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Abstract  This study aims to investigate the 

relationship between ambient Carbon Monoxide (CO) 

concentrations and blood pressure risk factors among 

workers engaged in parking services in the traditional 

market area of Pariaman City, Indonesia. A cross-sectional 

design was employed, involving 64 male respondents 

across four clusters and two work shifts (morning and 

evening). CO concentrations were measured using a 

Monoxor III analyzer, while blood pressure readings were 

categorized based on standard clinical classifications. 

Although all measured CO levels were below the national 

safety threshold (average 7.6 ppm), a statistically 

significant correlation was found between elevated CO 

concentrations and increased diastolic blood pressure (p < 

0.001), especially during evening shifts. Additionally, 

extended weekly working hours (mean = 58.4 hours), shift 

timing, and employment duration of approximately ten 

years or more (long-term workers) were significantly 

associated with higher blood pressure outcomes. 

Interestingly, smoking habits, though prevalent among 

respondents (70.3%), did not show a significant statistical 

association with either systolic or diastolic pressure. These 

findings highlight the compounded cardiovascular risks 

from environmental pollutants and occupational stressors 

in informal worker settings. The study underscores the 

need for public health interventions targeting vulnerable 

urban worker sectors, particularly through improved air 

quality monitoring, occupational regulations, and 

preventive health policies in high-exposure environments. 

Keywords Carbon Monoxide, Hypertension, 

Smoking, Occupation, Pariaman 

1. Introduction

Carbon monoxide (CO) is one of the most prevalent and 

hazardous air pollutants, primarily produced through the 

incomplete combustion of fossil fuels. Major sources 

include vehicular exhaust and industrial processes, 

particularly in densely populated urban areas [1]. In 

Indonesia, motor vehicles account for approximately  

70.5% of CO emissions, a significantly higher proportion 

than that of pollutants such as hydrocarbons, nitrogen 

oxides (NOx), and sulfur oxides (SOx) [2]. Estimates 
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suggest that global CO emissions from human activities 

approach 60 million tons annually, with roughly half 

originating from gasoline-fueled engines [3]. As CO is 

colorless and odorless, it poses a hidden danger in urban 

environments due to its undetectability without specialized 

equipment [3]. CO exposure is particularly detrimental to 

human health because of its high affinity for hemoglobin, 

which reduces the blood’s capacity to transport oxygen [4]. 

Even at moderate concentrations, exposure can lead to 

headaches, dizziness, nausea, cardiovascular disturbances, 

and, at elevated levels, death [5]. Even at moderate 

concentrations, exposure can lead to headaches, dizziness, 

nausea, cardiovascular disturbances, and, at elevated levels, 

death [6]. 

Land transportation remains the primary contributor to 

air pollution in Indonesia’s major cities, including 

Pariaman in West Sumatra Province. Rapid growth in the 

number of vehicles has led to increased emissions of air 

pollutants, especially CO and nitrogen dioxide (NO₂), 

which are among the most dominant pollutants in urban 

centers [7]. In Pariaman City, significant sources of air 

pollution stem from transportation, energy use, and 

distribution activities, particularly in high-traffic areas such 

as the local market, the train station, and the Gandoriah 

Beach areas, which are frequented by both tourists and 

residents. The intensification of urban development and 

energy consumption in the region has exacerbated air 

quality issues and contributed to public health problems, 

including a rise in cases of Acute Respiratory Infections 

(ARIs) [4]. According to the Intergovernmental Panel on 

Climate Change (IPCC), each liter of gasoline combusted 

emits approximately 2.33 kg of CO₂, while each liter of 

diesel emits about 2.67 kg of CO₂ [8]. Elevated CO 

concentrations are known to disrupt blood pressure 

regulation, heart rate, and vascular function. Exposure to 

ambient CO is reflected in carboxyhemoglobin (HbCO) 

levels in the bloodstream. Workers with existing coronary 

artery disease are more susceptible to hypoxia, chest pain 

(angina), and anxiety, even at low CO levels. The most 

commonly observed effects include elevated heart rate and 

hypotension [9]. Both acute and chronic exposures to CO 

are also associated with increased systolic and diastolic 

blood pressure. Systematic reviews from [10] indicate that 

CO exposure can elevate systolic blood pressure by 0.43 to 

15 mmHg and diastolic pressure by 0.39 to 9 mmHg. Risk 

factors influencing this response include exposure duration, 

cardiovascular history, smoking habits, obesity, and 

pregnancy-related hypertensive disorders such as 

preeclampsia. Interestingly, some studies have shown that 

CO exposure may also cause blood pressure reduction 

under certain conditions, indicating that the physiological 

impact of CO can vary widely [11]. 

