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OBJECTIVE

This study aimed to compare the greenhouse gas emissions resulting from two different radiotherapy (RT)
methods used in the treatment of rectal cancer and to investigate their impact on the carbon footprint.

METHODS

Variables contributing to carbon emissions were identified and quantified. The carbon footprint was
evaluated based on the total emissions produced during two RT regimens: 50 Gy in 25 fractions (long-
course radiotherapy, LCRT) and 25 Gy in 5 fractions (short-course radiotherapy, SCRT).

RESULTS

A total of 12 patients participated in the study, with a mean age of 68.5+13.83 years. Among them, 83.3%
(n=10) were male. The overall carbon footprint from all procedures was calculated as 168.6+85.4 kg
COze (carbon dioxide equivalent) per patient. The mean emission for SCRT was 105+9.4 kg CO,e, while
for LCRT it was 231.4+80.6 kg CO,e per patient—a statistically significant difference (p=0.004). Inpa-
tient treatment resulted in lower carbon emissions than outpatient treatment. The highest contributors
to carbon emissions in both groups were radiotherapy and imaging procedures, followed by transporta-
tion, electricity use, and heating systems.

CONCLUSION
The study concluded that SCRT, inpatient treatment, proximity of patients’ residences to the hospital,

and the use of public transportation were associated with reduced carbon footprint values.
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INTRODUCTION

Global warming and climate change are anticipated to
pose serious threats in the future. These threats stem
from the increasing accumulation of greenhouse gas-
es (H,O, CO,, CH,, Os, N,O, CFC-11, HECs, PECs,
SFs).[1] It has been reported that greenhouse gas

emissions account for approximately 4-5% of global
emissions.[2-4] Although the healthcare sector in
Tiirkiye has not yet been specifically evaluated in this
context, based on the ratio of health expenditures
to gross domestic product, it is estimated that the
healthcare sector’s contribution to emissions in Tiir-
kiye is likely comparable.[5]
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Within the healthcare system, greenhouse gas
emissions arise from various sources, including pa-
tient transportation to hospitals, diagnostic imaging
and treatment procedures, hospitalizations, use of
medical and non-medical equipment, electricity con-
sumption, materials used by both patients and staff,
heating and cooling systems, anaesthetic gases, and
waste generation.[6]

In healthcare systems where greenhouse gas emis-
sions are significant, the rate may be even higher in cas-
es such as colorectal cancer, which require prolonged
hospital-based treatment processes.[7] A review of
national and international literature reveals a lack of
comprehensive data on the environmental impact of
oncology services within Tiirkiye’s healthcare system,
and no similar study was found evaluating the carbon
footprint of radiotherapy modalities used in the treat-
ment of rectal cancer.

This study was conducted to help fill that gap and
guide future research. Our aim was to examine the
treatment protocols used for rectal cancer patients and
to explore potential strategies for reducing the green-
house gas emissions associated with these protocols.

Ethical Approval

This study received unanimous approval from the Sci-
entific Research Ethics Committee of Erzurum Faculty
of Medicine (No: 2024/182, Date: 11/09/2024). The
study was conducted in accordance with the declara-
tion of Helsinki.

MATERIALS AND METHODS

Study Type

This study was conducted using a descriptive, cross-
sectional, and retrospective design to investigate the
impact of greenhouse gas emissions—resulting from
different radiotherapy modalities—on the carbon foot-
prints of patients diagnosed with rectal cancer.

Study Design

The study included patients diagnosed with locally ad-
vanced stage 3 rectal cancer, who were ineligible for
chemotherapy and received radiotherapy between Oc-
tober 1, 2024, and December 31, 2024, at the Radiation
Oncology Clinic of Erzurum City Hospital. The patients
were divided into two groups, with each group receiv-
ing one of two radiotherapy modalities: Short-course
radiotherapy (SCRT) administered over 5 days (25
Gy/5 fractions) and long-course radiotherapy (LCRT)
administered over 25 days (50 Gy/25 fractions).
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All patients in the LCRT group and 50% of pa-
tients in the SCRT group were admitted to the pallia-
tive care service, and their data were followed up by
family physician.

