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Abstract

:

Sterile medical masks are essential in preventing infectious diseases. However, the ethylene oxide contained within these masks is a class I carcinogen. The standard method for measuring ethylene oxide is gas chromatography-mass spectrometry, which is not fit with the dynamic process of human inhalation. Thus, the amount of ethylene oxide volatilized from masks and inhaled by users is unknown. In this work, ethylene oxide was detected by using proton-transfer-reaction mass spectrometry, which can measure volatile quantities in milliseconds. We found that ethylene oxide was volatilized from masks during use. Within the first minute, the ethylene oxide concentration decreased by 84.65%, and then the rate of reduction gradually slowed. After 5 min, all ethylene oxide was effectively volatilized, and the average mass of ethylene oxide inhaled was 299.02 μg. We investigated three methods to reduce the concentration of ethylene oxide in masks before use: natural airing, shaking the mask, and blowing the mask with a hair dryer. The hair dryer method produced the best results: the ethylene oxide concentration decreased by 88.3% after only 10 s. The natural airing method was the least effective: the ethylene oxide concentration decreased by 60.7% even after 3 h.
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1. Introduction


The outbreak of coronavirus disease 2019 (COVID-19) in December 2019 had a significant impact on the global economy, culture, and society [1]. According to the World Health Organization, more than 500 million individuals worldwide have been infected with COVID-19, more than 6 million have died from COVID-19, and the number of new infections continues to grow at over 2 million per day. Many measures have been taken by countries around the world in an effort to control the number of infected individuals. This includes the wearing of masks as a low-cost preventive measure, which has proven effective in reducing the transmission rate of COVID-19 [2].



Ethylene oxide, one of the volatile organic compounds (VOCs) left in masks, has received particular attention as a carcinogen. Ethylene oxide acts as an active epoxy compound that inhibits the activity of microorganisms, blocks the reproduction and metabolism of microorganisms, and prevents their survival, resulting in the death of spores and bacteria. Because of these properties, it is widely used as a bactericide for disinfecting and sterilizing medical devices [3]. Since the 1990s, almost all medical devices in the United States have been sterilized with ethylene oxide steam [4]. However, ethylene oxide is a genotoxic compound. Inhaling a large amount of ethylene oxide over a short period can result in nausea, vomiting, dyspnea, coma, and other symptoms. If inhaled repeatedly, ethylene oxide damages motor nerves and the brain, which results in memory loss [5]. There is a substantial body of evidence supporting the theory that inhaled ethylene oxide contributes to the incidence of cancers in humans, specifically lymphatic hematopoietic cancers and female breast cancers [6,7]. Ethylene oxide has been identified by the International Agency for Research on Cancer as carcinogenic and mutagenic to humans, and has been classified as a class I carcinogen [8,9].



Currently, solid phase microextraction [10], gas chromatography [11], and gas chromatography–mass spectrometry (GC-MS) [12] are the most common methods for determining residual ethylene oxide levels in masks. And the GB 19083-2010 standard describes an analysis method for ethylene oxide via GC-FID with a packed column, which has a specific limit of 10 μg/g for face mask use [13], but the residual ethylene oxide in the mask is not completely volatilized and inhaled. Consequently, the detection result does not represent the amount inhaled by the mask wearer. Gas chromatography (GC) is complex and time-consuming, and dynamic determination of the concentration of ethylene oxide inhaled by the mask wearer is not possible. Therefore, it is necessary to develop a simple and rapid detection method for monitoring the residual amount of ethylene oxide in masks in a dynamic manner.



In recent years, proton-transfer-reaction mass spectrometry (PTR-MS) has gained popularity as a method for detecting trace VOCs. This method can detect concentrations of trace gases in milliseconds [14,15]. The analysis uses soft ionization, with initial reaction ions produced by an ion source then used to convert VOCs into single ions. The generated ions are then sent to a mass spectrometer at the end of the flow tube to determine their mass spectra and concentrations [16,17]. PTR-MS has a high resolution, low detection limit, and fast response time. Consequently, it is capable of monitoring VOCs in real time. PTR-MS is commonly applied to dynamic monitoring of VOCs released during human respiration. As an example, continuous monitoring of VOCs in the nasal cavity has been used to assess the effects of physiological parameters, ethnicity, and gender on chewing gum flavor perception and flavor release [18]. In another study, online monitoring of VOCs exhaled by subjects during sleep showed that changes in VOCs are related to the stage of sleep. The role of intestinal flora in the human body can also be investigated by using the changes in VOC concentrations in exhaled air [19]. PTR-MS is also widely used in the fields of indoor air quality dynamic monitoring [20], atmospheric air quality measurement [21,22], plant volatile matter detection [23,24], food volatile component change [25,26], medical disease discrimination [27,28], investigation of soil volatiles [29,30], etc.



