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Metal casting industry including is an industry which produce high dust pollution (fly ash). Improvements in the
form of ergonomic interventions have been carried out by many companies, but do not guarantee all parameters
run well. The total indoor suspended dust (TSP) measurement results are not enough to guarantee healthy
working conditions. Additional assessment of workers' inhaled dust is needed to change pollution control and
work improvement to ergonomics. The design of this study is Cross Sectional Study. Research subjects numbered
84 people. All samples met the inclusion criteria. Measurement results of Characteristic of research subject,
Working Environment Conditions, Exposition of dust inhaled by workers, Total Indoor Suspended Dust of the
Company (p > 0.05). Found critical hours of workers exposed to dust (fly ash), starting from 4 h after working
(Department of Process Cement, Department of Black Sand) and 2 h after working for the Department of Loam.
Critical hours exposed to dust (fly ash) used as the basis for company management and regulators to take new
policies in controlling fly ash pollution and ergonomic interventions. Ergonomic interventions can be carried out
by activating the dust collector at critical hours, applying active resting hours at critical hours and conditioning
workers to breathe fresh air. The impact of this ergonomic intervention is a decrease in musculoskeletal com-
plaints by 25.27%, reduction in boredom 25.01%, and an increase in job satisfaction 38.46%.
1. Introduction

The metal casting industry in Indonesia can be found on the islands of
Java, Sumatra and East Kalimantan. The metal casting industry generally
takes the form of industrial centers and legacy industries so that the
manufacturing process applied is not dynamic. A problem that has arisen
for a long time and has not yet been resolved in themetal casting industry
is air pollution in the form of dust [1, 2], which has an impact on
reducing the health level of workers [3, 4, 5]. The government has tried
to include dust control elements as parameters required in the issuance of
operational licenses.

At this time, government policy in publishing business operational
lisence only considers everyday Indoor Suspended Dust average of a
company and has not considered inhaled dust by workers that its value
might be higher. This condition should get more serious attention since
regulation made to maintain workers' health and convenience in the
industry. Inhaled dust is closely related to workers' physiological impact.
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materials. The produced air pollution is the side effect of metal casting.
Commonly the danger of metal processing industry is pollutant of quartz
sand [13]. Quartz sand exposition to body physiological condition can
increase lung inflammation and injury, leukocytes response, red blood
cells, and production of macrophage [14]. Besides quartz sand, there is
silica sand exposition. Additional production of metal casting is dust in
form of silica. Silica sand can cause lung diseases [15, 16]. In another
place, ashes from metal casting industry also contain nickel and arsenic
[17].

Various improvement attempts have been applied, among others
intervention of job improvement program [18]. The industry used as
subject of this research has applied ergonomic concept in which human
as the central of all improvements. Human becomes themain factor in job
improvement. Nevertheless, in the improvement which has been per-
formed (ergonomic intervention), there is something which still need to
be more improved such as dust exposition to workers. The findings shows
that the value of inhaled dust (fly ashes) by workers is higher than
average of total indoor suspended dust (TSP). TSP value is found different
in each working hours of the industry due to the complexity of working
activity in the production floor. In general, activities of workers in metal
casting industry are making cast, pouring molten steel into cast, and
dismantling cast which the workers highly potential to be exposed of
flying ashes in particular hours. Therefore, the management should
measure and find out at what time the TSP value goes beyond threshold
(10 mg/m3). Consequently, critical hours (maximal inhaled dust) for
workers and then human-based improvement (ergonomic intervention)
can be performed. Keywords of ergonomic intervention is capability or in
accordance with users [19].

TSP value per-taking (hours) period also can be used as basic of
changing national air pollution control policy by providing critical hours
of dust beyond threshold. In consequences, the cost of air pollution
control will be more efficient. Findings of this critical hour of maximum
inhaled dust are also a part of warning system to the workers in metal
casting industry. Hence, they will be discipline in working and use
appropriate personal protective equipment. It is found that in the pro-
duction floor working habit and culture in the industry of metal casting
has not yet run effectively.

In this research, dust measurement will be applied in three de-
partments namely department of Process Cement, Loam, and Black
Sand. These three departments have their own differences in casting
material mixing mechanism. Therefore, there are different chemical
reaction that affects type and volume of dust including property ma-
terial characteristic of dust. Eventually separate test needs to be
performed.

The total value of the company's indoor suspended dust in hours
can be used as a basis for ergonomic interventions that could be
improving employee performance. Improved employee performance in
this study in the form of decreased musculoskeletal complaints,
decreased boredom, and increased job satisfaction. Industries with
high dust pollution require special attention in handling worker
health.

After knowing the results of the assessment of Inhaled Dust by
Workers (units in days) and the total dust of the company suspended
indoor measured in hours, then the quality of the company's perfor-
mance can be determined. The average value of indoor suspended dust
is used to determine the critical hours of workers exposed to dust. While
the average value of workers' inhaled dust is used to determine the level
of dust particulate exposure that is inhaled by workers every day. The
measurement data is also used as a basis for improving ergonomic in-
terventions. The application of ergonomics in a company needs to be
evaluated periodically to improve the performance of employees and
the company. The ergonomic concept also considers the use of cost-
efficient, so this research can recommend at what time the dust col-
lector should be turned on. This consideration can increase company
profits through operational cost efficiency in the use of machines (dust
collector).
2

2. Materials and methods

Inclusion criteria in this research are determined by several factors
namely sample of this research. The sample is workers whose duties are
doing metal casting process starting from preparation, pour molten steel
to the cast, and dismantling cast. The workers age is around 20 years old
until 40 years old, male, physically healthy proven by doctor statement
letter, have normal BMI (between 18.5 until 25.0), at least have 4 years
experiences, and last they are willing to be involved as sample until this
research complete (proven by filling informed consent).

This research is taking place in metal casting industry which its
products have obtained Indonesian National Standard (SNI) so that it
becomes reference by other similar industries. The company produces
nodular metal or flexible material property, physical sound that more
aloud, and longer tensile strength compared to pig iron property material
(hard, brittle). The company is committed to constantly operates during
the research, there is no large scales improvisation that change recent
work mechanism, and does not change working hour that could change
working activity.
2.1. Sample collection technique

Target population is all employees in the metal casting industry (n ¼
210 workers). Accessible population is workers in the three departments
production floor (n ¼ 84 workers). Accessible population is determined
by workers' name as the subject of the research, and workers' status as
permanent employee in the metal casting industry.

Population that met inclusion criteria will be categorized into sam-
pling frame. Age limitation is determined based on proportion of total
population. Separation is performed due to the wide population age
range so that sample distribution will be more even. The population is
given registration number. The sample is taken by simple random sam-
pling using random number table.

The company which is chosen as research place has induction kitchen
and performed ergonomic intervention since 2015, so that working
condition has been improved. As time passes by, evaluation and moni-
toring of dust condition must be performed since dust still becomes the
problems that have not completely solved. Several referred and appli-
cable ergonomic intervention until today is the use of ergonomic ladle
(transportation means of molten steel with capacity of 50 kg), active
break time for all workers to decrease working load, the use of display or
dashboard as information media of duty and working target for metal
casting, implementation, and working induction. Every morning subjects
are directed by team chief and Production Manager. This ergonomic
intervention has given improvement for employee performance physio-
logically. For example, the decreasing of musculoskeletal complaint,
work fatigue, boring, employees' satisfaction, and skin surface tempera-
ture. However, dust from working activity in the industry which is still
exposed to the workers needs more attention and ergonomic-based
controlling attempt in the future. Until today, there is not yet the best
strategy chosen. Consequently, monitoring and measurement of inhaled
dust and total indoor suspended dust is needed. The data are collected
since May 2018 until February 2019 (10 months). The data collection is
performed in the first week for 4 days respectively and repeated once
every 3 months.
2.2. Tools and procedure

Inhaled dust is the amount of dust (fly ash) inhaled by workers in
breathing zone (around nose). It is measured by using Portable Personal
Air Sampler Pump or it is called as Personal Dust Sampler (PDS) Brand of F
& J Specialitymade in USA with Gravimetry method. The measurement is
conducted since the subjects start working until they finish (outside
active and scheduled break time). The used tools are Personal Dust
Sampler (PDS) or Portable Personal Air Sampler Pump, L-5P, Brand of F & J



Figure 1. a. Personal Dust Sampler (PDS); b. Real-time Dust Monitor (RTDM).
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Speciality made in USA, Flow Range 0.86–6 LPM (800–6000 cc/min),
with accuracy ± 5%, to measure dust inhaled by workers.

