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Abstract

Background: Lead is a dangerous substance that can impact the blood components. Lead toxicity can cause imbalance in the
homeostasis process of blood peripheral. The aim of this study is to search impact of lead exposure on peripheral blood parameter
alterations among people around bus terminals in Yogyakarta.

Methods: This study is a cross sectional research design with convenience sampling method. According to calculation of sample
size, 72 respondents had fulfilled the inclusion criteria. The independent variable was lead exposure and dependent variables were
peripheral blood parameters including leucocytes, erythrocytes, hemoglobin, and platelets. Lead exposure was measured by atomic
absorption spectrophotometer (AAS) and peripheral blood parameters were measured by automatic hematology analyzer. Those
variables were analyzed by linear regression.

Results: Based on Independent T Test was found aged > 40 yo correlated with leukocyte (P =0.029), male workers correlated with
leukocyte, erythrocyte, hemoglobin, and platelet (P =0.025,0.006, 0.000, and 0.031, respectively), smoking 1 packed per week
associated with hemoglobin (P =0.006) and settlement 500 meter around terminal associated with leukocyte, erythrocyte,
hemoglobin and platelet (P =0.025, 0.006, 0.000, and 0.031, respectively). Linear regression can predict level of leukocyte (p=0.32;
Cl1 95=-0.207 to 0.643, P =0.006), erythrocyte (p=0.3; CI 95=-0.269 to 0.29; P =0.009), hemoglobin (p=0.33; CI 95=0.042 to 0.211;
P =0.004), and platelet (p=0.25; CI 95=-0.548 to 0.73; P =0.029).

Conclusion: Age > 40 years old associated with leukocyte; male gender associated with leukocyte, erythrocyte, hemoglobin, and
platelet level, respectively; smoking 1 packed per week correlated with hemoglobin level; settlement 500 m around terminal
associated with level leukocyte, erythrocyte, hemoglobin, and platelet level, respectively. Finally, level of lead can predict positively
leukocyte, erythrocyte, hemoglobin, and platelet level respectively.
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deteriorating and during renovation or repairing work that

ICTIREUE TIoR disturbs painted surfaces in older homes and buildings (2,3).

Lead is a common element found in small amounts in the
earth’s crust (1). While it has some beneficial uses, it can be
toxic to human and animals (2). Lead can be found in all parts
of our environment, including the air, soil, water, and even
inside our homes (2). Much of the exposure comes from
human activities such as the use of fossil fuels including
leaded gasoline, some types of industrial facilities, and lead-
based paint in homes (1). Lead and lead compounds have
been used in a wide variety of products found in and around
our homes, including paint, ceramics, pipes and plumbing
materials, solders, gasoline, batteries, ammunition, and
cosmetics (1,2). People might be exposed to lead by eating
and drinking food or water containing lead or from dishes or
glass that contains lead (3). They may also breathe in lead
dust by spending time in areas where lead-based paint is

Working in a job or engaging in hobbies where lead is used,
such as making stained glass, can increase exposure as can
certain folk remedies containing lead (1,2).

Long term lead exposure can affect almost every organ
and system in the body. Children aged six years old and
younger are most susceptible to the effects of lead (3). Even
low levels of lead in infants (through breastfeeding) and
children can result in behavior and learning problems, lower
1Q and hyperactivity, slowed growth, hearing problems, and
anemia. In rare cases, ingestion of lead can cause seizures,
coma and even death (4). Lead is also harmful to adults.
Exposure can lead to cardiovascular effects such as
hypertension, decreased kidney function and reproductive
problems in both men and women (3,5).

Lead is a hazardous substance that can impact blood
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components like hemoglobin, erythrocytes, leukocytes, and
platelets. Lead toxicity can imbalance the homeostasis of
blood circulation because of these effects. Lead inhibits the
body's ability to make hemoglobin by interfering with
several enzymatic steps in the heme synthesis pathway (6).
Specifically, it decreases heme bio-synthesis by inhibiting d-
aminolevulinic acid dehydratase (ALAD) and ferrochelatase
(FECH) activity (6). Lead affects shlood coagulation actions
through endothelial tissue injury, reduced nitric oxide, tissue
plasminogen activator and an increased production of
plasminogen activator inhibitor-1.20 (7). Lead affects
leukocytes through initiating the inflammation process. A
previous study indicated that inhaled lead acetate can
increase total leukocyte percentage of eosinophil, neutrophil
and basophil in broncho-alveolar lavage as well as IL-4 (8).
The impact of biochemical and enzyme changes (and their
possible sequelae) that may exist at lower blood lead levels
remains unclear (8).

