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Abstract 
Context: Fine particles (PM2.5 and PM10) can accumulate in classrooms and 
in schoolyards located near urban roads. PM2.5 and PM10 can initiate, de-
velop and exacerbate exercise-induced bronchospasm (EIB). This study aimed 
to assess the concentration levels of PM2.5 and PM10 in schools and to de-
termine the rate of sensitivity to EIB among schoolchildren. Methods: A total 
of 128 students (67 girls and 61 boys) with an average age of 11 participated 
in this study. An ISAAC II questionnaire on respiratory symptoms was ad-
ministered. PM2.5 and PM10 were measured. A 6-minute stress test was per-
formed. Spirometry was performed. The ratio (I/O) of the concentrations of 
PM2.5 and PM10 recorded inside (I) the classrooms to those obtained outside 
(O) the classrooms was equal to 1 (I/O = 1). Results: The concentrations of 
PM2.5 and PM10 recorded inside the classrooms and those obtained outside 
the classrooms were higher than the values recommended by the WHO. 29 
students out of 128 were diagnosed as sensitive to EIB [EIB (+)], i.e., a rate of 
sensitivity to EIB of 22.66%. A drop in postexercise PEF of 17.396% was ob-
served among EIB (+) students. Conclusion: Schoolchildren in schools lo-
cated near highways are exposed to high levels of PM2.5 and PM10 concen-
trations. Exposure to PM2.5 and PM10 played an important role in the initia-
tion and exacerbation of exercise-induced bronchospasm in schoolchildren 
from schools located near highways. Effective programs for improving air 
quality in schools must be put in place to reduce the effects of particulate 
pollution on the respiratory health of school children. 
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1. Introduction 

The ambient air in cities in developing countries is deteriorating yearly due to 
the increase in the number of second-hand vehicles. Vehicles emit pollutants 
into the ambient air such as carbon monoxide (CO), nitrogen oxides (NO2, NO), 
sulfur dioxide (SO2), volatile organic compounds (VOCs), fine (PM2.5 and PM10) 
and ultrafine particles and polycyclic aromatic hydrocarbons (PAHs) [1]. These 
air pollutants can accumulate on the playground and in the classrooms of schools 
located near roads with heavy traffic. A study of the relationships between out-
door and indoor pollution levels in classrooms in schools showed indoor/outdoor 
(I/O) ratios that ranged from 0 to 0.45 for ozone (O3) between 0.5 and 1 for NO 
and between 0.88 and 1 for NO2 [2]. These authors also observed ratios of in-
door pollution levels in classrooms to outdoor pollution levels (I/O) close to 1, 
showing the equality between indoor pollution and outdoor pollution of class-
rooms. 

Furthermore, the results of a study conducted by Annesi-Maesano et al. [3] 
revealed that in 108 primary schools, nearly 30% of pupils, i.e., 3 out of 10 child-
ren, would be exposed to levels of pollutants above the standards authorized by 
the WHO. The same study showed that exposure to high concentrations of fine 
particles and VOCs was associated with an increased prevalence of asthma and 
rhinitis among school children. Additionally, the work of Zhang et al. [4] showed 
that a 10 μg/m3 increase in PM2.5 inside classrooms was associated with a −2.09 
L/min change in evening PEF (95% CI: −3.73 L/min to −0.51 L/min) after ad-
justing for season, size and sex, temperature and relative humidity. The results of 
a study conducted among children aged 12 to 14 with or without asthma and 
exposed to air pollutants showed significant effects regarding NO2 and CO for 
bronchoconstriction [5]. Numerous studies have revealed an association be-
tween exposure to fine particles and the reduction in lung function parameters 
[6] [7] [8]. A recent study found a decrease in FVC, FEV1 and PEF for each 10 
µg/m3 increase in the one-day average PM2.5 concentration among school child-
ren [9]. Bergstra et al. [10] showed that exposure to PM2.5 and NOX was linked 
to significantly lower lung function in schoolchildren. 

