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Abstract

Introduction: Fish smoking is the most convenient processing method to keep the
shelf life of fish before it is sold to the final consumers. Aim of Work: This study
examined air pollutant levels, including gaseous substances and particulate matter, at
fish processing locations and also evaluated the respiratory health of fish processing
workers through a cross-sectional, comparative analysis between traditional and modern
processing kiln sites in Abeokuta, Ogun State, Nigeria. Materials and Methods:
Forty-eight fish processors across 8 processing sites using either modern or traditional
smoking kiln consented to participate in the study. Results: The majority (83.3%) of the
sites had PM,; and PM, . values five times higher than the WHO standard. The study
also revealed that PM, | in most locations is unhealthy to fish processors, while PM10
is hazardous in most locations. The study also revealed that the gaseous air pollutants
(NO, CO, NO,, CO,, SO,, and VOCs) in all locations is within the standard set by
Environmental Protection Agency (EPA), except CO,, which had high concentration
in all locations. Mean forced expiratory volume in the first second (FEV) and forced
vital capacity (FVC) were considerably lower among workers with differences of —0.22
(=0.42 t0 —0.05) L and —0.52 (-0.76 to —0.29) L, respectively, whereas FEV /FVC ratio
and peak expiratory flow rate were higher among workers with mean differences of 5.68
(3.59-8.82) % and 0.31 (-23.70 to 24.43) L/min, respectively; but the mean difference
was significant only for the FEV /FVC ratio. Conclusion and Recommendations:
Fish processors using modern processing facility were not suffering from serious health
challenges, compared to those using local processing tools. Continuous monitoring of
pollution and usage of protective gadgets are recommended.
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Introduction

In Nigeria, one important protein
source is fish consumption which its
availability is been threatened due to
the spoilage of between 30 — 50% of
fish collected as reported by Adeyeye
(2016). Hence, fish processing involves
all the methods related to preservations
of fish and fish product from the time
fish are captured or harvested until
the finished product is delivered to
the consumers to prevent its quick
spoilage (Saklani et al., 2024) .Fish
processing contributes to the economic
growth of the country by securing food,
providing employment and generating
income particularly in rural and coastal
areas (Olaoye et al., 2024). The long-
distance of distribution necessitates
some processing and storage, as
preservation through refrigeration 1is
not readily available in Nigeria (Singh
and Heldman, 2013). The main motive,
however, is usually to reduce the water
content of the fish by either smoking or
drying (Mei et al., 2019).

The most popular traditional way of
preserving fish in Nigeria is smoking,
which combines the effects of frying
the fish by producing high temperatures
with the elimination of bacteria to
produce products with a long shelf life.

To achieve the dry state necessary for
preservation and obtain a dark brown,
fully dried product, smoking frequently
exposes the fish to direct wood smoke
(Tawari and Abowei, 2011). The oven,
which can be powered by charcoal or
firewood, is used in the contemporary
drying procedure. However, natural
energy like electricity or gas can also be
used to generate heat in an oven.

Modern and traditional kilns differ
significantly in design, fuel efficiency,
product quality and safety, economic
and labour input, and environmental
impacts. Traditional kilns are made
with local materials like mud, sticks
and thatch with enclosures that are
often opened or partially closed which
leads to wuneven heat distribution
(Adeyeye, 2016); while the modern
ones are constructed with metals,
bricks, or concrete with enclosed design
and chimney for smoke control (WHO,
2021). Also, traditional ovens use
firewood and consume a lot of energy
(Oparaku and Mgbenka, 2012), while
modern kilns consume less energy by
using saw dust, charcoal and/or gas
(Killicetal.,2014).In addition, there is a
higher risk of contamination of smoked
food with ash and soot (Fakoya, 2023).
Traditional kilns releases smoke and
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contribute to air pollution while modern
kilns are built taking into consideration
carbon footprint reduction (Killic et al.,
2014; Okusanya et al., 2021).

Smoke produced by burning wood
or charcoal is a mixture of complex
chemical product gases, vapor, and
volatile substances that can interact with
different physiological or biochemical
processes to cause negative health
effects in humans and/or contribute to
atmospheric pollutants (Abdel-Shafy
and Mansour, 2016). These interactions
can have a negative impact on the
cardiovascular system (Sigsgaard et al.,
2015). According to Lofuta et al. (2024),
the pollutants include, formaldehyde,
carbon dioxide, sulphur oxide, nitrogen
oxide, particulate matter (PM), complex
chemical compounds including soot,
polycyclic aromatic hydrocarbons, and
volatile organic compounds (Adeyeye,
2016, Oyebanji et al., 2016; Bede-
Ojimadu and Orisakwe, 2020).

