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Résumeé

La combustion des carburants est 1’une des principales sources de monoxyde de carbone (CO).
L’exposition professionnelle a ce gaz toxique a un effet nocif sur la capacité physique
particuliérement chez le personnel des stations-service. L’objectif de cette étude transversale
menée de janvier a septembre 2024 durant I’année 2024 était de déterminer le taux de monoxyde
de carbone dans I’air expiré (COE) et de la carboxyhémoglobine (HbCO) chez les travailleurs des
stations-service dans la wilaya de Tlemcen.

Matériels et méthodes: le Smokerlyser® a été utilisé pour mesurer le COE et I’'HbCO,les
informations ont été rassemblées grace a un questionnaire structuré et traitées par le logiciel spss
26.

Résultats :Les 49 sujets inclus avaient une moyenne d’age de 43,02 + 9,14 ans, ils étaient tous de
sexe masculin avec environ 57% des fumeurs et 42,90% des non-fumeurs. La moyenne de COE
était de 10,20 + 8,276 ppm et celle de ’HbCO de 2,26 +1,32%. Ces taux étaient significativement
plus élevés chez les fumeurs (COE= 16,04+6,25 ppm, HbCO= 3,19+1,00%) par rapport aux non-
fumeurs (COE= 2,43+0,598 ppm et HbCO= 1,0140,095%) (p<0,0001).La fatigue et les maux de
téte étaient signalés par 83,7 et 67,3% respectivement. L analyse de régression logistique montré
que ces symptomes étaient 0,05 fois plus fréquents chez les individus ayant une expérience
professionnelle de 20 ans ou plus (OR = 0,05, IC 95 % = 0,003-0,719, p =0,028).
Conclusion : I’exposition chronique des employés des stations-service au substances chimiques
combustibles augmente le risque d’intoxication au monoxyde de carbone. Une biosurveillance
réguliere et la mise en place des moyens de protection adéquats sont nécessaires.

© 2026e-AJHR. Tous droits réservés

Mots clés : Monoxyde de carbone, carboxyhémoglobine, stations- service, air expiré, toxicité,
exposition professionnelle.
Abstract
Fuel combustion is one of the main sources of carbon monoxide (CO). Chronic occupational
exposure to this toxic gas has a harmful effect on physical capacity, particularly among gas
station employees. The objective of this cross-sectional study carried out from January to
September 2024 was to determine carbon monoxide concentration in exhaled air (COE) and
carboxyhemoglobin (COHb) among gas station workers in Tlemcen, Algeria. Materials: the
Smokerlyser®, was used to measure COE and COHb, data was collected using a structured
questionnaire and analyzed by SPSS 26. Results: The 49 subjects included had a mean age of
43.02 £ 9.14 years, they were all male with approximately 57% smokers and 42.90% non-
smokers. The mean COE was 10.20 * 8.276 ppm and COHb 2.26 + 1.32%. These levels were
significantly higher in smokers (COE = 16.04 £ 6.25 ppm, COHb = 3.19 + 1.00%) compared to
non-smokers (COE = 2.43 + 0.598 ppm and COHb = 1.01 + 0.095%) (p<0.0001). Fatigue and
headache were reported by 83.7% and 67.3% of workers respectively. These symptoms were
0.05 times more common among people who had worked for more than or equal to 20 years,
according to logistic regression analysis (OR = 0.05, Cl 95% = 0.003-0.719, p = 0.028).
Conclusion: Chronic exposure of gas station employees to combustible chemicals increases the
risk of carbon monoxide poisoning. Regular biomonitoring and the implementation of adequate
protective measures are necessary.
© 2026 e-AJHR. All rights reserved.
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Introduction

The increasing demand for fuel is a
consequence of the rapid growth of the
global population and the expansion of the
automotive sector. In most developing
countries, fuel is still used for vehicles,
while in developed countries, the market for
electric vehicles is expanding

In Algeria, the number of gas stations
continues to increase due to the growing
number of vehicles and the opening of new
highways [2]. A gas station is a professional
environment facing major chemical risks.
The hazards associated with its activities
have negative impacts on the health and
safety of workers with increased exposure
to complex mixtures of chemicals (organic
solvents and gasoline combustion waste),
many of which are flammable, highly toxic
and carcinogenic . In addition, chronic
exposure to carbon monoxide (CO) gas
emanating from moving vehicles, fuel leaks
or incomplete combustion represents a
significant risk to the health of gas station
workers. Dangerous levels can lead to
neurological, cardiovascular and respiratory
disorders

