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The recent increase of fine particulate matter in Bangkok, Thailand has become a 
widespread public health concern. Wearing a particulate respirator is one method to 
reduce particulate inhalation and therefore mitigate the adverse health effects of ambient 
air pollution. This study provides an integrated assessment of seven particulate respirator 
models based on three criteria: effectivity, cost, and environmental impact. The overall 
effectivity of each model is evaluated by assessing the product’s features associated with 
facial fit. The cost criterion reflects current market prices for bulk and individual orders. 
Thirdly, an environmental impact score is determined for the product life cycle of each 
respirator using life cycle assessment. The study assesses each respirator as it would be 
manufactured, distributed, used, and disposed of in Bangkok, Thailand. The integrated 
assessment results in twelve distinct consumer frameworks, reliant on variations of the 
three criteria, to provide guidance for policy makers and independent consumers in the 
selection of particulate respirators to optimally suit their needs. Ultimately, the data 
suggest that a buyer’s ideal respirator choice for short-term use is a disposable particulate 
respirator with a head strap. For long-term use, the study recommends a low-cost 
reusable respirator with an exhalation valve and replaceable filters. The average 
effectivity of reusable respirators is found to be greater than that of disposable 
respirators, due to their higher average number of available sizes. Reusable respirators are 
associated with consistently lower environmental impacts. The short-term cost of 
disposable respirators is much less than those of reusable models, however prices do 
converge over time. 

The annually-increasing presence of microscopic air-
borne particulates with a diameter equal to or greater than 
2.5 microns (PM2.5) in Bangkok, Thailand has led to a rising 
concern for public health. The World Health Organization 
(WHO) states that the maximum safe level of annual av-
erage PM2.5 concentration is 10 μg/m3 or less.1 However, 
in 2018, the annual average concentration of PM2.5 in 
Bangkok and the surrounding vicinity was approximately 30 
μg/m3–well over the maximum safe concentrations as stat-
ed by the WHO.2 Concentrations continue to rise; the 2018 
measurements were 20 % higher than those recorded in 
2017.3,4 The most prominent sources of PM2.5 that have led 
to this issue are vehicular emissions, industrial discharge in 
concentrated industrial zones, biomass burning and trans-
boundary haze.5,6 

Although the severity of chronic PM 2.5 exposure is still 
being investigated, several recent studies have begun to es-
tablish positive correlations between high levels of partic-
ulate air pollution and respiratory illness, cardiovascular 
disease, neuropsychological symptoms, overall hospitalisa-
tions, and increases in premature mortality.2,5,7,8 The 

World Health Organization estimates that one third of 
stroke-, lung cancer-, and disease-related deaths in urban 
environments such as Bangkok are due to air pollution.9 

While chronic exposure appears to affect all exposed 
members of the population, acute exposure to fine partic-
ulates has been found to disproportionately affect certain 
groups, including the elderly, young children, and persons 
with chronic cardiopulmonary disease, influenza, or asth-
ma.8,10 For both children and asthmatics, fine particulate 
exposure leads to increased hospitalisations and respiratory 
symptoms. Although this exposure type may have mini-
mum overall health consequences, it affects the day-to-day 
lives of residents, often causing short-term absence from 
work or school.11 

One method of preventing the adverse effects of air pol-
lution is to wear a particulate respirator12; respirators func-
tion as breathable barriers between the ambient air and a 
user’s airways. Worn over the mouth and nose, they are air-
tight half-masks that block particulates and other harmful 
pollutants from entering the body.13,14 Different respira-
tors have varying levels of overall efficiency, depending on 
their fit and filter media efficiency.5,15–17 
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Figure 1. Relative frequency of google searches for topics “air quality index”, “PM2.5” and “mask” in Bangkok. Figure 1. Relative frequency of google searches for topics “air quality index”, “PM2.5” and “mask” in Bangkok. 
The figure shows a prominent spike in searches for all of these keywords at the end of January 2019; this corresponds with one of the worst periods of ambient air pollution 
that Bangkok has seen to date. 

An episode of extreme air pollution in January 2019 
sparked a surge in Google searches relating to Bangkok’s 
air quality indices and PM2.5 levels, visualized in Figure Figure 
11.18 The event inspired many residents of Bangkok to begin 
wearing respirators. However, many of the respirators worn 
by residents were insufficient at protecting them from 
PM2.5 and other air pollutants; this is largely due to a lack 
of awareness regarding appropriate respirator types and fit. 
A 2017 cross-sectional field study by Rutgers University 
found that 53 % of young adult street vendors in Bangkok 
never wore respirators.19 None of those individuals using 
respirators were using breathing protection that was specif-
ically designed for protection against PM10 or PM2.5; 71 % 
of the respirator wearers used hygiene or surgical masks.19 

Surgical masks fail to protect users at the same level as 
respirators that are specifically designed to trap and pro-
tect against fine particulate matter. Studies show that res-
pirators that are officially certified to filter at least 95 % 
of PM2.5 are about 8-15 times more efficient than surgical 
masks, in terms of penetration and fit testing.19–22 Addi-
tionally, surgical masks allow an average of 20 % pene-
trance of ambient particles, compared to the 0.1-1.4 % pen-
etrance allowed by masks manufactured specifically for pro-
tection against small particles.23 In the surge of residents 
who are beginning to take necessary steps to protect them-
selves from ambient air pollution, inefficient masks are pro-
viding a false sense of security. 

