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Abstract. High levels of fine (PM2.5) and ultrafine (PM0.1) particles in the atmosphere can cause 

adverse effects on the environment and human health. This study aims at determining the mass 

concentrations of PM and health risks on pollution event days (episodes) in Ha Noi. Semi-daily 

samples (daytime and night-time) of PM2.5 and PM0.1 were collected at Hanoi University of 

Science and Technology, in December 2021. The daily PM2.5 concentrations were in the range of 

39 - 204 µg/m
3
 (average of 119 µg/m

3
). Those of PM0.1 varied from 11 to 30 µg/m

3
 (average of 

22 µg/m
3
). There is negligible change on daytime and night-time PM0.1 concentrations, whereas 

those levels of PM2.5 were remarkably different. PM2.5 daytime concentrations were in the range 

of 39 – 205 µg/m
3
 with an average of 106 µg/m

3
. The level ranges of night-time were slightly 

wider which varied from 39 to 230 µg/m
3 
(average of 136 µg/m

3
).  A prolonged episode of PM2.5 

(which is defined by the criterion of PM2.5 > 50 µg/m
3
) was

 
found with an intensity of 26 days in 

December. During the pollution episode, the Monte Carlo simulation showed that respirable 

doses were the highest for the adult (above 21 years) for chronic effects, whereas the highest 

doses for acute were observed in the children (0-3 years), which has implications in the adverse 

health effects for sensitive groups. The sensitive analysis finds the concentration of PM to be the 

most influencing factor in inhalation dose estimation. 
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1. INTRODUCTION 

Particulate matter (PM) is a serious air pollution problem in Viet Nam, particularly in the 

Red River delta [1-6] which poses negative health consequences, with PM2.5 and PM0.1 being the 

most concerning pollutants. Several epidemiologic and toxicological studies demonstrated that 

PM2.5 and PM0.1 are of great concern because of their health impact [2, 5 - 7]. PM2.5 could be 

inhaled and get deep into the lungs, even into the bloodstream, while PM0.1 could easier 

penetrate further into pulmonary regions, resulting in increased toxicity due to its smaller size 

and larger surface area. Many studies have reported that there was a close link between exposure 
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to PM with respiratory and cardiovascular hospital admissions, as well as pulmonary                           

functions [8 - 11]  

There have been several publications on the health impacts due to PM exposure globally. 

Kim et al. reported that exposure to high PM levels might lead to a range of diverse symptoms 

such as low birth weight in infants, pre-term deliveries, and infant deaths [12]. Kloog et al.  

emphasized that the health consequences of PM varied across different human groups, with 

generally higher risk in infancy, lower risk in healthy teenagers and younger adults, and rising 

risk from middle age to old age [13]. Brauer et al. observed that older adults, children, and those 

with heart or lung problems were more susceptible to PM than other categories [14]. In the case 

of PM2.5 exposure, the children suffered from a high risk of respiratory diseases and a decrease 

of lung function [15]. 

In recent years, there has been increased attention towards air pollution events (episodes) in 

Viet Nam. The national ambient air quality standard in Viet Nam, known as QCVN 

05:2013/BTNMT (NAAQS), regulates the daily concentration of PM2.5 of 50 µg/m
3
, which is 

about three times higher than the recommended daily value of WHO guideline of 15 µg/m
3
. 

There were several days within a year in Ha Noi the concentrations of PM2.5 exceeded NAAQS 

[2, 16, 17]. In addition, the requirement of emergency actions for air pollution has recently been 

required by the regulation for the first time. According to the Law on Environment Protection 

(2020), the central government is required to take emergency measures when air pollution 

reaches severe levels across provinces, regions, or borders and provincial authorities must act 

when pollution becomes severe in their areas [18]. Severe air pollution is defined by the 

Vietnamese air quality index (VN_AQI) of equal to or greater than 301 in three consecutive 

days. The VN-AQI of 301 will happen when the daily or hourly PM2.5 concentration reaches 

250.5 µg/m
3
.  

