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ABSTRACT

Objective: Todetermineblood levelsof lead and its effects on haematol ogical parametersamong occupational
lead handlers in Enugu, Enugu State, Nigeria. In developing countries, rapid industrialisation has lead to an
alarming demand for lead. Furthermore, the burden of lead toxicity isgreatly underestimated. Hence, the need
to assessthe unavoidabl etoxic effects of lead asdoneinthisstudy.

M ethods: Blood |ead level swere measured by atomic absorption spectrometry (AAS) in eighty one (81) male
subjectsfrom three manufacturing companies, al located in Enugu metropolis, Nigeria. Thirty (30) staff of the
industriesnot directly involved in lead handling served ascontrol group I, whiletwenty (20) apparently healthy
individuals from within the same locality not involved in lead handling served as control group II.
Haematol ogical values, blood |ead |evel sand blood pressure (BP) were established using standard procedures.
Satistical Analysis System (SAS) software was used to analyze the results. P value of < 0.05 was taken as
significant.

Results: Mean blood levelswere7.00 £ 0.07 pg/dl intest subjects; 3.00+ 0.19 pg/dl in control group | and 2.00
+ 0.04 pg/dl in the control group II. There were significant statistical differences (p< 0.05 for each) in
haemoglobin (Hb), packed cell volume (PCV), reticulocyte, tota white blood cell (WBC), monocyte,
autohaemolysis without glucose, and systolic and diastolic pressure between subjects and control group I.
There were also significant differences (p < 0.05 for each) in the mean levels of Hb, PCV, reticulocyte,
eosinophil, monocytes and systolic and diastolic pressures between the test subjects and control group I1.
There were however, no statistically significant differences (p>0.05) in the means of other parameters.
Basophilic stipplingswerenot observedinthered cellsof thosedirectly exposedtolead.

Conclusions: Itissuggested, therefore, that comprehensive and preventive measurestowards exposureto lead
inwork places, and routine haemotol ogical investigationsbeincluded in the bio-monitoring of the health status
of lead workers.

K ey Words: Occupational Exposures, Haemotol ogical Assessment, L ead. (Accepted 19 February 2008)

INTRODUCTION

With global increase in high level of
industrialisation, there has been an increase in the
demand for lead (Pb) and |ead related products.” The
consequence of uncontrolled use of thistoxic metal
in pure or aloyed form among others, include
pollution of the environment especially at the site of
theindustries, homes, etc.”* Lead hasbeenknownto
be toxic to most living things at high doses.®> The
burden of lead toxicity is greatly underestimated™®
because most of the Pb poisonings are clinically
overt*®. Furthermore, there is a paucity of
information on the blood lead levels in the
developing countries’ including Nigeria®. The
suspectedly increasing menacein our environment
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and its unavoidable toxic effects to the organs has
provoked an assessment of the effect of Pb on the
haemopoietic system.

SUBJECTSAND METHODS

Eighty-one apparently healthy male subjectsand fifty
controls (aged between 16 and 65 years) were
recruited for this study. The duration of exposure of
each subject in the job was between 6 months and 20
yearsand only thoseregularly exposedto thelead dust
and fumes were considered fit for the study. Nine of
the subjectswho had some obviousclinical featuresof
lead poi soning such aswrist-drop, insomnia, Burton's
bluelineat thegingival margineetc, wereexcluded.
After obtaining informed consent from each of the
subjectsand pre-test counselling given, 4mlsof blood
wereobtained by venepunture. All blood countswere
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done by standard haematological methods: blood
lead level was estimated by atomic absorption
spectrometry (Model 306, Graphite FurnaceAAS)."
Care was taken to prevent contamination from the
environment of blood specimens during sample
preparation and analysis. The instrument was
adjusted as follows. wavelength () of 217nm, band
pass of 1.0mm, reciprocal sensitivity of 0.06 pg/dl,
detection limit of 0.05 pg/dl, optimum working
range2.5, flametype air acetyleneoxidation (AA)),
hollow cathode lamp (HCL). Haematological
parameters were investigated as described by Dacie
and Lewis" Statisticad Analysis System (SAS)
softwarewasused to analysetheresults. Pvalueof <
0.05wastaken assignificant.