Individuals working in traffic-congested environments 

are particularly vulnerable to CO exposure. In Pariaman 

City, informal workers engaged in parking services are 

consistently exposed to roadside emissions. Their 

occupational conditions, such as shift length, weekly work 

duration, and long-term employment (often ≥10 years), 

may further amplify the health risks, particularly 

concerning blood pressure [12]. Given the adverse effects 

of CO on cardiovascular health, including changes in blood 

pressure and heart rhythm, it is critical to control CO 

exposure in both occupational settings and high-pollution 

urban areas [9]. This study aims to investigate the 

relationship between ambient CO concentrations and blood 

pressure risk factors among workers in parking services in 

the traditional market area of Pariaman City, Indonesia. 

This study offers a novel contextual approach that focuses 

on informal sector workers, particularly those who operate 

outdoors with subclinical CO exposure in the local market 

area of Pariaman City. 

2. Methods 

2.1. Study Area and Sampling Technique 

This study employed a cross-sectional survey design [13, 

14] conducted in the local market area of Pariaman City, a 

location characterized by high vehicle density and 

continuous public activity. The study population comprised 

approximately 200 male workers engaged in parking 

services, working in two designated shifts: the morning 

shift (09:00–16:30) and the evening shift (16:30–21:00). 

There is a difference in the working hours between the 

morning shift (7.5 h) and the evening shift (4.5 h). A total 

of 64 respondents were selected using a cluster random 

sampling technique. The study area was divided into four 

clusters (I to IV), each representing a 250-meter radius. 

These clusters covered the area from Talao Park, continued 

along Gandoriah Beach, and ended near the Pariaman Train 

Station. In each cluster, eight respondents were randomly 

selected per shift, resulting in 16 participants per cluster 

and 32 participants per shift. Most of these workers had 

long-term employment duration (often ≥10 years), 

indicating chronic exposure to traffic-related pollutants. 

2.2. Variables and Data Collection 

This study examined independent and dependent 

variables to assess the relationship between environmental 

exposure and cardiovascular outcomes [15] among workers 

engaged in parking services. The independent variables 

consist of CO concentration, weekly working hours, work 

shift (morning/evening), smoking habits (frequency and 

duration), and employment duration. The dependent 

variables consist of systolic and diastolic blood pressure. 

CO concentration was measured using a Monoxor III CO 

analyzer at eight designated points, corresponding to each 

cluster and shift. Sampling at each location was conducted 

over 5 to 10 minutes. Blood pressure was measured using 

a manual sphygmomanometer (tensimeter), and readings 

were classified into three clinical categories [16, 17] as 

shown in Table 1 below. 
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Table 1.  Clinical classification of blood pressure 

Categories Systolic (mmHg) Diastolic (mmHg) 

Hypotension < 90 and/or < 60 

Normal 90–139 and 60–89 

Hypertension ≥ 140 and/or ≥ 90 

Additional data on smoking behavior, cigarette 

consumption, employment duration, and working hours per 

week were collected through face-to-face structured 

interviews. Smoking intensity was classified [18], and 

employment duration was categorized as shown in Table 2 

below. Employment duration was divided into new 

workers (<10 years) and long-term workers (≥10 years) to 

reflect differences in chronic occupational exposure among 

workers engaged in parking services. 

Table 2.  Classification of smoking intensity and employment duration 

Variables Categories Criteria 

Smoking Intensity Light < 10 cigarettes/day 

Moderate 11–20 cigarettes/day 

Heavy > 20 cigarettes/day 

Employment Duration New < 10 years 

Long-term > 10 years 

Of the total 64 respondents, only 45 were identified as 

active smokers and were thus included in the analysis of 

smoking duration and intensity. Therefore, variables 

related to cigarette consumption were calculated based on 

this subgroup of workers, while their employment duration 

was consistently categorized into new workers (<10 years) 

and long-term workers (≥10 years) to reflect chronic 

occupational exposure. 

