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Potential environmental effect of reducing
the variation of disposable materials used

for cataract surgery
NicolasWinklmair, GerhardKieselbach,MD, Julian Bopp,MSc,Michael Amon,MD,Oliver Findl,MD,MBA, FEBO

Purpose: To analyze the cataract package variability in 1 country,
Austria.

Setting: Austrian Departments of Ophthalmology.

Design: Cross-sectional study.

Methods: The cataract package components of 3 different
Austrian hospitals were weighed and life cycle assessment on
each product performed. This data was then extrapolated to the
sales figures of the main Austrian cataract package suppliers to
estimate the carbon footprint of all cataract packages used in
Austria in 2021.

Results: There were 55 different cataract package compositions
in use with an average weight of 0.7 kg. These compositions differ
significantly in weight and composition considering that the

smallest package was 57% lighter than the largest package.
The size of the surgical drapes also showed considerable vari-
ation, with a difference of up to 71%. This is substantial, consid-
ering that drapes and covers account for about 53% of the
package weight.

Conclusions: There was a considerable variation in package
composition and product size, which could provide opportunities
to save carbon dioxide emissions in cataract surgery. If all
Austrian eye departments were to reduce the material quantities
and drape sizes to the lower third of the cataract packages used
in the Austria in 2021, cataract package associated CO2 emis-
sions could be reduced by 34%.
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The World Health Organization considers climate
change to be the greatest threat to human health,
with 13 million climate-associated deaths annually.1

The global mean surface temperature for the decade 2006 to
2015 was 0.75 to 0.99°C higher than the mean over the 1850
to 1900 period, largely attributed to human activities. The
years 2016 and 2020 were recorded as the hottest years
since measurements began, with the International Panel of
Climate Change (IPCC) calculating that the earth’s tem-
perature will continue to rise by a mean of 0.1 to 0.3°C per
decade in the future if no action is taken.2

Globally, the healthcare sector is estimated to be re-
sponsible for 5% to 10% of all greenhouse gas emissions.3–6

With approximately 30million procedures annually, cataract
surgery is one of the most commonly performed surgical
procedures worldwide and could, therefore, be considered a
significant carbon footprint contributor.7,8 However, cata-
ract surgery-associated carbon dioxide (CO2) emissions vary
worldwide. Cataract surgery using phacoemulsification in a

British hospital resulted in 130 kg CO2 eq. per surgery, which
equals a 500-km drive with an average European car.9,10 In
comparison, cataract surgery in Southern India (Aravind Eye
Care System) is emitting less CO2 emissions with 6 kg CO2

eq. per surgery. This equals a 25-km drive with the same
vehicle. The Aravind Eye Care System saves CO2 emissions
primarily by reusing sterilized surgical materials, such as
instruments, syringes, needles, phacoemulsification tips, and
surgical gowns.11 Despite the material-saving methods, the
endophthalmitis rate over an 8-year period and approxi-
mately 2 000 000 procedures has been reported to not be
significantly different (0.01%) than that of the United States
(0.04%).12

The amount of material and waste in cataract surgery
also seems to be considered excessive by surgical staff. From
a survey of the Ophthalmic Instrument Cleaning and
Sterilization Task Force with 1300 responses, which ad-
dressed the topic of “waste management” in cataract sur-
gery, more than 90% of the participants stated that the
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surgical waste in cataract operations is found to be ex-
cessive. In addition, 95% believe that the use of disposable
products unnecessarily increases surgical waste; 97% also
believe that manufacturers encourage the use of disposable
products; and 79% of participants would prefer reusable
products over disposable products for the same cost.13 The
aforementioned UK-based study by Morris et al. also
highlighted that the procurement of surgical supplies ac-
counts for the largest share of the cataract-associated
carbon footprint at 54%.9

To date, there is no study that analyzed the material
composition and waste management of disposables in cat-
aract packages used during cataract surgery. The aim of this
study was to evaluate the variability in cataract package
composition used throughout an exemplary country, namely
Austria, and to provide recommendations for more sus-
tainable cataract package compositions and the potentially
achievable effect on CO2 reduction. In addition, the current
state of waste separation in Austrian cataract surgery and the
possible CO2 reduction will be assessed.