Total of indoor suspended dust is fly ash particle which flies freely in
indoor. Measurement is conducted by using Nephelometer (Realtime Dust
Monitor). The measurement is carried out in 9 indoor points. The mea-
surement is performed gradually in which 2 h/day (1 day ¼ 5 times
measurement). The used tool is Nephelometer (Realtime Dust Monitor)
brand of Sensidyne, with accuracy level of 0 until 10.000 � g/m3 TSP.
Clearer Dust Sampler (PDS) and Real-time Dust Monitor (RTDM) can be
seen in Figure 1.

The measurement is performed periodically in which every 3 months
(first week for 4 times of measurement). Every worker is given PDS tool
and must be used during the activity.

Indoor suspended dust measurement is performed every 1 h.
Therefore, it cannot catch fly ash after the workers finish their work and
PDS is needed to see dust inhaled by workers directly. Disassembling
cast activity is the most extreme activity due to imperfect cooling from
steel temperatures above 1200 �C to temperatures below 40 �C. This
results in high volumes of dust that are inhaled directly by workers. Too
dry casting material potentially turns into fly ashes and it has mass also
time that freely fly in the air. At the time the dust is freely fly in the air,
the higher potency for dust inhaled by workers within company
environment.

The impact of implementing ergonomics interventions was measured
using a questionnaire. Employee performance measures used in this
study are the level of musculoskeletal complaints, the level of boredom
and the level of satisfaction. Musculoskeletal complaints were measured
by a Nordic body map questionnaire containing 28 items of information
about parts of the body complained of pain [20]. Work boredom is
measured by the boredom questionnaire [21]. While job satisfaction was
measured by a questionnaire of 20 items Minnesota Satisfaction Ques-
tionnaire/MSQ) [22], all measurements were made after work (posttest).
2.3. Research protocol

To all the subjects of this research to the value of 84 people (consists
of 28 workers in Process Cement department, 28 workers in Loam
Department, and 28 workers in Black Sand department) purpose and goal
of this research are explained. After they understand, all subjects are
asked to fill and sign the informed consent.
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Furthermore, physically diagnostic examination to all subjects is
carried out by local Community Health Center doctor involving exami-
nation of height (cm) and weight (kg) by using weighing and height
measuring machine brand of Serenity model ZT-120; blood pressure by
using Automatic Blood Pressure Monitor model HEM-7111 brand Omron,
and continued by writing down the subject's age, gender, BMI, and
working experiences.

The measurement of first day in the first month is carried out with
steps in form of: in the morning subjects are gathered in specific room for
employee transit, sign presence, given brief explanation relating to the
upcoming measurement by researcher that will be performed for 1 day.
Subjects are gathered in the corner of metal casting station in which open
space, directed by Team Chief and Manager Production that each worker
must use the existed working method. Each subject is prohibited to do
activities outside the arranged activities by the company. Subjects install
PDS tool by attaching pump on the side belt, suction valve hose is pinned
in the collar, and breathing tube is directed to around the nose. PDS is
turned on by pressing ON button and then the subject starts to do
working activities inside the production room. Subjects are not allowed
to do activities outside what has been arranged. The activity is monitored
by using hidden camera. OFF button is pressed right after the breaking
time announced and PDS is worn again or in ONmode right after lunch or
when starting work again. This activity is conducted by workers that
become sample in Loam department, Black Sand department, and Process
Cement department.

After the workers are doing activities for 30 min, environment con-
dition is measured bymeasurement order starting frommeasuring indoor
dust with Nephelometer (Realtime Dust Monitor) tool, the result is written
down, and continued by respectively measure: air temperature, moisture,
wind velocity, light intensity, and noise in 9 points of department area
and then the result is recorded. Measurement of environment condition is
repeated every 2 h (1 day ¼ 5 times of measurement) for 8 days/period.
This study was approved by the General Hospital Health Research Ethics
Committee Dr. Moewardi, Faculty of Medicine-Sebelas Maret University,
Number 165/II/HREC/2015.
2.4. Statistical analysis

Average and Deviation standard of all subjects of the research from
three departments are measured. Subject characteristic data are analyzed



Table 1. Subject characteristic data.

Description Department of Process
Cement (N ¼ 28)

Department of
Loam (N ¼ 28)

Department of
Black Sand (N ¼ 28)

p-Values

Age (year) 36.5 � 3.2 35.6 � 3.5 35.3 � 3.9 0.77

Weight (kg) 60.8 � 2.6 62.4 � 2.2 61.8 � 2.2 0.28

Height (cm) 163 � 3.2 163 � 2.9 163.4 � 3.1 0.65

Working Experience (year) 17.57 � 6.8 19 � 6.6 18.64 � 7.1 0.27

Sistolic (mmHg) 118.5 � 3.5 119.8 � 1.5 120 � 1.4 0.57

Diastolic (mmHg) 75.9 � 4.7 77.9 � 4.8 77.6 � 1.4 0.37

Body Mass Index (kg/m2) 22.9 � 1.2 23.5 � 0.9 23.2 � 0.8 0.07
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based on age, weight, height, experience, sistolic, diastolic, and BMI.
Afterwards, Data Normality is performed by using Kolmogorov-Smirnov
test on the meaningful level of 5% (� ¼ 0,05). Since normal data obtain
all values (p> 0.05), thus different test of subject characteristic, working
environment condition data, and inhaled dust by workers, also indoor
suspended particles are performed through Anova test. Statistics analysis
is carried out by using IBM SPSS 20.

3. Results

This section may be divided by subheadings. It should provide a
concise and precise description of the experimental results, their inter-
pretation as well as the experimental conclusions that can be drawn.
3.1. Characteristic of research subject

Data of research subject characteristic is needed to determine
whether the three departments of subject research have any differences.
When any differences are found, re-measurement needs to be done to
keep the internal validity of research high. Several characteristics of
subject that need to be measured can be seen in (Table 1). Age mea-
surement based on date of birth from ID Card, gender is phenotypic
characteristic shown by secondary gender traits, all samples are male.
Weight measurement is determined by body weight measured with 0,2
kg accuracy level scale. Health level is a healthy status of the subject
proven by statement letter from local Community Health Center doctor
(Measurement of sistolic, distolic, BMI). Complete result of measurement
in (Table 1).

Research subject is in total of 84 people (consists of 28 people in
Cement Process department, 28 people in Loam department, 28 people
in Black Sand department), all of them are male with average age in
total 35.80 � 3.4 years (Table 1). It means that the workers have
acclimated by working environment condition. During research there
are no subjects that decide to drop out, so it means all data can be
processed and analyzed. All subject characteristic data shows value of
(p > 0.05) which means subject characteristic data are not having any
significant differences among three departments. Workers in three de-
partments have same characteristics such as age, weight, height, and
working experience in health condition of sistolic and diastolic as well
as BMI (Table 1).
Table 2. Data of Company's working environment condition.