Greenhouse gas (GHG) emissions resulting from
hospitalization, travel, and medical procedures—in-
cluding radiotherapy, imaging, interventions, waste
disposal, and the consumption of electricity and natu-
ral gas during hospital stays—were calculated for each
patient in accordance with the Greenhouse Gas (GHG)
Protocol Standards and TS EN ISO 14064 Greenhouse
Gas Inventory Standards.

The study included a total of 12 patients: Six re-
ceived LCRT and six received SCRT. The contribut-
ing factors to carbon emissions during the treatment
period were identified, and the total carbon emissions
associated with each radiotherapy modality were com-
pared. The primary objective of the study was to deter-
mine which radiotherapy approach resulted in lower
carbon emissions.

Patient Selection

All patients who presented for radiotherapy with a
diagnosis of locally advanced stage 3 rectal cancer be-
tween October 1, 2024, and December 31, 2024, and
who met the inclusion criteria were enrolled in the
study. Inclusion criteria were diagnosed with locally
advanced stage 3 rectal cancer, followed up at Erzurum
City Hospital, aged between 18 and 80 years, provided
voluntary informed consent. Exclusion criteria includ-
ed; presence of acute cerebrovascular events (CVEs) or
other neurological conditions affecting mental status,
psychiatric disorders, hemiplegia or hemiparesis in the
extremities, aphasia, severe visual or hearing impair-
ments, being in the postoperative recovery period. Pa-
tients who did not receive concurrent chemotherapy
were selected to ensure uniformity in radiotherapy-
based carbon emission assessment.

Data Collection and Emission Factor Sources
Data on carbon emissions produced by patients during
the radiotherapy process were collected and calculated
under the following categories:

Carbon Footprint of Radiotherapy

Radiotherapy for rectal cancer is typically delivered
in treatment fractions ranging from 5 to 25 sessions.
The carbon footprint of radiotherapy (RT) is calculat-
ed by multiplying the fixed emissions associated with
the device by the number of treatment fractions and
adding the carbon emissions resulting from sulphur
hexafluoride (SFs) leakage. The fixed component re-
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fers to the carbon emissions generated by the electric-
ity consumed per treatment fraction, while the vari-
able component corresponds to the total number of
planned fractions.[8]

Patients in this study were treated using a tomother-
apy device. The electricity consumption of this device
was measured at 0.822 kWh per minute. According to
Tiirkiye’s national greenhouse gas inventory, 1 kWh of
electricity consumption results in 0.439 kg CO,e emis-
sions. Because treatment durations varied between pa-
tients, the carbon dioxide emitted during each patient’s
total radiotherapy session was calculated individually.
Furthermore, the annual SFs leakage from the tomo-
therapy unit was estimated, and the per-fraction SFs
emission was calculated separately for each patient.

Carbon Footprint of Imaging Methods

All patients underwent positron emission tomogra-
phy-computed tomography (PET-CT), computed to-
mography (CT), magnetic resonance imaging (MRI),
colonoscopy, and CT simulation prior to radiotherapy.
The carbon emissions resulting from these imaging
procedures were assumed to be the same for all patients
and were incorporated into the total emission calcula-
tions accordingly. The average duration of a PET-CT
scan was 15 minutes, with an electricity consumption
of 1.33 kWh per minute. The CT simulator and CT
device each consumed 1.33 kWh per minute as well.
The MRI device consumed 0.3155 kWh per minute.
For colonoscopy, which was considered part of the di-
agnostic phase, an approximate carbon emission value
was calculated and included in the total emissions.[9]
All electricity-based emission factors were applied us-
ing Tiirkiye’s national carbon emission inventory data.

