Biodegradable PPE - Why Greener Isn’t Always Better
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Biodegradable personal protective equipment
(PPE), such as nitrile gloves and masks,
incorporates additives that enable rapid
microbial digestion in landfills, unlike standard
non-biodegradable plastics that remain largely
inert.

In Canada, nearly all hospital PPE waste is
sent to landfills, where anaerobic digestion
produces methane (CH,) and carbon dioxide
(CO,). Landfill alternatives are costly, prone to
contamination, and nearly never done.

Healthcare vendors promote benefits of
biodegradable PPE including saving landfill
space, reducing microplastics, capturing
methane for renewable energy, and overall
planetary protection. However, these claims
often lack context and exacerbate
environmental harm.

Objectives

To critically evaluate environmental claims of
biodegradable PPE in Canadian hospital waste
management, focusing on lifecycle impacts in
landfills, and identify sustainable alternatives.

Waste Context:
Hospital example: 25M gloves/year
100 tonnes (4g/glove) = 330 m* volume

Biodegradation Modeling:

Stoichiometric anaerobic digestion (Buswell
equation): 4C5,Hs;N; + 106 H,O — 95 CH, +
53 CO, + 12 NH;

Realistic Adjustments:

* Biodegradation rate: 85% (per ASTM D5511
vendor tests).

» Methane capture (open landfill): 20%

 Aerobic oxidation: 10%

» E.g. 25M biodegradable gloves saves 330 | P

Claim 2: Reduces Microplastics & Ocean

Figure 1. Comparison of Yearly Waste Volumes for 25M Gloves
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Claim 1: Saves Landfill Space

True, but overstated

m?/year of landfill space or 0.0026% of typical
landfill per year

Generates 120,000 m® of CO2 and methane in
the atmosphere vs 0 m® for non-biodegradable
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Figure 2. lllustration of Open Landfill Cycle with Methane Capture
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Claim 3: Methane is Captured for
Renewable Energy

anaerobic methane production:
methanogens in waste

Obscures low methane capture rates:
<20% in open landfills; biodegradable PPE
degrades before landfill closure which is when
methane capture rates increase >70%

Methane (CH,) produced (mass/time) = £(CH, recovered + CH, emitted + CH, oxidized)

Figure 3. lllustration of Landfill Methane Leakage Sources
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decomposes without oxygen.

Example - Green Lane Landfill, 2022:
Reported 33.6M m® methane captured/flared
(67k tCO,e prevented); aerial observation

emissions = 8.8k tCH, (762k tCO,e) -~ ok
--- Net methane capture: 8% --- ||

Leachate collection system %

.......

For 100 tonnes biodegradable gloves:
Fugitive emissions = 43.5 tCH,+120 tCO, =
3,780 tCO,el/year vs 0 tCO,e for reqular gloves
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Table 1. Comparison of Biodegradable vs. Non-Biodegradable PPE

Claim 4: Saves the Planet

Biodegradable | Non-biodegradable

25M Gloves Comparison

Increased GHG: 100 t/year for 10 years = PPE PPE
40,000 tCO,e (+1,200 gas car emissions/year). |Landfill Space Saved 2 330 m? X 0m3
Costs more: For “green” products Gas Emissions Volume X -120,000 m? 2 omd
Greenwashing: Risks violating Canada's Bill Microplastic Contamination N/A N/A
C-59 (greenwashing law). Greenhouse Gas Emissions = >{ 3,899 t{CO.,e L] 0tCO.e

Biodegradable PPE in anaerobic landfills
cause significantly higher amounts of CO2
emissions than non-biodegradable PPE.
The context for waste disposal is key. Many
hospitals receive incomplete vendor
information which leads to misguided
conversions to biodegradable PPE.

Hospitals should be aware of the realities of
PPE waste disposal and continue to use non-
biodegradable PPE if sending waste to
landfills. These findings represent an
opportunity to educate staff and to pivot to
evidence-based sustainabillity.

Recommendations

Biodegradable PPE in landfills worsens climate
impacts — avoid it.

1. Reject biodegradable options:
Say "no" to vendors.

2. Reduce use:
Train on appropriate PPE (e.g., Canadian

Coalition for Green Health Care PPE
Project).

3. Prioritize reusables:
Life-cycle analysis favors them (see
CASCADES Reusables First Playbook).

If switched: revert to regular non-biodegradable
PPE, citing new research findings.

More Information

Reach out to mike.apostol@gmail.com

Biodegradable PPE ~ Worst Case | Realistic Case
(most emissions)] (likely emissions) | (least emissions)

% that Biodegrades 90% 85% 80%

% Methane Captured 0% 20% 60%
% Aerobic oxidation 0% 10% 20%

Methane % 64% 44% 18%

For 25 Million Biodegradable Nitgile Gloves (100 tonnes _

Methane Emissions (GWP20) 5,559 tCO,e 3,780 tCO,e 1,581 tCO.e
CO, emissions from flaring,
anaerobic and aerobic 98 tCO, 119 tCO, 148 tCO,
digestion
Total GHG Emissions 5,657 tCO,e 3,899 tCO.e 1,729 tCO.e
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