2.3. Data Analysis 

All statistical analyses were conducted using SPSS for 

Windows version 19.0. The data analysis procedure 

consisted of several stages, namely 1) Descriptive statistics 

were used to summarize the characteristics of the 

respondents (workers) and variable distributions; 2) The 

Kolmogorov-Smirnov test was performed to evaluate the 

normality of ratio-scaled variables, including CO 

concentration, weekly working hours, and blood pressure; 

3) For variables with a normal distribution, the Pearson 

Product-Moment Correlation was applied to assess linear 

relationships; 4) For non-normally distributed variables, 

the Spearman Rank Correlation was used instead; and 5) 

For nominal-scale variables such as work shift and smoking 

habits, the chi-squared test was used after appropriate data 

coding. All statistical tests were two-tailed, and the level of 

significance was set at p < 0.05. 

3. Results & Discussion 

3.1. Respondent Characteristics 

As shown in Table 3, the majority of respondents were 

in the productive age range (15–64 years), representing 

98.4% of the sample. Most respondents had been engaged 

in parking services for 10 years or more (51.6%), indicating 

long-term occupational exposure. Regarding smoking 

history, 73.3% of respondents reported smoking for over a 

decade. In terms of daily cigarette consumption, 44.4% 

were in the moderate category (11–20 cigarettes/day), 

followed by light smokers (42.4%) and heavy smokers 

(13.3%). 

Table 3.  Respondent characteristics 

Variables Categories Frequency (f) % 

Age Productive (15–64 years) 63 98.4 

Non-productive (>64 years) 1 1.6 

Total  64 100 

Employment Duration New (<10 years) 31 48.4 

Long-term (>10 years) 33 51.6 

Total  64 100 

Smoking Duration New (<10 years) 12 26.7 

Long-term (>10 years) 33 73.3 

Total  45 100 

Cigarette Consumption Light (<10 cigarettes/day) 19 42.4 

Moderate (11–20/day) 20 44.4 

Heavy (>20/day) 6 13.3 

Total  45 100 

Source: Data analysis 2025. 
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As shown in Table 3 above, when considered alongside 

measured CO concentrations, the findings underscore a 

cumulative burden on vascular health and provide a strong 

rationale for a focused investigation into blood pressure 

and cardiovascular risks among vulnerable occupational 

groups. This study was conducted in the traditional market 

area of Pariaman City, a location characterized by 

persistently high vehicular traffic and continuous public 

activity. The site was strategically chosen because it 

represents a prominent emission hotspot, where CO 

concentrations are elevated due to dense road traffic and 

prolonged use of fossil fuel-based transportation systems. 

Such environmental conditions contribute significantly to 

the ambient air pollution load and thus create an 

occupational setting with chronic exposure risks. The 

majority of respondents (98.4%) were in the productive age 

category (15–64 years), indicating that most workers 

engaged in parking services in this study were actively 

engaged in daily labor activities. These individuals were 

employed across four clusters, each with a 250-meter 

radius, stretching from Talao Park, through the Gandoriah 

Beach tourism area, to the vicinity of Pariaman Railway 

Station. This area not only represents a major economic and 

transportation corridor but also serves as a dynamic node 

of informal labor activity. In each cluster, eight respondents 

were randomly selected from each of two working shifts: 

the morning shift (09:00–16:30) and the evening shift 

(16:30–21:00), resulting in a total of 64 participants. Over 

half of these workers (51.6%) had been employed for 10 

years or more, indicating long-term occupational exposure 

to traffic-related pollutants. This spatial and temporal 

sampling approach enabled the study to capture variations 

in both emission exposure intensity and pedestrian density, 

which are known to fluctuate throughout the day. 

A particularly noteworthy finding is that chronic 

occupational exposure among long-term workers (≥10 

years) is of special concern given the established links 

between prolonged inhalation of vehicular emissions and 

vascular dysfunction. The urban microenvironment in 

which these respondents operate is saturated with 

combustion by-products, including CO, which is known to 

interfere with oxygen transport and contribute to 

endothelial injury. Supporting these results, studies such as 

those by Li et al. [19] have demonstrated that low-dose but 

chronic air pollutant exposure upregulates pro-

inflammatory markers and adhesion molecules like 

Intercellular Adhesion Molecule 1 (ICAM-1) and Vascular 

Cell Adhesion Molecule 1 (VCAM-1), leading to vascular 

remodeling and heightened cardiovascular risk. 

