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ABStRACt
Introduction: Carbon-monoxide (CO) is a major component of motor-vehicles related air pol-
lution. Motor-vehicles emissions are a major source of air pollution in urban areas and give 
significant adverse effects on human life. Aim: This study aimed to assess the change of ex-
piratory carbon-monoxide levels after using four-type of masks in people around Universitas 
Sumatera Utara. Methods: This was an experimental study with a consecutive sampling tech-
nique involved 100 non-smoker subjects. They were divided into four groups based on masks 
given: fabric, surgical, carbon, and an N95 mask. Expiratory CO was measured by a smoker-
lyzer device. Data were analyzed using SPSS software with Wilcoxon and Kruskal Wallis Test.  
Results: There was a significant change of carbon-monoxide mean level after using the mask 
for 8 hours in a surgical mask, N95 mask, and carbon mask (p-value: 0.002; 0.000; 0.000).  
After analyzed using Kruskal Wallis Test, there was a significant difference in the change of 
mean of pre and post wearing mask (ΔCO) among four-type of masks with p-value < 0.001. 
Post Hoc Analysis showed the significant difference was in the comparison between N95 
mask vs Fabric Mask and Carbon Mask vs Fabric Mask (p-value: 0.002; 0.021).  Conclusion: 
All three type of masks such as surgical mask, N95 mask, and carbon mask was effective to 
reduce CO levels from air pollution with the most significant was N95 and carbon mask. Fabric 
mask has the poorest protection from CO levels. 
Keywords: Mask, Carbon monoxide, Expiratory carbon monoxide, Smokerlyzer.

1. INTRODUCTION
Air pollution was the contamination of modification of gases and solids 

from indoor or outdoor and harm humans, animals, and plants (1).  The most 
common outdoor pollutants that harmed to human and environmental were 
sulfur dioxide (SO2), carbon-monoxide (CO), nitrogen oxides (NOx), ozone 
(O3), volatile organic compounds (VOC), carbon dioxide (CO2), polycyclic 
aromatic hydrocarbon (PAH), and various kind of particulate matter (PM) 
(2, 3). 

Air pollution responsible for many serious impacts on human life. Air pol-
lution is responsible for about seven million premature deaths every year, 
caused by respiratory, cardiovascular, and cerebrovascular disease (2, 4). Mo-
tor-vehicles emissions are a major source of air pollution in urban areas and 
give significant adverse effects (5, 6).  Carbon monoxide is a major compo-
nent of motor-vehicles related air pollution (7, 8). In the US, motor-vehicles 
contributes to 75% CO emissions (9).  It is an odorless and colorless gas that 
sourced from incomplete combustion of carbonaceous fuel indoor or out-
door (10). After inhaled, CO diffuses through the alveolar-capillary mem-
brane then binds to hemoglobin. This carboxyhemoglobin (COHb) complex 
has a greater affinity than oxygen. The result is impaired tissue oxygen deliv-
ery in all over the body (7). It affects metabolic reaction and after the con-
centration is greater than 10%, the symptoms will appear. The most common 
symptoms are dizziness, dyspnea, confusion,  headache, nausea/vomiting, 
fatigue, chest pain, and loss of consciousness (11). 

Recently, many studies have reviewed the effectiveness of mask for reduc-
ing the impact of air pollution. Unfortunately, almost the majority of recent 
studies about air pollution discussed the solution to control microparticle of 
air pollution (12–17), even though the toxic gases also have bad impacts on 
health directly and indirectly (7). 
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2. AIM
This study aimed to assess the change of expiratory 

carbon-monoxide levels after using four-type of masks 
in people around Universitas Sumatera Utara. 

3. METHODS
Study design and population
This is a quasi-experimental study that held from 

August until October 2018 with a consecutive sam-
pling method. A total of 100 subjects that had the in-
clusion criteria and did not have the exclusion criteria 
participated in this study. The inclusion criteria were 
non-smoker and age 17-60 years old.  The exclusion cri-
teria were participants that had respiratory problems 
such as asthma, COPD, tuberculosis, etc. All these sub-
jects were exposed to carbon-monoxide from traffic and 
transportation around the environment of the Faculty of 
Medicine of Universitas Sumatera Utara, Medan, North 
Sumatera, Indonesia. All the subjects were divided into 
four groups based on the type of mask used in this study, 
consisting of N95 mask groups, carbon, surgical, and 
fabric masks. The type of mask used in this study includ-
ing; N95 masks was 3M 810 Particulate Respirator N95 
made in Korea, carbon mask was Nice purchase dispos-
able charcoal activated carbon mask made in the United 
States, a surgical mask was Arista surgical mask made in 
Indonesia, fabric mask was from commercial local brand 
in Indonesia.  Before and after wearing a mask for eight 
hours, the CO level in expiration was measured using 
smokerlyzer with BX615 specification for gas detector. 

