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Abstract: Medical waste from dental practice is harmful to life and the environment.
Previous studies reported that the total medical solid waste generated by dental practices in
Pekanbaru City was 4.62 kg/day with an average of 0.3 kg + 0.07 kg/day. Based on the type
of waste generated, 69% is infectious waste, 27% is toxic waste, and 4% is radioactive waste.
The purpose of the study was to analyze the medical waste generated and the environmental
costs incurred by dentists using several scenarios of medical waste management policy
intervention. The method used is a simulation model with a dynamic system approach.
Simulations were carried out from 2018 to 2047. The results of the study obtained a
percentage reduction for 30 years, it was found that the combination of providing training
and cooperation with the waste management party had the largest decrease of 41.9%. The
biggest decrease in environmental costs was the combined scenario of 99.69%, followed by
the 99.62% cooperation scenario and 19.5% training. The most effective self-care solid
medical waste management model is the scenario 3 model because it can reduce the waste
generated and also reduce costs.

Keywords: Simulation design; Medical waste; Dynamic system model approach; Waste
management
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Introduction

The medical waste management system in
Indonesia is regulated based on Minister of Health
Regulation No. 7 of 2019 (Peraturan Menteri Kesehatan
RI, 2019) regarding rules and procedures for managing
medical waste in hospitals. The Minister of Health
Regulation still regulates the procedures for managing
waste in a hospital environment and its surroundings,
while for medical waste in other health service facilities,
especially dental practice waste, there is no statutory
policy that regulates it. A study by Singh et al., (2014);
Benakatti & Kanathila, (2018) reported that there are no
standard rules regarding the management of dental
health medical waste either from the government or
from dental professional organizations.

The results of a study by (Dewi et al., 2019) reported
that the total amount of solid medical waste produced
by dental practices in Pekanbaru City was 4,62 kg/day
with the average medical waste produced by each
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dentist being 0,3 kg + 0,07 kg/day. Meanwhile, based on
the type of waste produced, 69% was an infectious
waste, 27% was toxic waste, and 4% w a radioactive
waste.

Dental practice medical waste can endanger the
lives of living things and the environment around them,
such as health problems, and social and economic
disturbances in society due to pollution (Eleyan et al.,
2013; Adipraja et al., 2018). Following the development
of the healthcare industry, it can be predicted that more
medical waste will be produced (Manchanda et al,,
2015). Therefore, it is necessary to have alternative
medical waste management for dental health services. It
is necessary to design a strategy that can predict the
amount of waste and costs needed to manage medical
waste in dental practice. Human resources are the main
factor so an effort to gain more knowledge is required
through training to be able to manage medical waste
properly (Retnowati et al., 2021). The analysis used is by
creating a simulation model to predict the amount of

Dewi, O., Sari, N.P., Raviola, R., Herniwanti, H., & Rany, N. (2022). Simulation Design of Dental Practice Medical Waste Management Using
Dynamic System Model Approach. Jurnal Penelitian Pendidikan IPA, 8(5), 2483-2492. https:/ /doi.org/10.29303/jppipa.v8i5.2353




Jurnal Penelitian Pendidikan IPA (JPPIPA)

waste generated based on the calculation of variables in
waste management, which is an increase in the number
of dentists, the amount of solid medical waste based on
its type (infectious, toxic and heavy metal), and able to
plan the frequency and time of retraining with a
dynamic systems approach. The dynamic system
approach is used to produce a medical waste
management model for independent dental health
services in Pekanbaru city. The analysis used is to create
a simulation model to get an alternative description or
phenomenon that is designed to determine alternative
policies to be applied in medical waste management in
dental practices (Artika & Chaerul, 2020; Wildanurizzal
et al., 2014).

Method

This is quantitative research conducting a
preliminary study to obtain information about the
amount of waste, and the behavior of dentists in
Pekanbaru City in managing medical waste. Then
proceed with a literature study by looking for
supporting theories related to medical waste
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management and regulations on medical waste
management.

