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Impacts of fish smoking on the environment and the health of women in the municipality of Grand-Lahou and Braffèdon

ABSTRACT: Fish processors operate traditional ovens that emit smoke and heat, which degrade their sanitary conditions and contribute to greenhouse gas emissions such as carbon dioxide (CO₂). To address this issue, an improved oven called the FTT oven (FAO-Thiaroye Fish Processing) was introduced in Côte d'Ivoire in 2013. This cross-sectional study compares the effects of traditional smoking and the FTT oven on the health of processors and the environment. It involved 113 women using traditional ovens, 36 women using FTT ovens, and 100 control cases from the municipalities of Grand-Lahou and Braffèdon. Three gas measurement campaigns were conducted from January to December 2017. CO levels at traditional sites often exceeded the standard (50 mg/m³). Clinical surveys showed that 81.74% and 27.84% of traditional oven users suffered from respiratory and ophthalmological disorders, respectively, compared to 72.22% and 11.11% for FTT oven users, and 61.14% and 14.63% for controls. Overall, the study confirms the harmful effects of traditional smoking and highlights the FTT oven as a sustainable solution for both health and the environment.
Keywords: fish smoking, women smokers, environmental impact, respiratory system.

INTRODUCTION 

Fish and meat smoking activities play an important role in the economy and dietary habits of West and Central Africa, as evidenced by several studies in Ivory Coast (Belland, 2017; Becerra et al., 2020), Burkina Faso (Kabré et al., 2003), Benin (Djessouho, 2015), and Cameroon (Angoni et al., 2015). “Furthermore, smoked fish provides protein for a large part of the Ivorian population thanks to its affordability and long shelf life. Unfortunately, this traditional smoking method, which requires large quantities of wood, leads to the rapid destruction of forest cover, particularly mangrove forests. Similarly, smoking affects the health of fish smokers due to exposure to smoke and heat and has a considerable environmental impact due to the massive emission of CO2, as well as other toxic gases (CO, NO, VOCs, PAHs, etc.)” (Ossehin et al., 2019). “In 2013, an improved oven called the FTT oven (FAO-Thiaroye de Transformation) was introduced in Ivory Coast with the aim of protecting the health of fish smokers and the environment. FTT ovens improve working conditions and secure the livelihoods of women fishmongers by optimizing energy efficiency through heat and smoke retention” (FAO, 2020; Ossehin et al., 2022). These improved ovens also reduce the health impacts of smoke, such as respiratory and eye problems. In addition, they reduce smoking times, giving women more time to devote to their family responsibilities. The products obtained are of superior quality and meet international market requirements, promoting better commercial value and increased income for women fish processors (FAO, 2020). The objective of this study is to assess the impact of traditional smoking on the health of fish smokers and the environment compared to FTT ovens.
I. MATERIALS AND METHODS 

1. Study area 
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The study was conducted in the department of Grand-Lahou (Figure 1), located in southwestern Côte d’Ivoire, approximately 150 km from Abidjan. This area, whose economy is based on agriculture and fishing, is bordered by the lagoon, the Bandama River, and the Atlantic Ocean. Two sites were selected: the commune of Grand-Lahou, which has traditional kilns, and Braffèdon, a village located 18 km away where women work outdoors. In 2016, the Ministry of Animal and Fisheries Resources, with the support of the FAO, set up a modern platform equipped with improved FTT-type ovens (FAO, 2016). These smoking sites were chosen because of the dynamism of the activity, marked by the permanent occupation of the space, the large number of active fish smokers, and, above all, the installation of FTT ovens.
Figure 1: Location of the Fish Smoking Sites in the Municipality of Grand-Lahou and Braffedon
2. Survey

2.1. Study equipment
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The survey used a camera, a GPS device, and census and survey forms. The census form recorded the participants' identities, ages, places of residence, and the type of oven used. The survey form collected information on smoking practices, pathologies, and the smokers' health histories.
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Photo 1: Gas measurements beneath      Photo 2: Traditional oven (b) and FTT oven (c) traditional ovens (a) at the fish smoking site in the                       at the fish smoking sites in Braffèdon         Municipality of Grand-Lahou
2.2. Methodology

The study was conducted from January to December 2017 using a field survey. The census and questionnaires targeted two groups of female smokers: those who smoke using traditional ovens and those who smoke using FTT ovens. This study took two types of criteria into account: inclusion criteria and non-inclusion criteria. Included in this study were female volunteers who were present on the day of the survey, were at least 18 years old, and had been smoking fish at least five days a week for at least two years. Excluded from this study were those with a history of smoking or respiratory diseases. The study included 113 smokers using traditional ovens, 36 smokers using FTT ovens, and 100 control cases engaged in other income-generating activities (sewing, hairdressing, food trade).
2.3. Limitations of the research