If the street vendors surveyed in the Rutgers study are 
representative of the rest of the residents in Bangkok, it can 
be assumed that the majority of Bangkok’s residents are not 
properly protected against PM2.5. In this influential time 
of residents’ piqued interest and a lack of respirator educa-
tion, the spread of information regarding effective particu-
late respirators has the potential to educate Bangkok pol-
icy makers and independent consumers about the impor-
tance of protecting oneself from ambient air pollution, and 
the vital steps one must take to do so. Hence, this study 
aims to design a framework to assess the performance of 
respirators for protection against ambient air pollution in 

Bangkok, Thailand, and apply it to rate respirators on their 
performance in fit, cost and environmental impact. 

METHODS 

The particulate respirators selected for this study were 
scored using a two-step process, ultimately providing inte-
grated scores for 12 separate consumer frameworks. Each 
framework was defined by a distinct set of consumer de-
mands. The purpose of the exploratory assessment was to 
suggest optimal respirators to individual and bulk con-
sumers with a range of needs and preferences. The overall 
methodology of this process is visualized in Figure 2Figure 2. 

Figure 3Figure 3 displays the twelve frameworks and a break-
down of their design. In Step 1 of the scoring process, each 
respirator was scored according to three criteria: overall ef-
fectiveness, cost, and environmental impact. The separate 
criterion scores each fell on a five-point scale (0-5), with 
the highest scores given to respirators with high effectiv-
ity, low cost, and low environmental impact, respectively. 
The criterion scores were dependent on four distinct con-
sumer scenarios, A-D, each characterized by two factors: or-
der size, and duration of use. The study considered scenar-
ios in which consumers wear respirators all year long, or on-
ly during episodes of extreme air pollution (referred to in 
this study as “haze periods”). The scenarios are: (A) individ-
ual order for a haze period, (B) individual order for a year-
long period, (C) bulk order for a haze period, and (D) bulk 
order for a year-long period. Each scenario therefore had 
three independent criterion scores based on these factors. 

The second step of the scoring process was the aggre-
gation of criteria scores within scenarios A-D, which were 
weighted with three consumer purchasing models in mind: 
low-cost purchasing, in which the cost criterion was 
weighted most significantly, sustainable purchasing, 
wherein the environmental impact criterion was weighted 
most significantly, and controlled purchasing, in which all 
criteria were weighted equally (Figure 4Figure 4). 
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Figure 2. Flowchart of methodological approach. Figure 2. Flowchart of methodological approach. 
The figure offers a visualization of the steps taken to select particulate respirators that reflect the spectrum of particulate respirators available to consumers in Bangkok, Thai-
land, and assess their relative scores across 12 consumer frameworks. 

RESPIRATOR SELECTION 

The seven particulate respirator models reported in this 
study were chosen based on their filtration effectiveness, 
accessibility to the average consumer in Bangkok, Thailand, 
and representation of the total selection of particulate res-
pirators that are available in the Bangkok metropolitan 
area. Each respirator has been lab certified to filter at least 
95 % of particles greater than 0.3 microns by a standardized 
particle filtration effectiveness test, and can be readily 
found in local pharmacies, health stores, convenience 
stores, or shipped to any address in the Bangkok metropol-
itan area. The respirators included in the study span the 

spectrum of common respirator prices in Bangkok, and in-
clude a variety of common positioning properties, to reflect 
the range of respirators available on the market. As it is not 
the purpose of this study to promote any specific respirator 
manufacturer, nor is this study affiliated with any respira-
tor manufacturer, the manufacturer names of each respira-
tor model considered in this study are not disclosed. Rather, 
it is the focus of this study to analyze each respirator model 
based on its features and material components. 

There are two respirator classifications: disposable and 
reusable. While disposable respirators are made for short-
term particulate filtration, reusable respirators are capable 
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Figure 3. Twelve consumer frameworks. Figure 3. Twelve consumer frameworks. 
Dependence of the three criteria scores (effectivity, cost, and environmental impact) on a specific consumer scenario. The consumer scenarios (A-D) are characterized by one 
of two order sizes (individual or bulk) and one of two time periods (haze or year). 