Apart from the environmental
impacts arising from air pollutants, there
are numerous occupational exposure
and safety concerns. Food Agriculture
Organization (FAO) (2012) categorised
the fish industry as one of the riskiest
industries in the world because of the

multiple dangers and hazards associated

with the occupation. Such hazards may
be physical, chemical, and biological
hazards (Uyamadu et al., 2023; Olaoye
et al., 2024), which may adversely
affect processors especially affecting
the pulmonary system (Dienye et al.,
2016; Souza et al., 2020; Adjobimey et
al., 2023, Sidebang, 2023). However,
studies have explored the impacts of
fish processing on other functions of
the processors such as haematological
parameters (Purbayanti et al., 2020),
and anaemic conditions (Armo-Annor,
2019),

Aim of Work

This study examined air pollutant
levels, including gaseous substances
and particulate matter, at fish processing
locations and also evaluated the
respiratory health of fish processing
workers through a cross-sectional,

comparative analysis between
traditional and modern processing kiln

sites in Abeokuta, Ogun State, Nigeria.

Materials and Methods

Study design: The study was a
cross-sectional comparative study.

Place and duration of the study:
The study was carried out within
Abeokuta, the largest city and the capital
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of Ogun state in the South-West of
Nigeria. The study area included Asero
Oke
Aregba, Camp, Osiele, Asero (Estate),

(Farmers’ market), Eleweran,

and Itoku. The map of Abeokuta
showing the sampling sites are shown

on Figure 1.
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Figure 1: Map of the study area showing the sampling sites

Study The
population comprised the smoked fish
within Abeokuta,
state, Nigeria. A two-stage sampling

Sample: study

marketers Ogun-
procedure was adopted in selecting
the sample for this study. First was the
purposive selection of eight popular
markets in the study area. The selected
markets were Eleweran, Asero (Farmers
market), Osiele, Asero (Housing estate),
Oke-Aregba, Camp, Eleweran (Hausa
base), and Itoku. A list of smoked fish
marketers was generated from the
selected markets. The second stage

involved all the fish processors who
consented to participate in the research
at the time of data collection. The
locations and number of sampled fish
processors from each fish processing
site is summarised in Table 1 (No).
A total of forty-eight fish processors
eventually consented to get involved in
the research.

Study Methods:

-Sampling of the pollutants
involved the use of the multiple gas
detectors - ZhongAn S318 Gas Analyzer
for the measurement of NO, CO, NO,,
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SO,, CO, and VOCs, and ARA N-FRM
Particulate Matter Sampler for PM,
and PM & measurements (Particulate
matter of 2.5 ym and 10 ym diameter).
Ambient temperature and pressure were
monitored at each of the processing site
using a portable weather station with the
same equipment. At each sampling area,
the equipment was coupled and erected/
mounted at about Im from the emission
source - the smoking facility, while
considering the location of the facility
exhaust. The PM samplers and gas
analyser were programmed to sample
and measure the desired particulate
matter and gases, respectively, for
1-2 hours during the smoking period/
operations. The PM sampler was set
to operate at an average flow rate of
16.7 LPM, both samplers automatically
store the detected levels of pollutants,
and upon completion the stored data
was assessed through transfer using a
storage USB device. The PM sampler
also takes the readings of average
temperature and pressure including Air
Quality Index (AQI).

-Spirometry test: Lung function
testing was obtained using a spirometer.
Inhalation and exhalation through the
nostrils are blocked by using the hand or
placing a clip on the nose. A plastic tube

was connected to the spirometer to serve
as a mouthpiece. Placing the lips tightly
around the mouthpiece, the participant
was directed to take in a big deep breath
and then blow out as hard and fast as
he/she can. The test was repeated three
times to ensure consistent results and
the highest values from the test results
were selected and stored. Lung function
status was evaluated on the results of
forced expiratory volume in one second
(FEV)) and peak expiratory flow rate
(PEFR) as displayed on the screen of
the calibrated PiKo-1 spirometer.

-Anthropometric analysis:
For comparison with standards,
anthropometric parameters such as

height, age, weight and sex were
obtained because the thresholds for
obstructive lung disease differ by body
mass index (BMI) (Sun et al, 2024).
Height and weight were obtained
using standard procedure which is the
weighing scale and measuring tape.
Gender and age of the participants were
also requested to record against the
spirometry data. Similarly, the blood
pressure through the systolic, diastolic
and pulse were done with a BP monitor.

The actual FEV and PEFR were
compared with predicted values based
on the height and age of respondents.
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The calculation of the predicted
values of FEV  and PEFR are presented
in Egs. (1) and (2):

FEW; (L] = 0.040H — 0.0214 —3.13 (1}

PEFR (L5 ') =0.071H — 0.0354 — 1.82 (2}

where FEV is forced expiratory
volume in 1 second in liters (L), PEFR
is peak expiratory flow rate in liters per
second (L s7!), H is height in cm, and A
is age in years (Oyebanji et al., 2021).

