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ABSTRACT

Serumconcentrations of total |ipids, cholesterol,
copper, lron, nagnesltimand zinc were determned In
eighty-two Alaokuta Steel workers. Bl ood concentra-
tions of antinony, arsenic, bisnmuth, cadmum cobalt,
| ead, nmanganese and nickel were also determned in
the steel workers. S mlar determnations were
made for twenty students of Ahnmadu Bell o University,

Zaria, that served as the controls.

The nean serumtotal lipids in the controls
(598. 75 ng/1 00m ) was not significantly (P/0.05)
different fromthe value obtained for the steel
wor kers (568.25 ng/100m). Simlarly, the serum
chol esterol levels in controls (206.42 ng/ 100m )

did not differ significantly (P/0.05) fromthe |evels
inthe steel workers (183.82 ng/100m ).

There were no significant (P/0.05) differences
bet ween t he serum copper concentrations In controls
(1.26 ppn) and the levels in the steel workers
(1.24. ppm . Also, there were no significant (P/0.05)
di fferences observed between t he serum nagnesi um
content In controls (26.17 ppm) and the concentrations

insteel workers (26143 ppm .



At 5% level of significance serum iron levels
in controls (4. 28 ppm) did not differ significantly
from iron levels in steel workers (3.62 ppm).
However, serum zinc levels in stool workers (1.85 ppm)
were significantly (P/O.05) higher than the levels
in the controls (0.83 ppm).

Arsenic, antnmony, bismuth, cadmium, cobalt,
lead, manganese and nickel were not detected in the

blood of both the steel workers and their controls.

Except for the blood zinc concentrations which
were significantly elevated in steel-workers as
compared to levels in controls, oil other studied
parameters were within normal range. The duration, of
year of service in the industry did not have any
significant (P/0.05) effect on the concentrations of
the parameters studied. Similarly sex had no effect
on the studied parameters except for serum total lipids
which was. significantly (P/O.05) higher in the female

controls than in the mae controls.
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1.0 - INTRODUCTION

Iron snd steel manufacture is the means by
which the ore is converted to metallic iron with
pre-determined physical and chemical properties
(Pounds, 1963). It produces the chief raw materials
for a wide range of metal manufacturing industries,

kikhose products include automoblles, ships, rail
road equipment, household appliaences, machinery for

farming, construction materials end other industries.

Steel industry ﬁccupies a key position iﬁ
modern industrial society and 1s now locked upon as
a genersl indicator of a nstion's business and tech-~
nological activities (Pounde, 1963). For instance,
goods derived from the finished preoducts of iron and
steel industry accounts for 75% of the annual income
of the United States of America with over hundreds
of billion of dollars capital income from its
products (Warren, 1973). Other developed countries
like Britain, U.S.S.,R., France, Germany, and Sweden
also depend on their iron and steel industry for
technological and economic development. In view
of its importence in a nation's development, the
Nigerian government built an iron and steel industry

of Ajaokuta, Kwara state in the early 80s.

Degpite its vitél role in the country's

development, iron snd steel manufacturing presents



one of the most diversified sets of occupational

health problems, this observation was made at a
conference of the American iron and steel institute,
washington D.C., in 1965, More than in most industries,
the rigks in iron and steel making are inherent in

the process. The types of toxic industriel waste

these processes that cause occupational hazard to

workers are shown in table 1.

Trace metals are major components of industrial
waste from iron and steel processing. Excess of
these metals in the human body results in various
diseages. For instance, Macdonald and Mclinnes,
(1981) aseociated lead end cadmium with hypertension.
Respiratory and gastro-intestinal digsorders in steel
workers have been associated with exposure to arsenic
(Axelson et @sl., 1986), sntimony (Schrumpf, 1572),
cobalt (Mcdermott et gl., 1966), copper (Aaseth and
Norseth, 1986), megnesium (Browning, 1969) end zinc
(Angseline, 1972). Industrial exposure to arsenic
(Leonard and Lauwery, 1980), antimony (Browning 1969)
and nickel (Fisher, 1956) results into skin lesion

in ateel workers.

Other diseases associated with metalz are:
neuropathy caused by excess of lead (Waldron, 1974;
Glickman et sl., 1984) or mangenese (Rosenstock et .

8les» 1971), enaemia due to lead poisoning (Xipling,



1985). and gonadal hypofunction which has been

associated with cadmium poisoning (Dwivedi, 1983).

Apart from ceusing systemic disorder, divalent

metals can compete with each other for ligands
resulting in decrease in the blood and tissue levels
of some essential elements (Prasad, 1978). This
workers also demonstrated that there is decrease in
blood copper, iron, manganese and zinc levels in
cadmiuvm exposed persons, Lead reduces the uptake

of calcium, iron, copper, zinc¢ and phosphorus

(Behari, 4581). Divalent metals such es copper,
¢cobalt, menganese end zinc cean also bind to transferrin
resulting in reduced absorption of iron (Prasad et al.,
1974). Thus, it is possible that iron and steel
maXing and its assoclated exposure to lead, cadmium
and other divalent metals can result in deficlencies

of some essential metals in steel workers.,

High serum concentration of copper (Harman, 1968;
Olatunbosun et al,, 1986), manganese (Diozy, 1974)
and zinc (Prasad et al., 1974; Osunkiyesi et al.,
1986) have been associasted with marked elevation of
serum cholesterol. Elevated blood cholesterol has.
been associated with atherosclerosis and other cardio-
vascular diseases (Mattingly et al., 1956). It is

therefore, possible that exposure to these metals:



YASTES

SOURCES

COMPORENTS

Slags and Drocses

Smelting and Refining

Lead, Zinc, Copper,
Kanganese, Nickel,
Chromium, Titanium
and Aluminium.

Vagte Solution

Electroplating Pickling
and Etching

Cadmium, Fickel,
Copper, Chromium,
Cobalt, Gold, Silver
Nercury and
Xolybdenum.

Hetallurgical Dust

Smelting and Fabrication

Iron, Zinc, Lead,
Copper, Arsenic,
Antimony, Magnesium
Bisnuth, Cobalt,
Nickel, Chromium.

Sludges and grinding
Swarfs

Machining znd Manutac-
turing

Chromium, Fickel,
Cobalt, 1rom,
Manganese, Zircon,
Tungsten and Diamrond

Slimes and Tailinge

Leaching and Ore treat-
ment

Alumivm, Ironm,
Copper, Phosphate,
Uranivm and precious
Metals,

Industrial Gases

Pyrometallurgical Operation

Sulfur, Fluarine and
Carbon Monoxide.

SOURCE: - Phoenix Quarterly fall,

Steel.

1975, lnstitute of Scrap Iron and
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in iron and steel industry might lead to atherosclerosis

and other cardiovascular dilseases.

Since cholesterol 1s a component of serum

total lipids and it is elevated in excess presence
of copper, zinc and manganese in the blood, it then
implies that these metals can glso affect blood total
lipids levels in exposed individuals. In addition
high serum copper content have been shown to.result
in hypolipidsemia (Harman, 1968; Osunkiyesi et al,,
1986) .

For the above mentioned reasons this project
wag undertagken to determine: |

B The blood levels of antimony, ersenic, bismuth,
cadmium, cobalt, copper, iron, lead, maegnesium,
manganese, nickel and zinc in Ajaokuta steel
workers and to compare them with levels in non-
steel workers,

b Serun total lipids and cholesterol in steel
workers and to compare them with concentrations
in non-steel workers.

Co The effect of length of service in steel
industry on the levels of trace metals, total
lipids snd cholesterol in the blood of the

workers,



6

From the results, we should be able to

predict the occupational risk factors involved in

iron and steel 1industry,.
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2.0 LITERATURE REVIEW

2.1 TOTAL _LIPIDS:

The term total lipids have been defined as
water insoluble biomolecules that can be extracted
from cells and tissues by non-polar solvents e.g
chloroform, ether and benzene, and it consistitute
the generic name for all the classes of lipids in
the human body which include fatty acids, triglycerides,
steriods, phospholipids, shingolipids and cerebrosides
(Stanley et al., 1975).

Various investigations have been carried outen |
on the factors that af ifthe total lipids concentration
within the human body. Sex, for instance affect
plasma total lipids levels (Taylor, 1971). She
reported a higher serum total lipids in Nigerian adult
Temgles as compared to their male counterparts.

Lopez et gl. (1967), however reported that females in
developed countries have lower serum lipids levels

than their male counterparts.

Hyperlipidaemia is highly hereditary in some
families. Metabolic defectz of genetic origin in
nine sphingolipid storage diseases mre known to cause
accumulation of lipids in the blood end other tissues
(Brady et al,, 1971). Also endogenous hypertriglyceremia
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is a dominate genetic disorder in which pre-B-
lipoprotein (triglyceride carrier) and serum

triglycerides are elevated (Stenley et gl., 1975).

