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ABSTRACT: Bone, the largest repository of lead (Pb) in the body, is not metabolically inert. Bone thus responds to
environmental toxins and pollution. Bone metabolism was examined in 86 all male lead workers drawn from various
lead-based occupations, and 51 apparently healthy subjects who had never been occupationally exposed to Pb. The
mean age of the Pb workers was 36.0 + 0.03 years (+ SEM) while that of the control population was 36.6 + 1.2 years (+
SEM).

Blood lead concetration was significantly highe in the exposed than in unexposed subjects (p < 0.001). The
biomarker of environmental exposure, uric acid, was also significantly higher in Pb workers than in controls (p < 0.01).
Additionally, uric acid was positively correlated with blood lead (PbB) level (r=0.24; p< 0.026), serum zinc level was
also significantly higher in the exposed than unexposed subjects (p < 0.001).

In contrast, total and ionized levels of the major bone mineral, calcium, were lower in exposed than unexposed
subjects (p < 0.01 and p < 0.001) respectively. Calcium also appeared in the multiple regression analysis model,
indicating important association between lead and calcium. In addition, 19% of exposed subjects demonstrated
calcium level below 2 mmol/l (8 mg/dl) while only 4% of unexposed subjects demonstrated similar calcium levels.
Magnesium, inorganic phosphate, total protein and sub-fractions total and bone specific alkaline phosphatase (BAP)
were statistically similar in exposed and unexposed subjects (p > 0.05) in all cases.

Occupational lead toxicity and exposure to increasingly polluted environments impair bone mineralization which
may lead to increased incidence of bone disease (such as osteomyelitis and osteoporosis) in human and animal
populations. This is already a big health problem in the developed countries. This is frequently ignored in current
environmental health concern in developing countries.
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Introduction
Lead is a prime environmental pollutant and occupational toxin (Goyer, 1971; Rainey, 1993). Over 95%

of the adult body burden of lead is in bone (Anon, 1991; O’Flaherty, 1992). About three decades ago, it
was considered that the average adult harbours about 150 to 400 mg of body lead and has blood levels
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which average 25 pg/dl (Goyer, 1971). With increasing environmental pollution arising from increasing
industrialization which entails more consumption of lead and lead products including use of gasoline with
high lead content (Sofoluwe, 1977; Ayoola, 1979; Okoye, 1994) this level is likely to rise. Many variables
in the absorption, storage and excretion of lead modify the blood levels and therefore the toxicity and
severity of lead poisoning.

Contrary to common beliefs, bone is an active tissue which undergoes constant remodelling through the
opposing forces of bone formation and resorption and these are controlled by a complex array of growth
factors and cytokines (Scott, 1995).

When considering lead toxicity and its associated environmental impact, it is often forgotten that the
highest reserve of lead, i.e. the bone, is not inert and that there is a dynamic interplay between the reserve
and the commonly measured blood lead level. Therefore, our understanding of bone metabolism needs to
be improved in considering lead poisoning. This study was, therefore, designed to fill this gap inknowledge
which currently exists in Nigeria and most developing countries where the problem of heavy metal
pollution is paralleling industrial development (Last, 1987; Anon, 1996; Attah, 2000).

Materials and Methods
Subjects

The subject population comprised eighty-six (86) workers. They were all drawn from various lead-based
occupations such as battery charging, house painting, welding, auto-mechanics; plumbing and panel-
beating work.

The mean age of the lead workers was 36.0 (+ 0.03 SEM; range 21 — 66) years and they were all
adjudged to be clinically healthy based on a medical and social questionnaire which was administered.
Most of these lead workers had low level of education and had little knowledge of the risk of continued
exposure to lead.

The control population comprised fifty-one (51) workers who had never been occupationally exposed to
lead. Their mean age was 36.6 (+ 1.2 SEM; range 22 — 58) years. Informed consent was obtained from all
the subjects selected and the ethical committee of the University of Ibadan College of Medicine approved
the conduct of the study.

Collection of Blood Samples

About 15 ml of blood was obtained from each subject using disposable, pyrogen-free, plastic syringe
(Becton-Dickinson, Dublin). The blood was dispensed into lead free heparin tubes (Becton-Dickinson,
Canada) and anticoagulant free tubes for lead and other biochemical measurements respectively. Serum
samples that were not immediately required were stored at 20°C.

Determination of Biochemical Parameters

Whole blood lead concentration was determined by atomic absorption spectrophotometry using the
modified method described by Hessel (1968). The AGW AES model 200A flame atomic absorption
spectrophotometer (Analysengerate GmBH, Germany) was employed. Total blood serum calcium was
determined by standard methods employing O-cresol phthalein complexone (Baginski et al., 1973). Serum
ionized calcium was computed by the modified method of Beeler and Catrou (1983).