In this study, we performed quantitative online measurements of residual ethylene oxide in masks by using PTR-MS. The first step in the study was to detect the amount of ethylene oxide in four brands of sterilized disposable medical masks, calculate the amount of ethylene oxide inhaled by the mask wearer during use, and evaluate the health risks associated with ethylene oxide inhalation from wearing masks. Secondly, with consideration of practicality for daily life, three methods for reducing the concentration of ethylene oxide in masks were examined. These methods were natural airing, shaking the mask, and blowing air on the mask by using a hair dryer. The results of this study will help mask manufacturers and regulators better understand the effects of residual ethylene oxide in masks on human health.




2. Materials and Methods


2.1. Materials


The experimental group included five brands of disposable medical masks, four of which were sterilized with ethylene oxide. The ethylene oxide-sterilized masks from the different brands are referred to as groups A, B, C, and D. The masks in group D are designed specifically for children. The masks that were not sterilized with ethylene oxide are referred to as group E. The masks were individually packaged. Table 1 provides details for the sources of the masks. The masks were purchased from e-commerce platforms.



This study examined healthy volunteers to assess changes in oxirane concentrations and oxirane during the wearing process. These volunteers in the age range of 8–32 years had no major organ diseases, no cognitive or communication impairments, and no respiratory problems. The demographic data of healthy subjects are shown in Table 2. The 6 subjects consisted of 4 men and 2 women, with a mean age of 18.8 years (minimum age 8 years, maximum age 32 years), and all subjects had no history of smoking. All subjects began wearing the device at 3 p.m. on the same day. No ethylene oxide has been detected in exhaled gases from healthy subjects in the literature, so VOC in human exhaled gases had no effect on this study.



To evaluate changes in the ethylene oxide concentration and the amount of ethylene oxide inhaled during wearing, the mask samples were treated as follows. First, before using the mask, we took three samples from each group, totaling fifteen masks, to detect the residual ethylene oxide concentration. Next, three volunteers (male, twenty-eight years old; male, thirty-two years old; female, twenty-five years old) were randomly selected to take one mask sample from group A each. After wearing for one minute, the three samples were stored in separate reclosable bags (14 cm × 20 cm), and the bags were flattened before sealing to exhaust the air in the bags. Three volunteers then each wore a group A mask for two minutes and then removed it and kept it in a reclosable bag (14 cm × 20 cm). Next, three volunteers each wore one more group A mask for 3, 4 and 5 min, then removed it and kept it in a reclosable bag (14 cm × 20 cm). These fifteen masks after wearing were used as the experimental sample of group A. According to this method, the masks in groups B, C, D and E were treated identically, in which three child volunteers (male, eight years old; female, ten years old; and male, ten years old) were selected to wear the masks in group D. Because group D was a special mask for children. All volunteers were informed of the above experimental protocol and experimental content.



To determine whether different treatment methods before wearing affected the concentration of ethylene oxide in the mask, the masks were treated as follows. For the natural airing method, three samples from each of the groups A–D were unpacked and left at room temperature (25 °C) for 1, 2, or 3 h. The masks were then placed in separate reclosable bags (14 cm × 20 cm), and the bags were flattened before sealing to exhaust the air in the bags. These samples were used to study the change in the ethylene oxide concentration in the masks over time with natural airing. For the shaking method, three volunteers were randomly selected to shake their masks. In a room-temperature environment (25 °C), three adult volunteers (male, twenty-eight years old; male, thirty-two years old; female, twenty-five years old) each took one mask from group A and saved it after shaking it 10 times at a frequency of once per second, followed by another mask from group A which was saved after it was shaken 20 times, and finally, another mask from group A which was saved after it was shaken 30 times. These masks served as experimental samples for group A masks. The same treatment was applied to the masks in groups B, C, D, and E. For group D, three children (male, eight years old; female, ten years old; male, ten years old) participated in the treatment process. After shaking, the above masks were placed in self-sealing bags and flattened before sealing. For the hair drying method, three samples from each group of masks were taken and blown with a hair dryer at a speed of 5 m/s for 10 s under the cold air condition. We then took three samples of each group of masks and blew them for 20 s under the same conditions, followed by three samples for each group of masks, blowing them for 30 s under the same conditions. As soon as the masks had been blown, they were placed in separate reclosable bags (14 cm × 20 cm), which were flattened to remove any residual air in the bags before they were sealed. In this study, we sealed each collected mask sample in a reclosable bag and left it for 30 min before sending it to PTR-MS for testing.