Consent

Only consented fish processors
participated in the study after they were
all addressed at each processing plant
and location.

Ethical Approval

The study was approved by the
research ethical committee of the

Federal University of Agriculture,
Abeokuta, FUNAAB.

Data Management

The result collected were cleaned,
coded, and subjected to the descriptive
statistics such as frequency, percentage
and mean. Similarly, means were
compared using the student t-test
to ascertain significant difference
between modern and traditional air
quality levels, and between predicted
spirometry levels and calculated levels.
All the measuring instruments were
properly calibrated during the period
of sampling. The particulate matter
sampler was fitted with three cyclones
specific for each particle size, namely,
total suspended particles (TSP) and
particulate matter (PM, and PM,,).
Each parameter was monitored after
changing the filter paper to take a new
reading at different sampling points.
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Results
Table (1): Mean weather condition and air pollutants emitted from fish

processing sites.

. Soe| . [verge [V N0 | o [ o, | s 0 Yogs | R ALy
Locations | No temp () pressure o) om | ’) ( 1) ( 1) omn) M | DM, A0]
fype emp g | PO ppm) | (ppm) | (ppm ppm ppm (ughr) | (ugi) Q
Asero Farmers Mkt | M [ 2 | 329 | 750 | 0124033 | 10761728 | 0 | Lo<ld4l | 59432¢96.02 | 16.28£3469 | 4944 | 5064 | 1353
Asero (OGD Estate) | M | 4 | 354 | 749 | 0308047 | 2487£2150 | 0 [213£169 | 060.13:87.05 |2826£39.70 | 1332 | 1372 | 536
Odo-Arise, Eleweran| M | 2 | 296 | 747 |013#034| 37333395 | 0 [0.75:0.99 | 72892418117 | 49.88£56.00 | 19104 | 20461 | 241
(Camp M| S| 57| 4 0 63261086 | 0 | 0424000 | 54242620099 | 795:2076 | 1579 | 16 | 388
(Osicle Mo 7| 07| 7500 | 0054022 16812404 | 0 | TERTL | 6080429253 | 19904751 | ST | 3863 | 1392
(Oke-Aregha M| 10 322 | 70| 0030 | 163901 | 0 | 757062 | 60821£22430 | 281421424 | 4792 | 4885 | 1316
ltoku T L1030 | 75 (079070 27632199 | 0 | 2£167 | 726.74£13060 | 276822317 | 79116 | 1009.33 | 4999
Eleweeran T8 | 9 | 76 |237130 | 1064711193 | 0 | 4£1.89 | IST5.30£1011.97 | 96.84268.51 | 513 | 605526 | 4999
M: Modern stove T: Traditional stove NO: Nitric Oxide NO, : Nitrogen Dioxide

SO, : Sulphur Dioxide CO,:Carbon Dioxide ~ CO:Carbon monoxide ~ VOCs: Volatile organic compounds
No : Number of sampled fish processors

Table 1 showed the stove type across sampled locations, mean levels of temperature
and pressure, and average concentrations of gaseous and particulate pollutants. It
showed that about 75% of the eight locations are already using the modern stove,
while only 25% are using the C type. Also, temperature ranged from 25.7 at Camp
to 35.4°C at Asero (OGD) while pressure was 746 at Eleweeran and 754 at Itoku.
Although, heat generation was higher at the modern sites, (35.4 °C) at Asero Estate,
while pressure was higher at Itoku (a traditional stove site). Gaseous pollutants
differed in concentrations at various points. NO range from 0 to 2.37+1.49 ppm,
CO range was highest at Eleweeran market (106.5+111.0 ppm), and NO, was not
detected. SO, ranged from 0.42+0.90 to 7.63+1.92 ppm, but CO ranged with highest
values at 1575+1011.9 ppm and lowest at 542.4+209.9ppm. VOCs ranged from
7.95+20.7 to 96.84+68.51 ppm. Modern processing methods provided the highest
concentrations of pollutants, while traditional processing methods provided the
lowest, with Camp having the lowest means and Eleweeran the highest. Mean PM,
and PM  (ng/m?) ranged from 13.32 and 13.72 at Asero to 791.16 and 1009.53 at
Itoku. Meanwhile, AQI ranged from 53.6 — 241.5 at the locations where modern
kilns were in use and 499.9 at both locations where traditional stoves were used.
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Table (2): Comparative statistics among Observed and Predicted FEV1 and