METHODS
Material Analysis
The different materials of the individual cataract package com-
ponents of 3 Austrian hospitals (Hanusch Krankenhaus Wien,
Barmherzige Brüder Wien and Privatklinik Hochrum) were
separated (for example plastic from paper packaging), weighed,
and categorized based on their properties. For this purpose, a
search was conducted in the gray literature to look for manu-
facturer information on the product components. If it was not
possible to obtain clear information on the materials, an assess-
ment was made based on specific characteristics. In uncertain
cases, the worst material from an eco-balance perspective was used
for the life-cycle analysis calculation. Based on these data, the
global warming potential (GWP) of each product is calculated
using the GaBi Product Sustainability and Performance software.
The environmental effects assessed using this software underlie
the Environmental Footprint 3.0 (EF 3.0) methodology, developed
by the European Commission. In this report, the focus is set on the
carbon footprint and the respective EF 3.0 category “EF 3.0
Climate Change—total” considering the effects on climate change
from fossil greenhouse gas emissions and removals, biogenic
methane emissions, and carbon emissions from land use and land
use change. The EF 3.0 Climate Change—total is based on the
current IPCC characterization factors taken from the Fifth As-
sessment Report [10] for a 100-year time frame (GWP100), which
is currently the most used metric for climate change analyses.14 It
should be emphasized that certain disposables (cassette and
tubing) and external factors, such as hospital electricity con-
sumption (scope 2 emissions), transport of staff and patients to
and from the hospital, pharmaceuticals used before and in the
operating room (OR), and other consumptions outside the cat-
aract OR, are not included in the emission calculation for com-
parability reasons.

Procurement at Austrian Eye Departments
Cataract package sales lists are provided by the 3 main Austrian
cataract package suppliers (estimated 94% market share in 2021).
For the analysis, the products are divided into categories of
surgical gowns, cannulas, syringes, postoperative eye protection,
surgical trays/bowls, knives, fluid management (stick swabs,
compresses, cotton balls), drapes/covers, and packaging for ease of
reference. Using the data from the 3 hospitals mentioned in the
preceding paragraph, a mean weight and carbon emissions of each

product type is calculated, which is then multiplied by the sales
figures of the cataract packages from the 3 suppliers. This results in
a representative weight and CO2 balance representing 94% of all
cataract packages used throughout Austria. Particular attention is
paid to the quantities and size variations between the varying
cataract package compositions. Table 1 lists all cataract-relevant
materials that are included in the calculations, and it also sum-
marizes which data are excluded from the analysis.

Survey on Material Management in Austrian
Cataract Surgery
A survey with 19 multiple-choice and 4 yes/no questions was sent
out to all Austrian eye departments that perform cataract surgery
with the help of the Austrian Ophthalmological Society and the
Association of Austrian Eye Surgeons. In addition to these
questions, free-text fields allowed participants to list comments on
the topics for each item, and the responses were anonymized.

RESULTS
Material Analysis
On average, the cataract packages of the 3 hospitals con-
tained 0.74 kg of materials, which corresponded to 2.3 kg
CO2 eq. per package. This did not include phaco cassettes,
tubing, infusions with cutlery, and other cataract package
external disposables. Drapes and covers accounted for most
of the weight with 0.44 kg (52%). This was followed by
surgical gowns with 0.22 kg (∼30%) and packaging with
approximately 0.09 kg (12%) (Figure 1).
Furthermore, 16 different materials were found in the

surgical products and their packaging. The majority was
made up of fleece, a mixture of cellulose and polyethylene
terephthalate (0.3 kg; 40%), which is found in drapes and
surgical gowns. In addition, approximately 0.37 kg (50%) of
the material quantity was composed of plastics. Among
these, 8 different types of synthetics were identified. Table 2
lists these individual materials divided by product category.