RESULTS

Table | shows blood lead level s and haematol ogical
values in the different study groups. There were
significant differences in the mean levels of blood
lead (Pb-B) (p<0.001), Hb (p<0.0001), PVC
(p<0.05), reticulocyte (p<0.05), tota WBC
(p<0.0001), monocyte (p<0.05) counts, percentage
(%) lysiswithout glucose (p<0.05), systolic pressure
(p<0.0001) and diastolic pressure (p<0.001)
between subject and control group |. There were
also significant differencesin Pb-B levels(p<0.05),
Hb (p<0.001), PCV (p<0.05), reticul ocyte (p<0.05),
eosinophil (p<0.05), monocyte (p<0.05) counts,
systalic pressure (p<0.0001) and diastolic pressure
(p<0.0001) betweenthe subjectsand control group 1.

There were however no significant differences
(p>0.05) in the means of other parameters. Mean cell
haemoglobin concentration (MCHC), neutrophil,
lymphocyte, eosinophil, basophil counts, % lysis
with added glucose (+G) between the subjects and
control group I; and MCHC, total WBC, neutrophil,
lymphocyte, basophil counts, % lysis (+G), % lysis
without glucose (-G) between subjects and control
group I (p>0.05). Blood filmswere normocytic and
normochromic.  No basophilic stippling was
observed.

Table Il represents a comparison of Pb-B levels and
haematol ogical values in test subjects and control
group | with respect to duration of exposure. There
weresignificant differencesin Pb-B level (p<0.0001)
in the range 6 10 years and MCHC (p<0.005),
systolic and diastolic pressures (p<0.005) in the
range0 Syearsonly.

Tablelll describestheresultsof blood lead levelsand
haematological values with respect to age in the
different study groups. There were significant
differences in % lysis (+G) (p<0.01) and systolic
pressure (p<0.01) between subject and control
groups age range < 30 years. There were no
significant differences(p>0.05) between subject and
the control group I, within thisagerange. Thirty to
Forty years: systolic pressure between subject and
control group |, monocyte (p>0.05), between subject
and control group Il. There was no significant
differences (p>0.05) between subject and control
groups! within<30and>40years.

Table|l: Represents Blood Lead L evels (PB-B) and Haematological Valuesin the Different Group.

Subjects (N =81)

Control groupl (N=30) Control groupll (N=20)

Pb-B(ug/d) 7.00+0.07 3.00+0.19%
Haemoglobin (g/dl) 12.05+£1.62 12.96 £ 0.089%*
Packed cell volume (%) 37.97+5.15 30.73 £ 024%
Mean cell haemoglobin 32.58 +£1.32 R2.HU+187
concentration (g/1)

Reticulocytes (%) 3.00+142 203+ 1.81**
White blood cell (total) 6309.67+1215.67 6153334 1251.77%**
(cumm)

Neutrophils (%) 52.22+5.63 3.47+492
Lynphocytes (%) 4501 +7.77 46.20+452
Eosinophils (%) 1.71+0.90 1.93+£0.%
Basophils (%) 0.00+0.00 0.00=0.00
Monocytes (%) 0.94+0.74 0.63 £ 0.65%
Percentage  lysis  (with 0.17+0.17 0.15£0.16
glucose) + G (%)

Percentage lsysis  (without 0.7440.35 0.91 £0.35%

glucose) — G (%)
Systolic psressure (mmHg)
Diastolic pressure (mmHg)

