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Introduction

Fish preservation by smoking is an occupation where workers (pri-
marily women) are exposed to gases and particles from wood
smoke for more than 5 h daily (Adeyeye and Oyewole 2016). The
scale of this issue is large; we estimate that there are 6 million fish
smokers on the West African coast (uncertainty: 0.8—10 million).

Methods

We used a cross-sectional design to explore differences in expo-
sure and self-reported health symptoms between women engaged
in occupational fish smoking (fish smokers, N =308) and those in
other occupations, including business- and tradeswomen, fish
salters, tailors, hairdressers, and others (controls, N =152).
Households were randomly selected from two small coastal cities
in Ghana (Moree and Elmina). Fish smoker and control house-
holds were geographically well mixed at an ~ 2:1 ratio.

A structured survey was used to collect sociodemographic
and health symptom data from each household’s highest income
earning woman. The health questionnaire was modeled on the
Ghana Demographic and Health Survey and included 1-y and 2-
wk symptom recall (Table 1).

Twenty-four—hour carbon monoxide (CO) and fine particulate
matter (PM;s) concentrations were collected near the breathing
zone from a subset of participants (CO: N =151, PM;s: N =26).
CO sensors (Lascar Electronics, Model EL-USB-CO) were cali-
brated before and after fieldwork (198 + 4 ppm CO in standard air),
and data synthesized into 24-h and sub—24-h averages (maximum
8-h, 1-h, and 15-min). PM; s samples were collected on 2-um
polytetrafluoroethylene membrane filters, using a personal air
sampling pump (SKC Inc., model AirChek XR5000) connected
to a single-stage impactor (MSP Corporation, Model 200 Personal
Environmental Monitor).

The association between exposure and fish smoking was
assessed using #-tests and ordinary least squares regression mod-
els, controlling for household and individual level variables,
including proximity to other sources of combustion pollutants
(Table 1). Relationships between health symptoms and fish
smoking were tested with y> tests and logit models that con-
trolled for the same variables as the ordinary least squares

Address correspondence to Pamela Jagger, School for Environment and
Sustainability, University of Michigan, 440 Church St., Ann Arbor, MI 48109
USA. Email: pjagger@umich.edu

The authors declare they have no actual or potential competing financial
interests.

Note to readers with disabilities: EHP strives to ensure that all journal
content is accessible to all readers. However, some figures and Supplemental
Material published in EHP articles may not conform to 508 standards due to
the complexity of the information being presented. If you need assistance
accessing journal content, please contact ehponline @niehs.nih.gov. Our staff
will work with you to assess and meet your accessibility needs within 3
working days.

Environmental Health Perspectives

017701-1

models. Exposure differences due to ventilation and improved
smokers were tested with 7-tests.

Results and Discussion

Pollutant Exposure

CO (24-h) and PM, 5 exposures were both ~ 2.6 times greater for
fish smokers compared with controls (CO: 2.69, p < 0.001, PM; 5:
2.61, p=0.09; Figure 1A and E). Likewise, 8-h, 1-h, and 15-min
CO exposures were significantly higher for fish smokers
(»<0.001, p<0.001, p=0.007, respectively; Figure 1C). The
regression model shows fish smoking was a significant determinate
of CO exposure [B=4.0; 95% confidence interval (CI): 0.2, 0.6;
p=0.004]. PM, 5 was strongly correlated with CO (Pearson’s
r=0.89). All PM; 5 exposures were greater than the annual World
Health Organization safe guideline (10 pg/m?) and 92% were
greater than the interim guideline (35 ug/m?; Figure 1E).

Exposures experienced by fish smokers were higher than
from household cooking in nonfishing villages in Ghana. Fish
smokers had 24-h CO exposure that was seven times greater than
from household cooking in Eastern Ghana (1.1 ppm) (Lee et al.
2019); PM,5 exposures were four times greater (129 pg/m?)
(Van Vliet et al. 2019). Controls also had higher exposure than
typical from cooking (2.6 times greater for CO and 1.5 times for
PM,5) (Lee et al. 2019; Van Vliet et al. 2019). A possible expla-
nation is that fish smoking increases local ambient pollution, rais-
ing the baseline exposure of nonfish smokers.

Better ventilation may reduce exposure for fish smokers
(Figure 1D). Women who used open air smokers were exposed
to less than half the CO compared with those using indoor smok-
ers (p<0.01); Flintwood-Brace (2016) also found high indoor
fish smoking exposures (18 + 13 ppm). However, even women
who used open air smokers had higher exposures compared with
controls (p =0.01). Counterintuitively, users of improved smok-
ers (with chimneys) had the same level of CO exposure as users
of traditional smokers (6.9ppm and 7.0ppm, p>0.05), and
higher PM, 5 (866 pg/m? vs. 306 ug/m?, p <0.001).

Symptom Prevalence

Symptoms were more prevalent in fish smokers compared with con-
trols (Table 1). Yet, even for controls, rates were high compared
with other populations. For example, the prevalence of difficulty
breathing and concentrating were 2 and 3.3 times higher, respec-
tively, compared with biomass cooks in Malawi (Das et al. 2017).