3.2. Exposure to CO and Blood Pressure Classification 

of Respondents 

CO levels were measured at eight observation points 

distributed across four clusters, each representing two work 

shifts (morning and evening). These locations were situated 

within the traditional market area of Pariaman City, a zone 

characterized by high vehicular traffic and continuous 

public activity. Measurements were conducted using a 

Monoxor III CO analyzer for 5–10 minutes at each location, 

although all values remained below the national air quality 

standard threshold of 35 ppm [16]. The highest 

concentration was recorded in Cluster I during the evening 

shift (14 ppm), while the lowest was observed in Cluster IV 

during the morning shift (2 ppm). The average CO 

exposure across all locations was 7.625 ppm. To further 

assess the potential health impacts, particularly 

cardiovascular effects, the workers’ blood pressure was 

measured and classified into three clinical categories: 

hypotension, normal, and hypertension, based on criteria 

established by Perloff et al [17], and Nargesi et al. [18]. 

These workers, many of whom had long-term employment 

duration (≥10 years), were then linked to each CO 

measurement location and period. The integrated results of 

these variables are shown in Table 4 below. 

Table 4.  CO concentration and blood pressure classification by cluster and shift 

Locations CO (ppm) Hypotension (%) Normal (%) Hypertension (%) 

Cluster I (Morning) 7 12.5 75.0 12.5 

Cluster I (Evening) 14 0.0 25.0 75.0 

Cluster II (Morning) 4 12.5 75.0 12.5 

Cluster II (Evening) 8 0.0 0.0 100.0 

Cluster III (Morning) 4 0.0 50.0 50.0 

Cluster III (Evening) 12 0.0 25.0 75.0 

Cluster IV (Morning) 2 0.0 87.5 12.5 

Cluster IV (Evening) 10 0.0 25.0 75.0 

Average 7.625 – – – 

Note: Each cluster includes 8 respondents (n = 8). Percentages are calculated based on this number. The total sample size for CO and blood 
pressure measurements is 64 participants. 
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As shown in Table 4 above, while the measured CO 

concentrations in all clusters remained below the national 

ambient air quality threshold of 35 ppm, several concerning 

patterns related to work shifts and distribution emerged. 

The study was conducted in the traditional market area of 

Pariaman City, a location characterized by persistent 

vehicular congestion and continuous public activity, 

thereby creating a chronic exposure environment for 

informal workers engaged in parking services, many of 

whom had been employed for 10 years or more. 