Awareness of these dangers has led to the
establishment of strict regulations regarding
collective and individual protection
measures to ensure worker’s safety.
Biomonitoring using different extraction
and analysis techniques for toxic substances
and their metabolites in different biological
matrices such as exhaled air, blood or urine
is essential to assess their exposure to
chemicals [ 7]. Breath CO measurement is a
simple and readily available procedure
Portable instruments are available to assess
the concentration of CO in exhaled air

(COE). They offer the advantage of
providing rapid, early, and non-intrusive
results [9]. Therefore, it is important to
perform CO measurements in these workers
to ensure exposure below hazardous
thresholds, as well as to assess the various
occupational risks associated with this
exposure and the early detection of its
effects. The objective of this study was to
measure (COE) and carboxyhemoglobin
(COHDb) using a carbon monoxide monitor
in gas station workers in Tlemcen, Algeria.

Materials and Methods

This cross-sectional study was conducted
between January and September 2024
among employees at 16 gas stations across
14 sites in Tlemcen, Algeria. Participants
were selected randomly, and the study
aimed to be exhaustive within the included
sites. Any gas station employee who had
worked there for at least a month and who
gave informed consent to participate met
the inclusion criteria. The study did not
include anyone who refused to take the
breath test or gas stations that were closed
or inactive throughout the survey period.

The study was conducted in line with the
Declaration of Helsinki (1989). Written
consent was obtained from each participant.

Data collection was conducted using a
questionnaire containing sociodemographic
information (gender, age, work address,
education level), smoking status as well as
questions related to occupational exposure
(type of position held and seniority,
duration of exposure, protective equipment
used).
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Exhaled breath was sampled and analyzed
using the piCO™ smokerlyzer® from
Bedfont at the administrative offices of the
gas stations. Each participant took the test
three times (the average score was used) and
at least half an hour after their last cigarette.
Participants were instructed to take a deep
inspiration, hold their breath  for
approximately 08 seconds, and then exhale
slowly and continuously through the mouth
into the disposable mouthpiece of the CO
analyzer, maintaining a calm expiration for
05-10 seconds. Exhaled carbon monoxide
(COE) levels were expressed in parts per
million (ppm), with a sensor sensitivity of 1
ppm. The device also displayed the
percentage of carboxyhemoglobin (COHDb),
which reflects the reduction in the oxygen-
carrying capacity of blood. A strong linear
correlation exists between the CO and
COHb measurements obtained by the
device.Data analysis was performed using
SPSS (Statistical Package for the Social
Sciences) version 26 software.

The results of the descriptive analysis were
provided as percentages for qualitative
variables and means + standard deviation
for quantitative variables for the risk a=
0.05. Chi-squared comparison test was used
to evaluate simple or multiple associations
between qualitative variables. For small
numbers Fischer's exact test was used.
Differences were considered statistically
significant when p<0.05.

The associations between risk factors were
evaluated by calculating the Odds Ratio
(OR, 1C95%, p<0.05).

Results

This study was conducted among 49 gas
station employees. The average age of the
workers was 43.02 £ 9.146 years, with a
minimum of 24 and a maximum of 64 years.
Most workers had an intermediate level of
education and only 2% had a university
degree. Approximately 57% of the workers
were smokers and 42.90% were non-
smokers. 88% of them were gas station
attendants, 10% held team leader positions,
and 2% were accountants. 26.50% had 15 to
20 years of work experience .

Of all workers, 85.70% suffered from
fatigue, 67.30% had headaches, and 24.50%
reported dizziness . Workers
who had been employed for more than 20
years were 0.05 times more likely to have
these symptoms, according to logistic
regression analysis (OR = 0.05, Cl 95% =
0.003-0.719, p = 0.028)

24,50% __ _——=-... .
ol 85,70%

67,30%

- Fatigue = Headache =Dizziness

Figure 01: Self-reported clinical signs by
gas station workers.
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The mean COE concentration was 10.20 +
8.276 ppm, with a minimum value of 1 ppm
and a maximum value of 27 ppm. The mean
COHb concentration was 2.26 + 1.32%,
with a minimum value of 0.79% and a
maximum value of 4.95%