Inorganic phosphate was measured by the method of Fiske and Subbarow (1925). Uric acid was
determined by the method of Fossati e al. (1980). Serum zinc level was determined by the method of
Smith et al. (1989). Total protein and albumin were determined by standard methods using Biuret and
bromocresol purple respectively.

Total and bone isoenzymes of alkaline phosphatase were determined by the native and the heat
inactivation methods of Fitzgerald et al. (1969). Magnesium was determined using a commercial
magnesium kit (Sigma Diagnostics, St. Louis, MO, USA).
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Statistical Analysis

Statistical analysis included Student’s two-tailed t-test for unpaired data, single and multiple regression
analysis. The dispersion of data is given by standard error of the mean (SEM).

Results

The results obtained from exposed and unexposed subjects are shown in Tables 1 and 2. The blood lead
concentration in occupationally exposed subjects was significantly higher than in unexposed subjects (P <
0.001, Table 2). Serum uric acid level was also significantly higher in exposed subjects than in unexposed
individuals (P < 0.001). In addition, there was also significant positive correlation between serum uric acid
level and blood lead level (r = 0.24, P < 0.026).

In contrast, total serum and ionised calcium levels were significantly lower in occupationally exposed
than in unexposed subjects (P < 0.01 and P < 0.001, respectively) (Table 1). Additionally, 19% of exposed
subjects had calcium levels below 2 mmol/l (8 mg/dl) while only 4% of unexposed subjects exhibited
similar levels.

The srul levels of inorganic phosphate, magnesium , total protein and albumin were all statistically
similar in exposed and unexposed subjects. Similarly, the biochemical markers of osteoblastic disorder,
total and bone isoenzyme of alkaline phosphatase in exposed and unexposed populations also remained
statistically similar (P > 0.05) respectively.

Table 1: Indices of bone metabolism in exposed and unexposed subjects.

Biochemical Parameters Exposed Unexposed t P
Total calcium (mmol/l) 2.2+0.02 2.31£0.02 2.6 P <0.01
Tonized calcium (mmol/I) 0.87 £0.001 0.99 £0.001 6.67 P <0.001
Inorganic phosphate (mmol/l) 1.18 £0.003 1.12+0.029 1.5 P>0.05
Total alkaline phosphatase (ALP) 32+£1.48 33+1.71 0.5 P>0.05
d.u.m

Bone isoenzyme of ALP (I.U./1) 27 +£1.17 24 +1.67 0.5 P>0.05
Total protein (g/1) 82+5.6 75 £1.60 1.05 P>0.05
Albumin (g/1) 44+04 44 +0.5 0.5 P>0.05
Percent of subjects with total 19 4 - -

calcium below 2 mmol/l

Values represent the mean + SEM

Discussion

Lead in bone is of interest for two principal reasons. Bone is the largest repository of the body lead
burden. Secondly, it is feared that lead may have effect on bone metabolism.

The significantly elevated lead level in occupationally exposed subjects is consistent with previous
reports in similar populations (Gibbon et al.; 1968; Mason et al., 1990; Gennet et al.; 1992; Kim et al.,
1995). the level of blood lead in occupationally exposed subjects falls within the range currently clasified
as severe lead poisoning (WHO, 1980; US Department of Labour, 1990; Adeniyi and Anetor, 1999). The
blood Pb level for unexposed subjects also gives cause for concern. It also reflects and confirms significant
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environmental pollution earlier reported by Okoye (1994). This has also been extensively commented on in
a previous report (Adeniyi and Anetor, 1999).

Table 2: Blood lead, serum magnesium, uric acid and zinc levels in exposed and unexposed subjects.

Biochemical Parameters Exposed Unexposed t P
Blood lead (umol/1) 2.72 £0.05 1.47 £0.07 18.9 P <0.001
Zinc (umol/1) 112 +£6.11 85 +£2.65 4.06 P <0.001
Magnesium (mmol/l) 0.90 £0.05 0.85+£0.06 0.66 P >0.05
Uric acid (mmol/1) 311 £16.6 204 £11.3 5.28 P <0.001

Values represent the mean + SEM

The significantly elevated level of blood lead implies heavy lead burden in the bone, since over 95% of
the adult body burden of lead is in the bone (O’Flaherty, 1992; Goyer, 1993). Information on the tissue
turnover and redistribution of absorbed lead (biokinetics) for adults is non-existent in this environment. The
data of Gulson er al. (1995) have shed new light on the use of blood lead level for this purpose.
Recognition that the predominant source of lead in blood was tissue stored rather than the contemporaneous
environment should greatly modify recommendations on the application of blood lead to monitor
occupational and environmental interactions. Another practical implication of these data is that current
blood lead level reflects both current and past (long term) exposure.

