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Abstract: The link between air pollution and health burden in urban areas have been well re- 26 
searched. This has led to a plethora of effective policy induced monitoring and interventions in the 27 
global south. However, the implication of pollutant species like PM2.5 in low middle income coun- 28 
tries (LMIC) still remains a concern. By adopting a positivist philosophy and deductive reasoning, 29 
this research addresses the question, to what extent can we deliver effective interventions to improve air 30 
quality at a building structure located at a busy road node in a LMIC? This study assessed the temporal 31 
variability of pollutants around the university environment to provide a novel comparative evalu- 32 
ation of occupational shift patterns and the use of facemasks as risk control interventions. The find- 33 
ings indicate that the concentration of PM2.5 which can be as high as 300% compared to the WHO 34 
reference was exacerbated by episodic events. With a notable decay period of approximately one- 35 
week, adequate protection and/or avoidance of hotspots are required for at risk individuals within 36 
a busy road node. The use of masks with 80% efficiency provide sufficient mitigation against expo- 37 
sure risks to elevated PM2.5 concentrations without occupational shift; and 50% efficiency with at 38 
least 2hrs ON, 2hrs OFF’ occupational shift scenario. 39 

Keywords:Episodic Event; Elevated PM2.5 Concentration; Low and Middle income Countries 40 
(LMIC); Occupational Exposure; Risk Characterisation; Control Intervention; Reference Concentra- 41 
tion 42 
 43 

1. Introduction 44 
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Prior air pollution studies investigating occupational risk exposures of particulate 46 
matter (PM) have indicated a number of health concerns [1]. Increase in mortality rate 47 
(57%) is seen as the most common health-related consequence of air pollution to humans 48 
while respiratory and cardiovascular diseases as a result of continuous exposure are also 49 
common (32.7% and 20.7% respectively) [2-4]. In other words, outdoor PM is a major 50 
pointer to increase mortality rate in relation to cardiovascular issues [5, 6]. Thus, exposure 51 
to PM through inhalation significantly changes the gut microbiota composition along the 52 
gastrointestinal (GI) tract. In cases where PM is inhaled, it gets deposited in  the lungs 53 
through the following processes - impaction, interception, diffusion and sedimentation [7, 54 
8]. Similarly, Wang et al. [9] found, in another study, that severe exposure to PM2.5 alters 55 
the composition of gut microbiota by causing gut dysbiosis and could ultimately result in 56 
the abnormal development in glucose metabolism. Whilst, the yearly expenditure on dis- 57 
eases related to PM2.5 exposures is expected to reach about 5 billion yuan by 2030 due to 58 
cardiovascular and cerebrovascular admissions in hospitals in China [10], the implications 59 
of PM2.5 exposures in low and middle incomes countries (LMIC) still remains a concern 60 
[11]. For example, some part of the city of Lagos evidently generates voluminous air pol- 61 
lution such as PM2.5 [12]. 62 

Commentators have argued that people, particularly within LMIC [13], do live and 63 
work in locations with high pollutant concentration [14].  For example, Lawin et al.  [13] 64 
reported that an important part of the labour force in LMICs engage in commercial bus 65 
driving, cars and motorcycles, where they are exposed to ambient air pollution. Obanya 66 
et al. [15] investigated air pollution around residential and transport sector locations (i.e., 67 
bus stops) in Lagos, Nigeria and observed the respective concentration of PM2.5 and PM10 68 
as 69.6 µg/m3 and 144.1 µg/m3, which are much higher than the WHO recommended daily 69 
mean values of 15 µg/m3 and 25 µg/m3. These air quality measurements suggest that pe- 70 
destrians are exposed to unacceptable levels of pollution when commuting through these 71 
locations and this has a direct causal link with health burden.   72 

Similarly, Ngoc et al. [16] posited that pedestrian exposure to particulate matter can 73 
be attributed to human activities, such as combustion of fuel, linked to cardiovascular and 74 
respiratory illness in people. While these scholars have examined a range of occupation- 75 
ally exposed risks within LMICs, prior work still offers very limited insights concerning 76 
the identification, analysis and control interventions of occupational exposure risks within 77 
school environments. Amongst other factors, the accuracy of identifying air quality mon- 78 
itor depends largely on the instrumentation. Regardless, high-fidelity air quality monitor- 79 
ing stations are so expensive that their applications are limited [17]. This study employs 80 
an EarthSense Zephyr air quality low-cost sensor to measure the air pollution concentra- 81 
tions for effective analysis. Zephyr presents an ideal economical solution for the present 82 
study and can measure nitrogen oxide, nitrogen dioxide, ozone, particulates PM1, PM2.5 83 
and PM10, temperature and humidity [17].  84 

