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Abstract

Objectives: A changing character of lead exposure has been observed over many years. However, construction workers
involved in the renovation of painted steel structures are still severely exposed to lead and its compounds. In 2004, we
observed an outbreak of lead poisoning in high voltage tower conservators working abroad. Materials and Methods: As
many as 27 male workers with suspected lead poisoning were hospitalized in the Department of Occupational Disease,
Nofer Institute of Occupational Medicine, £.6dZ, Poland. They were involved in removing an old lead-containing paint
from high voltage towers. Results: On admission to the department, 70% of treated workers showed laboratory signs of
anemia in their blood count. After treatment the signs persisted in 25% of patients. Also alkaline dotting in erythrocytes
was present in 13 subjects. Sub-acute lead poisoning manifested by abdominal cramps with coexisting anemia and increased
lead absorption symptoms was most frequently diagnosed. Conclusions: The high lead exposure of the examined high
voltage tower cleaners was due to specific working conditions. In such cases overprotection of the environment may lead to

severe health effects in humans.
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INTRODUCTION

Lead is one of the best known occupational hazards.
A substantial number of industrial workers have contact
with lead and its compounds. There are several operations,
in which the risk of poisoning may occur, e.g., welding and
cutting of lead constructions, shipbreaking, lead smelting,
spray painting, mixing of crystal glass mass, sanding or
scraping of lead paints. In the majority of industrialized
countries, extremely poor hygiene conditions in industry
are now rarely encountered in industrial plants, however,
in some cases working conditions are far from being ac-
ceptable [1-3].

Because of severe acute and/or chronic health effects, lead

from gasoline, paints and ceramic products, caulking, and
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pipe solder has been dramatically reduced in recent years,
nevertheless there are still some sources of lead like old
constructions, walls and windows paintings [4].

Inhalation, ingestion from food and water contamination
are often main routs of lead absorption [5]. Lead may in-
duce a wide range of health effects, but their symptoms
are not specific. They are most frequently manifested by
abdominal cramps, vomiting, tiredness, attention deficit
disorder, constipation, anemia, nerve damage, convul-
sions, anorexia, learning disabilities, and brain damage.
Such symptoms occur in many disorders and they fre-
quently can be falsely diagnosed [6]. The influence of lead
on the human body is multidirectional, but the hemato-
poietic system is a primary target for its toxicity in adults.
Lead exerts toxic effects on the red blood cell membrane
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and hinders the heme synthesis leading to anemia. The
impaired heme synthesis is responsible for higher blood
concentration of o-aminolevulinic acid (ALA) and eryth-
rocyte zinc protoporphyrin (EZP). Lead also significantly
affects the central and peripheral nervous system and im-
mune response, which induces oxidative stress resulting in
DNA damage. High and prolonged exposure to lead may
also cause nephropathy characterized by a progressive im-
pairment of renal function [7-10].

In workers with saturnismus incipiens, distinguished by the
increased blood lead (B-Pb) level of over 500 ug/l, sings of
anemia and the presence of general symptoms after expo-
sure cessation, the chelaton therapy should be applied de-
pending on blood and urine lead (U-Pb) concentrations.
U-Pb concentration is crucial for the chelaton test. Che-
laton releases lead from bone deposits. The test is posi-
tive when excessive urine lead (>1000 pg/l) elimination is
found [11,12].

A changing character of lead exposure has recently been
observed. Over the last years, decreased B-Pb levels have
been found in workers mostly due to advances in occupa-
tional engineering and monitoring. For example, in Poland
like in other EU countries, acute lead poisoning has not
been recorded for many years except for a few single cases
noted annually usually in workers employed in small fac-
tories producing car batteries or scrap metal processing.
However, construction workers involved in the renovation
of painted steel structures are still heavily exposed [13].

MATERIALS AND METHODS

In 2004, twenty seven male workers with suspected lead
poisoning were hospitalized in the Department of Occu-
pational Disease, Nofer Institute of Occupational Medi-
cine, £.6dz, Poland. They were seasonal workers removing
old paint while restoring high voltage towers in Germany.
The mean age in the group was 34 years. The majority
(48%) of workers performed this kind of job for the first
time (Table 1).

To protect the environment from lead contamination all
towers were covered with special material and workers
found themselves inside a big tunnel (Fig. 1).
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Fig. 1. High voltage towers prepared for cleaning.

To remove paint pneumatic hammers, steel brushes, spat-
ulas and screwdrivers were used. Conservators worked
an eight-hour shift in groups of 4-8 workers. They were
supplied with personal protection, including overalls, anti-
dust masks, helmets and gloves. They were eating, drink-
ing and smoking during breaks outside the tunnel. During
their stay in Germany or right after coming back home,
after 5-45 weeks of work, all of them suffered from health
problems, such as abdominal cramps (lead colic), con-
stipations, weakness, nausea, vomiting, lack of appetite,
limbs pain, headache, and vertigo. Abdominal cramps and
weakness were the most common symptoms which sug-
gested lead poisoning (Tables 1 and 2). Moreover, symp-
toms suggesting peripheral neuropathy like pain (37%),
pins and needles or numbness (26%) of distal parts of the
limbs were reported by the workers. The time-lag between
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Table 1. Characteristics of the study population