117.33 £ 10.12%**
5.2 +£561*%*

133.57 £10.62
82.63+6.18

2.00+0.04*
13.254+1.01%*
40.65 +3.63*
32,66+ 1.44

2.10+1.93*
6200 £ 1405%*

53.60+3.97
43.55+4.01
220+1.28*
0.00£0.00
0.50+0.51*
0.17£0.20

0.79+0.51

155.50 4+ 11.46%**
75.00 4+ 6.070***

P Valuecomparedtocontrol groups: *<0.05, **<0.001, ***<0.0001
Key: SD: Standarddeviation; N: Number of ssubjects; Pb-B: Serum lead concentration; Subject: Lead

hsandlers(Workers)

Control groupl: Staff of the Industry not directly involved in thelead handling.Control group I1:individual snot

involveinlead handlinginany form
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Table I1: A Comparison of the Mean Pb-B Levels and Haematological Values in Subject and Control
Group | With Respect To Dur ation of Exposure.

6 MONTHS - 5YFARS 6-10YEARS >10 YEARS
Subjects (N=| Control group | Subject (N =| Control group | Subject(N=9) | Control
51) I (N=20) 20) I (N=10) group |
Paraneters Mean (SD) Mean (SD) Mean (SD) Mean (SD) NVean (SD) Mean (SD)
Pb-B(az/dl) 7.70+ 0.08 4.00 + 0075 6.00+ 008 300+ 0.05% 1.00 +0.01 N=0
Haenvelobm (g/dl) 13.24 +098 13.47+1.18 1295+ 187 | 1364+0.78 10.84 +2.88 N=0
Packed cell volume (%) | 40.84 £098 | 41 25+4.10 3985+550 | 4100+4.24 3322 +10.13 N=0
Mean cell haemoglobin | 32.47 £ 148 | 33.72+338* 3246+ 107 |3335+2.84 3295+ 1.68 N=0
csoncentration (g1)
Raticulocytes (%) 1.66+1.89 2325+219 2.85 2544221 158 +1.67 N=0
White blood cell (total) | 6233 £ 1508 | 6510+ 1524 6040+ 1169 | 6620+ 1720 7311 + 1495 N=0
(¢.umm)
Neutrophils (%) 52.27+591 52.80+443 5220+673 | 5360+4.93 50.56 +4.42 N=0
Lymphocytes (%) 45.14 + 62 44,40+ 356 4445+651 | 44.10+£3.67 4578 +3.93 N=0
Eosinophils (%) 1.63+092 1.95 +095 2.20+£095 210+ 1.52 200+£1.32 N=0
Basophils (%) 0.00£0.00 0.00 + 0.00 0.00 + 0.00 0.00 +0.00 000 +0.00 N=0
Monooytes (%) 0.84+0.78 0.80 £ 0.70 1.25+0.72 0.70 £ 0.95 122 +0.97 N=0
Percentage lysis (with 0.22+0.18 0.17+018 0.17+0.18 011+013 0.12+0.15 N=0
| gslucose) + G (%)
Percentage lysis 0.80+041 0.71 £055 0.72+036 0.64 +0.652 077 +£0.44 N=0
(without glucose) — G
(%)
Systolic pressure 124441240 | 115.3+881* 1248 +14.19 | 123.00+7.89 13440 £ 14.88 | N=0
(nmHg)
Diastolic pressure 77.75+814 | 73.50+587* T9.25+783 | 7450+4.92 827 +9.72 N=0
(nmmHg)

P Valuecomparedto control groups: * <0.005, **<0.0001

TableV: Lead Concentrationsin Water from Different Sources Consumed by L ead Workersand their
Control Groupl intheDifferent CompaniesStudied.

Company Lead Concentration (ug/di)
T2 s N 1ns [k Y
rirst U.10(ug/at)
Second 0.40(ug/dl)
Third 0.20(ug/dl)
Public Water Supply (WATER BOARD)  0.00(ug/di)
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DISCUSSION

Data on blood lead concentrations and
haematol ogical parameters determined in this study
provide the first population studied for lead in
workers in Enugu, Eastern Nigeria, despite long-
termuse of lead materialsinthisarea. Thisisunlike
other continents where many studies had been
undertaken,*”.