Figure 4. Consumer purchasing models in scenarios A-D. Figure 4. Consumer purchasing models in scenarios A-D. 
This diagram illustrates the application of the three consumer purchasing models (control, low-cost, and sustainability) to the four consumer scenarios. This results in 12 dis-
tinct consumer frameworks. 

of protecting the user for a longer term, if given proper care. 
Several structural features differentiate particulate respira-

tors from their disposable counterparts, and impact their 
overall effectiveness; the inclusion or exclusion of these 
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features was considered in the effectivity scoring criterion. 
Any respirator that has not specifically been developed to 
block the inhalation of particulate matter, such as a surgical 
mask, was not considered in this study, as the effectiveness 
of these masks tend to be extremely limited when they are 
used as respirators. 

Three of the respirators considered in this study recom-
mend the replacement of removable filters, which increase 
the longevity of the respirator shell while maintaining the 
efficiency of the respirator, itself. The filters were acknowl-
edged in the data, contributing to both the cost and envi-
ronmental impact criteria scores. 

LONGEVITY FACTOR 

The longevity factor is a functional unit that represents the 
amount of time that a given particulate respirator can pro-
vide protection before it must be replaced. The longevity of 
a given particulate respirator depends largely on the com-
mute time, work type, and lifestyle of the individual who 
utilizes it, as well as the air quality of that individual’s en-
vironment. Because of these per capita variations, respira-

tor manufacturers are unable to suggest exact temporal use 
limitations; rather they provide use recommendations. The 
longevity factor of each respirator was estimated in units 
of weeks, based on these manufacturer recommendations. 
Longevity factors were used to determine the total number 
of respirators or filters that must be purchased within the 
specified time period. 

As represented in Table 1Table 1, respirator models RR1-RR4 
represent four separate reusable respirator types with vary-
ing features such as replaceable filters and exhalation 
valves. These models can be found online and in store. The 
disposable respirator models DR1-DR3 represent more gen-
eral disposable respirator types sold in Bangkok pharmacies 
and convenience stores. DR1 is a hard-shell cup respirator 
without an exhalation valve, DR2 is a hard-shell cup respi-
rator with an exhalation valve, and DR3 is a flat-fold respi-
rator with an exhalation valve. To determine the scores of 
the DR1-DR3 models, variants of each model from leading 
manufacturers were assessed, and their respective scores 
were subsequently averaged. 
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Table 1. Particulate respirator models and features Table 1. Particulate respirator models and features 

Respirator model Respirator model 
ID ID 

Type Type 
Replaceable Replaceable 

filters filters 
Available Available 

sizes sizes 
Head Head 
strap strap 

Exhalation Exhalation 
valve valve 

Longevity Longevity 
factor factor 

Upfront cost Upfront cost 
(THB) (THB) 

Upfront cost Upfront cost 
(USD) (USD) 

Style Style 

RR1 Reusable ✓ 4 ✓ ✓ 104 2,000 64.81 
Flat 
fold 

RR2 Reusable ✓ 4 ✓ ✓ 52 400 12.96 
Flat 
fold 

RR3 Reusable 3 ✓ 20 1,300 42.12 
Flat 
fold 

RR4 Reusable ✓ 2 ✓ 104 1,700 55.09 Cup 

DR1 Disposable 1-2 ✓ 1 30 0.97 Cup 

DR2 Disposable 1-2 ✓ ✓ 1 50 1.62 Cup 

DR3 Disposable 1 ✓ ✓ 1 170 5.51 
Flat 
fold 



Table 2. Consumer scenarios A-D. Table 2. Consumer scenarios A-D. 

1 Respirator 1,000 Respirators 

Haze period 

(A)(A) Independent consumer to 
order 1 particulate respirator for 
personal use, with replacement as 
needed, during a period of extreme 
ambient air pollution. 

(C)(C) Federal agency/organization 
to bulk order particulate respirators 
for large-scale distribution, with 
replacement as needed, during a period 
of extreme air pollution. 

Year-long period 

(B)(B) Independent consumer to order 
1 particulate respirator for 
personal use, with replacement as 
needed, over the course of 1 year. 

(D)(D) Federal agency/organization 
to bulk order particulate respirators 
for large-scale distribution, with 
replacement as needed, over the 
course of 1 year. 

CONSUMER SCENARIOS 

As Bangkok is an urban environment affected by moderate 
levels of PM2.5 year-round,23 some sensitive groups may 
seek year-round particulate protection. Other consumers 
may only seek particulate protection during short episodes 
of extreme air pollution. The study therefore devised four 
distinct consumer scenarios to represent the varied needs 
and interests of residents in Bangkok, Thailand. 