2.2. Methods


We used a mass spectrometer (YWHJ-MP-510, Hefei Institutes of Physical Science, Chinese Academy of Science, Hefei, China) with PTR-MS technology to detect VOCs in this experiment (Figure 1). The mass spectrometer was equipped with a quadrupole mass spectrometer, and the ion source was hydrated hydrogen ions (H3O+). In PTR-MS, water vapor was discharged through a hollow cathode to produce reactant ions H3O+, which were then injected into the drift tube. Following pumping into the drift tube, the VOCs in the masks underwent a reaction with H3O+. The substance molecule X in the gas can undergo a proton-transfer reaction with H3O+ when its proton affinity exceeds that of H2O (Equation (1)). The XH+ generated by the reaction was introduced into the vacuum chamber and detected by using a quadrupole mass spectrometer, which can determine the composition of substances with a concentration below the detection limit of ppbv. Based on the established kinetic equation of ionic molecular reactions, the absolute concentration of X was determined.


  X +  H 3   O −  → X  H −  +  H 2  O  



(1)







During the experiment, the data acquisition mode was set to the multi-ion mode, the range of characteristic ion mass charge ratio for the detection of the mask was set to 21~140, the scanning time was set to 500 ms, and the air intake flow rate was 6 mL/min. When the sample inlet of the mass spectrometer was inserted into the reclosable bag containing the mask sample prepared previously, we continuously extracted the gas from the bag for five minutes and measured the full spectrum of the gas extracted from the bag.




2.3. Volume of Ethylene Oxide Inhaled


We calculated the mass of ethylene oxide (EM) inhaled by the wearer for different brands of masks as follows:


  E M =   S × V  P   



(2)




where EM (g) represents the amount of ethylene oxide exhaled by the human body during wearing of a mask, S (ppbv/min) represents the decrease in concentration of ethylene oxide in time t (min), V (L) represents the amount of gas exhaled by the human body when breathing calmly for time t (min), and P represents the ratio of the decrease in concentration of ethylene oxide in the mask during time t (min) to its initial concentration.



The average healthy adult breathes twelve times in one minute at rest, inhaling and exhaling approximately 500 mL of gas each time [31]. Therefore, the volume of gas inhaled in one minute is approximately 6 L. In this experiment, we used a time resolution of one minute for detecting the change in ethylene oxide concentration in the mask when wearing. Therefore, Equation (2) can be rewritten as


  E M =    S t  × 6 t    P t     



(3)




where St (ppbv/min) is the change in ethylene oxide concentration in the mask at time t (min), 6t (L) is the volume of gas inhaled at time t (min), and Pt is the ratio of the change in ethylene oxide concentration in the mask at time t (min) to the initial value. The equation calculates the maximum amount of ethylene oxide that can be inhaled without considering the diffusion of ethylene oxide from the mask, or the reduction in ethylene oxide concentration during exhalation when wearing.





3. Results and Discussion


3.1. Identification of Ethylene Oxide


The VOCs in the five kinds of masks were measured by PTR-MS. The results showed that, excluding group E, the mass spectra of gases in the group A-D masks were almost the same. This indicates that the gas components in the sterilization mask are basically the same. In the full spectrum of the mask, impurity ions mainly include NO+, O2+, and H3O+(H2O), and their mass charge ratios (m/z) are 30, 32, and 37, respectively. According to previous studies, the mass charge ratio (m/z) at 73, 81, 99, and 117 comes from hydrocarbons in gas. The ion signal strength at the mass charge ratio (m/z) of 45 comes from C2H5O+ generated by ethylene oxide and H3O+ [32].



