


[bookmark: _Hlk184546233]Health Risk Assessment of PM2.5-Bound Trace Metals and Self-Reported Morbidity Among Fish Smokers in a Coastal Community in Ghana

Abstract  
Incomplete burning of wood in traditional fish smoking kilns releases aerosol particulates carrying health destructive species including metals. This study evaluated the potential carcinogenic risk of occupational fish smokers' exposure to trace metals in outdoor fine particulates (PM2.5) in southern Apam, Ghana. Additionally, it examined self-reported health effects among fish smokers resulting from smoke exposure. PM2.5 samples were collected during fish smoking activities from July 2022 to June 2023, which covered 70 sampling days. A Gent sampler, equipped with a Gast pump and stacked filter unit, was employed to collect PM2.5 particulates over 24-hour periods. The black carbon (BC) and elemental analyses of particulate samples were conducted using a smoke stain reflectometer and an Ag-anode X-ray tube spectrometer, respectively. A 41-item closed-ended questionnaire was administered to 372 randomly selected fish-smoking workers. The  US EPA health risk appraisal model and the European Community Respiratory Health Survey questions were used to explore the health hazards associated with trace metals and self-reported health outcomes, respectively. The analysed data showed that the average PM2.5  concentration (24.5 µg/m3) exceeded the WHO safe limit of 15 μg/m3. Notably, average Cr (94.70 ng/m3) and Ni (133.31 ng/m3) concentrations substantially exceeded US EPA regulatory limits of of 12 ng/m3 and 0.24 ng/m3, respectively. A strong correlation between Cr, Ni, Mn, Fe, V, Cu, K, and BC suggested their significant release from a combustion source. The carcinogenic metals posed a greater risk to adult fish smokers compared to children via dermal contact. Besides, 84-95 out of every 10,000 fish smokers might experience cancer dangers due to trace metals exposure via ingestion. Fish smokers frequently reported eye irritation and respiratory infection symptoms. Statistically, there was significant link between hours spent in smoke per day and respiratory health symptoms<0.05). Adopting sustainable fish smoking technology is imperative to reduce excessive PM2.5 exposure and protect public health.
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1. INTRODUCTION 
     Fish smoking has become a popular method for preserving fish and is practised in most coastal communities in Sub-Saharan Africa (Obeng et al., 2023; Weyant et al., 2022). It supports many households in Africa with income as well as a source of food (Torell et al., 2015). About one-tenth of Ghana’s population, especially women, depend on fishery-related activities, including fish smoking for a living (Asiedu et al., 2018). Fish smoking reduces post-harvest losses and plays a role in alleviating poverty. Despite the socio-economic benefits obtained from smoked fish, the activities involved during fish smoking pose serious risks to humans and the environment. For instance, the women handle the burning fish with their bare hands, in thick layers of hot smoke. This exposes them to respiratory and ocular problems (Ambroise et al., 2022). The method takes about 4-8 hours, depending on the smoking methods (Fapohunda et al., 2022). 
[bookmark: _Hlk139316182]Most coastal communities in Ghana engage in fish smoking using wood biomass combusted in traditional kilns or ovens (Armo-Annor et al., 2021). The incomplete combustion of the wood generally releases significant smoke particles into the surrounding air. Smoke is a significant contributor to outdoor fine particulate air pollution (Wolf et al., 2021; Bagula et al., 2021; Chen et al., 2017; Jimenez et al., 2017) and has been recognised as a leading environmental health risk factor worldwide (McDuffie et al., 2021; Erlandsson et al., 2020; Lai et al., 2019; Shezi & Wright, 2018). The burden of disease associated with both ambient and household air pollution exposure is large and growing. The growth is partly due to increases in exposures in low- and middle-income countries, but is in part also due to the rapidly increasing prevalence of non-communicable diseases worldwide as a result of population ageing and lifestyle changes (World Health Organisation, 2021). Fine particulate matter, PM2.5 (particles with aerodynamic diameter less than or equal to 2.5 µm) elicits the development of respiratory ailments such as chronic obstructive pulmonary diseases, asthma, respiratory tract infections, and lung cancer (Abidin et al., 2023; Ciarelli et al., 2019; Salvi & Brashier, 2014). Growth in PM2.5 levels increases the risk of cardiovascular disease and mortality (Safo-Adu et al., 2023; Davis et al., 2020). Studies have shown  that PM2.5 release from wood combustion raises hospital admissions and causes premature death among the exposed population (Martins & Carrilho, 2023; Orru et al., 2022; Zosima et al., 2017). 
     The ability of particulate matter (PM) to cause health effects rests on the physical properties and the chemical constituents like trace metals (Safo-Adu et al., 2024; Broomandi et al., 2023; Edlund et al., 2021). Kolawole and Olatunji (2023) contend that PM2.5 aerosol carries significant concentrations of potentially toxic metals such as arsenic (As), cadmium (Cd), cobalt (Co), mercury (Hg), lead (Pb), copper (Cu), zinc (Zn), and nickel (Ni). The trace metal contents of airborne particles pose harm when they enter the human body via inhalation, ingestion and dermal pathways. Metallic particles generate reactive oxygen species such as hydroxyl radicals, hydrogen peroxide, and superoxide ions, which induce oxidative stress and DNA damage (Kodros et al., 2022). Lead (Pb) and nickel (Ni) intake can negatively affect the kidney, reproductive, nervous, cardiovascular, and immune systems (Cui et al., 2020; Addo et al., 2016). Arsenic (As) and Cobalt (Co) are associated with genomic instability and cancer (Balali-Mood et al., 2021). 
     The health risks associated with outdoor PM2.5 aerosol in developed cities have been extensively studied (Sakunkoo et al., 2022; Zhang et al., 2021; Sun et al., 2021; Krupnova et al., 2021). According to these studies, the overall cancer and non-cancer risk levels of human exposure to toxic metal particles via inhalation, ingestion and dermal contact were higher than the permissible limits. The health effects associated with potentially toxic metals embedded in aerosol particulates have not been widely investigated in urban communities in Sub-Saharan Africa (Glenn et al., 2022; Kalisa et al., 2019; Cokker et al., 2018). There is a need to do more studies on the chemical content of airborne particulates to comprehend particulate matter toxicity. A deeper insight into the risk of human exposure to PM2.5-bound toxic metals is critical for developing sustainable actions to control the health impact. 
     The urban settlement of southern Apam, located along the coast in the Central Region of Ghana, is characterised by its primary economic activity: fish smoking. This locality is renowned for its extensive utilisation of traditional ovens in commercial fish-smoking processes, resulting in significant wood combustion and excessive smoke. The resultant emissions contribute substantially to air particulate pollution and its chemical composition in Apam, posing both acute and chronic health effects to those engaged in occupational fish smoking. A notable gap exists in the understanding of PM2.5's health implications in Ghana, with insufficient attention given to the potential health hazards faced by fish smokers due to PM2.5 aerosol exposure. This study therefore sought to evaluate the potential health risks associated with occupational fish smokers' exposure to trace metals in outdoor PM2.5 in the Apam fish-smoking community, Ghana. Additionally, the research explored self-reported health impacts among fish smokers resulting from smoke exposure. The findings are expected to help inform healthcare planning strategies and promote policy initiatives  aimed at addressing the severe health consequences linked to aerosol particle exposure in fish-smoking communities in Ghana.
1. METHODS 
2.1 Study Area and Research Design 
     The study was carried out in southern Apam (5°1644" N, 0°4423" W), a coastal fishing community located in the Gomoa West District of the Central Region in Ghana. The study area has a population of 2,764 (Ghana Statistical Service, 2021). The study community is well noted for fishing and fish-smoking activities as the main occupations for the men and women respectively. The study region has two major seasons: wet and dry seasons in the year. The wet season lasts from April to November, with heavy rains occurring between April and June. The temperature in the study area varies slightly throughout the year. The average monthly temperature ranges from 26 to 31°C, with an annual average of 27.2°C. The relative humidity is high, ranging between 65% in the late afternoon to 95% at night. The dominant wind direction in the study area is north-northeast, with wind speeds ranging from 2.2 to 4.4 m/s (Ghana Meteorological Agency, 2022). Concurrent mixed method research design was used for this study. The design employs multiple means of data collection like survey and data collection from field measurements at the same time (Obeng et al., 2023). 
2.2 Airborne Particulates Sampling 
Fine air particulate matter (PM2.5) sampling covered one year from July 2022 to June 2023 for 70 sampling days. Sampling was non-periodic and covered only fish smoking periods.  A Gent sampler equipped with a Gast pump and a stacked filter unit was used to collect PM2.5 particulates for 24 hours. The sampling equipment was installed 2.0 metres above ground in the Apam fish smoking community considering the prevailing wind direction. The sampler was placed away from obstacles and in a location that accurately represents the area being monitored. Fig. 1 presents a map of the sampling location. The sampler operated at a flow rate of 16-17 litres per minute. A nuclepore filter with a 47 mm diameter was used for the particulate collection. Filters were inspected for defects such as scratches, discolouration, and non-uniformity before use.
2.3 Study participants  
     The participants needed as representative of the population of the study area were estimated using Slovin’s formula as shown in equation (1). 
n = N/(1+Ne2)                                                                                                 (1)
where n = sample size; N = total number of people in the study area and e = margin of error.  In this study, a confidence level of 95 % (alpha level of 0.05) was used. That is, e = 0.05. A sample size of 349 was obtained. However, 372 participants were used in this study, which is above what was statistically needed. The larger sample size was necessary for getting more accurate and precise data, which gives a true representation of the study area. A simple random sampling technique was employed to select the participants for the study. 
 [image: ] 
Fig. 1. Map showing the sampling location 
2.4 Data Collection on Self-Reported Health Effects 
The European Community Respiratory Health Survey questions were adapted (Voll-Aanerude et al., 2010; Mirabelli et al., 2009) in this study to gather information about the self-reported health outcomes among fish smokers. A closed-ended questionnaire was distributed to 372 randomly chosen occupational fish smokers. The questionnaire contained 41 items divided into three sections, A, B, and C. Section A was made up of 10 items that collected information on respondents’ demographic characteristics, exposure risk factors and safety issues (as shown in Fig. 3 and Table 7). Section B was made up of 20 items to elicit information on self-reported health outcomes associated with exposure to smoke during fish smoking (as shown in Table 8). Respiratory health indicators and eye problems were the main broader domains captured in section B. The respiratory health indicators included cough, production of phlegm, wheezy or whistling chest, trouble breathing, or chest tightening. Section C comprised 11 items that elicited information on fish smokers’ perception of the health impacts of smoke from fish smoking.  All the items in section C were on the five-point Likert-type scale. The respondents were asked to indicate the intensity of their responses to each of the items on the five-point Likert scale. Positive statements were scored as follows: strongly agree (5), agree (4), neutral (3), disagree (2), and strongly disagree (1). However, negative statements were scored as follows: strongly agree (1), agree (2), neutral (3), disagree (4) and strongly disagree (5). The reverse order of scoring was important for reducing respondents’ bias. It was to counteract the tendency of respondents who, without much thought, would give the same answer to all questions.
     The items of the questionnaire were carefully examined to point out those whose withdrawal or moderation would strengthen the internal consistency of the instruments. The Cronbach alpha coefficient value determined to establish the reliability of the questionnaire, was found to be 0.81.  Leech et al. (2008) contend that a Cronbach alpha coefficient value of 0.70 and above signifies a reasonable internal consistency and that an alpha value between 0.60 and 0.69 indicates minimal adequate reliability. The questionnaire items were therefore reliable.
     Permission was sought from the elders and opinion leaders of Apam before the commencement of the data collection. Well-trained research assistants administered the questionnaire to participants in-person. The research assistants elucidated the objectives of the study and part of the questionnaire that posed problems to the participants. All the participants were assured of the confidentiality of the information they will give. The questionnaires were filled and collected on the same day with the attainment of a 100 % response rate. 

