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Outbreak of lead toxicity during rebar production in a steel
mill
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ABSTRACT

Objective: Largely due to the widespread use of
unleaded petrol and lead-free dyes, the lead toxicity
nowadays is associated with occupational exposure
rather than environmental exposure in adults. This study
aims to identify the characteristics of lead exposure
cases and evaluate working environment based on
workers’ statement in a sector where lead monitoring is
not routinely performed during health surveillances and
to examine the poisoning of lead toxicity. Moreover, we
aimed to start a caution on management and treatment

of these cases in our country.

Methods: This descriptive study conducted in
hospital which is authorized to diagnose occupational
diseases between April and November 2018. In order
to evaluate the sociodemographic characteristics,
working life characteristics, workplace environment
and risk factors and lead toxicity complaints of 34 cases
with the elevated blood lead level (BLL), a 38 item
questionnaire form was applied. Physical examination
findings, laboratory findings, comorbidities and
treatment protocols were obtained from the medical

records.
Results: 8.3% (n = 34) of the workers applied with a
preliminary diagnosis of lead toxicity. Median duration of

work was 26 months, average working time was 53.3+7.2

OZET

Amacg: Eriskinlerde kursun zehirlenmesi, gliniimuiizde
kursunsuz benzin ve kursun icermeyen boya kullaniminin
yayginlasmas1 nedeniyle artik cevresel etkilenimden
cok mesleki etkilenime bagli olarak goriilmektedir. Bu
arastirma, saglik gozetimi sirasinda rutin olarak kursun
izleminin yapilmadig1 bir sektorde tespit edilen kursun
etkilenimli olgularin ve calisma ortaminin ozelliklerini
tamimlamasi ve bu isyerindeki kursun zehirlenmesinin
irdelenmesi amaciyla yapilmistir. Ayrica, ulkemizde bu
vakalarin yonetimine ve tedavisine dikkat cekilmesi

hedeflenmistir.

Yontem: Bu tanimlayicn arastirma, meslek

hastaliklar1 tanis1 koymaya yetkili bir hastanede Nisan-
Kasim 2018 tarihleri
kursun diizeyi (KKD) vyiiksekligi saptanan 34 olguya

arasinda yurutilmustir. Kan
sosyodemografik ozelliklerini, calisma yasamna iliskin
ozelliklerini, calisma ortaminm ve risk faktorlerini ve
kursun etkilenimine bagli sikayetlerini degerlendirmek
amaciyla olusturulan 38 maddelik bir soru formu
uygulanmistir. Fiziksel muayene bulgular, laboratuvar
bulgulari, komorbiditeler ve tedavi protokolleri tibbi
kayitlardan elde edilmistir.

Bulgular: Calisanlarin %8,3’U (n=34) kursun toksisitesi
on tamsi ile basvurmustur. Ortalama calisma stresinin 26 ay,

ortalama haftalik calisma siiresinin ise 53,3+7.2 saat oldugu
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hours/week. The mean BLL was 44.0 +5.1 pg/dl at the
workplace surveillance, 38.4+11.1 pg/dl determined in
the hospital and 36.1+8.9 pg/dl during hospital check.
The Blood antimony (Sb) level was 5.5+1.4 pg/dl and
mean blood manganese (Mn) level were 17.8+5.9 ug/L

and 1.5+0.8 pg/L after the 15-day hospitalization.

Conclusion: The iron and steel processing sector is
among the sectors that should be carefully monitored in
terms of lead, Mn, and Sb exposure. The legislations and
the exposure limits of toxic metals and the biological
limit values should be updated in accordance with
scientific data. Chelation treatment of patients with
clinical findings should be planned by confirming the

accumulation of lead in bone tissue.

Key Words: Lead, toxicity, occupational exposure,

management of intoxication, outbreak

belirlenmistir. Ortalama KKD, is yerinde aralikl kontrol
muayenesi sirasinda 44,0+5,1 pg/dl, hastanede alinan ilk
ornekte 38,4+11,1 pg/dl ve hastanede kontrol Grneginde
36,1+8,9 pg/dl bulunmustur. Kan antimon seviyesi 5,5+1,4
pg/dl, ortalama kan mangan seviyesi 17,8+5,9 pg/L ve 15

guinliik yatis sonrasinda 1,5+0,8 pg/L olarak tespit edilmistir.