This study is very important to disclosing the mechanism
of lead exposure on peripheral blood parameters. An animal
model showed that long-term exposure can cause organ
damage as well. Few studies state precisely the mechanism
of lead exposure on the hematologic system, particularly
leukocytes. The aim of this study is to search for
correlations between lead exposure and health effects in
people around bus terminals in Yogyakarta city. The results
can help with providing information and recommendations
to control lead exposure in the environment, particularly
through public transportation.

METHODS

This study is a cross sectional research design with
convenience sampling as a method to collect the samples.
Prior to calculating sample size, it should be determined
sample formula with continuous data such as Za= 1,96; Zf=
0.84; o? and ps-p2 value. According to calculation of sample
size, 72 respondents had fulfilled the inclusion criteria such
as: agree to be respondents, age > 18 years old, and staying
or working nearby bus terminal for more than one year. The
exclusion criteria were being a bus passenger, mobile
workers, and young workers < 18 years old.

The variables divided into two, independent variable is
lead exposure and dependent variables are peripheral blood
parameters including leucocyte, erythrocyte, hemoglobin, and
platelet. Lead was measured by atomic absorption
spectrophotometer (AAS) and peripheral blood parameters
was measured by automatic hematology analyzer. Prior to
analysis with regression model, Kolmogorov smirnov test was
conducted to search normality data (p>0.05). Independent T
Test was performed to search association of baseline
characteristic with those variables. Linear regression provided
significance p<0.05, coefficient (r), beta coefficient, standard
error, and R2. Due to several confounding can be identified,
those variables were analyzed by linear regression using SPSS
version 23 (IBM, Chicago, Illinois, USA).

Before collecting data, a preliminary study was piloted to
observe research location, variables, and respondent
characteristics. Those data were collected using
questionnaires consisting of demographic data and possibility

of comorbid diseases. Informed consent was obtained at the
location. We began with introducing the research team,
explaining the aim of the study and the study procedures,
including how to take blood sample, risks related to the
procedures and how to control these risks, and also
compensation for the respondents after taking data. In the last
step, we asked for the respondents’ agreement to be study
participants by obtaining their signed informed consent that
was witnessed by one family member. Ethical approval was
received from the Faculty of Medicine, Universitas Islam
Indonesia (Approval number 32/Ka. Kom.Et/70/KE/I\V//2018).

RESULTS

The demographic characteristics of the subjects was
presented in Table 1. The most important of baseline
characteristics of the respondents was aged more than 40
years old (68.1%), smoking subjects (66.6%), bus terminal
workers (56.9%), length of work more than 8 years (66.6%),
and all of the blood peripheral parameters within normal
limits.

Table 1. Baseline characteristic of respondents

Variables n %

Age
a. <40y 23 31.9
b. >40y 49 68.1
Gender
a. Male 51 70.8
b. Female 21 29.2
Smoking
a. Yes 48 66.6
b. No 24 334
Personal protective equipment (PPE)
a. Yes 10 13.9
b. No 62 86.1
Education
a. Low 36 50
b. High 36 50
Occupation

a. Terminal workers 41 56.9

b.  Nonterminal workers 31 431

Length of works

a. < 8 years 24 33.3
b. > 8 years 48 66.6
Settlement

a. Around terminal 18 25
b. Not around terminal 54 75
Comorbid disease

a. Yes 33 45.8
b. No 39 54.2




Table 1. Continued.

Variables Mean+SD
Leukocyte 9356.9+3808.5
Erythrocyte 5062777.7+526105
Hemoglobin 14.5+1.7
Platelet 257444.4+63257.5
Lead 0.78+0.68

PPE was wearing mask every day. Smoking had 1 packed/week.
Education had graduated from senior high school was high.
Terminal workers who stay in terminal. Settlement around
terminal was 500 meters from terminal.