Several control interventions have been developed and implemented to improve air 85 
quality in outdoor environments. Examples of interventions that are being implemented 86 
include: 1) discourage car idling [18] ; 2) encourage the use of light rail transit [19, 20]; 3) 87 
increase the uptake of electric and/or hybrid electric vehicles [21]; 4) congestion charging 88 
scheme [22]; and 5) replacement of vehicle exhaust system and use of face mask [23]. Yet 89 
curiously, despite the importance of air quality and these interventions, little is known 90 
about the impact of these interventions in LMICs. 91 

Thus, this study addresses this research question: to what extent can we deliver ef- 92 
fective interventions to improve air quality at a building structure located at a busy road 93 
node in an LMIC? To address this RQ, our study sets out to achieve the following: 1) 94 
measure and characterise the pollutant concentration; 2) develop and assess the effective 95 
interventions to reduce exposure risk. The current study responds to the urgent need to 96 
identify effective strategies for reducing occupational exposure to particulates, such as 97 
PM2.5, in work environments [24, 25]. The research draws on rich primary data collected 98 
from onsite measurement with a cloud-based air quality monitoring device. 99 
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This study offers three distinct contributions. First, the study measures and evaluates 100 
the occupational exposure to PM2.5 in the outdoor environments of a structure located at 101 
a busy traffic node. Thus, we presented both concentration levels and exposure risks 102 
based on WHO reference levels. Second, the findings provide a practical relevance which 103 
highlights the effectiveness of intervention strategies (such as occupational time shifts and 104 
use of personal protective devices) to reduce occupational exposure to PM2.5 in outdoor 105 
environments. Third, our study presents a novel methodological contribution by exploring 106 
time series measurements using a cloud-based instrument to determine occupational ex- 107 
posure to PM2.5 at a busy traffic node in a LMIC.  108 

2. Methodology 109 

Set within this overarching epistemological context, a case study strategy was em- 110 
ployed [26, 27] and digital technologies utilised to automate real time data acquisition [28, 111 
29]. A five-stage iterative research design process was then employed viz: 1) establishing 112 
the experimental site; 2) research instrument set up; 3) uncertainty analysis of the meas- 113 
ured variables; 4) temporal analysis of pollutant concentration; and 5) exposure risk char- 114 
acterisation and effects of control interventions. 115 

2.1. Measurement site 116 

The series of measurements reported in this study took place at the main campus of 117 
the University of Lagos (6.5157° N, 3.3899° E), Lagos State, Nigeria. Lagos (see Fig. 1) is 118 
the only city in Nigeria and West Africa approaching a mega-city status with over 20 mil- 119 
lion residents [30]. With a large population, limited land mass and associated high indus- 120 
trial, transportation and other anthropogenic activities, the city generates voluminous air 121 
pollution such as PM2.5 [11].  122 

 123 
Figure 1. Lagos, highlighted, south of Nigeria in west Africa (Adapted from Google Maps (ac- 124 
cessed 24/08/21)) 125 

 126 

The University of Lagos has a population of over 40,000 students and 4,400 staff 127 
members [31, 32]. The air quality monitoring device is located at the main gate house of 128 
the university which is situated at a busy traffic node between road intersections connect- 129 
ing outside vehicular and human traffic into the campus and vice versa. The main gate 130 
house consists of two gates, each enabling access into and out of the campus and hold at 131 
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least six security operatives at any given time. There is a traffic roundabout 50 metres in 132 
front of the gate house, where buses, commercial vehicles, and unauthorised vehicles to 133 
the campus can turn around without entering the gates. There is a bus stop within 50 134 
metres of the gate house. There are two twin-carriage roads leading into the campus en- 135 
trance. Vehicular traffic volumes at a major ring road ~ 2 km from the main gate were, 136 
more than a decade ago, recorded at a weekday morning peak of 31,118 vehicles between 137 
6 and 10 am and, an evening peak of 28,392 vehicles between 4 and 8 pm [33]. Fig. 2 shows 138 
typical vehicular traffic in the afternoon and evening around the main gate. Also about 139 
one in four of all undergraduate students (about 6,250 students between 2007 and 2009) 140 
at the university either owned a vehicle or used one on campus [34]. At least 6 people are 141 
housed in the gate at any point in time as security operatives.  142 

 143 

Figure 2. Typical traffic on a Wednesday at 4 pm (left) and 8 pm (right) on roads leading to the 144 
university gate house. Adapted from Google Maps (accessed 24/08/21). 145 

Thus, the large academic and non-academic events within and around the university 146 
environment demands mobility of human and material resources and generates heavy 147 
transportation and pedestrian activities. Because heavy transportation and vehicular ac- 148 
tivities are associated with higher pollutant, especially PM2.5 concentration, the university 149 
gate provides an ideal location for assessing the pollutant concentration profile and the 150 
impact of control interventions on occupational exposure risk towards improving air 151 
quality at schools in low resourced countries. Fig. 3 shows the measurement site as located 152 
near the road intersections at the main gate of the university main campus.  153 

 154 
 155 

3. Research Method 156 

 157 
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. 158 

Figure 3. Measurement site at the university main gate house (©️ SQUARES Project) 159 