Experiments on young animels show that adrensline,
noradrenaline and growth hormones rise blood lipid
levels while insulin promotes its storage and
subsequent reduction in the blood. (Stanley et al.,
1975). Therefore, adrenaline—-increase during stress
end insulinelack in diabetic mellitus results in h
hyperlipidaemia (Guyton, 1976),

The concentration of blood total lipid levels
is very sensitive to the nutritional status of a
person (Mann et gl., 1975). They postulated that
during starvation or in low energy inteke, lipids
stored in edipose tissues are mobilized into the
circulatory system for energy production. This is
believed to rise the level of lipids in the blood

with a concomittant decrease in other tissues,

High fat diet which are more expensive than

high carbohydrate diet in most countries, elevates
serum total lipids levels as compared to the latter
(Mann et gl., 1975)s This is believed to %nejgée reasons
why low income earners have lower serum lipid content

as compared to the high income group, Using the same
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reason, Mann et al. (1975) end Onitiri, (1977)
explained why that lower serum lipid levels
appears to be characteristic of meny Nigerian

communities as compared te¢ their European counterparts.

Although most studies in Europeans and North
Americans have demonstrated an age-related trend on
the amount of serum lipids (Shaper and Jones, 1959;
Antonls and Bersohn, 1960)p Onitiri (1977) obsmerved
that serum 1lipid concentration did not alter with |
age in underprivileged Africans. He attributed this

to differences in diet and incone.

The interrelationship between metals and blood
" total 1lipid levels have been investigated. For
instance, elevated serum copper has been known to
cause hypolipidaemia (Osunkiyesi et al., 1986).

This is because copper serves as a good catalyst
for lipid peroxidation (Harman, 1968).

2.2 CHOLESTEROL:

- -

Cholesterol is the parent 27~carbon atom
steriod from which all other steriods in mammalian
tissues are synthesized (Datta and Ottaway, 1979).

It has been observed as the major constituent of

the atheromatous plague and the pathological hell
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mark of atherosclerosis (Mattingly et al., 1956).
High serum cholesterol concentration have also
been indicated as an aetiological factor in the

incidence of myocardial infarction and hypertension

(Taylor and Bamgboye, 1979).

Various factors have been highlighted to
predispose individuals to high serum cholesterol
levels. Guyton, (1975), for instance, has reported
that saturated fat diet increase blood cholesterol
content as much as 15 to 25 percent. This presumably
results from increased fat deposition in the liver
which then provides increased quantities of acetyl
COA in the liver cells for production of cholesterol.
In another independent epldemioclogical studies of
sample populetion in Nigeria, Taylor snd Bamgboye,
{1979) demonstrated that a positive association
exists between high fat diets and high serum
cholesterol concentration. Castle, (1982) also noted
that high level of income tend to increase blood
cholesterol level in earners; this presumably results

from the intake of the more expensive high fat diet.

Hypercholesterolaemia can be hereditery (Seftel
et al., 1980). Thirty-four patients with homozygous
familiar hypercholesterolasemia from twenty-seven
families were shown to have high levels of cholesterol

in their blood.
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Plasma cholesterol tend to be higher in men
than in women (Guyton, 1975; Datta and Ottaway,
1979). The female sex hormone, estrogen decreases
blood cholesterol concentration in women (Guyton,
1979). He reported that administration of estrogen
to men and chickens with cholesterol deposits in
their coronaries has in some instances actually
cleared the plagues. On the contrary, Taylor and
Bamgboye, 1979 reported a higher cholesterol level
in adult Nigerian females as compared to their male

counterparts. This probably results from residual
cholesterol deposit of pregnancies.

Blood cholesterol level tends to rise with age

(Guyton, 1375; Stanley et al., 1975; Taylor and
Bamgboye, 1979).

In diabetes mellitus, blood cholesterol is also
rised (Stanley et gl., 1975). This is believed to
result from the general increase in lipid mobilization

in this condition (Guyton, 197%5). Serum cholesterol, cils:
increases in renal retention diseases (Stanley, 1975).

High serum levels of copper (Hapman 1968;
Olatunbosun et al., 1976), Manganese (Diosy, 197L)

and zinc (Prasad and Obserleas 41974) have been shown

to elevate cholesterol levels in the blood. These



12,

metals serve as CatalyStB in chlesterol synthesis

(Harman, 1968).

2.3  ANTIMONY:

Metallic antimony is a lustrous silver-metsl
with a bluish tinge, and either a coarsely laminated
or granular structure according to whether it is
slowly or rapidly cooled {Besttie et al., 1972).

Its elloys are used in metallurgical process, rubber,
textile, paint, cersmic and gless industries. The
oxides and sulphides forms of antimony are smong the
compounds used in chemical industries and have

therspeutic purposes (Browning, 1969),

The commonest industrial exposure to antimony
i1s during the minning, smelting and refining of
antimony ore which 1s used in iron asnd steel indusgtry
for alloy production. Browning, (1969) have indicated
that exposure to antimony alloys in this industry
may resultt%o various forms of systemic, cardiaé,

regspiratory and skin disorder.

Systemic toxic effects of antimony, for instance
have been shown to resultl:*:o abdominal cramps, diarrhoea,

vomitting, dizziness and nerve tenderness. Other'

syomptomsg include tingling, severe headache and



134

prostration (Beattie et gl., 1972). Browning, (1969)
also reported that upper respiratory irritation

such as laryngitus, tracheities and pneumonitis ex
extending from each hilus are common in antimony

smelters. -

Brieger et al, (195)) reporrted the presence
of functional disorders of the heart and parenchymatous
degeneration of the myocardium in workers of a plant
that use antimony trisulphide. They also confirmed

the mentioned cardiac disorders in animals expoaed

Z1

to 3mg  1cm” of antimony.in The a+nogphert:

Eczema, dermatitis, irritation of the mucous
membreanes and severe skin lesions are common in

workers of rubber snd textile industries where

antimony solution were used (Browning, 1969).

Brieger et el. (1954) found the mean blood =
antimony value of fifty antimony smelters to be
0.267 ppm. While the blecod antimony level in healthy
persons is between 0,0086 - 0.0091 ppm, (:,E)rown'ina 5 l‘?{,@ .

2.,  ARSENIC:

Arsenic, in its stable form, is a steel gray,
brittle and crystalline metalloid (Browning, 1969).



Although arsenic is not aﬁ essential elemeht for

human metabolism, it is constantly taken into the
human body from contaminated food and water, and

from metallurgical dusk (Asseth and Norseth, 1986),

Acute poisoning from inorganic arsenic has
rarely occurred in industries but chronic occupational

poisoning has been reported (Clay et gl., 1977).

These workers, however, reported only three fatal
cases of ersine poisoning in Birmingham steel bronze
factory. Acute polsoning from arsenic are frequent

in drugs and drinking water (Browning 1969),

Parish et al. (1979) repofted acute polsoning
in two workers cleaning a clogged drain., <Ythe symptoms
were nausea, vomitting, headache, bronze decolouration
of skin, hemolysis and renal failure. The blood
arsenic levels of the patients were 0.18 ppm and
0.20 ppm respectively. Parish et sl. (1979) advised

that blood arsenic concentration in arsenic exposed

workers should be kept below 0.096 ppm.

.The mortality experience of all pensioners
from a copper smelter that were exposed to arsenic
during their working life was studied by Pinto ggjgl.
(1978)., They found that the overall mortality of the
cohortswas 12.2% higher than for meles living in the

sﬁme area of the seme ages and in the same period.
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This excess mortality was due chiefly to respirstory

cancer.

Axelson et al, (1978) demonstrated a high
correlation between cardiovascular diseases mortality
and an increasing trend of arsenic exposure. Other
causes of death in arsenic exposed workers are lesions
of the central nervous system, digestive and urinary

diseases (Welch et al., 1982).

Chronic arsenic.poisoning have been shown to

" increase the susceptibility of the skin to ultraviclent
light and is associated with an increased incidence

of rodent ulcers and other skin tumours (Renwich

et al,, 1981). There are indication that the

" mechanism for incresse susceptible to UV 1light involves
inhibition of the DNA-excision-repalir enzymes

(Leonard and Lsuwerys, 1980). However, whether the
enzymes involved {s concerned with the excision of
thymidine dimers or with thelr replacement or in the
linking operations (lLigasestep) has not been clearly
established. (Leonard and Lauwerys, 1980),

Wagner et &1, (1974) and Perish et al, (1970)
had independently determined the blood arsenic level

in thirty non-arsenic exposed person and found it

to be between 0,01 = 0.03 ppu,
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2.5 BISMUTH:

Bismuth in the free state is a2 hard, pinkish-
sllver metal which usually occur as bismuth glance
(31232), tetradymite (BizTezsa). bismuth Ochre
(31203) and bismutite e natural basic carbonate
(Browning, 1969), The purified form of the metal
is used in preparation of a number of pharmeceutical
products like bismuthyl tartrate and bismuth carboxylate.
It is a constituent of steel alloys which is used
to increase machinability in the metallurgicsal

industry (Browning, 1969).

Orally ingested bismuth salts are used thera-
peutically to coat the intestinalmucosa in ulcers.
However bismuth oxynitrate can be reduced to nitrite
in the gastrointestinal tract by intestinal microflora

and subsequent absorption of nitrite can cause

methemoglobinemia in a child (Venugopal and Luckey,
1978), The same workers reported thet a single intra-
venous injection of a bismuth salt has caused fatal
bismuth intoxication in human infants. Blsmuth

salts for therapeutic purposes have been shown to
cause nephrotoxicity and hepatitis in human subjects

{Venugopel end Luckey, 1978).