2.5 Sample Analysis 
     The empty air filters were conditioned in a desiccator for 24 hours, and each was weighed at least three times with a Sartorius MC-microgram sensitive balance with a weighing accuracy of ±5 µg. After sampling, the loaded filters were conditioned for 24 hours and weighed at least three times to determine the net weight (mass) of the sample filter.  The mass concentration of aerosol samples was computed by dividing the weight of the particles loaded on the filters by the volume of air that passed through the sample filters. 
The samples were analysed for black carbon using the EEL 43D Smoke Stain Reflectometer (Diffusion Systems Limited, UK). The Smoke Stain Reflectometer was calibrated after every every five measurements with a blank filter (white) to ensure that the results obtained are accurate and reliable. The approach proposed by Cohen et al. (2000) for calculating black carbon (BC) concentration in aerosol particulate samples was adopted in this study. 
[bookmark: _Hlk182673433]The elemental content of air particulates captured on the filters was analysed using an Ag-anode X-ray tube spectrometer (EXP-1) from Amptek Technology equipped with DPPMCA data acquisition software. The Ag-anode X-ray tube spectrometer was calibrated by irradiating standards with well-defined characteristic X-ray emission lines. At least two energy peaks in the spectrum for each element in the standard were chosen and A graph of known energies against detector counts (detected channel number) was plotted. Multiple measurements of blank filters were run to establish the baseline noise of the method. The standard deviation (SD) of the detector responses (signal) of target elements of the blank were calculated. The detection limits of the elements were determined by multiplying the SD of the detector signal of those elements in the blank by 3. The limits of quantification of elements were calculated by multiplying the SD of the detector signal of those elements in the blank by 10. The following elements were determined: Chromium (Cr), Manganese (Mn), cobalt (Co), arsenic (As), nickel (Ni), copper (Cu), zinc (Zn), lead (Pb), vanadium (V), iron (Fe) and potassium (K). 