3.1. Instrumentation and Measurement Setup 160 

Field measurements were randomly carried out at a busy road node from 22 December 161 
2020 to 1st January 2021 using the EarthSense Zephyr air quality sensor. The sensor is pre- 162 
calibrated by the manufacturer by co-locating it with a local authority reference measure- 163 
ment to give accuracy of ± 5 µg/m3 for PM2.5. The sensor, which combines on-board battery 164 
backup with solar power generation to avoid measurement interruption, was installed on 165 
a steel post (Fig. 3) at about 2.5 m above the ground, with a clear wide space for the in- 166 
strument to capture exposure of air pollutant affecting occupants around a building lo- 167 
cated at the busy road node. The setup of the instrument at this position is done to avoid 168 
measurement errors caused by illumination from the sun [35]. 169 

3.2. Uncertainty analysis of the measured PM2.5 170 

The reliability of measured data depends on various uncertainties. For pollutant con- 171 
centrations, these uncertainties range from those associated with the sensing equipment, 172 
installation of sensing equipment, logging system, correlation between the measured var- 173 
iable (e.g., temperature and PM2.5 concentration), and temporal fluctuation in the meas- 174 
urement [36]. These uncertainties can be reduced by the selection of an instrument with 175 
higher accuracy, good installation practices, and repeated measurement over an extended 176 
period [35] . The uncertainty in the PM2.5 concentration measurements were analysed per 177 
the guide to the expression of uncertainty in measurement [37]. In this approach, assum- 178 
ing a measured variable, 𝑋, consists of independent measurements 𝑥1, 𝑥2, ⋯ 𝑥𝑛. The uncer- 179 
tainty in the variable can be estimated as a combined uncertainty ∆𝑐𝑥, with: 180 

∆𝑐𝑥 = √(
𝜎𝑥,𝑖

√𝑛
 )

2

+  ( ∆𝑥, 𝑖)2 (1) 

 181 

Where the first term on the right-hand side of Equation (1), 𝜎𝑥,𝑖 √𝑛⁄  is the standard 182 
uncertainty of the average measurement. 𝜎𝑥,𝑖 is the standard deviation of the measure- 183 
ment; 𝑛 is the number of measurements; and  ∆𝑥, 𝑖 is the accuracy of the measurement 184 

Instrument 
setup 
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device as obtained from device manufacturer’s specification. For the PM2.5 concentration 185 
measured in this study, by substituting the accuracy of the PM2.5 sensor of ± 5 µg/m3 into 186 
Equation (1), the uncertainty in PM2.5 measurement is 5.002 µg/m3. This suggests that the 187 
measurement is reliable within the instrumentation accuracy. 188 

3.3. Temporal Analysis of Pollutant Concentration 189 

The cloud-based sensor records time-series of pollutant concentrations at a frequency 190 
of one data point per minute thereby resulting in 89,280 (1 × 60 × 24 × 62 = 89,280) data 191 
points over the two-month measurement period. However, the WHO [38] reference con- 192 
centration levels are based on 24 hour averaging windows. Thus, to facilitate the ease of 193 
comparison between the measured pollutant concentrations and the WHO reference con- 194 
centration levels, the measured PM2.5 concentrations were pre-processed to 24-hourly av- 195 
eraging windows.   196 

3.4. Exposure Risk Characterisation and Effects of Control Interventions 197 

To assess the occupational exposure risk to the PM2.5 concentration, the temporal risk 198 
characterisation ratio was computed for the pollutants. Risk characterisation ratio is a met- 199 
ric that compares the concentration at a measurement point to a standard reference con- 200 
centration value[48]. It is computed as a quotient of the measured pollutant concentration 201 
to a standard reference value of the pollutant – refer to Equation (2). Similar metrics in air 202 
quality exposure risk assessment include intake fraction [39-41] that compare the concen- 203 
tration at occupant’s location with the source concentration and personal exposure index 204 
and/or susceptible exposure index [42, 43] that compares pollutant concentration at the 205 
exhaust outlet of an enclosure to the one at the breathing zone of an exposed person. These 206 
metrics (i.e., intake fraction, personal exposure index, and susceptible exposure index) are 207 
similar because they compare the local concentration around an exposed person with a 208 
local concentration such as the emission source and concentration at exhaust outlet. In a 209 
situation, such as outdoor condition, where it’s difficult to identify emission sources or 210 
exhaust outlets, risk characterisation ratio provides a better alternative. Risk characterisa- 211 
tion ratio is computed from Equation (2) as:  212 

 213 

𝑅𝐶𝑅𝑝𝑚2.5 =  
𝐸𝑚𝑒𝑎

𝐶𝑟𝑒𝑓
 (2) 

