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Introduction 
The materials used in a day-to-day living account for 58% – 70% of the total waste generated, with 
most of it finding its way to landfills.1 In the environment, these materials can be biodegradable, 
meaning that the material is capable of being decomposed by bacteria or living organisms,2 
and/or biocompatible which implies that the material interacts with a living system 
without causing harm to it.3 Non-biodegradable materials such as plastic and those that are 
non-biocompatible are hazardous to the environment. In addition, the decomposition of these 
materials can result in the emission of greenhouse gases into the atmosphere,1 often because of 
inappropriate disposal practices, consequently causing climate change.4

Appropriate waste management is expected to positively impact on climate change by 
reducing landfill methane emissions amongst other things,5 therefore, proving that the 
decomposition behaviour of everyday materials is vital. An example of an everyday device 
used by many people is spectacles. The corrective lenses are held in place by spectacle frames, 
which are often made of plastic and/or metal resulting in them constituting various chemical 
compounds. Plastic frames may be constructed using materials such as cellulose acetate, 
cellulose propionate, epoxy resin, carbon fibre, optyl, polyamide X, nylon and zylonite, 
whereas metal frames are constructed using titanium, nickel, aluminium, gold, Monel 
(nickel alloy of nickel and copper, with smaller amounts of iron, manganese, carbon and 
silicon) and stainless steel.6

Some of these materials may contain heavy metals which are naturally occurring 
elements with high atomic weights and much denser than water. Examples include lead, 

Background: Only limited information is available on the disposal methods for spectacle 
frames, and their interaction with the environment once such disposal occurs. 

Aim: This study investigates the disposal of spectacle frames and provides a preliminary 
report on their biodegradability and biocompatibility.

Setting: The study was conducted at a university in the south eastern part of South Africa. 

Methods: The study was conducted in two parts: Part A consisted of an explorative, 
quantitative design using a closed-ended questionnaire investigating the current disposal 
methods of 375 spectacle wearers for their old spectacles; and Part B consisted of a descriptive, 
cross-sectional design involving chemical analyses of metal and plastic spectacle frames.

Results: Almost 55% of the participants reported either keeping or reusing their spectacles. 
Only 5% had used a recycling method when disposing their previous spectacles. Inductively 
coupled plasma optical emission spectroscopy results showed that metal frames do not 
degrade easily unless they are oxidised in an acidic environment. Lead was detected in two 
metal frames. Results of thermogravimetric analysis revealed that plastic frames only begin to 
degrade at temperatures over 250 °C. Gas chromatography-mass spectrometry results suggest 
that plastic frames, except three dimensional (3-D) polarisers, are biocompatible as they are 
stable, not chlorinated and do not possess heavy metals. The results suggested that eco-
friendly frames may be the most biocompatible. 

Conclusion: It appears that few spectacle wearers use recycling for disposing their frames. 
Current metal and plastic spectacle frames appear to have poor biodegradability but good 
biocompatibility.
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mercury and chromium. They are regarded as toxic to 
human organs and also postulated to be carcinogenic.7,8 
Others, like copper, iron and zinc, may be regarded as 
essential elements as they play an important role in the 
biochemical and physiological functions in plants and 
animals, including humans with their absence possibly 
resulting in disease.9 However, these essential elements can 
also become toxic if taken in excessive amounts. Nickel and 
silver have no known biological functions and are, therefore, 
classified as non-essential elements but may create 
allergies.9,10

A literature search revealed only one study that reported 
the biocompatibility of titanium used as a material for 
spectacles frames.11 No other studies have been conducted, 
to the best of the researchers’ knowledge, on either 
the biodegradability or biocompatibility of spectacles 
frames or the methods of their disposal.

More recently the health-care industry has been 
increasingly under the spotlight for contributing to climate 
change and global warming,12 and initiatives are now 
being encouraged to reduce its ecological footprint by 
looking for ‘greener’ solutions.13 Alternate materials for 
spectacle frames including buffalo horn, bamboo, seaweed 
and human hair have been used more recently.14 Whilst 
these materials are known to be environmental friendly, 
the disadvantages of alternate materials include cost 
and maintenance together with the lack of studies on 
their durability. 

