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Introduction: During COVID-19, some front-line personnel experienced varying

degrees of eye discomfort due to the use of goggles repeatedly disinfected with

chlorine-containing disinfectant.

Methods: The eye damage information of 276 front-line personnel who used goggles

in a hospital from October 1, 2021, to December 1, 2021, was collected by filling

out a questionnaire. To study the e�ect of chlorinated disinfectants on goggles, we

immersed the goggles in the same volume of water and chlorinated disinfectant

buckets. We tested the light transmittance, color and texture, and airtightness of the

goggles at di�erent times (1, 3, 12, 24, 36, 48, 60, 72, 96, 120, 144, 168, 192, 216, 240,

and 268h). In addition, we detected where chlorinated disinfectant remained in the

goggles by using disinfectant concentration test paper.

Results: 60 (21.82%) people experienced dry eyes, stinging pain, photophobia and

tearing, conjunctival congestion, eyelid redness, and swelling. After treatment or rest,

the patient’s ocular symptoms were significantly relieved within 3 days. With the

extension of disinfection time, the light transmission of the lenses gradually decreased,

and the light transmission reduced when immersion occurred at 216h. After 72h

of disinfection, the color of the goggle frame began to change to light yellow, the

texture gradually became hard and brittle, and the color became significantly darker

at 268h of disinfection. The airtightness of the goggles began to decrease after

168h of disinfection, the airtightness decreased substantially at 268h, and the shape

changed significantly. In addition, the concentration test paper results show that the

disinfection solution mainly resides in the goggle frame seam and goggles’ elastic

bands’ bundle.

Conclusions: Repeated chlorine disinfectant disinfectionwill reduce the e�ectiveness

of goggles protection and damage front-line personnel’s eye health.

KEYWORDS

coronavirus disease 2019, chlorine-containing disinfectants, repeated immersion, goggles,

adverse e�ect

1. Introduction

The Coronavirus disease 2019 (COVID-19) has caused tremendous economic losses

worldwide, including handwashing, mask-wearing, and physical distancing as effective measures

to prevent the spread of the epidemic (1). The COVID-19 pathogen is severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2), which can be transmitted through the conjunctiva

(2). The virus may be transmitted from the eye surface to the new host through contact with
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eye mucous membrane, tears or subsequent pollutants. Eye

protection equipment such as goggles or masks shall be used as part

of standard personal protective equipment (3). Therefore, front-line

personnel must wear goggles to avoid infection by infectious splashes.

Obviously, personal protective equipment covering more body parts

and standard wear and tear prevention techniques can provide

better protection (4). However, for various reasons, many countries

and institutions are faced with the challenge between appropriate

protection and rationing to reduce supply (5). Disposable goggles

can be reused when necessary personal protective equipment (PPE) is

lacking (6).When the necessary personal protective equipment (PPE)

is lacking, disposable goggles will be disinfected and reused.

There are various ways to disinfect goggles, including disinfectant

spray or immersion, preprogrammed automatic spray cleaning and

disinfection machines and UV disinfection, but there is no unified

opinion (7). In China, chlorine-containing disinfectants are widely

used to disinfect various epidemic environments and PPE because of

their excellent disinfection effect, easy access, and low price, which

can effectively block the epidemic’s spread. However, there is no

unified specification for the goggle use duration. During our work,

we found that some front-line personnel experienced varying degrees

of eye discomfort during COVID-19, which we attributed to using

goggles repeatedly disinfected with chlorine-containing disinfectants.

After reviewing the literature, there are no objective criteria or reports

for goggle replacement. Therefore, we aimed to analyze the adverse

effects of goggles disinfected with chlorine-containing disinfectants

on healthcare workers to provide a reference for front-line personnel

to fight COVID-19 more efficiently and safely.

2. Methods

2.1. Inclusion and exclusion criteria

All front-line personnel adheres to personal protective equipment

standards (8). To study eye damage, we counted the eye damage

of front-line personnel who had used goggles in a hospital in

Xi’an by completing a questionnaire. The inclusion criteria were

all front-line personnel who had used goggles between October 1,

2021, and December 1, 2021. The exclusion criteria were those with

recent or previous eye problems and incomplete information in the

questionnaire. Our study methodology is repeatable.