2.6 Health Risk Assessment Calculation 
     The quantitative health risk assessment approach proposed by the US EPA was adopted in this study. The long-term non-cancer and cancer effects were calculated for the occupational exposure of fish smokers to trace metals in PM2.5 during fish smoking using the outdoor on-site exposure scenario. Occupational exposure of fish smokers to outdoor PM2.5-bound trace metals can occur via inhalation, ingestion, and dermal contact. The on-site worker exposure scenario ideally should be for only adults, however, the child scenario was considered to ascertain the possible health effects on children (6-12 years) exposed to similar conditions. 
The average daily dose (ADD, mg kg-1 day-1) for exposure to each carcinogenic trace metal via inhalation, ingestion, and dermal contact was calculated using equations (2), (3), and (4), respectively. 
ADDinh = (C×Rinh×EF×ED)/(BW×AT)                                (2)
ADDing = (C×Ring×EF×ED)/(BW×AT)                                (3)
ADDder = (C×SA×AF×ABS×EF×ED)/(BW×AT)               (4)
[bookmark: _Hlk183006824]ADDinh, ADDing and ADDder are the average daily dose of each metal for inhalation, ingestion, and dermal contact, respectively. The inhalation rate, Rinh is 16.6 m3/day for children and 21.4 m3/day for adults (Morakinyo et al., 2021). Ingestion rate (Ring) is 200 mg day−1 for children and 100 mg day−1 for adults (Liu et al., 2018). Exposure frequency (EF) is 250 days year−1 (Morakinyo et al., 2017). Exposure duration (ED) is 6 years for children and 24 years for adult workers (Hu et al., 2012). Exposed skin area (SA) is 2800 cm2 for children and 5700 cm2 for adult workers (Fairbrother et al., 2007). Skin adherence factor (AF) is 0.2 mg/cm2/day for children and 0.07 mg/cm2/day for adult workers (Morakinyo et al., 2021). The dermal absorption factor (ABS) is 0.01 (Li et al., 2015). The average body weight (BW) is 32.5 kg for children and 70 kg for adults (Liu et al., 2018). Averaging time (AT) is ED×365×24 days for non-carcinogens and 70×365×24 days for carcinogens (Li et al., 2015). 
     The potential non-carcinogenic risk of each trace metal is characterised by the hazard quotient (HQ). The HQ is defined as the ratio of the ADD to the reference dose, RfD (mg kg-1day-1) shown in equation (5)
HQ = ADD/RfD                                                                      (5)
RfD (reference dose, mg kg-1day-1) is the estimated maximum allowable risk to humans from daily exposure to a known pollutant. The RfD used in this study is presented in Table 1. HQ< 1 indicates no non-cancer risk while HQ >1 suggests potential non-cancer effects (Cao et al., 2015). The overall non-cancer risk posed by trace metals was determined by calculating the hazard index, which is the sum of HQ values of all the metals shown in equation (6)
HI = HQ1 + HQ2 ……+ HQn	                                                  (6)
HI < 1 stands for no significant risk of non-carcinogenic effects while HI > 1 shows the likely occurrence of non-carcinogenic effects. 
     Trace metals such as Cr, As, Ni, and Pb have been identified as carcinogens (Kurilic et al., 2020). The cancer risk (CR) levels for exposure to carcinogenic metals through inhalation, ingestion and dermal pathways were computed using equations (7), (8), and (9), respectively. 
CR = ADDinh×IUR                                                                    (7)
CR = ADDing×SF                                                                      (8)
CR = ADDder×(SF/G)                                                                (9)
Where SF, G, and IUR refer to slope factor, gastrointestinal absorption factor, and inhalation unit risk, respectively. The recommended IUR, SF, and G values used in this study are shown in Table 2.

Table 1. RfD for estimating average daily dose (Morakinyo et al., 2021; Fairbrother et., 2007) 
	Elements
	RfDinh
	RfDing
	RfDder

	As
	0.000015
	0.0003
	0.00012

	Cr
	0.0001
	0.003
	0.0000286

	Co
	0.0001
	0.01
	0.0001

	Ni
	0.000014
	0.02
	0.0206

	Cu
	0.012
	0.04
	0.0402

	Zn
	0.3
	0.3
	0.3

	Pb
	0.0035
	0.0035
	0.000525

	Mn
	0.00005
	0.046
	0.0000143

	V
	0.0000286
	0.007
	0.00007 

	Fe
	0.7
	0.7
	0.001 


RfDinh, RfDing, and RfDder refer to reference doses for inhalation, ingestion, and dermal routes respectively.

Table 2. IUR, SF, and G values for carcinogenic metals (Liu et al., 2018; Hu et al.,2012)
	Elements
	IUR
	SF
	G

	As
	0.0043
	1.5
	1

	Cr
	0.012
	0.5
	0.025

	Ni
	0.00024
	0.084
	0.04

	Pb
	0.00005
	0.28
	1


IUR = inhalation unit risk, SF = slope factor, G = gastrointestinal absorption factor, 
2.7 Data Analysis 
The data were described using mean and standard deviation. To interpret the data about fish smokers' perceived health implications of exposure to smoke, a mean score above and below 3 was considered a high and low perception, respectively. The data were analysed using Pearson’s product-moment correlation, Pearson’s chi-square statistics and Cramer’s V coefficient and scatter plot with a regression model. 



