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Abstract

Introduction: Hospitals are institutions that produce liquid waste that may pollute
the environment and have a dangerous impact on health. Hospital waste has the
potential to contain hazardous chemicals, pharmaceutical waste, radioactivity and
microbiological pathogens in liquid waste that can pollute the environment and
disrupt the balance of the ecosystem. This study aims to determine the effectiveness
of the Wastewater Treatment Plant (WWTP) and the quality of the liquid waste at
the Dr. Soetomo General Hospital. Methods: This research was a quantitative
descriptive study using secondary data from laboratory analysis of wastewater
inlet and outlet of The Central Wastewater Treatment Plant (WWTP) of Dr.
Soetomo General Hospital for the January-December 2020 period. Effectiveness
was obtained by calculating the difference between the inlet and outlet values
of each parameter divided by the inlet value multiplied by 100%. Results and
Discussion: WWTP in Dr. Soetomo General Hospital Surabaya used a central
WWTP which had 3 (three) units, namely WWTP Sequence Batch Reactor (SBR),
WWTP Membrane Biostrain Reactor (MBR) and WWTP Aerobic Biofilter which
aims to improve the quality of liquid waste. Based on the results of the research
analysis, it has been found that hospital wastewater treatment using a central
WWTP system is effective for reducing the levels of parameters, namely Total
Suspended Solid (TSS) by 60.55%, Biological Oxygen Demand (BOD) by 72.52%,
Chemical Oxygen Demand (COD) by 54.02%, Ammoniacal Nitrogen (NH3N)
by 90.91%, Phospate (PO4) by 71.43%, bacteria group E. Coli by 99.93%. The
temperature and Potential of Hydrogen (pH) parameters recorded at the outlet are
in accordance with the established quality standards. Conclusion: The three WWTP
units used in Dr. Soetomo General Hospital are able to treat liquid waste effectively.
Liquid waste at each outlet parameter is in accordance with East Java Governor
Regulation No. 72 of 2013 concerning quality standards for health facilities waste
water, so that the effects of contamination on the environment can be minimized.

INTRODUCTION

liquid waste into something not harmful to the living

Hospitals as the health service provider are
comprehensive, curative and preventive. They also
function as the place for health check-up, therapy,
treatmentas well as recovery forthe people (1). Incarrying
out such services, hospitals may potentially become the
place of disease transmission and also the place where
environmental contamination and health disorder may
occur (2). The healthcare facilities generate radioactive,
pathological, infectious, cytotoxic, pharmaceutical waste
as well as sharps waste that could potentially cause
adverse effects on the environment (3).

All activities conducted in the hospital generate
waste, including liquid waste that require optimum
management at WWTP which serves to turn such

45

organisms (4). The liquid waste management is one of
the environmental remedial efforts in order to protect the
people from the danger of environmental pollution (5)
due to the liquid waste that contains several hazardous
substances and that could pollute the environment
(6) as well as could potentially deteriorate quality of
environment when immediately disclosed without any
processing would result in serious potential environment
disruptions (7).

The liquid waste management deriving from
the health care facilities are crucial components in the
Sanitation Safety Procedure where it is guaranteed the
quality of the liquid waste would no longer be dangerous
for the public health. Where the contents of the liquid
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Introduction: Indonesia is ranked the 4™ most populous country in the world.
Since Covidl9 is highly transmissible from human to human, Indonesia might
suffer a long period of the Covidl9 pandemic than other less-populous countries.
This study aimed to find the correlations of tropical climate, population density
and confounding factors with Covidl9 progression in Indonesia from March to
August 2020. Methods: The climatological data, population density, laboratory
testing, and the confirmed Covidl9 cases were statistically analyzed. The
correlations between each data were performed with Pearsons Correlation
Coefficient using a Statistical Package for the Social Sciences. The values of
statistical significance were considered at 95% and 99% confidence intervals.
Results and Discussion: Indonesia recorded more than 1,315 confirmed Covidl9
cases in almost all provinces (30 out of 34) during the dry season (March to
August 2020). During the early pandemic, DKI Jakarta and East Java have
been the epicenters of the pandemic in Indonesia. Humidity and precipitation
have a weak negative correlation, while the temperatures have a weak positive
correlation. Population density and laboratory testing have a strong positive and
significant correlation with the cumulative confirmed Covidl9 cases. Conclusion:
Our study indicates that tropical climate less affects the cumulative Covidl9
case in Indonesia than population density and laboratory testing capacity.