Chronic bismuth intoxlcation produces glimentary

symptoms, the mouth shows bismuth deposition in
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epithelial cells, turning mucosa blue-grey (Arens,
1974). Other symptoms include, disrrhoea, vomitting,
enorexia, digestive palngs, skin leslons, peripherial
neutitis, liver damage nephrotoxic action and blood

dyscrasias.

Industrisl poisoning from biasmuth hasg not been

recorded (Venugopal and Luckey, 1978), possibly
BF
becauseﬁthe relative insolubility of ita malts in

water and tissue fluids prevents easy entry into the

bOdYQ

The mean blood bismuth level in 400 volunteers

was found to be 0,0245 ppm with a range of 0.007 to
0.18 ppm (Rooney and Bowen, 1976).

2,6 CADMIUM:

Man absorbs cadmium together with food, air,
¥
water, cigarette smoke and-xg;nug%-the soil. Soluble

cadmium 15 known to be more toxic than the particulate

form in the dust (Houba and Remacle, 1982).

Nordberg, (1990) demonstrated that cadmium taken up
from lungs end gastro-intestinal tract is transported
via the blood to liver and kidney, in the form of
metallothionein-bound cedmium, He alsc reported that

cigarette smoking may increase tissue accumuletion
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since uptake of cadmium via the lungs is efficient

(up to 50%) compared to uptake through gastro
intestinal tract (about 5%).

Various industries in Sweden, USSR, West Germany,
Japan, France and Belgium had cases of death due to
cadmium poisoning in the 1930s and 1940s (Prased,
1978). Subsequently it was realised that cadmium

affect man adversely.

Cadmium may alter reproductive process particularly,
the spermatozoa (Dwivedi, 1983). 7This worker reported
that cadmium at dosages of 1mg/kg to 2mg/kg given
orally inhibited choline acetyl transferase (CHAT)
in all segments of spermatozoa obtained from rat.

He also demonstrated that cadmium decreased spermatozoa
motility when incubated with cadmium at a concentration
of § x {04,

The most severe form of chronic cadmium poisoning
is a painful bone disease known as ltai-ltai that
occurred in Japan, in women above forty-five years
(Berlin and Friberg, 1960). Exposure to cadmium was
through the ingestion of rice and water containing
about 500 ug/g and 600 ug/l of cadmium, respectively.
Itai-itai disease is characterized by osteomalacia

and received its name from the severe pain caused by
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fractures of the softened bones. Nordberg, (1990)
postulated that cadmium interferes with calcium
absorption as well as promotes the loss of this
mineral fror the body end hence the softening of
bones in ltai~ltal disease.

Cadmium can alter the metabolism and function
of other elements, namely zinc, lron, manganese,
copper and selenium (Fox, 1$76). Prasad, (1978)
subsequently demonstrated that the deficiencles
of the mentioned elements results in marked increase

in concentration of cadmium in the tissues and blood.

Hypertensive subjects have abnormally high
concentration of renal cadmium (Lauwery et al, 1974).
He also observed that elevated blood pressures in
animals following chronic cedmiur administration
was common., Jlhe probable mechanigm of cadmjium-
induced hypertension is 1ts sodium retention ability
which has been demonstrated in rets {Prasad, 1978).
Lauwery et al, (1974) also reported that hypertension
is responsible for LX of death in sixty cadmium- .

exposed workers.

Cadmium~induced tubular proteinuria ias due
to a disease in reabsorption from the glomerular
filter (Axelson et al., 1978). The low-molecular
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weight proteinuria i1s regarded as the first sign of
cadmium effect on renal function, subsequently renal
dysfunction sets in and this is characterised by

a decreased ability to concentrate urine and a
reduction in loulin., Axelson et al, (1968) and
Lauwerys et al, (1974) reported renasl lesions in

rabbit after long term exposure to cadmium.

Acute poisoning due to cadmium, elicites gastro
intestinal symptoms such as nausea, vomitting, dierrhoea
and gbdominal cramps (Beattie et gl, 1972). lhese
symptoms were observed in 13 pupils at a =chool in
Stockholm, Sweden, that drank soft drinks containing
16 ppm of cadmium,

Kojima and Temura, {1981) demonstrated that

when cadmium was administered to mice within two days

before elicitation for delay-type hypersensitivity
(DTH), it resulted in suppression of the induction

of primary delayed-type hypersentivity responses,
memory T cell and suppressor Tecell activities.

The normal concentration of cadmium 1s very
small, less than 0.0 ppm in blood of persons not

e
exposed to high level of the metal (Fox, 1976).AMean
value obtained by Lamuwery et al, (1974)wis 0,007 ppm
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in 22 persons. They also demonstrated that the

mean cadmium level in industrisl exposed workers

ig 0.092 ppm.

2.7 COBALT:

Cobalt is used in industry snd in medicine,
Industrially, it is used in various alloys to confer
registance to wear and corrision. It serves as a
pigment or binder in the hard-metal industry; e.g
steel and armement industry, Medically, cobalt
forms four percent of vitamin B12 used for tresting
pernicious enaemia (Shinton end Singh, 1967). The
radioactive isotope cobalt 60 i1s used in radiotherapy

and gamme radiography.

The gssential;ty of cobalt to man and animels
has been known for quite sometime now (Payne, 1977).
Its deficiency is rare but excess intake produces gastro-
intestinal upsets and abnormelities in skin, heart,
blood or lungs (Payne, 1977).

Skin effects due to cobglt toxicity has been
reported by Payne, (1377). It results in an allerglc
dermatitis producing the ususl type of urticaerias with

erythematous pspules. Minute traces are orly necegssry
and the trades sffected include building, printing,

| pottery, textile and steel manufacture,
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Bonenfant et al, (1967) reported a severe
epidemic of cardiomyopathy eruption with e fifty
percent mortality rate in quebec, This was as a result
of the presence of cobalt in high concentration in
beer consumed by the netives. Similar outbreaks
took place in Belgium and United States of Americe
(McDermott et a1, 1961). Adverse cardiac effect from
cobalt have also been reported in hard-metal industries
e.g. steel, engineering snd armament manufactures

(Pﬂyne, 1977) .

Bech et a1, (1962) reported ::;g'occurrence
of polycythgemia in gome hard-metal workers. Payne,
(1977) demonstrated that ccobalts salts induce bone
marrow hyperplasia with resultant polycythaemia., It

is likely that cobalt inhibits the oxidative enzymes
in the marrow and produces a tissue hypoxia thus

stimulating erythropolesis.

Experiments on rats and rabbits have produced
both sarcomas and carcinomas as a result of the injection
and chronic inhalation of cobalt particles (Morgan,
1683)., However, the worker reported that evidences
on the presence of pulmonary tumours in cobglt workers

is not convincing,
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Zolankiewics and Fashing, (1976) found the mean
blood cobalt level in twenty normal persons to be

2.64 x 10-3ppm. Meanwhile Andronikashvili and
Mosulishvili, (1980) demonstrated that the safe limit

of blood cobalt should not exceed 4 ppm in human

subjects,

Bech end Barborik, (1977) found that the bloed
cobalt levels of hard metpl workers with polythaemia
ranged between 0.2 to 1.34 ppm.

e e .

2.8 COPPER:

Copper iz an essentiel element and daily require-
ments according to W,H.0 are 80 ug/kg body weight for
infants and 30 ug/kg body weight for adults., Normal
daily intskes ere usually adequate between 1 and 3 mg
( Aaseth and Norseth, 1986).

The most important function of copper is its
presence as a component of g number of meta110~enzymes..
These enzymes include cytochrome C oxidase, superoxide
dimutase, ceruloplasmin and tyrosinase, Others include
dopamine Buhydroxylase, lysyl oxidase and diamine oxidase.
Thege enzymes play important role in iron metabolism
and haemoglobin synthesis. The deficiency of copper,
therefore results in anaemla, & fall in serum iroen

level and disorder of collagen and elastin metaboliam
( Shaw, 1980). '
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It is conventionally reported that more than
ninety percent of total plasma copper is incorporated
into ceruloplasmin while the remalning is loosely

bound to albumin and amino acide (Solomons, 1979).

Disesses and other conditioning factors such as
protein energy, malnutprition, malabsorption syndrome
(Menke's disease), active ulcerative agents result in

low serum copper levels (Solomons, 1979).

High serum copper on the other hand has been
associated with high cholestercl levels in hypertensive
patients (Olatunbosun et al, 1976, and Osunkiyesi et
al., 1986), Herman, (1968) explained that copper
serves as a good catalyst for the reaction of oxygen
with 1ipids (Lipid peroxidation) end that 1ipid
peroxidation tends to enhance atherogenesis. Using
sixty mele minipigs, the worker, demonstrated that

lipid peroxidation contributes to atherogenesis.

Acute gestrointestinel disturbences with vomitting,
epigastric bums and diarrhoes results from accidental

ingestion of copper salts or foods containing copper

in dose range of 25 to 75 mg (Asseth and Norseth,  1986).