 214 

Where 𝑅𝐶𝑅𝑝𝑚2.5 is the risk characterisation of exposure to PM2.5; 𝐸𝑚𝑒𝑎 is the exposure 215 
concentration due to the measured PM2.5 concentration (µg/m3); and 𝐶𝑟𝑒𝑓 is the WHO ref- 216 
erence concentration for PM2.5 (15 µg/m3). Expectedly, 𝑅𝐶𝑅𝑝𝑚2.5  of values less than or 217 
equal to unity (𝑅𝐶𝑅𝑝𝑚2.5  ≤ 1.0) is of low/no risk level, while values above 1.0 are of higher 218 
occupational risk. Exposure is a mathematical product of pollutant concentration and the 219 
time over which a person is exposed to this concentration [44]. Exposure, therefore, in- 220 
volves an occurrence of two simultaneous events – a pollutant concentration at a particu- 221 
lar place and time, and the presence of a person at that place and time. As such, to mini- 222 
mise exposure requires control of available concentration of pollutant, avoidance of loca- 223 
tions of high pollutant concentration, or reducing the time of exposure to the concentra- 224 
tion.  225 

 226 

To control the available concentration of pollutant, such as PM2.5, source control 227 
forms the fundamental intent of many clean air policies. These include the public aware- 228 
ness against car idling, use of light rail transit, incentive on the uptake of electric and/or 229 
hybrid electric vehicles, congestion charging scheme, and replacement of vehicle exhaust 230 
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system. However, where emission source control is insufficient, the use of personal pro- 231 
tective device, such as facemasks and other administrative and/or engineering controls 232 
exist. This study considers the use of operational shifts and facemasks as respective ad- 233 
ministrative and engineering control interventions for minimising available concentration 234 
and reducing the time of exposure to the PM2.5 concentration. As pollutant concentration 235 
varies with time, exposure is typically calculated across the appropriate averaging time 236 
[43]. Thus, the exposure concentration, 𝐸𝑚𝑒𝑎 in Equation (2) is computed as: 237 

 238 

𝐸𝑚𝑒𝑎 = (1 −  𝑃𝑓) ∙  
1

𝑛
∑ 𝐶𝑖𝑝𝑖

𝑛

𝑖=1

 (3) 

 239 

Where: 𝐸𝑚𝑒𝑎 is the average temporal exposure concentration over the averaging win- 240 
dow; 𝐶𝑖 is the temporal PM2.5 concentration; 𝑛 is the averaging window (24 hr for PM2.5); 241 
𝑃𝑓  the particle filtration efficiency of personal protective device, e.g., facemask; and 𝑝𝑖   is 242 
the presence of an exposed person at time, 𝑡𝑖., which is either one or zero to indicate that 243 
a person is present or absent at the time of concentration, 𝐶𝑖. As shown, Equation (3) ac- 244 
counts for occupational shift (with the presence factor, 𝑝𝑖) and the use of facemask with 245 
the 𝑃𝑓  parameter (ranging from zero for no mask to 99.9% for high efficient facemasks). 246 
For instance, if a person is absent at a time, 𝑡𝑖, the exposure concentration becomes zero 247 
with  𝑝𝑖  value of zero. Similarly, for two people at a location with an average PM2.5 con- 248 
centration of 35 µg/m3, where one of them uses no facemask (0% efficiency) and the other 249 
uses a facemask with 90% efficiency; the respective average exposure becomes 35 µg/m3 250 
(i.e., 𝐸𝑚𝑒𝑎 = (1 − 0) × 35 × 1 =  35) and 3.5 µg/m3 (i.e., 𝐸𝑚𝑒𝑎 = (1 − 0.9) × 35 × 1 =  3.5).  251 

To assess the impact of control interventions on exposure risk (defined by risk char- 252 
acterisation ratio, Equation (2)), this study considers the use of occupational shift and face- 253 
mask as administrative and engineering measures respectively. While the former involves 254 
‘flexible shifts’ amongst the occupationally exposed persons at the test location, the latter 255 
involves the assessment of the effects of the use of facemask on exposure risk. Table 1 256 
presents the intervention scenarios, where we consider five levels of facemasks with var- 257 
ying particle filtration efficiencies [i.e., 𝑃𝑓 in Equation (3)]. It ranges from 5% (represent- 258 
ing low efficient masks e.g., cloth mask) to 99% (representing highly efficient masks such 259 
as N95). Additionally, a case of zero percent mask Particle Filtration Efficiency (PFE) was 260 
considered to represent the control condition of no use of mask.  261 

