 70
Brandy : . ¥ 05 | Liquence: dried extract 20
Caramel . . . . : % 50 ) Meat: canned | . 50
Carrageen . » o g i 10 Meat extract . 50
Chemicals ! : ; : 10 _ Meut paste: canned . g ! 50
Chenicals:  excluding synthetc Milk beverages: ready-lo-drink: pre-
coluurings : ; F i 20 I packed . . 5 ; 10
Chenucals: for which arsenic hmuts are | ** Molasses: edible 50
speuified in the Brtsh Pharmaco- . Mustard . . ; : . 3 50
pocia or the Brms. Pharmaceutcal " ' Mustard: ground 2 4 ; i 20
Codex, excluding syntheuc colours’ 20 = i Oils: ecable . . 5 % < 05 -
Chemucal : for which lead limits mre ° ' + Oniona: debydrated . . ’ . 10 -0
" specifies an the British Pharmaco- Pears | - 2 : p > 30
Pocis of the Brtish Phurmaceutical Pecun: ad . 2 a : . 10 20 30
Codex' | ! . v v . =" ' Pectin: soli . . S i i mmm 50 200
Chicory: dried and roasted z . 40 30 Perry ’ . 7 g -
Cider ' . ; x & 5§ ) 0-5 W.M Phosphetes: acidic: for use as food -
Cockuails . < i a - 1-0 ngredients . @
Cocoa nib, mass and liquor, ~ J0¢ Protem: bydrolysed | 50
Cocoa powder : 3 500 0 “Hum - . . 05
" Coflee beans i 5 .w“- Beaweed: products derived from sca- .
Colouring matters* | . . . 20 540 : Soft drmk concemtrates: for use in the
Curry powder . i 5 i F 20 ' manufacture of soft drinks W % 2-5 0-5 20
Dextrose: snhydrous or monchydrate 05 . . m&.iug v ” A 10 -0-5 ) 70
Fan 2 . i ; < : 05 - M“ulg ready-to-drink 02 %
Finings and cleaning agenus. ) . 590 - i o e P .
e m..su:wﬂ-g& . o 2 : : 50 » + Spioes; excluding ground . 10 .
Fush paste: canned |, . . ¥ 50 mial“-!.l_. . . .0
!-..aﬁg . . g . . 10 0 . Starch conversion products: sulphated .
Flour: self-raising: containing a fari- : . lria..lﬂ.l;..!_uﬁr.: . 30
Baceous substance and an  acidic - L Sugar: maw: the manufacture of — _
1.!‘?.. . . . . . o == re ——I"i = - - = z : - oy - . - - £
Fouu .TJI.!., for babies and Yyoung . : | P vea o B e fed e TN - m.p.n.u,._.ﬁ.wﬁqﬁ.m:..ﬁ»g!utgr_ - o - VIRSTLS
Afdecn o, . " . . ' . = :

- s, .- ) L;. N SV W 3 i '
'. : . : ‘o . .
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y: . ADDITIVES AND CONTAMINANTS

Srr.cmt' L.tst1T3 19 PARTS FER MiLLioN
& J

. Statutory Becommended
Foods Lead  Arsenic  Fluorine | Copper Zine

Sugar‘ whue- refired: ash content less

than 0-03 per cent . 05
Suger and sugar 1yrups: sulphated ash

content grester 1lwn 1 per cent . S0
Tea . - . . . 10
Tomsto catsup . . . . . : 20
Tomwto juice . . . A Elt B . . - [toDe
Tomato juice beverages . . . 1000
Tomato juice cocktails . . . 1-0
Tomata ketchup . . . . . - . 20
Tomato paste . johs

omate paste: totsl volids between 15 -

and 25 percent . 30

omato puste: total solids gmnter than

25 perocent . . . 50
Tomato powder ooy
Tomaw powder: totnl s'}lida hetween e

15 and 25 per cen. . 3L
Tomato powder: total solids greater

than 25 per cent . . . . 50
Tomato purée . AR YL
'l.omnlo purde: total solide between 15 .

28 per cent 340

Tomlw purde: total solids more than

25 per eept . . . . 50 . ) -
Tomato relish . . . . H
Tomato sauce . . . ' o
“ragetable  juices: rexcluding  tomata

juice and t~mato juice cockiail | . ‘5
Vegatahles; dehydrated ot dried, ex- “

cluding aniony . . ' . 50
Water joes . . s . 0.

Whisky . . . . . . 03 )

Wines . . . ¢ . 70
Wiries: etdudmg vmuge port . . 10 *

Yeast: brewers” yeast: for the manu-

facture of yeast products - . . ey 50
Yesst and yeast products | 1200
Yeast gnd yesst producis: cxcludml

brewer's yeast I{;r the manufucture

of yeast products . . . . 70 20

P Note, 2T ppias v nmit specified in the BP or BPC, whichever is the higher.

*—the limit apecified in the BP or the BPC, .

f—calculated on the far-free subatance. _

4 —calculated on the dry fat-free substance, -

' pee alag exceptions in The Colouring Bhener in Food Regulations 1971,

f—see The Miscelluneous Additives in lood Hegulations 1974,

'—caleulated on dried tomato solids.

*—MNormully arsumed 5 ppm applics to all tomato sowders.

'—calculated on dry matter,

}—sec other cutegories of beverages.

E—lmn powder max arsenic 10 ppin {‘Fhe O-cad and Flour {Amendmeni) Regulstions
1972,

General notes "I'he above limits should be considered ie relotion to the requiremnents Df
The Miscellancous Additives in Food Reguiations 1974, Also note ppm is
replaced in moden regulations by mg/kg.
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