The dynamic system modeling uses Powersim
Studio 8 Software. Data collection methods are
conducted by literature study and survey methods. The
dynamic model of medical waste management for
dental health services is conducted using a systems
analysis approach. The types of data required in the
dynamic model consist of; primary data and secondary
data (Al-Khatib et al., 2016; Chaerul et al., 2008). Primary
data in this study are data collected through direct
observation and interviews with dentists. Secondary
data are data obtained from the literature. There are
several stages in making a dynamic system model, they
are; Creating the drafting concept of macro and micro
models; Creating Causal Loop Diagram (CLD); Creating
Stock Flow Diagrams (SFD); Run Software; Validation;
Existing Simulation, and Creating Scenarios.

Before modeling, it is necessary to determine the
operational definition and measurement results of each
variable that will be included in the modeling as shown
in Table 1.

Table 1. Operational definition of variables that will be made as independent dental health service modeling in

Pekanbaru City

Variables Operational definition

How to measure Measurement results

Total solid medical waste of
dental health services
produced daily

Dental health care waste
contaminated with patient’s
blood and saliva can transmit
disease

Dental health care waste
containing toxic chemicals

Solid medical waste

Infectious solid
waste

Toxic waste

Dental health care waste
containing heavy metals

Heavy metal waste

Dentist

The increase in the
amount of dentist

Knowledge

Behavior

Air pollution

Water pollution

The number of dentists who
provide independent health
services in Pekanbaru City
Percentage of increase in the
amount of dentist year in
Indonesia 7,1%

Dentist’s knowledge of the
definition, causes, effects, and,
ways of managing waste

The action of the dentist
/dental nurse in managing
waste by sorting, storing, and,
destroying it

Potential air disturbances that
occur due to amalgam
(mercury)

Potential water disturbances
that occur due to amalgam
(mercury)

Weigh it daily for 20 days The total is 49.170 grams

Average 330 grams/dentist/day

(Dewi et al., 2019)

Weigh it daily for 20 days The total is 63.758 grams

Average 227,7 grams/dentist/day

(Dewi et al., 2019)

Weigh it daily for 20 days The total is 24.949 grams

Average 89,10 grams/dentist/day

(Dewi et al., 2019)

Weigh it daily for 20 days The total is 3.595 grams

Average 13,20 grams/ dentistday

(Dewi et al., 2019)

PDGI secondary data of 149 people
Pekanbaru city branch in
2018

Indonesia Health Profile 2016 =13.425

Data 2016 and 2017 2017 =14.455

Survey results

Survey results and
observations

The results of measuring the
number of pollutants and the
Minister of Environment and

Forestry Regulation No. 7 of

2016 concerning
environmental losses due to

Dentist’s good knowledge level of
75% (Notoatmodjo, 2014)

Proper behavior in managing waste
accordingly of 42.3% (Dewi et al.,
2019)

The quality standard of mercury in
the air is 0,05 mg/m?3. The quality
standard for mercury in water is
0,002 mg/liter. If the mercury
produced is more or equal to 4
grams/ unit it will cause pollution.
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Variables Operational definition

How to measure Measurement results

pollution and/ or
environmental damage
(Peraturan Menteri
Lingkungan Hidup dan
Kehutanan RI, 2016)

Environmental Costs ~ Costs that must be incurred by
a waste generator due to
suspected environmental
damage based on Minister of
Environment Regulation No. 7
of 2014 concerning
Environmental Losses Due to
Pollution and/or
Environmental Damage

Training

Cooperation with
private waste
management

Results of medical waste
measurement and literature

Interviews and literature

Costs of environmental damage
due to mercury pollution:

a. Air/Gas Emission for each unit
of 4 grams is Rp. 24.750.

b. The parameter wastewater for
each unit of 20 grams is Rp. 24.750.

study

1 waste management training

study costs Rp. 5.500.000 per person for

2 days

Interviews 1 kg of medical waste costs Rp
40.000

Result and Discussion

The operational stages of designing a dynamic
model of medical waste management for dental health
services in Pekanbaru City are as follows:

Developing a conceptual model that includes macro
conceptions and micro conceptions.

Macro conception is the general conception of the
model being built, while micro conception is the more
detailed conception of the reciprocal relationship
between the existing structures in the model (Brady et
al., 2020); (B. Lewis et al., 2020). The macro conception of
the independent health service medical waste
management model is based on the relationship between
dentists as medical waste producers, the environment,
pollution, and policies. The increase in the amounts of
dentists, which is increasing every year, will affect the

medical waste they produce it disrupts environmental
sustainability with the potential for pollution so a waste
management policy is needed to control the amount of
medical waste produced (Wulandari & Kusnoputranto,
2015; Shareefdeen, 2012).