Alkaline phosphatase activity, specifically the bone isoenzyme that was employed in part to assess bone
metabolism, was similar in exposed and unexposed subjects. The bone isoenzyme of ALP found in plasma
is a measure of osteoblastic activity. Thus, it may be suggested that in occupational exposure to lead there
is no significant osteoblastic activity. This is partly consistent with the observation of Klaasen and
Rozeman (1991) that deposition and storage of toxicants in bone may not be detrimental.

Thecause of the significantly decreased total and ionized calcium levels may be attributed to impaired
vitamin D metabolism. Vitamin D is the major stimulus needed for calcium absorption. The physiologically
active form of the vitamin, 1,25-dihydroxycholecalciferol (1,25-DHCC) which results from final
hydroxylation of 25 hydroxycholecalciferol in the proximal tubules of the kidney (after the initial
hydroxylation at the 25 position in the liver) is required for adequate calcium absorption. This activation
process is inhibited by lead, since the kidney is one of the critical organs affected by lead and the portion of
the proximal convoluted tubule (PCT) involved in vitamin D activation is particularly susceptible to the
toxic effect of lead (Goyer and Rhyme, 1973a,b; Quaterman, 1986).

Thus, the most likely explanation for the decrease in calcium level is impairment of vitamin D
metabolism by lead. The decreased calcium levels suggest generalised defects in bone mineralization. This
implies biochemical or metabolic bone disese which encompasses osteoporosis and osteomalacia (adult
rickets).

The effect of lead on renal tubular function is well recognise. Damaged tubules apparently cause
retention of uric acid, which is now considered to be responsible for elevated uric acid level (Ball and
Sorensen, 1969). The significantly raised uric acid level which was also positively correlated to blood lead
level appears to corroborate proximal tubular damage which impaired the metabolism of 1,25 DHCC
resulting in lower calcium level. This is why uric acid is a useful biological marker in environmental health
research (Goldstein et al., 1987). Gitteman et al. (1994) have also reported that uric acid may be a
consistent and reliable biomarker of significant exposure to elad.

The similarity in the total protein and albumin levels in this study excludes alteration in protein
metabolism as possible contributors to the decreased calcium level. The depressed ionized calcium level
may suggest that lead probably has an inhibitory effect on the parathyroid gland. Ionized calcium is
metabolically the fraction which exerts a feedback mechanism on the parathyroid gland. Lead probably
alters this mechanism thus abolishing the expected homeostatic response of this endocrine gland to restore
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ionized calcium to its normal status. This may be peculiar to bone metabolism in excessive occupational or
environmental exposure.

The level of magnesium and inorganic phosphate did not differ between exposed and unexposed
subjects. It is not clear why these minerals which are also intimately involved in bone metabolism are
unchanged. Both minerals are predominantly intracellular. Fifty percent of magnesium is found in bone and
marked alteration in body’s magnesium metabolism can therefore occur with little or no detectable change
in serum magnesium concentration (Smith ez al., 1998). Thus, the non-significant difference in this mineral
constituent of bone may not exclude disordered magnesium metabolism.

Phosphate absorption is also regulated by 1,25-DHCC, thus decreased levels would have been expected,
but exposure to Pb causes damage to proximal tubular cells of the kidney (Goyer and Rhyne, 1973a,b;
Goyer et al., 1989; Goyer, 1993; Landrigon, 1991), leading to retention of phosphate thus obliterating the
expected decrease in this bone mineral. Classically, in kidney pathology, decreased serum calcium level is
accompanied by elevation in serum phosphate (Smith et al., 1998). Thus, the findings in the present study
appear to be in agreement with this classical pattern.

Bone consists of osteoid, a collagenous organic matrix on which is deposited complex inorganic
hydrated calcium salts called hydroxyapatite. Bone formation (osteogenesis) requires osteoid synthesis and
adequate calcium and phosphate for the laying of hydroxyapatite. Bone provides an important reservoir of
calcium and phosphate and, to a lesser degree, magnesium. Alteration in these minerals imply disordered
metabolism leading to decreased mineralization and reduction in bone density, a principal feature of
osteoporosis ( a disease due to brittle bones).