Highly Significant Associations: Eye, Neurological
Symptoms, and Burns

Poor eyesight, burning eyes, and dizziness were all strongly
correlated with fish smoking and these symptoms were also

associated with CO exposure (Figure 1F). These symptom
associations with both fish smoking and exposure are
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Figure 1. (A) Box plot of 24-h CO exposure on a log scale. Points represent individual women’s exposures and are jittered vertically to better show each point.
Occupational fish smokers were exposed to 7.7 + 6.9 ppm (median =5.7 ppm), and controls were exposed to 2.9 +2.6 ppm (median = 1.9 ppm, p <0.001). The
WHO safe guidance level for CO is 6 ppm and is shown as a vertical dashed line. (B) Mean hourly CO time series for fish smokers and controls, generated
using 1-min data. From 1400-2100 hours, fish smokers experienced over three times greater CO concentrations compared with controls. (C) Probability distri-
butions of CO exposure for 24-h, 8-h, 1-h, and 15-min averages. Mean values for fish smokers and controls were 16.7 +13.2 ppm and 5.7 + 6.0 ppm for the 8-
h, 41.0+37.1 and 16.4 + 16.1 ppm for the 1-h, and 71.5+84.5 and 31.0 +33.8 ppm for the 15-min averages, respectively. (D) CO exposure for fish smokers
using open air (5.6 +5.4, p=0.009 ppm), partially ventilated (sheltered, 7.2 +5.5 ppm, p=9.0x 107®), and indoor smokers (12.0+10.2, p=1.1x 107 ppm),
relative to controls (2.9 2.6 ppm). (E) Box plot of 24-h PM, 5 exposure on a log scale. Fish smokers were exposed to an average of 490 + 430 pg/m? and con-
trols to 190+ 210 pg/m3. The WHO guidance level for PM, s is 10 pg/m? (interim target, 35 pg/m?), shown as vertical dashed lines. (F) Box plot of CO expo-
sures for women reporting good or poor vision (5.5 +5.4 ppm, and 7.6 +7.5 ppm). Points are distinguished as fish smokers (circles) and controls (diamonds).

Note: CO, carbon monoxide; PM, s, fine particulate matter (PM <2.5 pum in aerodynamic diameter); WHO, World Health Organization.

consistent with the hypothesis that occupational fish smoking
can cause higher exposure to pollutants, leading to a greater
health burden.

Fish smokers have substantially higher rates of impaired
vision that impacts daily functioning (odds ratio=6.8; 95% CI:
3.6, 12.9). The literature supports that smoke exposure may cause
or exacerbate poor eyesight, including from cataracts, age-related
macular degeneration, and refractive error (Hankinson et al.
1992; Seddon et al. 1996; Bourne et al. 2013; Stone et al. 2006).

Fish smokers were more likely to have burns compared with
controls, despite having fewer burns from cooking. Burns
reported to be caused by fish smoking tended to be mild (no
scars, 70%) compared with those caused by cooking (50%).
Three percent of fish smokers had a severe burn in the past year,
and 15% had one in their lifetime (83% were from fish smoking).
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For headaches, we observed associations with fish smoking
and with CO exposure, but only for the 2-wk recall period. We
hypothesize that because nearly all women experienced a headache
over 1-y, a shorter recall would be required to discern an associa-
tion. Future studies using self-reported health symptoms should
aim to match recall periods with the likelihood of symptoms (e.g.,
fatigue should have a shorter recall, and coughing blood, longer).

Respiratory Symptoms

Symptoms that are indicative of severe respiratory distress of var-
ious causes were more prevalent in fish smokers compared with
controls, including shortness of breath, difficulty breathing,
wheezing, and cough with phlegm. Chronic cough was associated
with PM; 5 exposure (p =0.04), but not with fish smoking.
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Respiratory symptoms associated with fish smoking did not
have a relationship with CO exposure, although they are known
to be associated with smoke exposure in other contexts (Van
Vliet et al. 2019). We hypothesize that this is because day-to-day
exposures were variable and 24-h measures only weakly repre-
sent the exposures that drive chronic health outcomes.

Conclusion
Occupational fish smokers experienced an elevated health burden.
Rates of self-reported symptoms in fish smokers were higher than
those in other occupations, most notably increased rates of poor
vision. In addition, because exposure rates in controls were also
high, the true health effect estimates of fish smoking relative to a
clean environment may be greater than reported here. Fish smoker
health may be improved by working in well-ventilated spaces and
using improved smokers field tested to verify emission reductions.
The health burden from fish smoking likely impacts millions
of workers and is just one of many occupations that use polluting
solid fuel combustion. We show here that working with wood
combustion for about 5 hours per day has measurable health and
exposure associations, even when used outdoors. Millions of
workers in low-income countries are engaged in informal sector
occupations that use solid fuel for many hours daily (e.g., brick
kiln workers, charcoal producers); exposure and health measure-
ments are needed to understand this health burden, especially in
the African context.