Evaluation of the CO levels in expiration using smok-
erlyzer with BX615 specification for gas detector was 
conducted between 8 hours pre and post mask applica-
tion in this study.  

Statistical analysis
Statistical Product and Service Solution version 20.0 

were used in this study. Preliminary analysis to assess 
whether data were normally distributed was performed 
using the Kolmogorov-Smirnov Test (p-value<0.05). 
Therefore, the Wilcoxon test was finally used to deter-
mine the difference of CO levels between pre and post 
the application mask. Multivariate analysis (Kruskal 
Wallis test) was applied to assess the CO levels among 
the group. Post-Hoc Analysis revealed the superiority of 
masks among groups.

4. RESULTS
The majority of subjects were male in the productive 

age group (21-40 years old) and exposed to carbon-mon-
oxide from traffic and transportation more than eight 
hours each day intermittently. The mean carbon mon-
oxide level was 10.42 ppm.  More general characteristics 
of subjects can be seen in Table 1. 

Based on Table 2, there was a significant change of 
carbon-monoxide mean level after using the mask for 
eight hours in a surgical mask, N95 mask, and carbon 
mask (p-value: 0.002; 0.000; 0.000) (Table 2). After ana-
lyzed using Kruskal Wallis Test, there was a significant 
difference in the change of mean of pre and post wearing 
mask (ΔCO) among four-type of masks with p-value < 

0.001. The analyzed through Post Hoc Analysis, the sig-
nificant difference was seen in the comparison between 
N95 mask vs Fabric Mask and Carbon Mask vs Fabric 
Mask (p-value: 0.002; 0.021). Based on Table 3 and Fig-
ure 1, the fabric mask was not effective in reducing the 
carbon-monoxide level. Conversely, N95, carbon, and 
the surgical mask was effective.

5. DISCUSSION
There are several types of masks with a wide range in 

the level of effectiveness, convenience, appearance, and 
activity limitation (18), such as cotton fabric mask, surgi-
cal mask, respirator mask, N95 mask, and carbon mask. 
In the study, showed that three types of masks gave sig-
nificant reduction results in carbon-monoxide levels, in-
cluding surgical mask, carbon mask, and an N95 mask. 
Based on the Anova Test analysis, the study showed a 
significant difference among four-type of masks after 
used for 8 hours. The additional analysis further showed 
that the significant difference was seen in the N95 mask 
vs fabric mask and carbon mask vs fabric mask. 

Fabric mask is a simple cloth mask that covers the nose 
and mouth with an elastic strap tied in the backside of 
the head above the ear (12). It gives marginal protection 
ineffectively against micropollutants as if PM 2.5 (19).  
The study also proved that there was no significant dif-
ference in CO level before use of a fabric mask for eight 
hours. A comparison study demonstrated the efficiency 
of three types of fabric masks and one type of surgical 
mask; it concluded that a fabric mask with exhaust valve 
mask has better protection, about 80-90% for Polysty-
rene latex (PSL) particles (12). In contrast, two types 
of commercially fabric masks just gave 39-65% protec-
tion for PSL particles. In other tested, the efficiency of 
the fabric mask ranged from 15%-57% for 30, 100, and 
500nm (12). Another study in Beijing showed that many 
commercial face masks could not give adequate protec-
tion due to the poor facial cover (20). Similarly, another 
study also stated that a fabric mask was only effective in 
reducing particles sizing of more than 10 nm, it is inef-
fective in filtering the smaller particles and prevent ex-
posure to toxic gases (21). But the data of the efficiency 
of fabric mask to reduce carbon-monoxide level itself is 
not known yet. 

Meanwhile, the surgical mask was a simple, widely 
distributed, and has many benefits. It is made of wo-
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ven polyester and cellulose with elastic earloops has a 
cheaper property and only for single-used (14). In gen-
eral, a surgical mask is used to protect the patients from 
bioaerosol such as microorganisms from mouth and 
nasopharynx from the surgeon during surgery (22). A 
surgical mask is fluid-resistant and protects from large 
particles, water splashes and sprays, and hazardous flu-
ids for the user (23). It has a high filtration rate and sig-
nificantly higher than the N95 respirator mask, in line 
with its function on protecting others from aerosol from 
the wearers (17). 