Variable 1st Month
(N ¼ 40 points)

4st Month
(N ¼ 40 points)

Air temperature (0C) 28.5 � 1.2 29.5 � 1.3

Relative Humidity (%) 79.6 � 4.9 78.6 � 7.2

Lighting Intensity (Lux) 131.2 � 47.6 132.1 � 23.87

Noise Intensity (dBA) 67.5 � 0.9 67.1 � 1.2

Wind Velocity (m/det) 0.7 � 0.01 0.7 � 0.01
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3.2. Working environment condition

Every sample collection needs data of physical environment condi-
tion. The data are used as foundation in keeping internal validity.
Company's environment condition data have no differences (p> 0.05) so
that company's environment in each measurement is the same. In gen-
eral, change of wind velocity, humidity, and air temperature affect the
assessment level of each variable examined (dust inhaled by workers and
total indoor suspended dust). Therefore, there is consistency of working
environment data on each data collection period. Since the three de-
partments are in one workshop, separated with 1,5 m separator, so that
measurement point determination is carried out thoroughly. Production
floor area (P20/L11 ¼ 220 m). Determination of sample collection point
symmetrically interval of 3m P/L, except edge of 2.5m, therefore 40
points are obtained.

Every sample collection of inhaled dust and total indoor suspended
dust needs measured physical working environment data that are
involving air temperature, humidity, wind velocity, light intensity, and
noise. All data of company working environment condition show the
value of (p > 0.05), it means company's working environment condition
data are not significantly different in each data collection (Table 2). The
highest air temperature is on the 4th month namely 29.5 � 1.3 �C,
relative humidity on the 4th month namely 78.6 � 7.2%, light intensity
on the 4th month namely 132.1 � 23.87 Lux, noise intensity on the 1st
month namely 67.5 � 0.9 dBA, and constant wind velocity.

Information and company working environment data are needed
before data collection of inhaled dust and total indoor suspended dust
since if there any working environment differences, it will affect different
treatment condition as well. Dust condition is in free air will also be
different. Hence, data collection of working environment condition need
to be maintained to not bring any differences. If differences appear, data
collection must be repeated to keep the internal validity. Working envi-
ronment condition greatly influences characteristic and attribute of fly
ashes in the air such as air temperature, relative humidity, and wind
velocity.

3.3. Exposition of dust inhaled by workers

After environment condition is measured and there is no significant
difference, dust inhaled by workers in three departments is measured.
7st Month
(N ¼ 40 points)

10st Month
(N ¼ 40 points)

p-Values

28.6 � 2 29.1 � 1.1 0.07

77.1 � 6.5 77.5 � 7 0.07

131.2 � 50.7 131.6 � 34.3 0.92

67.07 � 1.7 67.2 � 2.5 0.78

0.7 � 0.01 0.7 � 0.01 0.65



Table 3. Measurement result data of inhaled dust by workers in three departments by using PDS.

Variable 1st Month
(N ¼ 28 worker)

4st Month
(N ¼ 28 worker)

7st Month
(N ¼ 28 worker)

10st Month
(N ¼ 28 worker)

p-Values

Dust inhaled by workers in
Process Cement department (mg/m3)

33.8 � 6.4 32.9 � 5.9 29.5 � 8.5 31.3 � 2.1 0.25

Dust inhaled by workers in
Loam department (mg/m3)

40.5 � 7.1 39.4 � 4.0 41.2 � 2.2 42.2 � 6.9 0.43

Dust inhaled by workers in
Black Sand department (mg/m3)

48.5 � 4.8 56.3 � 7.9 50.6 � 1.6 50.7 � 3,2 0.57
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The result of measurement of inhaled dust by workers in three de-
partments by using PDS in its each period can be seen in (Table 3).

Based on (Table 3), it shows that the highest value of dust inhaled by
workers in Black Sand department with average of 51.52 mg/m3 during
10 months research period. Meanwhile, dust inhaled by workers in Loam
department is in average of 40.83 mg/m3, and the smallest value of dust
inhaled by workers is in Process Cement department with average of
31.63 mg/m3. The three departments have variation of dust inhaled by
workers average and in a whole all of the values are beyond the allowable
threshold (<10 mg/m3).

All data of dust inhaled in three departments have value of (p> 0.05),
it means that data collection from the 1st, 4th, 7th and 10th month are
not significantly different. Consistency of this data shows that there is no
management or work mechanism change during the research period.
Dust inhaled by workers on each data collection is not significantly dif-
ference (Table 3). This research's weakness is dust inhaled by workers
values that are presented in cumulative form, and by looking at fluctu-
ation of standard deviation data it can be predicted that dust exposition
level is fluctuated in each worker. Dust exposition data in each worker
are not presented since the limitation and confidentiality of individual
data in the company.

On each worker the difference of dust exposition acceptance level is
found, so that impact on the body will also be different. Based on (Table
3), it can be known that there are differences of dust volume caught by
filter after the workers are active in one business day.

Based on (Figure 2a,d), caught fly ashes volume in Department of
Process Cement compared to (Figure 2b,e) caught fly ashes volume
Figure 2. Dust inhaled by workers from: a. Department of Process Cement (The mo
volume); c. Department of Black Sand (The most caught fly ashes volume); d. Depar
Loam (The least caught fly ashes volume), f. Department of Black Sand (The least ca
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Department of Loam have different characteristics and forms. Fly ashes in
Process Cement department tend to spread or even in filter while fly
ashes from Loam department tend to in even round form. Meanwhile, in
(Figure 2c,d), it is found that fly ashes in Black Sand department are in
form of black-round and centered in particular point. If it is compared to
volume in (Table 3), fly ashes with black-round form and centered in
particular point has the highest volume compared to other forms.

3.4. Total indoor suspended dust of the company

Total of indoor suspended dust is measured by using Nephelometer
(Realtime Dust Monitor), and observation in nine points of three de-
partments is carried out. Measurement is done 5 times per day or total
indoor suspended dust is measured with 2 h interval except the initial
measurement that is performed 30 min after starting.

Based on (Table 4), exposition of total indoor suspended dust is
extremely dangerous for workers since in the particular hours it goes
beyond allowable threshold value (NAB). Maximal value of fly ashes
exposition to the workers is 10 (mg/m3). In the industry of metal casting,
occurrence time of particle exposition varies greatly in each department
which is indicated by total suspended particle (TSP).

Result of measurement (Table 4) shows that in Process Cement
Department, critical hours with particle exposition beyond NAB starts
from the 4th hour until 6th hour after started working (at 11.00 until
13.00 WIB), while in Loam Department it is started from the 2 nd h until
the 6th hour after started working (at 09.00 until 13.00 WIB), and in
Black Sand department it is started from the 4th hour until 5th hour after
st caught fly ashes volume); b. Department of Loam (The most caught fly ashes
tment of Process Cement (The least caught fly ashes volume); e. Department of
ught fly ashes volume).



Table 4. Measurement result data of total indoor suspended dust particle in three departments by using RTDM.

Measurement Time TSP, 1st Month (mg/m3), (N ¼ 9 points, 4 days) TSP, 4st Month (mg/m3), (N ¼ 9 points, 4 days) TSP, 7st Month (mg/m3), (N ¼ 9 points, 4 days) TSP, 10st Month (mg/m3), (N ¼ 9 points, 4 days) Inf. p-Values