Table 1. Scenario variables and their levels. 262 

Scenarios Levels 

Mask Scenarios 
PFE* – 0%, 25%, 50%, 80%, 95% 

Shift Scenarios 

No Shift – 0hr,  

Shift – 2hrs ON, 2hrs OFF,  

Shift – 3hrs ON, 2hrs OFF 

* PFE: Particle Filtration Efficiency 

  263 
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For the shift scenarios, two tests (Shift – 2hrs ON, 2hrs OFF and Shift – 3hrs ON, 2 hrs 264 
OFF) and one control (No Shift – 0 hr) conditions were considered. In the shift scenarios, 265 
the ON/OFF conditions represent occupational presence where the 𝑝𝑖  value in Equation 266 
(3) is one and zero respectively when the ON and OFF conditions. While during the No 267 
Shift scenarios, an exposed person is present throughout the assessment period, for the 268 
Shift – 2hrs ON, 2hrs OFF, the exposed person is present and absent at the location for 2 269 
hours respectively. During the Shift – 3hrs ON, 2 hrs OFF, however, the hypothetical per- 270 
son is assumed to be present for 3 hours and absent for another 2 hours. The present and 271 
absent values are defined as 𝑝𝑖   in Equation (3). Fig. 4 shows the hourly shift scenarios for 272 
exposure control intervention considered in this study. Combining six (6) mask scenarios 273 
and three (3) shift scenarios, give 18 scenarios combinations (see Table 2). For each of the 274 
scenarios in Table 2, while the exposure concentration was computed using Equation (3), 275 
the risk characterisation is calculated with Equation (2). 276 

Table 2. Combination of scenario variables for assessing the effect of intervention on exposure. 277 

Case-ID Mask Scenarios Shift Scenarios 

1 pfe_00pct shift_0hrs 

2 pfe_00pct shift_2hrs 

3 pfe_00pct shift_3hrs 

4 pfe_25pct shift_0hrs 

5 pfe_25pct shift_2hrs 

6 pfe_25pct shift_3hrs 

7 pfe_50pct shift_0hrs 

8 pfe_50pct shift_2hrs 

9 pfe_50pct shift_3hrs 

10 pfe_80pct shift_0hrs 

11 pfe_80pct shift_2hrs 

12 pfe_80pct shift_3hrs 

13 pfe_95pct shift_0hrs 

14 pfe_95pct shift_2hrs 

15 pfe_95pct shift_3hrs 

 278 
Hypothetically, reducing exposure to or below the reference concentration level 279 

(such as defined by WHO [38]) provides effective intervention. Regardless, assessing the 280 
extent of delivering effective interventions requires the selection of a period of interest. 281 
For the test location, the mostly exposed populations are the security operatives working 282 
around the site. Hence, to assess the effect of the control interventions, two analytical pro- 283 
cedures were defined. Firstly, we assumed the daytime working period of 6:00 am and 284 
6:59 pm for the security personnel, then assessed the exposure risk over this period of the 285 
day. Under these period, the 0 hr shift scenarios represent the presence of a staff over the 286 
whole working period of 6am to 6:59pm. Under the Shift – 2hrs ON, 2hrs OFF shift sce- 287 
narios, a security personnel is expected to have occupational presence for 2 hrs with a shift 288 
of 2 hrs in between each shift periods (see Fig. 4). A similar conditions exists in the Shift – 289 
3hrs ON, 2hrs OFF shift scenarios, where a personnel is present for 3 hrs with a shift of 2 290 
hrs in between each shift periods (see Fig. 4).   291 
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 292 
Figure 4. Hourly shift scenarios for exposure control intervention. 293 

Secondly, we select one week each from the months in the measurement periods. 294 
These periods were selected to cover the time of activities around the test location when 295 
the PM2.5 concentration may be high due to increased human and vehicular activities 296 
around the location. The selected periods include Christmas day that represent social-re- 297 
ligious activity and examination days, representing academic events. With the peak con- 298 
centration recorded on the 27 December 2020 and 23 January 2021, the period for assessing 299 
the effects of control interventions are defined as: 24 - 30 December 2020, and 20 - 26 Jan- 300 
uary 2021. Thus, the dates (24 - 30 December 2020, and 20 - 26 January 2021) and time (6:00 301 
am to 6:59 pm) are used to subset the time-series data of PM2.5 exposure concentration for 302 
the assessment and analysis of control interventions. The main effects of each of the inter- 303 
ventions defined in Table 2 were then examined in detail for their effectiveness in mitigat- 304 
ing occupational exposure to pollutant concentration. 305 

4. Results  306 

4.1. Profile of the Measured PM2.5 Concentration  307 

Table 3 shows the summary statistics of the 15-minute average PM2.5 concentration 308 
data collected over the two-month period. As shown, for the period of observation, the 309 
minimum PM2.5 concentration ranges between 10.53 µg/m3 and 12.27 µg/m3, while the 310 
maximum concentration ranges between 103.53 µg/m3 and 163.00 µg/m3. For both months 311 
of observation, the average concentration of PM2.5 of 25.43 to 29.38 µg/m3 exceeds the 312 
WHO reference value of 15 µg/m3, suggesting elevated concentration of PM2.5 at the test 313 
location. 314 

 315 

Period 

Statistics 

Range (µg/m3) 
Mean 

(µg/m3) 

SD 

(µg/m3) 
Median 

(µg/m3) 

Dec 2020 [10.53, 

103.36] 25.43 8.83 23.40 
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Jan 2021 [12.27, 