Discussion

This cross-sectional study carried out to
determine the concentration of COE and
COHb in gas station workers in Tlemcen,
Algeria included 49 relatively young
subjects. The overall educational level was
average, with  university  graduates
representing only 2%. In a comparative
study conducted in China by Mohsin et al.
(2022), 7.7% of respondents had completed
middle school, 26.9% had attended high
school, and 65.4% had incomplete higher
education . However, in France, a study
indicated that gas station employees can
benefit from vocational training . More
than half of the participants were smokers
(57.1%) contrary to the results of Santiago
et al. (2014) in Brazil which showed a low
smoking prevalence in this category of
professionals  probably due to the
effectiveness of awareness campaigns
Indeed, smoking is not only considered as
dangerous behavior at gas stations that can
lead to a risk of fire and explosion, but it has
also been shown that it is a well-
documented source of CO and that COE and
COHb levels are higher in smokers (up to
10 to 12%) compared to non-smokers
Approximately 88% of participants
were gas station attendants and were daily
exposed to carbon monoxide, a volatile gas
that contaminates ambient air. It is a highly

toxic gas, primarily produced by the
incomplete combustion of organic matter
such as fuels and carbon-containing
substances in the absence of oxygen. It is
odorless, colorless, tasteless, non-irritating,
flammable, and miscible with air

The choice of measuring toxicological
parameters (COE and COHb), which are
markers of carbon monoxide exposure,
using a SmokerLyser®, is because it is a
simple, non-invasive test that provides
direct information on the level of exposure
. The measurement principle is based on
an electrochemical sensor to provide an
instantaneous measurement of CO in ppm
and COHb% level
The average COE for all employees was
10.20 % 8.276 ppm, exceeding the World
Health Organization's (WHO)
recommended limit of 9 ppm and the
average COHb value (2.26 + 1.32%) was
slightly greater than the WHO's 2.5% limit
. In a similar study by Gree et al. (2020)
in Nigeria, the average COE concentrations
in the morning (154 + 2.1 ppm) and
afternoon (11.6 = 1.4 ppm) and the average
COHb (11.1 £ 2.6%) were significantly
higher than the limits established by the
WHO .The nature and seniority of the
position held were not significantly
associated with the increase in mean COE
and COHDb levels. Indeed, these values were
not higher among gas station attendants
than other groups of workers (team leaders
and accountants). On the other hand, they
were significantly higher among smokers
(COE = 16.04+6.25 ppm, COHb =
3.19+1.00%) compared to non-smokers
(COE = 2.43+0.598 ppm and COHb =
1.01+0.095%) (p<0.0001). These results are
consistent with the SmokerLyser® data
sheet, which indicates that a COE level
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below 6 ppm (0.79% COHD) is attributed to
non-smokers and a level > 11 ppm (=2.39%
COHDb) indicates a smoker . This
observation suggests that the elevated COE
and COHb concentrations could be related
to smoking.Chronic exposure to low
concentrations of CO can cause headaches,
dizziness, nausea, cerebellar dysfunction,
cognitive and mood disorders, decreased
physical performance, and worsening of
heart disease . Hypoxia and ischemia
are linked to CO toxicity. In fact,
hemoglobin and proteins with porphyrin
groups (oxidase, catalase, myoglobin, and
cytochromes as cytochrome a3 and
cytochrome P450) are firmly bound by CO.
It also results in oxidative stress. Its toxic
activity primarily targets the heart and brain
. Among the clinical symptoms, fatigue
(83.7%), headaches (67.3%), and dizziness
(24.5%) were the most frequent self-
reported by participants. They also reported
that they were experienced after hiring and
therefore all  probably related to
occupational exposure. Nevertheless, these
symptoms can also be attributed to the
inhalation of other chemicals at gas stations
such as solvents (gasoline, diesel, benzene
and its derivatives) known to be neurotoxic
Age, smoking, and wearing
personal protective equipment did not
significantly associate with the symptoms,
although job seniority did (p=0.001). After
adjustment, logistic regression analysis
revealed that individuals who had worked
for > 20 years were 0.05 times more likely
to experience these symptoms (OR = 0.05,
Cl 95% = 0.003-0.719, p = 0.028).
However, additional long-term studies are
needed to confirm these findings. In a
comparative study by Topacoglu et al.
(2014) in Turkey, among employees

complaining of chronic headaches and
fatigue, the average COHb levels were 2.7
+ 2.3% at the beginning of the day and
could reach 5.6 + 3.9% at the end of the
working day . In a study by Anigilaje et
al. (2024) in gas stations in Nigeria,
headaches were observed in 22.4% of
employees . Gree et al. (2020) in
Nigeria reported that vomiting and nausea
were observed in 13.4% and 14.9% of
workers respectively . While in Kuwait,
gas stations workers reported headaches
(50%), depression (40%), and fatigue
(25%) . Among gas station employees
in Pontianak city, Indonesia, a high level of
fatigue was experienced by half of them
.In the current study, subjects who self-
reported none of these symptoms had lower
mean COE and COHb concentrations
(COE: 9.91+8.56 ppm vs. 12.33+5.88 ppm
and COHb: 2.21+1.37% vs. 2.60+0.94%),
but there was no significant difference.
The fact that 83.3% of participants without
clinical symptoms were smokers may help
to explain this.Since CO is a volatile gas,
with a density almost equal to that of air, it
is easily absorbed by inhalation
It is noteworthy that no worker used a
respiratory protection mask suitable for
exposure to toxic and volatile products in
gas stations, which could increase their
concentration and therefore their toxicity.
This reflects inappropriate behavior of
workers and requires the provision of
special masks limiting or preventing the
absorption of solvents and toxic gases
through the respiratory tract.