Department of Process Cement

30 min after working 1.066 � 0.1 1.511 � 0.3 1.409 � 0.4 1.081 � 0.1 < NAB 0.99

2 h after working 9.406 � 2.5 9.441 � 2.4 8.217 � 3.4 8.527 � 3.5 < NAB 0.95

4 h after working 13.959 � 2.3 12.102 � 2.1 13.048 � 2.2 12.765 � 2.4 > NAB 0.99

6 h after working 14.073 � 1.3 9.239 � 2.6 10.406 � 1.4 9.328 � 2.2 > NAB 0.91

6 h after working 0.939 � 0.3 0.871 � 1.0 1.895 � 0.7 1.494 � 0.4 < NAB 0.61

Average per day 7.889 � 5.5 7.433 � 4.9 6.995 � 4.3 6.639 � 4.3 < NAB 0.60

Department of Loam

30 min after working 0.567 � 1.0 0.932 � 0.5 1.817 � 0.3 0.608 � 0.5 < NAB 0.11

2 h after working 5.828 � 2.7 9.097 � 3.1 12.143 � 2.4 11.725 � 2.6 > NAB 0.56

4 h after working 9.477 � 2.4 10.201 � 1.6 10.400 � 1.7 10.540 � 3.1 > NAB 0.12

6 h after working 10.716 � 3.9 9.775 � 2.4 9.775 � 3.2 8.050 � 3.1 > NAB 0.79

6 h after working 1.902 � 0.4 1.049 � 0.3 1.555 � 0.5 1.287 � 0.6 < NAB 0.08

Average per day 5.698 � 3.6 6.211 � 4.2 7.138 � 4.4 6.442 � 4.4 < NAB 0.56

Department of Black Sand

30 min after working 0.860 � 0.4 0.776 � 0.5 1.293 � 0.5 0.736 � 0.7 < NAB 0.95

2 h after working 4.490 � 3.3 6.097 � 2.1 8.620 � 1.2 7.027 � 1.1 < NAB 0.36

4 h after working 9.327 � 3.2 10.029 � 2.5 10.327 � 2.2 11.595 � 2.2 > NAB 0.62

6 h after working 8.891 � 2.1 8.295 � 1.5 9.871 � 2.6 9.322 � 1.6 < NAB 0.22

6 h after working 0.980 � 0.8 1.231 � 0.5 2.231 � 0.4 0.902 � 0.3 < NAB 0.54

Average per day 4.910 � 3.4 5.286 � 3.4 6.468 � 3.8 5.916 � 4.1 < NAB 0.98

NAB: Threshold Value; TSP: Total Suspended Particle.
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started working (at 11.00 until 12.00 WIB). Collection of total indoor
suspended dust in each measurement hour varies greatly. The variation
really determines mechanism of fly ashes pollution control within
respective department.

Result of critical hours becomes attention for management in deter-
mining pollution control. Differences of the fly ashes exposition critical
hours give recommendation to do intervention that side with workers
and control pollution within the industry. Averages of total indoor sus-
pended dust in the three departments have no significant difference (p <

0,05). The value shows that the each three months measurement for 10
months shows the same value.

4. Discussion

Variable of subject characteristic and environment condition in each
measurement period obtain the same value (p > 0.05). This condition
indicates that the company does not perform any changes of working
system and layout. Working environment consistency is used to keep data
internal validity. Changes on inhaled dust and total indoor suspended
dust are influenced by the workers condition itself not from working
environment.

Average respondents' age is 35.80 � 3.4 years old and it indicates an
appropriate age to work. This age is included as productive age. More-
over, BMI range around 23.2 � 0.8 kg/m2, which means the workers are
in normal condition. Sistolic and diastolic values is in the normal con-
dition and fit to go working. Experience level with average 18.64 � 7.1
shows that the workers are acclimatized and accustomed to work regu-
larly in the metal casting activity.

In general, change of wind velocity, humidity, and air temperature
affects assessment level of respective examined variable. Thus, working
environment data consistency in each data collection period is needed.
Since the three departments in one workshop separated by 1,5m tall
separator, the determination of measurement point is carried out thor-
oughly. Floor production are (P20/L11 ¼ 220 m). Determination of
sample collection point symmetrically with interval 3m P/L, except edge
2.5m, so that it obtains 40 point.

Working environment highly affects research variables. Sample
collection with different working environment will be indicator of
working method or system change applied in the industry. The same
production floor condition from the first period or until the last period of
measurement is a form of working completion consistency. Therefore,
inhaled dust and total indoor suspended dust data can be seen and
compared in each research period. Moreover, company's working envi-
ronment in each period shows consistent value. The air temperature of 28
�C is the threshold of convenience for working category. Temperature is
defined as physical unit that states environment or body's hot or cold
level. Workers performances tend to decrease when they reach temper-
ature above 25 �C [23]. Temperature increase also affects workers
aggressive behavior [24]. Hence, the purpose of this convenience tem-
perature is to optimize workers' performance [25, 26, 27]. In this
research, relative humidity measurement result is 77% and it is included
as convenience to work in Indonesia's company working environment.
Humidity has an effect on workers physiological parameter and workers
performance [28].

Light intensity for about 132.1 � 23.87 Lux. This light intensity need
to be increased to make working room brighter. Appropriate light in-
tensity gives convenience to workers [28], also increases health and
workers performance [29]. The purpose of appropriate light intensity
will eliminate working mistake and accident [30]. Light adjustment
needs to be done immediately so that health and performance of workers
will increase [31].

Noise intensity in this research is 67.07 � 1.7 dBA. The value shows
workers can work for 8 h (<85dBA). If noise value is beyond the
threshold, it will give negative effect on human health and performance
[32] as well as other effects [33, 34, 35]. Noise is defined as an unwanted
voice [36]. If it is further examined, noise and light intensity cause
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psychological symptoms of workers [37]. Moreover, result of wind ve-
locity measurement in this research is constantly in the value of 0.7 �
0.01 m/det, and the value shows there is no air circulation change around
the working environment.

4.1. Dust inhaled by workers

Air pollution is deemed to put human health in danger. Environment
pollutant cause various disease such as cardiopulmonary and lungs
cancer [38, 39]. Particle size and chemical composition of the dust par-
ticle itself give alteration on body biological response [40, 41]. Several
researches are using animal model to prove nanoparticle causes inflam-
mation response when it is inhaled or injected as well as it causes chronic
inflammation disease such as fibrosis and cancer [42, 43]. Furthermore,
it is found that exposition value of everyday dust inhaled by workers is
beyond the threshold (>10 mg/m3). This condition obviously harms
workers. Based on (Table 3), the highest value of dust inhaled by workers
is in Department of Black Sand to the value of 51.52 mg/m3, Department
of Loam 40.83 mg/m3, and Department Cement Process with average of
31.63 mg/m3. These three conditions are beyond allowable threshold by
government (<10 mg/m3). Hence, control over dust exposition is
immediately needed.

This research states that dust size highly affects body [44]. Bigger
particle size is gathered in nasopharynx area (5–30 mm), but smaller
particle size (1–5 mm) is gathered in tracheobronchial area. Smaller
particle (<1 mm) and nanoparticle (<100nm) can penetrate to alveolar
area. Moreover, particle size under 50 nm can directly interacted with
lung epithelium. Long term effect wil arise for workers who inhale dust
[45]. The use of personal protective equipment needs to be evaluated so
that precise APD will be selected to maintain workers health. Even
though physically workers condition can work and finish their deter-
mined target, but slowly their life quality will constantly decrease.
Inhaled dust can cause allergy [46, 47, 48]. Other researches on metal
casting industry have reported that particle size and type constituted dust
bring danger to workers physiological condition [49].

Dust which is entered into respiratory tract can cause non-specific
defense reaction since smooth muscles around the respiratory tract are
stimulated and lead to narrowing. According to Deviandhoko [50], dust
accumulation in lungs happen when we are breathing and inhaled air.
The track passed by dust is nose, pharynx, trachea, bronchi, bronchioli
and alveoli. Dust particles with size 0,3 � follow brown movement while
dust particles with bigger size of 0,6� are restrained in the upper respi-
ratory tract [51]. If dust enters alveoli, it will make alveoli tissue harden
(� brosis). If 10% alveoli suffers from fibrosis, the elasticity to contain air
volume will decrease, the ability to bind oxygen and lungs capacity will
decrease as well. Furthermore, this research only measures two variables.
Thus, for further research it is recommended to measure workers phys-
iological condition in order to discover lungs health. Other researches
reported that workers exposed by dust are not always suffering from
lungs capacity decrease due to their immune system, breathing strength,
and ability to filter dust [50]. Nevertheless, working environment of
metal casting significantly influences blood protein concentration [52].

Change of inhaled dust level on each department affected by material
characteristics and process occurred, including measurement time con-
dition [53]. Dust characteristic in Black Sand department is the raw
material used continuously in recycle, additional materials in form of
water to make steel cast, thus dryness level of the materials is incredibly
high. This condition then potentially emerges high volume of fly ashes. In
Process Cement department, cement is always added in each period of
steel cast and fly ashes created from this mixing composition change.
Meanwhile, in Department of Loam, cast making materials have the most
weight so that its materials properties settles quickly. Nevertheless, the
produced gas is quite high so that working behavior greatly influences
high inhaled dust.