Sonu¢: Demir celik sektorii kursun, mangan ve
dikkatle

gereken sektorler arasinda yer almaktadir.

izlenmesi
Toksik

ve maruz kalma sinirlan ile

antimon maruziyeti acisindan

metallerin mevzuati
biyolojik limit degerleri bilimsel verilere uygun olarak
giincellenmelidir.  Klinik bulgular1 olan hastalarin
selasyon tedavisi, kemik dokusunda kursun birikimi

degerlendirilerek planlanmalidir.

Anahtar  Kelimeler: Kursun, toksisite, mesleki

maruziyet, intoksikasyon yonetimi, salgin

INTRODUCTION

Largely due to the widespread use of unleaded
petrol and lead-free dyes, the lead toxicity nowadays
is associated with occupational exposure rather than
environmental exposure in adults (1). The workers
employed in the workplaces operating in the lead
processing and melting, in the production and
recycling of batteries, in the processing of scrap metal
along with the inadequate level of work hygiene and
ventilation conditions are exposed to toxic effects of
lead and its compounds (2).

Although lead toxicity is often attributed to the
underdeveloped or developing countries, it remains
as an important problem for industrialized countries
as well. According to the results of the Adult Blood
Lead Epidemiology and Surveillance Program (ABLES)
conducted by the National Institute of Occupational
Health and Safety (NIOSH) in the USA, the ratio of
blood lead level (BLL) > 25 pg/dl was 14/100000 in
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1994 and decreased to 6.4/100000 in 2011. Despite
this decrease, the number of adults with BLL > 25 pg/
dl in 2010 was 8793 and > 40 pg/dl was reported to
be 1388 (3). NIOSH states that there is no safe limit
value for lead and describes highest BLL was >5 pg/
dl for adults (4).

Occupational lead toxicity can be prevented by
measures taken in the work environment. However,
in circumstances where it cannot be prevented,
determining and eliminating the cause of the
exposure are the first steps to be taken. While
trying to eliminate the cause of the exposure, the
worker(s) at the same time should be dismissed from
work for the periods determined by BLL. Chelators
used in medical therapy reduce lead concentration
in blood and some tissues and increase urinary
excretion of lead. Chelators may be recommended
for the treatment of acute intoxications, but should



be used with caution because of serious side effects.
In case of chronic toxicity, chelation therapy is not
recommended because of the risk of redistribution
of lead as well as hepatotoxicity and nephrotoxicity
(5-6). Diagnosis in chronic lead toxicity can be made
by measuring lead accumulation in bone tissue with
K-shell x-ray fluorescence (K-XRF) (7).

Chelation therapy can be applied in adults with
BLLs of 80-100 pg/dL or with symptoms of lead toxicity
in adults with BLL over 50 pg/dL. However, due to the
rebound effect of chelation, blood lead levels should
be followed before and after treatment (6).

The occupational exposure limit values (TWA) for
inorganic lead and its compounds was determined
to be 0.15 mg/m?3 in the “Implementing Regulation
on Health and Safety Measures for Working with
Chemical Substances” in Turkey, but 0.05 mg/m?3 by
the NIOHS and European Agency for Safety and Health
at Work (EU OSHA) (8-10). For the lead and ionic lead
compounds, the regulation defines the biological
limit value as 70 pg/dl. The conditions for health
surveillance are also defines as the TWA of lead in
the air (40 hours) > 0.075 mg/m?3, or any one of the
employees has BLL > 40 pg/dl (8).