Published by Fakultas Kesehatan Masyarakat
Universitas Airlangga

INTRODUCTION

On March 11" 2020, the World Health
Organization (WHO) announced the occurrence of the
novel coronavirus disease—2019 (Covid19 as a global
pandemic. As of November 4™, 2020, the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) has
spread to 219 countries and affected over 46,840,783
individuals globally with 1,204,028 recorded deaths (1).
The range of Covid19 transmission is much broader
than the SARS-CoV infection that caused the epidemic
of SARS in 2003. When SARS-CoV-2 was at its peak in
China from December 2019 to February 2020, ASEAN
countries revealed no occurrences of infection. As of
December 15, 2021, Indonesia has recorded 4,259,439
confirmed cases with 143,960 deaths and 4,110,574
recovered cases (2).

The Covid19 disease is a pathogenic respiratory
SARS-CoV-2 viral infection. SARS-CoV-2 has some
genetic resemblance to other coronaviruses found in
farm or domestic animals. The virus genome sequence
research also reveals that SARS-CoV-2 is highly
adapted to human cell surface receptors, allowing it

11

to penetrate human cells and infect people quickly. It
is highly transmissible from human to human, typically
transmitted via coughing, sneezing, and touching the
contaminated surfaces (3-4) This ever-present feature is
observed commonly in respiratory viral diseases, such
as influenza (5-6) and other human coronaviruses (7).

The Covid19 virus is both a biological and a social
phenomenon. It spread only when specific social and
environmental conditions acted on the source of infection,
the mechanism of transmission, and the population’s
vulnerability (8). Coronavirus transmission can be
influenced directly or indirectly by many factors such
as environmental conditions (humidities, temperatures,
precipitation, and wind speed), population density, and the
availability of health facilities (6,9-10). Pathogen survival
can be influenced by environmental conditions during
host changes. Changes can occur within brief periods
(e.g., droplet-transmitted infections can become aerosol
sources of transmission). Environmental factors influence
host vulnerability to infection as well as vector population
dynamics (10). Environmental factors can influence the
host immune responses and make cells more susceptible
to infection in terms of host susceptibility (11).
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Abstract

Introduction: About 11 million workers are welders worldwide, and more than
110 million workers are exposed to welding-related jobs. As many as 75.6% of
welding workers in Pontianak, West Kalimantan, Indonesia, suffer from abnormal
pulmonary function due to exposure to welding fumes. This study analyzed some
risk factors and their sensitivity of abnormal pulmonary function in welding
workers. Discussion: This study is a meta-analysis article. Data sources were
obtained from articles published online on Google Scholar, Science Direct,
Pubmed, and Springerfrom 2010 to 2020. A total of 15 articles were selected
for meta-analysis using JASP version 0.9.2 sofiware Results showed pooled
prevalence ratio (PR) values of long-exposure variables of 1.954 (95% CI = 0.31—
1.03), smoking habits of 2.159 (95% CI = 0.33—1.22), USE of PPE 1.491 (95%
CI = -0.50-1.30) and exposure to welding fumes 2.271 (95% CI = 0.52—1.12) in
welding workers with abnormal pulmonary function. Conclusion: Exposure to
welding fumes and smoking habits are the highest risk factors causing abnormal
pulmonary function in welding workers. For workers, it is expected to reduce or
stop smoking and always use PPE at work. For industry, control efforts are required
by rotating work, conducting periodic worker medical examinations, providing
exhaust with blowers in the workspace, and reinforcing the use of PPE at work.

INTRODUCTION

Welding is a critical process

industrial

from the gaseous state (3-4). The toxicity of welding
fumes depends on particle size, distribution, morphology,
chemical composition, concentration, length of exposure,

technology. Welding techniques mostly involve splicing
of various metals. Welding is the process of splicing
two metals, whether similar or not in types and added
materials, by using heat energy to the point of metal
recrystallization to dilute some of the parent metal (1-2).
It is estimated that about 11 million workers worldwide
are welders, and more than 110 million workers are
exposed to welding fumes (3). Welding fumes are
produced when a metal is heated to above its melting
point, and it evaporates, and condenses into fumes.
Metal particles are less than one uym that have solidified

welder concision, number of operating welders, welding
length, and thickness of the material spliced which
determines the number of fumes produced (5-6).
Moreover, judges from the risk score calculated based
on hazard rate (HR) and exposure rate (ER), the most
dangerous component of welding fumes is chromium (7).
Chromium (V1) or hexavalent chromium is one of the toxic
heavy metals widely used in various industries, including
chrome coating (8). Chromium (VI) changes during the
welding process are caused by the oxidation of Metals
Cr, and Chromium (Ill) by ozone or certain alkaline oxides
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Abstract

