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The  beginning  of 2021  was  marked  by  COVID-19  vaccination  campaigns  worldwide.  The  pace  of  produc-
tion  has  been  accelerated,  in  order to meet  global  needs  and  achieve  the desired  levels  of  immunization
of  the  general  population  against  COVID-19  within  the  year.  Several  debatable  aspects  of  this  endeavor,
from  logistics  to  health  promotion  have  been  addressed  so  far. However,  the environmental  repercus-
sions  of plastic  syringes  used  for massive  COVID-19  vaccinations  are  yet  to  be  discussed.  This  article
delves  into  the  impact  of  the  increasing  medical  waste,  associated  with  massive  COVID-19  vaccination
COVID 19
Vaccination
Plastic waste
Sustainable solutions

on  the  environment,  citing  the  practices  followed  and  its possible  solutions.  The  increasing  production
of  nonbiodegradable  materials  is inevitably  going  to affect  the world  we  live  in.  .Moreover,  this  arti-
cle  highlights  the  importance  of  developing  sustainable  methods  of  vaccination  and  disposal,  providing
examples  and  evidence  based  recommendations.  Along  with  educating  the unaware  proportion  of  the
population,  there  is  a need  to  develop  sustainable  and recyclable  products  for  a  better  tomorrow.

© 2021  The  Authors.  Published  by  Elsevier  Masson  SAS.  This  is an  open  access  article  under  the  CC
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The onset of COVID-19 pandemic urged nations to together
devise appropriate containment methods. The significant rise in
patients suffering from respiratory problems overwhelmed hospi-
tals and deprive patients with chronic conditions of timely access to
healthcare. The production of medical waste has increased during
the pandemic due to the use of consumables, the continuous use
of carbon emitting equipment and the spike in the transportation

of equipment, personnel and patients. The approval of COVID-
19 vaccines, has re-established hope, paving the way to massive
COVID-19 vaccines production and dissemination. Although the
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afety of the emerging COVID-19 vaccines has been evaluated by
umerous trials and regulatory bodies worldwide, little is known
oncerning the implications of massive vaccination on the environ-
ent.
Questions arise on how to protect environment from medical

aste including non-biodegradable plastic syringes. Are there more
fficient and safe ways to dispose the billions of plastic syringes
hich will soon be used in mass vaccination campaigns? How can
e overcome this pandemic while preserving the environment?

The COVID19 pandemic brought the entire world to a stand-
till, enforcing a world-wide lockdown like never before. Although
his improved air quality in cities by reducing vehicle emissions,
he negative consequences of COVID-19 cannot be ignored. The
ncrease of medical waste, haphazard use and disposal of disin-
ectants, masks, and gloves; and the burden of untreated waste

aise new environmental concerns [1]. The fear of transmission
as also pushed the adoption of more rigid hygiene habits, such as
he increased use of personal protective equipment (PPE) and dis-
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posable utensils, and the consumption of more food and groceries
packaged in plastic.

In addition to sharps for hospital use, it is worth remembering
that every year more than 7 billion needles and syringes are used at
home by individuals with diseases that require extrahospital treat-
ment, such as diabetes, infertility, HIV and other acute or chronic
conditions. However, despite the large amount of waste from this
practice, the disposal of needles, syringes, lancets and other sharps
used at home is not regulated. Additionally, these same products,
when used in healthcare facilities, may  or may  not be strictly reg-
ulated. [2]

Following the accelerated paradigm of vaccine development
amid the COVID-19 pandemic and the growth of immuniza-
tion campaigns worldwide, a substantial increase in the amount
of glass, plastic and rubber residues from vaccine containers is
anticipated. The burden generated will be particularly great for
low-income countries, which have less resources for waste man-
agement, with detrimental short and long-term environmental and
financial impacts. [3]

The urgent character of massive vaccination campaigns against
COVID-19 has led to a large-scale and unprecedented race in
the industrial production of necessary material. To make sure
that this will not backfire on the environment, it is necessary
to develop smart, innovative and sustainable vaccines, through
environmentally responsible solutions with a focus on resource
optimization.

Moreover, due to the intricate logistics of massive vaccination,
it is necessary that sustainable technologies do not add a high level
of complexity to a potentially more complex process than usual.

The first step towards a vaccination model based on sustainabil-
ity is to redefine the vaccine packaging process. Borosilicate glass
is the most widely used packaging material and has been used for
over a century. The WHO  has laid down guidelines regarding vari-
ous aspects of packaging on international level of distribution, such
as storage volume. According to the WHO, each international ship-
ping carton should weigh less than 50 kg. More packaging means
more expenditure, more material used and increased difficulty in
its disposal. Some companies like DS Smith have already put in
place sustainable, temperature-controlled, multi-material thermal
insulation packages. [4] The use of paper and renewable plant com-
ponents is also a sustainable alternative to disposable plastic and
EPS foam (expanded polystyrene), which is difficult to recycle and is
used in more than 350,000 tons of packaging annually. Moreover,
the change to the EPS foam ClimaCell® is able to reduce carbon
emissions by 65 % [5].

