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ABSTRACT Security guards and ticketing officers inhale the CO gas from motor vehicles, which can lead to health complaints 

like sore and watery eyes. The purpose of this study is to assess the health risks of CO gas exposure to the health of security 

guards and ticketing officers at Safe N Lock Sidoarjo. This research is descriptive, cross-sectional, and employs an ARKL 

approach. The population of 43 security guards and 7 ticketing officers at the same time became the sample. The research 

variables are CO gas concentration, temperature, humidity, wind speed, vehicle generation, fuel type, exposure frequency, 

exposure time, exposure duration, inhalation rate, average time, body weight, RfC, intake, and risk characterisation. The data 

collection technique uses direct measurement, interview sheets, and observation. The data processing technique involves 

computation of risk. We analysed the data using both univariate and risk analysis techniques. The results of the study showed 

an average CO concentration of 100.982 μg/m³. Security guard exposure time was 12 hours/day, while ticketing officers were 

8 hours/day. Security guard exposure frequency was 261 days/year, while ticketing officers were 313 days/year. The highest 

duration of exposure was 25 years. The highest intake rate was 26.048 mg/kg/day with an RQ value of 0.086 mg/kg/day. The 

risk assessment concludes that the RQ value is less than 1, indicating a low risk of health disorders due to CO gas exposure. 

The researcher recommends that security guards and ticketing officers use personal protective equipment such as glasses and 

masks when working. 

INDEX TERMS ARKL, Carbon monoxide, ticketing officers, security guards. 

I. INTRODUCTION 

Air is the source of life for all living things on earth, including 

humans [1]. Air quality in developing countries, especially in 

Southeast Asia and the Pacific, is poor, with 6.6 million deaths 

from air pollution worldwide in 2019 [2]. Air pollutants include 

carbon monoxide (CO), carbon dioxide (CO₂), sulphur dioxide 

(SO₂), hydrocarbons (HC), chlorofluorocarbons (CFCs), lead 

(Pb), nitrogen dioxide (NO₂), and particulate matter (PM) [3]. 

CO gas is a gas produced from incomplete combustion with the 

physical characteristics of being colourless, odourless, 

tasteless, and non-irritating, but toxic and flammable, so CO gas 

is dubbed the “silent killer” that is dangerous to human health 

[4]. 

Safe N Lock Sidoarjo industrial and warehousing area is 

one of the largest industrial and warehousing areas in Eastern 

Indonesia. Safe N Lock Sidoarjo has a land area of ± 500 

hectares with 600 tenants and will continue to grow following 

the market. The number of vehicles entering and exiting Safe 

N Lock is ± 1,500 units/day, such as cars, motorbikes, trucks, 

trontons, and other vehicles, which can increase the 

concentration of CO gas in the air. This is in line with research 

[5] that states that there is a relationship between the number 

of vehicles and the high emissions of carbon monoxide (CO). 

The preliminary survey was conducted by means of 

observation, interviews, and direct measurements. 

Observations in the Safe N Lock area found that security 

guards and ticketing officers did not use personal protective 
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equipment in the form of masks. Interviews with 5 security 

guards and 2 ticketing officers regarding health complaints 

revealed that they all had health complaints such as sore and 

watery eyes, coughing, and shortness of breath due to 

exposure to smoke from motor vehicles. This is in line with 

research [6] stating that there is an effect of vehicle smoke 

exposure on the health quality of traffic police at Parepare 

Police Headquarters. The results of the interviews also show 

that 4 out of 7 security guards and ticket officers are smokers. 

This is one of the risk factors for respiratory complaints apart 

from exposure to motor vehicle smoke. In line with the 

research [7], it is stated that there is a relationship between the 

concentration of CO gas and smoking habits and respiratory 

complaints among satay sellers. Measurement of the physical 

quality of the air at the entrance of Safe N Lock obtained a 

temperature of 30.8ºC, humidity of 64.1%, and wind speed of 

0.2 - 0.8 m/s. Measurement of CO gas concentration at the 

Safe N Lock entrance yielded a result of 681.356 μg/m³. 

Research [8] states that someone who is exposed to CO 

directly and continuously can have health impacts such as 

heart attack, coronary heart disease, Delayed Encephalopathy 

after Acute Carbon Monoxide (DEACMP), and 

cardiovascular disease. 

The purpose of this study is to assess the major health 

risks due to exposure to carbon monoxide (CO) gas to the 

security guards and ticketing officers at Safe N Lock 

Sidoarjo. 