Studies about the health impact of PM in Viet Nam are scarce. There are some publications 

about health risks due to exposure to PM in ambient air, which reported an increase in hospital 

admissions due to exposure to high PM2.5 in Ha Noi and Ho Chi Minh city [19, 20]. Another 

found a relationship between PM levels and hospital admissions for cardiovascular and 

respiratory diseases in adults in Hanoi, Quang Ninh, and Phu Tho provinces [21]. Vu et al.  

calculated the mortality cases in Ho Chi Minh City due to exposure to poor air quality [22]. 

Besides the PM concentrations, their chemical components (e.g., PAHs, trace elements) can 

exaggerate health influences [23 - 25]. Notably, to our knowledge, Viet Nam has no studies that 

have been conducted on the health consequences due to exposure of ambient particles during 

high-polluting events day. As a result, a deeper understanding of PM2.5 and PM0.1 related to 

health consequences in these periods is of great urgency in Viet Nam. Therefore, this study aims 

to better understand PM pollution during high pollution periods in Hanoi, focusing on PM2.5 and 

PM0.1, and to assess the health consequences according to age groups, thereby it could be helpful 

in improving regional air quality.  

2. MATERIALS AND METHODS  

2.1. PM monitoring 

The sampling campaign was carried out continuously from 01 - 31 December 2021 on the 

rooftop of a third-floor building, in Hanoi University of Science and Technology, Ha Noi, Viet 

Nam, as shown in Figure 1. The samples were taken twice per day from 7 am to 6 pm to 
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represent the daytime and 6.5 pm to 6.5 am the next day to represent the nighttime. The 

coordinates of the site are 21°00'20.8"N and 105°50'39.1"E. This site is considered as a mixed 

site, representing air quality in an urban area affected by multi-emission sources rather than a 

single dominant source. This site is about 100 to 300 m far from roads and surrounded by 

communities, affected by different activities including transportation, construction, education, 

domestic cooking, etc. Detailed information of the sampling site and sampling methodology is 

presented in the studies of Huyen et al. [17] and Vo et al. [25]. 

Samples of PM0.1 were taken by a Nano sampler II (Model 3182, KANOMAX, Suita, 

Japan) which is divided into five-stage cascade impactors at a constant flow rate of 40 L/min. 

PM2.5 samples were taken by a cyclone (URG-2000-30EH, University Research Glassware 

Corp., Chapel Hill, NC, USA) with a flow rate of 16.7 L/min. Quartz filters (2500 QAT-UP, Pall 

Corp., USA)  with 55 mm and 47 mm in diameter were used to collect PM0.1 and PM2.5, 

respectively. Field blanks were applied with a ratio of one blank per 10 samples. The inlets were 

situated at 1.5 m above the floor of a three-floor building, far from any obstructed subjects. 

Quartz filters were pre-burned at 350 
o
C for 2 hours to minimize the chemical contaminants. 

They were weighed by an electronic microbalance (Sartorius ME 5, Swiss) to an accuracy of             

10
-6

 g. The microbalance is calibrated yearly. The filters including sampled filters and blank 

were conditioned at the same room conditions of 30 - 40 % humidity and 20 - 25 
o
C before and 

after sampling. Sampled filters and blanks were passed through an ionizing air blower to limit 

the effects of static electricity during weighing. All samplers were weighted with room blank 

three times. After sampling, quartz filters were placed in Petri dishes, kept in an airtight bag, and 

refrigerated at HUST for further analysis of chemical compositions. The weight concentrations 

are converted to normal concentrations of 25 
o
C, 1 atm. 

The daily concentrations of PM2.5 and PM0.1 were calculated by averaging the value of the 

daytime sample and night-time samples, with correction factors of daytime samples of 11 hours 

and night-time samples of 12 hours. In case the daytime or night-time concentrations were 

missed, the daily values are decided based on the available samples. 