Up until now, data of dust inhaled by workers have not yet become
requirement to determine company's performance. Findings of this



Table 5. Data on changes in worker performance after ergonomic interventions (n ¼ 84).

Variable Condition Change (%) Value p-values

1st month 10th month

Musculoskeletal complaints 87.45 � 1.53 65.35 � 0.95 25.27(a) 31.31t 0.000

Boredom 86.45 � 3.71 64.83 � 1.84 25.01(a) -3.31z 0.001

Satisfaction 42.82 � 2.33 59.29 � 1.11 38.46(b) -11.93z 0.000

Note: (a) improvement; (b) decrease; t ¼ different test with parametric analysis; z ¼ different test with non-parametric analysis.
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research show that value of dust inhaled by workers in metal casting is
really high. Hence, inhaled dust by workers parameter needs to be added
to determine company's performance.

4.2. Total indoor suspended dust

Research relating to suspended particle has been conducted in several
other working conditions [54, 55, 56]. Other researches reported that
metal casting environment is highly dangerous due to dangerous chem-
ical emergence simultaneously [57]. Particle size, amount, and exposi-
tion duration in working area are related to working health [58]. Dust in
form of nanoparticle influences body function and immune response of
workers in metal casting industry [59]. Based on Circular Letter Ministry
of Manpower No.01/SE/MEN/1997, Ministry of Manpower and Trans-
migration No 13/MEN/X/2011, SNI 19-0232-2005, threshold (NAB) of
metal dust stipulated in Indonesia is maximal to the value of 10 mg/m3.
Result of total indoor suspended dust is averagely under the allowable
threshold (<10 mg/m3). However, if we pay more attention to each
working hours period there will be found various different values. In
particular hour, workers exposed by dust or in other words dust level
reaches (>10 mg/m3). In Process Cement Department, critical hours of
particle exposition above NAB is starting from the 4th hour after started
working until the 6th hour (at 11.00 until 13.00 WIB), while in Depart-
ment of Loam it is started from the 2 nd h to the 6th hour after started
working (at 09.00 until 13.00 WIB), and Department of Black Sand from
the 4th hour until the 5th hour after started working (at 11.00 until 12.00
WIB). Therefore, this finding of fly ashes exposition critical hours be-
comes the concern for management and policy maker.

Findings of dust exposition critical hour are influenced by measure-
ment result of working environment condition such as air temperature,
humidity, and light intensity that are different in each country or in-
dustry location. Several countries with high humidity will be different if
it is compared to countries with cold air temperature condition. It is also
applicable for dust exposition level. If measurement is not performed in
detail, it will cause inaccurate health improvement recommendation due
to dust exposition [60].

Findings of this fly ashes exposition becomes reference and must be
attention to management and policy maker to control fly ashes pollution.
New policy should side with workers and one of the used policies is er-
gonomic intervention. Pollution control policy in metal casting industry
should be distinguished with policy of other industries in general. At the
critical hours, workers of metal casting industry are obligated to use
personal protective equipment with strict supervision or if it is needed
several ergonomic improvements need to be planned to decrease indoor
suspended dust. Among others the attempts are dust collector tool
addition and air circulation system repair [61]. Nonetheless, these tools
need relatively expensive investment so that appropriate design tech-
nology based on user needs must be reviewed. Based on findings of dust
inhaled by workers and dust exposition critical hours, government
should perform evaluation in determining an industry performance
quality. Findings of this research can be used as new reference to change
pollution control mechanism. Human-based improvement (ergonomic
intervention) is necessary to be re-evaluated.

Implementation of ergonomic concept decreases injury risk, increases
productivity and work quality [62]. Ergonomic intervention is a partic-
ipative mechanism to improve working areas and facilities [63]. Further
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measurement of working environment should consider macro ergonomic
so that working quality in a company can be depicted [64].

Raw materials as the source of pollution source (fly ashes), if it is
possible, must be chosen that minimally produce dust. Nevertheless, up
until now it is hard to be performed. In addition, change working method
by using supporting tool of ergonomic to make the workers is indirectly
exposed to dust. Hence again, it is also hard to be performed since
workers have been worked for 18 years and included as community
technology.

The strength of this research is data collection on controlled envi-
ronmental conditions, that is data collection can only be done when the
company's working environment is the same (p > 0.05). Given the
weather very determines the internal validity of research results. In
addition, the consistency of work mechanisms including the number of
workers and the commitment of workers and companies during the study
period makes the research data valid and can be further processed.
Improvement of pollution control can be done by adding parameters in
the form of data on the average value of company suspended suspended
dust (units in hours) and the average value of workers inhaled dust (units
in days). The average value of indoor suspended dust (unit hours) is used
to determine the critical hours workers are exposed to dust. While the
average value of workers' inhaled dust (unit of day) is used to determine
the amount of workers exposed to particulate dust. Another control is to
carry out ergonomic interventions, namely by implementing resting
hours after working 4 h and activating dust collector at critical hours.

Weakness of this research is examination of workers lungs condition
that has not yet performed. Therefore, it is have to be perfected in the
further research. In addition, further research also needs to establish the
relationship between workers physiological condition and workers con-
venience level since averagely workers experience are beyond 18 years.
By seeing this working experience, it can be interpreted that workers
have endured longer and been accustomed to high dust exposition in
metal casting industry. Besides macro ergonomic intervention, the
company should evaluate working condition thoroughly [65]. Several
similar researches in Pakistan with the same subject give recommenda-
tion to improve working condition [66]. In addition, further research also
needs to establish the relationship between workers physiological con-
dition and workers health level caused by fly ashes. Work improvement
considers working condition since working environment really in-
fluences intervention adoption. New working habit needs time and
strategy by considering human factor in each work improvement.
4.3. Impact of ergonomic interventions

In an industry that has implemented technology that is completely
automated, workers are still found to experience musculoskeletal com-
plaints [68], so that ergonomic intervention is needed as a work
improvement. Ergonomic interventions can reduce complaints of posture
[69]. Musculoskeletal complaints are caused by workplace design [70],
and excessive physical activity [71].

Data was collected through filling out musculoskeletal complaints,
boredom and job satisfaction questionnaires by study subjects in the 1 st
month and 10 th month of the study. Data changes are calculated and
statistically tested. Data on changes in employee performance after er-
gonomic interventions are presented in Table 5.
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Based on Table 5 it is known that the impact of ergonomic in-
terventions on workers is a decrease in musculoskeletal complaints by
25.27%, decrease in boredom 25.01%, and an increase in satisfaction
38.46%. Ergonomic interventions carried out were the use of ergonomic
ladles, the provision of active rest periods, the use of displays, and the
application of work induction that was applied during 10 months of
work. Decreased musculoskeletal complaints generally occur in the neck,
knees, back, legs, wrists and arms. This is in line with previous research,
namely that generally musculoskeletal complaints occur in several parts
of the body, including the neck, shoulders and knees [72], neck, back
[m6], legs, upper arms, wrists and arms [73]. In general, work posture
improvement can reduce musculoskeletal complaints in the head, neck,
arms [74]. During the ten months, ergonomic intervention not only
changes the level of musculoskeletal complaints, but also the level of
boredom and satisfaction of employees.

If working conditions are comfortable, musculoskeletal complaints
will go down at a certain time [75]. Changes in musculoskeletal com-
plaints are experienced after 1 year of intervention [76], or after six 6
months of intervention [77]. The difference is influenced by the mech-
anism and type of intervention to workers. Ergonomic interventions also
lead to increased satisfaction and decreased boredom. Ergonomic in-
terventions in the form of providing active rest time create pleasant
conditions so that workers feel satisfied with the results of their work.
Ladle design interventions by accommodating workers' ideas can in-
crease satisfaction. Remembering satisfaction is an individual's feelings
and reactions to the work environment [78].

