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Summary

A clinical observation of 15 workers exposed to lead,
engaged in recycling of lead accumulators, was carried
out. The exposition to lead acrosols varied from 2 months
to 14 years. High levels of lead absorption and excretion
after application of antidote therapy were found in all
workers followed up. There were no manifestclinical
signs and symptoms in 7 workers whom we suspected to
be lead carriers. Anemia was diagnosed in 8 of the
investigated persons. Severe form of intoxication,
including paresis of both radial nerves, was established in
one worker. Subacute lead poisoning, presenting with
lead colic, anemia, toxic hepatitis and toxic
polyneuropathy, was diagnosed in three persons with only
several months of intensive lead exposure. Association
between lead exposure, metal absorption and clinical
symptoms in investigated persons were discussed.

Key words: risk, lead intoxication, antidote therapy

Introduction

Automotive batteries are usually lead-acid, made
from electrodes containing lead and lead dioxide,
immersed in electrolyte containing sulphuric acid.
Failure to comply with the requirements for their
manufacturing, use, storage or recycling makes them
hazardous to health and the environment.
Automotive batteries are subject to almost complete
recycling — 80% of the lead and lead compounds
contained in them can be used for the manufacture of
new batteries [1, 2]. In the EU legislation related to
waste particular attention is paid to batteries and
accumulators [3, 4].

There are about 400 sites for collection of
unusable batteries and accumulators in Bulgaria.
Accumulator batteries are recycled in Kardzhali,
Montana and Plovdiv. An increasing number of
private companies get involved in recycling, and
some fail to comply with the legal requirements
regarding such activities.

The study aimed to determine the risk of lead
intoxication in workers engaged in companies for
recycling lead batteries.
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Material and Methods

Monitoring was conducted on a group of 15
employees of different companies admitted to
Toxicology Department at the Clinic of
Occupational Diseases of St. Ivan Rilski
University Hospital — Sofia, during the period
2010-2014, on the occasion of established
elevated blood lead wvalues after preventive
examinations conducted or because of
demonstrated symptoms of lead effect.

The average age of the men studied was
42.47+11.26 years (age range 24-59). The period
of exposure to lead aerosols varied between 2
months and 14 years, the average length of
service being 6.44+5.47 years.

All the patients were given physical and
neurological examinations and the following
laboratory investigations were ordered:

hematological: complete blood count with
differential count, reticulocyte count (RE) and
basophilic punctate/stippled erythrocytes (BPE);

biochemical: creatinine, liver enzymes (AST,
ALT and GGT), serum iron;

indicators of porphyrin metabolism (delta-
aminolevulinic acid / 5-ALA / in urine, ALA -
dehydratase (5-ALA-D) and free erythrocyte
protoporphyrin (EPP);

tests for toxic chemicals: concentrations of
lead in blood (PbB) and lead in urine (PbU)
before and after the antidotal therapy with 1.0 g
CaNa,EDTA;

by indications — abdominal ultrasound scan
and neuro-EMG.

The measurement of lead in blood and urine
was performed by flame atomic absorption
spectrometry (AAS)"Analyst 400", "Perkin
Elmer". Haematological investigations were
made using automatic hematology analyzer
Sysmex KX21IN. Free erythrocyte
protoporphyrin was determined by the method of
Mauzerall and Granick — ion-exchange
chromatography columns [5]. Biochemical tests
were determined at the automatic clinical
chemistry analyzer Cobas Integra 400.

Variance and correlation analyses were used
for statistical processing of data.

Results

The toxic chemical studies we performed
demonstrated high lead absorption and excretion
in all workers followed up after applying
antidotal therapy (Figure 1). There were no
workers with plumbemia within the reference
range (up to 1.19 pmol/l). Content of PbB
exceeding biological limits for exposed persons
(1.2-1.92 pumol/l) was found in one worker;
acceptable lead absorption in blood (1.93-2.88
umol/l) was present in 7 workers, and "excessive"
absorption of over 2.88 pmol/l — in the remaining
7 workers. In 4 of these latter, the absorption was
more than 3.68 umol/l).

After application of antidotal treatment with

HBBefore EDTA

[ After treatment

pmol/l

o B N W b~ U1 NN 0 W

Pb-Blood

p < 0.05

Pb-Urine

Figure 1. Levels of Pb in blood and urine before and after CaNa,EDTA treatment
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1.0 g of CaNa,EDTA, the lead excretion in urine
increased sharply from baseline average levels of
0.64+£0.36 up to 8.18+3.96 pumol/l (with the
highest value of 14.82 umol/l) (Table 1).

Against the background of high lead
absorption and excretion in the workers
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examined, abnormalities in porphyrin
metabolism were found, manifested by a
decrease in the activity of 5-ALA-D, increase in
erythrocyte protoporphyrin, increase of 5-ALA
in urine and decrease of hemoglobin values
(Table 2).