 

Figure 1. Sampling site at HUST, Ha Noi, Viet Nam. 

2.2. Health risk analysis  
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To assess the health effects associated with respiratory particles (PM0.1 and PM2.5), daily 

respirable doses (ADD) were estimated in accordance with the US EPA model [26]. The ADD 

for respirable particles can be calculated by the following Equation [1]: 

 

where C: PM0.1 and PM2.5 concentrations µg/m
3
; IR: Inhalation rate (m

3
/day); ET is the exposure 

time (h/day); EF is exposure frequency (d/year); ED is exposure duration (year) and AT is the 

average time (day).  

@Risk software model version 8.0 was used for Monte Carlo simulation and sensitivity 

analysis. 

3. RESULTS AND DISCUSSION  

3.1. Concentrations of daily PM2.5 and PM0.1 in episodes 

The daily concentrations of PM2.5 and PM0.1 are depicted in Figure 2. Data of daily PM2.5 

and PM0.1 in December 2020 at the same site, which were presented in detail by Vo et al. [17] 

are also presented in Figure 2 for comparison.  

 

Figure 2. Variation of PM01 and PM2.5 in December 2021 and 2020 in Ha Noi.  

The green line presents a limited value to determine a pollution episode. 

During the whole sampling period, the daily levels of PM2.5 in December 2021 were in the 

range of 39 - 204 µg/m
3 
with an

 
average of 119 µg/m

3
. This average level was approximately 2.5 

times higher than the daily value of NAAQS of 50 µg/m
3
. The range and average of daily PM2.5 
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were higher than those in 2020 of 22 - 146 µg/m
3
 with an average concentration of 70 µg/m

3
 

[17].  

There were 29 days out of 31 days in December 2021 that the concentrations of PM2.5 

exceeded the NAAQS, almost double those in 2020 of 16 days [17]. These polluted days in 2021 

are divided into two pollution episodes of which the most prolonged lasted up to 26 days, while 

the longest one in 2020 lasted only 8 days. Notably, the continuous 26 polluted days identified in 

this study were the longest episode in comparison with our previous studies in Ha Noi up to date 

[27]. This episode event lasted longer than most of the other periods occurring in SEA as shown 

in the study of Van et al. [28]. It is important to underline that the high levels of PM2.5 during 

episodes in this region were attributed to sources, unfavored meteorological conditions, and 

long-range transport as mentioned in earlier studies [28, 29]. To investigate the reason for the 

prolonged episode with high PM2.5 concentration, further study needs to be carried out. However, 

it is important to note that traffic activities were restricted for several months before December 

2020 as well as before December 2021 because of COVID-19. Nevertheless, the investigated 

months in both years are not month of social distance because of COVID-19. 

In contrast with the fluctuating trend of PM2.5, the concentrations of PM0.1 in both 2021 and 

2020 were quite stable. However, the levels of PM0.1 in 2021 were significantly higher than 

those in 2020. The levels in 2021 ranged from 11 to 30 µg/m
3
 while those in 2020 were from 2 

to 12 µg/m
3
. The average value of those were 6 µg/m

3
 and 22 µg/m

3
 in 2020 and 2021, 

respectively. To our knowledge, there are no official guidelines in Viet Nam regarding 

permissible levels of PM0.1. The concentrations of PM0.1 in 2021 were not only higher than those 

at the same site in 2020 in the study of Vo et al. [25], but also higher than those in other sites in 

Ha Noi in the study of Thuy et al. (5 µg/m
3
) [6] and Vo et al. (9 µg/m

3
) [5]. Moreover, the levels 

of PM0.1 in this study are also higher than those in other urban sectors in the world, such as in 

Phnom Penh (19 µg/m
3
) [30], Chiang Mai (16.5 µg/m

3
) [30], Beirut (14 µg/m

3
) [31], Riau (12.4 

µg/m
3
) [30], Kuala Lumpur (9.3 µg/m

3
) [30], Athens (7 µg/m

3
) [32], Amsterdam (4 µg/m

3
) [32],  

Shanghai (2.7 µg/m
3
) [33]. A comprehensive study by Worradonrn et al. [34] in Southeast Asia 

also showed that the PM0.1 levels in Ha Noi are more progressive than those in other investigated 

sites in SEA countries. 