2.2. Disinfection process of goggles

We used medical goggles (Shenzhen careful eye technology Co.,

Ltd.) with chlorine disinfectant (effervescent disinfectant tablets

type II, Shandong Lierkang Medical Technology Co., Ltd.), whose

main component is trichloroisocyanuric acid. First, the goggles were

disinfected with 1,000 mg/L disinfectant for 30min, fished out and

placed in clear water for 30min, rinsed under running water for

5min, carefully wiped clean with 75% medical alcohol, and used

after drying. In contrast, the clear water group was immersed in a

bucket with an equal volume of water. The cleaning staff changed the

chlorinated disinfectant and the fresh water every 24 h.

Abbreviations: COVID-19, Coronavirus disease 2019; SARS-CoV-2, Severe

acute respiratory syndrome coronavirus 2; PPE, Personal protective equipment.

2.3. Light transmission

After wearing the goggles, we tested the goggles’ light

transmission by observing the water’s transparency in the container

(Supplementary Figure 1).

2.4. The color and texture

The color and texture changes in the plastic on both sides of the

goggles were observed at different time points (1, 3, 12, 24, 36, 48,

60, 72, 96, 120, 144, 168, 192, 216, 240, and 268 h) after immersion

in chlorine disinfectant. Three people were observed to reduce the

variation due to different individuals.

2.5. The airtightness

We tested the goggle airtightness in the following three ways.

The first method was to observe the face fit from the side after the

experimenter wore the goggles. Another person observed the goggles

from the side. The secondmethod was to place cotton wool inside the

goggles, squeeze the simple airbag along the edge of the goggles, and

observe whether the cotton wool moved inside the goggles. The third

method was to test whether the suitability of the elastic bands of the

goggles decreased.

2.6. Detect residual disinfectant

The concentration test paper (L-1 disinfectant concentration test

paper, Shandong Lierkang Medical Technology Co., Ltd) was used to

detect the goggle lenses, frame lens joints, frames, goggles and elastic

bands bundles and elastic bands. The color of the test paper was

observed through the indicator card of the disinfectant concentration

test paper (Supplementary material 2) to judge whether there was

residual disinfectant in the goggles and the residual position.

2.7. Statistical analysis

The data were analyzed using SPSS (version 26.0). The results

were expressed as the mean ± standard deviation. As the data

in this paper collected the eye symptoms of front-line personnel

using goggles in questionnaires, no statistical analysis of differences

was conducted.

3. Results

3.1. General information

A total of 298 people completed the questionnaire, 17 were

excluded due to previous eye disease, and 6 were excluded due to

incomplete questionnaire completion. Ultimately, 275 people were

included in this study. Among them, 51 (18.55%) people were males,

224 (81.45%) people were females, 108 (39.27%) people were doctors,

166 (60.36%) people were nurses, and 1 (0.36%) person was cleaner,

shown in Table 1. During the work period, all healthcare workers
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TABLE 1 General information.

Male (51) Female (224)

Age 32.04± 7.47 31.15± 6.50

Occupation

Doctor 36 72

Nurse 15 151

Cleaner 0 1

Eye disease 8 52

Therapeutic method

Observation 8 39

Normal saline flushing 0 1

Drug treatment 0 12

were not infected with COVID-19, and 60 (21.82%) had ocular

symptoms, including 37 dry eyes, 30 stinging pain, 27 photophobia

and tearing, 17 blurred vision, 13 conjunctival congestion, and 11

eyelid redness and swelling, with dry eyes and stinging pain as the

main symptoms. Only 21 (35.0%) had single-eye symptoms among

these people with eye damage, as shown in Figure 1. After the

occurrence of eye damage, 47 (78.33%) people were significantly

relieved after observation and rest, 1 (1.67%) person was rinsed with

normal saline, and the remaining 12 (20.00%) people were treated

with drugs (such as levofloxacin). Their eye discomfort symptoms

were significantly relieved within 3 days.