Carbon Footprint of Patient Travel

The carbon footprint related to patient travel was cal-
culated based on the distance between the patient’s
residence and the hospital, the type of vehicle used,
and the fuel consumption rate. Among the 12 patients,
seven were from four provinces outside Erzurum
(Agr1, Ardahan, Manisa, and Igdir), while five resided
in districts within Erzurum (Cat, Aziziye, Yakutiye,
Palandéken, and Pasinler). Nine patients were hospi-
talized, and their travel emissions were calculated as
a single round trip (from home to hospital and back
after discharge). Three patients received outpatient
treatment, and their emissions were calculated for five
days of commuting to and from the hospital. Patients’
residential addresses were obtained from hospital re-
cords and verified through face-to-face interviews.
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Travel distances were calculated using Google Maps,
and self-reported information regarding travel routes
and vehicle types was used. Emissions were estimated
using the IPCC 2006 Tier 1 method, the GHG Pro-
tocol, and ISO 14064-1 standards. The following as-
sumptions were applied; average fuel consumption of
a diesel car: 7.3 L/100 km, average fuel consumption
of a diesel bus: 29.9 L/100 km. Carbon emission per
Liter of diesel consumed: 2.54 kg CO,e.[10] Using
these parameters, the carbon emissions from patient
transportation were calculated and included in the
overall footprint analysis.

Carbon Footprint of Electricity Consumption and
Heating

Carbon emissions resulting from the electricity and
natural gas consumption in patient rooms during hos-
pitalization were calculated using data from national
greenhouse gas inventories. On average, 1.5 kWh of
electricity was consumed per day per room. Based
on Tirkiye’s emission standards, 0.478 kg CO,e is re-
leased per 1 kWh of electricity. Additionally, 0.82 m?
of natural gas was used daily for heating, producing
2.1857 kg CO,e per 1 m* of natural gas. All emission
calculations were performed according to the relevant
national inventory data.[11]

Carbon Footprint of Patient Treatment and Hospi-

talization

Carbon emissions associated with patient care and

hospitalization were calculated based on the follow-

ing categories: Medical consumables, non-medical
consumables, medical equipment, non-medical equip-
ment, waste, and laboratory procedures.

o Medical consumables included: Cotton, bandages,
compresses, blood sampling materials, needles,
tubes, gloves, urine rapid tests, masks, tongue de-
pressors, infusion sets, face masks.

o Medical equipment included: Electrocardiograms,
thermometers, glucometers, otoscopes, scales,
flashlights, stethoscopes, and sphygmomanom-
eters.

+ Non-medical consumables included: Paper, toner,
and paper towels.

o Non-medical equipment included: Computers,
printers, and some other electronic devices.

o Waste materials included: Paper, plastic, glass, and
hazardous waste.

Carbon emissions for all these items were estimated
based on the UK Governments 2024 Greenhouse Gas

Reporting Conversion Factors.[12]
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Fig. 1. Distribution of inpatient carbon emission sources.
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Data Collection Tools

Personal Information Form

The personal information form was developed by the
researcher following a comprehensive literature review.
[8,13,14] The form consisted of 22 questions designed
to collect data on patients’ socio-demographic charac-
teristics, including age, comorbid conditions, distance
from residence to hospital, duration of hospitaliza-
tion, disease duration, type of radiotherapy modal-
ity received, and other relevant information such as
additional diagnostic procedures, treatments, waste
generation, consumed materials, and utility expenses
(electricity, water, and heating).

Data Collection
Data were collected through face-to-face interviews
conducted by the researchers, after informing the pa-
tients about the purpose of the study and obtaining
their consent. The following information was recorded
using the data collection form; Socio-demographic
characteristics, medical history, distance between resi-
dence and hospital, type of transportation used.
Radiotherapy-related data for outpatients were re-
corded daily by a health physicist, who also performed
the corresponding carbon emission calculations. For
inpatients, data regarding medical treatments, diag-
nostic examinations, medical and non-medical ma-
terials, and equipment usage were recorded by the
family physician, and associated carbon emissions
were calculated accordingly. Data on electricity and
heating consumption in patient rooms were obtained
from the hospital’s health services directorate and
technical department (Fig. 1).