II. METHODOLOGY 

This type of research is descriptive cross-sectional. The 

research approach uses Environmental Health Risk Analysis 

(EHRA) to evaluate the health risks of security guards and 

ticketing officers at Safe N Lock Sidoarjo. The population 

and community sample used were 43 security guards and 7 

ticketing officers, while the environmental sample in this 

study was the concentration of CO gas. 

The sampling technique for security guards and ticketing 

officers uses non-probability sampling with the total sampling 

method, where the number of samples is equal to the 

population size. The CO gas sampling technique uses the 

appropriate Non-Dispersive Infra Red (NDIR) method, and 

the determination of air sampling points in the workplace 

refers. 

The variables in this study are CO gas concentration, 

temperature, humidity, wind speed, vehicle generation, fuel 

type, exposure frequency, exposure time, exposure duration, 

inhalation rate, average time, body weight, RfC, intake, and 

risk characterisation. We collected data through interviews, 

direct measurements, and observations. Data analysis used 

univariate analysis and risk analysis, which referred to the RQ 

formula in the ARKL guidelines. 
III. RESULT 
A.  MEASUREMENT OF PHYSICAL AIR QUALITY AT 
SAFE N LOCK SIDOARJO 

Based on the TABLE 1 above, the average temperature is 

31.7ºC. The average wind speed is 4 m/s. Humidity has an 

average value of 68%. 

B. MEASUREMENT OF CO GAS CONCENTRATION AT 
SAFE N LOCK SIDOARJO 

Based on TABLE 2 above, the measurement results of CO 

gas concentration have an average value of 100.982 μg/m3, so 

that they are entirely included in meeting the quality 

standards. 

C.  CALCULATION OF VEHICLE GENERATION AT SAFE 
N LOCK SIDOARJO 

Based on the TABLE 3 above, the total number of 

vehicles entering and exiting during the study was 87 vehicles 

with an average of 29 vehicles. 

TABLE 1 
AIR QUALITY MEASUREMENT AT SAFE N LOCK SIDOARJO 

Parameter Assessmen

t 

Result Quality 

Standart 

Category 

Temperature Minimum 30,1ºC 20ºC – 

30ºC 

Not 

Qualify 

Maximum 33,1ºC Not 

Qualify 

Average 31,7 

ºC 

Not 

Qualify 

Wind Speed Minimum 0,8 

m/dt 

-  - 

Maximum 7,2 

m/dt 

- 

Average 4  

m/dt 

- 

Humidity Minimum 65,7% 40% – 

70% 

Qualify 

Maximum 71,2% Not 

Qualify 

Average 68% Qualify 

 

TABLE 2  
MEASUREMENT OF CO GAS CONCENTRATION  

AT SAFE N LOCK SIDOARJO 

Assessment Result Quality Standart Category 

Minimum 0 10.000 μg/m3 Qualify 

Maximum 302,825 Qualify 

Average 100,982 Qualify 

 

TABLE 3 
VEHICLE GENERATION AT SAFE N LOCK SIDOARJO 

Sampling Code Measurement 

Duration 

Vehicle Generation 

(units) 

Entrance Gate 

(Sampling Point 1) 

1 hour 32 

Exit Gate (Sampling 

Point 2) 

47 

Block AA (Sampling 

Point 3) 
8 

Total 87 

Average 29 
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D.  IDENTIFY THE TYPE OF MOTORCYCLE FUEL AT 
SAFE N LOCK SIDOARJO 

Based on the TABLE 4 above, many large vehicles use 

diesel fuel or solar. 

E.  HAZARD IDENTIFICATION 

Based on the TABLE 5 above, the agent that poses a risk 

of causing health problems to security guards and ticketing 

officers is carbon monoxide (CO) in ambient air. The source 

of particulate matter (CO) in ambient air is motor vehicles 

with an average concentration of 100.982 μg/m3. Health 

complaints due to CO gas by security guards and ticketing 

officers are described in the table below as supporting data in 

completing the hazard identification stage : 

Based on the TABLE 6 above, most health complaints 

experienced by security guards and ticketing officers are sore 

and watery eyes with a percentage of 32%. 