Researchs conducted on occupational influences of
lead in Turkey, are concentrated mostly in the battery
manufacturing sector and the effect of BLL on immune
system, chromosomes, markers of renal damage
etc. were investigated (11-18). In recent years, a
significant part of the research is conducted on the
biochemical parameters, impaired aortic elasticity,
cardiac autonomic functions, and inflammation
parameters of the patients reported to the hospital
with the increase in the rate of BLL (19-21). None
of the aforementioned studies have addressed the
approaching, management and treatment algorithms
of lead exposure cases in Turkey.

This study aims to identify the characteristics of
lead exposure cases and evaluate working environment
based on workers’ statement in a sector where lead
monitoring is not routinely performed during health
surveillances and to examine the outbreak of lead

toxicity. Moreover, we aimed to start a caution on
management and treatment of these cases in our
country.

MATERIAL and METHOD

This descriptive study conducted in hospital
which is authorized to diagnose occupational diseases
between April and November 2018. A worker, who was
working in a factory producing rebar from melting
scrap steel where 410 workers are employed, has
applied to a health center and his BLL was determined
as > 40 pg/dl. Subsequently the workplace health
surveillance for all 410 workers was performed by the
occupational health physician, 32 workers with BLL >
40 pg/dl and/or manganese (Mn) level > 20 pug/L were
referred to the hospital and hospitalized. Other two
workers from the company who have BLL between 35-
40 pg/dl were applied to the hospital and hospitalized
too. In order to evaluate the sociodemographic
characteristics of 34 cases with elevated BLL, job
characteristics, workplace environment and risk
factors and lead toxicity complaints, a 38 item
questionnaire form was prepared by researchers.
After the improvement in the acute lead toxicity
complaints, patients were discharged from the
hospital and they were recommended to re-apply to
the hospital within one to three months according to
the latest BLL values.

The written informed consent of the subjects was
obtained and questionnaire was applied by one of the
researchers. Physical examination findings, laboratory
findings (CBC, BLL and blood levels of other toxic
metals, serum iron, iron binding capacity, ferritin,
vitamin B, levels, etc), comorbidities and treatment
protocols were obtained from the medical records.
Ethics committee approval was obtained from the
Ethics Committee of the Hospital (28.10.2018) and
research permission from the hospital.

In this study, current guidelines of NIOSH and
Center for Disease Control and Prevention (CDC) have
been used as the source of biologic limit values and
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lead-affected cases, management and treatment
algorithms.

In data analysis, descriptive statistics, measures
of central distribution and tendency, frequencies, and
percentages were used and the data were analyzed in
SPSS 21.0 program.

RESULTS

In a factory where 410 workers are employed,
8.3% (n = 34) of the workers applied with a

preliminary diagnosis of lead toxicity. The mean
age of the patients was 33.0+8.2 years. The median
duration of work at this workplace were 26 months
(min: 6 max: 110) and the average weekly working
time was 53.3x7.2 hours. All of the cases stated that
they were working overtime and the weekly overtime
period was 8.2+3.4 hours. In their work history, all
workers declared that production speed and quantity
increased in the last few months by a questionnaire
form. Table 1 demonstrates the sociodemographic
and work life characteristics of the cases.

Table 1. Sociodemographic and working life characteristics of patients who applied to the hospital with lead toxicity

Number (N) Percentage (%)

Education status

Primary school graduate 8 23.5
Secondary school graduate 10 29.4
High school graduate 14 41.1
Graduated from a University 2 5.8
Department of worker
Scrap melting 13 38.2
Transport of liquid steel 4 11.8
&T)cai}??vlvceeﬁj inr:gmtenance- 7 20.5
Other 10 29.4
Smoking status
Never smoker 3 8.8
Current smoker 31 91.2
Meanzsd Min-Max values
Age 33.0+8.2 20 -49
Duration of the employment at current job 26 months* 6-110
Weekly working hours 53.3+7.2 hours 48- 84
Weekly overtime work 8.2+3.4 hours 3-25

* Since the data does not conform to the normal distribution, the median value is given.
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The workers who attended study listed the
workplace characteristics as being in the high
temperature (94.1%), dusts, full of toxic metals and
noise (91.1%), full of the various gases and requires
heavy lifts (82.3%) and includes the vibration (76.4%).
Moreover, about 91.1% described the central air
ventilation system being inadequate and 76.4% of
the interviewees described local ventilation system
as inadequate. All of the interviewees stated that
they regularly use of helmets and gloves as personal
protective equipment,73.5% indicated the simple
dust masks.