Procurement at Austrian Eye Departments
In 2021, the 3 suppliers included in this study covered
approximately 94% of all Austrian cataract package trade,
which is 88 579 of a total of 93 799 procedures, based on
data from the Kliniksuche.at website of the Austrian
Ministry of Health.
There were 55 different cataract package compositions in

use, with a mean cataract package weight of 0.7 kg. The
estimated weight of cataract package materials provided by
the 3 suppliers for 2021 was 61 944 kg. There was a vari-
ation between the package sizes, with the smallest package
weighing a total of ∼0.5 kg and the largest one weighing
∼1.2 kg. The 2 categories “drapes and covers” and “surgical
gowns” accounted for the largest portion of the weight as
shown in Figure 2. For instance, 8 different types of drapes
were found in the largest package and 2 in the smallest one.
By contrast, other categories, such as the surgical gowns
and the packaging material, were relatively similar in all
packages.
In addition to the differences in quantity between the

cataract package compositions, it was also noticeable that
there were differences in product size, especially in the
“drapes and covers” category. Figure 3 shows the variation

629WASTE REDUCTION IN CATARACT SURGERY AND ITS CARBON FOOTPRINT

Volume 49 Issue 6 June 2023

Copyright © 2023 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.



of the individual cloth sizes in the subcategories body
drapes, back table covers, wrapping cloths (if listed sepa-
rately to back table covers), multipurpose covers, and
armrest covers extrapolated to the sales figures of 2021. The
difference of the smallest and largest body drapes sold was
approximately 71% (1.22 vs 4.21 m2).
Regarding the environmental effect, the GWP for all

cataract packages sold in 2021 with an assumed waste
incineration rate of 100% for all products was 209 380 kg
CO2 eq. (2.4 kg CO2 eq. per cataract package). With an
assumed recycling rate of 100% of all technically re-
cyclable materials (i.e., packaging materials that are not
contaminated in the OR), the carbon footprint was
195 804 kg CO2 eq. (2.2 kg CO2 eq. per cataract package).
The difference in the CO2 effect between cataract packages
with 100% incineration and those with 100% recyclable

materials was, therefore, approximately 6.5% (13 576 kg
CO2 eq.).

Survey on Material Management
A total of 25 eye departments participated in the survey,
which in total performed approximately 77% of cataract
surgeries in Austria (2021). Besides the mandatory waste
containers (puncture-proof disposable container and
hospital waste) in use at all departments, approximately
one-fifth of the participating hospitals did not use
recycling-relevant waste containers (paper and plastic
waste) for cataract surgery. Furthermore, approximately
half of all departments (13 of 25) separated operating
waste, with 10 of the 13 waste-separating departments
additionally discarding the plastic and paper materials
individually.

DISCUSSION
There is a surprisingly large variation in cataract package
size and weight between surgical centers in Austria.
There seems to be a cluster of relatively small, low-weight
packages and a significant number of outliers with es-
pecially many large drapes and other materials either
not found in the smaller packages or at least found in a
smaller number. This variation is surprising since the
technique of cataract surgery is essentially the same
throughout Austria. Owing to the relatively small size of
the country (8.95 million inhabitants, Statistik Austria;
www.statistik.at) and the fact that more than 95% of
cataract surgeries are performed in 33 public hospitals,
the data and the questionnaire on waste management
represent a large share of departments and, therefore,
allow extrapolation to the entire cataract surgeries per-
formed in Austria.15

Table 1. Included and excluded cataract package materials used to calculate the weight and greenhouse gas

Included data Excluded data

Products Packaging

Products and associated packaging

(not separately listed)

Knives

Phaco knives Packaging phaco knife Surgical gloves and opthalmic viscoelastic device

Paracentesis knives Packaging paracentesis knife

Cannulas (18-30 gauge) Cannula cover/packaging Medication and infusion solution with cutlery

Fluid management

Stick swabs Bag for swabs, compresses, syringes, etc. Phaco cassettes and tubing

Compresses

Cotton balls

Surgical gowns (M/L/XL) Cataract kit bag with product list Bag for swabs, compresses, syringes, etc.

Postoperative eye cover Individually occurring single-use, surgical instruments:

disposable clamps, forceps, manipulator, chopper,

shears, hooks, etc.