2. RESULTS
3.1 Mass Concentrations of PM2.5 and Its Chemical Components 
     The average concentrations of PM2.5 and its chemical constituents are presented in Table 3. 
The minimum and maximum daily levels of PM2.5 found at the study area show a daily variation in fine particulate matter concentrations due to different aerosol particle emission sources and meteorological conditions throughout the study period. The 24-hour average PM2.5 mass concentration of 24.50 (10.41-112.54) µg/m3 exceeded the World Health Organisation’s safe limit of 15 µg/m3. This suggests that the outdoor air in the Apam fish smoking community could be unsafe and may pose a health risk due to fine particle exposure. An average BC concentration of 3.14 μg/m3 was found in outdoor air.  

Table 3. Summary statistics for PM2.5 mass and its chemical components in Apam fish
smoking community 
	Species 
	Mean
	SD
	Maximum 
	Minimum 
	WHO (2021) safe limit 
	US EPA safe limit 

	[bookmark: _Hlk183100464]PM2.5 (µg/m3)
	24.50
	17.19
	112.54
	10.41
	 15 
	-

	BC (µg/m3)
	3.14
	2.42
	15.25
	0.57
	-
	-

	Cr (ng/m3)
	94.70
	61.62
	388.26
	40.00
	- 
	  12

	Mn (ng/m3)
	14.64
	8.58
	48.95
	5.63
	 150
	-

	Co (ng/m3)
	1.30
	0.87
	5.22
	0.05
	-
	-

	Ni (ng/m3)
	133.31
	107.64
	649.36
	39.37
	-
	0.24

	Cu (ng/m3)
	54.15
	43.39
	258.84
	16.45
	-
	105

	Zn (ng/m3)
	17.03
	20.04
	103.87
	0.51
	-
	-

	As (ng/m3)
	0.12
	0.11
	0.69
	0.01
	-
	   6

	Pb (ng/m3)
	5.34
	3.93
	26.10
	0.00
	-
	150

	V (ng/m3)
	3.86
	3.82
	26.78
	0.81
	-
	-

	Fe (ng/m3)
	627.80
	406.88
	2549.38
	270.00
	-
	-

	K (ng/m3)
	451.48
	227.69
	3035.22 
	172.76
	
	




[bookmark: _Toc182911831]Fig. 2. Relationship between daily PM2.5, BC and potassium (K) levels at the study area. (a) Correlation between daily BC and PM2.5 levels (b) Correlation between daily PM2.5 and K levels.

[bookmark: _Hlk185267967][bookmark: _Hlk185269497][bookmark: _Hlk185258747][bookmark: _Hlk185260848][bookmark: _Hlk185269874]There was a strong positive linear correlation between daily BC and PM2.5 concentrations at the study region (R2=0.71, slope = 0.119). Similarly, there was a strong positive linear association between K and PM2.5 (R2=0.94; slope =0.02). This implies that BC and K levels substantially influenced PM2.5 concentrations at the study area. On average, Fe gave the highest mass concentration of 627.80 ng/m3, followed by K (451.48 ng/m3) whereas As recorded the lowest concentration level (0.12 ng/m3) of elements in PM2.5. Fe is known mostly to emanate from the crustal origin and partly from anthropogenic sources (Wu et al., 2019). The decreasing order of the mean trace metal levels in PM2.5 was Fe>K>Ni>Cr>Cu>Zn>Mn>Pb>V>Co>As. On average, the levels of Pb, As, and Cu in PM2.5 at the monitoring site were lower than the US EPA safe limits. The mean concentration of Mn was below the WHO air quality guideline of 150 ng/m3. The average levels of As and Pb in PM2.5 were below the US EPA’s air quality guideline values of 6 ng/m3 and 150 ng/m3. Conversely, the mean levels of Cr (94.70 ng/m3) and Ni (133.31 ng/m3) in PM2.5 were significantly higher than the US EPA permissible limits of 12 ng/m3 and 0.24 ng/m3, respectively. Potassium, a tracer element for biomass burning, reached a maximum concentration of 3035.22 ng/m3 at the study site.  There was a modest to strong correlation (r =0.63-0.99) among Cr, Ni, Mn, Fe, V, Cu, Pb, K, and BC (Table 4), indicating the significant contribution of these species from a combustion source. 

Table 4. The correlation matrix of species measured at Apam
	Species
	Cr
	Mn
	Co
	Ni
	Cu
	Zn
	As
	Pb
	V
	Fe
	K
	BC

	Cr
	1.00
	
	
	
	
	
	
	
	
	
	
	

	Mn
	.95
	1.00
	
	
	
	
	
	
	
	
	
	

	Co
	.73
	.76
	1.00
	
	
	
	
	
	
	
	
	

	Ni
	.97
	.92
	.64
	1.00
	
	
	
	
	
	
	
	

	Cu
	.97
	.92
	.64
	.99
	1.00
	
	
	
	
	
	
	

	Zn
	.86
	.80
	.49
	.96
	.95
	1.00
	
	
	
	
	
	

	As
	.32
	.24
	.19
	.34
	.35
	.34
	1.00
	
	
	
	
	

	Pb
	.77
	.76
	.74
	.68
	.67
	.54
	.29
	1.00
	
	
	
	

	V
	.90
	.82
	.63
	.93
	.92
	.88
	.30
	.67
	1.00
	
	
	

	Fe
	.99
	.97
	.74
	.97
	.97
	.86
	.29
	.78
	.89
	1.00
	
	

	K
	.96
	.90
	.75
	.94
	.93
	.82
	.27
	.79
	.92
	.96
	1.00
	

	BC
	.83
	.77
	.66
	.81
	.82
	.72
	.35
	.73
	.72
	.83
	.88
	1.00



3.2 Health Risk of Fish Smokers’ Exposure to PM2.5-Bound Trace Metals 
[bookmark: _Hlk160989791][bookmark: _Hlk158624360][bookmark: _Hlk185260287]     The hazard quotients for exposure to PM2.5-bound trace metals are shown in Table 5. The results show that the hazard quotient (HQ) values for exposure to As, Co, Cu, Zn, and Pb in PM2.5 via the three exposure routes for fish smokers (children and adults) were lower than the safe limit of one (1), indicating no non-cancer health risk. On the contrary, Cr posed non-carcinogenic risks to the fish smokers through ingestion and dermal routes (HQ=1.28-16.20). The HQ values recorded for adult fish smokers due to exposure to trace metals through the three main pathways were lower than those quantified for children at the monitoring site. The trace metals posed no synergistic non-carcinogenic impacts through inhalation to fish smokers (HI=0.095-0.158). This finding compares well with a study carried out by Duan et al. (2021). 