Spectacle wearers are often encouraged to have an eye test 
every 18–24 months to assess and, if required, renew their 
spectacle prescription, which may involve the purchase of a 
new spectacle frame. No published statistics were found on 
the number of spectacle wearers in South Africa, let alone 
the world; however, it was estimated that in 2017, an average 
of 48.34% of individuals in Europe were spectacle wearers.15 
This is a significant number of spectacle frames out in 
circulation, which will require disposal and probably end up 
in landfill sites particularly as land filling is the most 
common method of waste disposal worldwide for both 
organic and inorganic waste.16 A possible alternative to this 
could be collection of old spectacles by optometric practices 
and distribution of relevant ones to organisations that may 
consider reusing them, with the remainder directed to 
disposal companies utilising environmentally friendly 
disposal practices. Organic waste that include plant and 
animal matter are often biodegradable. Inorganic waste, on 
the other hand, which often include products made of 
plastic, do not disintegrate or take a very long time to 
disintegrate. As a significant number of the world’s 
population is expected to be spectacle wearers, it is 
important to determine how biodegradable and/or  
biocompatibility of spectacle frames. The aim of the present 
study, therefore, was to explore the current disposal methods 
for spectacle frames in Durban, South Africa, and to provide 
a preliminary report on their biodegradability and 
biocompatibility.

Material and methods
The study was conducted in two parts and the methods 
undertaken for each part are separately described below. 

Part A
Part A involved a questionnaire survey of a purposive 
sample of 375 spectacle wearers from an university in the 
south eastern part of South Africa, who were 18 years and 
older, of any race and either gender to establish the current 
disposal methods of spectacle frames. First-time spectacle 
wearers, wearers of only sunglasses and those using eco-
friendly frames were excluded from the study. This part of 
the study employed a quantitative and exploratory research 
design, and the data collection instrument was a questionnaire 
that probed demographics, previous spectacle characteristics 
and disposal methods. The questionnaire consisted of closed-
ended questions. A pilot study was conducted on a total of 
six university staff and students with minor modifications 
required to the questionnaire prior to the use in the main 
study. The questionnaire was administered by one of the 
researchers once the informed consent had been given, and 
approximately 5 min were required for completion.

Part B
Part B comprised the chemical analysis of spectacle frames. 
This part of the study employed an exploratory and 
descriptive research design. The study population included 
spectacle frames categorised by four price ranges as shown in 
Table 2, including eco-friendly frames and frames one could 
purchase at a flea market. To obtain the spectacle frames, a 
list of all 147 optometrists within a 20-km radius of the central 
business district (CBD) was compiled. The list was in 
alphabetical order and each optometrist was numbered. 
Thereafter, a table of random numbers was used for the 
selection of five optometrists, one per four retail price 
categories specified in Tables 2, 3 and 4 (in South African 
Rands [R]), from whom the spectacle frames (one plastic and 
one metal) were requested to be donated to the study. One 
plastic and one metal frame were purchased from a flea 
market in the CBD. A pair of three dimensional (3-D) 
polarisers (plastic frame) distributed at a local cinema was 
also included in the sample. Thus, a total of 12 frames, 
namely, 5 plastic, 5 metal, 1 eco-friendly (plastic) and 1 plastic 
polariser were included in the study. Once received, the 
spectacle frames were numbered before undergoing chemical 
analysis under the guidance and supervision of the Chemistry 
Department of the University. Frames were broken down to 
remove the nose pads, temple tips and screws. The remainder 
of the frame was weighed and recorded. 

Then the spectacle frames underwent a limited number of 
tests because of time constraints. Metal frames underwent 
chemical characterisation using inductively coupled plasma 
optical emission spectroscopy (ICPOS) to identify heavy 
metals in the frame material.17 Heavy metals considered 
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particularly hazardous for the environment include lead, 
cadmium arsenic and mercury. Plastic frames were exposed 
to thermogravimetric analysis (TGA) to determine the 
types of gases emitted in the ageing process,18 and gas 
chromatography-mass spectrometry (GC-MS) which was 
used to identify components, particularly, impurities, such as 
halogenated polymers in the spectacle material.19

The data obtained were captured using the Statistical 
Package for Social Sciences version 23 and reported using 
descriptive statistics.