Several problems arose during the course of our study. These difficulties were encountered both in terms of documentation and in the field. It was difficult to find documentation that highlighted our subject. This documentary research revealed limitations in terms of the environmental impact of fish smoking. Similarly, when collecting data for the field survey, we encountered various difficulties, including difficulties in bringing all the processors together in one place, difficulties in gathering witnesses, and the reluctance and refusal of respondents to participate in medical examinations during the medical survey.

2.3. Statistical analysis

Comparisons of respiratory and ophthalmological symptoms were performed using Stata version 14 software. The statistical significance of the relationship between the different parameters was studied on a case-by-case basis using the Chi2 test or Fisher's exact test at a 5% threshold. Gas content comparisons were performed using the Kruskal-Wallis test at p < 0.05, and the statistical significance threshold was set at 5%. If p ≤ 0.05, we conclude that there is a significant difference between the variables studied. Otherwise, if p>0.05, the differences are considered not to be statistically significant.
3. Measurement of smoke quality

3.1. Instruments

Three devices were used: the KIGAZ 300 Pro to measure gases such as O₂, CO, CO₂, SO₂, NOx, temperature, and pressure in the hearth; the MiniRAE 3000 to detect VOCs; and the MultiRae Lite for simultaneous monitoring of 1 to 6 gases (NO, NH₃, H₂S, CO, SO₂).
Three measurement campaigns were carried out from January to December 2017 on two modern kilns and 14 traditional kilns, above the kilns, at the resting points of the smokers and 12 m from the kilns depending on the wind direction, with a total of 189 measurements. The devices were first calibrated to the ambient air. The MiniRAE and MultiRae Lite analyzers were placed around the ovens, while the KIGAZ 300 Pro probe was inserted directly into the firebox.
4. Statistical analysis

Respiratory symptoms were analyzed using Stata 14 software, using the Chi² test or Fisher's exact test (5% threshold) to assess the links between parameters. Gas levels were compared using the Kruskal-Wallis test (p < 0.05), followed by the Mann-Whitney test in cases of significant difference. Statistical and graphical analyses were performed using Statistica 7.1 software.
II. RESULTS AND DISCUSSION

1. Results 

 1.1. Variation in gas levels measured at traditional and modern fish smoking sites in the
         municipalities of Grand-Lahou and Braffèdon
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Figures 2 and 7 show the variation in CO, VOC, NO, and H2S levels measured above the ovens, at the women's resting point, and beyond the ovens at traditional and modern sites in the municipalities of Grand-Lahou and Braffèdon, respectively. The Kruskal-Wallis and Man Withney tests show that the median values for CO, VOC, NO, and H2S recorded at traditional sites are higher than those measured at modern sites regardless of the study area, with a significant difference (p<0.05). However, the NH3 levels measured at traditional sites were not compared to those measured at modern sites, as they were all zero regardless of the study area.
Figure 2: Comparison of CO, VOC, NO, and H₂S values measured above the ovens at the 
                traditional site and those at the modern site in Grand-Lahou
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Figure 3: Comparison of CO, VOC, NO, and H₂S values measured above the ovens at the 

                traditional site and those at the modern site in Braffedon
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Figure 4: Comparison of CO, VOC, NO, and H₂S values measured at the women's resting point 
                in the traditional site and those in the modern site of Grand-Lahou
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Figure 5: Comparison of CO, VOC, NO, and H₂S values measured at the women's resting point 

                in the traditional site and those in the modern site of Braffedon.
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Figure 6: Comparison of CO, VOC, NO, and H₂S values measured beyond the women at the 
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                 traditional site and those at the modern site in Grand-Lahou.


Figure 7: Comparison of CO, VOC, NO, and H₂S values measured beyond the women at the 

                 traditional site and those at the modern site in Braffedon

1.2. Comparison of respiratory symptoms in smokers and those who do not among fish eaters in the municipality of Grand-Lahou and Braffèdon

1.2.1. Comparison of respiratory symptoms in fish smokers and those who do not in the
          municipality of Grand-Lahou

Table I shows the distribution of respiratory symptoms among fish smokers and those who do not in the municipality of Grand-Lahou. With the exception of sinusitis, a significant difference (p < 0.05) was observed between the two groups. Chest pain, rhinitis, and cough are the most common conditions, affecting 62.90%, 59.68%, and 50.00% of smokers, respectively, compared to 27.66%, 14.89%, and 19.15% of those who do not. Dyspnea and wheezing also appear significantly in 37.10% of exposed women, compared to 17.02% and 6.38% in unexposed women.