All workers stated that there was a separate
environment where they could eat, relax, wash their
hands, take a shower at work and 61.8% of them
indicated that they take a shower in the workplace.
Only one worker said that his clothes were washed in
the workplace, others stated that the work clothes
were washed in their homes, separate from regular
clothes. All the workers who were smoking reported
that they smoked in the work area, did not wash their
hands before smoking and 91.1% of the workers stated
that they had been eating and drinking in the working
environment. Table 2 shows the working environment
and risk factors for the employees.

Table 2. Stated work environment risk factors of the patients who applied to the hospital with lead toxicity

Yes No
Occupational risks N (%) N (%)
High temperature 32 (94.1) 2 (5.9)
Dusts 28 (82.3) 6 (17.7)
Exposure to toxic metals 28 (82.3) 6 (17.7)
Noise 28 (82.3) 6 (17.7)
Lifting heavy things 28 (82.3) 6 (17.7)
Vibration 26 (76.4) 8 (23.6)
Ventilation systems
General ventilation 31 (91.1) 3(8.9)
Local exhaust ventilation 26 (76.4) 8 (23.6)
Personal protective equipment
Barret 34 (100.0) 0 (0.0)
Gloves 34 (100.0) 0 (0.0)
Dust mask 25 (73.0) 9 (27.0)
Ear plug 1(2.9) 33 (97.1)
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The toxic metal levels, complaints reported by
the patients and findings of the workers are shown
in Table 3. The BLL of the workers was determined
to be 44.0+5.1 pg/dl during a health screening at
work. These patients were hospitalized on the basis
of health surveillance values. In the hospital they
were admitted the mean BLL was determined to be
38.4+11.1 pg/dl 15 days after the first measurement.
In the hospital chelation therapy was recommended
for six patients whose BLL was above 50 pg/dl. Two

patients accepted chelation therapy, however four
patients preferred the dismissal from their job.
The mean control BLL was found to be 36.1+8.9 pg/
dl among 32 hospitalized but not treated cases. On
the other hand, the patients who were treated with
chelation therapy had pretreatment BLL value of 52.2
pg/dl and 65.3 pg/dl and after four doses of calcium
disodium edetate chelation therapy BLL were reduced
to 29.1 pg/dl and 28.0 pg/dl, respectively.

Table 3. Serum toxic metal levels, complaints and clinical findings distribution of patients who were admitted to the hos-

pital with lead toxicity

Toxic metal levels Meanzsd Min-Max values
Pb-Health surveillance (n=34) 44.0+5.1 pg/dl 26.7-52.8
Pb-Hospital ** (n=34) 38.4+11.1 pg/dl 18.0-65.3
Pb-Hospital check *** (n=32) 36.1x8.9 pg/dl 11.5-53.0
Mn-Health surveillance (n=15) 17.8+5.9 pg/L 3.7-26.2
Mn-Hospital ** (n=15) 1.5+0.8 pg/L 0.3-2.8
Sb-Hospital** (n=34) 5.5+1.4 pg/dl 3.0-8.7
Complaints Number (N) Percentage (%)*
Fatigue 24 70.6
Headache 21 61.8
Muscle and joint pain 21 61.8
Numbness and tingling in hands and in feet 8 471
Loss of appetite 8 471
Metallic taste in the mouth 8 47 1
Findings Number (N) Percentage (%)*
Findings related to anemia * 6 17.6
Vitamin B,, deficiency 4 11.4
Peripheral neuropathy 3 8.8
Hearing loss 5 14.7
Depression 2 5.9

2 low serum iron, low ferritin, high iron binding capacity and/or CBC showing low MCH and MCV.

* Since the patients had more than one complaints and findings, no column percentage was given.
** The measurements in the hospital were made 15 days after the health surveillance.