163.00] 29.38 14.05 24.86 

Note: Range = [Minimum, Maximum]; SD = Standard deviation. 316 

Table 3. Summary statistics of 15-min average PM2.5 concentrations data over 2-month period. 317 

 Fig. 5 compares the hourly temporal variation of the measured PM2.5 concentration 318 
with the WHO referenced value of 15 µg/m3. As shown, over the measurement periods, 319 
the PM2.5 concentration profiles exceed WHO reference concentration levels of 15 µg/m3 320 
for the measurement periods. In those periods of high excitation, the PM2.5 concentrations 321 
can be as high as over four orders of magnitude.  322 

 323 
Figure 5. Measured PM2.5 concentration over the observation period compared with WHO refer- 324 
enced threshold. 325 

Higher levels of air pollution concentrations are related to more negative health out- 326 
comes [45]. As shown in Fig. 5 above, PM2.5 have high episodic peak concentrations and 327 
such of high concerns for exposure assessments. Fig. 6 shows the 24-hourly concentration 328 
of the PM2.5 profile over the test period. The results revealed that for most parts of the 329 
investigation periods, the concentration of PM2.5 ranges between 22.5 µg/m3 and 30.0 330 
µg/m3 (about 1.5 to 2.0 order above the WHO reference values). On certain periods of the 331 
day, the concentration exceeds 60 µg/m3. This result raises a concern on the occupational 332 
exposure level of the exposed persons, especially the security personnel working around 333 
the test site. Hence, this study further assesses the influence of control interventions on 334 
the exposure level. 335 

 336 

5. Results – Interventions  337 
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 338 
Figure 6. Hourly variation of PM2.5 concentration profile over the test period. 339 

 340 

5.1. Effects of Control Interventions on Exposure Risk  341 

Fig. 7 shows the influence of control intervention on exposure risk profile to PM2.5 at 342 
the test location. The red dotted line on the graph indicates the RCR for PM2.5 based on the 343 
WHO reference exposure (i.e., based on the reference concentration) levels. As shown, the 344 
results indicate that the shift scenarios have significant influence on exposure risk. In the 345 
month of January, without the use of facemask (i.e., 0% particle filtration efficiency), under 346 
the ‘No Shift – Full Working Hours’ the exposure risk is about 3 orders of magnitude above 347 
the WHO reference concentration. With ‘Shift – 3hrs ON, 2 hrs OFF’ and ‘Shift – 2hrs ON, 348 
2 hrs OFF’ scenarios, the exposure risks were reduced to 2 and 1 orders of magnitude 349 
above the WHO reference value. Similar effects were obtained for the month of December.  350 
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 351 
Figure 7. Influence of control interventions on daily occupational exposure risk. 352 

 353 

These results suggest that occupational shifts reduces exposure risk to PM2.5 concen- 354 
tration. Also shown on Fig. 7 are the effects of the use of facemasks on exposure risks. As 355 
expected, the use of facemasks has a linear effects on exposure risks. However, irrespec- 356 
tive of the shift scenarios, in certain days of elevated PM2.5 concentration, low efficient 357 
facemasks with 25% efficiency provides little protection against the risk of exposure to 358 
PM2.5 concentrations. Even with facemask of 50% efficiency, the protection against PM2.5 359 
exposure risk is limited at elevated concentration such as observed on 23rd January 2021. 360 
Conversely, regardless of the shift scenarios, higher efficient facemasks above 50% re- 361 
duces exposure risks to PM2.5 concentration below the reference level of 1.0. 362 



Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 

13 

 

 

 363 

Figure 8. Effects of control interventions on occupational exposure risk over the period of socio- 364 
religious (24 - 30 December 2020) and academic (20 - 26 January 2021) events. 365 

 366 

Fig. 8 presents the distribution of effects of shift scenarios as well the use of facemask 367 
on exposure risk levels. Comparing between the levels of shift scenarios, the results show 368 
that the facemask of 25% efficiency is insufficient to reduce exposure risk level at or below 369 
the reference level. Also, when working at full hours without a shift, the facemask of 50% 370 
efficiency has about 51% risks over the reference level, suggesting its insufficiency to offer 371 
protection at elevated PM2.5 concentration. While the facemask of 50% efficiency offer mar- 372 
ginal reduction of exposure to PM2.5 at ‘Shift – 3hrs ON, 2 hrs OFF’ scenario, its full benefits 373 
is revealed under the ‘Shift – 2hrs ON, 2 hrs OFF’ scenario. Under this scenario, facemask 374 
of 50% efficiency reduces exposure by about 20% below the reference value. Findings from 375 
the control interventions suggest that short-time exposure with ‘Shift – 2hrs ON, 2 hrs OFF’ 376 
occupational shift offer reduction in exposure to PM2.5, with potential to improve this pro- 377 
tection with the use of facemask with at least 50% efficiency. Although facemasks of effi- 378 
ciency higher than 50% (such as those of 80% and 95% efficiency) can further reduce the 379 
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exposure risks, the benefit of using these facemasks becomes more beneficial when oper- 380 
ational shift is infeasible. Where short-term exposure (such as ‘Shift – 2hrs ON, 2 hrs OFF’ 381 
scenario) is feasible facemasks of 50% efficiency appears sufficient to reduce occupational 382 
exposure to PM2.5.  383 