The association of peripheral blood parameters with
baseline characteristics was showed in Table 2. It was
elaborated age > 40 yo significant correlated with level of
leukocytes (P =0.029). Male respondents associated with
level of leukocytes (P =0.025), erythrocytes (P =0.006),
hemoglobin (P =0.00), and platelet level (P =0.031).
Smoking behavior 1 packed per week correlated with level
of hemoglobin (P =0.006), while settlement around 500
meter from terminal associated with level of erythrocytes (P
=0.006), leukocytes (P =0.025), hemoglobin (P =0.00), and
platelet (P =0.006). Finally, to predict lead level with
peripheral blood parameters was presented in Table 3.
According to Table 3 was found lead level can predict level

of leukocyte (P =0.006), erythrocyte (P =0.009),
hemoglobin (P =0.004), platelet (P =0.029)
DISCUSSION

Age, gender, smoking behavior and settlement around the
terminal were associated with several complete blood count
(CBC) parameters. Age was associated with level of white
blood cells (WBC), particularly in elderly (9). The study
showed that elderly people > 65 yo were vulnerable to
getting infection due to weaker immune systems. In our
study, aged > 40 yo had mean level of WBC almost reaching
upper limit of WBC level around 11.000 mg/dL that could be
associated with the result study. Gender status was correlated
with level of hemoglobin level, red blood cell (RBC), WBC
and platelet level particularly in female workers (1). Females
have a regular menstrual cycle that potentially decreases
hemoglobin and RBCs, but in our study we did not ask about
menstrual cycle in the questionnaire. Unfortunately,
frequency of female respondents were 29.2 %, which cannot
be generalized to the overall population. This finding seems
interesting enough to conduct further study about it.
Including level of WBC, several studies claimed prevalence
of infection is more common among females than males,
despite risk factors among them being multi factorial such as
susceptibility, agent exposure and immune systems (10). In
our study, we did not assess external factors in the subjects
due to limit of resources.

Smoking was correlated with level of hemoglobin and
leukocyte in previous studies (11, 12). Cigarettes contains
thousands of hazardous substances that potentially damage
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molecule membranes of erythrocyte surfaces. Most
respondents in our study were smokers (66.6%) with normal
hemoglobin level. Length and frequency of smoking were
questions in the questionnaire. Housing is an important
aspect in lead level and inducing of peripheral blood
parameters. In our study, we did not measure lead levels in
the environment particularly 500 meter around the terminal
that could be greater level than the outside of 500 meter of
the terminal.

In our study, lead exposure was correlated with
erythrocyte level among respondents, as shown in previous
studies (3, 5, 6). The previous study showed lead toxicity on
kidney function that was measured by glomerular filtration
rate (GFR) and creatinine serum level (5). while in our
study, we did not measure kidney function tests. Rather, we
examined direct effect of lead on complete blood count
(CBC) that found lead exposure affected level of red blood
cell (RBC). In spite of the association being weak (0.3),
mean of RBC and lead level in this study were normal
range. We identified that there were confounding factors in
this study, such as level of lead in air, food, and beverages,
that were greater than in blood, however we did not
measure these levels.

Lead has positively affected on hemoglobin level such
previous study (13). The most common anemia reported is a
microcytic hypochromic anemia. Our study claimed level of
hemoglobin was in normal range, so we cannot identify the
type of anemia. In addition, lead level was in normal range.
We concluded there were other environmental factors that
affected level of hemoglobin in our study.

The mechanism of lead induced erythrocyte changes is
enzymatically process via heme production that inhibited by
lead at basic dose 10 pg/dL (6). The most sensitive enzyme
is delta-aminolevulinic acid dehydratase (13, 14). When the
last enzyme in the pathway, ferrochelatase, is impaired, the
precursor molecule protoporphyrin accumulates in the cells
(15). Measurement of erythrocyte protoporphyrin levels in
peripheral blood samples might be useful as clinical tool for
following toxicity in patients with lead levels over 20 pg/dL
(16). The hallmark of anemia in lead exposure is red blood
cells with basophilic stippling, and ring sideroblasts on bone
marrow (17). The mechanism of the ring sideroblasts is
related to the accumulation of iron-laden mitochondria in
the red blood cell precursors due to the inhibition of
ferrochelatase by lead (13).