No standards currently exist to define an episode of ex-
treme air pollution, or “haze period;” this study defined a 
haze period as two consecutive weeks in which at least 1/
3 of the total days have an air quality index (AQI) of 151 
or greater, or a concentration of 55.5 micrograms per meter 
squared. The World Air Quality Index Project considers this 
index value to be an “unhealthy” level of air pollution for all 
individuals.24 

Between the months of August 2018 and July 2019, 
Bangkok experienced three haze periods: the first period 
taking place in December 2018, and the second and third 
in January 2019.23 During this time, the government dis-
tributed masks and information about particulates to the 
public.25 Although mask distribution was limited to a small 
portion of Bangkok’s population, it confirmed the Thai gov-
ernment’s efforts and ability to combat the public health 
crisis. Additionally, the independent consumption of anti-
pollution masks (particulate respirators) tends to increase 
significantly with AQI value increases, such as during haze 
periods.26 This integrated assessment operates under the 
assumption that consumer reactions will be similar in fu-
ture AQI spikes in Thailand. The four consumer scenarios 
summarized in Table 2Table 2 were designed to distinctly consider 
“bulk” consumers, such as the Thai government buying res-
pirators for population groups, and “individual” consumers, 
such as the average Thai citizen. 

STEP 1: CRITERIA SCORING 

After the establishment of the four consumer scenarios, cri-
teria scoring was executed to assess the effectivity, cost, and 
environmental impact of each respirator model. 

EFFECTIVITY 

The effectivity of a particulate respirator on a given person 
is dependent on the filtration media used, as well as the 

fit.13,14 The filtration media used in all seven respirator 
models in this study are considered equally effective, as 
each medium filters fine particulates with at least 95% ef-
ficiency. Effectivity scores were thus scored by the material 
features of a respirator that are understood to offer the op-
timal fit. 

The features of a respirator that optimize fit are size 
availability and the inclusion of a head strap or an exhala-
tion valve.15,16 Although the importance of an exhalation 
valve as it directly relates to respirator fit has not been re-
searched, it has been found to improve heat elimination 
from inside a respirator26,27 and overall comfort.28 This, in 
turn, translates to longer periods of wear and increased ef-
fectiveness. The inclusion of an exhalation valve was ac-
cordingly considered in the effectivity scoring, alongside 
size availability and the inclusion of a head strap. 

As there is no current literature that suggests the relative 
impact of these features, a basic point system was imple-
mented to score the effectivity of each respirator. A respira-
tor received one full “head strap” point for the presence of 
a head strap, and one full “exhalation valve” point for the 
inclusion of at least one exhalation valve. Of all the respira-
tors considered, the respirator that offers the greatest num-
ber of sizes earned one full “size” point for sizing availabili-
ty. A respirator that is only sold as one-size-fits-all received 
zero “size” points, as the mask does not offer customizabil-
ity in fit. The head strap point, exhalation valve point, and 
size point were aggregated for each respirator and the re-
sulting values were adjusted to a five-point scale. It was de-
termined using the following equations: 

where si = size point for respirator i; ni = number of avail-
able sizes for respirator i; N = the greatest number of sizes 
of any respirator considered; Ei = effectivity score of respi-
rator i; hi = head strap point for respirator i; vi = exhalation 
valve point for respirator i. 

COST 

Cost data were collected from a variety of sources, including 
direct communication with manufacturers, the manufac-
turers’ online stores, online retailers, and local Bangkok re-
tail stores and pharmacies. 
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The longevity factor of each respirator affects end-cost. 
The two time frames (haze period and year-long period) 
and two order sizes (individual and bulk) translate into four 
distinct cost scenarios per respirator model. End-cost score 
was determined within each scenario, and is relative to the 
highest scoring respirator. The lowest costing respirator re-
ceived five points, and the end-costs of all other respirators 
were scaled relative to this respirator with the lowest end-
cost. As such, the cost of respirators are negatively correlat-
ed with their cost scores. 

ENVIRONMENTAL IMPACT 

To assess the potential environmental impacts of particu-
late respirators examined in this integrated assessment, the 
study used the ReCiPe impact assessment method within 
the SimaPro 8 Life Cycle Assessment software (PRé Sustain-
ability, Amersfoort, NL).29,30 ReCiPe evaluates characteri-
zation factors at the midpoint and endpoint level; midpoint 
indicators focus on single environmental impacts and end-
point indicators show the environmental impact at higher 
aggregation levels. Although aggregation increases uncer-
tainty and decreases specificity of the results, the simpli-
fication of characterization factors allows the results to be 
better understood by the general public. This study assessed 
respirators based on the three ReCiPe endpoints: damage 
to human health, damage to ecosystems, and damage to re-
source availability. A 2014 field study surveyed Thai people 
about their perceived importance of these 3 endpoint indi-
cators, and found that the general public opinion mirrors 
the hierarchical approach.31 As such, this Life Cycle Assess-
ment used the hierarchical cultural approach to determine 
a single index that will quantify the overall environmental 
impact of a given respirator model. The environmental im-
pact score for each respirator is represented by this single 
index. 

The three phases of product life considered in this study 
are defined as: material production, respirator use, and res-
pirator disposal. A product distribution phase was originally 
taken into account, however, global transport of respirators 
contributed to less than 2 % of overall impacts of the prod-
uct life cycle. Product distribution is therefore excluded 
from the study. 