*** Control measurement was made 25 days after the first measurement.
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While the mean blood Mn level of the 15 patients
with high blood Mn levels was 17.8+5.9 pg/L, the
value decreased to 1.5+0.8 pg/L after the 15-day
hospitalization. Blood antimony (Sb) levels were
found to be 5.5+1.4 pg/dl in the initial blood level
measurements in hospital.

After the improvement in the acute lead toxicity
complaints, patients were discharged from the
hospital. Nevertheless, according to the latest BLL
values upon discharge, those with BLL of 10-19 pg/dl
were given 10 days leave, those with BLL of 20-29 pg/
dl were given 20 days, and those with BLL of 30 pg/
dl and more were removed from work for one month.

A worker with BLL of 35 pg/dl was admitted to
the hospital five months later for a control period and
the BLL value of that case was found to be 48.8 pg/
dl. However, the other workers did not apply to the
hospital.

DISCUSSION

Although lead toxicity is expected in the scrap
metal processing sector, data reported in the sector
is limited and the research is confined in the battery
production, recycling, and the business lines in
which the lead is processed. In a study investigating
the relationship between chronic lead exposure and
kidney damage in workers in Poland, the average BLL
of workers was 14.5 pg/dl. In Pakistan, the study
compared the level of toxic metals in the biological
samples of the steel production workers and the
control groups and concluded that the mean BLL was
26.3 +1.6 pg/dland the mean Mn level was 7.4+0.6 pg/L
(22-23). The difference between the aforementioned
studies and our study could be attributed to the fact
that they were conducted at workplace whereas the
present study reports BLL (44.0+5.1 pg/dl) and blood
Mn level (17.8+5.9 pg/L) of workers who reported to
the hospital.

In this study, the workers who were referred to
hospital (n = 34) corresponded to only about 8.3%

of the total number of workers. As the statement
of health surveillance in the regulation perceives a
BLL>40 pg/dl criterion for referral to hospital, BLL
of all the workers could not be evaluated. While this
situation is a limitation of the research, it could be
assumed that the number of workers who are actually
affected are far more, and the cases encountered are
only the tip of the iceberg.

Iron and steel industry is a risky sector not only
in terms of lead exposure but also in terms of other
toxic metals. The metal vapor resulting from the
melting process at high temperatures could penetrate
to body through the respiratory system and skin and
may be accumulated in high concentrations in the
body, and thus results in toxicity (24). In this study,
the workers who were hospitalized were also exposed
to other metals known to be included in the scrap
composition, and their exposure was not limited to
lead and Mn, e.g. Sb levels were also high. The quick
normalization of the blood Mn levels in the hospital
despite very high levels in initial health screening
could be ascribed to the fact that the half-life of Mn
is short (25).

The workers who included in the present study
indicated that they work for an average of 53.3+7.2
hours per week. Nevertheless, they are employed
in the iron and steel industry, in which the workers
ought to adhere the “Implementing Regulation on
Maximum Seven and A Half Hours or Lesser Work for
Health” in Turkey (26). The increased level of toxic
metals in workers may also be result of increased
accumulation from the increased exposure to toxic
metals due to excess working time (more than 45
hours per week) and not being able to stay away from
work during the time required for the excretion of
toxic metals in their bodies. The disappearance of
the the most common complaints, exhaustion and
fatigue, 25 days after being dismissed from the work
without a significant decrease in the BLL might imply
the long working hours for these complaints. Workers
employed in this sector should be prevented from
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operating for more than 7.5 hours per day and obey
the legal limits.

More than 90% of the workers identified high
temperature, dust, heavy metals, and noise in the
workplace, and also stated that the central and
local systems had insufficient ventilation. It was also
declared that despite the presence of a separate unit
in the workplace in which workers could eat, wash
their hands, and take shower, the workers do eat,
drink or smoke in the workplace and smoke without
washing hands. According to these findings, it can be
said that the work hygiene rules are not observed
in the workplace, especially the risky behaviors
were performed for gastrointestinal intake of lead.
In addition to providing appropriate ventilation
conditions at the workplace, it is necessary to plan
and implement trainings that will alter workers’
behavior covering a wide range of subjects such as
the intake of the toxic metals, the rules of hygiene,
and the individual measures that can be taken.

