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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 meteorological influencing factors in high pollution event days in Ha 

Noi. Daily samples of PM2.5 and PM0.1 were collected at a mixed site in Ha Noi, Viet Nam, from 

the middle of October to December 2020. High pollution events (episodes) were determined 

based on PM2.5 concentrations and analysed for their average concentration and intensity 

(number of days). The regression analysis of PM concentration against meteorological 

parameters and their correlation matrix were determined by R software, version 4.04. Seven 

episodes with criteria of PM2.5 > 50 µg/m
3
 for at least two continuous days were recorded for the 

2.5 sampling months. The daily PM2.5 concentrations were in the range of 19 - 147 µg/m
3 

with 

an average of
 
59.5 µg/m

3
, while those of PM0.1 varied from 2 to 13 µg/m

3
 with an average of 6.1 

µg/m
3
. The investigated meteorological factors can explain for 70 % of PM2.5 variations but only 

47 % of PM0.1 variations. 
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1. INTRODUCTION 

Particulate matter (PM), especially PM2.5 (particles with equivalent diameters smaller than 

2.5 µm) has been reported to be a serious air pollution problem in Viet Nam, particularly in Ha 

Noi in recent decades [1, 2, 3, 4, 5, 6]. The annual PM2.5 were higher than the national ambient 

air quality standard (QCVN 05:2013/BTNMT) of 25 µg/m
3
 and several times higher than the 

current recommended levels by WHO of 5 µg/m
3
. Because of its small diameter, PM2.5 can 

penetrate deep into the lung and cause several health problems. The World Health Organization 

announced that there were around 60,000 deaths linked to air pollution in Viet Nam in 2016 [7]. 

The Global Burden of Disease also estimated that exposure to PM2.5 accounted for 806,900 

disability-adjusted life years in Viet Nam in 2015 [6]. There have been several studies to assess 
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the public health due to PM2.5 exposure in Ha Noi so far [8, 9, 10, 11]. In addition to health 

consequences, PM2.5 also contributes to the reduction of visibility [3, 12].  

Besides PM2.5, PM0.1 (particles with equivalent diameters smaller than 0.1 µm) is also of 

great concern because of their health impact [2]. The tiny size and greater specific surface area 

of PM0.1 let it bring toxic substances to penetrate deeply and accumulate in different parts of the 

body and pose health impacts [13, 14]. 

The levels of PM2.5 in Ha Noi depend on emission sources [1, 15, 16], meteorological 

conditions [2, 3, 5 15, 17, 18], long-range transport [3, 16], and secondary formation [1, 15, 16]. 

Because of the strong effect of meteorological conditions in the region, PM2.5 concentration 

varied year-round and got higher levels in winter and spring with the highest levels at the end of 

the year [3, 16]. In Ha Noi, PM2.5 concentrations also have been reported to reach high levels on 

some days (episode period) [2, 4]. The higher concentration of PM2.5 can result in more negative 

effects on public health.  

There is no official criterion to determine an episode period in Viet Nam. In this research, 

the PM2.5 concentration of 50 µg/m
3
, which

 
is its daily limited level in the national ambient air 

quality standard (QCVN05:2013/BTNMT), is chosen as the criteria for an episode. Moreover, a 

minimum of two consecutive days are also proposed to decide an episode period. 

This study investigated the occurrence of PM2.5 and PM0.1 in PM2.5 episodes. Effects of 

meteorological conditions on those PM concentrations in the monitoring periods                             

were investigated.  

2. MATERIALS AND METHODS 

2.1. Sampling campaign 

The sampling campaign was carried out continuously from 14 October to 31 December 

2021 on the top of a third-floor building, inside Ha Noi University of Science and Technology 

(HUST), Ha Noi, Viet Nam (21°00'20.8"N and 105°50'39.1"E) as shown in Figure 1. 

Information about Ha Noi’s characteristics and meteorological conditions can be found in the 

studies of Hien et al. [17], Hai and Kim Oanh. [15], Ly et al. [2]. The sampling site is considered 

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

than a single dominant source. This site is 120 meters from a small road, 250 meters from a big 

road and surrounded by communities. The site is affected by many activities including 

transportation, construction, education, domestic cooking, etc.  

The sampling methods have been reported in detail in our previous research of Huyen et al. 

[19]. In short, samples of PM0.1 were taken by a Nano sampler II, Model 3182, KANOMAX, 

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) with a flow rate of 16.7 L/min. Quartz 

filters with 55 mm and 47 mm in diameter were used to collect PM0.1 and PM2.5, respectively. 

The inlets were placed at 1.5 m above the rooftop of a three-floor building, far from any 

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

contaminants. They were weighed by an electronic microbalance at room conditions of 30 -      

40 % humidity and 20 - 25 
o
C before and after sampling. A detailed description of sample filter 

weighing was presented in the study by Thuy et al. [5]. 
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Figure 1. Sampling site at HUST, Ha Noi, Viet Nam. 