In persons with Wilson's diseases, an inbormm

error of ceruloplasmin metabolism, serum copper
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concentrations are extremely very low i.,e 0,61 + 0,21
ppm. Normal intake of copper gives rige to
Pathological accumulation in tissues such as brain,

kidney and liver in these patients (Nordberg, 4990).

However, normal persons (without Wilson's disease)
can tolerate considerable concentrations of copper
(Aaseth and Norseth, 1986). The data of Scheinberg
and Sternlieb, (1976) which supports this report
showed that hepatic end serum concentration of copper
niners despite years of exposure to an environment

conteining sbout one percent copper, are nomal,

Human copper toxicity has been reported inwomen
using copper containing intrauterine contraceptive
device {Scheinberg and Stemlieb, 1976); and some
vineyard workers after years of spreying fungicidal
copper sulphate (Prasad, 1978)., Pulmonary copper
deposition and fibrosis occurred in the lungs of the

vineyvard workers.

A considerable number of cases of childhood
cirrhosis (Indian childhood cirrhosis, ICC) have been
reported by Aaseth and Norseth, (1986). This disease
has been observed in children of one to three years
of age who displayed typical liver cirrhosis often
with fatal outcome, High copper level have been found

in the livers of these children and the use of brass
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utensils for cooking is considered to be one important

source of the excessgive copper intake. Copper storage
disease of the liver similar to ICC, has also been

reported in Germeny and Itely (Nordberg, 1990),

The mean value of serum copper for elghteen
healthy men was found to be 1,065 ppm while that of
ten women was 1.026 ppm (Parker et al., 1967). Deawson
et al, (1968) showed the normal range of serum copper
in one hundred clinically healthy persons to be 0.7 -
1.4 ppm. Subseguently, Osunkiyesi et al, (1986) gave

a mean value of 1,04 ppm in twenty=-nine normotensive

persoris,

2.9 IRON:

The industrial uses of iron and its compound are
nunerous and its ore forms the bulk of rew materlials

used in iron snd steel industry.

It 1s an essentisl nutrient for memmals and it
is involved in s number of physiological reactions
which have been established by many workers {(Lewls,
1971; Jacobs end Henry, 1962; Widdowson, 197L; Prasad,
1978). They demonstrated that iron deficiency is

characterised by esnemia, stunted growth, fatigue,

lowered resisgtarnice to infection, snorexia and deeth.



Iron deficiency can lead to decreased rates of
energy generation due to blocking of the synthesis
of haemoglobin and other iron-containing enzymes of
respiration. With low levels of iron, the heart must
sustain a greater cardiac output to provide tissues
with adequate oxygen (Saltmen, 1983). 7This increased
cardiac output, if sustained for long periods may
encourage the development of systemic hypertension as
indicated by Norman et al. (1975). Subsequently,
Osunkiyesi et al, (1986) demonstrated significant lower
serum iron levels in hypertensive patients as compared

to normotensive controls (1.1} and 1.41 ppm respectively),

Acute iron poisoning causes a biphasic shock,
initial but rapid increases in the respiration and
pulse rate with congestion of blood vessels which leads
to hypotension pallor and drowsiness in 6 - 8 hours
(Venugopal and Luckey, 1978). This is followed by
prostration, coma and finally death from peripheral

cardiac failure in 36 hours. This is common in children
that ingest 4O - 1,600 mg/kg body weight.

Chronic iron poisoning is characterised by
haemorrhagic necrosis of gastrointestinal tract,
hepatotoxicity and metabolic acidosis. Other symptoms
are elevation of plasma levels of serotonin, histamine
and a greatly prolonged blood-clotting time (Venugopal
and Luckey, 1978).
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However, Browning (1969, Arena, (1974) and

Prasad, (1978) pointed out that there has been no case

0of either acute or chronic toxicity due to industrial

exposure to iron. They indicated that most ceses of

iron toxicity are due to accidental ingestion of iron

compounds or from its therapeutic uses.

Meanwhile, iron overload in mammals occur due to

any of the following reasons:

C.

d.

Genetic abnormality: -~ Williams et al, (1974)
found excessive iron in the liver biopsy and sera
of twenty-eight out of forty-six relatives and
postulated an intermediate from of inheritance.
Mildly affected relatives representing the
heteroczygous state, |

Excessive iron ebsorption as described by Williems
et g1, (1966) and Smith et g1, (1969) can result
in iron overload,

Tissue sabnormallity:- Incressed release of iron
from body stores as it occurs in necrotic
hepatitis and chronic pancreatitis cen elevate

the blood iron concentration (Venugopal and Luckey,
1978). _ |
Hpematological disorder:- A veriety of haematological
diseases including haemolytic anaemia have been
associated with increased blood iron (Lewis, 1971).

Decreaged survivel time of red blood cells which
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can be caused by stress has been demonstrated
to increase blood irapnconcentration (Lewis,
1971; Venugopal end Luckey, 1978),

e. Self-~induced overload:- Ingestion of iron tablets
and oralcontraceptives for a prolonged period
maey develop into haemochromatosis (Shaw, 1980).
Excessive iron deposits are derived from food
and drinks prepared using iron-cooking utensils
as is the case with the Bantu tribe (Venugopal
and Luckey, 1978).

Adult males have a normal iron serum range of
0.6 « 1.5 ppm (Lewis, 1971 and Osunkiyesi et al, 1986)
and values for females range from 0,5 - 1.3 ppm
fLewis, 1971). Serum iron levels decreases with age

to levels of O - 0.8 ppm (Lewls, 1971).

2.10 LEAD:

Lead was one of the first metals with which man
learned to work and it may well have been the firgt to
poison him. It is used in msking a variety of metab
products including pipes, cable covering, foil, alloys

and ammunition. The organic anti-knock agents for

petrol are menufactured from lead (Grobler et al, 1984).

Lead polsoning is common in children living in urban

areas and workers of hard-metal industries, It has been
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shown that the mean lead level of motor mechanics was
0.276 ppm as compared to 0,034 ppm which 1s the mean
velue of lead in age-matched controls from the rural

erea (Grobler et gl, 1984).

Glickman et al, (1984) measured saccadic eye
movement of fifty-two lead exposed autobody shop workers
end fifty~-two matched controls with no history or
occupational lead exposure. The result indicated that
workers exposed to inorgenic lead showed a decreese
in saccade accuracy and an incresse in overshoots as
compared with the controls. Seccade maximum velocity
was lower in lead expoged workers then in the reference
group. They attributed this to the adverse effect

lead has on the nerve conduction velocity,

Periheral neurcpathy is one of tﬁe adverse effect
of lead on the central nervous system. Waldron, (1978)
end Glickman et al, (198l;) reported that lead produces
segmental demyelination or axonal degeneration in the
peripheral nerves. It can also cause pre-synaptic block
in neuro-transmission, an effect which can be overcome
in vitro by adding excess calcium (Ca++) to the incubating
media. Encephslopathy develops in adultg as s result
of massive sbsorption of lead (Waldron, 1978: Windér
et al, 1983), They reported that the relationship

between the onset of encephaslopasthy and blocod lead
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level is unlikely to be a simple one as the ege of
subject, acuteness of exposure end intercurrent illness
are the factors accounting for individuel variation.
However, Winder et g1, (1983) reported thet other

workers registered the occurrence of fatel encephslopathy
in & child with a blood lead of 3,36 ppm and in two
edults with brain levels of 5.8 ppm end 10.2 ppm

respectively,

Recent animal studies indicated that in leed
exposure, the brain of the off-spring may be particularly
susceptible to traume of parturition (Nordberg, 1990).

However, only minor psychological changes have been
reported to occur in workers in America whose blood

lead were 0.7 ppm (Waldron, 41978).

The uptske of lead varies inversely with the
amount of calcium, iron, phosphorus, copper and zinc
in diet (Behari, 1981). He demonstrsted that these
mentioned elements are decreased in patients with lead

poisoning.

Lead, like other heavy metgls show a great affinity
for sulphydryl group and is a potent enzyme inhibitor,
Some enzymes involved in haem synthesis are 1nh1bited

by lead as 1llustrated in figure 1.
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The enzyme which seems most sensitive to lead
is d-aminolaevulinic acid dehydratase (ALAD) that
catalyses the formation of porphobilinogen (PBG)
from 8-Aminolesevulinic acid (ALA), step 1 as shown
in figure 1. Kipling, (1976) and a host of others
have demonstrated the reduction in ALAD activity
increase in protoporphyrin level in red blood cells
and increase urinary excretion of ALA in lead workers.
Urinary excretion of ALA in lead workers,and urinary
excretion of coproporphyrin were also shown to be some
of the major biochemical changes resulting from the

effect of lead on haem synthesis.

Haemolytic studies conducted by McDermott et 21,
(1966) showed a haemoglobin content of less than 13
grams percent in seven out of nine employees of a small
firm manufacturing car batteries who are exposed to

lead. The blood lead range of the workers was 5.1 -
7.9 ppm with a urinary lead excretion of 5. 35 ppm.

The above mentioned haemolytic studies and others
demonstrate that anaemia develops in lead poisoning

due to inhibition of haem synthesis and reduction of

life span of the red blood cells.