As with cost, environmental impact varies between tem-
poral scenarios–haze and year-long protection–as different 
lengths of protection from ambient air quality require dif-
ferent numbers of respirators, depending on the longevity 
factor. The longer a particulate respirator’s longevity factor, 
the smaller impact the product may have on the environ-
ment. 

To collect data for the material production phase, the 
average mass of each material component per respirator 
was collected by disassembling three units of each respira-
tor type. The components were massed and averaged; im-
pacts were assessed using the ecoinvent 3 life cycle invento-
ry database.29,32 The packaging materials and their masses 
were assumed to be approximately equivalent across all res-
pirators. Under this assumption, packaging would not alter 
the relative environmental impact scores of a given respira-
tors in any scenario; as a result, the packaging of the respi-
rators was not considered in the study. 

For the purposes of this study, “use” is defined as the 
wearing and maintenance of a particulate respirator; to 
maintain reusable respirators, they may be washed. Man-
ufacturers recommend semi-frequent hand-washing with 
soap and water for hygienic reasons; it does not affect the 
function of the respirator. The study assumed that reusable 
respirators are washed once every two weeks. Reusable res-
pirators will therefore be washed one time during an aver-
age haze period and 26 times throughout the entire year. 
It is assumed that 1.5 liters of deionized tap water and one 
milliliter of general use soap are used to wash each reusable 
respirator.3 Disposable respirators do not require mainte-
nance and thus do not accumulate impacts during the use 
phase. 

Finally, the environmental impacts associated with the 
disposal phase of each respirator were considered. 
Bangkok’s waste treatment mainly consists of landfill dis-
posal and recycling. It was assumed that approximately 20 
% of annual generated household waste in Thailand is recy-
cled. Respirator model RR4 is entirely recyclable; as such, it 
was assumed that approximately 20 % of model RR4 is re-
cycled. This study also assumed that 100 % of all non-recy-
clable respirators are disposed of in landfills; the emissions 
associated with municipal solid waste collection services for 
150 km transport to a Bangkok landfill are accounted for. 

The respective impacts from the three product life cycle 
phases were compiled into a single score for each respirator. 
The respirator with the lowest single score, associated with 
the fewest environmental burdens, received the highest en-
vironmental impact score (five points). The scores of the 
other respirators were scaled relative to this respirator with 
the lowest environmental impact. As such, the environ-
mental burdens of respirators are negatively correlated with 
their environmental impact scores. 

STEP 2: SCORE AGGREGATION 

Each scenario’s three criteria scores were ultimately aggre-
gated into one final score on a five-point scale per respira-
tor. These final integrated scores indicated a top performing 
respirator within each consumer scenario (A-D), with one of 
three purchasing models in mind: low-cost, sustainable, or 
controlled purchasing. 

Across all twelve frameworks, respirator effectivity com-
prised 40 % of the integrated score, given that effective fil-
tration is the primary function of a particulate respirator 
regardless of consumer preferences. As shown in Figure 4Figure 4, 
in the low cost model, cost contributed 40 % of the inte-
grated score. Similarly, in the sustainability model, the en-
vironmental impact score contributed 40 %. For the control 
model, cost and environmental impact scores contributed 
an equal 30 %. 

RESULTS 

The individual criteria scores are first assessed prior to ag-
gregation: 
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Table 3. Overall effectivity scores Table 3. Overall effectivity scores 

All Scenarios All Scenarios 

Respirator Respirator Effectivity Effectivity Score Score 

RR1 3.00 5.00 5.00 

RR2 2.00 3.33 

RR3 1.67 2.78 

RR4 1.33 2.22 

DR1 1.17 1.94 

DR2 2.17 3.61 

DR3 2.00 3.33 

CRITERIA SCORES 

EFFECTIVITY 

An effectivity score was determined for each particulate 
respirator and applied to all consumer scenarios A-D, as 
shown in Table 3Table 3. Out of three total points, the average total 
effectivity for reusable respirators was 2.0 points; the av-
erage total effectivity for disposable respirators is 1.8. The 
reusable respirators are therefore 1.1 times more effective 
on average than the disposable respirators considered in 
this report. 

COST 

Unlike effectiveness, cost scores varied between scenarios 
(see Table 4Table 4). In both haze period scenarios A and C, the av-
erage cost of reusable respirators was significantly higher 
than that of disposable respirators–between 8 and 9 times 
more expensive. However, over the course of the entire year 
(scenarios B and D), the average prices of reusable and dis-
posable respirators intersected. 

An integrated assessment of particulate respirators used as personal protection from ambient air pollution in Bangkok,...