While the company was informed regarding the
precautions to be taken at the workplace and the
management of the occupational lead exposure, also
the workers were trained to minimize the exposure
by researchers.

Despite the dismissal from their jobs and chelation
treatment according to the recommendations of
NIOSH, no significant decrease was observed in the
BLL of the of the hospitalized patients. The initial
mean BLL of 44.0+5.1 pg/dl was only decreased
to 38.4+11.1 pg/dl in the hospital after 15 days of
health surveillance, and to 36.1+8.9 pg/dl in 40
days after the the hospitalized health surveillance.
Studies evaluating the half-life of lead in blood
revealed that this period is 28-36 days and the Toxic
Substances and Disease Records Agency (ATSDR)
considered the half-life of the lead to be 28 days
(27). CDC states that this period may be 1-2 months
(28). The lack of expected decline in BLLs of these
cases can be explained by the fact that the lead’s
half-life in the blood is longer than 28-36 days. When
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the BLL of the patients receiving chelation therapy is
not significantly reduced, it may be an indicator of
the chronic lead exposure in the cases. Should the
relationship between the duration of work and BLL was
present, data would provide a stronger framework to
formulate the chronic lead exposure. However, this
relationship cannot be discussed because of inability
to evaluate the all workers in the workplace and this
is another limitation of the present study.

In order to make a correct decision in the clinical
management of patients and to evaluate the suitability
of chelation therapy, the risk of chronic exposure
should be evaluated using K-shell x-ray fluorescent
(K-XRF) especially for the cases whose BLLs are
estimated for the first time. In Turkey, K-XRF method
should be accessible and usable at hospitals which
are authorized to diagnose occupational diseases
which take the most burden in clinical management
of cases with occupational lead exposure.

The occupational exposure limit values and
biological limit values for the lead specified by
the legislation in Turkey are higher than the values
determined by NIOSH and OSHA (8-10). The biological
limit value determined for lead exposure is 70 pg/
dl in the Turkish regulation while the proposal
of the Science Commission for the Occupational
Exposure Limit of the European Commission is 30
pg/dl (29). One of the two conditions required for
health surveillance in the Turkish Regulation is that
“any one of the employees has a BLL of > 40 pg/dl”
which implies that BLL<40 pg/dl is not perceived as a
criterion for referral to health institutions and can be
ignored as also shown in this study.

The the occupational
exposure limit value (TWA) for inorganic lead and
compounds to 0.15 mg/m3. This value is three times
higher than the exposure limit value set by NIOHS and
OSHA. It should be kept in mind that the exposure
limit value is the set value for the eight-hour working

regulation also sets

time per day and that overtime periods may also
result in increased levels, as in this study provides a



solid example. In a study targeting the lead levels in
metal casting workplace environments in Turkey, of
all the 41 measurements were taken from work place
indicated a lead level above 0.05 mg/m3, while in
four point the measurements even exceeded of 0.15
mg/m?3 (30).

The higher levels of biological and exposure limit
values in Turkey and the conditions required for health
surveillance compared to the developed countries
prevents the recognition of the occupational lead
exposure. The corresponding legislation in Turkey
needs to be updated in line with scientific data and
the recommendations of international organizations.

On the other hand, routine health surveillance
is not performed in terms of lead exposure in
Turkey, but a medical intervention is foreseen if two
conditions in “Implementing Regulation on Health
and Safety Measures for Working with Chemical
Substances” emerge. As emphasized above, the
exposure limit value is determined for a daily working
time of eight hours and excess working times will
cause an increase in exposure. In the event that

ETHICS COMITTEE APPROVAL

the specified limit value is not exceeded in the
workplace for health surveillance, exposures to the
lower dose for an extended time period may lead to
chronic lead toxicity in the long run. For this reason,
routine occupational health and safety monitors and
workplace measurements should be taken and the
biological monitoring should be part of the routine
health surveillance for all the businesses operating
the risk areas.