Introduction: Worker behavior of handwashing with soap in the informal sector
has rarely not been studied in Indonesia. This study was conducted to determine
factors related to the quality of handwashing performed by workers in the formal
and informal sectors in Indonesia. Methods: The research used secondary data
from Indonesia Basic Health Research. The research design was cross-sectional,
and a total sample included was 421,404 workers at the productive age of 15-64
years across 34 provinces in Indonesia. The data collected included age, gender,
marital status, education, place of residence, occupation, and handwashing
practice. The determinants were identified using binary logistic regression.
Results and Discussion: Results showed that 1.9% of workers did not wash their
hands, and 35.0% only washed their hands with water, most of them worked in the
informal sector (77.5%). Regarding the characteristics of workers, age (OR=1.17;
95% CI: 1.14-1.21), gender (OR=1.23; 95% CI: 0.93—0.99), education (OR=2.07;
95% CI: 2.01-2.14), and formal workplace (OR=1.43; 95% CI: 1.40-1.46) were
mostly related to the quality of handwashing. Conclusion: The government is
expected to formulate a structured policy in educating the workers, especially
for male, young (15-24 years), low educated, and informal workers, about good
handwashing. This study recommends that the government should use the current
research findings to target proper population for the policy implementation.

INTRODUCTION

Informal workforce gives irregular income from
unregistered entities. According to the Statistics Indonesia
in 2019, the informal workforce consists of entrepreneurs
assisted by temporary workers and families, farm/
agricultural workers, non-agricultural workers, and
unpaid family labor. According to the Statistics Indonesia
in 2019, 74.08 million people (7.27%) work in the informal
sector in 2019 (1). Occupational Health Efforts (OHE)
are used to develop occupational health in the informal
sector in Indonesia. The implementation of OHE includes
promotive, preventive, curative, and rehabilitative
services. OHE is a type of community empowerment to
protect informal workers from adverse impacts and free
them from work-related health problems (2).

Protection from the risk of disease transmission
through infected palms is by handwashing with soap
in running water. According to the World Health
Organization (WHO), three billion people or 40% of the
world’s population do not have handwashing stations
with soap and water (3). Three-quarters of those who
lack access to water and soap live in the world’s poorest
countries. According to scientific evidence and recent
experience, efforts to improve hand hygiene globally can

55

prevent approximately 165,000 deaths from diarrheal
diseases each year (4). Improving hand hygiene
strategies can reduce healthcare-associated infections
and antimicrobial resistance (5-6).

Access to hand hygiene in public and home
facilitiesiscriticalto protectingworkers’healthandreducing
the risk of future outbreaks. The benefits of handwashing
with soap (HWWS) for personal and community health
are reducing 23-40% of people with diarrhea, 16-21% of
people with respiratory diseases such as colds, and 58%
of diarrhea cases in people with weak immunity (7). One
of the efforts to improve hand hygiene is to facilitate basic
access to handwashing facilities equipped with soap and
water, both at home and in public facilities. According
to BPS data, the population with handwashing facilities
with soap in five years has increased quite well. The best
increase in handwashing facilities occurred in the first
three years of 2016, 2017, and 2018 at 66.28%, 68.16%,
and 78.87%, respectively. Meanwhile, the growth of
handwashing facilities decreased in 2019 to 76.07% and
increased again in 2020 to 78.3% (8).

Even though some informal workers and their
families live in urban areas, they will still be at risk of
contracting the virus. The surroundings are too crowded
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Abstract

Introduction: Gestational Hypertension (GH) and Pre-eclampsia (PE) are the
leading causes of maternal death. Exposure to lead from the environment, especially
agricultural activities, may cause pregnant women to suffer from GH and PE. GH/
PE may occur through oxidative stress mechanisms and progressive endothelial
damage. Brebes District is one of the areas with the highest Matema@rtafity
Rate (MMR) in Central Java where the occurrence of GH/PE was a lot. This study
aimedto analyze the differences in Blood Lead Levels (BLL) in pregnant women with
GH/PE and normal pregnant women in Brebes District. Methods: This study used
a cross-sectional design. By selecting and applying inclusion criteria, 18 subjects
were selected for the GH/PE group (case group), and 46 subjecaem selected
for the normotension group (control group). Measurement of BLL was carried out
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In reviewed - 13 December 2021 logistic regression test, and Rank-Spearman correlation test. The risk estimate was
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Available Online : 31 January 2022 and Discussion: The median value and range of the BLL in the case and control
groups were 40.20 gidL (13.50-89.20) and 32.75 g/dL (3.60-42.80), respectively
(p = 0.011). Pregnant women with the BLL of = 35.15 g/dL had eight times the risk
of experienc@IIGH/PE (Adj-OR = 8.1; 95% CI = 1.7-39.0). Exposure to lead will
increase the production of Reactive Oxygen Species (ROS), resulting in oxidative
stress and endothelial dvsfunction in addition to increasing the blood pressure.
Conclusion: The BLL in pregnant women with GH/PE is higher than women with