The micro conception the of independent health
service medical waste management model in Pekanbaru
City refers to a more detailed macro conception of the
relationship between the existing structures. The
increasing amounts of dentists each year increase the
amount of medical waste, requiring adequate
knowledge to form appropriate waste management
behavior so the potential impact of environmental
disturbances such as pollution can be reduced. If
pollution can be reduced, the cost of environmental
damage can be diverted to provide training and
cooperation with private waste managers. The macro
and micro concepts are shown in Figure 1.

Increasing Amount Waste

PRACTICE

The inc
amount|of dentist

ase in the

THE AMOUNT OF DENTIST

INDEPENDENT DENTAL——> MEDICAL WASTE ———> POTENTIAL IMPACT OF ENVIRONMENTAL <—

Infectious,Toxic, Heavy Metal Waste

SOCIAL ECONOMIC HEALTH

ENVIRONMENTAL COSTS <

PRIVATE WASTE MANAGEMENT COSTS <

a
-

Figure 1. Macro and micro concepts of dental practice medical waste management simulation.
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Results of Causal Loop Diagram (CLD)

Based on variables that will be included in the
modeling, a Causal Loop Diagram (CLD) is created to
explain the description of the reciprocal relationship or
causal relationship of the existing variables. The CLD
diagram can be seen in Figure 2.

In Figure 2, it can be seen that an increase in the
amounts of dentists will affect the increase in the amount
of medical waste produced. In terms of the increase in
the amount of medical waste, dentists are affected by
their waste management behavior. If the dentist has
good waste management behavior, the waste produced
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will not cause a problem. On the other hand, if a lot of
dentists have bad waste management behavior and do
not comply with the rules, the medical waste produced
will have the potential to disturb the environment,
causing pollution. Because of this pollution, according to
the legislation, the waste producer must pay
environmental costs as compensation for environmental
damage. To reduce the amount of medical waste that
causes pollution and environmental costs, waste
management training and cooperation with private
waste management need to be done.

e — T,
The amount of dentist ™ )\ ﬂ_’(ah“\
)/_/’_, Waste ~ —‘*t L Radioactive waste
/x, = T
Toxic waste Y \
L( Air pollution
Behavior
J_\ ~ Infectious waste Water pollution
& o RN AN
s = - Cooperation with 33 @_ﬁ
= . private waste _— Environmental
Training management / cact
-—\_\\——_,_\__—( s }__,_,—

Figure 2. Causal loop diagram of a medical waste management model for public dental health services.

Results of Stock Flow Diagram (SFD)

A stock-flow diagram is a depiction of the
reciprocal relationship of existing structures in the form
of stock (level), flow, auxiliary, constant, and
information link. To make SFD, several simulations are
conducted to predict the amount of waste and
environmental costs.

Dynamic simulation is conducted using a systems
analysis approach (modeling). System analysis is to see
changes dynamically (temporal) within a certain period.
Changes in the amount of medical waste along with the
increase in the amounts of dentists and their impact on
the environment (pollution) become the main model in
system analysis.

The model simulation began in 2018 as an existing
condition (baseline) and was simulated over a period of
30 years. The year 2047 is used as the deadline for the
simulation. Simulations were performed 4 times with 3

scenarios. The first simulation is conducted when there
was no intervention on the amount of waste and
environmental costs, the second simulation is conducted
with scenario 1 by intervening if medical waste
management training for dental health personnel is
done once; The third simulation is cooperation with
waste management party scenario to transport medical
waste periodically and the fourth simulation is
combination intervention scenario between conducting
training and cooperation with waste management. The
results comparison of the four simulations can be
explained as follows:

a. Simulation Iis a simulation of the amount of existing
waste condition to estimate the production of solid
medical waste for dental health services from
independent dental health services in Pekanbaru
City for 30 years (2018-2047) with a dynamic model
approach without intervention scenarios (Figure 3).
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Figure 3. Flow diagram of a medical waste management model for dental health services in Pekanbaru City without
intervention (existing)

b. Simulation II is a dynamic model simulation of of medical waste and environmental costs for 30
medical waste management for dental health services years (2018-2048) if scenario 1 interventions are
inPekanbaru city to predict the production conducted, which is providing medical waste

management training once (Figure 4).
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Figure 4. Flow diagram of a medical waste management model for dental health services in Pekanbaru City with providing

training scenario intervention.