PEFR.
[Parameters Std.
L 95% Confidence
. .. | Std.Error [ Mean |Deviation | Std. Error -
Mean | No [Std. Deviation . Interval of the t-test [Significance
Mean [Difference|  of Mean A
. Difference
difference

Lower | Upper

Oé’if”ed 10098 |48 04867 | 0.07026
Ly 159385 | 0495922 [0.071580213 -1.73785 [-1 44985335222.267] 0,001+
oy [poosessss| 48 | 0347559362 005016587

Ebsmed 16798 |48 13177 | 019012

EFR
redicted -6.77341 | 1.213053 10.175089127 -7.12564 |-6.421172359}-38.685 0.001**

8.453197917f 48 | 0.608689995 [0.08785683

EFR
FEV | Forced Expiratory Volume in one second PEFR: Peak Expiratory Flow Rate

**: Significant differences at 0.01

Table 2 showed the observed and predicted means of Forced Expiratory
Volumeinonesecond (FEV ) and Peak Expiratory Flow Rate (PEFR) in48 subjects.
The observed mean FEV | (1.0098) was less than the predicted FEV, (2.6036),
indicating impaired lung function. Similarly, the observed PEFR (1.6798) was
significantly less than the predicted PEFR (8.4532). Greater standard error and
standard deviation of observed values reflect greater variability of lung function
than norms would suggest. Student t-test revealed that there were 99% significant
differences between observed and predicted FEV  (t = -22.267, p<0.01), as well
as the observed and predicted PEFR (t =-38.685, p<0.01). Paired differences also
showed significant declines in lung function, with mean differences of -1.5939 (p
<0.01) for FEV and -6.7734 (p < 0.01) for PEFR. The 95% confidence intervals
for the above differences (-1.7379 to -1.4499 for FEV, and -7.1256 to -6.4212
for PEFR) provide evidence of a statistically significant decline in lung function
from predicted levels. These findings highlight extreme respiratory impairment
in the study population.
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Table (3): Comparative statistics of monitored weather and air quality parameters between modern and traditional

smoking kilns.
Smoking | Combined | Std.  [Std. Error .
Parameters Kiln Mean | Deviation| Mean t-test for Equality of Means

Sig. Mean | Std. Error | 95% Confidence Inferval
(2-tailed) | Difference | Difference | of the Difference |
Lower Upper

t-test | Df

NO (ppm) Modern 0.1 0.11296 | 0.04612
3876 | 6 | 0.008% | 148 | 038181 | -241425 | -0.54575

Traditional 1.58 1.11723 0.79

CO (ppm) Modern 18.9317 1 10.90563 | 4.45221

23721 6 | 0.055 | -48.11833 | 20.28282 | -97.74862 1.51195
Traditional [ 67.05 557483 | 39.42

SO, (ppm) Modern 3.245 3.19251 | 1.30334

0.101 | 6 | 0923 0.245 24258 -5.69072 6.18072
Traditional 3 141421 1

CO, (ppm) Modern 623.69 | 63.79666 | 26.04488

25651 6 | 0.043* | -527.34 1 205.58699 | -1030.3932 | -24.28677
Traditional [ 1151.03 | 600.03667 | 424.29

VOCs (ppm) | Modern | 25.0683 | 1436819 | 5.86579
1907| 6 | 0005 | -37.19167 | 19.50435 | 8491709 | 10.53376

Traditional [ 62.26 489035 | 34.58

fc“)'pe”‘“” Modem | 3225 | 698534 | 285175
043 | 6| 062 | 225 | 52016 | -t0s402 | 150002
Traditional 30 141421 1

Pressure (Pa) | Modern 749.167 | 1.47196 | 0.60093

03821 6| 0716 | -0.83333 | 2.18157 -6.17145 4.50478
Traditional 750 5.65685 4

PM, , (ng/m’) | Modern 61.4183 | 65.77446 | 26.85231

12150 6 | 0.001%* | -590.6617 | 81.86567 | -790.97974 | -390.34359
Traditional [  652.08 [196.68882| 139.08

PM,, (ng/m’) | Modern 65.4083 | 70.75055 | 28.88379
-0.8181 6 | 0.001%* | -742.1197 | 108.85149 | -1008.4697 | -475.76967

Traditional | 807.528 |[285.67397| 202.002

AQI Modern 126.617 | 68.29121 | 27.87977
-7.333 | 6 | 0.001%* 1 -373.2833 | 50.90126 | -497.83424 | -248.73243
Traditional | 499.9 0 0
M: Modern stove  T: Traditional stove ~ NO: Nitric Oxide CO: Carbon monoxide SO, : Sulphur Dioxide
CO, :Carbon Dioxide VOCs: Volatile organic compounds PM: Part per million

AQI: Air Quality Index *and **: Significant differences at p<0.05 and <0.01 respectively