In interpreting associations between blood lead
levels and some haematological values observed in
this study, it is pertinent to recognise that the
estimates of environmental lead exposure were not
included, though better results may be obtained
when evaluation of therisk of occupational exposure
to lead integrate total airborne lead concentration.”
Accordingly, differences in blood lead levels
observed between the different study groups may
reflect different degrees of lead exposure, variation
in lead absorption or in the metabolic response to
lead, or acombination of these factors. The current
Centres for Disease Control (CDC) recommends a
cut-off value of 10 pg/dl for diagnosing lead
poisoning and a value of 20 pg/dl necessitating
medical attention.**

The mean blood lead level in our test subjects
(7.00pg/dl) is below the cut-off value for lead
poisoning so far reported. It contrasts with 40 60
pg/dl in automobile radiator mechanics in England’
and was greater than 60 pg/dl in battery factory
workersinthe United Statesof America.® However,
individual Pb-B levelsin this study ranged between
0 and 30 pg/dl. The high values did not show any
clinical or laboratory evidence of lead poisoning.
The mean results from the test subjects (7.0 + 0.07
po/dl) differs significantly from that of the control
group | (3.0 £ 0.009 pg/dl; p<0.05) and control
group Il (2.0 £ 0.4 pg/dl; p<0.05). This can be
attributed to unprotected and/or excessi ve exposure,
coupled with poor nutritional status conseguent to
feeding difficulti es.” Moreover, deficienciesof iron,
zinc and cal cium have been reported to enhancelead
absorption from the intestine.”** Hence this is of
grave concern in the studied areas since nutritional
deficiency anaemiaarecommon.”*”

In addition to the reasons given above, the first
manufacturing company whose staff had the highest
mean blood lead level (14.00 + 0.09 pg/dl) were
completely exposedtolead fumesand dust. Besides
they havevery poor ventilation and hygiene, with no
medical facility. Futhermore, they used old lead
battery casingsfor collection and storage of drinking
water. This is supported by the higher water lead
concentrations 0.04 parts per million (ppm)
observedinthem (Table V). Thisishigher thanthe
maximum permissible level (0.10ppm)
recommended by the World Health Organisation
(WHO) and is in contrast to the second company
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with well-ventilated workshops, with mean blood
leadlevel of 5.70+0.08 pug/dl.

In this second company, their workersreceive at least
a tin of milk at the end of the day (though some
workers preferred selling theirs to consuming them).
It is possible that milk consumption has a decreasing
(inhibitory) effect on lead absorption.’ Furthermore,
the workers maintained heathy hygiene, which
helped to decrease exposure of their family and the
general population to lead.** In addition, they have
good medical facilities, though they were screened
for lead poisoning. Their drinking water had a lead
concentration of 0.10ppm. Subjects from the third
manufacturing company had thelowest level s (0.80 +
0.03 pg/dl). This may have been due to well-
ventilated and less crowded workshops. The lead
concentration of drinking water was 0.20ppm, and
must have contributed greatly totheir low Pb-B leve.
Generally, the significant higher Pb-B levels in the
test subjects when compared with the control groups
which was within the duration of exposure 6 10
years, isin line with other studies which confirmed
that an increasein the duration of exposureisdirectly
proportional to an increase in the Pb-B levels®
Strikingly, there seemsto be adecreasein Pb-B level
at duration greater than 10years. Thisisincontrastto
the results from other studies.” The reason may be
that, most staff who have been exposed for aperiod of
10 years, become promoted to a rank of supervisor
and consequently, no longer directly involved in lead
handling. However, higher but non-significant Pb-B
levels (p>0.05) were observed in the first and third
manufacturing companies when compared with the
control group|.

More recently, the most likely explanation isthat, the
subjects and control group | share the same source of
drinking water which has been found in this study to
contain high lead concentration; and in addition were
mostly motor mechanics who handle gasoline and its
related productswhich contain lead.™

Furthermore, higher but non-significant Pb-B levels
were observed in subject in the third manufacturing
company. Thismight be becausethetest subjectsand
control group | shared the same source of drinking
water, whichwasmost likely to bethe mgjor source of
lead exposureinthat locality.