Figure 4 shows the amount of waste in scenario 1is  ¢. Simulation Il is a dynamic model simulation of solid

affected by an increase in dentist waste management medical waste management for dental health services
behavior by 30.73% due to intervention by providing in Pekanbaru city to predict the production of
training so the amount of waste in the 30t year (2048) medical waste and environmental costs for 30 years
becomes 3.807.15 kg. By improving waste management (2018-2048) if scenario 2 intervention is conducted,
behavior, the waste management costs will also be which is cooperation with private waste
reduced to obtain the environmental cost of Rp. management (Figure 5).

1.130.722.424 (water pollution Rp. 188.453.737 + air
pollution (Rp.942.268.687).
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Figure 5. Flow Diagram of A Medical Waste Management Model for Dental Health Services In Pekanbaru City with
Cooperation With Private Waste Management Scenario Intervention.

Figure 5 shows the amount of waste and waste  With this cooperation, the predicted amount of waste is
management costs in scenario 2 if cooperation with  3.337.69 kg. By improving waste management behavior,
private waste management is conducted to manage the waste management costs will also be reduced so the
heavy metal waste so the cost of pollution due to heavy  environmental cost that must be paid is Rp. 5.340.299.
metals can be reduced. The fee paid to a private medical  This is because all heavy metal waste has been managed
waste management company is Rp. 40.000 per kilogram. by private medical waste management companies.
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Figure 6. Flow diagram of a medical waste management model for dental health services in Pekanbaru City with training and
cooperation with private waste management scenario intervention.

d. Simulation IV is a dynamic model simulation of
medical waste management for dental health
services in Pekanbaru City to predict the
production of medical

waste and environmental costs for 30 years (2018-
2048) if scenario 3 intervention is conducted, which
is waste management training once and cooperation
with private waste management.
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Figure 6. Flow diagram of a medical waste management model for dental health services in Pekanbaru City with training and
cooperation with private waste management scenario intervention.

Figure 6 shows that the amount of waste is 2.795,19
kg and the cost of waste management is Rp. 4.472.303.
Scenario 3 is affected by an increase in dentist waste
management behavior according to the rules of 30,73%
and cooperation with private waste management
companies with a fee of Rp. 40.000 per kilogram.

Based on simulation comparison results of the
amount of medical waste produced and costs that must
be conducted in Pekanbaru City, there are 3 waste
management intervention scenarios to reduce the
amount of medical waste and environmental costs
produced. The trend comparison results of the amount
of solid medical waste can be shown in Figure 7.

Figure 7 shows that the scenario that is most
effective in reducing the amount of waste each year is
the combination of providing training and cooperation
with the licensed waste management company. This
shows that by providing training in medical waste
management to dentists and dental nurses as waste
producers they will be able to increase their knowledge
and be able to change behavior in waste disposal. This
result is from a study by Gihan which stated that 80%
had bad behavior before being given medical waste
management training, reducing to 0.8% after training.
On the other hand, 1.1% had good waste management
behavior, increasing to 92.1% after training (Hosny et al.,
2018; Matin et al., 2022). These findings indicate that
educational interventions are very effective in changing
behavior. Training increases awareness of knowledge
and medical waste management behavior.

Providing training to dentists can reduce the
amount of solid medical waste at the beginning of the
year because it can provide information to increase
dentists” knowledge so it can change dentist waste
management behavior for the better. But this does not
always last because the effect of the training will wear

off over time, resulting in the effect of forgetting. The
good behavior started to deteriorate so the amount of
waste produced was reduced (Abidah et al., 2021).
Because the training effect is diminishing over time, it is
recommended to provide training more than once. The
obstacle to participating in training more than once is the
cost, which is quite expensive because one training costs
around 6 to 7 million rupiahs. To overcome this problem,
it is recommended to conduct a joint intervention
between providing training and cooperation with
licensed waste management companies.

Based on the percentage in the amount of medical
waste reduction over a period of 30 years, it was found
that the combined scenario between providing training
and cooperation with the waste management party had
the largest percentage of waste reduction of 41.9%,
followed by the cooperation scenario only of 29.5% and
providing training scenario of 19.5%. The largest
reduction in environmental costs was the combined
scenario of 99.69% followed by the cooperation scenario
of 99.62% and training of 19.5%. The percentage of
medical waste reduction in each scenario can be seen in
Figure 8.