3.2. Reduce light transmission

After continuous disinfection of the goggles by immersion,

the light transmission of the clear water and disinfectant groups

decreased to different degrees. After immersion for 216 h, the lenses

of the clear water group were still translucent, but the lenses of the

disinfectant group became yellow and darker, as shown in Figure 2.

3.3. The color and texture changed

With prolonged disinfection time, the color of both sides of the

goggles gradually changed. After 72 h of disinfection, the color of the

goggles gradually changed to light yellow, and the texture gradually

became hard and brittle. After immersion for 268 h, the black elastic

bands of the disinfectant gradually changed to light yellow with time

(Figure 3). In addition, compared with the water, the goggles in the

disinfectant are more rigid and brittle.

3.4. The airtightness reduced

The air tightness of goggles in the clear water group was greater

than that in the disinfectant group, suggesting that liquid immersion

may have some adverse effects on the goggles. According to our

observation, the goggle airtightness started to change after immersion

for 168 h. After immersion for 268 h, the goggles are partially

deformed and do not fit the face completely (Figure 4). Second, the

FIGURE 1

Summary of the proportion of eye symptoms, including dry eyes,

stinging pain, photophobia and tearing, conjunctival congestion,

eyelid redness, and swelling, with dry eyes (61.67%) and stinging pain

(50.0%) being the main symptoms.

cotton wool moved when the goggle edge squeezed the simple airbag

(Supplementary material 3). Finally, the elastic bands appeared slack.

In conclusion, when the goggles were immersed with disinfectant for

a long time, the airtightness was significantly reduced, thus losing the

protective effect on the eyes.

3.5. Disinfectant residue in goggles

Changes in the color of the concentration test paper were

found in the goggle frame seam and goggles’ elastic bands’ bundle

(Figure 5), suggesting that a small amount of disinfectant remained

in these positions.

4. Discussion

Studies have shown that ocular symptoms, including dry eye,

are relatively common in COVID-19 patients and can occur before

respiratory symptoms, but the extent of ocular involvement is largely

ignored by clinicians (9, 10). Eye tissue and eye fluid may be the

potential source and route of COVID-19 infection. Some anatomical

and physiological characteristics of the eye surface may promote its

role as a gateway to respiratory tract infection and a potential site for

virus replication (11). Eye protection with goggles is problematic due

to “fogging”. It is recommended to use filter type eye mask (12) or

non fogging goggles (13) for eye protuction, disinfect strictly when

resuse, to prevent eye transmission.

Trichloroisocyanuric acid is an oxidizing and chlorinating agent

with a strong disinfection effect. It has highly effective chlorine

content, stable storage and transportation, convenient molding and

use, high sterilization and bleaching power, long adequate chlorine

release time, safety, and nontoxicity. Therefore, its development

and research have received attention from various countries.

Recently, Jiang et al. made a novel nan-efficient disinfectant by

loading trichloroisocyanuric acid into graphene oxide with the
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FIGURE 2

The light transmittance change of goggles immersed in disinfection at di�erent times. Goggles with black bands are the disinfectant group, and goggles

without bands are the clear water group.

FIGURE 3

After immersion in chlorine-containing disinfectants, the goggles’ frame gradually changed to light yellow with time. Goggles with black bands are the

disinfectant group, and goggles without bands are the clear water group.

blending method (14). As front-line personnel at COVID-19, goggles

disinfected with chlorine-containing disinfectants are often used

due to necessary PPE scare. Nevertheless, the goggle replacement

standards are not uniform. It depends mainly on the subjective

experience of front-line personnel. Therefore, we investigated the

effect of trichloroisocyanuric acid on goggles by these indicators.