The results of this study perfect the ergonomic interventions that have
been carried out previously, those are by providing resting hours after
working 4 h, conditioning workers to breathe fresh air, and activating
dust collectors at critical hours. These things are believed to improve
employee health. The end result of an ergonomic intervention is an
improvement in the quality of life of workers. The quality of life of
workers can be used as material for further research in the future.

5. Conclusions

Every dust inhaled by workers is found to excess threshold value (>10
mg/m3). This condition really harms workers. Result of total indoor
suspended dust averagely under the allowable threshold stipulated by
government regulation (<10 mg/m3), but if it is examined clearly,
measurement in each working hour finds different level of dust. There are
critical hours of dust exposition to the workers.

In Process Cement Department, critical hours of dust exposition is (at
11.00 until 13.00 WIB), in Loam Department (at 09.00 until 13.00 WIB),
while in Black Sand Department (at 11.00 until 12.00 WIB). These
findings can be foundation for company management and government in
making new policy to control fly ashes pollution and ergonomic inter-
vention, which has been performed until now. New policy must take side
with workers as in concept of ergonomic science. Policy should take side
with workers health in the industry. Moreover, policies of pollution
control in metal casting industry have to be distinguished with other
industries policy in general.

Other controls are through ergonomics interventions, those are by
applying rest hours after working 4 h, conditioning workers to breathe
fresh air, and activating dust collectors at critical hours. Ergonomic in-
terventions reduce musculoskeletal complaints by 25.27%, reduce
boredom by 25.01%, and increase job satisfaction by 38.46%.

The recommendation of this study is that the Indonesian government
needs to add data parameters on the average value of company sus-
pended dust (units in hours) and the average value of workers' inhaled
dust (units in days) as a requirement to issue operational permits. The
average value of indoor suspended dust (unit hours) is used to determine
the critical hours workers are exposed to dust. Whereas the average value
of workers' inhaled dust (units of days) is used to find out the amount of
workers exposed to particulate dust. Any improvement in working
environment conditions should always be centered on humans.
9

Declarations

Author contribution statement

Wahyu Susihono: Conceived and designed the experiments, Per-
formed the experiment, Wrote the paper.

I Putu Gede Adiatmika: Analyzed and interpreted the data, Contrib-
uted reagents, materials, analysis tools or data, Wrote the paper.

Funding statement

This work was supported by the Lecturer Reflection Activities in
2019, the Program of the Directorate of Career and HR Competence,
Directorate General of the Ministry of Research, Technology and Higher
Education; University of Sultan Ageng Tirtayasa: Partnership the Post-
graduate Program of Udayana University, according to the contract
Number T/155/D2.3/KK.04.03/2019, September 27, 2019.

Competing interest statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

References

[1] J. Davourie, L. Westfall, M. Ali, D. McGough, Evaluation of particulate matter
emissions from manganese alloy production using life-cycle assessment,
Neurotoxicology 58 (1) (2017) 180–186.

[2] R. Krishnaraj, Contemporary and futuristic views of pollution control devices in
foundries, Ecotoxicol. Environ. Saf. 120 (2015) 130–135.

[3] V. Søyseth, H.L Johnsen, J. Kongerud, Johny, Respiratory hazards of metal
smelting. Curr. Opin. Pulm. Med., 19 (2) 158-162 doi:

[4] R. Krishnaraj, Control of pollution emitted by foundries, Environ. Chem. Lett. 13 (2)
(2015) 149–156.

[5] A. Kmita, A. Benko, A. Roczniak, Evaluation of pyrolysis and combustion products
from foundry binders: potential hazards in metal casting, J. Therm. Anal. Calorim.
(2019).

[6] P.M. Bluyssen, M. Aries, P. Van-Dommelen, Comfort of workers in office buildings:
the European HOPE project, Build. Environ. 46 (2011) 280–288.

[7] B. Cao, Q. Ouyang, Y. Zhu, L. Huang, H. Hu, G. Deng, Development of a multivariate
regression model for overall satisfaction in public buildings based on field studies in
Beijing and Shanghai, Build. Environ. 47 (2012) 394–399.

[8] M. Frontczak, S. Schiavon, J. Goins, E. Arens, H. Zhang, P. Wargocki, Quantitative
relationships between occupant satisfaction and satisfaction aspects of indoor
environmental quality and building design, Indoor Air 22 (2012) 119–131.

[9] P. Wargocki, D.P. Wyon, J. Sundell, G. Clausen, P.O. Fanger, The effects of outdoor
air supply rate in an office on perceived air quality, sick building syndrome (SBS)
symptoms and productivity, Indoor Air 10 (2000) 222–236.

[10] P.M. Bluyssen, M. Aries, P. van-Dommelen, Comfort of workers in office buildings:
the European HOPE project, Build. Environ. 46 (2011) 280–288.

[11] B. Cao, Q. Ouyang, Y. Zhu, L. Huang, H. Hu, G. Deng, Development of a multivariate
regression model for overall satisfaction in public buildings based on field studies in
Beijing and Shanghai, Build. Environ. 47 (2012) 394–399.

[12] M. Frontczak, S. Schiavon, J. Goins, E. Arens, H. Zhang, P. Wargocki, Quantitative
relationships between occupant satisfaction and satisfaction aspects of indoor
environmental quality and building design, Indoor Air 22 (2012) 119–131.

[13] R.T. Cullen, V. Vallyathan, S. Hagen, K. Donaldson, Protection by iron against the
toxic effect of quartz, Ann. Occup. Hyg. 41 (1997) 1420–1425.

[14] V. Castranova, V. Vallyathan, D.M. Ramsey, J.L. McLaurin, D. Pack, S. Leonard,
Augmentation of pulmonary reactions to quartz inhalation by trace amounts of iron-
containing particles, Environ. Health Perspect. 105 (1997) 1319–1324.

[15] J. Muller, W.C. Wheeler, J.F. Gentleman, G. Suranyi, R.A. Kusiak, Study of Mortality
of Ontario Miners; 1955–1977 Part I, Ontario Ministry of Labour Special Studies
Branch, Toronto, 1983.

[16] J. Muller, R.A. Kusiak, G. Suranyi, A.C. Ritchie, Study of Mortality of Ontario Gold
Miners 1955–1977 Part II, Ontario Ministry of Labour Specisal Studies Branch,
Toronto, 1986.

[17] L. Cantone, F. Nordio, L. Hou, P. Apostoli, M. Bonzini, L. Tarantini, Inhalable metal-
rich air particles and histone H3K4 dimethylation and H3K9 acetylation in a cross-
sectional study of steel workers, Environ. Health Perspect. 119 (2011) 964–969.

[18] H.J. Malik, K.J. Cheema, Preliminary survey to assess the health status of iron and
steel Industry workers, Pak. J. Sci. 62 (2010) 1.

[19] W. Karwowski, Symvatology, the science of an artifact-human compatibility, Theor.
Issues Ergon. Sci. 1 (2000) 76–91.

http://refhub.elsevier.com/S2405-8440(20)30911-7/sref1
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref1
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref1
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref1
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref2
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref2
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref2
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref4
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref4
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref4
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref5
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref5
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref5
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref6
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref6
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref6
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref7
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref7
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref7
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref7
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref8
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref8
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref8
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref8
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref9
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref9
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref9
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref9
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref10
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref10
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref10
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref11
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref11
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref11
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref11
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref12
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref12
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref12
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref12
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref13
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref13
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref13
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref14
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref14
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref14
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref14
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref15
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref15
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref15
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref15
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref16
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref16
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref16
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref16
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref17
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref17
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref17
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref17
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref18
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref18
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref19
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref19
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref19


W. Susihono, I.P. Gede Adiatmika Heliyon 6 (2020) e04067
[20] E.N. Corlett, Static muscle loading and evaluation of posture, in: J.R. Wilson,
E.N. Corlet (Eds.), Evaluation of Human Work, A Pratical Ergonomics Methodology,
Taylor and Francis Great Britain, 1992, pp. 544–570.