Journal of Global Health Reports 9



Table 4. Overall cost scores Table 4. Overall cost scores 

Scenario A Scenario A Scenario B Scenario B Scenario C Scenario C Scenario D Scenario D 

Total cost Total cost 
(THB) (THB) 

Total cost Total cost 
(USD) (USD) 

Score Score 
Total cost Total cost 

(THB) (THB) 
Total cost Total cost 

(USD) (USD) 
Score Score 

Total cost Total cost 
(THB) (THB) 

Total cost Total cost 
(USD) (USD) 

Score Score 
Total cost Total cost 

(THB) (THB) 
Total cost Total cost 

(USD) (USD) 
Score Score 

RR1 2,131 69 0.11 6,301 205 1.01 2,129,291 69,330 0.07 6,296,960 205,029 0.59 

RR2 390 13 0.63 1,350 44 4.72 214,500 6,984 0.74 742,500 24,176 5.00 5.00 

RR3 1,328 43 0.18 3,983 130 1.60 1,327,037 43,208 0.12 3,981,111 129,625 0.93 

RR4 1,698 55 0.14 5,228 170 1.22 568,891 18,523 0.28 1,607,051 52,326 2.31 

DR1 49 2 5.00 5.00 1,274 41 5.00 5.00 31,717 1,033 5.00 5.00 824,644 26,850 4.50 

DR2 106 3 2.31 2,753 90 2.31 69,777 2,272 2.27 1,814,194 59,070 2.05 

DR3 340 11 0.72 8,835 288 0.72 250,677 8,162 0.63 6,517,594 212,213 0.57 

The conversion rate of 30.7126 THB to 1 USD (July 31, 2019) was used to determine the above values. 



Table 5. Overall environmental impact scores Table 5. Overall environmental impact scores 

Haze Period Haze Period Year period Year period 

Respirator Respirator 
Impact Impact Score Score Impact Impact Score Score 

RR1 12.49 2.59 91.22 2.16 

RR2 7.62 4.25 49.53 3.98 

RR3 8.60 3.77 49.78 3.96 

RR4 7.10 4.56 39.44 5.00 5.00 

DR1 6.47 5.00 5.00 168.29 1.17 

DR2 10.03 3.23 260.84 0.76 

DR3 9.56 3.39 248.45 0.79 

ENVIRONMENTAL IMPACT 

The most environmentally-sustainable respirator model 
differed between short-term and long-term use periods. As 
shown in Table 5Table 5, model DR1 received the highest envi-
ronmental impact score within the short-term use scenario. 
Model RR4 received the highest score within for long-term 
use. The environmental impact scores of reusable respira-
tors and disposable respirators for short term use had lit-
tle variance. Although, in the year-long scenarios, the aver-
age reusable and disposable impact values quickly diverged. 
Disposable respirators were associated with much higher 
environmental impacts over an entire year than reusable 
respirators–after 52 weeks, the average disposable respira-
tor had over 3.8 times as much of an impact on the environ-
ment as does the average reusable respirator. 

FINAL INTEGRATED SCORES 

The final integrated scores aimed to provide results to a 
wide range of consumers with distinct purchasing plans. 
Table 6Table 6 (scenarios A-D) lists the integrated scores of all sev-
en respirator models within each of the twelve consumer 
frameworks. In summary, for both short-term consumer 
scenarios (A, C), the data suggest respirator model DR1 as 
the optimal respirator model. Model DR1 is a disposable 
respirator with a head strap and one or two available sizes; 
this model costs THB฿30 (USD$0.97) per respirator. For 
both long-term scenarios (B, D), the data suggest respirator 
model RR2 as the optimal respirator model. Model RR2 is a 
reusable respirator with replaceable filters, a head strap, an 
exhalation valve, and four available sizes; this model costs 
THB฿400 (USD$12.96) per respirator. 

DISCUSSION 

As derived from Table 3Table 3, model RR1 was the most effective 
respirator evaluated because it fulfilled all fit features out-
lined by the effectivity scoring guidelines. Reusable models 
RR3 and RR4 scored relatively low in comparison to the 
other reusable respirators, as RR3 does not include a head 
strap, and RR4 does not include valves. The average 
reusable respirator is 1.1 times more effective than the av-

erage disposable respirator when assessed by the facial fit 
standards established in this study. The slight variation in 
relative effectivity of particulate respirator types was attrib-
utable to the fact that each of the reusable respirators eval-
uated offers more than one size to fit a range of consumer 
types, while disposable respirators often do not. The addi-
tional sizes contributed to a higher effectivity score, and 
what a consumer may therefore understand as a better fit. 

Directly comparing the disposable respirator models DR1 
and DR2, the effectiveness of DR2 nearly doubled that of 
DR1. These models are nearly identical, aside from the in-
clusion of an exhalation valve, and hence the importance of 
the valve feature is reinforced. It is also significant to note 
that respirator models DR2 and DR3 had the same or high-
er effectivity scores that RR2, RR3, and RR4. However, DR2 
and DR3 had a much lower upfront cost in comparison to 
the reusable respirators. A consumer can conclude that a 
high cost does not necessarily represent a high efficiency. 
Instead, the consumer should seek the best-fitting respira-
tor, regardless of cost. 