2.2. Data analysis 

Multiple linear regression analysis (MLR) is a statistical technique, which is most widely 

applied to study the influence of independent variables (meteorological factors) on dependent 

variables (concentration of pollutants) [20, 21]. The multiple regression model can be 

formulated as Eq. (1): 

         ∑   
 
                        (1) 

where: K: coefficient;  i: the regression coefficients; Pi: dependent variables (meteorological 

factors)εi: error associated with regression; n: the number of independent variables.  

Statistical significance (p) was fixed at p < 0.05. Shapiro-Wilk was used to test normal 

distribution. Once non-normal distributions were found, Spearman rank correlation coefficients 

would be applied to determine the correlation as the method is for non-parametric parameters. 

The regression analysis of PM concentration against meteorological parameters and their 

correlation matrix were determined by R software, version 3.63. The meteorological parameters 

including precipitation (Pr), wind speed (Ws), temperature (T), relative humidity (RH), and wind 

direction (Wd) were examined. 

RESULTS AND DISCUSSION 

3.1. Levels of PM2.5 and PM0.1 in high pollution episodes  

Figure 2 shows the variations of PM2.5 and PM0.1 during the investigated period from 

14/10/2020 to 31/12/2020. This period belongs to the dry winter period. Overall, the 

concentrations of PM2.5 were in the range of 19 µg/m
3 

to 146 µg/m
3
, whereas the average PM2.5 

concentration was 60 µg/m
3
, which was higher than the daily limited level in 

QCVN05:2013/BTNMT of 50 µg/m
3
 and 4 times higher than WHO guideline of 15 µg/m

3
.  

The concentrations of PM2.5 fluctuated largely during the investigated periods. Seven high 

pollution episodes (defined as periods with more than one day, in which, the concentration of 
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PM2.5 > 50 µg/m
3
) were observed during the sampling period. Periods and averages of PM2.5 of 

these episodes were as following: the first (22/10-28/10) of 86 µg/m
3
; the second (31/10 - 1/11) 

of 73 µg/m
3
; the third (4/11 - 13/11) of 86 µg/m

3
; the fourth (23/11 - 27/11) of 62 µg/m

3
; the 

fifth (30/11 - 2/12) of 76 µg/m
3
; the sixth (5/12 - 12/12) of 100 µg/m

3
 and the seventh (20/12 - 

28/12) of 82 µg/m
3
, respectively. The average concentrations of PM2.5 in each episode period 

ranged from 62 to 100 µg/m
3
, about 1.2 - 2.0 times higher than the daily limited level in 

QCVN05:2013/BTNMT and 4.1 - 6.7 times higher than the daily recommended level in WHO 

guidelines. The intensity of an event lasted from a minimum of two days to 10 days. The periods 

with several pollution episodes in our study were similar to Ha Noi's highly polluted periods in 

earlier studies, where the northeast monsoon cycles were shown to cause a dozen multi-day 

pollution episodes between October and April [2, 3, 18]. The high levels of PM2.5 during these 

episodes were attributed to unfavored meteorological conditions and long-range transport as 

highlighted in previous studies [2, 3, 18]. The periods that high pollution episodes happened in 

Ha Noi are different from those in the other countries in Lower Southeast Asia, in summer when 

the haze originated from the forest fire, peat combustion, crop residue burning and slash-and-

burn agricultural practices [22, 23].  

 

Figure 2. Variation of PM0.1 and PM2.5 from 14/10/2020-31/12/2020. 

Concentrations of PM0.1 ranged from 2 to 13 µg/m
3
, with an average concentration of 6.1 

µg/m
3
. To our knowledge, there is no standard for PM0.1 proposed by any agencies. However, 

our result is in the same range as those in Hanoi in the research of Thuy et al. (5 µg/m
3
) [5] and 

Ha et al. (9 µg/m
3
) [10]. Meanwhile, our concentration of PM0.1 was higher than those in some 

European cities [24].  

Even though several studies on the characteristics of PM2.5 during high pollution episodes 

have been carried out in the region, the number of studies related to the characteristics of PM0.1 

during these periods is significantly scarce. Slightly similar trends with PM2.5 variation were 

visibly found on the variations PM0.1 in the first PM2.5  episode event (22/10 - 28/10), the third 

(4/11 - 13/11) and the fifth (30/11 - 2/12). The trends of concentrations of PM0.1 in the other 

periods were different from PM2.5 variations. The reason for these differences is described to the 

effects of meteorological factors as explained in Section 3.3. 
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3.2. Correlations of PM concentrations with meteorological conditions 

Table 1. The correlation of meteorological conditions with PM concentrations. 