In conclusion, the iron and steel processing
sector is among the sectors that should be carefully
monitored in terms of lead, manganese, and antimony
exposure. The legislations and the exposure limits of
toxic metals and the biological limit values should
be updated in accordance with scientific data. In
addition to occupational health and safety practice
the biological monitoring of toxic metals should be
part of the routine health surveillance, especially
taking into account overworking hours. Treatment of
patients with clinical findings should be planned by
confirming the accumulation of lead in bone tissue.

* The study was approved by the Kanuni Sultan Stileyman Training and Research Hospital Clinic Research Ethics Committee

(Date: 28.10.2018 and Number: 2018/10).

REFERENCES

1. Holland MG, Cawthon D. Workplace lead exposure.
J Occup Environ Med, 2016; 58 (12): 371-4.

2. Guidelines for the lead-exposed worker,
occupational lead poisoning prevention program.
https://www.cdph.ca.gov/Programs/CCDPHP/
DEODC/OHB/OLPPP/CDPH%20Document%20
Library/medgdIn.pdf, Accessed Date: March 30,
2019.

3. Reference Blood Lead Levels (BLLs) for Adults
in the U. S, https://www.cdc.gov/niosh/topics/
ables/ReferenceBlood lead levels (BLLs) for adults
in the U.S., Accessed Date: April 02, 2019.

4., Lead, elevated blood levels 2016 case Definition
https://wwwn.cdc.gov/nndss/conditions
leadelevated-blood-levels/case-definition/2016/,
Accessed Date: April 02, 2019.

5. Kim HC, Jang TW, Chae HJ, Choi WJ, Ha MN, Ye
BJ, et al. Evaluation and management of lead
exposure. Ann Occup Environ Med, 2015; 15: 27-30.

6. Lewis R, Kosnet MJ. Metals. In: Ladou J, Harrison
R, eds. Current Diagnosis&Treatment, Occupational
and Environmental Medicine. 5th Ed. New York:
McGraw-Hill Education, 2014: 1044-1096.

7. Chettle DR, Scott MC, Somervaille LJ. Lead in bone:
sampling and quantitation using K X-rays excited by
109Cd. Environ Health Perspect, 1991; 91: 49-55.

8. Measures for working with chemical substances
http://www.mevzuat.gov.tr/Metin.Aspx?MevzuatK
0d=7.5.18709&Mevzuatlliski=0&sourceXmlSearch,
Accessed Date: April 01, 2019.

Turk Hij Den Biyol Derg

77



10.

11.

12.

13.

14.

158

16.

17.

18.

19.

20.

78

NIOSH pocket guide to chemical Hazards. https://
www.cdc.gov/niosh/docs/2005-149/pdfs/2005-
149.pdf, Accessed Date: April 02, 2019.

Anonymous. Regulations and guidelines applicable
to lead and lead compounds. OSHA, 2014; 403-13.

Basaran N, Undeger U. Effects of lead on immune
parameters in occupationally exposed workers. Am
J Ind Med, 2000; 38: 349-54.

Duydu Y, Suzen HS, Aydin A, Cander O, Uysal H,
Isimer A, et al. Correlation between lead exposure
indicators and sister chromatid exchange (SCE)
frequencies in lymphocytes from inorganic lead
exposed workers. Arch Environ Contam Toxicol,
2001; 41 (2): 241-6.

Sonmez F, Donmez O, Sonmez HM, Keskinoglu A,
Kabasakal C, Mir S. Lead exposure and urinary
N-acetyl beta D glucosaminidase activity in
adolescent workers in auto repair workshops. J
Adolesc Health, 2002; 30(3): 213-6.

Duydu Y, Suzen HS. Influence of delta-aminolevulinic
acid dehydratase (ALAD) polymorphism on the
frequency of sister chromatid exchange (SCE)
and the number of high-frequency cells (HFCs) in
lymphocytes from lead-exposed workers. Mutat
Res, 2003; 540 (1): 79-88.