F.  DOSE RESPONSE ASSESMENT 

The risk agent in this study is carbon monoxide, for which 

the CO gas Reference Concentration (RfC) value is not yet 

available in the Integrated Risk Information System (IRIS) 

list of the Environmental Protection Agency (EPA), so the 

RfC value is obtained from the RfC calculation which refers 

to the Regulation of the Minister of Health of the Republic of 

Indonesia Number 2 of 2023. The reference dose of CO gas 

that has been calculated using the RfC formula yields a result 

of 1.157 mg/kg/day or the equivalent of 1,157 μg/kg/day. 

G.  EXPOSURE ASSESMENT 

1. Gender 

Based on the FIGURE 1 above shows that the majority 

gender of security guards and ticketing officers are male, with 

a percentage of 96% or 48 people.  

 

 

TABLE 4  
TYPES OF MOTOR FUEL AT SAFE N LOCK SIDOARJO 

Type Of Vehicle Type Of Motor Fuel 

Car Pertalite/Pertamax 

Pick Up Pertalite/Pertamax 

Colt Diesel Engkel Solar 

Fuso Solar 

Tronton Solar 

Wing Box Solar 

Tandum Tangki Solar 

 

TABLE 5  
IDENTIFICATION OF CO GAS HAZARDS  

AT SAFE N LOCK SIDOARJO 

Source 

Potential 

environmental 

media 

Risk 

Agent 

Measurable 

Concentration 

Mini

mu

m 

Max

imu

m 

Aver

age 

Motorized 

vehicles 

entering 

and exiting 

Safe N 

Lock 

Sidoarjo 

Ambient Air 

Carbo

n 

monox

ide 

(CO) 

0,0 
302,

825 

100,

982 

 

TABLE 6  
RECAPITULATION OF INTERVIEW RESULTS COMPLAINTS 
AGAINST SECURITY GUARDS AND TICKETING OFFICERS  

AT SAFE N LOCK SIDOARJO 

Complaints Amount Percentage 

Shortness of breath 7 14 

Chest pain 1 2 

Cough 8 16 

Sore throat 2 4 

Sore and watery eyes 16 32 

Headache 2 4 

Nausea 0 0 

Vomiting 1 2 

Weakness 1 2 

Coma with seizures 0 0 

Slow breathing 1 2 

History of respiratory 

disorders 
1 2 
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2. Age 

Based on the FIGURE 2 above shows that most security 

guards and ticketing officers are between the ages of 19 and 

31.  

3. Smoking Habits 

Based on the FIGURE 3 above shows that most security 

guards and ticketing officers do not smoking, with a 

percentage of 56% 

4. Exposure Time 

Based on FIGURE 4 above, it shows that most of the 

exposure time is 12 hours/day with a percentage of 86%. 

5. Exposure Frequency 

Based on FIGURE 5 above, it shows that most of the 

exposure frquency is 216 days/year with a percentage of 86%. 

6. Exposure Duration 

Based on FIGURE 6 above shows that most of the exposure 

duration is 4 years with a percentage of 38% or 19 people. 

7. Body Weight 

Based on FIGURE 7 above, it shows that most security 

guards and ticket officers have a weight range of 63 kg - 76 

kg with a percentage of 49% or 24 people.  

8. Intake Calculation 

The intake calculation was carried out on all security 

guards and ticketing officers. It can be seen that the highest 

CO concentration intake value was 26.048 mg/kg/day in the 

respondent with the code R38, who was known to be a 

security guard aged 53 and had worked for 25 years at Safe N 

 
Figure 1. Gender of Security Guards & Ticketing Officers  
at Safe N Lock Sidoarjo 

 
Figure 2. Age of Security Guards & Ticketing Officers at Safe N Lock 
Sidoarjo 
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Figure 5. Body Weight of Security Guards & Ticketing Officers at 
Safe N Lock Sidoarjo 
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Figure 3. Smoking Habit of Security Guards & Ticketing Officers at 
Safe N Lock Sidoarjo 

 
Figure 4. Exposure Time of Security Guards & Ticketing Officers at 
Safe N Lock Sidoarjo 
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Lock Sidoarjo, while the lowest CO concentration intake 

value was 0.846 mg/kg/day in the respondent with code R25, 

who was known to work as a security guard, was 23 years old, 

and had only been working at Safe N Lock Sidoarjo for 1 

year. 
H.  RISK QUOTIENT 

The RQ results for all security guards and ticketing 

officers at Safe N Lock Sidoarjo have an RQ of ≤ 1, which 

means that there is no risk at the minimum, average, or 

maximum RfC concentrations. Therefore, it can be concluded 

that security guards and ticketing officers at Safe N Lock 

Sidoarjo are not at risk of health impairment due to exposure 

to carbon monoxide (CO). 