3.2. Daytime and night-time PM levels 

The daytime and night-time concentrations of PM2.5 and PM0.1 in December 2021 are 

presented in Figure 3a and Figure 3b, respectively. It is interesting to note that whereas daytime 

and night-time PM0.1 concentrations changed negligibly, those levels of PM2.5 were significantly 

different. Particularly, daytime PM2.5 concentrations were in the range of 39 - 205 µg/m
3

 with an 

average of 106 µg/m
3
. The level range of night-time was slightly wider which varied from 39 to 

230 µg/m
3
 (an average of 136 µg/m

3
).   

Despite the fact that human activities mostly happen in the daytime, nighttime 

concentrations of PM2.5 still tend to be higher. Even on the first days in sampling periods, the 

values of PM2.5 at night-time were about double those in the daytime. The same trend was not 

found for PM0.1 concentrations. This higher PM2.5 trend at night time is in line with observations 

by Ly et al. [2]. The high PM2.5 levels at night are more often, which is ascribed to a temperature 

inversion, weak surface wind and low atmospheric convection. According to Hien et al., 

temperature inversion combined with a low speed of wind in winter led to the reduction of 

transporting/diluting PM in the atmosphere [35]. In addition, the greater stability trend of PM0.1 

concentrations than PM2.5 in both daytime and night-time was in line with the previous 
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discussion that the influence of several meteorological conditions on the levels of PM0.1 was 

negligible in comparison to larger particle size [17, 36]. 

 

 

Figure 3. Daytime and night-time concentrations of: a) PM2.5, b) PM0.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. Respirable dose estimation 

In this study, health risk assessment was carried through estimating the daily dose (ADD) 

of PM0.1 and PM2.5 for chronic and acute effects according to different age categories based on 

the equation (1)  in pollution episodes in the sampling period in 2021, which is demonstrated in 

Figures 4 and 5. Based on USEPA guideline for health risk assessment according to age group, 

exposure inhabitants are classified into six age groups: (0 - 3 years), (3 - 6 years), (6 - 11 years), 

(11 - 21 years), (21 - 60 years), and (over 60 years). The parameters (IR and AT) were based on 

the USEPA exposure handbook [26, 37], while the other parameters, such as ED, ET, and BW, 

were explored in the survey questions used during the sampling campaign. For example, the IR 

values were set at 8.9, 10.1, 12, 16.3, 15.7, and 12.6 m
3
/day for (0 - 3 years), (3 - 6 years), (6 - 

11 years), (11 - 21 years), (21 - 60 years), and (over 60 years), respectively; an AT was set of 

25550 days as the lifetime of 70 years as chroric effect or multiplying of ET*EF*ED as acute 

effect [26, 37]. ET values from 500 questionnaires were 1.5; 1.5; 2.5; 3; 3; 2.5 hours/day; ED 

was 3, 6, 11, 21, 60, 65 years and BW was at 10.6, 18.4,  25.4, 45.2, 55.3, 57.8 kg for 

corresponding age categories: (0 - 3 years), (3 - 6 years), (6 - 11 years), (11 - 21 years), (21 - 60 

years) and (over 60  years), respectively. 

a) 

b) 
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Figure 4. Respirable doses of PM2.5: a) chronic effect; b) acute effect. 