[21] P. Anoraga, Occupational Psychology, Rineka Cipta, Jakarta, 1998.
[22] Shimomitsu, The brief job stress questionnaire (BJSQ) for sel-stress monitoring, in:

N. Kawakasi (Ed.), Assessment of Job Stress, Lecture Material. October. Tokyo
University. Japan (2000), 2010.

[23] R. Niemela, M. Hannula, S. Rautio, K. Reijula, J. Railio, The effect of air
temperature on labour productivity in call centres—a case study, Energy Build. 34
(2002) 759–764.

[24] A. Vrij, S. Vander, J.L. Koppelaar, Aggression of police officers as a function of
temperature: an experiment with the fire arms training system, J. Commun. Appl.
Soc. 4 (1994) 365–370.

[25] W. Cui, G. Cao, J.H. Park, Q. Ouyang, Y. Zhu, Influence of indoor air temperature on
human thermal comfort, motivation and performance, Build. Environ. 68 (2013)
114–122.

[26] L. Lan, Z. Lian, L. Pan, Q. Ye, Neurobehavioral approach for evaluation of office
workers’ productivity: the effects of room temperature, Build. Environ. 44 (2009)
1578–1588.

[27] L. Lan, Z. Lian, L. Pan, The effects of air temperature on office workers’ well-being,
workload and productivity-evaluated with subjective ratings, Appl. Ergon. 42 (1)
(2010) 29–36.

[28] J.C. Vischer, Towards an environmental psychology of workspace: how people are
affected by environments for work, Architect. Sci. Rev. 51 (2008) 97–108.

[29] L. Bellia, F. Bisegna, G. Spada, Lighting in indoor environments: visual and non-
visual effects of light sources with different spectral power distributions, Build.
Environ. 46 (2011) 1984–1992.

[30] G. Hoffmann, V. Gufler, A. Griesmacher, C. Bartenbach, M. Canazei, S. Staggl,
W. Schobersberger, Effects of variable lighting intensities and colour temperatures
on sulphatoxymelatonin and subjective mood in an experimental office workplace,
Appl. Ergon. 39 (2008) 719–728.

[31] H. Juslen, A. Tenner, Mechanisms involved in enhancing human performance by
changing the lighting in the industrial workplace, Int. J. Ind. Ergon. 35 (2005)
843–855.

[32] P.C. Chao, Y.J. Juang, C.J. Chen, Y.T. Dai, C.Y. Yeh, C.Y. Hu, Combined effects of
noise, vibration, and low temperature on the physiological parameters of labor
employees, Kaohsiung J. Med. Sci. 29 (2013) 560–567.

[33] R. Sloof, C.M. van Praag, The effect of noise in a performance measure on work
motivation: a real effort laboratory experiment, Lab. Econ. 17 (2010) 751–765.

[34] T. Saeki, T. Fujii, S. Yamaguchi, S. Harima, Effects of acoustical noise on annoyance,
performance and fatigue during mental memory task, Appl. Acoust. 65 (2004)
913–921.

[35] J.E. Dockrell, B.M. Shield, Acoustical barriers in classrooms: the impact of noise on
performance in the classroom, Br. Educ. Res. J. 32 (2006) 509–525.

[36] S.A. Stansfeld, M.P. Matheson, Noise pollution: non-auditory effects on health, Br.
Med. Bull. 68 (2003) 243–257.

[37] P.C. Chao, Y.J. Juang, C.J. Chen, Y.T. Dai, C.Y. Yeh, C.Y. Hu, Combined effects of
noise, vibration, and low temperature on the physiological parameters of labor
employees, Kaohsiung J. Med. Sci. 29 (2013) 560–567.

[38] A. Valavanidis, K. Fiotakis, T. Vlachogianni, Airborne particulate matter and human
health: toxicological assessment and importance of size and composition of particles
for oxidative damage and carcinogenic mechanisms, J. Environ. Sci. Health C-Envir.
26 (2008) 339–362.

[39] Z. Wang, D. Neuburg, C. Li, L. Su, J.Y. Kim, J.C. Chen, Global gene expression
profiling in whole-blood samples from individuals exposed to metal fumes, Environ.
Health Perspect. 113 (2005) 233–241.

[40] S. Bakand, A. Hayes, Toxicological considera- tions, toxicity assessment, and risk
management of inhaled nanoparticles, Int. J. Mol. Sci. 17 (2016) 6.

[41] D. Krewski, R.A. Yokel, E. Nieboer, Human health risk assessment for aluminium,
aluminium oxide, and aluminium hydroxide, J. Toxicol. Environ. Health B Crit. Rev.
10 (Suppl 1) (2007) 1–269.

[42] R.K. Gherardi, H. Eidi, G. Crepeaux, F.J. Authier, J. Cadusseau, Biopersistence and
brain trans- location of aluminum adjuvants of vaccines, Front. Neurol. 6 (2015) 4.

[43] G. Crepeaux, H. Eidi, M.O. David, Nonlinear doseresponse of aluminium hydroxide
adjuvant particles: selective low dose neurotoxicity, Toxicology 375 (2017) 48–57.

[44] B.A. Maher, I.A. Ahmed, V. Karloukovski, Magnetite pollution nanoparticles in the
human brain, Proc. Natl. Acad. Sci. U.S.A. 113 (39) (2016) 10797–10801.

[45] Z. Andrew, E. Pat, Rasmussen, D. Marie-Odile, E. Housam, K. Konnor, H. Kevin,
I. Todd, T. Christopher, P. Jake, B. Douglas, Physical and chemical characterization
of McIntyre Powder: an aluminum dust inhaled by miners to combat silicosis,
J. Occup. Environ. Hyg. 16 (11) (2019) 745–756.

[46] W.D. Bennett, M. Herbst, N.E. Alexis, K.L. Zeman, J. Wu, M.L. Hernandez,
D.B. Peden, Effect of inhaled dust mite allergen on regional particle deposition and
mucociliary clearance in allergic asthmatics, Clin. Exp. Allergy 41 (2011)
1719–1728.

[47] N.E. Alexis, J.C. Lay, K. Zeman, Biological material on inhaled coarse fraction
particulate matter activates airway phagocytes in vivo in healthy volunteers,
J. Allergy Clin. Immunol. 117 (2006) 1396–1403.

[48] B. Boehlecke, M. Hazucha, N.E. Alexis, Lowdose airborne endotoxin exposure
enhances bronchial responsiveness to inhaled allergen in atopic asthmatics,
J. Allergy Clin. Immunol. 112 (2003) 1241–1243.
10
[49] M. Beatrice, V. Cecilia, C. David, Exposure vs toxicity levels of airborne quartz,
metal and carbon particles in cast iron foundries, J. Expo. Sci. Environ. Epidemiol.
24 (2014) 42–50.

[50] W.N. Deviandhoko, Nurjazuli Endah, Factors are related with pulmonary function
disorders on welding workers in the pontianak city, Indones. J. Environ. Health 11
(2) (2012) 123–129.

[51] T. Prayudi, J.S. Prayitno, The quality of dust in the air as a result of flat metal
casting industry; Written in Bahasa Indonesia, J. Environ. Technol. 2 (2) (2001).

[52] N. Roohi, R. Akbar, A.M. Cheema, Heat stress on serum proteins profile in steel
foundry workers, Punjab Univ. J. Zool. 20 (2005) 87–91.

[53] J. Pauluhn, M. Emura, U. Mohr, M. Rosenbruch, Inhalation Toxicity of Propineb.
Part II: Results of Mechanistic Studies in Rats, Inhalation Toxicology 15 (5) (2008)
435–460.

[54] Y.M. Niaz, N. Masood Iqbal, T.H. Bokhari, M.A. Shehzad, M. Abbas, Temporal and
spatial distribution of lead and total suspended particles in ambient air of
Faisalabad, Pakistan, Inter. J. Chem. Biochem. Sci. 2 (2012) 7–13.

[55] M. Maryam, E. Maryam, A. Majid, Metal levels in airborne particulate matter in
industrial area of Bandar Abbas. Iran, Eur. J. Exp. Biol. 2 (2012) 1714–1717.