As a final note on effectivity: if the average surgical mask 
were to be scored by these guidelines, the mask would re-
ceive zero points for effectivity. Aside from the fact that 
surgical masks are not approved to filter 95% of PM2.5, they 
typically lack multiple sizes, head straps, and exhalation 
valves. Surgical masks should not be considered for the ef-
fective filtration of fine particulate matter. 

As illustrated in Table 4Table 4, the lowest cost respirator option 
for consumer scenarios A-C is DR1, the simplest of the sev-
en respirator models. Model DR1 is a disposable hard-shell 
cup respirator with no exhalation valve. The average up-
front cost of a DR1 respirator is THB฿25 (USD$0.81), and 
significant discounts are often applied to bulk orders from 
the manufacturer. For scenario D, the least expensive model 
is RR2, which is the low-cost reusable respirator with an 
upfront cost of THB฿390 (USD$12.70). Although disposable 
respirators cost significantly less for short-term purchasing 
periods, the average prices of reusable and disposable respi-
rators intersect over time. The cost difference between the 
RR2 and DR1 for the individual consumer after one haze 
period was roughly THB฿340 (USD$11.10), RR2 being the 
more expensive model. However, the overall cost difference 
between the RR2 and DR1 for the individual consumer after 

An integrated assessment of particulate respirators used as personal protection from ambient air pollution in Bangkok,...

Journal of Global Health Reports 11



Table 6. Final integrated scores: scenarios A, B, C, and D Table 6. Final integrated scores: scenarios A, B, C, and D 

Purchasing model Purchasing model 

Respirator Respirator Control Control Low-cost Low-cost Sustainable Sustainable 

Scenario A 

RR1 2.56 3.06 2.81 

RR2 2.43 3.16 2.80 

RR3 1.94 2.66 2.30 

RR4 1.86 2.74 2.30 

DR1 3.78 3.78 3.78 3.78 3.78 3.78 

DR2 3.01 3.20 3.11 

DR3 2.30 2.83 2.57 

Scenario B 

RR1 2.84 3.07 2.95 

RR2 4.02 4.02 3.87 3.87 3.94 3.94 

RR3 2.54 3.02 2.78 

RR4 2.28 3.08 2.68 

DR1 3.01 2.24 2.63 

DR2 2.52 2.21 2.37 

DR3 1.78 1.79 1.79 

Scenario C 

RR1 2.55 3.05 2.80 

RR2 2.48 3.18 2.83 

RR3 1.91 2.64 2.28 

RR4 1.91 2.77 2.34 

DR1 3.78 3.78 3.78 3.78 3.78 3.78 

DR2 3.00 3.19 3.09 

DR3 2.26 2.81 2.54 

Scenario D 

RR1 2.67 2.98 2.82 

RR2 4.13 4.13 3.93 3.93 4.03 4.03 

RR3 2.28 2.88 2.58 

RR4 2.81 3.35 3.08 

DR1 2.81 2.14 2.48 

DR2 2.42 2.16 2.29 

DR3 1.72 1.76 1.74 

Scenario A describes an “individual order” of 1 respirator over the course of one haze period. 
Scenario B describes an “individual order” of 1 respirator over the course of an entire year. 
Scenario C describes a “bulk order” of 1,000 respirators over the course of one haze period. 
Scenario D describes a “bulk order” of 1,000 respirators over the course of an entire year. 

one year was roughly THB฿80 (USD$2.59), RR2 still being 
slightly more expensive, but by a much smaller margin. 

A consumer can conclude that if he or she would like to 
purchase a respirator (or distribute respirators), the dispos-
able models are the most cost-effective option. Only after 
1.5 years does the cost of disposable and reusable models 
intersect; this would be because the consistent replacement 
of disposable respirators eventually becomes more expen-
sive than reusable respirators. The shorter longevity factors 
of disposable respirators mean that more products must be 

purchased per time period in comparison to reusable respi-
rators. 

The environmental impact scores of particulate respira-
tors varied to a greater extent over long durations of time 
(Table 5Table 5). Because of the short longevity factor of disposable 
respirators, fifty-two units must be purchased over the en-
tire year to protect an individual from fine particulates. The 
highest number of reusable respirators required for an en-
tire year is three units. The high number of disposable res-
pirators cause far more emissions to the environment due 
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to the additional materials, energy, transportation, and oth-
er factors needed to support long-term use. Reusable mod-
els may therefore be considered the more environmentally 
sustainable respirator over time. 

Model RR4, the most sustainable respirator for long-
term use, is a reusable respirator made from the fewest 
number of materials of the reusable respirators, most of 
which are recyclable. Only the respirator shell needs to be 
replaced after two years of use if properly maintained. Al-
though the respirator requires replacement filters and rou-
tine washing throughout the year, the impacts associated 
with this respirator are still comparatively very small. Sim-
ilar conclusions can be made regarding the other reusable 
respirators. Although none of the other reusable respirator 
models may be recycled after use, their high longevity fac-
tors result in fewer impacts on the environment. As stated 
in the results, the average disposable respirator has an envi-
ronmental impact that is almost four times greater than the 
average reusable respirator. For the long-term consumer 
with sustainable purchasing preferences, a reusable respi-
rator will always be the optimal choice. 