During the pollution episode in 2021, it is found that the daily respirable doses for chronic 

effects increase with age categories, whereas those for acute effects decrease. For chronic 

effects, the respirable daily doses increased from 293 to 3609 ng/kg.day and from 52 to 706 

ng/kg.day for PM2.5 and PM0.1 with increasing ages, respectively. For acute effects, those 

decreased from 4151 to 1211 ng/kg.day and from 811 ng/kg.day to 216 ng/kg.day for PM2.5 and 

PM0.1, respectively, corresponding to the term of ages (0 - 3, 3 - 6, 6 - 11, 11 - 21, 21-60, and 

above 60 years). The doses for the age group below 21 years were 1.5- 15.5 times higher than 

those for adults above 21 years for acute effects, whereas those for adults above 21 years were 2 

to 3 times higher than those for groups under 21 years for chronic effects. The different doses 

between acute and chronic effects as well as among age groups were attributed to the variation 

of exposure time, exposure duration, inhalation rate and body weight. It is interesting, the 

highest doses were seen in children (0 - 3 years) for acute effects and in the adults with group 

age (21 - 60 years ) and (above 60 years)  for chronic effects. It is likely that the children were 

more sensitive to acute effects than the adults, while the adults above 21 years old were getting 

more worsen influenced by chronic effects. Higher doses for inhalation of PM2.5 were obtained 

in comparison with those for PM0.1, which was assigned to higher PM2.5 concentrations. 

 

Figure 5. Respirable doses of PM0.1: a) chronic effect; b) acute effect. 

b) 

a) 

b) a) 

b) 

a) 
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It is worth noting that, the use of the single-point value of input variables to calculate the 

daily dose for the population can rise the uncertainty in the outcomes. The application of Monte 

Carlo simulation was applied to avoid uncertainties in the calculation. In this part, some single 

point values of input variables varied randomly with 10000 trials for simulation using @Risk 

model version 8.0. The sensitive analysis also was conducted to define the influence of input 

variables on the outcomes based on the rank correlation coefficients [24]. Taking of 75
th
 

percentage, dose values range from 1384 to 5006 ng/kg.day for PM2.5 and 239 to 900 ng/kg.day 

for PM0.1 in case of acute effects; 335 to 4526 ng/kg.day for PM2.5 and 58 to 782 ng/kg.day for 

PM0.1, for chronic effects, respectively for corresponding age categories. The rank correlation 

coefficients of the input variable of PM concentration range from 0.85 to 0.94, meaning that the 

PM concentration influenced the most inhalation dose, while other factors are assumed to be 

ignored the influences.  

4. CONCLUSIONS 

In this study, PM2.5 and PM0.1 levels and their variation in December 2021 was presented 

simultaneously with simulating the acute and chronic effects on different categories of age in 

Hanoi, Viet Nam. The concentrations of PM2.5 in December 2021 were in the range of 39 – 204 

µg/m
3 

with an
 
average of 119 µg/m

3
. The average level was approximately 2.4 times higher than 

the daily NAAQS. There was a prolong episode with the continuous 26 polluted days identified 

in this study.  

There is negilible change on daytime and night-time PM0.1 concentrations whereas those 

levels of PM2.5 were  remarkably different. PM2.5 daytime concentrations were in the range of 39 

– 205 µg/m
3

 with an average of 106 µg/m
3
. The level range of night-time was slightly wider, 

which varied from 39 to 230 µg/m
3
 (average of 136 µg/m

3
).  The health implication of PM2.5 and 

PM0.1 in 26 days prolong episode provided suggestive evidence that the daily respirable doses for 

chronic effects rise with age categories, whereas those for acute effect decrease. The highest 

respirable doses were observed in children (0-3 years) for the acute effect, whilst those for 

chronic effects were found in the adults (above 21 years). The sensitive analysis found the PM 

concentration to be the most influencing factor in respiratory dose estimation. These findings 

could contribute to clarify the negative consequences of PM2.5 and PM0.1 on public health, 

thereby promoting to issue of effective management strategies to reduce health risks from air 

pollution. However, it is necessary to study more characteristics of PM to be able to calculate 

their impact on human health more fully. Our subsequent research will focus on particle 

composition and its health risks to fill up this gap. 
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