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Respiratory health risks associated with workplaces located in roundabouts and outside of roundabouts along a road with high-traffic at Cotonou, Benin

INTRODUCTION

Air pollution related to road traffic is a real challenge not only for health, but also for sustainable development and the reduction of environmental inequalities for most major urban areas. (Frère and al., 2005a). Living or have an occupational activity along a main road with high traffic is harmful for the health. Several studies have shown that living near a heavily trafficked road has significant risks to respiratory health [START_REF] Brauer | Estimating Long-Term Average Particulate Air Pollution Concentrations: Application of Traffic Indicators and Geographic Information Systems[END_REF][START_REF] Guéguen | Atmospheric pollution in an urban environment by tree bark biomonitoring -part II: Sr, Nd and Pb isotopic tracing[END_REF][START_REF] Honoré | Proximité au trafic routier et pollution de l'air en Ile-de-France[END_REF][START_REF] Karr | Infant exposure to fine particulate matter and traffic and risk of hospitalization for RSV bronchiolitis in a region with lower ambient air pollution[END_REF][START_REF] Zhou | Factors Influencing the Spatial Extent of Mobile Source Air Pollution Impacts: a Review[END_REF].

Industrialization and socio-economic situation in urban areas, local air pollution level is increasing and is leading to an increasing rate of mortality and morbidity [START_REF] Elichegaray | État et évolution de la pollution atmosphérique[END_REF][START_REF] Franck | Diffusion spatiale de l'urbanisation et de l'industrialisation et formation d'une région urbaine: le cas de Surabaya, en Indonésie[END_REF]Host and al., 2012). Several pollutants emitted into the atmosphere such as fine particulates (PM 2.5) are associated with respiratory diseases such as asthma, flu, etc. [START_REF] Fourn | Pollution atmosphérique en milieu urbain à Cotonou et à Lokossa, Bénin[END_REF]Host et al., 2012;[START_REF] Jeannée | Évaluation de l'exposition en zones urbaines à la pollution atmosphérique: méthodes existantes et application aux PM10 en France métropolitaine[END_REF]. The area of influence of these emissions, however, remains difficult to delimit. Knowledge of pollutant dispersal mechanisms at the street and neighborhood level is still incomplete [START_REF] Franck | Diffusion spatiale de l'urbanisation et de l'industrialisation et formation d'une région urbaine: le cas de Surabaya, en Indonésie[END_REF]Host et al., 2012). Although air pollution is threat globally, it may differently affect people due to activities influencing locally their level of exposure.

Working in a shop along a main road or in a roundabout with high traffic may lead to a different level of exposure in the workplace. The specificity of this geographical position is rarely taken into account in studies which mainly focused on comparison of health risk in people living or working along main roads and those living or working further away from main roads. The current study took into account this specificity when characterizing respiratory health risks in populations working near the road traffic.

MATERIALS AND METHODS

Study site and population

This study ran at Cotonou, main economic city of Benin. We have included all the shops that were located on the portion of road in figure 1 from point A to point C via point B. This portion of the road is 4.5 Km long and the traffic is very high throughout the day because it serves the largest market in the city and the port of Cotonou. This road included the main roundabout of Cotonou which is represented on figure 2. One person per shop was included in the current study. When there was more than one person in the office, we interview the oldest one. It allowed us to associate at each respondent an unique GPS coordinates which is the GPS coordinates of his workplace. We interviewed 194 individuals.

symptoms (cough, expectoration, wheezing, breathlessness, itchy nose) was administered to the study participants. The questionnaire also collected information on the ventilation of buildings, the duration of occupation, GPS coordinates and some socio demographic characteristics of the respondents. For data collection we developed an electronic case report form that integrate taking GPS coordinates. The data could thus be collected from the smart phones of the enumerators.

Data analysis

In the first part, we presented the socio demographic characteristics of the respondents and the frequency of respiratory symptoms. The test of chi-square or t-student were used to compare respectively proportion and mean in the two groups that are roundabout and outside the roundabout. The second part was devoted to the cartography of the different respiratory symptoms.

A logistic regression model was performed to assess the association between the occurrence of respiratory symptoms and the geographical location of participant's workplace (roundabout vs outside of roundabout). For the first model, the dependent variable was cough (presence or absence of symptom). For the second model, the dependent variable was itchy nose (presence or absence of symptom). The both models were adjusted on age, level of instruction, seniority on the site, and aeration of the occupied room. Analysis was performed using Stata software and p-value was considered significant when p-value < 0.05.