normal pregnancy, and the BLL in the high category is a risk factor for GH/PE.
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INTRODUCTION progressive endothelial damage are strongly suspected
as the disorder (6-7). Some of the risk factors for GH/
PE that have been widely discussed are primiparas,
history of hypertension or impaired renal function before
pregnancy, history of hypertension or GH/PE in previous
pregnancies, diabetes, obesity, age over 40 vyears,
multiple pregnancies, family history of PE, and so on (5-8).
Several recent studies have shown that environmental
factors have the potential to trigger the incidence of GH/
PE, including exposure to toxic materials e.g., pesticides
(9-10) and heavy metals, such as lead or plumbum

rnal death occurs during pregnancy and
chirth or within 42 days of termination of pregnancy.
It is stil a health problem worldwide, especially in
developing countries. Every day, around 810 women
die during pregnancy or childbirth (1). In addition to
bleeding and infection after delivery, the leading cause of
maternal death is an increase in blood pressure after 20
weeks of gestation, known as Gestational Hypertension
(GH) or Pre-eclampsia (P -3). GH is a systolic blood
pressure (SBP) of at least 140 mmHg and/or a Diastolic

Blood Pressure (DBP) of at least 90 mmHg after the 20th
week of pregnancy. If the increase in blood pressure is
accompanied by proteinuria, it is referred to PE (4). The
data show GH/PE accounts for about 18% of maternal
deaths globally or around 62,000 to 77,000 deaths per
year (4-5).

The pathophysiclogy of GH/PE is still unclear,
but disturbances in the process of placentation in early
pregnancy followed by an inflammatory process and

(Pb) (11-12). An increase in Blood Lead Levels (BLL) is
followed by the rise in blood pressure of pregnant women
(13), through oxidative stress mechanisms. Increased
Reactive Oxygen Species (ROS) (14) in the mechanism
triggers endothelial dysfunction and increases blood
pressure (15-16).

Data from ASEANSstats showed that the Maternal
Mortality Rate (MMR) in Indonesia in 2014 was g
relatively high at 190/100,000 live births (17) and still
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far from the Sustainable Development Goal's (SDGs)
target at 70/100,000 live births by 2030 (18). The MMR
in Indonesia is better than Laos and Myanmar but the
rest of South East Asia regions (17). Central Java is one
of the provinces that has the largest MMR in Indonesia
(19), which is at 76.9/100,0000 live births (20) ranked
second nationally (19).

In 2019, Brebes District, located on the Northern
Coast of Java, is the highest contributor to maternal
mortality in Central Java, having 37 cases (20).
from the Brebes District Health Office showed that one
of the main causes of maternal mortality in this area is
GH/PE at 67.7% (21). Environmental factors (pollution),
one of which is exposure to lead, are likely suspected
of contributing to the high rate of GH/PE incidence in
Brebes District. The exposure to lead may come from
industrial, transportation, and agricultural activities.

In everyday life, exposure to lead comes from
sanding paint or house dust, eating and drinking utensils,
cosmetics, glass pots, soil and drinking water from lead
pipes, faucets, and plumbingfixtures (22). Several studies
on the North Coast of Java have also proven that other
potential risks of exposure include fish (23), vegetables,
especially shallots (24), which are the main agricultural
commodities in Brebes District. In addition to industrial
activities and transportation, agriculture, and battery
recycling activities in the area might be the main source
of lead (25). The transmission routes of lead mainly occur
as pregnant women get involve in agricultural activities
and consume lead contaminated food or beverages
daily. This study aimed to analyze the differences in BLL
in pregnant women with GH/PE and women with nomgegl
pregnancy. Besides, it proved whether the high BLL is a
risk factor for GH/PE in pregnant women.

@
METHODS

This study is an analytic observational study
with a cross-sectional design. The target population
was all pregnant women in the North Coast of Java.
The accessible population was pregnant women who
were registered at two primary healthcare centers in
the North Coast of Java, Brebes district, in September
and October 2017. In total, there were 275 people. The
primary healthcare centers were chosen because they
had the highest number of pregnant women among the
areas of the coast. To control the confounding variables,
inclusion criteria were applied for the subjects such as
age of subjects at 20-35 years, the gestational age of
>20 weeks, and singleton pregnancy.

The data obtained from the primary health care
centers showed out of 275 pregnantwomen, 179 (65.1%)

28
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met the inclusion criteria, and 24 of the 3.4%) were
the case (GH/PE) group for having the Systolic Blood
Pressure (SBP) of 140 mmHg or more, or Diastolic
Blood Pressure (DBP) of 90 mmHg or more, or both,
with or without proteinuria. While out of 155 subjects
with normatensive, 50 subjects were randomly selected
as the control (normotensive) group. Of 24 subjects in
the GH/PE group, six subjects refused to participate in
the study for fear of having bload collection, while in the
control group 4 subjects refused to participate for the
same reason. The analysis was carried out to 18 subjects
in the GH/PE group and 46 subjects in the normal group.
The flow chart of the subjects selection can be seen in
Figure 1.