In addition, living close to (less than 150 m) a main road with heavy traffic is 
responsible for 15% to 30% of new cases of asthma among children [11]. The 
results of the study by Gauderman et al. [12] demonstrated impaired respiratory 
function in children aged 10 to 18 living less than 500 m from a highway. Expo-
sure to pollution from automobiles leads to risks of respiratory diseases and can 
induce postexercise pulmonary function disorders in schoolchildren [5] [13]. In 
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addition, the worldwide average prevalence of exercise-induced bronchospasm 
(EIB) in the general population of children and adolescents is 9%, with a higher 
rate of 12% in the Asia-Pacific region and America [14]. 

In addition, road traffic is becoming increasingly dense in the cities of sub- 
Saharan countries in general and in the city of Brazzaville in particular. This is 
due to the increase in the number of used vehicles, mainly from Europe and Asia. 
These old vehicles pollute the ambient air of the city enormously. The objectives 
of this study were to assess the ratios of indoor pollution to outdoor pollution 
(I/O) of classrooms for fine particles in schools located near road traffic and to 
determine the prevalence of EIB among schoolchildren exposed to fine par-
ticles. 

2. Materials and Methods 
2.1. Study Participants 

This study recruited 128 school children of both sexes averaging 11 years of age 
at the end of the second term of the 2021-2022 school year precisely in March 
2022. The students attended the “Angola Libre” primary school located at the 
crossroads of Avenue of the Djoué (formerly Avenue of the OUA) and Avenue 
of the “Château d’eau” in arrondissement 2 Bacongo, Brazzaville. The subjects 
were in the first year of middle school (MS1) and second year of middle school 
(MS2) and had an attendance duration of 5 years or more in the school. Lessons 
are given Monday to Saturday from 7 a.m. to 12 p.m. for the morning wave and 
Monday to Friday from 12p.m. to 5p.m. for the afternoon wave.  

2.2. Sample Size Calculation 

Before data collection, we performed an a priori power analysis to determine the 
maximum sample size needed to detect the expected effect. We used the G*Power 
program (version 3.1.9.2) [15]. With a power of 0.90, setting the type I error at p 
< 0.05, assuming an effect size of 0.6 with a ratio of 3 between the two groups, 
the power analysis for the independent student test revealed a sample size of 130 
subjects. As two subjects were excluded, the size of the sample was reduced to 
128 subjects including 99 in EIB (−), and 29 subjects in EIB (+). 

2.3. Procedures 

Measurements of fine particles (PM2.5 and PM10) were carried out continuous-
ly from the beginning to the end of classes (7 a.m. to 5 p.m.) for 5 days and the 
concentrations of PM2.5 and PM10 were measured every 10 minutes in the MS1 
and MS2 classrooms and in the schoolyard. Spirometry tests were performed 
before and 5 minutes after the stress test. Demonstration sessions for the spiro-
metry test were carried out, and each subject had three spirometry test trials to 
perform in a room equipped within the school. The stress test was carried out in 
the schoolyard. These tests took place in the morning precisely from 8 a.m. to 12 
p.m. Measurements of ambient temperature and relative humidity were taken at 
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the start and end of the stress test. 

2.4. Measurements of Particulate Pollutants 

Measurements of fine particles (PM2.5 and PM10) were carried out continuous-
ly from the start to the end of classes precisely from 7 a.m. to 5 p.m. and the 
concentrations of PM2.5 and PM10 were measured every 10 minutes at inside 
the MS1 and MS2 classrooms for 5 days and outside the classrooms, especially in 
the schoolyard, for 5 days using a Temtop Airing-1000 particle detector (Elitech 
Technology, Inc. San Jose, CA 95131, United States. support@elitechus.com). 

2.5. Pulmonary Function Test 

After the addition of the height, body mass, sex and date of birth information of 
the subjects to the central unit of spirobank G through the WinspiroPRO soft-
ware (version 5.7.2) installed in the microcomputer and a phase explanation and 
demonstration of the progress of the spirometry test and the familiarization tests 
with the spirometer, the subjects carried out three spirometry tests each. Dis-
posable mouthpieces were used to observe medical hygiene. 