Ethical considerations
Ethical clearance for this study was obtained from 
the School of Health Sciences Ethics Committee 
(SHSEC 023/15), University of KwaZulu-Natal. The study 
adhered to the tenets of the Declaration of Helsinki, and 
informed consent was obtained from all participants in 
Part A of the study. 

Results 
Part A
Three hundred and seventy-five spectacle wearers of mean 
age 20.67 years participated in the survey with the majority 
(66%) being female. The sample included all races but the 
majority were Indians (72%), followed by black people 
(25%), white people (2%) and 1% of participants were of 
mixed race. The characteristics of spectacle usage amongst 
the respondents are outlined in Table 1.

Figure 1 shows that 90% of the participants had already disposed 
of between one and five spectacles throughout their lives, with 
the majority (55%) retaining them for possible reuse. Only 5% of 
participants had considered recycling their previous pair(s). 
Many of the participants were unaware of the availability of 
eco-friendly frames, and when informed about them, 87% 
encouragingly reported that they would consider them.

In Figure 1, the first section shows the number of spectacles 
frames that may have been disposed thus far. The method of 
disposal is illustrated in the second section. Bars with numbers 
are representative of the percentages (%) of participants.

Part B
The results from chemical analysis are presented separately 
for metal and plastic frames.

Metal frames
The concentration (mg/g) of the main elements isolated from 
the metal frames using ICPOS is illustrated in Table 2. Lead 
was the only toxic element detected in two metal frames, 
with the highest concentration being in the spectacle frame 
purchased at the flea market. The essential elements 
manganese, iron, copper and chromium were found in all 
frames whilst zinc was not detected in frames that cost over 
R1000.00 Both iron and copper were found in the highest 
concentration in all frames. 

Plastic frames
Thermogravimetric analysis was used to investigate the 
thermal decomposition of plastic frames in terms of the 
percentage mass loss (represented by percentage mass 
transfer) in relation to the temperature at which this 
occurred and the results are shown in Table 3. The lowest 
temperature at which any of the frames first started to 
decompose was 285.8 °C and the highest temperature was 
492.5 °C. In those frames in which a second degradation 
occurred, the temperature was greater than 360 °C. At a 

TABLE 2: Concentration (mg/g) of main elements isolated from metal frames using inductively coupled plasma optical emission spectroscopy.
Variable Lead (Pb) Zinc (Zn) Manganese (Mn) Iron (Fe) Copper (Cu) Chromium (Cr) Silver (Ag) Nickel (Ni)

Flea market 1.45 163.14 1.71 388.56 311.62 0.47 ND 3.20
R1.00–R500.00 ND 82.00 10.21 76.24 243.45 20.93 0.90 32.29
R501.00–R1000.00 0.188 125.84 5.07 82.38 486.53 28.05 0.60 170.66
R1001.00–R2000.00 ND ND 11.29 403.30 263.72 142.11 1.61 184.23
> R2000.00 ND ND 5.02 184.77 53.22 61.80 0.577 93.86

ND, not detected.

FIGURE 1: Disposal practices for used spectacle frame(s) per participant as 
determined in the questionnaire survey (a) Number of frames disposed of, 
(b) Frame disposal practice.
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TABLE 1: Characteristics of spectacle usage among participants.
Variable Percentage

Duration of spectable usage
2–3 year 24.0
4–5 years 26.0
6 year and more 50.0
Material of previous spectacle frame
Plastic 46.9
Metal 26.9
Combination 26.2
Frequency of spectacle frame replacement
1–2 years 70.7
3–4 years 24.8
5 years and longer 4.5
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maximum of 700 °C, an average of 55% of the total mass of 
the frames of all price ranges had degraded, with the 
exception of the flea market frame. Only 21% of the flea 
market frame had broken down at 700 °C. 

The GC-MS test investigated the properties of the organic 
compounds released from a material, which included the 
retention time which is the time taken for that compound to 
be released, the molecular weight (g/mol) and carbon chain 
length (number of carbons) (Table 4). 