The data on increased Blood Pressure (BP)
above 140/90 mmHg after 20 weeks of gestation were
taken from the medical records during the Antenatal
Care (ANC) there. The medical records were done by
trained health personnel (midwives). The use of medical
records determined whether the subjects were in the
GH/PE group or the normal pregnancy group. In carrying
out the research, BP measurements were also carried
out (as a cross-check and referred to current BP) by
trained research members, using the Microlife digital
sphygmomanometer. The measurements were repeated
thrice and averaged automatically. Anthropometric
measurements (height and weight) were performed using
the Seca® 213 stadiometer and Seca® 813 electric flat
scale.

The measurements of BLL were carried out using
the Atomic-Absorption Spectrometry (AAS) method by
the GAKY Laboratory, Faculty of Medicine, Universitas
Diponegoro. Information about the characteristics of
the subjects (age, maternal education level, maternal
occupation), the number of pregnancies (gravida),
family history of hypertension, and family history of
Diabetes Mellitus (DM) was taken during interview using
a structured questionnaire. Data were analyzed using
SPSS version 20 software.

Some of the statistical methods used were
independent t-test, Mann-Whitney test, Chi-square test,
multivariate logistic regression test, and Rank-Spearman
correlation test. The gisk estimate was calculated from
the Odds-Ratio (OR) and 95% Ceonfidence Interval (Cl).
To determine the cut-off value of women’s ages, Body
Mass Index (ml), and BLL as predictors/risk factors for
GH/PE, the Receiver Operating Characteristic (ROC)
curve method was used. The Area Under Curve (AUC),
sensitivity and specificity values were considered to
determine the cut-off value (26). A multivariate logistic
regression test using the Backward Wald method was
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used to identify the main risk factors for GH/PE from the
three candidate variableme., maternal age, BMI, and
BLL (27). The research was approved by the Medical
Research Ethics Committee of the Faculty of Medicine,
Universitas Diponegoro (No. 664/ EC/FK-RSDK/
XI/2017).

Vol. 14 No.1 January 2022 (21-36)

RESULTS

Even though the inclusion criteria for women'’s
age was applied (20-35 years old), it turned out that the
GH/PE group was mostly older than the normal group.
There was a significant difference in ages between GH/
PE and normal groups (p-value < 0.001).

2017)

275 subyects (pregnant women
registered at 2 Primary
Healthcare Centers in the
period September-October

96 did not meet the

24 subjects wilh BP =
140/90 mmHg (5 subjects
with proteinuria)

6 subjects refused
to participate

r

il

GHIPE group

nclusion critena, namely
1. Age 20-35 years

2. Gestational age> 20
weeks

3. Singleton pregnancy

v

155 subjects with normal BF
(<130/90 mmHg)

@ mmmenemm————— Random sampling

4 subjects refused
to participate

PR —

n=46
Normal pregnancy group

Figure 1. Selection of Research Subjects

The data showed that the gestational age and
height of the subjects were relatively the same in both
groups (p = 0.970; p = 0.747, respectivel@-lowever,
the BMI in the case (GH/PE) group was higher than
the control (normotensive) group (p = U.U1m‘|’able 1).
The results showed there was a significant difference in
current systolic and diastolic blood pressures between the
case and control groups (p < 0.001 for both). Regarding
maternal education level, gravida, maternal occupation,
family history oaypertension, and family history of DM,
there were no significant differences between the two
groups (p > 0.05 for both).

The Mann-Whitnem-test proved that the BLL in
the case group was higher compared to the control group

29

(p = 0.011). The median value and range of BLL in the
case and control group were 40.20 g/dL (15.50-89.20)
and 32.75 g/dL (3.60-42.80), respectively (Figure 2).