Population and Sample of the Study
The study population included all patients diagnosed
with stage 3 rectal cancer who were treated at the Ra-
diation Oncology Clinic of Erzurum City Hospital.
The study was conducted over the last three months
of the year and was extrapolated to represent an an-
nual estimate.

All patients who met the inclusion criteria, did not
meet any exclusion criteria, and voluntarily agreed to
participate were included in the study sample.

Data Analysis

The collected data were analysed using SPSS version
26. The normality of continuous variables was as-
sessed using the Kolmogorov-Smirnov test. For nor-
mally distributed continuous variables, results were
presented as mean + standard deviation, while fre-
quency and percentage values were used to describe
categorical variables.

To compare two independent groups, the student’s
t-test was employed for variables showing normal dis-
tribution, whereas the Mann-Whitney U test was ap-
plied for variables not meeting normality assumptions.
The Chi-square test was used to compare categorical
variables between groups. A p-value of less than 0.05
was considered statistically significant.

RESULTS

In our study, a total of twelve patients participated.
Of these, 16.7% (n=2) were female and 83.3% (n=10)
were male. The mean age was 68.5+13.83 years, rang-
ing from 42 to 89 years. Five participants (41.7%)
were single (n=7), while 58.3% were married. Re-
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Table 1 Comparison of socio-demographic data and health history by groups

5 fr 25 fr p 5 fr 25 fr p
n % n % n % n %
Gender 0.12 Working status 0.51
Male 6 4 66.7 Employed 1 16.7 2 333
Female 0 2 333 Retired 5 83.3 4 66.7
Marital status 0.79 Tumo.ur location 0.21
Single 4 66.7 1 16.7 Dlsta?l 4 66.7 1 16.7
Married 2 333 5 833 SR To1es 350
o T Middle 1 16.7 2 333
Chronic disease 1
Tumour stage 0.39
No 3 333 2 333 3A 1 16.7 0 0
Yes 4 667 4 667 56 . 33'3 e
Transportation type 0.51 3C 3 50 5 333
Public 4 667 5 833 e .
Private 2 333 1 16.7 T2 1 16.7 1 16.7
Education level 0.51 T3 5 833 5 833
Primary 1 16.7 2 333 N stage 0.55
High 4 66.7 2 333 N1 3 50 4 66.7
University and over 1 16.7 2 333 N2 3 50 2 333

Chi-square test. fr: Fraction

garding employment status, 25% (n=3) were work-
ing, and 75% (n=9) were retired. Educationally, 25%
(n=3) had completed primary school, 50% (n=6) had
graduated from high school, and 25% (n=3) had uni-
versity or higher degrees.

The distance from participants’ residences to the
hospital ranged from 3,6 km to 1593.3 km. Most pa-
tients (75%, n=9) used public transportation to reach
the hospital, while 25% (n=3) used private vehicles.
Regarding chronic diseases, 33.3% (n=4) had no
chronic condition, whereas 66.7% (n=8) had at least
one chronic disease. Specifically, 37.5% (n=3) had hy-
pertension, 12.5% (n=1) had hepatitis, 12.5% (n=1)
had diabetes mellitus, and 37.5% (n=3) had both dia-
betes mellitus and hypertension.

Income levels varied, with 25% (n=3) reporting
income lower than expenses, 66.7% (n=_8) reporting
income equal to expenses, and 8.3% (n=1) reporting
income higher than expenses. A detailed comparison
of socio-demographic data and health history is pre-
sented in Table 1.

Mean CO, emissions from medical treatments were
9.59+8.3 kg COse, from travel 56.46+59.49 kg CO,e,
from electricity and heating 34.49+29.84 kg CO,e, and
from radiotherapy 39.65+21.13 kg CO,e. All patients
underwent colonoscopy, which accounted for an aver-
age of 28.4 kg CO,e emissions.

The total carbon footprint resulting from treat-
ments was calculated as 2023.43 kg CO,e, with a mean
of 168.6+85.45 kg CO,e (minimum 92.5 kg COse,
maximum 392.94 kg COe).