RESULTS

Characteristics of respondents

The characteristics of respondents are presented in table I. The sex ratio (M/F) was 1.8. It was 1.6 at roundabout against 1.8 outside the roundabout. The average age of respondents was 36.26±11.65 years. There was no statistically significant difference between the two zones (p=.38). The study population was predominantly educated (86.6%). This situation was very different between the two groups. At roundabout, 36.54% of respondents had not attended school compared to only 4.93% among respondents outside the roundabout. The distribution of seniority at the place was significantly different between the two zones (p<.001). At roundabout nearly half of the respondents had already more than 10 years of seniority at the place compared to only about 10% of those interviewed along the road. 69.07% of respondents worked in the building that were not well ventilated. (table I)

Prevalence of respiratory symptoms in relation to zones

The proportion of each type of respiratory symptom is presented in table II.

72.68% of respondents reported having at least one of the five respiratory symptoms. This proportion was significantly different (p<0.001) between the subpopulation at roundabout (96.15%) and out the roundabout (64.08%). The most reported symptoms by the respondents were respectively cough (47.94%), itchy nose (42.27%) and breathlessness (28.35%). For each of the respiratory symptoms, the proportion was significantly higher at the roundabout than outside the roundabouts. (table II)

The figure 4 shows the spatial distribution of symptom of cough. (figure 4)

The multivariate logistic regression to estimate the risk of having a respiratory symptom at roundabout compared to outside the roundabout is presented in table III. (table III)

The results of logistic regression model showed that the presence of cough and itchy nose were high significantly associated with the place. The risk of cough symptoms was 5.15 higher in a person exercising at the roundabout compared to a person exercising along the road (OR=5.15; 95% CI= [2.21;12.04]; p< .001). The risk of itchy nose symptoms was 3.44 higher in a person exercising at the roundabout compared to a person exercising along the road (OR=3.44; 95% CI= [1.55;7.63]; p=.002).

DISCUSSION

During periods of low traffic, pollution levels are equivalent to the general atmosphere of the neighborhood where the axis is located. On the other hand, when the road traffic is important, to this general atmosphere is added the pollution directly induced by the traffic. [START_REF] Host | Exposition à la pollution atmosphérique liée au trafic routier et risques sanitaires[END_REF]. Along the road traffic, it is observed a dispersion of pollutants which reduces the risk incurred by workers near road traffic. The three roundabouts of our study, were located downtown, most of the companies are in town, there is a strong traffic often observed in this area especially to the hours of return of the service. This result is consistent with that of [START_REF] Wu | Development of an individual exposure model for application to the Southern California children's health study[END_REF]. The presence of traffic lights at roundabouts is an important factor in the health risk associated with air pollution. In peak areas, pollutants released into the air by motorcycles and vehicles create a fog effect in this area. As for stationed workers, their sales room serves as a receptacle for these pollutants in suspension. Hence a transfer of pollution from the outside to the inside of the premises [START_REF] Ogouwalé | Stratégies de lutte contre la pollution atmosphérique dans la ville de Cotonou (Bénin)[END_REF]. These indicate that premises near traffic are likely to be more polluted than those located in an environment less directly influenced by pollution sources, although indoor pollution levels are also conditioned by ventilation and the indoor environment (Host et al., 2012). This study found that most rooms are not ventilated. This small opening will result in the lack of air exchange in the rooms. The compilation of pollutants in the rooms has an accumulating effect, resulting in a condensation of polluted air in them. Thus, in a study conducted in Helsinki and Amsterdam [START_REF] Frère | Les pollutions atmosphériques urbaines de proximité à l'heure du Développement Durable[END_REF], it was estimated that 70% to 84% of some pollutants, measured indoors, came from outside (the internal source linked to smoking being absent in this study). The risk is increased for vendors near the traffic lights, often at roundabouts.

Age was not a determining factor in this study, especially since the minimum age is 25 years old. It should be noted that the women studied are of childbearing age and those who already have children, especially infants, these children remained in the same conditions. Studies have shown that in children living near high-traffic roads or in a dense road network, the health risk is very high because of their weak immune system [START_REF] Frère | Les pollutions atmosphériques urbaines de proximité à l'heure du Développement Durable[END_REF][START_REF] Hoffmann | Residence close to high traffic and prevalence of coronary heart disease[END_REF][START_REF] Honoré | Proximité au trafic routier et pollution de l'air en Ile-de-France[END_REF][START_REF] Shi | Meteorological conditions conducive to PM2.5 pollution in winter 2016/2017 in the Western Yangtze River Delta, China[END_REF]. Increases in risk range from 20% to 100% depending on the health indicator, the exposure index and the population studied. Some authors stress that the very first years of life could constitute a critical window of exposure to atmospheric pollutants, with an implication in the genesis of asthma (Zmirou et al., 2004). These different results also illustrate the diversity of exposure indicators constructed from the remoteness and / or the intensity of road traffic, which make it difficult to directly compare the levels of risk obtained. Nevertheless, it appears overall that chronic exposure to pollutants related to road traffic is likely to have adverse effects on the respiratory health especially of children whose lungs are maturing.