Table 3 showed that traditional kilns emit significantly higher levels (ppm) of NO
(1.58 vs. 0.10), CO (67.05 vs. 18.93), and CO2 (1151.03 vs. 623.69) than modern
kilns. There is also a significant difference in particulate matter, with traditional
kilns having much higher PM2.5 and PM10 (png/m3) values compared to modern
kilns (at p < 0.01).
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Table (4): Comparative statistics of blood pressure and lung function

parameters between modern and traditional smoking kilns.

t-test for Equality of Means

Lung . Std. 95% Confidence
. Smoking Std.
Function . Mean L. Error Sig. Mean Std. Error Interval of the
kiln Deviation t-test | Df € . . \
parameters Mean (2-tailed) | Difference | Difference Difference

Lower Upper

Systolic Modern | 125933 | 11.2524 | 2.0544
(mmHg) Traditional | 137.333 | 19.5508 | 4.6082
Diastolic Modern 80.6 10.7273 1.9585
(mmHg) Traditional 86 16.7823 | 3.9556
Pulse Modern 80.9 7.7653 14177
(bpm) Traditional | 78.722 | 9.8983 | 23331
Modern | 1.4043 [ 0.70443 | 0.12861
FVC — 2756 | 46 | 0.008%* 0.49767 0.18057 0.13419 | 0.86114
Traditional | 0.9067 | 0.38222 [ 0.09009
Modern | 73.6859 | 31.169178 | 5.690687
FEV [FVC — -1.726 | 46 | 0.091 -12.947433 | 7.50255 | -28.049283 | 2.154416
Traditional | 86.6333 | 7.495724 | 1.766759

Modern | 1.6977 | 1.34385 | 0.24535
FEF,; — 1.075 [ 46 | 0288 0.35767 0.33266 | -0.31195 | 1.02728
Traditional | 1.34 0.53669 0.1265

Modern 1492 | 099385 | 0.18145
FEF,, — 1.839 [ 46 | 0.072 0.45922 0.24972 | -0.04343 | 0.96188
’ Traditional | 1.0328 | 046185 [ 0.10886
Modern 0.906 | 0.64791 | 0.11829
FEF. — 2145 | 46 | 0.037* 0.34433 0.16051 0.02124 | 0.66743
B Traditional | 0.5617 | 026116 | 0.06156
Modern | 1.4667 | 1.19426 | 0.21804
FEF,_ . — 1.643 | 46 | 0.107 0.48389 0.29453 | -0.10896 | 1.07674
? Traditional | 0.9828 | 0.45565 | 0.1074
Observed Modern 1.142 | 0.53368 | 0.09744
FEV, Traditional | 0.7894 | 0.29487 [ 0.0695
Observed Modern 1.864 | 1.56564 | 0.28584

PEFR Traditional | 1.3728 | 0.67485 | 0.15906

2572 | 46 | 0.013* -11.4 4433 203233 | -2.4767

-1.363 | 46 0.18 54 3.9624 -13.376 2.576

0.848 | 46 | 0.401 21778 2.5686 -2.9925 7.3481

2.57 | 46 | 0.013* 0.35256 0.13717 | 0.07644 | 0.62867

1259 | 46 | 0215 0.49122 0.39029 | -0.29438 | 1.27683

FVC: Forced Vital Capacity FEV, : Forced Expiratory Volume in one second

FEF: Peak Expiratory Flow (measured in Liters per minute) PEFR: Peak Expiratory Flow Rate

* and ** means significant differences at p<0.05 and 0.01 respectively.

Table 4 presented the blood pressure and lung function for workers in modern and
traditional smoking kilns. Traditional kiln workers have higher systolic blood pressure
(137.33 vs. 125.93) and diastolic blood pressure (86.00 vs. 80.60), indicating a potentially
higher cardiovascular risk in this group. Statistical tests show significant differences
between modern and traditional kiln workers in terms of systolic blood pressure (t =
-2.572,p <0.05), FVC (t=2.756, p <0.01) and FEF75 (t = 2.145, p < 0.05). The modern
kiln workers also have a significantly higher observed FEV1 (t=2.57, p <0.05) compared
to the traditional ones.
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Discussion

The study compared the air quality
and respiratory health effects in fish
processors using traditional and modern
smoking kilns. Findings showed that
traditional kilns emitted significantly
higher levels of air pollutants,
including nitrogen oxide (NO), carbon
monoxide (CO), carbon dioxide (CO,),
and particulate matter compared to
modern Kilns (Table 1). This increased
exposure to harmful pollutants places
conventional kiln workers at greater
risk of developing respiratory and
cardiovascular disorders. The study is
in agreement with previous research,
such as Adebayo (2022), that identified
kilns
greater pollutants due to incomplete
combustion and poor ventilation. In

that conventional release

addition, all the fish processors reported
injuries such as burns, small cuts, and
eye damage, primarily due to a lack
of the use of protective devices such
as gloves, aprons, and facemasks (
the results were not tabulated). This
finding aligns with Fapohunda et al.
(2022), who also observed the same
health hazards among fish processors in
Ekiti State, Nigeria, where there was no
protective device for smoke inhalation
or contact with the eyes.