[56] J.O. Hiniches, D. Dellwig, H.J. Brumsack, Lead in sediments and suspended
particulate matter of German Bight: natural versus anthropogenic origin, Appl.
Geochem. 17 (2012) 621–632.

[57] S. Parveen, R.S. Rawat, Assessment of occupational hazard in iron foundry workers
at Nunihai Industrial Estate, Agra Asian. J. Exp. Biol. Sci. 1 (2010) 197–200.

[58] B.A. Begum, S.K. Biswas, A. Markwitz, P.K. Hopke, Identification of sources of fine
and coarse particulate matter in Dhaka, Bangladesh, J. Aerosol Air Qual. Resour. 10
(2010) 345–353.

[59] K. Natalja, Z. Tija, R. Jelena, M. Zanna, P. Ilona, M. Inese, V. Ivars, The effect of
different workplace nanoparticles on the immune systems of employees,
J. Nanoparticle Res. 19 (2017) 320.

[60] R.M. Harrison, C. Giorio, D.C.S. Beddows, M. Dall’Osto, Size distribution of
airborne particles controls outcome of epidemiological studies, Sci. Total Environ.
409 (2010) 289–293.

[61] T.M.Peters, R.A. Sawvel, J.H.Park, T.R.Anthony,Evaluationof a shaker dust collector
for use in a recirculating ventilation system, J. Occup. Environ. Hyg. 12 (9) (2015).

[62] Fred Kohloff, Shannon Wetzel, On the case: 7 ergonomics problem solvers, Mod.
Cast. 100 (1) (2010) 33–36, 4p.

[63] Torma-Krajewski Janet, L. Martin, Ergonomics interventions at badger mining
corporation, Int. J. Occup. Saf. Ergon. 14 (3) (2008) 351–359.

[64] R. Arturo, A.M. Aid�e, G.,A. Jorge, C.R. Guillermo, B.F. Julio, Structural model for
the effects of environmental elements on the psychological characteristics and
performance of the employees of manufacturing systems, Int. J. Environ. Res. Publ.
Health 13 (2016) 104.

[65] Ghahramani Bahador, A model to analyze ergonomics working conditions, Int. J.
Occup. Saf. Ergon. 6 (2) (2000) 223–236.

[66] A.R. Muhammad, B.T.A. Amtul, R. Ayesha M. Ghulam, A. Muhammad, I. Beenish,
Heavy metals identification and exposure at workplace environment its extent of
accumulation in blood of iron and steel recycling foundry workers of Lahore,
Pakistan, Pak. J. Pharm. Sci. 30 (4) (2017) 1233–1238.

[68] G. Franco, L. Fusetti, Bernardino Ramazzini’s early observations of the link between
musculoskeletal disorders and ergonomic factors, Appl. Ergon. 35 (1) (2004) 67–70.

[69] R. Dahlberg, L. Karlqvist, C. Bildt, K. Nykvist, Do work technique and
musculoskeletal symptoms differ between men and women performing the same
type of work tasks? Appl. Ergon. 35 (6) (2004) 521–529.

[70] T.D.O. Sato, H.J.C.G. Coury, Evaluation of musculoskeletal health outcomes in the
context of job rotation and multifunctional jobs, Appl. Ergon. 40 (4) (2009)
707–712.

[71] B. Heiden, M. Weigl, P. Angerer, A. Muller, Association of age and physical job
demands with musculoskeletal disorders in nurses, Appl. Ergon. 44 (4) (2013)
652–658.

[72] S.L. Fischer, K. Woodcock, A cross-sectional survey of reported musculoskeletal
pain, disorders, work volume and employment situation among sign language
interpreters, Int. J. Ind. Ergon. 42 (4) (2012) 335–340.

[73] S. Meksawi, B. Tangtrakulwanich, V. Chongsuvivatwong, Musculoskeletal problems
and ergonomic risk assessment in rubber tappers: a community-based study in
southern Thailand, Int. J. Ind. Ergon. 42 (1) (2012) 129–135.

[74] A. Choobineh, S.H. Tabatabaei, A. Mokhtarzadeh, M. Salehi, Musculoskeletal
problems among workers of an Iranian rubber factory, J. Occup. Health 49 (5)
(2007) 418–423.

[75] S. Warming, D.H. Precht, P. Suadicani, N.E. Ebbehoj, Musculoskeletal complaints
among nurses related to patient handling tasks and psychosocial factors – based on
logbook registrations, Appl. Ergon. 40 (4) (2008) 569–576.

[76] H.J. Lipscomb, D. Loomis, M.A. McDonald, K. Kucera, S. Marshall, L. Leiming,
Musculoskeletal symptoms among commercial Fishers in North Carolina, Appl.
Ergon. 35 (5) (2004) 417–426.

[77] N. Ozturk, M.N. Esin, Investigation of musculoskeletal symptoms and ergonomic
risk factors among female sewing machine operators in Turkey, Int. J. Ind. Ergon.
41 (6) (2011) 585–591.

[78] C. Dole, G.R. Schroeder, The impact of varios factors on the personality, job
satisfaction and turn over intentions of profesional accountants, Manag. Audit J. 16
(4) (2001) 234–254.

http://refhub.elsevier.com/S2405-8440(20)30911-7/sref20
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref20
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref20
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref20
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref21
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref22
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref22
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref22
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref23
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref23
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref23
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref23
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref23
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref24
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref24
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref24
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref24
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref25
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref25
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref25
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref25
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref26
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref26
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref26
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref26
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref27
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref27
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref27
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref27
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref28
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref28
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref28
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref29
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref29
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref29
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref29
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref30
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref30
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref30
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref30
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref30
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref31
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref31
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref31
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref31
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref32
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref32
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref32
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref32
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref33
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref33
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref33
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref34
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref34
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref34
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref34
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref35
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref35
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref35
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref36
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref36
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref36
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref37
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref37
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref37
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref37
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref38
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref38
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref38
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref38
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref38
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref39
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref39
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref39
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref39
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref40
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref40
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref41
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref41
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref41
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref41
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref42
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref42
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref43
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref43
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref43
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref44
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref44
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref44
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref45
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref45
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref45
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref45
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref45
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref46
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref46
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref46
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref46
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref46
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref47
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref47
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref47
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref47
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref48
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref48
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref48
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref48
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref49
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref49
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref49
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref49
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref50
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref50
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref50
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref50
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref51
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref51
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref52
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref52
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref52
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref53
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref53
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref53
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref53
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref54
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref54
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref54
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref54
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref55
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref55
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref55
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref56
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref56
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref56
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref56
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref57
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref57
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref57
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref58
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref58
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref58
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref58
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref59
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref59
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref59
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref60
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref60
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref60
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref60
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref61
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref61
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref62
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref62
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref62
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref63
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref63
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref63
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref64
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref64
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref64
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref64
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref64
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref65
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref65
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref65
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref66
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref66
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref66
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref66
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref66
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref68
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref68
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref68
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref69
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref69
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref69
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref69
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref70
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref70
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref70
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref70
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref71
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref71
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref71
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref71
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref72
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref72
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref72
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref72
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref73
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref73
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref73
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref73
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref74
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref74
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref74
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref74
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref75
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref75
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref75
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref75
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref75
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref76
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref76
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref76
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref76
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref77
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref77
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref77
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref77
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref78
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref78
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref78
http://refhub.elsevier.com/S2405-8440(20)30911-7/sref78