Gurer OH, Sabir HU, Ozgunes H. Correlation
between clinical indicators of lead poisoning and
oxidative stress parameters in controls and lead-
exposed workers. Toxicology, 2004; 195 (2-3): 147-
54.

Duydu Y, Dur A, Suzen HS. Evaluation of increased
proportion of cells with unusually high sister
chromatid exchange counts as a cytogenetic
biomarker for lead exposure. Biol Trace Elem Res,
2005; 104 (2): 121-9.

Karakaya AE, Ozcagli E, Ertas N, Sardas S.
Assessment of abnormal DNA repair responses and
genotoxic effects in lead exposed workers. Am J Ind
Med, 2005; 47 (4): 358-63.

Engin AB, Tuzun D, Sahin G. Evaluation of pteridine
metabolism in battery workers chronically exposed
to lead. Hum Exp Toxicol, 2006; 25 (7): 353-9.

Yilmaz H, Keten A, Karacaoglu E, Tutkun E, Akcan
R. Analysis of the hematological and biochemical
parameters related to lead intoxication. J Forensic
Leg Med, 2012; 19 (8): 452-4.

Ozturk M, Yavuz B, Ozkan S, Aytirk M, Akkan
T, Ozkan E, et al. Lead exposure is related to
impairment of aortic elasticity parameters. J Clin
Hypertens, 2014; 16 (11): 790-3.

Turk Hij Den Biyol Derg

21.

22.

238

24,

25.

26.

27.

28.

29.

30.

Sipahi H, Girgin G, Palabiyik SS, Tutkun E, Yilmaz
OH, Baydar T. Possible changes of new-generation
inflammation markers with occupational lead
exposure. J Occup Health, 2017; 59 (4): 345-51.

Wronska-Nofer T, Pisarska A, Trzcinka-Ochocka
M, Hatatek T, Stetkiewicz , Braziewicz J, et al.
Scintigraphic assessment of renal function in steel
plant workers occupationally exposed to lead. J
Occup Health, 2015; 57 (2): 91-9.

Afridi HI, Talpur FN, Kazi TG, Kazi N, Arain SS, Shah
F. Estimation of calcium, magnesium, cadmium,
and lead in biological samples from paralyzed
quality control and production steel mill workers.
Environ Monit Assess, 2015; 187 (6): 350.

Code of practice on safety and health in the iron
and steel industry. http://www.ilo.org/wcmsp5/
groups/public/@ed_protect/@protrav/@safework/
documents/normativeinstrument/wcms_112443.
Pdf, Accessed Date: March 05, 2019.

O’Neal SL, Zheng WI. Manganese toxicity upon
overexposure: a decade in review. Curr Environ
Health Rep, 2015; 2 (3): 315-28.

Implementing regulation on maximum seven and a
half hours or lesser work for health. http://www
resmigazete.gov.tr/  eskiler/2013/07/20130716-2
htm. Accessed Date: March 07, 2019.

Lead toxicity: what is the biological fate of lead in
the body? https://www.atsdr.cdc. gov/csem/lead/
docs/CSEM-Lead_toxicity_508.pdf, Accessed Date:
March 10, 2019.

National  biomonitoring  program: lead
https:/ www.cdc.gov/biomonitoring/Lead_
BiomonitoringSummary.html, Accessed Date: March
10, 2019.

List of recommended healthbased biological limit
values (BLVs) and biological guidance values (BGVs).
https://ec.europa.eu/social/main.jsp?catld=148&!
angld=en&internal_pagesld=684&moreDocuments=
yes&tableName=INTERNAL_PAGES, Accessed Date:
March 20, 2019.

Tatar CP. Kursun maruziyetinin is saglig1 ve giivenligi
acisindan degerlendirilmesi (aki, maden ve metal
isyerlerinde). is Sagligi ve Giivenligi Uzmanlik Tezi /
Arastirma. Ankara: T.C. Calisma Ve Sosyal Guvenlik
Bakanlig1. 2014.