Table 5. Hazard quotients for exposure to PM2.5-bound trace metals measured at Apam
	Metal
	HQinh (Child)
	HQinh (Adult)
	HQing (Child)
	HQing (Adult)
	HQder (Child)
	HQder 
(Adult)

	Cr
	1.38E-02
	8.26E-03
	5.54E+00
	1.28E+00
	1.62E+01
	5.38E+00

	Mn
	4.26E-03
	2.55E-03
	5.59E-02
	1.29E-02
	5.03E+00
	1.66E+00

	Co
	1.90E-04
	1.14E-04
	2.29E-02
	5.33E-03
	6.42E-02
	2.12E-02

	Ni
	1.38E-01
	8.30E-02
	1.17E+00
	2.71E-01
	3.18E-02
	1.05E-02

	Cu
	6.57E-05
	3.93E-05
	2.37E-01
	5.51E-02
	6.62E-03
	2.19E-03

	Zn
	8.27E-07
	4.95E-07
	9.97E-03
	2.31E-03
	2.79E-04
	9.23E-05

	As
	1.25E-04
	7.54E-05
	7.59E-02
	1.76E-02
	5.31E-03
	1.75E-03

	Pb
	2.22E-05
	1.33E-05
	2.67E-01
	6.22E-02
	5.00E-02
	1.65E-02

	V
	1.96E-03
	1.17E-03
	9.68E-02
	2.24E-02
	2.71E-01
	8.97E-02

	Fe
	1.30E-05
	7.82E-06
	1.57E-01
	3.65E-02
	3.08E+00
	1.02E+00

	HI
	1.58E-01
	9.52E-02
	7.63E+00
	1.77E+00
	2.47E+01
	8.20E+00



Table 6. Cancer risk levels for carcinogenic trace metals in PM2.5 measured at Apam
	Elements
	CRinh (children)
	CRinh (adults)
	CRing (children) 
	CRing (adults)
	CRder (children)
	CRder (adults)

	As
	6.96E-10
	1.66E-09
	2.92E-06
	2.71E-06
	8.19E-08
	1.08E-07

	Cr
	1.41E-06
	3.39E-06
	7.12E-04
	6.61E-04
	7.98E-04
	1.05E-03

	Ni
	3.99E-08
	1.19E-10
	1.68E-04
	1.56E-04
	1.18E-04
	1.56E-04

	Pb
	3.33E-10
	9.98E-13
	2.25E-05
	2.09E-05
	6.30E-07
	8.34E-07

	Total
	1.45E-06
	3.40E-06
	9.05E-04
	8.41E-04
	9.17E-04
	1.21E-03



[bookmark: _Hlk185259209][bookmark: _Hlk185260087]The cancer risk (CR) levels for carcinogenic trace metals are shown in Table 6. The results demonstrated that the CR levels of fish smokers exposed to PM2.5-bound Cr via inhalation fell within 10-6-10-4, suggesting the possibility of a moderate risk of cancer. The cancer risk values for fish smokers’ exposure to Ni and Cr via ingestion and dermal exposure were higher than 10-4, indicating the possibility of a high cancer risk. The carcinogenic metals posed a greater risk to adult fish smokers compared to children via dermal contact. The total CR values resulting from exposure to carcinogenic trace metals significantly exceeded the regulatory limit via ingestion and dermal contact, denoting a possible cancer risk to fish smokers. Besides, the overall cancer risk levels from exposure to As, Cr, Ni, and Pb through inhalation were slightly higher than 10-6 but lower than 10-4, suggesting a moderate risk of cancer to fish smokers. 

3.3 Self-Reported Health Issues Associated with Smoke and Exposure Risk Factors  
The demographic characteristics of respondents are shown in Fig. 3. Fish smoking exposure risk variables and safety issues are shown in Table 7 while Table 8 presents the self-reported health outcomes associated with smoking among fish smokers. Analysis of the results indicates that a high proportion of the respondents (86 %) were female while few participants were male. This suggests that fish-smoking activities in the study area are dominated by females. Few participants (11.0 %) reported being less than 25 years old and within the age group of 56-65. However, 23 and 25 % of the respondents fell within the age group of 46-55 and 26-35, respectively. None of the respondents had tertiary education. Half of the participants had basic education while 40 % had secondary level education. Again, 1 out of 10 people had no formal education. According to Table 7, 1 out of every 2 people smoked fish within 6-10 hours per day. About 45 % of fish processors smoked fish within 1-5 hours.


Fig. 3. Demographic profile of respondents in the study area. Distribution of participants based on (a) sex, (c) age group and (c) educational level. 
Table 7. Fish smoking exposure risk variables and safety issues    
	1.
	Hours of fish smoking per day
	1 – 5 
	167 (44.9 %)

	
	
	6 – 10 
	180 (48.4 %)

	
	
	11 – 15 
	25 (6.7 %)

	2.
	Hours spent in smoke per day 
	<1
1 – 5
6 – 10 
11 – 15 
	8 (2.2 %)
280 (75.3 %)
66 (17.7 %)
18 (4.8 %)

	3. 
	Years of fish smoking 
	<5
6 – 10 
11 – 20
21 – 30 
31 – 40 
41 – 50 
	69 (18.5 %)
115 (30.9 %)
103 (27.7 %)
42 (11.3 %)
29 (7.8 %)
14 (3.8 %)

	[bookmark: _Hlk143361138]4.
	Often experience burns or scalds during fish smoking 
	Yes
No
	305 (82.0 %)
67 (18.0 %)