Regarding age, BMI, and BLL between the
groups, the cut-off values were determined using the
ROC curve (Figure 3). The results obtained a value of
31.5 years for maternal age (AUC=0.809; sensitivity =
88.9; specificity = 76.1), 28.4 kg/m? for BMI (AUC=0.708;
sensitivity = 72.2; specificity =63.0), and 35.15 pg/dL for
BLL (AUC = 0.707; sensitivity = 72.2; specificity = 69.6).
There were significant relationships beyween age, BMI,
and BLL with the incidence of GH/PE (p < 0.05 for both)
(Table 2).
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Table 1. Characteristics of GH/PE and Normal Groups
ROC Curve
10
GH/PE Normal Source of the
e C
Characteristics Group Group P-values / — _M,,ﬂ:ﬂ
(n=18) (n=46) / Sod Mass hiex
e J Bloal Lead Levels
Age (years) 33.1£1.97 284452 <0.00 12 T Reference Line
Gestational ages (weeks) 255 (21 -40) 27.0(21-38) 0.970°
Weight* (kg) T12412.09  63.4+12.10 0.024° Fa []
Height* (cm) 15354553 1530506 0.747° :§ [
BMI (kg/m?) W01 £414 270+ 4.67 0.018 a o -,’I
Current Blood Pressure
Systolic (mmHg) 158.9+ 1634 109.1 = 13.80 <0.001=
Diast@FAmmHg) 994+ 1140 68.60=1046 =0.001* 02
Maternal education level
Elementary school 11 (61.1%) 26 (56.5%) .66
Junior high school T(38.9%) 18 (39.1%) o T T T T
Seniar high school 0(0.0%) 2 (43%) W “ > ° ° "
L = Sl 1 - Specificity
Gravida _ )
Primigravida 1 (5.6%) 12 (26.1%) 0.136° Diagonal sagments ara produced by tias
Multigravida 17 (94.4%) 34 (73.9%) Figure 3. The ROC Curve for the Determination of
Maternal Occupation Maternal Age, BMI, and BLL Cut-Off Values
Housewife 11 (61.1%) 36 (78.3%) 0.054°
Private Employees 2(11.1%) 0(0.0%) Table 2. The Association between Maternal Age, BMI, and
Farmer 5(27.8%) 10 (21.7%) BLL and the Incidence of GH/PE
Family History of GH/PE  Normal OR
Hypertension Variables  Group  Group p-values .
Yes 7(38.9) 16 (34.8) 0.986° (n=18) (n=46) (95% CI)
No 11 (61.1) 30 (65.2) Maternal age
Family History of Diabetes (vears)
Mellitus =315 16(889)  11(23.9) <0001  25.4(5.0-128.4)
Yes 2(11.1) 6(13.0) 1000k <315 2010 35(76.1)
No 16 (88.9) 40 (87.0) BMI (kg/m)
Notes: values = mean = SD; median {range); and frequencies, n (). >78.4 13 (72.2) 17 (37.0) 0024 4.4 (1.3-14.6)
“ndependent t-test, "Mann-Whitney test, ‘Chi-square _ 8.4 S (27.8) 29 (63.0)
BLL (ng/dL)
10000 >13515 13(722) 14 (304) 0.006 5.9(1.8-19.9)
<135.15 5(27.8) 32(69.6)
038
sno0- The results of the multivariate logistic regression
T test using the Backward Wald method showed two
. variables were the independent risk factors for GH/
K4
El PE: age of =2 31.5 years and BLL of 2 35.15 g/dL (Table
2 .
E 3). To analyze the potential role of age, BMI, and BLL
2 1 - . .
@ in increasing blood pressure, a correlation test was
conducted between these variables and BP variables
20004 - . -
<4 (systolic/diastolic blood pressures). The Rank-Spearman
W test showed a significant correlation between age and
— 43
. . . BMI (p < 0.001; r = 0.442), age and SBP (p < 0.001;
GHIPE Hormal

Group

Figure 2. The Differences in BLL between GH/PE and
Normal Group

r = 0.582), and age and DBP (p < 0.001; r = 0.491).
Meanwhile, for BLL, although it was not significant, ijppms
positively correlated with BMI (p = 0.067; r =0.231), SBP




Jurnal Kesehatan Lingkungan/10.20473/kl.vi4il.2022.27-36

(p=0.113; r = 0.200), and DBP (p = 0.224; r = 0.154).
The results of the Rank-Spearman correlation test are
presented in Table 4.

Table 3. The Results of Multivariate Logistic Regression

ari e Adj-OR
Variables B SE  Wald p (95% CI)
Maternal ages  3.452 0915 14229 <0.001  31.5(5.2-189.6)
BLL 2087 0804 6734 0009 B1(1.7-39.0)
Constant -4.057 0973 17388 <0.001

Table 4. The Correlation between Maternal Age, BMI,
BLL, SBP, and DBP

BMI BLL SBP DBP
Maternal Ages 0.442;<0.001 0.156; 0.218 0.582; <0.001 0.491; <0.001

BMI1 0.231; 0.067 0.513; <0001 0.399; 0.001

BLL 0.231;0.067 0.200; 0.113  0.154; 0.224

Notes: values according fo the correlation coefficient (r) and p-values
DISCUSSION

The results showed that the BLL in the case (GH/
PE) group was higher than the normotensive nant
women group. The high BLL (= 35.15 pg/dL) was an
independent risk factor for the incidence of GH/PE. The
multivariate logistic regression test proved that pregnant
women with BLL of 2 35.15 pg/dL had eight times the risk
of experiencing GH/PE. arch in Saudi Arabia found
the same results that BLL in women with PE was greater
than normal pregnant women (28). A cohormudy in
Sweden showed the exposure to low lead level increases
blood pressure and the risk of experiencing hypertension
in the age group of 46-67 years (29). Exposure to lead
which may increase blood pressure was also proven by
research on car painting workers in Surabaya (30).