Frank nephropathy among lead workers is rare now
that industrial hygiene has improved but older literature
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contains many reports of chrecnic lead exposure leading

to kidney disorders. Waldron, (1978) and Nordberg,

(1990) reported chronic lead exposure leading to
interstitial nephritis with progressive impairment

of renal function often accompanied by hypertension.

The outcome was frequently fatal. These workers

emphasized that this is no more common in lead worker.

Acute lead poisoning may produce the fanconi
syndromes of aminoaciduria, more often seen in children
(Kipling, 1976). He also reported that the production
of gout in lead poisoning due to decrease tubular
secretion of uric acid¢ which results in impairment

of renal function.

Biologicel monitoring of subjects exposed to lead
is usually performed by measuring the concentration
of lead in whole blood. It is believed that blood lead
reflects the current exposure status of a person.

However, it is generally agreed that blood contains

lead in two forms, a non-diffusible form associated

with the erythrocytes and a more biologically active
form associated with the plasma.

Ong et al, (1990) showed that the mean blood lead

level of forty-two lead stearate workers was 0.294 ppm
and that for inorganic lead workers was 0.285 ppm.
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There was g fifty percent reduction in activity of
ALAD in red dlood cells of both groups of workers.

Lilis et sl, (1985) determined the blood lead
levels of six hundred and eighty active copper smelter
workers and they came up with a range of 0.4 - 0.5 ppn.
The copper smelter workers showed mild central nervous

system and musculoskeletal symptoms,

A concentration of G,3 ppm blood lead is currentlx_
proposed as the acceptable upper limit in children
while 0.l ppm 18 the acceptable level for adults
(Chisolm, 1956),

During the study of bibod lead concentration in
some people resident in Kaduna, Mamman, {1989) found
the lead content in all the sample to be below detection
limits (i.e 0.4 ppm).

A summary of dose~response effects of lead

absorption 18 given in table 2.
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Table 2: DOSE~RESPONSE EFFECTS OF LEAD ABSORPTION

BLOOD LEAD LEVEL PPM EFFECTS

1. 0.2 Inhibition of ALAD.

2. 0.4 Elevation of Urinary ALA and
copraporphyrie. _

3. 0.5 Peripheral neuropathy (Subclinical)

L. 0.6 Shortening of R.,B.C life span |

5 0.8 Anaemia

6. 1.3 Impeirment of renal function

7. 1.5 Encephalopathy,

Adapted from Hernberg S. (1975) lead. In Zenz C. (ed)

Occupational medicine. Principles and practical
Application. Chicsego year Book pp 715-769.

2+.11 MAGNESIUM:

Magnesium ig widely distributed in the earth
crust as carbonate, silicate, sulphate and chloride,

It serves as = constituents of alloys used in the steel

industry.

The essentiaglity and function of magnesium to
humans have been well established by many workers
including Prasad, (1978) and Shaw, (19580). <These workers
reported that total depletion of magnesium could result
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results in marked decrease in plasma, urinsry and
fecal mggnesiur end calclium, Decline in serum
potassium level and metabolic alkalosis were observed

in magnesium deficient persons (Prasaed, 1578).

Orel ingestion of magnesium as therapeutic agent
such as megnesium citrate and magnesium-contalining
antaclds eYevates serum magnesium concentration (Wacker,

1980).

Hypomagnesemia may occur due to the following
conditions: ebsroption and excretion defects,
gastrointestinal disorders, protein energy malnutrition
and tetany (Wacker, 1980). Other conditions include
liver cirrhogis, slcoholism, pancreatitis, kidney

and endocrine disorder.

In & study of ninety-six magnesium exposed =
industrial workers by Browning (198%9), its main hazards
are the elicitation of metal fume fever and burns with
cutaneous injury resulting from penetretion of the skin,
The "metgl fume fever" was anelogous to that caused
by zinc oxide while the burns differ in nc way to second
or third degree thermal burns, |

Conjunctivitlis and nasel csatarrah were common in

the ninety-six magnesium exposed workers. Elevation in
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serum magnesium was observed in sixty percent of

the workers, though they had no significant symptoms
of 111 health. In 10,3 percent the serum maegnesium
was twice the normal level 1? 65 pp@)- Seventy percent

had 2 rise in their serum celcium concentration.

Osunkiyesi et al, (1986) determined the serum
magnesium level in twenty-nine normotensive persons
and found the mean value to be 23.11 ppm with a range
of 19.20 ~ 28.54 ppm. Prasad, (1978) had a mean value
of 32.0 ppm with a range of 20,09 to 36.45 ppm.

2.12 MANGANESE:

Manganese is used in iron and steel industry in
the production of alloys, especially of steel (Ferro-
mangenese and silicospiegel) to deoxidize and recarburize
the molten metal and also to give added strength and
hardness (Browning, 1969).

Metalloenzymes namely pyruvate carboxylase and
mitochondrial superoxide dimutase have manganese as
components. However, it also activates a number of
enzymes particularly the glycosyl transferases that
sre involved in polysaccharides and glycoproteins

synthesis (Shaw, 1980).

Deficiency of mengenese in human beings have been

responsible for an asbnormel depression of plasma
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clotting proteins and of serur cholesterol levels
(Doisy, 1974). Menganese has been reported to lower
the blood sugar levels of some diabetic patients
(Shaw, 1980),

Apart from the acute reaction of "metgl fume
fever" caused by the inhalstion of high concentration
of metals, manganese is also known to cause a chronie
disease, "Manganism" occurring after prolonged exposure

to this metal and its compounds (Rosenstock et gl, 1971)

Cotzias et al. (1968) identified the symptomsof

megnganism to include hallucination, insomniag and

mentsl confusion., He discovered that divelent and
trivalent manganese induce degenerative changes in the
nervous systems. Nephritis, liver cirrhosis, anorexis
and muscular fetigue have been observed in patients

of manganism (Rosenstock et g1, 1971). Other symptoms
reported by the same workers are, sexual impotence,
monocytosis, leukoipenia and anaemia. The transitory
psychiatric symptoms are followed by neurologic changes
including disorders of the extra-pyrimidal syatem

(Cotzias et al, 1968).

Patients with manganism had a serum manganese

level of 0.075 ppm as against the normal level of

0.015 ppm (Rosenstock et al, 1971). Mean blood
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menganese concentration in normel person was found

to be 0,008 ppm (Cotzias et gl, 1966)

2.13 NICKEL:

Nickel occurs mainly in deposits of sulphide ores
and constitutes about 0,016 percent of the earth crust,
(Browning, 1969). It has important roles in steel,
batterles, ceramics and glass manufacturing. Other
industrial uses of nickel are, in oils and alloy

production, (Browining, 1969).

Nielsen, (1974) in his report has demonstrated
that nickel plays important roles in metabolism qnd |
structure of membranes and protein (Synthesis of nickelo~
plasmin). Nickel stabilizes RNA and DNA sgeinst thermal
denaturation (Kazimierz et al, 1982).

Exposure to industriel nickel dust causes nickel
dermatitis, which is more commonly referred to as
"nickel itch" (Fisher and Shapiro, 1956), Symeonides
1973). The dermatitis 1s ushered in by itching which
lasts a week before the eruption appears. The primary
eruption, erythematous, erythematopapular or follicular

occurs and may be followed by superficial discrete

ulcers or by eczena,

Acute nickel toxicity causes severe gastroenteritis

following both oral and parenteral administrstion
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(Venugopal snd Luckey, 1978). They reported that
nervous symptoms such as tremor, chorea-like movement
and paralysis cccur prior to death which results mostly

from heart failure,

Chronic toxicity results in degenerative changes
in heart muscles, brains, lungs, liver and kidney
tissues (Symeonides, 1973). Venugopal and Luckey,
(1978) also observed a high incidence in pulmonary

diseases in nickel-exposed workers.

However, Symeonides, {1973) observed that metalic
nickel toxicity is rare even in industrielly exposed
workers, HBe also pointed out that the main industrial
hazard of nickel is that of exposure to nickel carbonyl
pelisoning, which is characterized by lesions of lungs,
brein, heart and kidney (Kinceid et al, 1956;
Symeonides, 1973).

Nelson, (1974) reported that the rean blood
concentration of nickel in humsn subjects is 2.6 x 10«3
ppm with & range of 1.1 x 10-3 to L1.6 x 10-3 ppm.
Blood nickel levels in twenty patients with acute
nickel toxicity were within the range of 0.03 ppm
to 0.12 ppm (Venugopsl and Luckey, 1978).
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2.1 ZINC:

The essentiality of zinc toc plants, animals and
man has been well established by many workers
(Prasad, 1576; Venugopal and Luckey, 1978; Underwood,
1677). Many enzyme proteins and other macronutrients

cannot function and some cannot even exist in the

absence of minute amount of zinc.

The most important biological function of zinc
appears to be related to its rcle in DNA and RNA
gynthesis and cell division (Prasad and Obserleas, 1974).
Recent studies by these workers indicate that thymidine
kinase, RNA polymersase and DNA polymerase are zinc

dependent. Zinc also regulates the activity of RNase.