In addition, in the results of a non-targeted analysis of unknown volatile chemicals in medical masks, ethanol was found to have the highest detection rate of 70% of the volatiles except for alkanes and was also found to be present in higher concentrations in masks [33]. In a guide to compounds for proton-transfer-reaction mass spectrometry (PTR-MS), it is mentioned that acetaldehyde, ethylene oxide, and propane may be present at m/z 45 [34]; however, acetaldehyde and propane were not detected in the above-mentioned tests for mask volatiles, so the signal strength at m/z 45 is made up of ethanol and ethylene oxide signals. Three substances (formic acid, ethanol, dimethyl ether methyl hydrazine) that might be present at m/z 47 were not detected in mask volatiles except ethanol. We sampled the headspace gas produced by 10 mL absolute ethanol and mixed it with 40 mL air, then sent it to the PTR-MS instrument for detection. The result showed that the signal intensity ratio of m/z 45 to m/z 47 was 0.13. Therefore, in order to eliminate the oxirane interference caused by the ethanol signal at m/z 45, we used the signal difference between m/z 45 and 13% m/z 47 as the concentration of ethylene oxide.




3.2. Changes in the Ethylene Oxide Concentration in the Mask during Use


The initial concentration of ethylene oxide in the four brands of sterilized masks varied greatly, with the group B masks having the highest ethylene oxide concentration at 104 ppbv (Table 3). The group D masks (for children) had the lowest ethylene oxide concentration at 30.5 ppbv. The group E non-sterilized masks showed a signal at m/z 45 for a compound with a concentration of 5.28 ppbv. And in a study to identify unknown volatiles in masks using headspace GC-Orbitrap-MS, it was found that the content of ethylene oxide in masks ranged from 250 to 5200 ppbv [33]. This indicates that only a small portion of the residual ethylene oxide content in the mask evaporates into the air and is inhaled by humans. The PTR-MS results reflect the actual volatilization of ethylene oxide in the mask, which is more representative of ethylene oxide inhalation status during mask use.



After wearing the four different types of sterilized masks, the residual concentration of ethylene oxide greatly decreased (Figure 2). After one minute, all tested masks had ethylene oxide concentrations of 20% of the initial concentration or lower. The residual concentration of ethylene oxide decreased the fastest in the group A masks. Within one minute, the residual concentration of ethylene oxide in the group A masks had decreased to 3.34 ppbv, which was only 9.0% of the initial concentration. After 5 min, the residual concentration of ethylene oxide in the group A masks had decreased to 2.51 ppbv, which was 6.8% of the initial concentration. The group B masks had the highest residual concentration of ethylene oxide after one minute (20.3 ppbv or 21.4% of the initial concentration). After 5 min, the residual concentration in these masks was 8.41 ppbv, which was 8.9% of the initial concentration. Except for the group B masks, all masks had residual concentrations of ethylene oxide lower than 4 ppbv after 5 min of use. After 6 min of wearing, the concentration of ethylene oxide in all masks had decreased below the detection limit of the instrument and could not be detected. The ethanol concentration in the group E masks reduced to approximately 0.1 ppbv after one minute of wearing, which was comparable to the level in ambient air. Therefore, the ethanol remaining in the masks was volatilized completely.



According to the above results, the majority of the ethylene oxide in the mask is inhaled by the human body within the first minute of wearing. In order to better understand the impact of ethylene oxide on human health, it is important to examine the quality of ethylene oxide inhaled when wearing the mask.




3.3. Mass of Ethylene Oxide Inhaled by Humans


The concentration of ethylene oxide decreased the most in the first minute of use, with decreases to 9%, 21.4%, 18.6%, and 12.4% of the initial concentration for the group A, B, C, and D masks, respectively (Figure 2). Consequently, most inhalation of ethylene oxide by the wearer occurred within the first minute. We used this information to estimate the amount of ethylene oxide inhaled.



Assuming that ethylene oxide levels in the mask decreased evenly over one minute, the ethylene oxide reduction rates in the group A, B, C, and D masks were 33.86 ppbv/min, 74.5 ppbv/min, 23.61 ppbv/min, and 34.08 ppbv/min, respectively (Table 4). Therefore, according to Equation (2), the mass of ethylene oxide inhaled by a person wearing a group A, B, C, or D mask was 0.40, 1.02, 0.27, or 0.40 μg, respectively. The cumulative use of a disposable medical mask should not exceed 8 h, while the cumulative use by occupationally exposed personnel should not exceed 4 h [35]. Therefore, non-occupationally exposed personnel will wear one mask per working day and occupationally exposed personnel will wear two masks per working day. This gives average masses of inhaled ethylene oxide during a working day of 0.52 μg for non-occupationally exposed personnel and 1.05 μg for occupationally exposed personnel.