The traditional kilns were also found
to release far more particulate matter
which is known to be accountable for
respiratory and cardiovascular diseases
(Table 1). The results were consistent
with studies by Obeng (2022) in Ghana,
where the processors of fish through
traditional means had exposure to
high PM levels, leading to increased
respiratory health issues. Similarly,
Agyei (2022) reported elevated levels
of gaseous pollutants in smokehouses
in Ghana, with the findings showing
possible extreme health issues for
workers. The current results were
also in agreement with Oyebanji et
al. (2021), where the authors reported
that traditional
significantly deteriorates the air quality

biomass  burning
through incomplete combustion. Bede-
Ojimadu and Orisakwe (2020) also
indicated that exposure to wood smoke
in Sub-Saharan Africa contributes to
high levels of inhalable particulates and
harmful gases with long-term health
effects.

Lung function impairment was
evident in traditional kiln workers
through spirometric tests, which showed
significantly lower Forced Expiratory
Volume in one second (FEV)) and

Forced Vital Capacity (FVC) values
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compared to predicted levels (Table 2).
Employees in new kilns enjoyed better
lung function indices, with higher
FVC and FEV, levels, suggesting
that work conditions in new kilns are
less detrimental to respiratory health.
FEV /FVC ratio was also lower among
the traditional kiln workers (Table
2), suggesting restrictive pulmonary
disorders potentially caused by long-
term exposure to fine particulates and
gaseous pollutants. These findings
were consistent with Dienye et al.
(2016), who noted impaired pulmonary
functions among fish smokers who use
biomass fuels, thereby predisposing
them to chronic respiratory diseases.

The significant reduction in NO
levels of modern kilns compared
to the traditional (Table 3) agreed
with Srivastava et al. (2005), which
attributed reduced NO emissions from
modern kilns to increased combustion
efficiency and controlled airflow,
preventing nitrogen oxidation, although
CO levels in modern kilns were
considerably lower but did not reach
the significant level. Wang et al. (2023)
have also reported similar trends with a
retrofitted 60% reduction in CO level.
Meanwhile, the 10-fold reduction in

PM, is significant, considering the

link between fine particulates and
respiratory diseases (Wang et al.,
2024) .The results of PM,, and PM
( Table 3) are consistent with global
research attributing the use of filtration
systems in modern kilns (Saidur, 2011).
Khaliquzzaman et al. (2020), also
established the reduction of 40-50%
CO, in efficient kilns. Adamkiewicz
et al. (2020) also reported a significant
VOC reductions in closed-system kilns,
which is attributable to modern kilns to
be significant, and suggested that the
difference might result from differences
in the source of fuel or the measurement
process. No significant variations were
observed in pressure or temperature
( Table 3), consistent with Xu et al.
(2021), who found that kiln design
influences primarily emissions rather
than ambient thermal status. Modern
kilns exhibit obvious advantages in
reducing NO, CO,, PM, and overall
AQIL

Traditional kiln workers also
recorded higher systolic and diastolic
blood pressure (Table 4), indicating a
higher risk for cardiovascular diseases.
This was in agreement with the results
of Sigsgaard et al. 2015 and explained
that increased blood pressure has

been linked to long-term exposure
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to pollutants like CO and PM, which
result in oxidative stress and systematic
to vascular

inflammation, leading

damage.

In conclusion, the study determines
the advantage of modern kilns, which
emit far fewer pollutants into the
atmosphere, thereby improving air
quality and reducing occupational
health risks. The findings of the study
demand the implementation of cleaner
processing technology to avert the
adverse health effects of the utilization
of conventional kilns, as suggested by

Bede-Ojimadu and Orisakwe (2020).

Conclusion and
Recommendations

The
that traditional kilns are associated

current study indicated
with poorer air quality and higher

emissions, potentially leading to

adverse respiratory outcomes for
those exposed. The independent t-tests
confirm significant differences between
modern and traditional kilns for several
The
supports the claim that traditional
kilns

environment,

pollutants. statistical analysis
generate a more hazardous
with notably higher
pollutant levels compared to modern

kilns. In terms of lung function, modern

kiln workers have better results for
most measures, including FVC, FEV ,
and PEFR. The differences suggest
that working in modern kilns may be
associated with better overall health
outcomes. The results suggest that the
working environment in traditional
kilns may be more detrimental to both
cardiovascular and respiratory health.
Hence, there are indications that these
variables have a meaningful influence
on the lung function ratio, with males
and individuals with higher diastolic
pressure having better FEV /FVC
ratios.