In the first year, the largest percentage of waste
reduction was found in scenarios 1 and 2 of 62.5%, and
continued to decrease with increasing years. In scenarios
1 and 3, wherein the 10t year (2028) the percentage of
waste reduction is predicted to be 44.3% for scenario 1
and 52% for scenario 3 (This can happen even though
training can increase knowledge and change behavior,
but this does not last long as time goes by within 10 years
the effect of training has started to decrease by 18.2%.
This may be caused by the provision of information by
waste management training is only given once in 10
years so the effect of forgetting can occur (Manchanda et
al., 2015; Bayusunuputro et al., 2021).
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This circumstance suggests that increased
knowledge can be sustained in the long term if there are
good administrative and organizational rules that
require adequate legislation and funding. Therefore,
there must be ongoing training to ensure adequate
knowledge and skills to manage medical waste properly
(Bansal et al., 2013); (Wardani & Azizah, 2020).

November 2022, Volume 8, Issue 5, 2483-2492

Environmental costs can also be reduced by
simulating a dynamic system model. The trend

comparison results of environmental costs that must be
incurred if intervention scenarios 1, 2, and 3 are
conducted or not are shown in the following Figure 9.
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Figure 7. Comparison of the increase in the amount of solid medical waste for independent dental health services between the
existing, training scenarios, cooperation with waste management scenarios, and combined scenarios of training and cooperation
with waste management companies

150
100

Percentage

L —

2015 2020 2025 2030

2035 2040

Year

50 ————

2045

2050

w Percentage of medical waste
reduction in scenario 1

« Percentage of medical waste
reduction in scenario 2

Percentage of medical waste
reduction in scenario 3

Figure 8. Trend comparison of solid medical waste reduction percentage for independent dental health services between the
existing, training scenarios, cooperation with waste management scenarios, and combined scenarios of training and cooperation
with waste management companies.

Table 2. Comparison of environmental costs in the existing state and three scenarios using dynamic system

simulation modeling

Intervention Environmental cost

(Rupiah)

Istyear 5th year 10th year 20th year 30th year

(2019) (2023) (2028) (2038) (2048)

Eksisting 14.603.490 85.148.593 206.183.891 550.495.508 1.404.526.724

Training 5.756.680 33.514.543 111.455.791 378.086.118 942.268.687
(scenario 1)

Cooperation with waste transporters 78.672 420.820 936.112 2.282.813 5.340.299
(Scenario 2)

Combined training cooperation with 29.504 193.257 524.124 1.639.560 4.472.303

waste transporters (scenario 3)
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Table 2 shows the comparative trend of solid
medical waste management costs that must be incurred
by the waste producer. In 2019, there was a decrease in
costs between existing waste management, scenario 1,
scenario 2, and scenario 3. Waste management by
cooperation with waste management company
intervention can reduce costs more than providing
training scenarios. The most effective intervention of all
is scenario 3, which is a combination of providing
training and cooperation with a waste management
company with a reduction percentage of 99.8%
compared to costs without intervention, 94.7%
compared to costs with training interventions, and 63%
compared to cooperation interventions only. This is
because there are no more environmental costs that must
be incurred for the compensation of heavy metal
pollution in the air and water. All solid medical waste
made from heavy metals has been managed by a waste
management company (Udofia et al., 2017; Bassey et al.,
2006). Therefore, the dentist only needs to pay a private
waste management service fee to the previous
agreement of Rp. 40.000 per kilogram. This result is from
astudy by (Vaccari et al., 2018) which states that the total
annual waste management costs are $US 5.079.191, or
around $US 2.36 per kilogram. In Italy, the reduction of
waste production and cost can be done in several ways,
including increasing waste separation and linking the
Italian national budget tax (TARI) with the cost of waste
production.

Conclusion

The most effective model of independent health
service solid medical waste management is scenario 3
model, which is a combined model of interventions to
provide training in managing solid medical waste and
cooperation with private waste management companies
because it can reduce the amount of waste produced and
reduce costs as well as reduce pollution, contracting
diseases due to exposure to medical waste. Dentists and
dental health officers need to take part in regular and
continuous medical waste management training to
change behavior.
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