In the medical field, masks are disposable devices. According to China’s occupational exposure limit for hazardous factors at work (GBZ2.1-2019), the average concentration of ethylene oxide in an 8 h working day (weighted by time) may not exceed 2 mg/m3 (approximately 1.1 ppmv). The American Conference of Governmental Industrial Hygienists (ACGIH) and the Occupational Safety and Health Administration (OSHA) stipulate that the maximum exposure concentration of ethylene oxide for employees is 1 ppmv over an 8 h period. The National Institute for Occupational Safety and Health (NIOSH) stipulates that the safe concentration of ethylene oxide for human exposure should be less than 0.1 ppmv.



To calculate the amount of inhalation in humans when exposed to an environment containing ethylene oxide, we introduce the following equation:


  E  M s  = C × 6 t  



(4)




where EMs (g) represents the safe amount of ethylene oxide inhalation, C (ppbv) is the upper limit of the safe concentration of ethylene oxide in the environment, 6t (L) is the amount of gas breathed by the body in t (min) (here, the same criteria as in Equation (3) are used, which is 6 L as the amount of gas breathed by the human body in 1 min).



Combined with Equation (4), combined with the actual situation after wearing for 6 min, the residual amount of ethylene oxide in the mask is basically zero. It can be established through calculation that the safe value of ethylene oxide inhalation within 6 min of wearing the mask should not exceed 72 μg (GBZ2.1-2019), 64.79 μg (ACGIH, Washington, DC, USA, OSHA, Washington, DC, USA), and 6.48 μg (NIOSH, Washington, DC, USA) (Table 5).



During this experiment, the maximum concentration of ethylene oxide detected in the mask samples was 104.27 ppbv, which was far below the maximum concentrations permitted by safety standards. In addition, the average masses of ethylene oxide inhaled by non-occupationally exposed personnel (0.52 μg) and occupationally exposed personnel (1.05 μg) in a working day are well below the safety standards. Therefore, all masks tested in this experiment contain residual levels of ethylene oxide that are within safe levels.




3.4. Methods for Reducing the Ethylene Oxide Concentration in Masks


3.4.1. Natural Airing


The change in the ethylene oxide concentration in the four brands of sterilized masks with natural airing was measured, and the ratio between the residual ethylene oxide concentration and the initial residual ethylene oxide concentration was calculated (Figure 3). The residual concentration of ethylene oxide varied with the brand of mask. For masks with a high initial concentration of ethylene oxide, the concentration decreased greatly within the first hour because of natural volatilization. For example, the residual concentration of ethylene oxide in group B masks decreased by 48.5 ppbv within the first hour, which was a decrease of 50.8%. As the time increased, the residual ethylene oxide concentration gradually decreased. After 3 h of exposure to air, the residual concentration of ethylene oxide in the group B, C, and D masks was below 50% of the initial concentration. In the group A masks, the residual concentration of ethylene oxide after 3 h was 51.6%. In the group D masks, the residual ethylene oxide concentration was 8.23 ppbv (27% of the initial concentration). The concentration of ethanol in the non-sterile masks (group E) also changed over time. Within 3 h, the concentration of ethanol in the group E masks decreased from 5.28 ppbv to 2.28 ppbv, with a decrease of 56.8%. Compared with the decrease in ethylene oxide concentration in the sterilized masks, the concentration of ethanol decreased slowly because of its low initial concentration.




3.4.2. Shaking the Mask


The residual concentration of ethylene oxide in the four brands of sterilized masks decreased by nearly 80% after they were shaken 10 times (Figure 4). In the group B masks, the residual concentration of ethylene oxide was 21 ppbv, whereas in masks from the three other brands, the residual concentration was almost only 4 ppbv. Increasing the number of times shaken to 20 or 30 did not produce a large change in the ethylene oxide concentration. This indicated that the ethylene oxide concentration was reduced to the lowest possible level that could be attained by shaking 10 times. For the group E masks, shaking 10 times reduced the concentration of ethanol to a level comparable with ambient air, which indicated that all the ethanol in the mask had diffused into the air.