According to our study, lead has a positive correlation
with coagulation effects via the destruction of platelets, which
is similar to the findings of a previous study (18). That study
was conducted among battery workers company that shown
increasing level of plateletcrit (PCT), MPV, PDW, platelet
large cell ratio (P-LCR), and mean platelet mass (MPM) were
not determined , (18) while in our study we found that mean
platelet level was normal. The level of platelets was in the
normal range, because lead level in blood was normal. There
could be other, unstudied sources of lead in the environment
that could be confounding. Lead affects blood coagulation
actions through endothelial tissue injury, reduced nitric oxide,
tissue plasminogen activator and an increased production of
plasminogen activator inhibitor-1 (18).



Lead Exposure Effect on Peripheral Blood

S. R. Soleman et al.

"anjeA d si d "sanjeA uelpaw pue snieis Aq papIAIp alem sajgelieA (5o 0>d) juedaiyiubis sem 1sa] | Juspuadapuly

6050

*xT€0°0

[47A0

8¢2'0

§96°0

0€6°0

T19¢°0

*1€0°0

¢SS0

S'9TY65+.'T.8¢SC
8'LY089+1'818¢9¢

V' 18LY9+EEEELGC
€'9€209+L'LLLLSC

8'¢G9¥S+E'8G1705¢
2'260L.¥9°9TYT.LC

L'G2969+E°9856VC
S¥TOEGF.L'8€8.9¢C

G'¢9¢69FT'TTTLSC
8T9.9+/.°LL11SC

6'7C€99F1'LLT.LSC
9'GT8TY+00T6SC

L68.GF5.E69¢
9'6€959F1'6.11G¢C

9'20£81¥6°08€C8C
6°¢8T99+1'9LT.LVC

¥'€8989+8'¢r TG
€'¢G05+2'8.1719¢

(1) 30103214
ds F Ues|y

8G€0

x000°0

v9'0

90

¥2e0

GGE°0

*900°0

0000

9490

7'TFOVT

TeFEVT

8TFL VT

TT+8€ET

STFS VT

X424

VT

STFEVT

ET+L YT

X424

ST+ T

T+ST

6'TFLET

9TF6 VT

L'TF6°CT

ETFT'GT

6T+ 17T
STFOVT

(p/B)urqojBowsH
ds F UesN

0SS0

x900°0

2860

€80

¥56°0

G8€°0

Evro

+¥900°0

8G€0

C'ETSTYSF7'6.LT.60S
96SC¢TS+¢'T1¢T2C0S

9'0S88ES+Y 18VT180G
T'26296%7+9°999900S

L6€9ESF0S.E£90S
T'9029TS+E €€8090S

9'TOTOT9+9°G260.0S
9'Z8T86EF7'GE6TS0S

L'T¢/98V+8'88€990S
G'869695+9'991650S

€'8.VGrSF.°L960170S
9°'0.¥8LEF00086TS

T°G20v67+00056617
'L62€V5+9'9999605

9'GBLECSFT'LG8C08Y
9'T6TE6Y+6°£0869TS

6°9¢V6ESTE 69VEC0S
8T9.6V+. TCSIVTS

(/) s1o0rphrg
as F uesy

T0T°0

xG¢0°0

T9%°0

2290

7890

1260

8610

5200

6200

E€T9E+7'6.98
CE6EFS'LSTO0T

C'TEBEFT'8606
C'LELEFEECTOT

€'€05E¥8'0CT6
G'86EY+1'6¢86

L'608EFC'TSS6
€'7S8E+00T6

V' LTCY+CTLT6
TOVEFI'TYS6

L'9ELEFEOVED
L' 9vvy+09¥6

L TTSV+9920T
6'€9E€E€F2068

2'08LE¥C¥T60T
¥'999€+9°GT/8

¢'908E+17'7¢00T
6'LLVEFL VEBL

(M) @18003n01
as T uesiy

020

9¢T'0

§02°0

STL°0

6600

L9¢°0

T€8°0

9¢T'0

€180

S0+L0

8'0¥80

L'0FL0

S0¥L0

S0¥L0

8'0%¥6'0

G'0¥L0

8'0¥8°0

7'0%¥9°0

8'0%¥6'0

L'0¥8°0

€0%590

¥7'0¥8°0

L'0FL0

6°'0¥6°0

S0+L0

L'0+L°0
7'0FL0

(Ip/6ri)pes
as F ues\

ON q

SBA B

aseasip pigiowo)d
[eulwL]