The current examination showed very high
levels of BLL with the median value of 40.20 pg/dL in the
GH/PE group and 32.75 pg/dL in the normal group. The
value was lower than that of women in Nigeria which was
64.3 pg/dL (31), but higher than that of women in Saudi
Arabia which was below 30.0 pg/dL (28). Research in
Taiwan showed much lower results, where the normal
pregnant women had 2.38 g/dL, and the PE group has
3.42 g/dL (12).

The main source of lead in the research sites
probably came from contaminated food, especially
marine products and vegetables. Besides, as women got
involved in agricultural activities, they likely got exposed
to lead which increased their BLL levels. Research in the
agricultural area of Brebes district proved that the lead
content in soil and vegetables exceeds the minimum
threshold value (32). Several types of pesticides that are
often used in the Brebes shallot farming areas contain
lead (33).
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Regarding exposure to lead, there is no safe limit
for BLL in pregnant women and children (34). Even the
slightest exposure to lead should be avoided. Exposure
to lead in small but continuous doses (long term) harms
the body as lead enters through the respiratory tract
(inhalation) and the digestive tract (oral). It causes
bioaccumulation of lead in the body which will be stored
in the bones (35). In pregnant women, the need for
calcium increases, especially to support fetal growth
(36-37). When the calcium intake is inadequate, calcium
cannot be maintained in the bones (bone decalcification).
Followed by the release of lead in the bones, BLL will
increase (38-39). The insufficient intake of calcium may
be one of the causes of the high BLL in pregnant women
in the research subjects.

GH/PE is a health problem in pregnant women
whose pathophysiology is unclear (7,40). One of the
causes xidative stress (41-42). Exposure to lead
causes an increase in the production of Reactive
Oxygen Species (ROS) which triggers the oxidative
stress. Oxidative stress leads to endothelial function
disorders and increased blood pressure. The increase
in ROS causes the Nitric Oxide (NO), which is a
vasodilator, to become inactive, thereby increasing intra-
arterial pressure and lowering NO production (16). The
disturbances in these three components (increased ROS,
raise arterial pressure, and lower NO production) cause
an increase in peripheral vascular resistance along with
increased blood pressure (43).

The experimental studies in animals have
shown that exposure to lead can increase plasma
norepinephrine and downregulate adrenergic receptors,
thereby stimulating the sympathetic nervous system and
leading to an increased vasoconstrictive response (41).
Lead also interferes with the function of the Na/K-ATPase
pump which plays a role in maintaining intracellular
calcium balance. It is able to affect the sodium gradient
and the activity of the sodium/calcium exchanger, which
increases intracellular calcium and the smooth muscle
cells contractility (44).

Several reviews have shown that pregnant
women with GH/PE have low NO levels, increased
ROS, and endothelial dysfunction (45-46). The positive
relationship between GH/PE and BLL, proven by
pathogenic studies, suggests that exposure to leads
contributes to the pregnancy complications (11,12).

Besides, the current study also found other
variables that could potentially became risk factors for
GH/PE, namely maternal age and BMI. The cut-off value
calculation for the age variable showed that age of >
31.5 years was a risk factor for GH/PE. Research proved
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that age over 35 years is a risk factor for PE (47). While
the results of this study obtained a younger age limit
(31.5 years old), this was probably due to differences in
ethnicity and the risk of exposure to toxic substances in
the environment.

Meanwhile, for the BMI variable, the gestational
age and maternal height were relatively the same in
both groups (GH/PE and normal pregnancy); the weight
of the subjects in the case (GH/PE) group was greater,
so was BMI. The difference in these variables between
the groups was significant. This study revealed BMI of >
28.4 increased the risk of GH/PE. Several studies have
shown that the excessive weight gain in pregn omen
increases the risk of GH/PE (48-49). The excessive
weight gain during pregnancy is likely associated with
chronic inflammatory conditions, which surges plasma
levels of C-reactive protein, inflammatory cytokines (50—
52), and a systemic inflammatory response characterized
by increased ROS that damages endothelium cells in
blood vessels, resulting in clinical symptoms of GH/PE
(53-54).

This study showed a positive correlation between
BLL and BMI (Table 4). Similarly, a study in China found
BLL is independently associated with BMI of women
(55), while the other study concluded chilﬁ whose
mothers had elevated BLL (=5.0pg/dL) are more likely
to be overweight or obese (56). The increase in BMI
because of exposure to lead is likely related to oxidative
stress which disrupts endocrine function and body fat
metabolism (57). Meanwhile, another theory proposes
the alterations in the hypothalamic-pituitary-adrenal axis,
stress-induced increase in glucocorticoid levels, oxidative
stress, and the changes in lipid metabolism (49).