A study assessed the efficacy of surgical masks to aero-
sol found that surgical masks had 29-45% efficiency to 
give protection from saline aerosol (24). But nowadays, 
a surgical mask was commonly used to give protection 
from pollutants (20). In this study, there was a significant 
reduction of CO levels after using a surgical mask for 
eight hours. Yet no data about the efficiency of a surgical 
mask for reducing CO levels. Nevertheless, the surgical 
mask was more effective in protecting from particulate 
compared with fabric mask for air pollution protection 
(12). The surgical mask had the face seal leakage to filter 
ratio which large enough to let the penetrated particles 
and gases enter through the face seal. This will reduce 
the efficacy of the surgical mask itself (14, 19). 

The N95 mask comprising of the outer and inner lay-
ers has a specific function. The first layer or outer layer 
is a hydrophobic non-woven polypropylene substance 
preventing oil and non-oil based particles. The deeper 
layer promotes the basic structure of the mask as wells 
as maintaining convenience as it directly contacts with 
the face (25). It is tight-fitting because of its function 
to protect the wearers from small particle aerosols and 
large droplets (23). This respirator has been evaluated 
and approved by the National Institute for Occupational 
Safety and Health (NIOSH) 42 part 84. It has the res-
pirator filter which can filter particles between 1 to 10 
micron with 95% efficiency in certification test (13, 26). 

In recent studies, it was described that the filter ef-
ficiency of the N95 mask was higher than the surgical 
mask (13, 14, 26). In this study, we found a significant re-
duction of CO level after eight hours of N95 mask. Un-
fortunately, other studies about the efficiency of an N95 
respirator mask in reducing toxic gases levels including 
carbon-monoxide was under published yet. Mostly the 
studies were about the efficacy of N95 mask in filtering 
micro-organisms such as influenza virus (27, 28), rhino-
viruses (27), and Methicillin-Resistant Staphylococcus 
aureus (MRSA) (29), B. Anthracis (30), and various size 
of particulate (13, 14, 16, 17, 26). All of these studies 
stated that the N95 mask was effective in protecting the 
wearer from microorganisms and small particles from 
air pollution in a good face seal (13, 14, 17, 19, 26–34). 
The limitations of these masks are it is disposable and 
must be changed after visiting a patient or after aero-
sol-generating procedures. It also makes the wearer be-
comes difficult to breathe (23). 

A carbon mask is an additional respirator mask with 
activated carbon. This mask is composed of polyester 
and polyamide filter, fiber-formed active carbon (den-

sity of 200 g/m2) (35). Active carbon has a large surface 
area because of its microscopic characteristics that com-
posed of microspore and mesopore that play an import-
ant role in gas absorption (36). This activated carbon 
can absorb toxic gases more effectively than other res-
pirator masks (21). In this study, we found a significant 
reduction of CO levels after wearing a carbon mask for 
8 hours. This is in line with Khayan study that showed 
the significant difference of COx levels among various 
kinds of masks, with the most significant was in the 
combination of carbon, spun-bond, and meltdown com-
pared with control (p-value < 0.001) (21). Another study 
showed that carbon mask also had a positive impact on 
reducing exposure of anticancer drug vaporized (35). A 
literature review showed that additional active carbon 
in respirator carbon provides a large surface area that 
absorbed particulate and biological aerosol more effec-
tively than other respirators (37). 

The limitations of this study are that there were few 
confounding factors including cigarette exposure, oc-
cupation, and its correlation with the duration of be-
ing outdoor and exposed by carbon-monoxide, and the 
concordance of the participants in using the masks for 
eight hours. All these factors contribute to expiratory 
carbon-monoxide levels that difficult to eliminate. 

6. CONCLUSION
The reduction of CO levels was observed among the 

three-type of masks such as surgical mask, N95 mask, 
and carbon mask from air pollution. Additionally, the 
fabric mask has the poorest performance and no sig-
nificant result obtained from the study. Therefore, the 
implementation of the proper protective equipment 
in tackling CO exposure should be performed indis-
pensably, particularly for the high-risk population such 
as people with a long duration of being outdoor, im-
mune-compromised patients including children, geriat-
ric, and have respiratory problems. Furthermore, future 
studies are needed to ascertain the levels of CO expo-
sure that would secure the protection or avoidance of 
any confounding using large cohort studies.
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