For both reusable and disposable respirator models, the 
majority of all environmental impacts associated with short 
term use are attributable to the material production phase 
of the product life cycle–roughly 85 %. The use phase con-
tributes to over 12 % of the impacts of reusable models after 
one wash. After the entire year (twenty-six total washes), 
the use phase contributes to around 80 % of total prod-
uct impact. The impacts associated with the long-term use 
of reusable respirators is attributable to the washing main-
tenance–while disposable respirators do not generate im-
pacts in this specific life cycle phase. The waste phase for 
both respirator types contributes to roughly 9 % of the sin-
gle scores. One way to decrease the impacts associated with 
the waste phase of a particulate respirator is to select a 
product that has at least some parts that are recyclable. As 
an example, over 13 % of the environmental impacts associ-
ated with the model RR4 are reduced due to the model’s re-
cyclability, making it one of the most environmentally sus-
tainable model choices in both temporal scenarios. 

There were apparent trends in the data regarding the 
final integrated scores of the seven particulate respirator 
models. For short term-purchasing, disposable respirators 
had the highest scores. The scores for DR1 topped all other 
scores within all three purchasing models for consumer sce-
narios A and C. The extremely low cost and small environ-
mental impact of the DR1 model were the factors that most 
significantly supported its high scores in the haze period 
scenarios. However, it is significant to note that respirator 
model DR1 scored lowest in effectivity. Although this model 
is an optimal respirator choice by the standards set in this 
study, it is essential to acknowledge its potential flaws; DR1 
often does not come in a range of sizes, nor does it include 
an exhalation valve. Therefore, although they may suit the 
average user, DR1 models that are one-size-only are unlike-
ly to perform well on individuals with smaller faces, such as 
children. This assessment recommends DR1 only after the 
consideration of the target wearer. For example, if a feder-
al agency wanted to provide respirators for primary schools, 
it would be best to select a respirator with better fit charac-
teristics. Having even two respirator sizes (small and large) 

compared to one size (large) will increase the models effec-
tivity by 33 %. 

For long term-use (scenarios B and D), respirator model 
RR2 outperformed all other models. RR2 is a low-cost 
reusable respirator with an exhalation valve and replaceable 
filters. Although this is not the most effective or sustainable 
model, it scored within the mid to high ranges of these 
individual criteria. The high integrated score of the RR2 
model is most attributable to its low cost in relation to 
other reusable respirators. The average upfront cost of a 
reusable respirator is about THB฿1,400 (USD$45.38)–the 
upfront cost of RR2 is only THB฿390 (USD$12.70). Addi-
tionally, the RR2 model can last an entire year when prop-
erly maintained because of its replaceable filters and ability 
to be washed. It did not score a full 3 points by the effectiv-
ity fit-scoring guidelines because the model does not come 
with a head strap, however one can be purchased separate-
ly. The respirator does come in four different sizes, allowing 
effective use to a range of user-types. The results suggest 
that consumers, individual or bulk, should consider low-
cost reusable respirators with replaceable filters and a range 
of available sizes if they seek year-long protection from fine 
particulate matter. 

CONCLUSIONS 

The goal of this study was to suggest the optimal respirator 
for consumers with diverse lifestyles, preferences, and pur-
poses in the metropolises of Thailand. This was done by way 
of a multi-part assessment that integrated data on each res-
pirator’s effectivity, cost, and environmental impacts. Sev-
en respirator models were evaluated: four reusable, and 
three disposable. These data were scored and aggregated 
based on consumer frameworks designed for, and outlined 
in, this study. Within each scenario, respirators were scored 
using three purchasing models: low-cost, sustainable, and 
controlled. Despite variations in relative scores, the highest 
scoring respirator remained consistent across consumer 
frameworks, regardless of the weights used for the three 
scoring criteria. For scenarios that target individual and 
bulk consumers buying for respiratory protection during a 
short-term haze period, the assessment recommends the 
lowest cost disposable respirator model with a head strap 
and multiple sizes available. For scenarios that target in-
dividual and bulk consumers with long-term purchasing 
plans, the assessment recommends the lowest cost reusable 
respirator with replaceable filters, exhalation valves, and 
multiple sizes offered. Future research could further inves-
tigate consumer habits to detail the public’s opinion of res-
pirator efficiency, cost and environmental sustainability. 
This information would assist in making a more accurate 
framework to represent the average Thai consumer. Finally, 
a cost benefit analysis between respirator use and hospital-
izations would be very useful for policy makers, to assist in 
making decisions that prioritize both public health and fis-
cal responsibility. 
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