2.6. Bronchial Provocation Test 

A bronchial provocation test was performed by the participants in this study. 
This test was a 6-minute endurance race carried out according to the recom-
mendations of the European Respiratory Society (ERS) [16] and the American 
Thoracic Society (ATS) [17]. Ambient temperature and relative humidity were 
measured at the start and end of the stress test. 

2.7. Diagnostic Criteria for Exercise-Induced Bronchospasm 

Based on the work of Ouattara et al. [18] and Thole et al. [19], a decrease in 
postexercise peak expiratory flow (PEF) greater than or equal to 15% compared 
to pre-exercise PEF was retained as a criterion for diagnosing exercise-induced 
bronchospasm (EIB) in subjects participating in this study. This criterion al-
lowed us to identify the subjects who were positive or sensitive to EIB to form 
EIB (+) group and the subjects who were negative or not sensitive to EIB to form 
the EIB (−) group. 

2.8. Sensitivity to EIB 

The PEF values obtained before and after the exercise test made it possible to 
calculate the maximum drop in the percentage of PEF (% DEP) by using the 
calculation of the percentage reduction in the PEF post exercise compared to the 
pre-exercise value by the formula [20] as follows: % PEF = (post effort PEF – pre 
effort PEF) × 100/Pre effort PEF 

2.9. Variables Studied 

PEF was the dependent variable, and the stress test scores, PM2.5 and PM10 
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were the independent variables. Ambient temperature and relative humidity 
were the confounding variables. 

2.10. Statistical Analysis 

The Kolmogorov-Smirnov test and the Snedecor F test were used to verify the 
normality and homogeneity of the variances of variables. The non-parametric 
Wilcoxon test was used to compare the concentrations of PM2.5 and PM10 rec-
orded inside the classrooms and those obtained outside the classrooms. The 
Student t test for unpaired series was used to compare the anthropometric and 
lung function variables between the EIB (−) group and EIB (+) group. The Stu-
dent t test for paired series was also used to compare the average values of am-
bient temperature and relative humidity recorded during the stress test in EIB 
(−) and EIB (+). Statistical analysis of the data was performed using SPSS ver-
sion 21.0 software and the significance of the differences was set at p < 0.05. 

2.11. Ethical Considerations 

This study has been approved by the Scientific Council of the Higher Institute of 
Physical and Sports Education of MARIEN NGOUABI University in the Repub-
lic of the Congo in accordance with the 1975 Helsinki declarations relating to 
ethics. The informed consent was read and approved by the parents of the stu-
dents who participated in the study. 

3. Results 

To determine the air quality in schools located near highways, the concentra-
tions of PM2.5 and PM10 were measured inside and outside the classrooms 
(Table 1). The average concentrations of PM2.5 and PM10 recorded inside (I) of 
the classrooms and those obtained outside (O) of the classrooms did not show 
any significant difference, and the I/O ratio was equal to 1 (I/O = 1) (Table 1). 
 

Table 1. Comparison between average concentrations of PM2.5 and PM10 recorded inside (I) classrooms and those obtained out-
side (O) classrooms and with the values recommended by the WHO. 

Parameters 

Concentrations  
recorded inside the  

classrooms (I) 

Concentrations  
recorded outside the  

classrooms (O) 
Test 

Values  
recommended by  

WHO 
Ratio 

Mean ± SD Mean ± SD p value 24 hours I/O 

PM2.5 (µg/m3) 
60.104 ± 54.918 50.595 ± 33.667 

0.125 15 1.188 
[15.90 - 513.80] [12.40 - 222.50] 

PM10 (µg/m3) 
84.834 ± 77.572 75.335 ± 49.796 

0.638 45 1.126 
[22.30 - 719.60] [17.30 - 311.80] 

PM2.5: fine particle with a diameter of less than 2.5 µm; PM10: fine particle with a diameter of less than 10 µm; (I): Particulate 
matter concentrations recorded inside the classrooms; (O): Particulate matter concentrations obtained outside the classrooms; 
(I/E): Ratio between particulate matter Concentrations recorded inside the classrooms and those obtained outside the classrooms. 
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The diagnosis of EIB was based on a decrease in postexercise PEF greater than 
or equal to 15% compared to pre-exercise PEF. Twenty-nine students of both 
sexes out of 128 presented a decrease in postexercise PEF greater than or equal 
to 15%, i.e., a rate of sensitivity to EIB of 22.66% (Table 2). 