3.4.3. Blowing Air on the Mask


Compared with shaking, blowing air on the masks with a hair dryer for 10 s provided a greater reduction in the residual concentration of ethylene oxide (Figure 5). The residual concentrations of ethylene oxide in the masks after using a hair dryer for 10 s were similar to those obtained after increasing the hair drying time to 20 s and 30 s. These results indicate that 10 s is the optimum time for reducing the residual concentration of ethylene oxide in the masks with a hair dryer. For the group E masks, the signal at m/z 45 was not detected after using the hair dryer for 10 s, which indicated that all of the ethanol was removed from the masks.



Among the methods, blowing air on the masks with a hair dryer had the greatest effect on reducing ethylene oxide in the masks (Figure 6). With this method, it only took 10 s for the residual concentration of ethylene oxide in the masks to reach 11.7% of the initial concentration. Shaking the masks was slightly less effective. After shaking the masks 10 times, 13.8% of the initial concentration of ethylene oxide remained. Natural airing was the least effective method, and even after 3 h, 39.35% of the initial concentration of ethylene oxide remained in the masks. According to our results, blowing air on masks with a hair dryer before wearing can rapidly reduce the concentration of ethylene oxide. This will reduce the amount of ethylene oxide inhaled, which will help reduce the potential for development of any health effects caused by prolonged use of sterilized masks.






4. Conclusions


In this study, we have developed a method for rapid detection of ethylene oxide concentration in masks by using PTR-MS. The amount of ethylene oxide inhaled by humans during the wearing process was estimated and the health risk was assessed. The residual concentration of ethylene oxide in masks ranged from 30.5 ppbv to 104 ppbv. After wearing the mask for one minute, the residual ethylene oxide concentration decreased to 9–21.4% of the initial concentration. After wearing the mask for 5 min, little residual ethylene oxide was present in the mask. Most of the residual ethylene oxide in the mask was inhaled by the wearer within the first minute of wearing. The mass of ethylene oxide inhaled during mask wearing was estimated to be between 0.27 and 1.02 μg, with an average of 0.52 μg. Compared with safety standards for ethylene oxide residues, the concentrations of residual ethylene oxide in all masks tested in this study remained within the safe range. Moreover, we found that blowing air on the masks with a hair dryer in daily life can be more effective than natural airing or shaking the masks to help reduce ethylene oxide before people wear them.



Compared with the traditional method for detecting the residual ethylene oxide from masks, PTR-MS allows for the dynamic detection of ethylene oxide concentrations from masks, and the results are more realistically reflective of ethylene oxide inhalation during mask use. Our results reflect the concentrations encountered in actual exposure situations and will improve awareness of the need for control and management of ethylene oxide residues in the production of sterilized masks. And we should also be alert to the potential health problems caused by wearing masks.
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Figure 1. (a) Principle of dynamic detection of ethylene oxide concentration in masks using PTR-MS; (b) actual measurement process. 
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Figure 2. Change in residual concentration of ethylene oxide in masks of groups (A–D) with wearing time. 
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Figure 3. Changes in the ethylene oxide concentration of masks under natural airing of groups (A–D). 
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Figure 4. The residual ethylene oxide in the masks of groups (A–D) after shaking 30 times. 
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Figure 5. The residual ethylene oxide in the masks in groups (A–D) after blowing for 30 s. 
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Figure 6. The comparison of three methods for reducing the concentration of ethylene oxide from masks. 
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Table 1. Source of mask samples.






Table 1. Source of mask samples.





	Number
	Group
	Brand and Source of Masks





	1
	A
	AISHIYIJIA, Zhejiang, China



	2
	B
	YOUHEKANG, Guangzhou, China



	3
	C
	MILKON, Xiantao, China



	4
	D
	ZHENDE, Shaoxing, China



	5
	E
	YALANSHI, Wuhan, China










 





Table 2. Subjects’ demographic properties.






Table 2. Subjects’ demographic properties.





	No.
	Gender
	Age/Year
	Height/cm
	Weight/kg
	Smoking or Not





	1
	Female
	25
	165
	50
	No



	2
	Female
	10
	142
	31
	No



	3
	Male
	28
	176
	73
	No



	4
	Male
	32
	175
	76
	No



	5
	Male
	8
	132
	26
	No



	6
	Male
	10
	137
	33
	No










 





Table 3. Residual concentration of ethylene oxide in masks of 4 groups before use.
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	Group
	A
	B
	C
	D





	Concentration of ethylene oxide (ppbv)
	37.2
	104.8
	41.5
	30.5










 





Table 4. The decrease in ethylene oxide concentration and the amount of ethylene oxide inhaled by four types of sterilization masks in the first minute.
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