Acknowledgments

We are grateful to P. Morgan, Alan Feduccia Professor
Emeritus of Sociology and Emeritus Director of the Carolina
Population Center, University of North Carolina at Chapel Hill, for
his encouragement and support on this project. Funding for this
research came from the Paul Humphrey Award at the Carolina
Population Center (USA), the International Development
Research Center (Canada), and the Environmental Protection
Agency (Ghana). This research received support from the
Population Research Infrastructure Program awarded to the

Environmental Health Perspectives

017701-4

Carolina Population Center (P2C HD050924) at the University of
North Carolina at Chapel Hill by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development and a
grant from the International Development Research Centre titled
“Climate Change Adaptation Research Training Capacity for
Development” (106548). This research also received support from
the National Science Foundation, Partnerships in International
Research and Education Program (1743741).

References

Adeyeye SAQ, Oyewole 0B. 2016. An overview of traditional fish smoking in Africa. J
Culin Sci Technol 14(3):198-215, https://doi.org/10.1080/15428052.2015.1102785.

Bourne RRA, Stevens GA, White RA, Smith JL, Flaxman SR, Price H, et al. 2013. Causes
of vision loss worldwide, 1990-2010: a systematic analysis. Lancet Glob Health
1(6):€339-e349, PMID: 25104599, https://doi.org/10.1016/S2214-109X(13)70113-X.

Das |, Jagger J, Yeatts K. 2017. Biomass cooking fuels and health outcomes for
women in Malawi. Ecohealth 14(1):7-19, PMID: 27800583, https://doi.org/10.
1007/s10393-016-1190-0.

Flintwood-Brace A. 2016. Biomass Smoke Exposure in Traditional Smokehouses
and Respiratory Symptoms among Fish Smokers at Aboadze/Abuesi in the
Western Region of Ghana [master of public health thesis]. Legon, Ghana:
School of Public Health, College of Health Sciences, University of Ghana.

Hankinson SE, Willett WE, Colditz GA, Seddon JM, Rosner B, Speizer FE, et al.
1992. A prospective study of cigarette smoking and risk of cataract surgery in
women. JAMA 268(8):994-998, PMID: 1501325, https://doi.org/10.1001/jama.
1992.03490080068026.

Lee AG, Kaali S, Quinn A, Delimini R, Burkart K, Opoku-Mensah J, et al. 2019.
Prenatal household air pollution is associated with impaired infant lung func-
tion with sex-specific effects. Evidence from GRAPHS, a cluster randomized
cookstove intervention trial. Am J Respir Crit Care Med 199(6):738-746, PMID:
30256656, https://doi.org/10.1164/rccm.201804-06940C.

Seddon JM, Willett WC, Speizer FE, Hankinson SE. 1996. A prospective study of
cigarette smoking and age-related macular degeneration in women. JAMA
276(14):1141-1146, PMID: 8827966, https://doi.org/10.1001/jama.1996.03540140029022.

Stone RA, Wilson LB, Ying GS, Liu C, Criss JS, Orlow J, et al. 2006. Associations
between childhood refraction and parental smoking. Invest Ophthalmol Vis Sci
47(10):4277-4287, PMID: 17003416, https://doi.org/10.1167/iovs.05-1625.

Van Vliet EDS, Kinney PL, Owusu-Agyei S, Schluger NW, Ae-Ngibise KA, Whyatt
RM, et al. 2019. Current respiratory symptoms and risk factors in pregnant
women cooking with biomass fuels in rural Ghana. Environ Int 124:533-540,
PMID: 30685455, https://doi.org/10.1016/j.envint.2019.01.046.

130(1) January 2022


https://doi.org/10.1080/15428052.2015.1102785
https://www.ncbi.nlm.nih.gov/pubmed/25104599
https://doi.org/10.1016/S2214-109X(13)70113-X
https://www.ncbi.nlm.nih.gov/pubmed/27800583
https://doi.org/10.1007/s10393-016-1190-0
https://doi.org/10.1007/s10393-016-1190-0
https://www.ncbi.nlm.nih.gov/pubmed/1501325
https://doi.org/10.1001/jama.1992.03490080068026
https://doi.org/10.1001/jama.1992.03490080068026
https://www.ncbi.nlm.nih.gov/pubmed/30256656
https://doi.org/10.1164/rccm.201804-0694OC
https://www.ncbi.nlm.nih.gov/pubmed/8827966
https://doi.org/10.1001/jama.1996.03540140029022
https://www.ncbi.nlm.nih.gov/pubmed/17003416
https://doi.org/10.1167/iovs.05-1625
https://www.ncbi.nlm.nih.gov/pubmed/30685455
https://doi.org/10.1016/j.envint.2019.01.046

	Occupational Exposure and Health in the Informal Sector: Fish Smoking in Coastal Ghana
	Introduction
	Methods
	Results and Discussion
	Pollutant Exposure
	Symptom Prevalence
	Highly Significant Associations: Eye, Neurological Symptoms, and Burns
	Respiratory Symptoms

	Conclusion
	Acknowledgments
	References