Comparisons of the average PEF values recorded before and after exercise 
were made between the subjects of the EIB (−) group and the EIB (+) group 
(Table 3). Before the exercise, no significant difference was observed between 
the mean value of the PEF recorded among the subjects of the EIB (−) group and 
that obtained among the subjects of the EIB (+) group. On the other hand, a sig-
nificant difference was observed between the postexercise PEF of the EIB (−) 
group and that of the EIB (+) group (Table 3). 

 
Table 2. Diagnosis of exercise-induced bronchospasm (EIB) based on a decrease postexercise peak expiratory flow of at least 15% 
compared to pre-exercise peak expiratory flow (PEF). 

Subjects 
PEF  

before  
effort (L/s) 

PEF  
after  

effort (L/s) 

Variation of  
PEF post effort 

(% delta) 

Diagnosis 
Result 

Subjects 
PEF  

before  
effort (L/s) 

PEF  
after  

effort (L/s) 

Variation of  
PEF post effort 

(% delta) 

Diagnosis 
Result 

1 4.41 3.94 −10.66 Negative 65 4.72 5.04 6.78 Negative 

2 4.26 4.37 2.58 Negative 66 4.22 4.32 2.37 Negative 

3 4.57 4.79 4.81 Negative 67 4.55 4.84 6.37 Negative 

4 6.09 7.19 18.06 Negative 68 4.29 5.43 26.57 Negative 

5 3.92 3.53 −9.95 Negative 69 5.31 5.13 −3.39 Negative 

6 3.65 3.43 −6.03 Negative 70 4.36 3.93 −9.86 Negative 

7 4.86 4.46 −8.23 Negative 71 4.67 4.07 −12.85 Negative 

8 4.63 4.79 3.46 Negative 72 5.13 5.04 −1.75 Negative 

9 3.93 3.93 0.00 Negative 73 5.37 5.61 4.47 Negative 

10 3.49 3.22 −7.74 Negative 74 4.46 4.55 2.02 Negative 

11 4.34 3.9 −10.14 Negative 75 3.76 4.24 12.77 Negative 

12 3.51 3.49 −0.57 Negative 76 4.15 3.81 −8.19 Negative 

13 6.49 6.12 −5.70 Negative 77 5.65 5.4 −4.42 Negative 

14 5.58 5.09 −8.78 Negative 78 4.57 3.98 −12.91 Negative 

15 4.21 4.18 −0.71 Negative 79 4.99 5.01 0.40 Negative 

16 5.26 4.88 −7.22 Negative 80 4.35 4.39 0.92 Negative 

17 6 6.16 2.67 Negative 81 3.76 3.35 −10.90 Negative 

18 4.97 4.37 −12.07 Negative 82 5.49 5.34 −2.73 Negative 

19 4.55 5.06 11.21 Negative 83 3.74 3.37 −9.89 Negative 

20 5.1 4.57 −10.39 Negative 84 3.71 3.44 −7.28 Negative 

21 4.33 4.45 2.77 Negative 85 4.27 5 17.10 Negative 

22 4.76 4.78 0.42 Negative 86 4.16 5.45 31.01 Negative 

23 4.94 4.48 −9.31 Negative 87 6.12 6.53 6.70 Negative 

24 4.23 4.07 −3.78 Negative 88 4.99 5.19 4.01 Negative 

25 4.66 4.21 −9.66 Negative 89 6.38 6.24 −2.19 Negative 

26 6.14 5.78 −5.86 Negative 90 3.68 3.27 −11.14 Negative 
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Continued 