	5.
	The seriousness of burn or scald
	Light 
Moderate 
Severe 
No response 
	92 (24.7)
160 (43.0)
53 (14.2)
67 (18.0)

	6.
	Wear PPEs (goggles, ganisters, face shield) during fish smoking
	Yes 
No
	34 (9.1)
338 (90.9)

	7.
	Often visit the hospital or clinic for medical check-ups 
	Yes
No
	93 (25.0 %)
279 (75.0 %)


[bookmark: _Toc176006783][bookmark: _Toc182921539][bookmark: _Hlk143361550]A greater proportion of fish smokers (>75.0) were exposed to wood smoke for 1-5 hours during daily fish smoking. Fish processors had varying levels of experience in smoking fish. However, one-third of those polled had been smoking fish for 6 -10 years while about 28.0 % smoked fish for 11-20 years. More than 80.0 % of fish smokers never used personal protective equipment (PPE) such as goggles, ganisters, and face shields when smoking fish. As a result, they frequently suffered from burns or scalds. The severity of the burns or scalds ranged from moderate to light to severe. Besides, most participants (75.0 %) did not often visit the hospital or clinic for medical check-ups. Only 1 out of 4 people often visit the hospital or clinic for medical check-ups. 
The analysed data showed that fish smokers’ exposure to wood smoke during fish smoking posed significant risks to their health. The data found that a greater proportion of fish smokers (>70.0 %) reported coughing, experiencing eye irritation and producing phlegm from their chest during fish smoking. About 45.0-65.0 % of fish smokers reported coughing, producing phlegm from their chest and experiencing a whistling chest in the morning and during sleep at night. Some fish smokers had yellow sticky fluid discharges from their eyes and difficulty breathing or chest tightness during fish smoking. Further details about the number of years fish smokers reported coughing, producing phlegm, and experiencing whistling chest conditions are highlighted in Table 8. 
































Table 8. Self-reported health issues associated with smoke at Apam (n=372)
	S/N
	Respiratory symptoms 
	Response 
	Number of respondents (%)

	1.
	Often cough during fish smoking 
	Yes
No
	301 (80.9)
71 (19.1)

	2.
	Frequency of cough during fish smoking 
	< 2 times
2- 6 times 
7-11 times
More than 11 times 
	71 (19.1)
192 (51.6)
49 (13.2)
60(16.1)

	3.
	Cough during sleep at night 
	Yes
No
	246 (66.1)
126 (33.9)

	4.
	Cough in the morning when you wake up from sleep 
	Yes
No
	228 (61.3)
144 (38.7)

	
5.
	
Years of coughing 
	< 1 year 
1-5 
6-10
11-15
	111 (29.8)
233 (59.9)
26(7.0)
12 (3.2)

	6.
	Often produce phlegm during fish smoking 
	Yes
No
	271 (72.8)
101 (27.2)

	7.
	Frequency of bringing out phlegm during fish smoking 
	< 2 times 
2 – 6 times 
7-11 times 
>11 times 
	101 (27.2)
207 (55.6)
33 (8.9)
31 (8.3)

	8.
	Bring out phlegm from the chest in the morning 
	Yes 
No
	236 (63.4)
136 (36.6)

	9.
	Bring out phlegm during sleep at night 
	Yes 
No
	234 (62.9)
138 (37.1)

	10.      


	Years of bringing out phlegm

	< 1
1-5 
6-10
11-15
15-20
	128 (34.4)
204 (54.8)
30 (8.1)
8 (2.2)
2 (0.5)

	11.
	[bookmark: _Hlk138140104]Often experience a whistling chest during fish smoking 
	Yes 
No 
	208 (55.9)
164 (44.1)

	12.
	[bookmark: _Hlk138140787]Often experience whistling chest in the morning 
	Yes
No 
	186 (50.0)
186 (50.0)

	13.
	[bookmark: _Hlk138141562]Experience whistling chest during night sleep 
	Yes 
No
	167 (44.9)
205 (55.1)

	14.
	Years of experiencing whistling chest 
	<1
1-5
6-10 
11-15 
	153 (41.1)
184 (49.5)
26 (7.0)
9 (2.4)

	15.
	Trouble breathing/chest tightening in the past 12 months
	Yes 
No
	146 (39.2)
226 (60.8)

	16.
	Trouble breathing/chest tightening in the past 2 weeks
	Yes 
No 
	78 (21.0)
294 (79.0)

	17.
	Trouble breathing/chest tightening during fish smoking  
	Yes 
No
	78 (21.0)
294 (79.0)

	18.
	[bookmark: _Hlk138181155]Experience eye irritation during fish smoking
	Yes
No
	309 (83.1)
63 (16.9)

	19.
	[bookmark: _Hlk138181290]Yellow sticky fluid secretion from the eye in the past 2 weeks 
	Yes
No
	200 (53.8)
172 (46.2)

	20.
	[bookmark: _Hlk138181476]Yellow sticky secretion from the eye during fish smoking 
	Yes
No
	162 (43.5)
210 (56.5)



3.4 Relationship Between Self-Reported Health Outcomes and Exposure Risk Factors 
The results of the association between self-reported health effects and exposure risk factors are highlighted in Table 9. 

Table 9. Association between self-reported health outcomes and exposure risk factor (n = 372)
	

Health outcomes
	                                                      Exposure risk factors

	
	             Hours spent in smoke per day
	         Years of fish smoking

	
	[bookmark: _Hlk138531170]             df                       Cramer’s V
	          df           Cramer’s V

	Cough during fish smoking 
	4.705         2           0.035          0.114
	23.500      5      0.000         0.251

	Frequency of cough during fish smoking 
	27.089       6           0.000          0.193
	68.170     12     0.000         0.252

	Cough in the morning 
	[bookmark: _Hlk138531126]22.028       3           0.000          0.243
	35.584      5      0.000         0.310

	Cough during night sleep 
	9.565         2           0.008          0.162
	41.532      5      0.000         0.334

	Years of coughing 
	18.304       6           0.006          0.159
	44.188      5      0.000         0.364

	Produce phlegm during fish smoking  
	26.406       2           0.000          0.266
	34.653      5      0.000         0.305

	Frequency of phlegm expels during fish smoking 
	30.817       6           0.000          0.206
	97.425     10     0.000         0.379

	Oust of phlegm in the morning 
	22.133       3           0.000          0.244
	36.441      5      0.000         0.313

	Oust of phlegm during night sleep
	22.053       3           0.000          0.243
	37.398      5      0.000         0.317

	Years of phlegm production 
	18.218       4           0.001          0.229
	63.076     10     0.000         0.362

	Whistling chest during fish smoking 
	5.571         3           0.134          0.122
	17.700      5      0.003         0.218

	Whistling chest in the morning 
	8.007         3           0.046          0.147
	18.509      5      0.002         0.223

	Whistling chest during night sleep 
	1.032         2           0.597          0.051
	22.442      5      0.000         0.246

	Years of whistling chest condition 
	14.003       3           0.003          0.201
	55.956     10     0.000         0.278  

	Chest tightening in the past 1 year
	14.953       3           0.000          0.200
	42.544      5      0.000         0.338