The two treatment protocol groups were homo-
geneous in terms of cancer type, stage, and other
variables, with no significant differences observed
(Table 1).

Table 2 presents a detailed comparison of car-
bon emissions between the two groups. The median
travel-related carbon footprint for patients receiving
5-fraction radiotherapy was 47.15 kg CO,e (Q1-Q3:
35.6-53.7), while for those receiving 25-fraction radio-
therapy it was 35 kg COe (Q1-Q3: 26.1-98.65), with
no significant difference (p=0.378).

However, the median carbon footprint related to
electricity consumption and heating was significantly
lower in the 5-fraction group (6.27 kg CO,e; Q1-Q3:
0.0-12.54) compared to the 25-fraction group (62.72
kg CO.e; Q1-Q3: 62.7-62.7) (p=0.002).

Carbon Footprint Results of Radiotherapy

Detailed calculations for each patient are presented in
Table 3. The annual SFs leakage from the radiotherapy
device is approximately 360 grams. Given that 1 kg of
SFs gas corresponds to 23,500 kg CO,e, the estimated
annual greenhouse gas emissions due to SFs leakage
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Table 2 Comparison of two groups in terms of carbon emissions
5 fr 25 fr Statistic p
(mean+SD) (mean+SD)
Radiotherapy and imaging technics 23.27+7.60 56+16.74 t=-4.36 0.001
Electricity consumption and heating 6.27+6.80 62.72 z=-3.12 0.002
Total carbon footprint 105.76+9.40 231.47+80.60 t=-3.79 0.004
Hospitalization
No 3(50):109.5+5.8 0 t=-2.68 0.031
Yes 3(50):101.9+8.7 6(100):(231.47+80.6)
Student’s T test, Mann Whitney U test. Carbon footprint unit is kg CO, equivalent. fr: Fraction; SD: Standard deviation
Table 3 Details of CO, emission of radiotherapy
Patient number 1 2 3 4 5 6 7 8 9 10 11 12
Fraction
Number 25 25 25 25 25 25 5 5 5 5 5 5
Time 7.4 6.3 53 4.7 8.4 3.6 14.8 74 7.5 12.2 16.5 15.7
Carbon emission  66.76  56.839 47.81 424 7578 32486 26.7 1335 1353 2201 29.77 2833
Sf, carbon emission  2.9785 2.54 2133 1.89 3.381 1449 1.1914 0.5957 0.6 0.8121 133  1.2635

Carbon footprint unit is kg CO, equivalent. Fraction time is minute

from a tomotherapy device amount to approximately
8,460 kg CO,e. Consequently, the CO, emission at-
tributable to SFs leakage per minute was calculated as
0.016 kg CO,e. The carbon dioxide emissions resulting
from leakage were calculated individually according to
each patient’s fractionation time.

Carbon Footprint Results of Imaging Methods
The average imaging time for PET CT was 15 minutes,
during which 20 kWh of electricity was consumed,
leading to calculated emissions of 8.78 kg CO,e. MRI
consumed 6.31 kWh over a 20-minute scan, corre-
sponding to 2.77 kg CO,e emissions. The electric-
ity consumption of CT and CT simulator devices was
measured as 1.33 kWh per minute, with an associated
carbon emission of 0.58387 kg CO,e per minute. The
average CO, emissions from a colonoscopy procedure
were estimated at 28.4 kg CO,e.[6]

Carbon Footprint Results of Patient Treatment
and Hospitalization

The average daily carbon footprint from medical
consumables was 0.6979 kg CO,e, resulting in a total
of 3.49 kg CO,e for a 5-day period and 17.45 kg CO,e
for 25 days. These values were calculated using emis-
sion factors and conversion coeflicients drawn from
the literature. For instance, gloves emitted 0.026 kg
CO.e per unit, masks 0.02 kg CO,e, bandages and

compresses 0.28 kg CO,e, blood sampling materi-
als 0.057 kg CO,e, and general medical waste 0.7 kg
CO,e. Medical equipment such as ECG devices and
otoscopes contributed approximately 0.02 kg CO,e
per unit. The mean daily consumption included 10
pairs of gloves, 2 tubes, 5 injection syringes, 1 mask,
and 0.6 kg of waste, which were recorded and used
for calculations.[13,15]