27 5.01 4.89 −2.40 Negative 91 4.55 4.61 1.32 Negative 

28 3.26 2.9 −11.04 Negative 92 4.78 4.44 −7.11 Negative 

29 4.48 3.99 −10.94 Negative 93 3.84 4.75 23.70 Negative 

30 4.19 3.94 −5.97 Negative 94 4.38 4.3 −1.83 Negative 

31 4.52 4.26 −5.75 Negative 95 3.68 3.14 −14.67 Negative 

32 4.81 5.9 22.66 Negative 96 5.82 6.18 6.19 Negative 

33 5.24 4.97 −5.15 Negative 97 3.73 4.45 19.30 Negative 

34 5.72 5.55 −2.97 Negative 98 5.41 5.32 −1.66 Negative 

35 4.13 3.77 −8.72 Negative 99 6.29 5.61 −10.81 Negative 

36 5.95 5.8 −2.52 Negative 100 2.96 2.38 −19.59 Positive 

37 4.68 5.58 19.23 Negative 101 4.24 2.8 −33.96 Positive 

38 5.19 5.14 −0.96 Negative 102 5.25 2.84 −45.90 Positive 

39 6.82 6.12 −10.26 Negative 103 6.1 5.08 −16.72 Positive 

40 4.43 4.44 0.23 Negative 104 4.34 3.06 −29.49 Positive 

41 5.07 5.04 −0.59 Negative 105 4.45 3.68 −17.30 Positive 

42 4.55 4.52 −0.66 Negative 106 5.37 3.4 −36.69 Positive 

43 4.02 4.28 6.47 Negative 107 4.88 3.93 −19.47 Positive 

44 3.94 4.28 8.63 Negative 108 4.66 3.11 −33.26 Positive 

45 3.18 3.38 6.29 Negative 109 4.78 3.86 −19.25 Positive 

46 4.31 4.83 12.06 Negative 110 4.36 3.63 −16.74 Positive 

47 3.67 3.52 −4.09 Negative 111 4.51 3.29 −27.05 Positive 

48 4.94 4.97 0.61 Negative 112 5.55 4.59 −17.30 Positive 

49 4.38 4.37 −0.23 Negative 113 5.48 4.16 −24.09 Positive 

50 5.37 5.16 −3.91 Negative 114 6.4 4.81 −24.84 Positive 

51 3.53 3.25 −7.93 Negative 115 4.43 3.06 −30.93 Positive 

52 3.49 3.94 12.89 Negative 116 3.78 2.73 −27.78 Positive 

53 4.18 3.66 −12.44 Negative 117 5.36 4.44 −17.16 Positive 

54 5.27 5.12 −2.85 Negative 118 5.31 4 −24.67 Positive 

55 6.63 6.66 0.45 Negative 119 6.05 4.76 −21.32 Positive 

56 5.74 5.86 2.09 Negative 120 5.23 4.39 −16.06 Positive 

57 4.36 3.87 −11.24 Negative 121 5.44 4.17 −23.35 Positive 

58 4.44 4.42 −0.45 Negative 122 4.57 3.78 −17.29 Positive 

59 3.42 3.3 −3.51 Negative 123 4.77 3.96 −16.98 Positive 

60 5.59 5.52 −1.25 Negative 124 4.98 4.11 −17.47 Positive 

61 4.46 3.9 −12.56 Negative 125 5.01 3.93 −21.56 Positive 

62 5.19 5.36 3.28 Negative 126 5.22 4.18 −19.92 Positive 

63 5.8 5.99 3.28 Negative 127 5.56 4.68 −15.83 Positive 

64 5.75 5.09 −11.48 Negative 128 5.76 4.88 −15.28 Positive 

To identify the variables on which the sensitive and nonsensitive EIB groups may differ and to take them into account in subse-
quent analyses, we compared the groups’ anthropometric characteristics, in particular age, height, body mass (BM) and body mass 
index (BMI), and presented them as means and standard deviations (Table 3). The two groups, sensitive (EIB (+)) and nonsensi-
tive (EIB (−)) to EIB groups were significantly identical with regard to age, height, body mass and body mass index (Table 3).  

https://doi.org/10.4236/jbm.2023.114002


F. Nsompi et al. 
 

 

DOI: 10.4236/jbm.2023.114002 22 Journal of Biosciences and Medicines 
 

Table 3. Anthropometric and respiratory characteristics observed in the total group and comparison between BIE (−) and BIE 
(+). 