Alkaline phosphatase, the zinc-dependent enzyme secreted by bone-laying cells (osteoblasts) is essential
to the process of osteogenesis due to the releasing of inorganic phosphate from pyrophosphate. The
significantly elevated zinc level in the exposed population excludes zinc deficiency as a factor in the
inadequate bioavailability of phosphate for bone minralization. Decrease in zinc level accounted for the
reduced activity of alkaline phosphatase in the study of Guldager et al. (1996).

In occupational lead toxicity, therefore, owing to the impairment of calcium and phosphate absorption,
bone mineralization is impaired which may lead to defective bone formation that may in turn lead to
osteomalacia (soft and deformed bone) and decreased bone density that may result in brittle bones
(osteoporosis). This may subsequently give rise to increase in the incidence of fractures.

This pattern is also operative in polluted environments as we have it today in Nigeria and most
developing countries (Last, 1987; Okoye, 1994; Adeniyi and Anetor, 1999). Indeed, the reports of Staessen
et al. (1991, 1992) are instructive. A study in a general population showed that chronic exposure to a
polluted environment caused by another environmental pollutant, cadmium, impairs calcium metabolism.
Impairment of calcium metabolism ultimately leads to abnormal bone metabolism that may lead to bone
disease in human and animal populations with serious economic implications for the latter.

The second study by Staessen et al. (1992) revealed impairment of kidney function with increasing
blood lead concentration in the general population, a situation comparable to that in Nigeria (Okoye, 1994;
Adeniyi and Anetor, 1999). This reflects serious environmental pollution with lead. This can lead to kidney
disease, induced bone disorder (renal osteodystrophy), resulting in a painful softening of the bone
(osteomalacia). We are now in a period of epidemiological transition in developing countries associated
with increased environmental pollution and attendant chronic and non-communicable/metabolic diseases of
which osteoporosis is a prime candidate.

The increasing importance of bone metabolism in lead toxicity is indicated by the development of a non-
invasive technique, X-ray fluorescence of living bone (Wieloposkoy et al., 1983; Sommervaile et al.,
1985). Additionally, the stability of lead in bone has led to numerous studies of collection of fossil bones
from cemeteries and human collections in efforts to re-evaluate the role of environmental lead in historical
cultures (Zoomies, 1997). This implies that bone metabolism in occupational and environmental lead
exposure will assume a greater significance in our continuing environmental contamination of the global
environment.

It is, however, often forgotten that observations in human populations also affect animals particularly
the livestock industry. Thus, bone metabolism is also of importance to the agricultural sector. The study of
chronic debilitating disease in horses by Schimitt et al. (1971) in which increased environmental lead
exposure was incriminated serves to illustrate how cooperation among various sectors of the community
can investigate and solve a complex environmental pollution problem. The horses presented with the
following signs and symptoms, loss of weight, generalised skeletal weakness, stiffness of the joints and
harsh dry coats. Later, they became archbacked, listless and emaciated (Cachetic).
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The maintenance of proper skeletal structure is of importance for animal and human health and well
being which, as is evident from the study of Schimitt et al. (1971), can be distorted in occupational lead
toxicity and environmental pollution.

The economic and social implications of inadequate skeletal development and attendant disease have
recently been pointed out by Scott (1995). In the elderly, environmental pollution may exacerbate the
abnormal bone metabolism normally associated with ageing. The population of ageing subjects is also
increasing in Africa and many other developing countries with improvement in economic indices (Unwin
and Albert, 2000). The skeleton also provides important calcium reserve during lactation (breast feeding) if
this reserve is impaired owing to environmental pollution, rickets (soft and deformed bones) may result.
Rickets, a predominantly nutritional disease, has recently been reported to be common in developing
countries (Thatehen et al.; 1999; Bishop, 1999). The contribution of environmental pollution to this
nutritional and metabolic disease may yet be unknown to the scientific and medical communities. Im
addition, lead may be mobilised during normal bone homeostasis which may put the developing brain of
children in developing countries at risk of lead-induced brain disorders (neurotoxic effects) such as
behavioural abnormalities and reduction in intelligence quotient (I1.Q.) levels elegantly enunciated by
Needleman (1990) and Rodier (1995).

A clear consequence of occupational lead toxicity or a polluted environment is impaired bone
metabolism, specifically defective mineralization arising from decreased calcium and phosphate absorption
owing to lead-induced impairment of 1,25-DHC. This may lead to bone disease in human and animal
populations, with serious implications for the livestock industry.

The health of children may also be affected. Impaired bone metabolism in occupational lead toxicity and
increased environmental pollution probably contributes to the incidence of osteoporosis already a major
concern in the more industrialised economies which may also spread to developing countries with
progressive industrrialization.
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