Carbon Footprint Results of Electricity and
Heating Systems

Natural gas consumption over 5 days was 4.1 m?, cor-
responding to 8.96 kg CO,e emissions, while over 25
days it was 20.5 m?, producing 44.8 kg COe. Electric-
ity consumption over 5 days was 7.5 kWh, resulting in
3.59 kg COse, and over 25 days was 37.5 kWh, corre-
sponding to 17.93 kg CO,e.

Carbon Footprint Results of Travel

Participants included two patients from Ardahan, two
from Igdir, one from Manisa, two from Agri, and five
from districts within Erzurum. Detailed travel emis-
sion calculations are provided in Table 4.

DISCUSSION

Decarbonization efforts in radiation oncology can
be effectively advanced through hypofractionation
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Table 4 Carbon footprint caused by patient travel
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Patient number 1 2 3 4 5 6 7 8 9 10 11 12
Hospitalization Yes Yes Yes Yes Yes Yes No Yes Yes Yes No No
Fraction no 25 25 25 25 25 25 5 5 5 5 5 5
Distance to hospital (km) 43.6 225 3412 15933 582 240 11.6 3412 225 240 431 3.6
Total distance travelled (km) 87.2 450 6824 31866 1164 480 116 6824 450 480 43.1 36
Vehicle public public public public private public public public public public private private
Carbon emission 6.57 3393 5145 24027 327 36.2 4373 5145 3393 36.19 60.55 50.58

Carbon footprint unit is kg CO, equivalent

and by minimizing patient travel via the use of envi-
ronmentally friendly vehicles and fuels (Table 4). In
our study, comparison between short-course radio-
therapy (SCRT, 25 Gy/5 fractions) and long-course
radiotherapy (LCRT, 50 Gy/25 fractions) revealed
that LCRT generated a significantly higher carbon
footprint than SCRT (p=0.004). This finding aligns
with results from Shenker et al.,[16] who reported
higher carbon equivalents per course in LCRT (mean
11.32 kg CO,e, range 4.29-20.41) compared to SCRT
(mean 4.36 kg CO,e, range 1.95-5.00), although their
study did not account for transportation or hospital-
ization-related emissions.[16] In our analysis, when
excluding emissions related to imaging, hospitaliza-
tion, medical treatments, and travel, LCRT’s carbon
footprint remained elevated due to the longer number
of treatment days. This underscores the importance
of adopting hypo fractionated regimens as a key step
toward decarbonization.

Given the anticipated adverse effects of global
warming and climate change—including increased
mortality risk—it is plausible that treatment methods
which reduce carbon footprints may indirectly miti-
gate these harms. Shortening the radiotherapy course
can lower emissions and treatment burden, while
also enhancing patient quality of life. Consequently,
such approaches could positively influence Disabil-
ity-Adjusted Life Years (DALYs) by simultaneously
improving cancer outcomes and reducing environ-
mental impact. Hypofractionation offers multiple
benefits, including reducing the carbon footprint,
shortening hospital stays, decreasing productivity
losses, and lowering infection risks. It also improves
patient comfort and decreases healthcare costs. Our
findings are consistent with those of Moore et al.,[17]
Dupraz et al.,[8] and Zhou et al.,[18] who demon-
strated that hypofractionation, while maintaining
clinical efficacy, reduces carbon emissions by short-
ening treatment duration.

When examining SCRT patients, inpatient treat-
ment was associated with a lower carbon footprint
compared to outpatient treatment (Fig. 2). This sug-
gests that frequent travel for outpatient treatments
increases carbon emissions relative to inpatient care
where patients are monitored continuously. Contrari-
ly, Nansai et al.[19] reported higher carbon emissions
from inpatient oncology services compared to out-
patient ones. This discrepancy likely arises because
their analysis included multiple clinics with varying
treatment intensities, potentially skewing the average
inpatient emissions upward.

