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ABSTRAK

Judul: Dampak lingkungan tersembunyi dari vaksinasi COVID19: pengelolaan limbah, pengolahan, dan potensi
pemanasan global

Latar belakang: Indonesia, negara terpadat keempat di dunia, muncul sebagai episentrum Covid-19 di Asia pada
pertengahan tahun 2021. Lonjakan kasus COVID19 mendorong negara untuk menargetkan 1 juta vaksinasi Covid-
19 per hari.

Metode: Penelitian ini menggunakan data kualitatif dari tinjauan pustaka sebelumnya kemudian diolah
menggunakan perhitungan yang sesuai dengan metode pengelolaan limbah vaksin.

Hasil: Meskipun peluncuran vaksinasi besar-besaran, dampaknya terhadap lingkungan masih dipertanyakan.
Tidak hanya pembuangan limbah medis yang tidak tepat tetap menjadi tantangan sejak wabah pandemi pada tahun
2020, tetapi vaksinasi memperburuk keadaan. Selain limbah padat, konsumsi listrik dan emisi polutan dari zat
pendingin mungkin berkontribusi terhadap jejak karbon yang tinggi.

Simpulan: Makalah ini menyoroti pentingnya pengelolaan limbah selama Covid-19 dan konsekuensi tak terduga
pada penyimpanan dan penanganan vaksin untuk pengambilan keputusan peluncuran vaksinasi lebih lanjut.
Kata kunci: Vaksin, Covid-19, Pengelolaan Limbah, Jejak Karbon

ABSTRACT

Background: Indonesia, the world’s fourth most populous country, emerged as Asia's Covid-19 epicenters in the
mid of 2021. The surge in COVIDI19 cases drives the nation to aim for 1 million Covid-19 vaccinations per day.
Method: This study uses qualitatively and quantitatively data from previous literature reviews and then
processed using calculations that are in accordance with the vaccine waste management method.

Result: Despite massive vaccination rollout, the impact on the environment is still in question. Not only has
improper medical waste disposal remained a challenge since the pandemic breakout in 2020, but the vaccination
worsened the circumstances. In addition to solid waste, the electricity consumption and pollutant emissions of the
refrigerants might contribute to a high carbon footprint.

Conclusion: This paper highlights the importance of waste management during Covid-19 and unforeseen
consequences on vaccine storage and handling for decision making of further vaccination rollouts.

Keywords: Vaccines, Covid-19, Waste Management, Carbon Footprint

INTRODUCTION 5

In January 2021, Indonesia’s confirmed COVID-19 infections since the pandemic exceeded 1 million. Indonesia’s
Health Ministry announced that new daily infections rose by 13,094 to bring §fJcountry’s total to 1,012,350, the
most in Southeast Asia with the total number of deaths reaching 28,468 (1)(1). In order to curtail nation, the spread
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of the COVID-19 virus, massive vaccination efforts have been authorized. Vaccination, by definition, is a process
that stimulates a person’s immune system to produce immunity to a specific disease, protecting the person from
the disease. The administration of vaccines, commonly through needle injection, will prevent one from illness.
Group immunity is when most of the community is protected/immune to certain diseases. It has an indirect impact,
that is, protecting vulnerable groups of people who are not the target of vaccination. This condition can only be
[@hieved with high and equal vaccination coverage. As the world’s fourth most populous country, the Indonesian
government aims to inoculate a total of 208,265,720 people by the end of the year 2021 (2).