Parameter Ws T RH Wd Pr 

PM0.1 -0.37 0.05* -0.44 -0.42 -0.13* 

PM2.5 -0.69 -0.09* -0.25 0.04 -0.55 

*These values were non-statistical meaning p>0.05 

Meteorological factors including precipitation (Pr), wind speed (Ws), temperature (T), 

relative humidity (RH), and wind direction (Wd) were examined in this study. The inter-

correlations between PM2.5 and PM0.1 concentrations and meteorological factors are shown in 

Table 1. The negative correlations between Ws and Pr versus PM2.5 concentration suggest that 

increasing wind speed and rainfall levels can decrease the mass concentration of PM2.5. Good 

correlations between the concentration of PM2.5 and Ws and Pr are further illustrated in Figure 3 

(a, b). Those results are similar to the finding of Hien et al. [17] and matched well with the fact 

that stronger wind transports the pollutants further, leading to the reduction of PM2.5 

concentration and precipitation can wash out PM from the atmosphere. For PM0.1, the effects of 

wind speed on its concentration are less significant than PM2.5, and the effect of precipitation is 

not statistically significant. The low correlation between the concentration of PM0.1 and Ws and 

Pr suggested the minor influence of these factors on PM0.1. Surprisingly, PM0.1 had moderate 

correlations with RH, which can facilitate the development of atmospheric particles, 

consequently forming larger particles [20]. In conclusion, the influences of some meteorological 

factors on the concentrations of PM0.1 were negligible compared to those of PM2.5, which agrees 

with earlier studies [5, 20]. 

3.3. Multiple Linear Regression (MLR) Analysis  

The MLR analysis was carried out to determine the influencing factors such as Ws, Wd, Pr, 

RH, Ws(p), Wd(p) on the concentrations of PM. Detailed results from MLR analysis are 

summarized in Table 2. The regression results showed that influencing factors could explain            

70 % of the variance of PM2.5 concentration, while only 47 % of the variation of PM0.1 

concentration could be explained. It is clear that the meteorological factors more strongly 

influenced the variation of PM2.5 than its of PM0.1. The fact that the meteorological factors could 

explain the concentration fluctuation of PM0.1 less efficiently than PM2.5, which was consistent 

with earlier findings of Nghiem et al. [21] and Kozáková et al. [20]. Among meteorological 

factors, Ws and Ws(p) were the most influencing factors. It is because strong winds generally 

dilute pollution in the atmosphere. However, these impacts are more significant on the PM2.5 

concentration. These results were relatively consistent with the correlation analysis mentioned 

above. The difference between PM2.5 and PM0.1 is due to removal mechanisms. PM2.5 is removed 

predominantly by wet precipitation and has a long-suspended time, which also means that PM2.5 

can transport long distances, therefore, easily to be affected by Ws, Ws(p), and Wd. In contrast, 

PM0.1 is removed by diffusions and has a short residence time, which also means that its 

dispersion over long distances is limited. 
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arameter 
Coefficient of multiple determination 

(adjusted R
2
) 

Slope Variable (p<0,05) 

PM2.5 0.70 

-17.32 Ws 

-0.10 Wd 

-11.75 Ws(p) 

-0.55 RH  

-0.09 Wd(p) 

PM0.1 0.47 

-0.94 Ws 

-0.10 RH 

 0.01 Wd 

Note: Ws(p): Wind speed in the previous day; Wd(p): Wind direction in the previous day. 

a)  

b)  

Figure 3. Time series of meteorological parameters and PM2.5 and PM0.1 concentrations: a)Wind speed; 

b) Precipitation. 

Table 2. Results of regression analysis. 
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4. CONCLUSIONS 

The present study found seven high pollution episodes of PM2.5 during two and half months 

in dry winter in an urban area, in Ha Noi, Viet Nam.  The trends of PM0.1 were different from 

those of PM2.5. The average concentrations of PM2.5 during pollution episodes were 62-100 

µg/m
3
, about 1.2 - 2.0 times higher than the daily limited level in QCVN05:2013/BTNMT and 

4.1 - 6.7 times higher than the daily recommended level in WHO guidelines. The intensity 

(number of days) of an event lasted from a minimum of two days to 10 days. Investigated 

meteorological factors can explain 70 % of PM2.5 variations, in which Ws, and Ws(p) have 

predominantly influenced on PM2.5 concentration. Meanwhile, the meteorological factors could 

explain 47 % of the concentration fluctuation of PM0.1, which was less efficient than PM2.5. Ws 

was found as the most dominant influencing factor to PM0.1 concentration. These results could 

convey messages to policymakers and stakeholders for air quality about the urgent requirement 

of actions for air quality improvement.  
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