Lead is also hematotoxin which interferes with
hemoglobin (Hb) synthesis, causing anemia via the
inhibition of ferrochelatase and &-aminolaevulinic acid
dehydratase (ALAD) among many enzymes involved in
heme biosynthesis (58). Several studies on the impact of
exposure to lead on the blood system, both in adults and
children, have been carried out. Research in India proved
that BLL in pregnant women with anemia is greater
than in non-anemic pregnant women (59). Anemia in
pregnant wome eds to be prevented because it
causes impaired fetal growth, low birth weight or small
for gestational age (60), and increased risk of maternal
and perinatal mortality (61).

In addition to the occurrence of GH/PE, exposure
to lead impacts the fetus, especially fen growth and
development (62-63). Research showed an increase of
1 pg/dl BLL was associated with changes in birth weight
of -9.93 g, head circumference -0.03 cm, and crown-
heel length of -0.05 cm (64). A systematic review found
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that exposure to lead is a risk factor for Attention Deficit
Hyperactivity Disorder (ADHD) in children (65-66).
Research in Korea revealed that children with BLL above
2.30 pg/dL were at a 2.5-fold greater risk of having ADHD
(66). Another sady concluded that maternal BLL in late
pregnancy of < 5mg/dL affected the neurodevelopment of
children up to 36 months of age (67). These results prove
that even in low exposure, the toxic nature of lead is a
serious problem for children’s growth and development.

To reduce maternal mortality, the Indonesian
Ministry of Healthneedstotakeinto accountenvironmental
factors, e.g., lead as one of the toxic materials which
can trigger the incidence of GH/PE in pregnant women.
In high-risk areas for exposure to lead (e.g., industrial
or agricultural aw), it is necessary to carry out BLL
examination on pregnant women in the first trimester,
especially in the age group above 30 years. Even earlier
screening should be carried out to check BLL in women
who have pregnancy planning.

Calcium supplementation programs for pregnant
women also need to be encouraged. Several studies
have shown that high doses of calcium supplementation
(1200 mg/day) can reduce the BLL in pregnant women
(68) and prevent the occurrence of GH/PE (Eﬁ The
World Health Organization (WHQO) recommends calcium
supplementation (1,500-2,000 mg/day) in pregnant
women from 20 weeks of gestation until the end of
pregnancy. Especially, those who are at high risk of
developing gestational hypertension should take the
supplementation (70). The WHO also recommends
calcium supplementation in pregnant women with BLL of
= 5pg/dL and inadequate calcium intake (71).

Adequate calcium intake during pregnancy
will prevent the occurrence of inadequacy of calcium
resources in the bones (bone decalcification) so that
the release of lead from the bones into the circulatory
system can also be prevented. Calcium intake also plays
a role in the blood pressure regulation by modifying
calcium in vascular smooth muscle cells and regulating
blood vessel volumes through the renin-angiotensin-
aldosterone system. The inadequate calcium intake
will increase the activity of the parathyroid gland. The
excessive parathyroid hormone also will increase
intracellular calcium in vascular smooth muscle, which
causes vasoconstriction and increases blood pressure
(72).

Theoretmly, the best effort to overcome
the impact of exposure to toxic substances in the
environment is reducing the use of these toxic materials,
for example, reduced use of lead, oil, pesticide and
others in the electronics industry, battery industry.
Another effort is reducing the contamination-risk factors
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in water, air, soil, food/drink, and objects around us.
Research showed that remediation efforts, e.g., reducing
the lead content in the soil in the battery recycling site,
can reduce the BLL in children living around this location
(73). However, implementing some of these alternative
solutions is not easy. Thus, early detection of BLL in pre-
conception period is m best solution besides calcium
supplementation. The American College of Obstetricians
and Gynecologists (ACOG) stated that pregnant and
lactating women with current or previous BLL of 5 pg/dL
or higher should get the intervention related to nutritional
intake, especially calcium and iron supplementation
(74).

Based the discussion, there is high risk of
exposure to lead in pregnant women on the North Coast
of Java in Brebes District. It has an impact on increasing
BLL and blood pressure (GH/PE). The limitation of this
study is that there was no measurement of oxidative
stress parameters, such as levels of ROS and NO, or
endothelin which can more accurately describe the
mechanism of GH/PE because of exposure to lead. The
cross-sectional design used in this study also caused the
temporality aspect to be uncertain, whether exposure to
lead occurred before the occurrence of GH/PE was not
identified. To analyze the impact of exposure to lead on
the health of pregnant women, fetal growth, further cohort
studies need to investigate delivery process, pregnancy
outcomes, and even the quality of child development in
the first trimester of pregnancy.
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CONCLUSION

The BLL in pregnant women with GH/PE is
higher than normal pregnant women, and the BLL in
the high category (= 35.15 pg/dL) is an independent
risk factor for GH/PE. For better preventive efforts, BLL
screening should be carried out in high-risk women or
in the pre-conception period itself. Further, the calcium
supplementation program can be done earlier, starting
from the first trimester of pregnancy.
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