	Chest tightening in the past 2 weeks 
	20.683       3           0.000          0.236
	26.876      5      0.000         0.269

	Chest tightening during fish smoking 
	19.927       3           0.000          0.231
	31.935      5      0.000         0.293 

	Eye irritation during fish smoking
	4.930         3           0.177          0.115
	14.061      5      0.015         0.194

	Yellow sticky fluid secretion from the eye in the past 12 months 
	5.542         3           0.136          0.122
	19.071      5      0.002         0.226

	Yellow sticky fluid secretion from the eye in the past 2 weeks 
	2.905         3           0.406          0.088
	16.420      5      0.006         0.210

	Yellow sticky fluid secretion from the eye during fish smoking   
	9.976         2           0.007          0.166
	24.983      5      0.000         0.259

	Burns/scald 
	7.753         2           0.021          0.146  
	21.790      5      0.001         0.242

	The seriousness of burns/scald
	14.012       6           0.029          0.139
	61.790     15     0.001         0.234


    
[bookmark: _Hlk143358724]Pearson’s chi-square analysis revealed that there was a statistically significant association between hours spent in smoke per day and cough, phlegm production and chest tightening during fish during fish smoking (<0.05). Similarly, there was a statistically significant link between years of fish smoking and cough, phlegm production and chest tightening, eye irritation and yellow sticky fluid secretion from the eye (<0.05). Statistically, significant relationship was found between years of fish smoking and years of coughing, phlegm production and whistling chest condition (<0.05). Cramer’s V analysis revealed that there was a moderate association between hours spent in smoke per day and oust of phlegm from the chest during fish smoking (Cramer's V=0.266). Statistically, there  was a modest relationship between years of fish smoking and yellow sticky fluid secretion from the eye as well as respiratory infection symptoms (cough, phlegm production, and chest tightness) among fish smokers during fish smoking (Cramer's V = 0.251-0.305). Years of fish smoking was moderately associated with years of coughing, phlegm production and whistling chest condition (Cramer's V = 0.278-0.364). Again, years of fish smoking moderately correlated with frequency of cough and phlegm production during fish smoking (Cramer's V = 0.252-0.379). 

3.5 Fish Smokers’ Perception of Health Impacts of Firewood Smoke  
     The perception of fish smokers about the health impacts of wood smoke during fish smoking is shown in Table 10. All the items had a mean response above 3 (Table 10), indicating that fish smokers highly perceived that exposure to wood smoke negatively impacted their health. The high perception of health risks indicates that fish smokers are much more concerned with smoke-related health impacts and that their response and acceptance to policies for controlling health risks will be positive. Most fish processors (>60.0 %) believed that wood smoke impacts air quality and acute exposure to smoke via inhalation elicits eye irritation and respiratory infection symptoms like cough, chest tightening, difficulty in breathing and coughing of phlegm from the chest. More than half of fish processors perceived that chronic exposure to wood smoke is a risk factor for skin and lung cancers, respiratory infection and aggravation of asthma.

[bookmark: _GoBack]Table 10. Participants’ perception of health impacts of  smoke (n= 372)
	
S/N
	
Statement
	Strongly
Agree 
	
Agree
	Not Sure
	
Disagree
	Strongly
Disagree
	Weighted
Mean

	1.
	[bookmark: _Hlk138254128]Short-term exposure to wood smoke induces coughing
	140
(38%)
	159
(43%)
	35
(9%)
	18
(5%)
	20
(5%)
	
4.02

	2.

	[bookmark: _Hlk138256617]Long-term exposure to wood smoke is a risk factor for asthma
	84
(23%)
	117
(31%)
	113
(30%)
	48
(13%)
	10
(3%)
	
3.58

	3.

	[bookmark: _Hlk138255199]Short-term exposure to wood smoke causes eye irritation 
	201
(54%)
	125
(33.6%)
	36
(9.7%)
	10
(2.7%)
	0
(0%)
	
4.44

	4.


	[bookmark: _Hlk138247391]Wood smoke inhalation causes chest tightening and difficulties in breathing
	86
(23.1%)
	174
(46.8%)
	90
(24.2%)
	20
(5.4%)
	2
(0.5%)
	
3.87

	5.

	Inhalation of wood smoke is a risk factor for chest infection
	80
(21.5%)
	169
(45.4%)
	93
(25.0%)
	30
(8.1%)
	0
(0.0%)
	
3.80

	6.


	Long-term exposure to wood smoke is a risk factor for skin and lung cancers
	76
(20.4%)
	157
(42.2%)
	112
(30.1%)
	27
(7.3%)
	0
(0.0%)
	
3.76

	7.


	[bookmark: _Hlk138256868]Long-term exposure to wood smoke is a risk factor for pneumonia and bronchitis
	43
(11.6%)
	108
(29%)
	167
(44.9%)
	46
(12.4%)
	8
(2.1%)
	
3.35

	8.

	Short-term exposure to wood smoke induces phlegm from the chest
	59
(15.9%)
	170
(45.7%)
	101
(27.2%)
	36
(9.7%)
	6
(1.5%)
	
3.65

	9.

	Wood smoke deteriorates air quality
	187
(50.3%)
	117
(31.5%)
	55
(14.8%)
	13
(3.4%)
	0
(0.0%)
	
4.28

	10.


	Long-term exposure to wood smoke causes skin diseases and allergies
	81
(21.8%)
	136
(36.6%)
	118
(31.7%)
	37
(9.9%)
	0
(0.0%)
	
3.70

	11.

	Short-term to wood smoke causes nausea and vomiting
	46
(12.4%)
	94
(25.3%)
	148
(39.8%)
	72
(19.4%)
	12
(3.1%)
	
3.24


[bookmark: _Hlk138704247]