punojeloN °q
[eulwua) punoly e
luswisnes

sIeak § < q
sieakg> e

SYJ0M JO y1bua]
slojlom eulwal g

SJayIoMm
[eUlWIBIUON B
uonednasQO
ubiH g
Mol e
uoneonp3
ON q
SOA B
3dd
ON
SOA B
Bunpjows
dewsd g
e ®
18pus
okoy< q
ok oy > e
aby

sa|gelieA

a1Is1Ia1oRIRBYD BuUljaseq YliMm sislaweted poojq [esaydiiad Jo UOIRID0SSY “Z 9]qe.L

14



ASIA PACIFIC JOURNAL of MEDICAL TOXICOLOGY
APJMT 9;1 http://apjmt.mums.ac.ir March 2020

Table 3. Regression analysis to predict lead level with peripheral blood parameters

. ) Cl 95%
Variables Beta coefficient (B) p value*
Lower bound Upper bound
Leucocyte 0.32 0.006 -0.207 0.643
Erythrocyte 0.3 0.009 -0.269 0.29
Hemoglobin 0.33 0.004 0.042 0.211
Platelet 0.25 0.029 -0.548 0.731
*Backward stepwise regression linear model was significant (p<0.05).
We also report that lead was positively correlated with lead can predict positively leukocyte, erythrocyte,

leukocytes among subjects, similar to previous study
findings (19, 20). Those studies discovered effect of lead to
white blood cell in mice that altering structure, number of
leukocyte, and nuclear arrangement was distorted (19, 20).
In lead treated groups, the shape and structure of the
monocyte was altered with reniform (kidney shaped)
nucleus (20). These findings are also supported by another
study with the evidence of reactive monocytes enclosing
the cytoplasm became more intensely basophilic, and
vacuolated (19). In our study, lead exposure associated with
level of white blood cell (WBC), however, we did not
measure specific WBC and another inflammation
mediators. The WBC levels in our study were within
normal range because the level of lead was normal. We did
not measure sources of lead in the environment that could
be within normal range. Lead has significant induced
cytokines pro inflammation mediator substances via
leukocyte destruction despite the study conducted on
animal (21, 22, 23). These usually indicate chronic
inflammatory process or might be seen with hemoplasmas.
Toxicity in neutrophils is defined by the presence of dohle
bodies (small, basophilic aggregates of RNA in the
cytoplasm) and diffuse cytoplasmic basophilia (17).

LIMITATION

This study has limitations. The observational method
does not allow for predicting between exposure and
outcome. Also, further cohorts or experimental studies are
needed to prove the association of lead exposure with
peripheral blood parameters. We also identified that several
factors could be counfounding, such as level of lead in the
air, food and drinking water. These were not studied. If lead
level was normal in the environment, it would be normal in
blood of respondents. Further studies should be conducted
comprehensively to investigate lead exposure on human
and level in environment.

CONCLUSION

Age > 40 yo associated with leukocyte; male gender was
associated with leukocyte, erythrocyte, hemoglobin, and
platelet level, respectively; smoking 1 packed per week
correlated with level hemoglobin; settlement 500 m around
terminal associated with level leukocyte, erythrocyte,
hemoglobin, and platelet level, respectively. Finally, level of
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hemoglobin, and platelet level respectively. Public health
concern should be proposed to handle chronic impact on
human such as controlling of air pollution, regulation of
using lead in industry and personal protective equipment
among workers or vulnerable population.

Conflict of interest: None to be declared.

Funding and support: We would like to grateful to
Faculty of Medicine, Universitas Islam Indonesia which
granted this research.

REFERENCES

1. Agency for Toxic Substances and Disease Registry.
Toxicology profile of lead. 2019, available from
https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=96&tid=22
(Accessed April 1, 2020)

2. Lange J. Lead: An environmental neurotoxic agent [editorial].
J Headache Pain Mngt 2017;2:1-2.

3. Assi MA, Hezmee M, Haron A, Sabri M, Rajion M. The
detrimental effects of lead on human and animal health. Vet
world 2016;9:660-71.

4. Lanphear BP, Hornung R, Khoury J, Yolton K, Baghurst P,
Bellinger D, et al. Low-level environmental lead exposure and
children’s intellectual function: An international pooled
analysis. Environ Health Perspect 2005;113:894-9.