Similar retention times of approximately 15 min were 
found for most of the frames, other than the flea market 
frame (4.39 min) and the 3-D polarisers (4.38–25.26 min). 
The molecular weight of the compounds released ranged 
from 100 g/mol to 222 g/mol and the carbon chain lengths 
from 6 to 14 carbons per chain. The plastic frame purchased 
at the flea market had the second lowest retention time, a 
fairly low molecular weight and the smallest carbon chain 
length. The most expensive frame had a relatively lower 
retention time, molecular weight and carbon chain length 
compared to the slightly cheaper frames. With the exception 
of the 3-D polarisers from which eight organic compounds of 
varying molecular weights and chain lengths were released, 
only one organic compound was released from each of the 
other plastic frames.

Discussion
Currently wide-scale interest exists in the generation of waste 
products by human beings and their disposal practices 
particularly because of its contribution to global warming. 
This has led to a considerable focus on recycling initiatives 
with the aim of conserving energy, reducing pollution and 
reducing waste in landfills. Spectacle wearers do not appear 
to use this method of disposal as only 5% of the participants 

in this study had chosen to recycle their previous spectacles. 
The remaining 95% donate, reuse or trash their old spectacles, 
and it can be assumed that many of these will eventually end 
up in a landfill. Furthermore, considering that the mean age 
of the participants was only 20.67 years and assuming an 
average life expectancy of 64 years in the South African 
population,20 approximately 20 more pairs per spectacle 
wearer can be expected to be disposed of as most participants 
reported replacing their spectacle frames every 1–2 years. 
The implication of this is that just in a single province in 
South Africa, there are a large amount of spectacle frames in 
circulation that could make their way to landfills if alternate 
methods of disposal are not considered.

Almost one-third of the participants (26.9%) were using metal 
spectacle frames. The biodegradability and biocompatibility of 
the metal frames were assessed in terms of the elements 
contained in the frames. The main elements extracted from the 
metal frames (listed in Table 1) fell into the classes of heavy 
metals, essential metals and non-essential metals. Heavy metals 
are those that are poisonous even at lower levels of exposure, as 
well as carcinogenic, and include lead, chromium, cadmium 
and mercury.21 Lead was found in two of the metal frames with 
the highest concentration found in the frame obtained at the flea 
market. The other one was a frame that fell into the price 
category of R501.00 – R1000.00 that was considered as a medium 
cost frame. Lead is used in the manufacture of spectacle frames 
as it adds lustre to frames and makes them resistant to corrosion; 
however, it is associated with birth defects and delayed 
development.22 Furthermore, of all the heavy metals, lead has 
been known to pose the greatest threat to male fertility by 
reducing sperm count.23 If disposed of in a landfill, the element 
is expected to leach into the soil and following rain can be 
washed away to areas other than the landfill sites. Lead in soil 
can lead to an increase in blood concentration of lead particularly 
in children playing with soil.24

Another heavy metal, chromium was found in all the frames, 
including the eco-friendly ones. Chromium is used for 
plating frames and it can also be used in some alloys for the 
underlying base material, with metal processing known to be 
one of the largest contributors to chromium release.21 They 
can also be used to obtain a black surface on copper–nickel 
spectacle frames.25 The main route of exposure to chromium 
is via inhalation26 but also through the ingestion of food or 
water containing chromium27 that exposes all living entities 
to this toxic element. Chromium and lead are regarded as 

TABLE 4: Properties of organic compounds identified with gas chromatography-
mass spectrometry.
Variable Retention Time  

(min)
Molecular weight  

(g/mol)
Carbon chain length 

(no. of carbons)

Flea market 4.394 116 6
R1.00–R500.00 15.124 222 12
R501.00–1000.00 15.158 222 12
R1001.00–R2000.00 23.603 Unidentified Unidentified
> R2000.00 15.111 164 9
Eco-friendly 15.115 164 9
3-D polarisers 4.382–25.261† 100–208† 6–14†
Eco, environment friendly; 3-D, three dimensional.
†, Eight organic compounds released.