The goggles’ light transmission is a vital reference factor for the

wearer on whether to replace the goggles.We found that disinfectants

have a more significant effect on the light transmission of goggles

than water, with the lenses becoming yellow and darker. At the

same time, the continuous disinfectant immersion caused the goggle

frames to change color and the goggle frames to become more rigid

and brittle in texture, which affected the work efficiency. In terms

of airtightness, the results suggest that liquid immersion causes the

goggles to be less airtight, but disinfectant immersion significantly

reduces the airtightness of the goggles. The change in the shape of

the goggles led to goggles not fitting the face entirely, increasing the

risk of eye infection with SARS-CoV-2. In addition, with prolonged

disinfection time, the elasticity of goggles’ elastic bands gradually

decreased, indirectly leading to goggle airtightness decrease. While
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the elastic bands are too tight, they not only enhance the protection

effect but also damage the skin, produce fog, and lead to local skin

indentation. In conclusion, the disinfected goggles became yellowish

and darker, the airtightness decreased, and some locations had

disinfectant residues.

Our study showed that approximately one-fifth of the personnel

showed symptoms of eye damage, which manifested as dry eyes,

stinging pain, photophobia and tearing, and conjunctival congestion.

Therefore, wash the goggles with disinfectant after disinfecting

them thoroughly to remove harmful residues. However, these

disinfectants remained in the goggle frame and lens joints and

the goggles and elastic bundles despite water immersion, running

water flushing, and 75% medical alcohol wiping after disinfection.

When manual cleaning is used, adequate and extended rinsing time

under running water is required. Still, even prolonged rinsing time

also be challenging for goggle-specific locations such as the lens

seam of the frame. In addition, the goggles are manufactured from

polycarbonate polymer material, while trichloroisocyanuric acid is

a potent oxidizing and chlorinating agent. Repeated immersion

disinfection of goggles may be subject to corrosion and oxidation,

resulting in changes within the material. When wearing eyes in

a closed space, goggles’ internal residual disinfectant in specific

humidity and temperature conditions are volatile, thus bringing harm

to the eyes.

In response, we propose several possible improvements as

follows. First, we suggest improving the disinfection process. The

standard programmed operation can reduce the labor intensity

of cleaning personnel, shorten the time of staff exposure to

contaminated instruments, and reduce occupational hazards.

Recently, Wang et al. concluded that machinery sterilization set

FIGURE 4

The goggles’ shape changes with the time of disinfection by

disinfectant immersion.

at 70◦C for 30min has better cleaning and sterilizing effects for

reusable medical goggles (7). However, whether this disinfection

method is effective and widespread remains to be further confirmed.

In other words, in times of scarce resources, institutions may

turn to alternative methods of preserving and reusing goggles. In

addition, UV radiation, a well-known technique for inactivating

microorganisms and viruses, offers several advantages over thermal

sterilization or chemical disinfectants. The whole process can be

performed automatically for disinfecting liquids, surfaces, air and

rooms, and it is energy efficient. Previous studies have shown that

UV radiation is effective against coronaviruses, and the inactivation

of SARS-CoV-2 by UV irradiation may be a reliable method (15, 16).

Please note that the goggles must be replaced on time after effective

disinfection and repeated multiple uses.

Second, the goggles’ shapes can be improved by using additive

manufacturing technologies to reduce the slit and the possibility

of disinfectant residue. In the media, on different video-sharing

platforms and social media sites, many publications, articles, and

videos have shared how to produce masks, face shields, or goggles

intended for civilian or professional healthcare-related use to

improve the supply chain system (17). However, critical evaluation

is essential to provide detailed insight into these products and

minimize potential risks and hazards to avoid the preventable

loss of healthcare workers or patients due to the improper

design or use of these devices (18). Celik et al. designed a

medical face shield that is competitively lighter, relatively more

ergonomic, and easy to use (19). Additive manufacturing technology

can assemble them without extra seams (such as elastic bands,

softening materials, and clips). Meanwhile, 3D-printed PPE is

reported to be reusable, which offers a possible way to develop

goggles (20). Finally, to protect the personnel’s eye health, we

recommend using disposable goggles as much as possible when

conditions permit.