Table I: Proportions of respiratory signs in smokers and 19.15% of those who do not in the municipality of Grand-Lahou
	Respiratory symptoms
	Women who smoke fish (N=53) %
	Women who do not

(N=47) %
	P

	Cough
	50,00
	19,15
	0,00

	Chest pain
	62,90
	27,66
	0,00

	Dyspnea
	37,10
	17,02
	0,02

	Wheezing
	37,10
	6,38
	0,00

	Rhinitis
	59,68
	14,89
	0,00

	Sinusitis
	6,45
	2,13
	0,38


1.2.2. Comparison of respiratory symptoms in smokers and those who do not of Braffèdon fish

Table II shows the percentages of respiratory symptoms observed in smokers and those who do not of Braffèdon fish. With the exception of coughing and wheezing, no significant differences (p > 0.05) were found between the two groups. Coughing remains the most common symptom, affecting 50% of smokers compared to 32.08% of those who do not, while wheezing affects 33.33% of exposed women compared to 9.43% of unexposed women.
Table II: Proportion of respiratory signs in smokers and those who do not of Braffèdon fish
	Respiratory symptoms
	Women who smoke fish (N=60) %
	Women who do not

(N=53) %
	P

	Cough
	50,00
	32,08
	0,04

	Chest pain
	48,33
	33,96
	0,12

	Dyspnea
	35,00
	26,42
	0,33

	Wheezing
	33,33
	9,43
	0,00

	Rhinitis
	50,00
	47,17
	0,76

	Sinusitis
	6,67
	1,89
	0,37


1.3. Comparison of respiratory symptoms among fish smokers in Grand-Lahou and Braffèdon according to the type of oven used

1.3.1. Comparison of respiratory symptoms among fish smokers in Grand-Lahou according to the type of oven used

Table III shows the proportions of respiratory symptoms observed among fish smokers in Grand-Lahou according to the type of oven used. With the exception of rhinitis and chest pain, no significant differences (p>0.05) were found between users of traditional ovens and those of FTT ovens. Chest pain and rhinitis remain the most common conditions, affecting 63.41% and 60.98% of smokers who use traditional ovens, respectively, compared to 38.89% for each among users of FTT ovens.

Table III: Proportions of respiratory symptoms among fish smokers in the municipality of Grand-Lahou according to the type of oven used 
	Respiratory 
symptoms
	Fish Smokers who uses the
FTT oven (N=36) %
	Fish Smokers who uses the traditional oven (N=41) % 
	P

	Cough
	44,44
	51,22
	0,55

	Chest pain
	38,89
	63,41
	0,03

	Dyspnea
	22,22
	39,02
	0,11

	Wheezing
	22,22
	36,59
	0,16

	Rhinitis
	38,89
	60,98
	0,04

	Sinusitis
	5,56
	4,88
	1,00


1.3.2. Comparison of respiratory symptoms among Braffèdon fish smokers according to the type of oven used

Table IV shows the distribution of respiratory symptoms observed among Braffèdon fish smokers according to the type of oven used. Apart from chest pain and rhinitis, no significant difference (p>0.05) was noted between users of traditional ovens and those of FTT ovens. Rhinitis remains the predominant symptom, affecting 63.89% of smokers using traditional ovens compared to 38.89% of users of FTT ovens. Dyspnea and wheezing also appear at notable rates, respectively 47.22% and 44.44% for the former, compared to 22.22% for the latter.

Table IV: Proportion of respiratory signs among Braffèdon smokers according to the type of
                  oven used
	Respiratory symptoms
	Fish Smokers who uses