Conflicts of Interest

All authors hereby declared that
no financial and personal relationships
with other people or organizations
inappropriately influenced this work.

Funding

This work was supported by the

Federal University of Agriculture

Abeokuta, Nigeria, FUNAAB-IBR-
TETFUND in 2023.
Acknowledgement

The authors acknowledged the
volunteers who participated in this
study.



20 Oyebanji FF, et al.
References and innovative technology. Samudra Rep; (89):
16-8.

1. Abdel-Shafy HI and Mansour MS (2016): A 11. FAO (Food and Agriculture Organization)
review on polycyclic aromatic hydrocarbons: (2012): Fisheries and aquaculture in Sub-
Source, environmental impact, effect on human Saharan Africa: situation and outlook in 1996,
health and remediation. Egypt J Pet; 25(1):107- FAO Fisheries Circular No. 922, FAO, Rome,
23. pp- 1 - 44. https://www fao.org/4/w3839¢e/

2. Adamkiewicz G, Liddie J, and Gaffin JM W3839¢01.htm
(2020): The respiratory risks of ambient/ 12. Fapohunda OO, Ojo SO and Balogun AM
outdoor air pollution. Clin Chest Med: 41(4): (2022): Analysis of productivity of biotechnical
809-15 factors and technical efficiency of aquaculture

3. Adebayo IA (2022): Traditional and improved production in Ondo State, Nigeria. ] Anim Vet
fish processing technology in Ekiti State, Adv; 4(5): 535-9.

Nigeria. Eur J Sci Res; 2: 539-48. 13. Khaliquzzaman M, Harinath AS, Ferdousi SA

4. Adeyeye SAO (2016): Traditional fish and Khan SMMH (2020): Thirty years’ quest
processing in Nigeria: A critical review. Nutr for emission reduction and energy efficiency
Food Sci; 46(3): 321-35. improvement of brick kilns in Bangladesh.

5. Adjobimey M, Cissé IM, Kaki F, Steven M, UEMA: 8(1): 11-22.

Perside S, et al. (2023): Carbon Monoxide and 14. Killic A, Kucuk H, and Midilli A (2014):
Respiratory Disorders in Professional Female Environmental ~ friendly — food  smoking
Fish Smokers at 2 Artisanal Sites in Benin. technologies. Prog Sustain Energy Technol Vol
Occup Dis Environ Med; 11(4): 175-86. II: Create Sustain Dev; 557-76.

6. Agyei D (2022): Household air pollution from 15. Lofuta PV, Klass M, Pauwen N, Kipula AM,
various types of rural kitchen and its exposure van de Borne P, et al. (2024): Occupational
assessment. Sci Total Environ; 586: 419-29. Exposure to Charcoal Smoke and Dust, a Major

7. Armo-Annor D (2019): Comparison of Anaemia Risk Factor for COPD: A Multiregional Cross-
Prevalence Between Women in Fish Smoking sectional Study in the Democratic Republic of
and Non-Fish Smoking Livelihoods in Biriwa in Congo. Chest (In press). https:/pubmed.ncbi.
the Central Region of Ghana; Univ. Ghana Diss. nlm nih.gov/39147233/
https://ugspace.ug.edu.gh/items/3484abbe- 16. Mei J, Ma X and Xie J (2019): Review on
38fe-436-b825-ed56049¢2d9c Natural Preservatives for Extending Fish Shelf

8. Bede-Ojimadu O and Orisakwe OE (2020): Life. Foods; 13; 8(10):490.

Exposure to wood smoke and associated health 17. Obeng GM (2022): Fine particulate matter
effects in Sub-Saharan Africa: a systematic (PM2.5): The culprit for chronic lung diseases
review. Ann Glob Health; 86:1 - 27. in Ghana. Chronic Dis Transl Med; 4(3): 176
9. Dienye P, Akani A and Okonkwo I (2016): _86.
Respiratory effects of biomass fuel combustion 18. Olaoye OJ,Ojebiyi WG, George FOA, Oyebanji
on rural fish smokers in a Nigerian fishing FF, Adeola AA, et al. (2024): Comparative
settlement: a case control study. Afri Health Assessment of Occupational Hazards among
Sci; 16(2): 516-23. Fish Processors Using Improved and Traditional

10. Fakoya KA (2023): From waste to wealth: Methods in Ogun State, Nigeria. AKSU J Agric
Fish smoking, which is the most widely used Food Sci; 8(3): 17-32
method for preserving fish in West Africa, can 19. Okusanya MA, Oluwagbayide SD, and

be ramped up by adopting improved techniques

Ogunlade CB (2021): Impact of improved



Fish Processing Smoke and Workers’health 8’1

20.