CO levels were consistently higher during the evening 

shifts, likely due to peak traffic volume and reduced 

atmospheric dispersion during cooler hours. For instance, 

Cluster I registered 14 ppm and Cluster III recorded 12 ppm 

of CO in the evening, both accompanied by a 75% 

prevalence of hypertension among workers. The most 

striking finding was observed in Cluster II, where all 

evening-shift workers (100%) were classified as 

hypertensive, even though the measured CO concentration 

was only 8 ppm. This pattern aligns with the findings of Li 

et al.[19], who reported that even low-to-moderate CO 

exposure could significantly disrupt vasodilation processes 

and elevate diastolic blood pressure. To assess the 

statistical relationship between CO exposure and blood 

pressure, a Spearman Rank Correlation analysis was 

conducted due to the non-normal distribution of CO data 

(Kolmogorov-Smirnov p = 0.016). The results showed no 

significant correlation between CO levels and systolic 

blood pressure (p = 0.130). However, there was a strong 

and statistically significant positive correlation with 

diastolic blood pressure (p < 0.001, r = 0.65), indicating 

that higher CO concentrations were consistently associated 

with elevated diastolic blood pressure. This finding 

suggests that diastolic pressure may serve as a more 

sensitive indicator of sustained environmental stress caused 

by air pollutants. These findings are consistent with earlier 

studies by Duvigneau et al. [20], which indicated that CO 

interferes with nitric oxide (NO)-mediated vasoregulation 

and disrupts mitochondrial respiration, both essential to 

vascular homeostasis. Despite CO levels remaining below 

regulatory thresholds, chronic exposure even at subclinical 

concentrations has been linked to impaired oxygen 

transport, increased sympathetic nerve activity, and 

progressive arterial stiffness [21]. In the dense and dynamic 

environment of the Pariaman traditional market, where 

motorcycles, angkots, and delivery trucks operate 

continuously, such exposure becomes physiologically 

relevant. The evening shift, in particular, represents a 

period of higher risk due to elevated pollutant levels and 

reduced dispersal capacity, highlighting the occupational 

vulnerability of informal workers. To strengthen these 

epidemiological observations, future studies should 

integrate molecular biomarkers such as serum endothelin-

1, high-sensitivity C-reactive protein (hs-CRP), or 

oxidative stress indicators (e.g., malondialdehyde or 

glutathione levels). These biomarkers provide a deeper 

insight into the mechanistic pathways through which CO 

exerts vascular effects, potentially informing toxicological 

modeling and preventive health policy in urban 

occupational health frameworks. As highlighted by Daiber 

et al.[22], exposure to environmental risk factors such as 

traffic-related air pollution and noise, triggered oxidative 

stress and circadian clock dysregulation, which in turn 

accelerate vascular dysfunction and increase 

cardiovascular risk. Similarly, Faraci et al. [23] emphasized 

that circadian misalignment and disrupted daily blood 

pressure rhythms (e.g., nondipping, reverse dipping, or 

excessive morning surge) are strongly linked to 

hypertension, vascular stiffness, and end-organ damage, 

underscoring the importance of integrating biomarkers 

with circadian biology to understand cardiovascular 

vulnerability better. The findings from this study not only 

reflect spatial and temporal variability in CO exposure 

within a densely populated urban market but also 

emphasize the physiological and public health implications 

for informal workers chronically exposed to ambient 

pollutants. The findings underscore an urgent need for 

targeted risk mitigation strategies, including shift 

regulation, urban air quality monitoring, and tailored public 

health interventions for high-risk populations. 

3.3. Work Duration, Shift Pattern, Smoking Habits, 

and Their Association with Blood Pressure 

To assess the influence of occupational and behavioral 

factors on cardiovascular health among roadside workers 

engaged in parking services, this study investigated three 

primary exposure variables: total weekly working hours, 

work shifts (morning or evening), and smoking habits. 

These factors were analyzed regarding blood pressure 

status, both systolic and diastolic, based on clinical 

classifications provided by Perloff et al.[17]. Weekly 

working hours were treated as a continuous variable, 

whereas work shift and smoking status were categorized as 

nominal variables. Blood pressure readings were classified 

as either normal or abnormal according to standard clinical 

thresholds. Statistical relationships were examined using 

appropriate methods: Pearson correlation for normally 

distributed continuous data, Chi-square tests for categorical 

variables, and Spearman’s correlation for non-parametric 

data. A summary of the combined analysis of these 

variables and their associations with blood pressure is 

presented in Table 5 below. 
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Table 5.  Association between occupational and behavioral variables and blood pressure 

Variables Categories Systolic BP Association Diastolic BP 

Association 

p-value 

(Systolic) 

p-value 

(Diastolic) 

Weekly Working Hours Continuous (Mean: 58.4 hours) Positive correlation Positive correlation 0.010* 0.047* 

Work Shift Morning Mostly normal Mostly normal 0.015* < 0.001** 

Evening More abnormal values More abnormal values 

Smoking Habits Smoker Mixed (50% abnormal) Mostly normal 0.050 0.911 

Non-smoker Mixed (48.3% abnormal) Mostly normal 

Note: *p < 0.05 indicates significant association; Total respondents 64 (smokers: 45); Weekly working hours were normally distributed (p = 
0.215, Kolmogorov-Smirnov test); and Blood pressure categories follow standard classification. 

As shown in Table 5 above, this study found a 

statistically significant association between weekly 

working hours and both systolic (p = 0.010) and diastolic 

blood pressure (p = 0.047), suggesting that prolonged 

occupational engagement may heighten cardiovascular 

burden among workers. This is in line with a previous study 

reporting adverse health outcomes among parking 

attendants exposed to vehicular pollutants [24]. These 

findings are consistent with the study of Faraci et al, [23], 

who emphasized that extended work hours are 

physiologically linked to elevated blood pressure through 

mechanisms involving chronic occupational stress, 

insufficient recovery time, and circadian rhythm disruption. 