3. DISCUSSION
 
[bookmark: _Hlk148443779]The study investigated the potential health risk of occupational fish smokers exposure to PM2.5-bound during fish smoking episodes. Additionally, the self reported health outcomes among fish smokers resulting from smoke exposure was explored. The analysed data showed that 24-hour mean PM2.5 mass concentration of 24.50 µg/m3 exceeded the World Health Organisation’s safe limit of 15 µg/m3. The relatively high levels of PM2.5 measured in the study area reflect the predominant anthropogenic activities there. The 24-hour mean PM2.5 concentration determined in this study was higher compared to 21.00 µg/m3 and 21.60 µg/m3 reported by Gaita et al. (2014) and Ofosu et al.(2016) in Nairobi, Kenya and Ashaiman, Ghana, respectively. The average black carbon (BC) level found in this study was relatively higher than those reported by Merabet et al. (2019) and Dotse et al. (2012), which were 1.11µg/m3 and 2.83 µg/m3, respectively. The massive burning of wood biomass used for fish smoking accounts for the higher levels of PM2.5 in outdoor air at the study area. Besides, the study region is closer to the sea and could therefore experience higher levels of sea spray, contributing to the higher PM2.5 levels. The levels of airborne Cr (94.70 ng/m3) and Ni (133.31 ng/m3) were significantly higher than the US EPA permissible limits of 12 ng/m3 and 0.24 ng/m3, respectively. This is a matter of concern from a health perspective as occupational fish smokers are exposed to airborne Cr and Ni. Immense wood combustion and resuspended soil dust could contribute to Cr and Ni in outdoor air particles (Anjorin et al., 2024; Ncube & Phiri, 2015). 
Cumulatively, trace metals posed non-cancer health effects to fish smokers through ingestion and dermal contact (H1=1.77-20.47). The non-cancer risk levels recorded for adult fish smokers due to exposure to trace metals through the three main pathways were lower than those quantified for children at the monitoring site. This finding confirms the assertion that children are more prone to the adverse health impacts of airborne pollutants than adults (Cao et al., 2015; Hu et al., 2012). Children breathe in more air per unit body weight, and their immune systems cannot handle pollutants amidst other physiological activities (Cui et al., 2021). Ni and Cr potentially posed cancer risk to fish smokers via ingestion and dermal contact. This outcome compares well with that reported by Liu et al. (2018). The carcinogenic metals posed a greater risk to adult fish smokers compared to children via dermal contact. Adults have more exposure time to carcinogenic trace metals in outdoor air, hence the greater dose of trace metal accumulation in their bodies (Hu et al., 2012). The overall cancer risk levels resulting from exposure to carcinogenic trace metals significantly exceeded the regulatory limit of 10-4 via ingestion and dermal contact, denoting possible cancer risk to fish smokers. This finding validates the view that outdoor PM2.5 poses a cancer threat upon long-term exposure (Sakunkoo et al., 2022; Zhang et al., 2021). 
The study’s findings showed that many fish smokers (>75.0) were exposed to wood smoke for 1-5 hours during daily fish smoking. Eye discomfort and respiratory infection symptoms such as cough, phlegm production, chest tightness and whistling chest were shown to be common among fish smokers. This observation compares well with other studies carried out among fish smokers in urban cities (Obeng et al., 2023; Weyant et al., 2022). The finding backs up previous research demonstrating that smoke is a risk factor for respiratory infection symptoms and eye discomfort (Martins & Carrilho, 2023; Orru et al., 2022). Fish smokers suffered from burns during fish smoking activities. Despite the health impacts of associated fish smoking, most fish smokers (>80 %) reported not using personal protective equipment (PPE) such as goggles, ganisters, and face shields when smoking fish. Statistically. there was significant association between hours spent in smoke per day and respiratory health symptoms (cough, phlegm production and chest tightening) during fish during (<0.05). Hours spent in smoke per day moderately influenced phlegm phlegm production among fish smokers during fish smoking (Cramer's V=0.266). Besides, years of fish smoking modestly influenced yellow sticky fluid secretion from the eye as well as respiratory infection symptoms (cough, phlegm production, and chest tightness) among fish smokers during fish smoking (Cramer's V = 0.251-0.305). 
[bookmark: _Hlk166528710]The elevated PM loading and its derived health implications may have socio-economic consequences. To meet the Sustainable Development Goals, Targets 3.9 and 8.8 which address environmental  quality and occupational safety, there is a need for policymakers and occupational fish smokers to deliberate issues about enforcing legislation to promote cleaner fuel. Effective implementation of risk management strategies and sustainable smoke management practices such as burning only dry wood, modification of traditional ovens to ensure proper ventilation, avoiding smoldering and proper maintenance of traditional ovens are needed to reduce smoke particulate level at the research region. 


4. CONCLUSIONS 

     The study found that the average PM2.5 concentration measured in Apam fish smoking community was significantly above the WHO’s safe limit, suggesting that the outdoor air is unsafe and may pose a health risk due to PM2.5 particulate exposure. BC and PM2.5 mass concentrations peaked at 15.25 μg/m3 and 112.54 μg/m3, respectively at the study area. There was a strong relationship between Cr, Ni, Mn, Fe, V, Cu, Pb, K, and BC, indicating their significant release from a combustion source. Statistically, BC influenced fine particulate matter pollution loadings (R2=0.71). The average levels of Cr and Ni in PM2.5 were significantly above safe levels. Cr and Ni posed carcinogenic risk to fish smokers through dermal contact and ingestion. The trace metals posed synergistic non-carcinogenic effects on fish smokers via ingestion and dermal pathways. Cumulatively, trace metals posed a moderate cancer risk to fish smokers via inhalation. The cancer risk levels associated with fish smokers' exposure to trace metals through ingestion and skin contact exceeded the regulatory limit, indicating a significant cancer risk. Many fish smokers (>75.0) were exposed to wood smoke for 1-5 hours during daily fish smoking. Eye irritation, yellow sticky fluid production from the eye and respiratory infection symptoms found to be prevalent among fish smokers have shown the ill-health effects of excessive inhalation of aerosol smoke. There was a statistically significant link between hours spent in smoke per day and frequency of phlegm production and coughing during fish smoking (<0.05). Fish smokers placed a high value on the negative health effects of wood smoke.
 Adopting sustainable fish smoking technology is imperative to reduce excessive PM2.5 exposure and protect public health. Besides, future studies should consider incorporating multiple sampling points or modeling techniques to enhance environmental risk exposure assessment.

5. LIMITATIONS 

Fine particulate matter samples were taken using one sampler. Using only one sampling point may not adequately represent exposure levels across the entire community, especially in areas that may be closer to or downwind of major smoke sources. Self-reported health outcomes were reported in this research. Such self-reporting might have introduced recollection and reporting biases, affecting statistical relationships between variables.  Despite these,the study yielded unique discoveries, which are outlined in the conclusions.
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 (a) Sex


Male 	Female	52	320	

(b) Age group


≤ 25	26-35	36-45	46-55	56-65	>	 65	40	93	108	84	43	4	

(c) Educational level


Basic	Secondary 	Tertiary	No formal education 	187	149	0	36	
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