Table 1. Concentration of Pb in blood and urine (umol/1) in exposed persons before and after CaNa,EDTA

antidote therapy

Indicators Pb B Pb B PbU PbU
(nmol /1) before EDTA after treatment before EDTA after treatment
Average 2.81 2.06 0.64 8.18
SD 0.77 0.52 0.36 3.95
Max 4.38 2.91 1.43 14.82
Min 1.2 1.41 1.06 0.6
Table 2. Levels of DALA-D, DALA, EPP, Hb, RE, BPE and Fe in the workers' blood
Indicators ALA-D EPP Hb RE BPE Fe (umol/l) DALA
pmol/min/l Er (umol/L/Ery) (g/L) (%) (%) urine
umol/24h
Average 8.5 16.6 135.8 12.3 0.00 20.8 67.48
SD 4.8 20.1 20.6 23.3 0.01 13.6 46.7
Max 13.3 67.3 160 81 0.02 55 165
Min 2.5 3.6 88 0.2 0 8 6
Reference 17 5 465 0 1.1 M0= 9200 0 11-28 11.4-57.2
values 180
Discussion and gradual normalization of other lead

The most commonly used biomarker for current
lead exposure is the concentration of lead in
blood [6-10]. Tell et al. [11] found a close
correlation [coefficient of correlation R=0.86, p
<0.001] between the level of lead in blood of 20
lead-exposed workers and their urinary excretion
of lead for 24 hours after intravenous infusion of
1.0 g CaNa,EDTA and found that chelation
therapy resulted in changes of lead content
mainly in blood and soft tissues, while the lead
content in the skeleton, where most of the metal is
accumulated, was only partly influenced by the
therapy.

The sharp increase of plumburia after
application of antidote is the result of its
extraction from body depots. It is known that
greatest quantities of lead accumulate in bones,
followed by liver, kidney, skeletal muscles, brain
and other organs [12, 13]. EDTA treatment lead
to formation of a chelate complex with the lead
and resulted in increased excretion in the urine,
clinical picture improvement, reduction of EPE

biomarkers (Pb-B,ALA-D,ALA-U[14,15].

It has been proven that lead distorts
hemoglobin biosynthesis and iron utilization by
inhibiting 5-ALA-D, resulting in a growth of 5-
ALA in urine and inhibiting ferrochelatase,
comprising the iron in the porphyrin ring and
formation of hemoglobin, and causing the
increase of free erythrocyte protoporphyrin
(EPP). As a result of these disorders,
sideroachrestic type of anemia with
compensatory reticulocytosis and basophilic
punctate/stippled erythrocytes in the peripheral
blood have been reported [6, 16] According to
some authors, chemosynthesis disorders,
evidenced by the increase of EPP, occurs when
lead concentration in blood is higher than 40
pg/di[17].

Anemia saturnina was diagnosed in 8 of the
persons tested, which manifested by decreased
values of hemoglobin, reticulocytosis. In three of
them, basophilic stippled erythrocytes were
found.

In connection with the direct effects of lead on
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hepatocytes with changes in liver function and
development of toxic hepatitis [18], as well as
because of its excretion by the kidneys and
possible toxic nephropathy [19], we tested serum
transaminases and creatinine in exposed
workers. The average levels for the whole group
were within the reference range, but in four of the
workers, biochemical and ultrasonographic
evidence of toxic hepatitis were established.

In three workers a complex syndrome was
observed, characterized by toxic hepatitis, lead
colic, anemia and toxic polyneuropathy. Given
the brief intense lead exposure for a few months,
we assumed that it was a sub-acute lead
intoxication.

In one of the workers with 2 years of lead
exposure, a severe intoxication was found,
including excessive lead absorption of 3.87
umol/l; excretion of lead upto 14.88 umol/l;
encefalo-myelo-polyneuropathy, with bilateral
paresis of the radial nerve and impossibility for
extension of both hands —"pendulous wrists"
type, expressed anemia and toxic hepatitis.

In seven of the workers there were no
expressed clinical symptoms and we assumed
that it concerned a high-grade and risk lead
carrying.

Four workers were discharged, diagnosed
with mild chronic lead intoxication, exhibited by
high levels of lead in the blood and urine, reduced
DALA-D (ALA-D), increased erythrocyte
protoporphyrin, increased excretion of urinary
ALA (ALA-U), expressed anemia,
reticulocytosis, and liver function disorders.

In recent years the only lead intoxications we
observed have been namely in such proceedings.

Conclusions

The study conducted in a group of workers
engaged in recycling of lead acid batteries and
exposed to lead, showed no direct correlation
between the length of service and the risk of lead
intoxication development.

The clinical signs of chronic saturnism we
observed in the workers depended not only on the
metal absorption and excretion magnitude but
also on the individual reactivity of the body.

Due to the failure to comply with safety
requirements in accumulator recycling
companies, there is a serious risk for workers'
health and development of lead intoxication.
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