One of the Government's efforts to control the Covid-19 pandemic is to carry out meumlccinati(ms nationally,
the target is to target 181.5 million Indonesians until 2022 (3,4). The aim is to reduce the number of deaths and
positive cases of Covid-19, prevent and protect public health, achieve herd immunity, maintain productivity and
social and economic impact, and protect and strengthen the overall health system. The strategy is based on clusters,
adding vaccinators, increasing vaccination staff by using public facilities, stthcning the management of
vaccination in the regions, and increasing the number of vaccines in Indonesia. Implementation of the Covid-19
vaccination to improve the quality of medical waste. Currenla there are still many health care facilities that do
not treat their medical waste optimally (5-9). Medical waste dla]g the Covid-19 pandemic does not only come
from health facilities (10-13). However, also from community waste in the form of masks, surgical gloves, and
various personal protective equipment for Covid-19 sufferers who are self-isolating. So far, medical waste has
been included in household waste, which is handled as h()l.m()ld waste is generally carried out, and this can
endanger the environment due to the infectious nature of the waste. The purpose of this study is to determine the
environmental impact caused by vaccination activities and the management efforts that can be carried out in
Indonesia.

MATERIAL AND METHOD

This research was conducted qualitatively and quantitatively with a literature review. The study of the existing
condition is carried out by taking the latest information about the problems that occur so that an appropriate system
can be built in the management of vaccine waste. Data collection techniques are also taken from relevant data that
supports this study. The data is then processed using the method used to determine the generation of vaccine
waste, the amount of vaccine waste composition, the calorific value of vaccine waste, and the vaccine waste
management system.

-, Waste G ation (kg)— Waste ¢ tweight(k ]
Waste Composition (W[W %) — e Generation (kg) e_tumpunen weight(kg)
‘Waste Generation (kgj

Potential for total calorific value (M]) = Waste generation (kg/day) x Calorific value waste component (M]/kg) (2)

Waste Generation (kg)— Calorific value waste component (M]/kg) (3)

The calorific value of the mixture of the waste (M]/kg) Waste Generation (k)
g

RESULT AND DISCUSSION

3.1. Existing Vaccination Waste Management

During the pandemic, domestic waste has soared predominantly due to masking waste from personal protective
equipment (PPE) (14-16). While vaccine prevents COVID-19 transmission, recent massive vaccine rollout creates
paramount concern on vaccine waste, consequently, boosting medical waste volume. The above situation worsens
Indonesia’s waste issue. Improper waste disposal, categorized as hazardous waste, a shorthand for hazardous and
toxic wastes, was found in several areas in Indonesia. Medical waste such as PPE, injections, swabs, and rapid
test kits, used for handling Covid-19, was deliberately dumped and put in sacks on the outskirts of Jalan Raya
Sukatani, Sukaindah Village, Sukakarya, Bekasi Regency, West Java (17). Another finding in the Punakawan
Temporary Shelter, Jatinom Village, Blitar Regency, every day, hundreds of used medical masks adorn the piles
of waste (18). Piles of medical waste from the antigen swab test were also found on the edge of the Simpang
Bakauheni Toll Road, South Lampung where this waste was not packaged properly like an infectious waste (19).
In another case in Cipanas town, West Java, hundreds of vaccine bottles were abandoned arbitrarily into a
temporary garbage dump as well as in the public waste disposal (20).

3.2. Vaccination Waste Thermochemical Treatment
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Due to a shortage in waste processing facilities, Indonesia’s government allows hospitals to burn their waste
without 1icc1mlmidsl emergencies. The COVID-19 vaccination program in Indonesia potentially generates
7.578.800 kg of mﬂcal waste as conveyed by the Director of Performance Assessment of Hazardous Waste and
Non-Hazard house waste management from the Ministry of Environment and Forestry (KLHK) (21). Some of the
medical waste comes from the vaccine packaging with a dosage of 2.5 ml and a weight of 10 grams per bottle, a
syringe with 10 grams per pes, a needle for injection with a weight of 1 gram, and a cotton swab with a weight of
2 grams. As mentioned earlier, Indonesia's need for the COVID-19 vaccine to ilchicvm:rd immunity is
approximately 426 million doses, on account of this, the estimated Ell’lm][()fWElSlC produced can be seen in Table
1. While the composition of waste from vaccination activities (w/w) is depicted in Figure 1.