Characteristics Mean + SD

Age (years) 34.11 + 8.68 (range, 22-51 years)

Duration of exposure prior 17.15 £ 9.13 (range, 5-56)
to hospitalization (weeks)

Duration of exposure proceeding
first symptoms (weeks)

11.26 + 9.54 (range, 5-45)

Time-lag between first symptoms
and hospitalization (weeks)

5.74 £5.24 (range, 0-18)

Years of employment
as a paint conservator

2.70 £2.35 (range 1-10 years)

Working as a paint conservator legll;erm(;%)
First time 13 (48.1)
Second time 4(14.8)
Third time 3(11.1)
Fourth time 1(3.7)
Fifth time 1(3.7)
Sixth time 4(14.8)
Tenth time 1(3.7)
Seasonal work 26 (96.3)

SD - standard deviation.

Table 2. Frequency of the symptoms suggesting lead poisoning

Sympotms ngierzg% )

Abdominal cramps 19 (70.4)
Constipations 11 (40.7)
Weakness, tiredness 18 (66.7)
Needles and pins of the limbs 8(29.6)
Nausea 6(22.2)
Vomiting 9(33.3)
Lost of appetite 11 (40.7)
Diarrhea 8(29.6)
Pain of the limbs 10 (37)

Headache and vertigos 7(25.9)
Numbness of the limbs 7(25.9)

the occurrence of first symptoms and hospitalization was
almost 6 weeks on average (Table 1).

RESULTS

During hospitalization, all patients underwent standard
medical and laboratory tests, neurological examination,
including peripheral nerve conduction assessment as well
as determination of B-Pb level and EZP.

Table 3. Erythrocyte zinc protoporphyrin (EZP), blood lead (B-Pb)
and urine lead (U-Pb) levels in high voltage tower conservators on
admission to the clinic

Levels Mean + SD Range
(ngh) (ug/h)

B-Pb 707.73 £ 284.98 216-1500
EZP 198.28 + 119.83 12-409
U-Pb 103.05 + 76.46 14-266

SD - standard deviation.

Duration of exposure ranged from 5 to 56 weeks, so all the
patients were given at least one dose of chelating agent
— calcium disodium versenate (calcium EDTA) to elimi-
nate lead from the blood and/or to release bone deposits.
According to Polish informative notices for occupational
physicians, if a single measurement of B-Pb level shows
the value over 600 pg/l (for males) the worker should
be temporary removed from his work environment [12].
When B-Pb level reaches 400 pg/l, special attention
should be paid and tests frequently performed in an ex-
posed worker. In the patients treated in our department
these values were even higher — mean B-Pb level was over
700 pg/l and the maximum level reached even 1500 pg/l.
EZP levels were below the threshold level (700 pg/l). The
highest EZP level in the high voltage tower conservator
was 409 pg/l (Table 3).

The level of lead was measured in 24-h urine samples
after each administration of disodium versenate. Before
the treatment, U-Pb level was not high and in only two
patients chelaton test was negative. The treatment was
stopped when U-Pb level was lower than 400 pg/l.

On admission to the department, 70% of workers showed
sings of anemia in their blood count. After treatment the
signs persisted in 25% of patients. Alkaline dotting in
erythrocytes, another feature of lead poisoning, was also
present in 13 subjects, which reflected toxic effects of lead
(Table 4). Renal abnormalities were not found.
According to occupational history, symptoms and all diag-
nostic tests, of the 27 patients, in only 2 persons lead poi-
soning was excluded. In 12 patients sub-acute lead poison-
ing manifested by abdominal cramps with coexisting ane-
mia was diagnosed. The nerve conduction test confirmed
peripheral neuropathy in one worker (Table 5).
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Table 4. The results of blood morphology analysis in 27 high voltage
tower conservators

Outcome before and after the treatment Number (%)
(n=27)
Anemia (hemoglobin concentration below 13.0 g/dl) 19 (70.4)
before treatment
Presence of erythrocytes alkaline dotting before 13 (48.1)

treatment

Anemia (hemoglobin concentration below 13.0 g/dl) 7(25.1)
after treatment

Presence of erythrocytes alkaline dotting after 2(74)
treatment

Table 5. Medical diagnosis in the study group

. . Number (%)

Diagnosis (n=27)
Sub-acute lead poisoning manifested 12 (44.4)
by abdominal cramps and anemia
Sub-acute lead poisoning manifested by anemia 2(74)
Sub-acute lead poisoning manifested 1(3.7)
by abdominal cramps
Increased lead absorption symptoms 9(33.3)
Sub-acute lead poisoning manifested 137
by polineuropathy
Lead poisoning excluded 2(74)
CONCLUSIONS

The workers under study were highly exposed to lead due
to specific working conditions. The high voltage tower re-
storing was performed inside a special cover protecting
the environment, but leading to the high lead concentra-
tion in the working area. Personal protecting equipment
in such working microclimate was not adequate to fully
protect from dust inhalation. Although there was no data
on the on-site lead concentrations they must have been
significant according to medical and biochemical findings
in the group of conservators. It seems that another type of
environment protection — not so tight — could be safer for
the workers. This case shows that overprotection of the
environment may lead to severe health effects in humans.
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