6. Discussion 384 

Risks of exposure to PM2.5 concentrations at a busy road node have been assessed 385 
using on-site measurements. To meet the study objectives, low-cost multi-pollutant air 386 
quality sensor was first used to measure and characterise the concentrations of PM2.5. Sec- 387 
ondly, the study employed occupational shift and personal protection to assess the effec- 388 
tiveness of control interventions to reduce exposure risk to PM2.5 pollution. The influence 389 
of occupational shifts and use of masks to mitigate the risks of exposure to PM2.5 concen- 390 
tration were examined and analysed. This is followed by our primary findings.  391 

With respect to the measured PM2.5 concentration considered in this study, the con- 392 
centrations were significantly higher than the WHO reference concentration value. Over 393 
the two months’ test periods, two episodic events of elevated concentrations were ob- 394 
served between 24th – 30th December 2020, and 20th – 26th January 2021. During these 395 
events, the average PM2.5 concentrations ranges between 25.4 and 29.4 µg/m3. A closer 396 
look into these periods revealed that the dates are related to social-religious and academic 397 
activities around the university. The elevated concentration in December is attributable to 398 
the Christmas celebrations, where a large section of the population goes for shopping, 399 
family visitation, and relaxation. The concentration began to increase at about two days 400 
before Christmas and continued till the beginning of January. Further, the episodic event 401 
in January, which occurred on the 23rd January 2021, upon deeper analysis revealed that 402 
the period falls within the examination week in the university. As there were restrictions 403 
to on-campus accommodation due to COVID-19 pandemic, the movement of students 404 
and staff increased over this period resulting in the elevated concentration [e.g., 31, 32]. 405 
There is a common pattern in both observed episodic events – they span over many days. 406 
This will suggest that the decay period, i.e., the time to return to low level after the high 407 
concentration event (such as 27th December 2020 and 23rd January 2021), can last for sev- 408 
eral days.   409 

Regarding the effect of control interventions on exposure risks, occupational shifts 410 
seem to provide marginal protection at elevated concentration. This is may be because 411 
exposure is estimated as a time weighted average and as the concentration is high over 412 
most of the periods changing the time of presence will provide little protection. As for the 413 
use of masks, considerable reduction in exposure risk is provided by masks above 50% 414 
efficiency. With the use of 80% and 95% efficiencies, the average exposure risks reduced 415 
to nearly zero values with ‘Shift – 2hrs ON, 2 hrs OFF’ occupational shift pattern.  416 

Thus, this research has important implications to theory and practice. Our theoretical 417 
contributions are twofold and add to our understanding of occupational exposure risk 418 
characterisation and exposure of people to PM2.5 around buildings located at a busy road 419 
node. First, we extend prior studies on occupational exposure risk characterisation [1, 2, 420 
5, 6] by exploring the impact of occupational exposure risk characterisation of PM2.5 within 421 
LMICs. Second, extant studies on exposure of people to air pollutants, particularly PM2.5, 422 
have explored its impact on the abnormal development in glucose metabolism [9] and the 423 
cost implications of PM2.5 on hospital admissions [10]. Most recent studies have examined 424 
other health implications on residents across different age groups and indoor air quality 425 
[1]. We, therefore, extend the understanding and consequences of PM2.5 around buildings 426 
located at a busy road node.  427 

This study offers relevant implications for organisations, policy makers and stake- 428 
holders seeking to improve air quality around buildings located at a busy road node. We 429 
show the elevated concentrations over the decay period, which implies that there is a like- 430 
lihood of higher exposure during social and academic events around the campus. There- 431 
fore, stakeholders especially those with certain health concerns should either avoid the 432 
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environment or use personal protective equipment, such as facemasks to reduce particle 433 
inhalation during this period. 434 

Some limitations of this study are apparent and require further research. The meas- 435 
urements have been performed on a single station over a short period of time. These meas- 436 
urements sought to assess the temporal variability of pollutants around the university 437 
environment and to provide a first comparative evaluation of different control interven- 438 
tions. It was not the intention to accurately determine the long-term occupational expo- 439 
sure to pollutant such as PM2.5. The study acknowledges that exposed persons around the 440 
test locations can also be exposed at other location especially during non-working periods. 441 
However, capturing exposures other than the occupational setting (i.e. measurement site) 442 
is beyond the scope of the current study. Considering these additional information would 443 
require either measurements at many locations for a period of several months. Im- 444 
portantly, the full-scale measurements of pollutant concentrations and assessment of the 445 
effectiveness of control interventions were only performed to assess the exposure risk lev- 446 
els around the university school gate, and performance of common control intervention 447 
to mitigate the risks.  448 