Parameters 
Total Group 

(n = 128) 
EIB (−) 
(n = 99) 

EIB (+) 
(n = 29) 

Test Delta 

Mean ± SD Mean ± SD Mean ± SD p value % 

Age (year) 11.125 ± 1.236 11.172 ± 1.262 10.966 ± 1.149 0.410 −1.844 

Height (cm) 145.805 ± 8.183 146.040 ± 8.247 145.000 ± 8.049 0.546 −0.712 

Weight (kg) 35.258 ± 7.126 35.505 ± 7.257 34.414 ± 6.711 0.453 −3.073 

BMI (kg/m2) 16.451 ± 2.192 16.499 ± 2.144 16.287 ± 2.379 0.670 −1.285 

PEF_Bef (L/s) 4.771 ± 0.810 4.706 ± 0.826 4.993 ± 0.726 0.076 6.099 

PEF_Aft (L/s) 4.478 ± 0.921 4.662 ± 0.894 3.851 ± 0.721*** 0.000 −17.396 

BMI: Body Mass Index; PEF_ Bef: Peak expiratory flow before exercise; DEP_ Aft: Peak expiratory flow after exercise; EIB (−): 
subjects sensitive to EIB; EIB (+): subjects not sensitive to EIB; Test: comparison of mean values between BIE (−) and BIE (+); 
Delta %: percentage variation of the values of the BIE (−) group compared to the values of the BIE (+) group; *: p < 0.05; SD: 
Standard Deviation. 

4. Discussion 

The concentrations of PM2.5 and PM10 recorded inside and outside the class-
rooms were higher than those recommended by the WHO (Table 1). These high 
concentrations of PM2.5 and PM10 observed inside and outside the classrooms 
can be explained by the increase in the number of second-hand vehicles in the 
city of Brazzaville. Indeed, in 2009, Brazzaville had approximately 11,490 vehicles, 
of which 8935 were used vehicles according to the National Center for Statistics 
and Economic Studies (CNSEE) [21]. These obsolete vehicles pollute the urban 
ambient air enormously. 

In addition, air pollution related to road traffic has been implicated as a factor 
in the dysfunction of the respiratory tract. Studies have shown decreases in pul-
monary volumes and flows and alterations in respiratory function associated 
with exposure to fine and ultrafine particles related to road traffic [6] [22] [23]. 
Wu et al. [24] found associations between fine particles, high ambient tempera-
ture and decline in lung function. One study showed that exposure to ultrafine 
particles among cyclists was associated with inflammation of the airways, and a 
decrease in lung function 6 h after exposure [25]. 

The present study showed a prevalence of exercise-induced bronchospasm (EIB) 
of 22.66% and a mean decrease in postexercise PEF of 17.396% among subjects 
in the EIB (+) group (Table 2 and Table 3). The EIB sensitivity rate of 22.66% 
observed among school-children exposed to suspended particulate matter was 
very high. The ratio (I/O) of the average concentrations of PM2.5 and PM10 rec-
orded inside (I) of the classrooms and those obtained outside (O) of the class-
rooms was equal to 1 (Table 1), showing an equality between indoor PM pollu-
tion and outdoor PM pollution. The very high prevalence rate of EIB highlighted 
in this study could be explained by long-term exposure to high concentrations of 
PM2.5 and PM10 mainly from road traffic. The work of Mohammadreza Mod-
aesi et al. [26] showed that exposure to high concentrations of PM10 is asso-

https://doi.org/10.4236/jbm.2023.114002


F. Nsompi et al. 
 

 

DOI: 10.4236/jbm.2023.114002 23 Journal of Biosciences and Medicines 
 

ciated with a high prevalence of EIB. In addition, one study observed a global 
average prevalence of EIB of 9% in the general population of children and ado-
lescents aged 5 to 18 years [14]. This same study revealed a high rate of EIB of 
12% among children and adolescents in the Asia-Pacific region and America 
[14]. Benarab-Boucherit et al. [27] observed an EIB sensitivity rate of 13% among 
schoolchildren in Annaba, Algeria. These authors [27] concluded that the pol-
luted environment of the city could facilitate these characteristics of a rather 
high bronchial hyperresponsiveness. 