Also, significantly high Pb-B levels were found in
subjectswhen compared with the control groups, with
respect to age in the three companies. This agrees
with other studies, which showed that ageisinversely
proportional to incidence of lead poisoning.” In
contrast, thegeneral resultswith respect to agedid not
show significant differences (p>0.05) with age. Itis
possible that this may be due to the population size
studiedin each company.

Occupational Exposureto Lead Handlers Ukagjiofo et al 62



Significant differences in haematological values
between thetest subjectsand controlsinthedifferent
study groups point to a relationship between
haematol ogical values, nutritional status and Pb-B
levels. Inaddition, although these values are within
the normal range in the Nigerian community, the
high lead level and norma haematological values
are similar to previous findings in radiator
mecanics." However, the results of the present study
contrasted with findings in other lead exposed
workersin Denmark.*

Although significant decreases in Hb, PCV and
MCHC levels were observed in test subjects rather
thaninthe controls, they appear inthe samerange as
in the lower limits for normal healthy Nigerians.*
The lower Hb, PCV and MCHC levels in the test
subjects than in controls can be attributed to some
individua physiological variations, Pb-B levelsand
probably differencein feeding patterns.*” Decrease
in Hb concentration (anaemia) is a late feature of
chronic lead poisoning, unless exposure is extreme
and involves extensive haemolysis. Anaemia is
usually of moderate severity, and the red cells are
variable hypochromicand microcytic.”

The absence of basophilic stippling and
polychromasiain the peripheral blood films (which
are known features of lead poisoning)’ shows that,
although the lead levels were relatively high in the
subjects, they had not attainedtoxiclevels.

The safety standard for blood |ead concentrationsin
occupationally exposed adults is <50 pg/dl.”
Although this has generally been accepted, the
results of the present study have shown that, thereis
need for a downward revison to <7 pg/dl. For
instance, previous studies in the United States of
America have shown that blood lead levels of 10
ug/dl haveaneffect onthered cells.?

There was no significant difference (p>0.05)
between the test subjects and control groups| and |1
in MCHC values, all were within the normal range.
This is in line with precious study in adult
Nigerians®  However, there were significant
differences (p<0.05) between subject and control
groupl| which might have resulted from changesin
bothHband PCV levels.

Inspite of a significant increase in the recticulocyte
levels in test subjects more than in controls, the
resultscould not bereadily compared with any other
work on lead workers as none, to the best of our
knowledge, existed. However, the most probable
explanation for this reticulocytosis may be due to
bone marrow compensating for the decrease in red
cell mass.

A dightly higher mean value for total leucocyte
count was abtained in the test subjects than in the
controls. This higher value might be attributed to
latent infection by both bacteria and viruses, and

Nigerian Journal of Clinical Practice March 2009, Vol.12(1)

malnutrition.  The differential leucocyte count
appeared within the published normal range among
healthy adult Nigerians.®* Lead handling/poisoning
therefore appears to alter the total leucocyte counts
morethanthedifferential counts.

The results of this study show a marked statistically
significant difference in both diastolic and systolic
pressures between the test subjects and the controls
(p<0.0001), though the mean and standard deviation
(SD) were within the normal range. Thisresultisin
contrasttoearlier studieson blood pressures(BP) and
lead in a survey in Wales, which showed that there
was no evidence of association between blood lead
and either resting, BP or the rise in BP during cold
pressure,®* but agrees with the results of recent
studies.® The most likely explanation is the
interference of lead with the kallikrenkinin systems
and impairment of renal function.** From this
study, oral interviews of most subjects with high BP
revealed that socio-economic problems were
contributing factors.

Fromthisstudy, Pb-B level aslow as7 pug/dl hasbeen
shown to affect haematological parameters, and
blood pressure. However, these effects may be
attributed to lead toxicities only after other
contributing factorsareexcluded. Thisinvestigation
has therefore highlighted severa important public
healthissuesthat need urgent attention.
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