Surgical trays/bowls

Syringes

Drapes and covers

Body drape

Back table cover/wrapping drape

Armrest covers

Multipurpose drape (if listed separately)

Figure 1. Percentages of individual categories of materials, based
on the 3 analyzed cataract packages (mean weight per cataract
package = 0.74 kg). *Other: postoperative eye covers, cannulas,
knives, syringes, and fluid management.
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Material procurement is an area where carbon quantities
could be mitigated. According to Morris et al., it is re-
sponsible for 53.8% of cataract surgery-related CO2

emissions, with medical products accounting for the largest
share at 32.6%.9

In cataract surgery, there seems to be a tendency over the
past few decades to prefer medical disposables over reus-
ables.16 This could be attributed to the risk of prion

transmission, which around 1996 necessitated costly ster-
ilization processes of surgical areas and reusable surgical
items.17 However, in its statement in 2016, the WHO ar-
gued against an increased risk of surgical site infections
when using reusable compared with disposable materials.18

The increased use of disposable materials might, there-
fore, have been kept unchanged out of habit. In the liter-
ature, the change from avoidable disposable materials to
reusable materials and the resulting effect on the carbon
footprint is debated. A review by Bolten et al. looking at
infection prevention measures in the operating theater
suggested that the use of reusable vs disposable textiles may
be less environmentally harmful, although they are more
energy-intensive to produce and must be disposed of after
75 to 100 uses to ensure an aseptic environment. It esti-
mated that the use of reusable surgical gowns could reduce
energy consumption by 64% and the carbon footprint by
66% compared with single-use gowns. Reuse of surgical
instruments could also have a better environmental profile.
For example, a study by Thiel et al. in the field of gyne-
cology and obstetrics showed that reprocessing surgical
instruments, surgical towels, surgical gowns, and drapes
could reduce the carbon footprint from medical materials
in a hysterectomy by 50% to 70%. A study by McGain et al.
looking at the reuse of laparoscopes claimed that switching
from disposable to reusable laparoscopes can increase CO2

emissions by 9% in Australia, but reduce CO2 emissions by
84% in the United Kingdom or continental Europe and
48% in the United States.19,20 It could, therefore, be that the
effect on carbon emissions by using reusable materials is
dependent on the energy resource of the country in
question. In the field of cataract surgery, there is a lack of
data on the subject. At the time of publication, there were
no studies addressing the switch from single-use to reusable
materials in cataract surgery.
Based on the data from Austria, a first step toward more

sustainable cataract surgery should lie in reducing the
number of disposable products used per cataract package. A
first step to decrease cataract surgery-associated carbon
emissions could lie in reducing the number of materials
used per cataract package. After all, cataract package vol-
umes in Austria vary considerably (∼0.5 kg smallest cat-
aract package and ∼1.2 kg largest cataract package). If all
eye departments in Austria were to reduce their cataract

Table 2. Mean weight of the materials used broken down
by product category

Materials (divided by product

category)

Mean

weight (g)

Percentage

(based on

total weight)

Postoperative eye cover 15.24 1.72

Pulp 11.95 1.35

PVC 3.29 0.37

Cannulas 0.86 0.10

PP 0.66 0.07

Steel 0.20 0.02

Plastic packaging 54.60 6.17

HDPE 4.14 0.47

LDPE 39.66 4.48

PET 9.51 1.07

PS 1.29 0.15

Knives 6.36 0.72

HDPE 5.95 0.67

PVC 0.35 0.04

Steel 0.06 0.01

Surgical gowns 222.00 25.07

Cartonage 4.36 0.49

Nylon (polyamide) 1.20 0.14

Fleece (pulp/PET) 216.44 24.44

Paper packaging 34.12 3.85

Yarn 0.36 0.04

Paper 26.70 3.02

Paper-coated 7.06 0.80

Syringes 19.79 2.35

HDPE 4.52 0.51

PP 14.96 1.69

Styrene-Butadiene 1.31 0.15

Drapes and covers 383.33 59.31

Yarn 0.06 0.01

HDPE 2.17 0.34

LDPE 73.53 11.38

Paper 55.56 8.60

Paper-coated 61.68 9.54

PVC 1.49 0.23

Steel 1.49 0.23

Fleece (pulp/PET) 162.09 25.08

Pulp 25.28 3.91

Fluid management (compresses,

stick swabs, cotton balls)