Owing to the widespread presence of this element
in food and water supplies, zinc deficiency in man was
once believed to be impossible. However, Prasad (1976)
described zince deficiency in eleven Iranian men and
demonstrated that growth retardation and gonadol hypo-
function were related to zinc deficiency. Other

symptoms includes partial loss of taste sensation and
hepatosplenomegaly (Prasad, 1974).

Inbalation of fresh fumes containing fine particles

of zinc oxides gives a toxic reaction characterised by

the acute onset of fever, shivering, dyspnoe, muscular
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fatigue and nzusea (Ross, 1974 and Ulvik, 1983).

The disease which 1s known as zinc fever 1s a self-
limited condition with complete recovery within 2 =
48 hours. The symptoms are easily misinterpreted as

influenza, virus infection or pneumonia,

Roes, (1973) found that LO% of zinc fever was
caused by welding galvanized steel on 2 zinc coated
surface. However, fumes from many other welding metals
including iron can be the cause of metal fume fever

(Anseline, 1972).

The serum zinc level was raised for twelve days
in eleven petients after the exposure to zinc fumes
(Ross, 1974). The range was 4.0} to 5.64 ppm. Anseline,

(1972) demonstrated an elevation of pulmonary isoenzyme

of lactic dehydrogenase.

In contrast to Ross (197L) findings, Ulyik, (1983)
found a subnormal values of serum zinc in a zinc fever
patient. The range was between 0.3 to O.4 ppm.

Reasons for these subnormal values are not yet understood.

However, Lekakis et al, (19680) reported that serum

zinc levelsare low in inflammatory conditions and

tissue damage such as myocardiesl inarction.

Many investigators (Solomons, 1979; Prasad et gl.
1974; and frasad, 1976) have demonstrated a linear
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relationship between albumin concentration and blood
Zzinc level. Diseases like hepatic cirrhosis and
kwashiorkor that depress blood albumin content have
been shown to directly reduce blood zinc concentration -
(Solomons, 1979). Other conditions that lower bloed
zinc include, pregnancy {(Prasad, 1974), inflammatory
conditions (Solomons, 1979), and exogenous gonadal

hormones such as contraceptive agents (Prasads, 1974).

Hyperzincemia may be genetically determined
(Smith et al, 1970). They reported a high level of
plasma zinc in five out of seven members of one family
and in two of three second generation individuals.
Increased level of plasme zinc was not accompaenied by
any adverse ¢linical features, the metabolic or

absorptive defect accounting for this phenomonon

Temzins unresolved,

Serum zinc values were determined in twenty~three
heslthy persong and the mean velue was found to be
0.899 ppm (Parker et al, 1967). This valuefan
agreement with that of Widdowson et al, (1974)
Osunkiyesi et al, (1986) found serum zinc range in twenty-

nine person to be between 0.82 - 1.37 ppm.
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3.0 MATERIALS AND VETHODS

3.1 CHEMICALS

Tripelmitin, trioclein and cholesterol were
obtained from sigma chemical, Co. U.S.4A. Sulphuric
acid, phospltoric ecid, ehloroform, hydrochloric
ecid, ferric chloride {hydrated), lead nitrate,
vanilln, cedmium nitrate and arsenic trioxide were
obtained from May and Baker (M & B) Ltd, Englend and |
were of anaglyticel grade. Mangsnous sulphate tetrshydrate,
zinc sulphate heptahydrate, antimony granules, bismuth
granules, purified cobalt copper metal, nickel metel
end magnesium ribbon were purchased from British Drug
House (BDH) chemical Ltd, London, Acetic acid, nitric
ecid and all other reagents used were of general

purpose reagents grade, obtained from Hopkin and
wWilliams Ltd, England.,

3.2 BLOOD SAMPLE:

Blood samples were obteined from eighty-two

subjects whe work in the factory production lines at
Ajaokuta steel factory, Ajackuta, Kwara state, Twenty
students of Ahmadu Bello University, Zaria who have

never worked In a factory were used as controls.

Venous blood samples were drawn from the fore

arm of subjects into syringes conteining elther heparin
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or ethylene diamine tetraacetic acid (10% EDTA)

as anticoagulants.

Heparin was used as the anticoagulant in the
whole blood samples collected from the steel workers
while ethylene diamine tetraacetic acid (10% EDTA)
served as the anticoagulant in the blood from the

controls.

3.2.2 LPreparation of serum semples:

- T G O B D S e

Blood was allowed to clot for 1 to 2 hours at

37°C. The samples were left in a refrigerator overnight
at I..JFOC and then centrifuged to separate the serum.

Both whole blood sarmples and sera were stored
in pyrex sample bottles in the freezer at -20°C, until
used for anslysis.

3.3 DETERMINATION OF TOTAL LIPIDS:

Serum total lipids were determined using the
phosphoric acid vanillin reaction method (Frings and
Dunn, 1970). Aliquots of the serum semple (200 ul)

vere heated with 5.0 ml concentrated sulphuric acid
at 100°C for 10 minutes, After allowing to cool to

room temperature (25°C) 200 ul of the contents of

each tube was transferred to a ¢lean cuvette 112 x

75 mm) and 3.0 ml of phosphoric acid - vanillin reagent
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was added, The cuvettes were allowed to stand in the
dark for 60 minutes. Absorbances of specimens and

standards were taken at S20 nm.

Standards of concentrations 200, 400, 600, 800

and 1,000 mg/100 ml were used to prepare a cqlibration
curve (Appendix 1),

Total lipid concentration/100m) was determined

as:

Mg total 1ipid 100 ml serum = AU  x Cs
As

Where:
Au = Absgorbance of gample

As = Absorbance of standard

Cs = Concentration of Standard.

3.4 DETERMINATION OF TOTAL CHOLESTEROL:

Total serum cholesterol was determined by the
colorimetric method of Zlatkis et al, (1953). 100 ul
of serum samples were transferred into glass-stoppened
centrifuge tubes and 4.9 ml of 10% ferric ehloride
acetic acid (1:2 v/v) was added to each tube. The
contents of the tubes were mixed well and allowed to
stand for 10 = 15 minute for the protein to flocculate.
These were then centrifuged for 5 min, 1,5ml of

concentrated sulphuric acid was added to 2.5ml of the
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clear supernstant and the mixture was allowed to
stand for 20 -~ 30 minutes. Absorbances were read

at 560 nm,

Standards of concentrations, 100, 200, 300
and 400 mg/100ml were used to prepare a calibration

curve (Appendix 1).

Total serum cholesterol was calculasted as:

Mg total serum cholesterol/100ml serum

= Au X Cs
As
Yhere:

Au = Absorbance of samples.
Ag = Absorbance of Standard.

Cs = Concentration of Standard.

3,5 DETERMINATION OF TRACE METALS:

S W ST N S - S

Trace metals in both serum and whole blood were
determined using an atomic absorption spectrophotometer
(Pye Unicem sp 9). Megnesium, copper, iron and zinc
were determined in serum while ersenic antimony bismuth,
cobalt, cadmium, lead, manganese and nickel were

determined in whole blood.

Samples were digested or diluted. The concentrations

of the metals in ppm in each of the sample solutions
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were read off from the calibration curves prepared
for the metals (Appendix 1). “he velues obtained

were multiplied by the appropriate dilution factors,

3.5.1 Preparation of semple solutions:

The serum samples for magnesium analysis were

prepared by the method of Willis, (1974). Serum was

diluted 1:100 with 0,1% (w/v) lanthanum chloride to
suppress any interference from protein and phosphate.

The diluted serum was aspirated directly into the atomic

absorption spectrophotomoter (A.A.S).

Serum copper and zinc levels were measured by
the method of Parker et al, (1967), Dawson et gl.
(1968). Serum samples were diluted 1:10C with deionized
distilled water.

Serum iron was determined by the method of Bruce
and Whiteside (1981). Samples were diluted in ratio
1:1 with 10% (w/v) trichloroacetic acid to precipitate
the proteins, Determinations were carried out on the

supernatant liquid after centrifuging.

Other trace metals, antimony, arsenic, biamith,
cobalt, cadmium, mangansese, lead and nickel were
determined in whole blood. The samples were digested

using the "complete digestion technique” as described
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by Shozo (1982). ©Sml of the mixture of nitric

acld, sulphuric acid and perchloric acid (3:1:2)
was added to 1ml of the sample. This was then hested
at 200 - 250°C until the mixture was clear. The

colourless sclution was aspirsted into the A.A.5 for

reading.



51.

CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

- — T —— -

T TOTAL LIPIDS:

The effect of sex on serum total lipids
concentration of controls end steel workers are
presented in table 3. Contrary, to the reports of
Lopez et al, 1967; Stenley et g1, 1975; Datta and
Ottaway, 1975, who indicated that adult males have
higher serum total lipids levels than their female
counterparts, female controls had significantly
(P/0.05) higher serum total lipid content than male
controls. This could be because of the increased 1lipid
mobilization which is caused by female sex hormone
shortly before their mentrual period (Taylor, 1971).