5. Conclusions

Wearing goggles disinfected with chlorinated

disinfectants reduces goggle protection effectiveness and

increases eye damage risk, which can be improved by

improving disinfection methods, changing the shape of

the goggles, or simply using disposable goggles. The

study had limitations, such as a small sample size and a

single-center study.

FIGURE 5

The disinfection solution mainly resides in the goggle frame lens seam and goggles’ elastic bands’ bundle.
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The transparency of the water in the container after wearing the goggles.
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Observe the color of the test paper through the indicator card of the
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disinfectant in the goggles and the residual position.
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The cotton wool moved when the goggle edge squeezed the simple airbag.

References

1. Talic S, Shah S, Wild H, Gasevic D, Maharaj A, Ademi Z, et al. Effectiveness
of public health measures in reducing the incidence of covid-19, SARS-CoV-2
transmission, and covid-19 mortality: systematic review and meta-analysis. BMJ. (2021)
375:e068302. doi: 10.1136/bmj-2021-068302

2. Lu CW, Liu XF, Jia ZF. 2019-nCoV transmission through the ocular surface must not
be ignored. Lancet. (2020) 395:e39. doi: 10.1016/S0140-6736(20)30313-5

3. Dockery DM, Rowe SG, Murphy MA, Krzystolik MG. The ocular manifestations
and transmission of COVID-19: recommendations for prevention. J Emerg Med. (2020)
59:137–40. doi: 10.1016/j.jemermed.2020.04.060

4. Tian Z, Stedman M, Whyte M, Anderson SG, Thomson G, Heald A. Personal
protective equipment (PPE) and infection among healthcare workers - What is the
evidence? Int J Clin Pract. (2020) 74:e13617. doi: 10.1111/ijcp.13617

5. Seto WH, Tsang D, Yung RW, Ching TY, Ng TK, Ho M, et al. Effectiveness of
precautions against droplets and contact in prevention of nosocomial transmission of
severe acute respiratory syndrome (SARS). Lancet (London, England). (2003) 361:1519–
20. doi: 10.1016/S0140-6736(03)13168-6

6. General Office of the National Health Commission. Notice on Strengthening the
Management of Medical Protective Equipment During the Epidemic. (2020). Available
online at: http://zbdxyy.nuc.edu.cn/info/1083/4097.htm (accessed February 3, 2020).

7. Wang Q, Mo J, Huang F, Pu Y, Lyu B. Comparison of three medical goggle sterilizing
approaches. Zhejiang Da Xue Xue Bao Yi Xue Ban. (2020) 49:609–13.

8. General Office of the National Health Commission of the People’s Repubulic of
China. Technical Guidelines for Infection Prevention and Control of Novel Coronavirus
in Medical Institutions (First Edition). (2020). Available online at: http://www.gov.cn/
zhengce/zhengceku/2020-01/23/content_5471857.htm. (accessed on February 10, 2020).

9. Hong N, Yu W, Xia J, Shen Y, Yap M, Han W. Evaluation of ocular symptoms and
tropism of SARS-CoV-2 in patients confirmed with COVID-19. Acta Ophthalmologica.
(2020) 98:e649–655. doi: 10.1111/aos.14445

10. Chen L, Deng C, Chen X, Zhang X, Chen B, Yu H, et al. Ocular manifestations
and clinical characteristics of 535 cases of COVID-19 in Wuhan, China: a cross-sectional
study. Acta ophthalmologica. (2020) 98:e951–9. doi: 10.1111/aos.14472

11. Belser JA, Rota PA, Tumpey TM. Ocular tropism of respiratory viruses. Microbiol
Mol Biol Rev. (2013) 77:144–56. doi: 10.1128/MMBR.00058-12

12. Oldfield E, Malwal SR. COVID-19 and other pandemics: how might they be
prevented? ACS infectious diseases. (2020) 6:1563–6. doi: 10.1021/acsinfecdis.0c00291

13. Saran S, Gurjar M, Baronia AK, Lohiya A, Azim A, Poddar B, et al. Personal
protective equipment during COVID-19 pandemic: a narrative review on technical
aspects. Expert RevMedDevices. (2020) 17:1265–76. doi: 10.1080/17434440.2020.1852079