6.31 0.71

HDPE 1.13 0.13

Wood 0.85 0.10

Paper 1.18 0.13

Pulp 3.15 0.36

Total 741.60 100

HDPE = high-density polyethylene; LDPE = low-density polyethylene; PET
= polyethylene terephthalate; PP = polypropylene; PS = polystyrene; PVC =
polyvinylchloride

Figure 2.Weight difference between the smallest and largest cataract
packages sold in 2021 broken down by product category (g). *Other:
syringes, cannulas, knives, and postoperative eye covers.
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packages to a package size that is the mean weight of the
lower third of the cataract packages used in 2021, the
carbon footprint from cataract package waste would be
reduced by approximately 20% (162 049 kg CO2 eq.
compared with 202 592 kg CO2 eq.). It should be noted that
the 3 included suppliers have not provided any information
on more sustainable measures themselves; these data are
merely based on the cataract set variation between the 55
cataract package compositions in the 2021 sales figures. The
largest contribution to this CO2 reduction would be ach-
ieved by reducing the number of drapes and covers, con-
sidering that they make up the largest part of the package

weight at 53.1% (32 440 kg/61,944 kg) and show consid-
erable variation between the packages (2 in the smallest and
9 in the largest package). It should be emphasized that for
this calculation, packages where the number and weight of
products are below the calculated “lower one-third” are left
as they were, so were not adapted since this represents the
amount needed. The materials found in this mean lower
one-third package, which is derived from the data, are
summarized in Table 3. This may serve as a first benchmark
or blueprint concerning package size.
Keeping in mind that drapes and covers account for the

largest portion of weight per package, reducing the size of

Figure 3. Sales of individual drapes
and cloths extrapolated from thedata
of the 3 main Austrian suppliers. The
figures are separated by their re-
spective categories as mentioned in
the sales figures for 2021 and broken
down by cloth size (m2) to show the
significant variation throughout the
country.
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these offers another opportunity to cut carbon emissions.
The difference in size of the smallest and largest drapes is
71% (1.22 to 4.21 m2) (Figure 3). If all Austrian eye
departments were to use the sizes of drapes and covers
that are in the lower one-third used in 2021, the envi-
ronmental effect could be lowered by 13% (175 286 kg
CO2 eq. compared with 202 592 kg CO2 eq.). Consid-
ering that these have already been in use in Austria, this
should not give rise to any concerns from a hygiene
perspective.
From a legislative point of view, there is also no ob-

jection to reducing the size of the drape to the lower third
already in use in Austria. The European Medical De-
vices Directive, which supersedes the Austrian Medical
Devices Act (cf. § 5 para. 1 cl. 1 österreichisches Med-
izinproduktegesetz 2021), specifies material properties
such as resistance to liquid penetration, resistance to
microbial penetration, microbial cleanliness, particle
release, and burst and tensile strength in wet and dry
state, but does not give clear guidance on the size
of drapes and gowns, leaving this to the subjective
judgment of the practitioner. Factors such as comfort,
manipulation through the placement of surgical in-
struments, and close contact with the patient/surgery
staff should be considered (cf. E2.3 in EN 13795-1:
2019-06 “Surgical gowns and drapes—Requirements and
test methods—Part 1: Surgical drapes and gowns”).
It is difficult to analyze the reasons for the large variation

in cataract package content and weight. It seems as if the
large packages used in numerous eye departments have
historical reasons and were never changed since they have

not caused problems. Reducing the material quantity may
need some adaptation for surgeons and nurses; however,
this should not result in increased risks for patients since
many eye departments use these smaller packages without
problems. A benefit for the departments could be lower
costs when changing to smaller packages.
In Austria, sustainable management of surgical materials

in the cataract operating room seems to have a certain
priority in approximately 50% of the surveyed departments,
which recycle noncontaminated packaging materials. Ac-
cording to the analysis, preoperative waste separation of
packaging materials may potentially cut the cataract
material-induced carbon emissions by approximately
3.25%, considering that the CO2 emissions between 100%
incineration of surgical materials (total CO2 effect of
209 380 kg CO2 eq. for 2021) and 100% recycling of re-
cyclable materials (total CO2 effect of 195 804 kg CO2 eq.
for 2021) differ by 6.5% and half of the Austrian eye de-
partments already separate waste. It should be emphasized
that, based on the results of the material analysis, all plastic
components of the cataract-set packaging (high-density
polyethylene, low-density polyethylene, polyethylene
terephthalate, and polyethylene, which together account for
61.5% of the total packaging waste) are recyclable, if not
contaminated (Table 2).21