5. Harari F, Sallsten G, Christensson A, Petkovic M, Hedblad B,
Forsgard N, et al. Blood lead levels and decreased kidney
function in a population-based cohort. AJKD 2018;72:381-9.

6. Dongre N, Suryakar A, Patil A, Ambekar J, Rathi D, et al.
Biochemical effects of lead exposure on systolic and diastolic
blood pressure, heme biosynthesis an hematological
parameters in automobile workers on North Karnataka India.
India J Clin Biochem 2011;26:400-6.

7. Zeng Z, Huo X, Zhang Y, Zhehong X, Zhang Y, Xu X. Lead
associated is associated with risk of impaired coagulation in
preschool children from an e-waste recycling area. Environ
Sci Pollut Res Int 2018;25:20670-9.

8. Lorenzo L, Corfiati M. Evaluation of peripheral blood
neutrophil leucocytes in lead exposed workers. Int Arch
Occup Environ Health 2006,79:491-8.

9. Aminzadeh Z, Parsa E. Relationship between age and

peripheral white blood cell count in patients with sepsis. Int J

Prev Med 2011;2:238-42.

Lunzhen J, Altfed M. Sex differences in infectious diseases-

common but neglected. J Infect Dis 2014;209:S79-S80.

Malenica M, Prnjavorac B, Bego T, Dujic T, Sabina S, Skrbo

S, et al. Effect of cigarette smoking on hematological

10.

11.



Lead Exposure Effect on Peripheral Blood
S. R. Soleman et al.

12.

13.

14.

15.

16.

17.

parameters in healthy population. Med Arch 2017;71:132-6.
Shipa SA, Rana MM, Miah MF, Alam MJ, Mahmud MGR.
Effect of Intensity of Cigarette Smoking on Leukocytes among
Adult Men and Women Smokers in Bangladesh. Asia PacJ)
Med Toxicol 2017;6:12-7

Leon O, Hernandez E, Juarez F, Rodriguez E, Alaniz F,
Carrillo A, et al. Association between blood lead level and
delta aminolevulinic acid dehydratase in pregnant women. Int
J Environt Res Public Health 2017;14:432-8.

Kemp F, Neti P, Howell R, Wenger P, Louria D, Bogden J.
Elevated blood concentration and vitamin D deficiency in
winter and summer in young urban children. Environ Health
Perspect 2007;115:630-5.

Fujita H, Nishitani C, Ogawa K. Lead, chemical porphyria and
heme as a biological mediator. Tohuku J Exp Med
2002;196:53-64.

Jangid A, John P, Yadav D, Mishra S, Sharma P. Impact of
chronic lead exposure on selected biological markers. Indian J
Clin Biochem 2012;27:83-9.

Nelson C, Chan N, Chan P. Coarse basophilic stippling in lead
poisoning. Blood 2017;129:3270.

16

18.

19.

20.

21.

22.

23.

Barman T, Kalahasthi R, Rajmohan H. Effects of lead
exposure on the status of platelet indices in workers involved
in a lead-acid battery manufacturing plant. J Exposure Sci
Environ epidemiol 2014;24:629-33.

19. Farkhondeh T, Boskabady M, Kohi M, Hashjin G, Moin
M. Lead exposure affects inflammatory mediators, total and
differential white blood cells in sensitized guinea pigs during
and after sensitization. Drug Chem Toxicol 2014;37:329-33
Ragini S, Khushbu P, Mogra S. Effects of prenatal and
neonatal exposure to lead on white blood cells in Swiss mice.
J Cell Mol Biol 2011;10:33-40.

Grecka M, Dobrakowski M, Boron M, Lisowska G,
Kasperczyk A, Kasperczyk S. The influence of occupational
chronic lead exposure on the levels of selected pro
inflammatory cytokines and angiogenic factors. Human
Experimen Toxicol 2017;36:467-73.

Fenga C, Gangemi S, Salvatore V, Falzone L, Libra M.
Immunological effects of occupational exposure to lead
(review). Mol Med Report 2017;15:3355-60.

Barbara E, Ritschel K, Markowitz M. Lead poisoning. Acad
Pathol 2017;4:1-3.