TABLE 3: Thermal decomposition of plastic frames using thermogravimetric analysis versus price categories.
Sample 1st degradation 2nd degradation Total % mass degraded

% Mass transfer Temp. (°C) % Mass transfer Temp. (°C) At 700 °C

Flea market 21.00 492.5 ↑ - - 21.00
R1.00–R500.00 15.00 299.0 47.0 375.0 62.00
R501.00–1000.00 20.00 293.0 40.7 361.0 60.70

R1001.00–R2000.00 51.70 364.4 - - 51.70

> R2000.00 17.50 285.8 ↓ 41.8 385.7 59.30
Eco friendly 4.17 295.0 57.5 364.3 61.67
3D polarizers 46.00 428.6 - - 46.00
Temp, temperature; 3-D, three dimensional; Eco, environment friendly.
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priority metals because of their high toxicity and are said 
to be of significant public concern.21

The other elements isolated from the metal frames included 
zinc, manganese, iron, copper with iron and copper having 
the highest concentration in all frames. These elements are 
regarded as essential metals necessary for biochemical and 
physiological functions and their absence can result in 
diseases.9 On the other hand, an excess amount can result in 
tissue damage; and for copper and chromium, the range 
between beneficial and toxic is very narrow.7,8 In the worst-
case scenario, iron can release arsenate into the environment 
and cause damage to the aquatic life.

Relatively lower amounts of nickel and even lower amounts of 
silver were detected in the sample, which may be expected as 
technical frames do not actually contain any silver. Nickel and 
silver are regarded as non-essential elements as they have no 
known biological functions.7 Nickel is strong and pliable, but 
the disadvantages of nickel are that about 10% of the population 
may be allergic to it.10 Therefore, nickel is seldom used in its 
pure form in spectacle frames except when used for plating to 
improve the adherence of outer layers of other frames.10 Silver 
has also been known to damage the organs of aquatic life.

Iron and copper were found in the highest concentrations in 
this study. It is, therefore, important to note that most metals 
do not degrade in nature easily unless they are dissolved or 
oxidised in an acidic environment and may, therefore, take 
years to disintegrate. However, different soil environments 
can accelerate their degradation.28 Iron rusts caused by 
exposure to oxygen, with rust actually being an iron oxide. 
Metals like magnesium, aluminium, gold and platinum that 
are also used in the manufacture of metal frames are not at all 
biodegradable and fortunately were not found in the frame 
sample for this study. Overall, metal frames can be considered 
as having poor biodegradability with the implication that 
they can, therefore, remain as solid waste in the environment 
for a long time; however, this property also prevents certain 
toxic elements from being released into the environment too 
quickly. Considering that whilst metal frames contain toxic 
metals, they contain a greater concentration of essential 
elements like zinc and manganese found in the current, 
they are therefore more biocompatible than not. Overall, the 
eco-friendly frame, included in this study, had the lowest 
concentration of all elements, implying that they might be 
the most biocompatible. Just an observation, no correlation 
was found between the concentration of elements in each 
frame and its price range; therefore, the cost of frames 
seems to be a matter of branding. 

Thermogravimetric analysis was used to investigate the 
biodegradability of plastic frames. This test determined 
the thermal decomposition of plastic frames in terms of the 
mass loss represented by the percentage of mass transfer in 
relation to the temperature at which this occurred.

The higher the degradation temperature, the more 
stable the plastic material but implies poor degradation. 

The lowest temperature at which any of the plastic frames 
first started to degrade was 285.8 °C. The highest air 
temperature ever recorded was 56.7 °C in 1913 in California 
and a higher surface temperature of 70.7 °C was recorded 
in Iran in 2004/2005.29 Even soil temperature will not get 
to as high as 285.5 °C.30 Cellulose acetate is one of the more 
common materials used for the production of spectacle 
frames31 because of its transparency and texture.32 Cellulose 
acetate degrades very slowly32; and whilst it can be 
biodegraded by certain organisms, they first require 
deacetylation, which cannot occur naturally in the 
environment.33 Furthermore, they also have limited photo 
degradability.33 The advantage of poor biodegradability is 
that toxic elements are not immediately released, whilst 
the disadvantage is that they persist as solid waste in 
the environment.