Table 1. Projections of the Waste Generation and Characteristics of Solid Waste Ash of Vaccine Components

Component Weight Per Pcs Projected  Total Waste Ash Total Ash as
Total Generation  Content  Residual
Vaccine (Tons) (%) (ton)
Dose
Vaccine hottle Volume 2.5 ml with a 426 4260 100%" 32950
weight of 10 grams per  million
bottle doses
Syringe 10 gr 4260 69%? 22736
Needle 1gr 426 100%" 3295
Cotton 2gr 659 653% 4303
Total (ton) 9605 - 80557
Destruction Efficiency (%) 83.9

D(22); 9(23)Y (24)

The approximate total waste generation resulting from overall vaccination is roughly 9605 tons, tabulated in Table
1. The waste must be thermally treated to destroy the pathogens present in the waste. Suryawan et al., states that
vaccine bottles and needle waste are comprised of 100% of ash content (24). Meanwhile syringe and cotton are
having an ash content of 69% and 65.3%, respectively (23,24). Based on the calculation of the ash content of each
component, the total value of produced ash as residual is 8005.7 tonnes with the assumption of destruction
efficiency for the vaccine waste is merely about 83.9% from the total waste.

Cotton

Needle . .
6.86%
4.44% -

Vaccine bottle

44.35%
Syringe
44.35%
= Vaccine bottle Syringe = Needle = Cotton

Figure 1. Composition of Solid Waste Medical Waste from Vaccination Activities
Ash from burning medical waste frequently contains heavy metals such as Pb, Zn, Cd, and Fe (22,.25-27).
Accordingly, the total combustion product of 8005.7-tons must be stabilized/solidified (S/S) to bind the toxic
properties of the combustion ash. In previous research, the S/S processes can secure the toxic properties of ash
from the combustion before disposal of non-hazardous to landfills (22,28).
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3.3. Global Warming Potential from Vaccination Waste Management

Apart from solid waste generation, vaccine storage can lead to unforeseen consequences to our environment
particularly by increasing carbon footprint. Approved COVID-19 vaccines in Indonesia require specific storage
conditions ranging from -75°C to 8°C. The use of refrigerants in the automatic vaccine distribution process
requires electrical energy, installation, periodic maintenance, repairs, and ultimately generates a carbon footprint
emission that is closely associated with greenhouse gases (GHG). GHG is often found in refrigerators, foam or
aerosol cans, anesthetic activities, and semiconductor manufacturing (29). Total Equivalent Warming Impact
(TEWI) storage of several types of vaccines used depends on the amount of electricity used. It can be seen from
the research that has been done by Santos et al. the use of Pfizer-BioNTech vaccines tends to be higher (30) (Table
2). Given the storage of this vaccine must be at a temperature of -70 " C that the energy requirements are higher
than other types of vaccines.

The massive use of refrigerants in the distribution of vaccines will subsequently contribute to a high carbon
footprint. Though coolants use considerably low energy, these devices contain chemicals that can undergo a phase
transition from a cold liquid to gas and back to liquid. During the process, this energy will release heat to the
surroundings. The type of chemical, in many instances, used in refrigeration, is chlorofluorocarbons, better known
as CFCs. The release of CFCs will lead to the depletion of the ozone layer in the atmosphere. Some alternatives
can replace CFCs with two other groups of chemicals, 1e. hydrofluorocarbons (HFCs) and
hydrochlorofluorocarbons (HCFCs). Unfortunately, both HFCs and HCFCs likely cause some issues to
environments. The said compounds are unable to break down the ozone molecules and create a powerful
greenhouse effect. Their capacity to enter the atmosphere can trigger global warming equivalent to thousands of
times greater than carbon dioxide. In conclusion, it is pivotal to address the environmental issue for decisiuon
making in further vaccination rollout.