the FTT oven (N=36) %
	Fish Smokers who uses the traditional oven (N=36) %
	P

	Cough
	44,44
	52,78
	0,55

	Chest pain
	38,89
	61,11
	0,03

	Dyspnea
	22,22
	47,22
	0,11

	Wheezing
	22,22
	44,44
	0,16

	Rhinitis
	38,89
	63,89
	0,04

	Sinusitis
	5,56
	8,33
	1,00


2. DISCUSSION 

This study highlights the harmful effects of fish smoking fumes on the health of female processors, depending on the type of oven used. Measurements taken at traditional sites reveal high levels of carbon monoxide (CO) emissions, indicating incomplete combustion, as well as the presence of volatile organic compounds (VOCs), nitrogen oxides (NOx), hydrogen sulfide (H₂S), and ammonia (NH₃). This oxygen deficit, which promotes the accumulation of CO, corroborates the observations of Roubinet (2001). The concentrations measured frequently exceed the thresholds recommended by the WHO (2016), while those observed on FTT ovens remain virtually zero. Although wood is currently the main source of renewable energy, its use in low-efficiency stoves raises environmental concerns. According to Sawerysyn (2012), uncontrolled combustion releases greenhouse gases such as carbon dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O), which have a persistent impact on the climate. Measurements taken around traditional ovens in the municipalities of Grand-Lahou and Braffèdon confirm high concentrations of CO and VOCs, as well as NOx and H₂S, despite moderate CO₂ levels. However, the volumes of wood required for traditional smoking generate significant pollution, contributing to the natural greenhouse effect. Women processors exposed for more than two hours without protection inhale toxic gases, particularly CO, which is implicated in respiratory, cardiac, and neurological disorders (Geronimi, 2000; Elichegaray et al., 2010). VOCs, particularly benzene, are likely to cause hematological and neurological damage (Rouvière, 2006). Although concentrations of H₂S, NO, and NH₃ are lower, their toxicity remains a concern: irritation of the respiratory tract and eyes, coughing, dyspnea, and other respiratory disorders (Fuchs, 2009; INRS, 2009; Commandré, 2002). In addition, the pathologies observed in female smokers who use traditional ovens could also be linked to the use of unsuitable fuels. In the municipalities of Grand-Lahou and Braffèdon, cocoa and coffee wood, which is frequently treated with pesticides, is commonly used, exposing users to potentially toxic substances (Anoh et al., 2017). Conversely, the red wood used on the modern platform is a more suitable fuel, emitting fewer gaseous pollutants. This difference explains the higher frequency of respiratory symptoms among users of traditional stoves, compared to those using improved stoves or not engaged in this activity. Clinical examinations carried out in the municipalities of Grand-Lahou and Braffèdon enabled the diagnosis of pathological manifestations in exposed women. The results indicate that there is no significant difference (p > 0.05) between the respiratory abnormalities of smokers in Braffèdon who use traditional ovens, FTT ovens, and those who do not. However, the frequency of symptoms remains higher among users of traditional ovens. This situation can be explained by the widespread use of cocoa and coffee wood for cooking, both among smokers and those who do not, particularly in the production of attiéké. Furthermore, in Braffèdon, fish smoking is often practiced at home, exposing the entire community to smoke emissions, regardless of smoking status. These results are consistent with those of Anoh et al. (2017), who observed “no significant difference between respiratory and ophthalmological abnormalities in smokers using FTT ovens, traditional ovens, and those who do not. They thus highlight the overall impact of fish smoking on the respiratory system”. Similarly, the respiratory pathologies observed in female smokers in the commune of Grand-Lahou who use traditional ovens are comparable to those of female smokers who use FTT ovens, due to their residence in Braffèdon and their use of firewood outside of smoking activities. These results corroborate the work of Umoh et al. (2014), who highlighted “the harmful effects of exposure to wood smoke in the rural community of Obaka in Nigeria”. Furthermore, respiratory disorders are significantly more common (p < 0.05) among female smokers in the municipality of Grand-Lahou than among those who do not. This low rate of abnormalities among urban those who do not can be explained by a lifestyle that limits contact with smoke, in particular through the use of butane gas for cooking, unlike the inhabitants of Braffèdon, who mainly use firewood. These observations highlight the health and environmental impact of solid fuels, particularly in rural areas, and underscore the urgent need for a transition to practices that are more respectful of human health and the environment.

CONCLUSION
This study highlighted the health and environmental impacts of fish smoking in the artisanal fishing communities of Grand-Lahou and Braffèdon. The gas concentrations measured at traditional sites are significantly higher than those observed at modern sites, due to the intensive use of wood, generating significant CO₂ emissions that have a considerable impact on the environment, as well as toxic gases that are carcinogenic and harmful to the respiratory system. Although the pathologies are similar between users of traditional ovens and those of FTT ovens, their frequency is significantly higher among the former. These results confirm the harmful effects of prolonged exposure to biomass combustion. In this perspective, the adoption of the FTT oven appears to be an effective solution to mitigate the health and environmental risks associated with this practice.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.
Disclaimer (Artificial intelligence)

Option 1: 

I confirm that NO generative artificial intelligence technology, such as large language models (ChatGPT, COPILOT, etc.) or text-to-image generators, was used in the writing or revision of this manuscript.
REFERENCES

Angoni H., Tatchim A. P., Nkonmeneck B. A. & Nguekam E. (2015). Use of wood in coastal fisheries of Cameroon, Revue d'ethnoécologie, 50-738pp.