This relationship is particularly relevant in the context of 

the study area, Pariaman City local market, where informal 

workers operate in congested, high-traffic environments 

that expose them to sustained vehicular emissions and heat 

stress, particularly during the midday and late afternoon 

hours. Comparable risk analyses of roadside exposure to 

CO, NO₂, and TSP among street vendors and informal 

workers have also been reported in Indonesia [25]. To 

avoid redundancy, details on sampling clusters and work 

shifts have been streamlined in this section, as they are 

already presented in the methodology. 

In this context, work shift emerged as a significant 

determinant of blood pressure outcomes, particularly 

diastolic pressure (p < 0.001), with evening shift workers 

exhibiting a higher prevalence of hypertension compared 

to their morning shift counterparts. This trend underscores 

the physiological toll imposed by evening shifts, which 

likely involve greater exposure to residual heat, cumulative 

CO buildup due to traffic peaks, and disruptions in 

hormonal regulation, particularly cortisol rhythms during 

later hours [22]. Such alterations are closely related to 

dysregulation of the HPA axis, because shift work can 

disturb circadian alignment, leading to abnormal cortisol 

secretion and oxidative stress. This mechanism helps 

explain how irregular work schedules translate into 

cardiovascular strain, linking molecular endocrinology and 

cardiovascular immunopathology to occupational exposure 

[26]. Surprisingly, despite 70.3% of the sample (45 out of 

64 respondents) being active smokers, no statistically 

significant relationship was found between smoking status 

and systolic (p = 0.050) or diastolic (p = 0.911) blood 

pressure. This result appears to contradict the well-

established role of smoking as a cardiovascular risk factor. 

However, it may reflect the confounding influence of other 

dominant stressors in the respondents' environment, such 

as ambient CO exposure, erratic work hours, physical 

exertion, and insufficient recovery periods. It is also 

plausible that the duration and intensity of smoking within 

this cohort were insufficient to independently alter blood 

pressure readings significantly or that the vascular effects 

of CO and occupational fatigue may have overshadowed 

the standalone impact of tobacco exposure [27]. These 

findings highlight the multifactorial nature of 

cardiovascular risk among informal urban workers, 

particularly those working in environments like the 

traditional markets of Pariaman City. Here, occupational, 

behavioral, and environmental stressors do not act in 

isolation but rather in synergy, contributing to a complex 

cardiovascular risk profile. This reinforces the broader 

scientific understanding that hypertension and related 

vascular pathologies often result from the cumulative 

interaction of multiple stress pathways, necessitating a 

more integrative approach in public health surveillance and 

policy targeting vulnerable labor populations in developing 

urban settings. 

4. Conclusions

This study concludes that parking attendants working in 

the local market area of Pariaman City are at substantial 

risk of cardiovascular disturbances due to a combination of 

occupational, environmental, and behavioral factors. The 

majority of respondents were in the productive age group 

and had long-term employment exposure exceeding 10 

years, with high smoking prevalence. Although ambient 

CO concentrations remained below the national air quality 

threshold, elevated blood pressure was notably prevalent, 

especially during evening shifts characterized by higher 

CO exposure and reduced atmospheric dispersion. 

Additionally, prolonged weekly working hours and shift 

patterns were both significantly associated with increased 

blood pressure, confirming the burden of occupational 

stress in informal labor sectors. Surprisingly, smoking 

status did not show a significant association with blood 
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pressure, likely due to confounding exposure factors such 

as ambient pollutants and shift-induced stress. These 

findings suggest a need for targeted health monitoring, 

policy reforms, and environmental interventions in urban 

work settings. In conclusion, the cardiovascular health of 

informal parking workers is threatened not solely by 

individual behaviors but by the combined impact of their 

working conditions and environmental exposures. Public 

health strategies must therefore address the structural 

vulnerabilities of this occupational group with an emphasis 

on regulating exposure, improving work conditions, and 

integrating occupational health services into urban 

planning frameworks. 
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