14. Jiang L, Xu S, Yu H, Cui Q, Cao R. Preparation and disinfection properties
of graphene oxide/trichloroisocyanuric acid disinfectant. Nanotechnology. (2021)
33:115704. doi: 10.1088/1361-6528/ac3b82

15. Heßling M, Hönes K, Vatter P, Lingenfelder C. Ultraviolet irradiation doses for
coronavirus inactivation - review and analysis of coronavirus photoinactivation studies.
GMS Hyg Infect Control. (2020) 15:Doc08. doi: 10.3205/dgkh000343

16. Heilingloh CS, Aufderhorst UW, Schipper L, Dittmer U, Witzke O, Yang D,
et al. Susceptibility of SARS-CoV-2 to UV irradiation. Am J Infect Control. (2020)
48:1273–5. doi: 10.1016/j.ajic.2020.07.031

17. Vordos N, Gkika DA, Maliaris G, Tilkeridis KE, Antoniou A, Bandekas DV, et al.
How 3D printing and social media tackles the PPE shortage during Covid - 19 pandemic.
Saf Sci. (2020) 130:104870. doi: 10.1016/j.ssci.2020.104870

18. Tarfaoui M, Nachtane M, Goda I, Qureshi Y, Benyahia H. 3D Printing to support
the shortage in personal protective equipment caused by COVID-19 pandemic.Materials
(Basel). (2020) 13:3339. doi: 10.3390/ma13153339

19. Celik HK, Kose O, Ulmeanu M-E, Rennie AEW, Abram TN, Akinci I.
Design and additive manufacturing of medical face shield for healthcare workers
battling coronavirus (COVID-19). Int J Bioprint. (2020) 6:286. doi: 10.18063/ijb.v
6i4.286

20. Rendeki S, Nagy B, Bene M, Pentek A, Toth L, Szanto Z,
et al. An overview on personal protective equipment (ppe) fabricated
with additive manufacturing technologies in the era of COVID-19
pandemic. Polymers (Basel). (2020) 12:2703. doi: 10.3390/polym121
12703

Frontiers in PublicHealth 06 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1016938
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1016938/full#supplementary-material
https://doi.org/10.1136/bmj-2021-068302
https://doi.org/10.1016/S0140-6736(20)30313-5
https://doi.org/10.1016/j.jemermed.2020.04.060
https://doi.org/10.1111/ijcp.13617
https://doi.org/10.1016/S0140-6736(03)13168-6
http://zbdxyy.nuc.edu.cn/info/1083/4097.htm
http://www.gov.cn/zhengce/zhengceku/2020-01/23/content_5471857.htm
http://www.gov.cn/zhengce/zhengceku/2020-01/23/content_5471857.htm
https://doi.org/10.1111/aos.14445
https://doi.org/10.1111/aos.14472
https://doi.org/10.1128/MMBR.00058-12
https://doi.org/10.1021/acsinfecdis.0c00291
https://doi.org/10.1080/17434440.2020.1852079
https://doi.org/10.1088/1361-6528/ac3b82
https://doi.org/10.3205/dgkh000343
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1016/j.ssci.2020.104870
https://doi.org/10.3390/ma13153339
https://doi.org/10.18063/ijb.v6i4.286
https://doi.org/10.3390/polym12112703
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Coronavirus disease 2019: Repeated immersion of chlorine-containing disinfectants has adverse effects on goggles
	1. Introduction
	2. Methods
	2.1. Inclusion and exclusion criteria
	2.2. Disinfection process of goggles
	2.3. Light transmission
	2.4. The color and texture
	2.5. The airtightness
	2.6. Detect residual disinfectant
	2.7. Statistical analysis

	3. Results
	3.1. General information
	3.2. Reduce light transmission
	3.3. The color and texture changed
	3.4. The airtightness reduced
	3.5. Disinfectant residue in goggles

	4. Discussion
	5. Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