Anoh K. P., Ouattara S., Yapo O. B. & Dembélé A. A. (2017). Health of women processors, product safety, and the environmental impact of fish smoking systems in artisanal fishing communities: A study for sustainable food systems. FAO Fisheries and Aquaculture Report, Elmina, Ghana, 1228: 131-144.

Belland M. (2017). Air pollution and risk culture in Abidjan. A study of three professions operating in highly polluted sites in Abidjan. Master's thesis in political science, Sciences Po Toulouse, Toulouse, 175p.

Becerra S., Belland M., Bonnassieux A. & Liousse C. (2020). 'Living with' air pollution in Abidjan (Cote d'Ivoire): a study of risk culture and silent suffering in three occupational areas, Health, Risk & Society, 22,1, pp. 86-106.

Commandré J.-M. (2002). Formation of nitrogen oxides during the combustion of petroleum coke under cement plant precalciner conditions. Doctoral dissertation, National Polytechnic Institute of Toulouse, France, 215p.

Djessouho C. O. D. (2015). Socioeconomic analysis of fish smoking in artisanal maritime fisheries on the coast of Benin. Master's thesis, Rennes, France, 56p.

Elichegaray C., Bouallala S., Maitre A. & Ba M. (2010). State and evolution of atmospheric pollution. French Journal of Allergology, 50: 381-393.

FAO (2016). Information Bulletin. Côte d’Ivoire, 13:12p.

FAO (2020). Report of the Regional Capacity Building Workshop to Empower African Women and Youth on the Use of the FAO-Thiaroye Fish Processing Technique (FTT), Elmina, Ghana, 25–27 September (2019). FAO Fisheries and Aquaculture Report No. 1315. Rome: Food and Agriculture Organization of the United Nations, 23p.

Fuchs S. (2009). Methods for detecting atmospheric gaseous pollutants using a portable electronic nose. Doctoral dissertation, University of Metz, France, 152p.

Geronimi J. L. (2000). Carbon monoxide. Edition Tec & Doc, 170p.

INRS (2009). Toxicological data sheet, hydrogen sulfide. FT 32. Cas Number 7783-06-4. EC Number (EINECS) 231-977-3. Index 016-001-00-4, 8p.

Kabré A.T., Diarra D. & Traore A. (2003). Fish smoking in Burkina Faso: Comparison of the characteristics and profitability of three types of improved smokehouses. Cahiers Agricultures, 12(6): 409-417pp.

Ossehin A., Etchian A. O., Gnagne A. E. J. E. Y., Seka Y. J., & Yapo O. B. (2019). Impact of fish smoking on the environment and the respiratory system of women practicing on the traditional and modern sites of Attécoubé (Abobo-doumé and Locodjro) and Braffèdon. Journal of Chemical, Biological and Physical Sciences, Section D: Environmental Sciences, 9(4), 333–346.

Roubinet S. (2001). Value of carbon monoxide detectors in smurf teams' response kits: two cases. Doctoral dissertation, Henri Poincaré University, Nancy 1, France, 152p.

Rouvière A. (2006). Impact of firewood combustion on outdoor and indoor atmospheres. Study of the degradation of a specific tracer in a simulation chamber: creosol. Doctoral dissertation, Joseph Fourier University-Grenoble I, France, 218p.

Sawerysyn J.-P. (2012). Wood combustion and its impact on air quality. Air Pur, France, 81: 7–16.

Umoh V., Peters E., Erhabor G., Ekpe E. & Ibok A. (2014). The relationship between lung function and indoor air pollution among rural women in the Niger Delta region of Nigeria. Lung India., 110p.

WHO (2016). Indoor air pollution and health. Fact sheet No. 292, Geneva, 5p.
Ossehin, A., Koukougnon, K. L., Acho, Y. F., Gnamba, C. Q. M., & Yapo, O. B. (2022). Environmental and Health Impacts of Women Fish Processors Working on Traditional and Modern Fish Smoking Platforms in Braffèdon (Ivory Coast). Earthline Journal of Chemical Sciences, 8(2), 225-239.
  C





 





a





 





b





 





 





c





cC








3