21.

22.

23.

24.

25.

26.

217.

smoking kiln design on hygiene and timeliness
of drying of smoked fish. Turk J Agr Eng
Res, 2(1):133-55.

Oparaku NF and Mgbenka BO (2012): Effects
of electric oven and solar dryer on a proximate
and water activity of Clarias gariepinus fish. Eur
J Sci Res; 81: 139-44.

Oyebanji FF, Oguntoke O, Ojekunle OZ,
Adeofun CO, Adedeji OH, et al. (2016):
Seasonal and Spatial Analysis of Air Pollutants
Emissions from Fuel-Wood Utilization in
Selected Rural Communities within Odeda
LGA, Nigeria. Glob J Sci Front Res; 16(3): 32-
42.

Oyebanji FF, Ana GR, Mijinyawa Y and
Ogunseye OO (2021): Predicting exposure
to dust particles using spirometric index and
perception studies among farmers in selected
farm settlements in Ogun state, Nigeria. Aerosol
Air Qual Res; 21(7): 1 - 15.

Purbayanti D, Ardina R, Ardhany SD, Gunawan
R and Pratama MR (2020): The impact of
smoke from grilled fish on the hematological
parameters of Indonesian grilled fish sellers. J
Health Res; 34(2): 160-7.

Saidur R, Hossain MS, Islam MR, Fayaz H,
and Mohammed HA (2011). A review on kiln
system modeling. Renew. Sustain Energy
Rev; 15(5):7-2500.

Saklani P, Prabhakar P, Kumar S and Siddhnath
(2024): Drying-Induced Changes in Fish
and Fishery Products. In Dry Fish: A Global
Perspective on Nutritional Security and
Economic Sustainability (pp. 95-114). Cham:
Springer Nature Switzerland. https://colab.ws/
articles/10.1007%2F978-3-031-62462-9_7
Sidebang P (2023): Impaired Lung Function
Due to Occupation by Exposure to Particulate
Matter 2.5m m (PM2.5) in Fish Smokers. Int J
Sci Res Mana; 11(11): 286-92.

Sigsgaard T, Forsberg B, Annesi-Maesano I,
Blomberg A, Bglling A, et al. (2015): Health
impacts of anthropogenic biomass burning in the

28.

29.

30.

31.

32.

33.

34.

35.

36.

developed world. Eur Respir J; 46(6): 1577-88.
Singh RP and Heldman DR (2013): Introduction
to Food Engineering, 5th ed., Academic Press.
ISBN:  9780123985309.  https://www.vet-
ebooks.com/introduction-to-food-engineering-
Sth-edition/

Souza RM, Costa CC, Watte G and Teixeira PJ
(2020): Lung function and respiratory symptoms
in charcoal workers in southern Brazil: an eight-
year cohort study. J Bras Pneumol; 46(05): 1-2.
Srivastava RK, Hall RE, Khan S, Culligan K,
and Lani BW (2005). Nitrogen oxides emission
control options for coal-fired electric utility
boilers. JAWMA; 55(9):1367-88.

Sun Y, Zhang Y, Liu X, Liu Y, Wu F and Liu
X (2024): Association between body mass
index and respiratory symptoms in US adults:
a national cross-sectional study. Sci Rep; 14(1):
940.
Tawari CC and Abowei JF (2011). An
Exposition of the potentials and utilization of
sustainable culture fisheries in Africa.Res J
Appl Sci Eng Technol; 3(4): 304-17.

Uyamadu EA, Sridhar M, Ana G and Morakinyo
O (2023): Occupational Health Hazards and
Injuries Among Fish Smokers in the Gambia
Fishing Communities. Discov Agric Food Sci;
11(6): 1-14

Wang Y, Wang X, Ning M, He J, He J, et
al. (2023): The collaborative pollutants and
carbon dioxide emission reduction and cost of
ultra-low pollutant emission retrofit in China’s
cement kiln. J Clean Prod; 405: 136939-45111
Wang Y, Koutrakis P, Michanikou A, Kouis P,
Panayiotou AG, et al. (2024): Indoor residential
and outdoor sources of PM2.5 and PM10 in
Nicosia, Cyprus. Air Qual Atmos Hlth; 17(3):
485-99.

Xu T, Tang F, Xu X and He Q (2023): Impacts
of ambient pressure on the stability of smoke
layers and maximum smoke temperature under
ceiling in ventilated tunnels. Indoor Built
Environ; 32(1): 85-97.