It could also be attributed to better nutritional

status of femele controls relative to the male controls,
since women of higher nutritional status heve higher
total lipid levels than men of lower inccome and
nutritionsl status, (Onitiri, 1977). With the
exception of the differences between blood lipid
content of female controls and that of mele controls,
there was no significant (P/0.05) variation in serum

total lipid levels of the female and male steel workers.

Serum total 1lipids concentrations (table L)
in the controls were slightly higher than that obtained
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TABLE 33 EFFECT OF SEX ON SERUM TOTAL LIPIDS, CHOLESTEROL, COPPEE, IRON, MAGNESIUM AND ZINC

TOTAL LIPIDS CHOLESTEROL COPPER IRON MAGNESIUM ZINC
(Mg/100m1) (Mg/100m1) (ppa) (ppm) (ppm) (ppa)
Male Controls md.rmm 199,97 1.23 3.69 25.86 o.mm_u
+81.39 428,92 +0,33 +1.68 +3.51 +0. 31
(425-750) (165-255) (0.76-1.97)  (1.00-8,50)  (20.32) (0.33-2.33)
n=16 n=16 n=16 =16 n=16 n=16
.P“Mmc._ P“M_m-_a m.ﬂmml.u N‘“NWOA wnmmo.u ”ﬂmm.u
Female Controls 7.00,00% 232,23 1.57 6.63 27439 128
(6504750) (173-255) (1.76-1.82)  (5.00-8,50)  (23.8-29.7)  (0.66-2.33)
n=l n=l n=l n=L n=l n=4
a=21 a=21 a=21 a=21 a=21 a=21
Mele Stesd 570.85 180.07 1.14 3.5k 26,38 1.860
Workers £118.4 +43.98 10,36 +1.98 +3.28 +1.03
(350-925) (91-287) (0.61-2,12) (1,00-8,50)  (19-33) (0.52-3,50)
n=80 n=60 n=80 n=60 n=80 n=80
_a=30 a=30 _a=30 a=30 a=30 a=30
Female Steel 512,50 180,45 0.99 5.09 27.56 1.41
Workers +17.80 +3.041 0,32 437 +1.15 +0.04
(500-525) (178-182) (0.76-1.06) (2.00-8,18) (26.74-28.37) (1.38-1.43)
n=2 n=2 n=2 n=2 n=2 n=2
a=23 a=23 a=23 a=23 L yd

NOTE:

Results are expressed as Mean + Standard deviation.

Values in parenthesis are the ranges for each parameter.

n represents number of subject.

a represents the average age of subjects,

Statistical analysis: Figures with similar superscripts are significantly different at mmb-om.
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TABLE L:

CONTROLS AND STEEL WORKERS

SERUM TOTAL LIPIDS, CHOLESTEROL, COPPER, IRON, MAGNESIUM AND ZINC CONCENTRATION IN

TOTAL LIPIDS CHOLESTEROL COPPER IRON MAGNESIUM ZINC
(mg/100m1) (mg/100m1) (ppm) (ppm) (ppm) (ppm)
Controls mwm-.wm NO@.:N JQMN _._-aNm Nm.A\_w O-wwm
+90.49 +32,79 +0.33 +2.01 +3. Y% +0,55
(T,25-750) (765-255) a.qmi.@d (1500-8.50) (20-32) (T.33-2.33)
n=20 n=20 n=20 n=20 n=20 n=20
a=2l4,13 a=2l; .3 B=2l,.3 B=2l,3 a=24,3 a=2.3
Steel workers 568,25 183,82 1.1 3.62 26,43 1.852
..mgom.qr +41.92 +0.39 wu.mm n Hu.ww +1.23 .
50-925 1-287 0.61=2.12 1,00-8,18 19- 0.52-5,
3 n=82 (9 Hummu ( n=82 ) A n=82 ) NIMW ( ﬁlwwr.
a=30 a=30 a=30 a=30 a=30 a=30
m.ﬁmmu. f.OH*@H..m ds.mﬁ x_wmaomg Aﬂuwomm A.ON WQmm mm.mw dnﬂr
have spent less +113.64 +85.85 +0,22 +2.02 +3.26 +1.24
five years in the ([00.925) (51-247) (0.76=-1.36) (1.00-8,18) (19-32) (0.62-5.48)
industry n=21 n=21 n=21 n=21 n=21 n=21
a=26,5% a=26,5 a=26,5 a=26,5 a=26.5 a=26.5%
Steel workers that 57L.59 154..67 1.26 3.69 26.16 1.94
have spent five +103.81 +43.93 +2.41 +1.96 +3.25 +1.90
years and above (350-300) (91-286) (0.,61-2.12) (1.00-8.18) némnmuv no.mmuw.umu
in the industry n=561 n=61 n=61 n=61 n=61 n=061
a=33.5 a=33.5 a=33.5 a=33.5 a=33.5 a=33.5

NOTE:

Results are expressed as Mean + Standard deviation,

n represents number of subjects,

a represents average age of subJects.
Values in parenthesis are ranges for each parameter,
Statistical analysis: Figures with similar superscripts are significantly different at P/0.05.
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TABLE 5: RELATIONSHIF EETWEEW AGE, SERUM TOTAI. LIPIDS

CHCOLESTERCL AND TRACE METAL LEVELS
Independent Dependent Correlation Level of
variable Varlatle Coefficient Significance
Age Totel 1ipids 1 -0.057 -
Age Total lipilds 2 -0.19% -
Age Cholesterol 4 0.170 -
Age Cholesterol 2 0.166 -~
Copper Total lipids 1  ~0,36L P/0,10
Copper Totzl 1ipids 2  «~0.294 P/0.0E
Magnesium Totsl lipid 1 ~0,29¢ -
Magnesium Total lipids 2  -0.277 F/0.05
Iron Total lipid 1 0.426 P/0.05
Iron Total 11pid 2 0.336 F/0.05
Zinc Total 1ipid 4 -0,274 -
Zinc Totel lipids 2 0,230 P/0.40
Copper Cholesterol 1 0.28% -
Copper Cholesterol 2 0.295 P/C.05
Iron Cholesterol 1 0.123 -
Iron Cholesterol 2 0,192 -
Magnesium Cholesterol 1 0.258 -
Megnesium Cholesterol 2 0.243 P/0.1
Zinc Cholestercl 1 «0.163 -
Zinc Cholesterol 2 -0.183 -
Copper Iron 1 «0.265 -
Copper Iron 2 =0.,189 -
Copper Magnesium 1 =0,237 -
Copper Magnesium 2 =0.2L46 P/0.05
Copper Zine 14 -0,08% -
Copper Zinc 2 0,088 -
Iron Magnesium 1 0.199 -
Iron Magnesium 2 0.728 P/0.01
Iron Zinc 1 =0.372 P/0.10
Iron Zinc 2 =0.241 P/0.10
Magnesium Zinc 1 -0.198 -
Magnesium Zinc 2 =0.,284 P/0.05
NOTE:

1 represents controls.
2 represents steel workers

- means no significance.
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in the stevl werkers, which might be due to dietary
variation (d¥ann et al., 1975 and Onitiri 1977)., However,
there were no significant (P/ 0.05) 2ifferences

between the blood lipid content in conitrola and those

in the steel woerkers.

The female controls had significantly (P/0,05)

higher total 1ipid content than the femile ateelworkers,
This could be because the former 2re of better nutrional
nutritionz) etatus than the lattsr (Cniiiri 1977).

However there were no significant (P/0.05) differences
between the total 1lipid concentration in the male cc:utrols

and the levals in the male gteel-workern,

The totul 1ipid levels in the gteel -workers that
have spent less than five years In tha industry did not
differ sipgnificantly from the concentrations in workers
that have spent more than five years in the industry,
2g such the duration of service in the steel industry
did not affect the levels of total lipide in the steel-~

workersa.

Table % and figure 2 indicate that there ia s
negative reiationghip between totnl 1iriq concentrations
and blood icveis of copper and zine, This in consiatent
with previcus reports (Prasad and Cbsarieas, 1974; Shaw
1980; Osunkivesi et al., 1986), whe indicated that high

blood concertration of copper and zino dénrea%
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total 1lipi! councentrations. Thus., the signifilcantly
(P/0.05) nigker zine levels in tho steel workers asg
compared to controls could accourt for the lower
blood 1lipld content of the former ¢ compared to the

levels in the controls.

The renult {Table 5 and appendix ) indicate thai
at % level of sipgnificance serum total lipids level
raigses with increase in blood irocxn,. This could be
becauge of the absolute demand for iron Ly enzmymes
involved in 1ipid synthesis )(Prosad 1578). Bince copper
and zinc dsyprzas serum btotal lipid ceswwdration
(Ozunkiyesi 2+ al,, 1986) and iror ig & wetabolic
antagonlst <o thege wetilg (Mnderwod 1977), iron can
alleviate iL:e suppression of bloci tetal 1ipid by copper
and zince. This co1idd be the redwon why fhe total 1lipid
content in steeiworkers wAs normal dsuplie the high

gerum z1ne lLevels in thege subjecto.