The present study was subject to several
limitations that warrant careful
consideration  when interpreting the
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findings. First, the sample size within each
gas station was relatively small, in part due
to the refusal of some employees to
participate. This limitation may affect the
representativeness of the sample and
constrain the generalizability of the results
to the broader population of gas station
workers. Second, although the measuring
device used in this study was calibrated and
considered  moderately  reliable, the
obtained results could be further validated
using more precise analytical techniques,
such as chromatography or infrared
analysis, and by analyzing other biological
matrices, particularly blood samples. These
methodological constraints suggest that the
results should be interpreted with caution
and highlight the need for future studies
using larger samples and more advanced
measurement methods to obtain more
accurate and comprehensive data.

Conclusion

Chronic exposure to CO from fuels and
automobile exhaust fumes at gas stations
increases chemical risk among employees.
Smoking elevates CO concentration and
toxicity, in addition to occupational
exposure. Longitudinal studies among this
category of workers will provide more
conclusive results. Based on the findings of
this study, several recommendations can be
proposed:

1. Improve workplace ventilation systems
at gas stations to reduce the
accumulation of carbon monoxide and
other harmful gases.

2. Implement regular monitoring of CO

levels in gas station environments using

accurate and reliable measurement
techniques.

Provide training and awareness
programs for employees about the
health risks associated with chronic CO
exposure and preventive practices.
Encourage smoking reduction or
cessation programs among workers, as
smoking contributes significantly to
increased CO levels and toxicity.

Adopt appropriate personal protective
and occupational safety protocols to
minimize chemical exposure in the
workplace.
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Table 01: Sociodemographic and professional characteristics of participants.

Variable N (%)
Gender

Male 49 (100)
Study level

Primary 9(18,4)
Middle school 19 (38,8)
High school 20 (40,8)
University 1(2)
Smoking

Yes 28 (57,1)
No 21 (42,9)
Position held

Gas station attendant 43 (87,8)
Team leader 5 (10,2)
Accountant 1(2)
Seniority of position (year)

<1 6 (12,3)
1-5 5(10,2)
5-10 2(4,1)
10-15 12 (24,5)
15 - 20 13 (26,5)
>20 11 (22,4)
Masks

Yes 0

No 49 (100)
Total 49 (100)
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Table 02: Logistic regression analysis for clinical symptoms factors in gas station workers.

Symptoms OR (1C95%) p-value
Yes No
Age (years)
24 - 33 7(16,3) |1(16,7) |1 -
34-43 14 (32,6) |1(16,7) |0,5(0,027-9,238 NS
44-53 18 (41,9) |3 (50) 1,167 (0,103-13,195) | NS
>54 4(9,3) 1(16,7) | 1,750 (0,084-36,287) | NS
Smoking
No 20 (46,5) |1(16,7) |1 -
Yes 23(53,5) |5(83,3) | 4,348 (0,468-40,397) | NS
Position held
Accountant 1(2,04) 0 (0) 1 -
Team leader 5(10,20) | 0 (0) 261969013,1 (0) NS
Gas station attendant 37 (75,51) | 6(12,25) | 1(0) NS
Work seniority (years)
<1 2(4,7) 4(66,7) |1 -
1-5 5(116) [1(167) |0 NS
5-10 1(2,3) 0 0,5 (0,019-12,898) | NS
10-15 12 (27,9) |0 0 NS
15-20 13(30,2) |0 0 NS
>20 10 (23,3) |1(16,7) |0,05(0,003-0,719) | 0,028
PPE use
Yes 0 0 1 -
No 43 (87,75) | 6 (12,25) | 0,140 (0,570-20,356) | NS
NS: Non significant (p>0,05).
e-AJHR
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Table 03: COE and COHb concentration in gas station workers.

All participants Smokers Non-smokers
CO (ppm) 10,20 + 8,276 16,04 +6,25 2,43 +0,598
COHb (%) 2,26 +1,32 3,19 +1,00 1,01+ 0,095
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