Table 2. Total Equivalent Warming Impact of Vaccine Used in Brazil and USA (30)

Vaccine TEWI Total in Brazil TEWI Total in USA
(TON CO2 10 year) (TON CO2 10 year)
Moderna 367 41647 1.511,546.87
CoronaVac (Sinovac) 166 512.35 632423 06
AstraZeneca 166 512.35 632423 06
Pfizer-BioNTech 1.452,35509 5.806.,106.98

3

With the rising energy need for vaccination, the distribution of vaccines is %()king for opportunities to reduce
costs and environmental impact without affecting qualia Investment in energy-efficient technology can make a
significant contribution to the reduction of costs (31). The steps that need to be taken by managers to increase
electrical energy savings include the use of a variable frequency drive (32,33) to regulate the electric motor driving
the compressor in cold storage and air blast freezer w& the load is not working. full. In addition, the use of a
soft starter reduces the peak current at startup. The pattern of cold storage operations can be optimized by
determining more effective product transfer procedures to reduce the opening and closing of cold storage doors.

3 4. Cradle §iGrave Vaccination Waste Management

Vaccination waste in Indonesia is classified as hazardous waste whose management is regulated in Government
Regulation Number 101 of 2014 concerning Management nl-[azard()us and Toxic Waste . Hazardous and Toxic
Waste Management is carried out with principles and uses safe and environmentally friendly waste management
methods. Special facilities are needed from the time the waste is generated (from the cradle) until us destroyed
(to grave) (Figure 2). Covid-19 medical waste needs to be taken seriously (34,35). Research shows that the cause
of Covid-19, the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), survives in certain
temperature and humidity conditions. It can take several days for the virus to infect humans, depending on the
type of surface material on which it lives. However, with standard disinfection process@Plsing soap, disinfectant
or heating the virus will be easy to inactivate or in ()ll‘mw)rds not be contagious (36). Environmental conditions
were found to be a factor in the spread of the virus, so it is necessary to pay extra attention to the themes and goals
of sustainable development (37) for Indonesia.
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Vaccination Waste
Generation (Source)
9605 ton
Vaceine botile Disinfection Destruction
44.35% 4260 ton 4260 ton 4260 ton
100%
¥ T
44.35%
Separation ‘
g 55.65% Syringe Incineration
4260 tom 2
55.65% > Des‘trucnan
Needle Efficiency (%)
426 ton 83.9%
16.1%
Solidification
Stabihzation
1549.3 ton
16.1%
Utilization/
Dumping
1549.3 ton

Figure 2. Schematic of Vaccine Waste Management Process from Cradle to Grave

1
Vaccine waste tre;ltmelnncluding in the processing of health facilities can use g incinerator with a minimum
temperature of 800°C. It must be admitted that no country is ready to face the Covid-19 outbreak, including
Indonesia. The steps taken by the government in overcoming the Covid-19 medical waste capacity gap are still
relatively high for big ciliesnl Indonesia, where infectious waste treatment technology still depends on
incinerators. For this reason, the government needs to create a healthy investment climate for medical waste
processing and transportation services. One of the reasons for the low investment in this sector 1s complicated
licensing.

4. Conclusions

With the surge of covid cases, the Indonesian government aims to vaccinate a total of 208,265,720 people by the
end of the year 2021. Though vaccines prevent COVID-19 spreading massive vaccine rollout contributes to
medical waste volume in addition to personal protective equipment. Improper waste disposal and lack of treatment
facilities were still encountered in several areas in Indonesia. The approximate total waste generation resulting
from overall vaccination is roughly 9605 tons and the total value of produced ash is as residual as 005.7 tonnes.
A vaccine waste management approach from cradle to grave should be implemented to tackle such issues. In
addition to solid waste, the energy consumption of vaccine storage and pollutant emissions of the refrigerants
might contribute to a high carbon footprint. Therefore, it is crucial to address this subject such as vaccine selection
and proper waste disposal and management to fully eliminate the environmental impact of vaccination.
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