Additionally, it is possible to reduce waste and pollution by
circular and environmental management solutions that cover the
entire life cycle of the vaccine packaging (production, transport,
storage and waste management). To do this, the materials used
must remain in productive use at the end of life, either through
reuse or recycling, and is necessary to reduce carbon emissions
and greenhouse gases, and add renewable electricity sources in the
production line. An example of this is Pfizer’s recycling initiative,
which resulted in 60 % of all packaging for one of its vaccines being
returned to one of the two independent recycling centres in the
USA. Through this initiative, which had good adherence by Pfizer
customers, the company received about 300 containers returned
per day, double the original program estimate. [4]

It is also necessary to optimize the distribution process using
foldable packaging whose small size can save space in the storage
of cargo and deposits. Significant reduction in the environmen-
tal impact of vaccine packaging decreases the waste resulting

from vaccination operations. Companies like Boehringer Ingelheim
already use technology that replaces traditional freeze-dried vac-
cine pellets in glass vials with innovative effervescent vaccine
tablets in blister packs. Technologies like this reduce resource use
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nd water footprint by 70 % and the impact on climate change by
0 %. [6]

Moreover, it is necessary to take into account other waste from
he process of vaccination, such as needles and syringes. Failure
o properly dispose of needles after use eventually leads to nee-
le prick injuries and puts the victim in harm’s way or even can
ause contraction of diseases like HIV & HBV. [7] To minimize the
ccurrence of such incidences, seminars should be conducted from
ime to time, training the medical or the cleaning staff to prac-
ice the systematic approach to dispose off the needles after use
r dedicated initiatives should be taken up by companies or a
roup of people willing to volunteer. For example, in 2011, an US
ased company, named Becton, Dickinson, and Co. & Waste Man-
gement announced an agreement to recycle needles, syringes and
ther sharps used in hospitals and other healthcare facilities. They
aunched BD ecoFinityTM Life Cycle Solution, which would find an
nnovative way  to recycle the medical sharps waste and make new
roducts with the material.3 In 2012, according to Ranjeet Banerjee,
ice president and general manager of BD’s Medical Surgical Sys-
ems unit, the initiative was quickly accepted by BD’s customers,
nd in just one year, it managed to collect more than 454 tons of
aste, and part of this recycled plastic was  used in the manufacture

f new sharps collection containers. [8]
Besides that, it is necessary to consider the use of alternative

aterials in the manufacture of the syringes used for vaccination.
yringes are a main component in vaccine packs, which are usually
ade of either plastic, glass or stainless steel. Usually, the plas-

ic that is used to produce syringes is Polypropylene. Although
olypropylene is safe and recyclable, only around 1% is recycled
nd most of it is headed for the landfill. [9] Above that, it is non-
iodegradable which raises serious environmental issues. Toxic
dditives in Polypropylene such as lead and cadmium add to the
roblem, as upon incineration, these release poisonous dioxins and
inyl chloride. To avoid such emissions, the concept of pre-filled
yringes created by Cambridge Consultants should be adopted. Its
yringes, called Syreen syringes, are made of COP plastic (cyclic
lefin polymer), which are free from metal oxide residues and, after
ncineration, produce the least amount of ash. Along with that, it
lso solves the secondary packaging problem, since you don’t need
ne, reducing the weight of the packaging by 30 percent and the vol-
me  by 50 percent [10,11]. Additionally, there is also 50% reduction

n CO2 emissions related to transport and storage [12]. However, in
ractice, although healthcare companies liked the idea of Syreen,
hey were reluctant in its applicability, due to the consequent need
o change their filling lines [13].

Finally, with regard to responsibility, manufacturer responsibil-
ty lies in ensuring procurement of vaccines by reviewing design
ayout and infrastructure and providing adequate training on
volving sustainable manufacturing practices, quality management
ystems and the WHO  prequalification process. On the other hand,
ser responsibility includes strong government support, commu-
ity engagement and work by healthcare workers ensuring safe
isposal practices. [14] The government is urged to incentivise the
rocess of vaccine manufacturing and use by introducing subsi-
ies, refund of indirect taxes, concessional duty on import of capital
oods and income tax exemption. This will differ in developing and
eveloped nations on the basis of per capita income, with more

ncentives being possible in developed nations.
In conclusion, it is imperative for us to rigorously address

his issue with an eye on the massive vaccinations following the
pproval of COVID 19 vaccines. We  need more investments and
anpower employed towards safe and environment friendly dis-
osal of vaccines and medical waste. There is a huge proportion
f people in the population unaware of the hazards of reckless
aste disposal, who  need to be educated. As stated in the examples

bove, there are a number of ways to combat this issue: recycling,
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by tweaking in the production, manufacturing, distribution and
packaging processes are all very promising avenues worth focusing
on.
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