Furthermore, the exposure risk characterisation is based on short-term 24-hour mean 449 
reference concentration value of 15 µg/m3 for PM2.5. Future studies may focus on the long- 450 
term annual mean reference value of 5 µg/m3 for PM2.5, which is necessary for e.g., associ- 451 
ation of exposure to PM2.5 pollutions with health outcomes. The control interventions ex- 452 
amined in this study have shown a fair reduction in exposure risks. This is because the 453 
measurements are recorded at a single location, whereas multiple measurements would 454 
provide more information to examine. However, the cumulative exposure with location 455 
shift in addition to time shift on single work location is considered in this study. Also, 456 
taking the exposure risk level due to the WHO reference concentration for PM2.5 as the 457 
target, the optimal mask scenario lies between the facemasks with efficiencies of 50% and 458 
80%. Notably the mask collection efficiency reported in this study are theoretical as overall 459 
efficiency of face masks depends on many user related factors in addition to the material 460 
based variations presented in this study [3]. Regardless, comparing the filtration efficiency 461 
between scenarios is similar to mask efficiency under real-life application. Further, it is 462 
possible to optimise the interventions to determine the optimum mask efficiency at the 463 
most ideal shift scenario. The issue of optimisation is beyond the scope of the current 464 
study and could be explored in future studies. Vehicle related interventions such as types 465 
and drive patterns (e.g., idling control) are good interventions to reduce vehicle-related 466 
emissions but were not considered in the current study. Future studies may consider the 467 
impact of vehicle-related control intervention on the concentration and exposure risk mit- 468 
igation around the campus gate, in particular, and the university environment in general. 469 

7. Conclusion 470 

A study of the influence of occupational shifts and use of masks on the risks of expo- 471 
sure to PM2.5 concentrations at a university school gate situated at a busy road node is 472 
presented in this paper. Time-series measurement of pollutant concentrations was con- 473 
ducted over a two-month period between December 2020 and January 2021 with a cloud- 474 
connected air quality sensor. The measurement uncertainty for the pollutants is within 475 
one percent of the instrument accuracy, thereby suggesting measurement reliability. The 476 
pollutant concentrations and exposure risks were characterised based on the WHO short- 477 
term 24-hour mean reference concentration value. To assess the influence of the control 478 
interventions on mitigating exposure risks, the use of temporal shift scenarios and per- 479 
sonal protective device with facemasks were employed. In the intervention analysis, the 480 
exposure risks were examined for both shift and mask scenarios over the test periods. The 481 
exposure risk characterisations for PM2.5 were evaluated by computing the quotient of 482 
temporal exposure concentration, with the WHO reference concentration value of 15 483 
µg/m3. Thus, our findings are summarised as follows: 484 

 485 
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The concentration of particulate matters PM2.5 is found to be higher than WHO refer- 486 
ence values. On certain periods relating to social-religious activities associated with 487 
Christmas celebration and academic activities around student examinations, the 24-hour 488 
average concentration of PM2.5 can be as high as nearly 300% when compared with the 489 
WHO reference value of 15 µg/m3.  490 

Following episodic events of elevated concentrations, the decay period can last for 491 
nearly one week, suggesting that adequate protections and/or avoidance of the environ- 492 
ment is required for certain class, especially the “at risk individuals”. 493 

The use of personal protective device such as facemasks provided higher mitigation 494 
against exposure risks at elevated pollutant concentration than temporal shift scenario at 495 
the same location with high concentration. 496 

With respect to mask scenarios, the use of masks with high efficiency such as, 80% 497 
and 95%, can provide little additional mitigation against exposure risks, especially at 498 
shorter occupational exposure of ‘Shift – 2hrs ON, 2 hrs OFF’ occupational shift. Consider- 499 
ing the additional associated cost, the use of masks with 80% efficiency provide sufficient 500 
mitigation against exposure risks to elevated PM2.5 concentrations when there is no occu- 501 
pational shift; and 50% efficiency with at least ‘Shift – 2hrs ON, 2 hrs OFF’ occupational 502 
shift. 503 

The outcomes of this study serve as a reference for future studies on the measurement 504 
and characterisation of urban air pollution and developing and/or assessing the effective- 505 
ness of control interventions in health risk assessments towards improving air quality and 506 
reducing occupational exposure risks. Future research may focus on – for example – long- 507 
term measurement at multiple locations within the university environment and coupling 508 
pollutant measurements with location-shift (in addition to time-shift at the same location), 509 
and vehicle-related interventions (vehicle types, drive patterns). Future research may also 510 
include measuring the long-term impact of exposure to air pollution on health outcomes 511 
of the populations around the university environment. Ultimately, LMICs need a para- 512 
digm shift in transportation policy towards battery technologies and green fuels. How- 513 
ever, in the meantime, stakeholders engagement is required now to reduce the health bur- 514 
den that pollution has upon the local population and this work serves to illustrate the 515 
magnitude of the issue, which calls for urgent action. 516 

 517 
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