These results are confirmed by the study of a prospective cohort, in which an alteration of the maturation of the respiratory function between the age of 10 and 18 years was observed for children living under 500 meters from a highway [START_REF] Gauderman | Childhood Asthma and Exposure to Traffic and Nitrogen Dioxide[END_REF]. For adults, attacks on the respiratory system related to proximity to road traffic have also been highlighted. Thus, Lindgren et al. ( 2009) found an increased risk of 40% of asthma and 64% of chronic obstructive pulmonary disease in adults living within 100 meters of a road with a traffic intensity greater than 10 vehicles per minute. These results indicate that air pollution in areas under the direct influence of road traffic has specificities in terms of composition and levels of pollutants. [START_REF] Panis | Modelling instantaneous traffic emission and the influence of traffic speed limits[END_REF] Similarly, only the location of the seller has a direct effect on the degree of exposure to respiratory symptoms, especially since the risk is at least 3 times higher around roundabouts than along traffic. This confirms that roundabouts constitute an area with a high risk of local pollution. It was found that coughing and sneezing symptoms were significantly associated with the location of the workers.

Zmirou et al., In 2004, showed through their study that the risk of developing asthma and respiratory symptoms such as exacerbation of asthma and infections is higher, depending on the location and the distance occupied from each other to road traffic [START_REF] Zeger | Correction: Exposure Measurement Error in Time-Series Air Pollution Studies[END_REF]Zmirou et al., 2004).

Cartographers have shown a decrease in ambient pollution as we move away from the core of the agglomeration where emissions are most intense; the gradient between the heart of the agglomeration and the periphery fades.

Characterization and measurement of population exposure to local emissions are difficult to establish (Reungoat et al., 2004). Epidemiological studies on the subject have thus often used indirect methods to account for these exposures, and if they have been able to demonstrate higher frequencies of respiratory diseases and symptoms, as well as higher risks of death related to these exposures traffic [START_REF] Bayer-Oglesby | Living near Main Streets and Respiratory Symptoms in Adults[END_REF][START_REF] Brauer | Estimating Long-Term Average Particulate Air Pollution Concentrations: Application of Traffic Indicators and Geographic Information Systems[END_REF][START_REF] Gauderman | Childhood Asthma and Exposure to Traffic and Nitrogen Dioxide[END_REF][START_REF] Guéguen | Atmospheric pollution in an urban environment by tree bark biomonitoring -part II: Sr, Nd and Pb isotopic tracing[END_REF], it remains difficult to compare the results obtained in one area and apply them to another.

Further studies should be done for an assessment of local pollution in a wider area. Also, epidemiological studies will be made following this study to highlight the types of pollutants characterizing the study area, the consequences of these pollutants on the body regardless of the geographical position of workers on road traffic. These results should enable managers to make the necessary arrangements for the liberation of high-risk areas on road traffic or a reduction of the health impacts in these areas.

CONCLUSION

The profiles of decreasing pollution levels from the traffic lanes, as well as the phenomena of transfer from the outside to the interior are still poorly known. Thus, uncertainties persist regarding the levels of traffic-related pollutants found in these environments. Moreover, it is difficult to take into account the time spent in these different places to estimate an overall exposure.

These uncertainties in the measurement of global exposure to local air pollution, particularly due to the fact that potential travel-related exposures, which can be particularly high, are not taken into account, are likely to introduce a bias that could undermine the strength and precision of the true association between pollution and health. To reduce these uncertainties, "hybrid" models combining estimates of pollutant concentrations in different places of life and time spent in these environments should be developed.

Despite the limitations of the current indicators, whether based on distance contrasts or pollution levels, the results suggest an increased risk of occurrence or exacerbation of cardio-respiratory diseases for populations residing near sources important road traffic. Awareness will reduce these risks, ensure the best living conditions for the occupants of the tracks and promote human health.

Data collection

A validated questionnaire https://www.ncbi.nlm.nih.gov/pubmed/30065166 on respiratory

The current study showed that workplaces located at roundabout were more exposed to air pollution compared to workplaces along a main road. We have also demonstrated that workers in the roundabout more respiratory symptoms. In resources poor limited settings, this geographical position can be taken into account in the air pollution effect mitigation effect.