Our study also highlights the critical impact of
treatment centre proximity on carbon emissions.
Patients traveling long distances daily by private ve-
hicle incur higher carbon footprints. Therefore, it is
advisable to treat patients at centres close to their resi-
dences, and where centres are lacking, new facilities
should be established. Among outpatients receiving
short-course radiotherapy (SCRT), those who used
public transportation had a lower carbon footprint
compared to those who travelled by private vehicle.
This finding aligns with the results reported by Frick
et al.,[20] who similarly demonstrated that the use of
public transport is associated with reduced carbon
emissions. In their study, Frick et al.[20] observed
that patients undergoing long-course radiotherapy
(LCRT) travelled an average of 1,417 miles, whereas
those receiving SCRT travelled an average of 319
miles—a statistically significant difference (p<0.001).
These findings are consistent with our results.

In our study, radiotherapy and imaging modali-
ties were the largest contributors to carbon emissions
during treatment, followed by travel-related emis-
sions. Heating and electricity consumption ranked
third, while medical and non-medical consumables
accounted for the smallest proportion (Fig. 3). These
findings are in agreement with Nicolet et al.,[14] who
reported that road-related emissions constituted the
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Fig. 2. Distribution of outpatient carbon footprint sources.

highest share (33.2%) of total carbon emissions dur-
ing treatment, followed by heating and electrical sys-
tems (30.1%). Similarly, Chuter et al.[13] found that
road-related carbon emissions ranged between 72.9
and 227.9 kg CO;e per patient, accounting for 70-
80% of total emissions. Notably, idle power consump-
tion of radiotherapy devices constituted the second
largest emission source (8-19%). Had their measure-
ments included device usage during treatment, results
may have mirrored ours.

Limitations

o Emission factors used in this study are country-
specific and vary internationally. While this vari-
ability is acknowledged, it is not expected to sig-
nificantly affect the core variables constituting
the carbon footprint. Calculations were based on
a general methodology intended to be applicable
worldwide, and findings were compared with in-
ternational studies. To date, no recent carbon
footprint studies in the healthcare field have been
conducted in Tiirkiye.

 The study included patients who did not receive
chemotherapy due to advanced age or comorbidi-
ties to maintain homogeneity and isolate the ef-
fect of radiotherapy. This criterion resulted in a
small sample size, reflecting the limited number
of eligible patients.

CARBONIEMISSIONS

Fig. 3. Percentage of carbon footprint sources.

SF6 leakage is typically calculated on an annual ba-
sis. For this study, annual SF6 emissions were con-
verted to per-minute values to estimate leakage for
each treatment fraction virtually.

The carbon footprint associated with hospital clean-
ing during patient hospitalization was not included
in the calculations.
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CONCLUSION AND SUGGESTIONS

This study compared the carbon footprints of two radio-
therapy methods, identifying patient radiotherapy and
travel as the primary contributors to total emissions. The
substantial carbon impact of patient travel highlights
the importance of hypo fractionated treatments, where
clinically appropriate, alongside the promotion of public
transportation use. Encouraging the use of vehicles pow-
ered by environmentally friendly fuels is also essential.

To further reduce emissions, clinic appointments
should be coordinated and scheduled on the same day to
minimize patient visits. For patients living far from treat-
ment centres, hypo fractionated radiotherapy not only re-
duces the carbon footprint but also decreases hospitaliza-
tion time. Additionally, establishing radiotherapy units
in multiple locations connected to hospitals, but separate
from main hospital buildings, can enable patients to re-
ceive treatment closer to home. If opening new units is
not feasible, providing nearby patient accommodations,
such as hostels, could be a viable alternative.

These findings offer valuable insights and can serve
as a foundation for future initiatives aimed at lowering
carbon emissions within the healthcare sector, promot-
ing more sustainable healthcare delivery and living.
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