The results of a cross-sectional study conducted by Hwang and Lee [5] among 
children aged 12 to 14 with or without asthma and exposed to atmospheric pol-
lutants showed significant effects concerning NO2 and CO for bronchoconstric-
tion. In addition, numerous studies have revealed an association between expo-
sure to fine particles (PM) and a reduction in lung function parameters [6] [7] 
[8]. In addition, a recent study found a decrease in FVC, FEV1 and PEF for each 
10 µg/m3 increase in PM2.5 concentration over one day in school children [9]. 
Another modeled cross-sectional study showed that exposure to PM2.5 and NOX 
was linked to significantly lower lung function among school-children [10]. More-
over, the results of one study showed that a 10 μg/m3 increase in PM2.5 inside 
classrooms was associated with a −2.09 L/min change in PEF of the evening 
(95% CI: −3.73 L/min to −0.51 L/min) among children who attended school [4]. 

In this study, long-term exposure to PM2.5 and PM10 played an important 
role in the initiation, development and exacerbation of EIB in schoolchildren. In 
addition, a variety of methods are used to diagnose EIB, including diagnosis based 
on eucapnic voluntary hyperpnea, methacholine, inhaled mannitol, hypertonic 
saline aerosol, histamine and field conditions from a physical exercise and la-
boratory conditions using incremental testing. The studies by de Aguiar et al. 
[14] and Benarab-Boucherit et al. [27] used the field test (exercise test) to diag-
nose EIB. Additionally, a variety of EIB diagnostic criteria have been used. Sev-
eral studies consider a test to be positive for EIB when the decrease in postexer-
cise FEV1 is greater than or equal to 10% compared to pre-exercise FEV1 [14] 
[20]. Other studies consider a test positive for EIB when the decrease in post-
exercise PEF is greater than or equal to 15% compared to pre-exercise PEF [27] 
[28]. The present study used the field test (exercise test) to diagnose EIB, and the 
test was considered positive for EIB when the decrease in PEF after exercise was 
greater than or equal to 15% compared to the PEF before exercise. 

In this study, the average concentrations of PM2.5 and PM10 recorded inside 
(I) of the classrooms and those obtained outside (O) of the classrooms did not 
show any significant difference, and the I/O ratio was equal to 1 (I/O = 1) (Table 
1). These results showed significant equality between indoor air pollution and 
outdoor air pollution with respect to PM2.5 and PM10. The use of face masks, 
vehicle cabin filters or indoor air purifiers, may play an important role given 
emerging evidence suggesting that they may be effective in reducing the cardi-
orespiratory effects of air pollution to some extent [29]-[35]. 

In addition, the anthropometric characteristics of the subjects that were likely 
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to influence the pulmonary function variables were compared between the EIB 
(+) and EIB (−) groups. These comparisons did not show any significant differ-
ence (Table 3). These results showed the equivalence of the two study groups. 
Note that during the stress test, the ambient temperature and relative humidity 
fluctuated between 30.57˚C and 30.61˚C, and between 54.47% and 54.51% on 
average respectively. 

It should be noted that the majority of second-hand vehicles circulating in the 
city of Brazzaville considerably increase the levels of PM2.5 and PM10 concen-
trations in the courtyards and classrooms of schools located near roads with 
heavy traffic. These PM2.5 and PM10 strongly affected the postexercise lung 
function of students attending these schools. 

5. Conclusion 

The results of this study showed that students attending schools located near 
highways are exposed to high concentrations of fine particles both inside and 
outside classrooms. Exposure to these pollutant particles induced the initiation 
and exacerbation of EIB among schoolchildren. Effective programs for improv-
ing air quality in these schools must be put in place to reduce the deleterious ef-
fects of fine particles from vehicle exhaust gases on the respiratory health of 
school children in the city of Brazzaville. 
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