Reasons for why only 50% of the Austrian eye depart-
ments separate surgical waste can only be assumed. On the
other hand, it could be based on aspects of convenience, as
extra waste containers would be needed and space in the
operating area may be limited. In addition, it could also be
because surgical staff are not adequately informed about the

Table 3. Cataract package composition of the lower one-third of cataract packages used in Austria in 2021

Products

Quantity per package (based on amount

sold in 2021) Selected products per category

Weighted mean values

per cataract package

Rounded lower

third (2/3a) Product

Weight total (mean;

packaging included)

Eye protection cover 1 1 (0.66) Eye protection cover 3.4 g

Fluid management 17.4 11 (11.4) Five compresses 10.9 g

Five stick swabs 3.9 g

Towel or instrument wipe 0.8 g

Cannulas 3.78 3 (2.53) Three cannulas (cystotome included,

gauge not specified)

5 g

Knives 2.8 2 (1.8) Phaco knife 14.6 g

Paracentesis knife 14.9 g

Surgical gown (exception, since op) 2.1 2 (1.4)a Two surgical gowns (size not specified) 109.7 g (mean)

Operating bowl/tray 0.61 0 (0.4) Oneb

Syringes 4.2 3 (2.8) 10 mL syringe 7.7 g

5 mL syringe 5.1 g

3 mL syringe 3.3 g

Covers and drapes 3.6 2 (2.4) Body drape with incision foil (as small

as possible)

76.3 g/m2

Back table cover/wrapping cloth (as

small as possible)

54 g/m2

The weighted mean values of the total sales figures were calculated for each product category; from that, the lower third was determined. The weight data are
based on the mean product weights from the material analysis.
aException since operating room nurses need gowns
bIf possible, none—reusable cups
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usefulness of waste separation, or, if materials are separated
incorrectly, the recycling company may even penalize the
eye departments.
There are some limitations of this study since only

cataract package materials were evaluated for this study.
Other disposables, such as opthalmic viscoelastic device,
phaco cassettes and tubing, infusions with cutlery,
medications, and other procedure relevant materials,
were not included in the analysis. In addition, single-use
items found scarcely in cataract packages (gloves, single-
use cystotomes, forceps, eye speculums, etc.) were not
taken into account for better comparability. It should
again be emphasized that material weights and the CO2

values for the disposables were extrapolated from the
mean of the cataract packages provided by the 3 Austrian
hospitals (Hanusch Krankenhaus, Barmherzige Brüder
Wien, Privatklinik Hochrum), and the actual values may,
therefore, vary slightly because of product diversity.
To summarize, if all eye departments in Austria were to

reduce the number and size of materials in the cataract
packages to the mean size of the lower third of the packages
used at present and separate packaging materials accord-
ingly, this could result in a reduction of CO2 emissions by
34% (134 586 kg CO2 eq.). Making these rather small ad-
aptations, without a plausible risk concerning patient safety,
and setting a “best practice cataract package” (the “Austrian
standard cataract package”) for sustainability may be a first
and rather easy step toward reducing carbon emissions of
cataract surgery in a meaningful way.

WHAT WAS KNOWN
� There is a significant global variation in carbon footprint when

procuring and recycling disposable medical materials, con-
sidering the variation in CO2 emissions between the United
Kingdom and India.

� The medical material accounts for 32.6% of the carbon
footprint resulting from cataract surgery.

WHAT THIS PAPER ADDS
� Further in-depth analysis is needed in disposable variation in

a European country, namely Austria. There is a clear diversity
in quantity and size of the different cataract package com-
positions used in the country, especially in the drapes and
covers category, which make up the largest part of the
package (∼53%).

� If this variation of disposable materials in the cataract package
was tobe reduced, it could lead to aCO2 reduction of up to 34%.

� This article gives first recommendations for a reduced cat-
aract package composition based on the data collected in
Austria.
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