Biocompatibility of plastic frames was studied using GC-
MS. This test investigates the properties of the organic 
compounds released when a material is broken down, 
including the retention time which is the time taken for that 
carbon compound to be released, the molecular weight and 
carbon chain length of the compound released. The higher 
the retention time, molecular weight and the carbon chain 
length, the greater the stability of that compound.34 Only 
the formula of each compound could be identified as no 
reference list of materials was available. Therefore, the exact 
compound released could not be identified. Based on this 
analysis, the cheaper frames appeared to produce carbon 
compounds that were more stable, indicating that pricing is 
not an indication of biocompatibility. The eco-friendly 
frame did not appear to be as stable with respect to the 
release of carbon compounds compared to the other frames; 
and, therefore, their current classification as eco-friendly 
frames should be reviewed. With the advent of 3-D movies, 
a large number of 3-D polarisers are in circulation. They are 
purchased at a very nominal price and disposal is left to the 
purchaser. With the chemical analysis, they appear to be 
made of a material that releases a large number of carbon 
compounds when broken down. Carbon compounds are 
fairly stable and less susceptible to attack in the soil and, 
therefore, persist longer before degrading. They are not 
chlorinated and have no heavy metals, and, therefore, they 
can actually enrich the soil for plant growth; however, too 
much of carbon in the soil will diminish this effect. 
Furthermore, carbon released into the atmosphere 
contributes to greenhouse gases and thereby global 
warming, whilst carbon in the ocean leads to a more acidic 
environment that may pose danger to aquatic life.

After use, the majority of spectacle frames end up in the 
waste and awareness should be created about the possibility 
of disposing spectacles into recycling waste. This study 
found that both metal and plastic spectacle frames have poor 
biodegradability but good biocompatibility. Therefore, whilst 
they may not be immediately hazardous to the environment, 
they contribute to solid waste in landfills. Frames purchased 
to be distributed at flea markets should be reviewed for 
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material constituents and better regulated as the material 
currently being used appears to contain elements toxic to the 
environment, and the frame material does not appear to be 
stable. The 3-D polarisers currently being distributed at 
cinemas need to be further analysed and, considering their 
wide-scale use, need to be reviewed in terms of alternative 
materials for their production because the current material 
exhibits poor degradation and instability with respect to 
carbon compounds. Distributors of these 3-D polarisers 
should also consider offering environmental-friendly 
disposal methods. Testing of spectacle frames made from 
alternative materials like bamboo and hair needs to be carried 
out in terms of their stability and durability, so that they can 
be suggested to patients.

Biodegradability refers more specifically to the ability of 
organisms to breakdown a material and although one of the 
more ideal tests would be a soil test; however, the tests used 
in this study do indirectly give an indication of this aspect. 
Limitations of the current study include the testing of a 
relatively small selection of frames because of time and 
financial constraints; and, thus, a larger scale study could 
provide more useful information. Another limitation is that 
only frames were analysed in this study and not the nose 
pads and temple tips which are important as they are of 
plastic material. The sponsored eco-friendly frame had no 
endorsement. The organic compounds released from plastic 
frames could not be identified, as the reference lists of 
spectacle material components from manufacturers were not 
available at the time of testing, and the study was restricted 
to a laboratory investigation.

It is recommended that an investigation of the 
biodegradability and biocompatibility of other optical 
devices, including sunglasses, and/or their components 
such as the lenses, temple tips, nose pads and alternate 
frame materials as well as contact lenses, should be carried 
out in the future studies. Spectacles such as ready-made 
readers such as those sold in pharmacies should also be 
investigated. A larger sample of frames per price category 
should be considered to acquire a mean result per frame. A 
longitudinal study is advised in a natural environment as 
opposed to a laboratory-based study to obtain more realistic 
results and biodegradability in its true sense. Optometrists 
must be made aware of the use of alternate frame materials 
as well as consideration of discarding old pairs into 
recycling waste. Patients should be made aware of eco-
friendly alternatives as many consumers are unaware of 
their existence. Spectacle disposal initiatives that redirect 
waste to disposal companies should be made by optometric 
practices to encourage proper disposal of spectacles, thereby 
reducing their carbon footprint. Manufacturers of metal 
spectacle frames should find alternate elements to replace 
heavy metals such as lead and be educated on the dangers 
of toxic elements. Despite the limitations, this study 
provides useful information and paves the way for more 
detailed investigations, which can have monumental impact 
on reducing the carbon footprint of spectacle frames.
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