Table 5 also indicates that there ‘g aﬁ increase
relationship between gerum copper, magnesium and zino
levels and the total 1ipid concentrat%ongog This is in
agreenant with the reports of Undsrwodd 1977 and Prasad
1978, Howzvar the inverse relationshipy boetween these
metals and total 1ipid content has been chown in this
work to be nsignificant, The resuwits #2lso show that
there 1s an insignificant inverse relationship between

age and toi&i lipid levels in the gtudied subjecta,
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The iron and steel industry scewms net to have
any adverge effect on the blood total 11pid of the
steel workersg, since the valuesg vbtained for these
workers and their controls are within normal range,
Normal gerum lipid concentration in hralthy persons
falls within the range of 400 - OO me/100ml (Jacobs
and Henry 1962; Frings and Dunn 1970).

CHOLEETEROL:

—— — — Pt e o

Serum cholestercl concentratizns {Pable 3) in
both femals controls and gteol wonrker: wesre slightly
higher than those of their male counterpsrts. Thias
obgervation is in line with the revorts 2f Taylor and °
Reed et al. (1972, Bamgboye {1979) and Castle (1982)
who indicated that adult females of betier nutritlonal
gtatus have higher blood cholesterecl th;n their male
counterparts of lower nutritional atatus., Thusg, the
female subjects could be better off than their male
counterparts in the sense of nutrition. This may also
he the reason why the controls (Tatle 4) have a
slightly h1gh9r blood cholestercl content than the

ateel workera.

Thers =235 nu sisnificant (P/0.05) variation in
gserum cholestercl levels of the male controls and those
levels in the mile steel workers. Simllierly serum

cholegtercl concentration in the female controls did‘not
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differ significanily (P/0.05) from the concentration in
the male steel workers. It was &lso obgerved that
there were no significant (P/0.03) differences in the
cholesterol levels of the stesl workers and those of
their contrels. No significant (p/0.0%) effect way
obgserved in gserum cholesterol zcontent duer 1o duration

of gervice in {he industry.

Table S and appendix 2 indicéte fhat?%here is an ¢
iﬁﬂignificant (P/0.05) positive ausociation between serum
cholesterol countvent and the seruw ievela of copper, iron
magneaium and zinc. Thig regult &lasc shwws that gerum
cholesterol raises with age however ﬁhig observation was

inaignificant (P/0.1),

3lood cholesrerol levels of hoth alteel workers
and their controls fall within normal range. The
observed normal cholesterol levels for miale and female
population fall within the range of 162 - 306 mg/100ml

and 157 - 327 mp/100ml respectively (Reed eh al., 1972)

4.3 TRACE 1sETALS:

e B e i et it e

There wore no significant (P/0.01Y variations in

k.

the serum copper concentrations of all the studled groups.

No signilicant (P/0,05) differencen were obgerved in the
levels of copper in the subjects due +inc the effect of
gex, working in the steel industry and duration of service

in the ftactory.
' '
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Values obtained for serum copper levels in both steel
workers and thelr controls are in conformity with
the value in normal subjects. Parker et al, (1967)
and Dawson et al, (1968) reported thai the normal

range ot serum copper in clinically nealthy person is

007 - 1--’3. ppm.

Table 3 indicates that the femule subjlects had
slightly higher blood iron ceacentration than their
male counterparts. Since ingestion of iron tablets
can elevate blood iron level (Shaw, 1980), it is
posgible that ;he female subJects take iron supplements.
Moreso, in a discussion with the femsle controls, some
of them agre=d that they take iror: tublets during and
immedizately after their menstrual period. However,
the serum iron in both male and female subject did not
differ significantly (P/0.01). Simijarly serum iron

contenl in controls did not dif{fer eignificantly

(P/0.01} from those in the two groups of steel workers.

Tha lack of variation in the iron levels of steel
workers and controls is in agreement with the findings
of Prowning (1969); arena (1574} sano Frasad, (1978)
who reported that acute and chronic ifiron toxicity have
not been demonstrated in workers of iron and steel

industry, and that most cases of iron toxicity are due

to accldental ingestion of iron compounds or from its

therapeutic uses.
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Serum iron values obtained for controls and
steel workerg are slightly higher than ncrmal values
reported by TLewis (1971) and Osurkiyzai et al (1986).
The elevatad blood iron in the studied subjects could
be ag a result of ingestion of iron from tablets
(Shaw 1980 or from food and drinke prepared in iron

cooking utensile (Venugopal and Tuckey 1978).

Apart from showing the level of blood iren in
ateel workera, tuis study (Table 5 and figure 3%)
demonstrate that there is an inverse relationship
between blood iren and zine. This agrees with the
statement that iron is a metabolic antagonist of zinc
(Underwood, 1977). Though not significant (P/0.1),
magnesium concentration increages with rise in blood ircon

level.

There wore no significant (P/0.05) differences in
the serum mzgnesium levels in all the studied groups
and the blued wagnesium values obtained for both steel
workers and their centrols are within normal range,

The observed normal blood magnesium levels for healthy
persons fall within the range of 19,20 - 36,45 ppm
{Prasad 1978)., The effect of sex, workings in the steel
industry and duration of service in the industry did not
have any significant (P/0.05) effect on the level of

magnesium,
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The gerum zine concenitration in the steel workers
(Table 4) were gignificantly (P/0.0%) higher than those

in the conteolg. Similarly the levels in the gteel workers
that have gprent five years and above in the indusiry,

were slightiy nigher than the levels in workers that

have spent Lezs than fivelyears. It ts noteworthy to

mention that, while serum zinc¢ corcentrationsg in controls

were normal, the levels in steel wourkoers were higher than normal
normal blood zine roncentraticn. The normal blood zine

range for clinically healthy persons is tetween 0.82 = 1,37

ppr (Parker et al. 1967; Widdowsen gt Aal..1974; Osunkiyesi

et al, 1986), Therefore, the elevated serun zinc in sieel
workerg might posaibly be due to exposure to zine fumes

in the industbtey, High serum zinc conventrations have heen
shown in weﬂdersﬁéxpoéed to zinc oxide fumes during welding
{Anseline, 1972; Roay 1974) and in steel vorkers expoped

to metallurgsical dust (Miller et ai. 197%), Howsver gex
has no gignificant effect on the Tavel of zinc in the
studied subjects.

I |

e P

ifigh serum zinc results in "metal fuuwe fever" a self-
limited condltion with complete recovery in 12 - 48 hours
{Ross 1974). The symptoms are fever, shivering, dysnoea,
nauser and vomitting., Thiag condition is protective, ﬂnd
trics to provent injury of {ihe resplirwry aystem (Prasag

1976),
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Zinc interfers with the metabolism ¢f iron, 2opper
and calciur {Underwood 1977) and in zinc toxicity there
are subnormzl concentrations of ihese elements (Prasad
1976), With prolonged zinc toxicity, deficiencies of
these elements ensues resulting inio anaemia, "falling
disease" (inefficient cross-links in elastin and collagen)

and osteomalacia (softening of bones), (Prasad 1976).

Serum cipases are elevated in hyper-cholesteremia
(Underwood 1977). Hyper-cholesteremia has been associatesd
with atheroselerosis and other cardiovagecular digeages
(Mattingly ¢t al 1956) as such zinc toxicity could be a
predisposins factor in the incidence of cardiovascular

digeasges.

Blood concentrationas of santimony, zramenic, bismuth,
cadium, cobalt, lead, manganese and nickel were not

detected in both controls and steel workers,
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CONCLUSION

——————

In view of the foregoing work we oUserved that:
Working in Ajaokuta Steel Induslry did not have

any significant (P/0.05) etfect on the levels of

serumr total lipid and cholestercl in the workers,

The Steel Industry did not have any significant

(P/0.05) effect on the levels of serum copper, iron

and magnesium in the workers.

The steel workers had a significantly (P/0.05)

higher serum zinc than the rontrols. The steel
industry seems to have elcvnted the concentrations

of serum zinc in the workers tc above normal levels.
rxcept for the female contreols that had significantly
(P/0.05) higher serum total lipids than the male
controls, sex did not have any sianificant (P/0.05)

effect on the concentrations of serum, cholesterols,

copp«r, iron, magnesium and zinc in both controls

and steel workers.

The duration of service in the industry did not
have any significant (P/0.0%) effect on the

conceritrations of serum total lipids, cholesterol,

coppor, iron, magnesium and zinc in the steel workers.

Antimony, arsenic, bismuth, cadmiom, cobalt, 1lead,

manranese and nickel were not detected in the blood

of both steel workers and Lneir controls.,

Except for the concentrations of zinc that were

shown to be akove normal in the stee! workers, all other



studied parameters were within normal range, therefore

the management of Ajaokuta Steel Industry should
improve industrial hygiene with a view of eliminating
zinc and other heavy metals from the metailurgical

dust,

Symptoms associated with chronic toxicity of metals
take long period before they manifest in exposed perscns
(Miller et al, 1973). As such, periodic monitoring
of the levels of the studied metils in tne steel workers
will be useiul in assessing the hezlith of the workers
and tte occupaticnal risk factors involved in iron and

steel industry.
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appendix - 2.1 Relationship between total lipid

and Copper,

appendix - 2.2 Relationship between total lipids

and Zinc

appendix - 2.3 Relationship between Iron and Copper.
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