B. MEASUREMENT OF CO GAS CONCENTRATION AT 
SAFE N LOCK SIDOARJO 

The findings from this study indicate that the 

concentration of CO gas at Safe N Lock Sidoarjo, with an 

average of 100.982 μg/m³, falls within acceptable quality 

standards. However, the data suggests that prolonged 

exposure, especially among security guards working 12 

hours/day, may contribute to the development of respiratory 

symptoms. The common complaints among security guards 

and ticketing officers, such as sore and watery eyes, support 

previous studies that link CO exposure to eye irritation and 

respiratory distress. These health issues, although not severe 

at the time of measurement, highlight the need for preventive 

measures to reduce exposure.  

The average number of motorized vehicles generated is 

29 units/hour. Research [21][22] shows that the more 

motorized vehicles are generated, the more emissions are 

produced, and vice versa.  

The results of the measurement of the physical quality of 

the ambient air have a temperature above the quality standard, 

with a wind speed including gentle gusts, and humidity below 

the quality standard so that the average concentration of CO 

gas is below the quality standard. This is in line with research 

[23] stating that high temperatures make air conditions 

become loose so that the concentration of pollutants becomes 

low, while for strong wind speeds the pollutants will spread 

widely so that the concentration decreases, and for low 

humidity the concentration of pollutants becomes low 

because high humidity makes the pollutants react with water 

vapor, causing the concentration of pollutants to become 

high. 

Furthermore, the suggestion to enhance as a mitigation 

strategy is highly relevant. Several studies have indicated that 

urban green spaces can absorb CO and other pollutants, 

improving air quality and reducing the risks associated with 

vehicle emissions. Implementing such environmental 

modifications not only improves air quality but also 

contributes to the overall health and well-being of workers in 

industrial settings. This is in line with research [24] stating 

that RTH is very necessary in the industrial era, especially in 

big cities, even more so if the place is designated as an 

industrial and warehousing area, so that RTH functions as a 

producer of oxygen, absorbs rainwater, and absorbs air 

pollutants. 

C.  CALCULATION OF VEHICLE GENERATION AT SAFE 
N LOCK SIDOARJO 

The average vehicle generation is 29 units. This is because 

most workers arrive at 07:00 - 08:00 WIB and the sampling 

time is a time when operational activities in the majority of 

companies in Safe N Lock Sidoarjo are distributing to both 

consumers and picking up goods from suppliers, so that the 

number of vehicles leaving is greater than the number of 

vehicles entering. 

This is reinforced by the results of the ambient air 

laboratory test that the CO concentration at point 1 is 0.123 

μg/m3, point 2 is 302.825 μg/m3, and point 3 is 0.0 μg/m3. 

This is in line with research [25] stating that as the number of 

motorized vehicles increases, the concentration of pollutants 

increases, and conversely, as the number of motorized 

vehicles decreases, the concentration of pollutants decreases. 

There is no limit to the number of vehicles entering and 

exiting the Safe N Lock Sidoarjo area, so Safe N Lock 

Sidoarjo on behalf of PT. Griya Prima Amanda already has 

an Andalalin (Traffic Impact Analysis) document. The 

document has been issued a Decree approved by the Regent 

of Sidoarjo and is valid during operations. 

D.  IDENTIFY THE TYPE OF MOTORCYCLE FUEL AT 
SAFE N LOCK SIDOARJO 

Large vehicles that enter the Safe N Lock Sidoarjo area 

are cars, pickups, diesel Colt Engkel trucks, Fuso trucks, 

tronton trucks, wing boxes, and tankers. Identification of the 

type of fuel for large vehicles engines at Safe N Lock shows 

that the majority use diesel.  

Diesel is known to produce greater CO gas emissions than 

motor fuels such as pertalite and pertamax. This is in line with 

research [26] proving that carbon monoxide exhaust 

emissions in motor vehicles that use diesel as fuel are proven 

to be 59% greater than in vehicles that run on gasoline such 

as pertalite and pertamax. Research [21] has similarly 

concluded that diesel has a higher CO content than pertalite 

or pertamax. 

The correlation between high CO concentrations and 

vehicle emissions is consistent with other studies showing 

that increased vehicle mobility contributes to elevated 

pollutant levels. The quality of the air, including temperature, 

wind speed, and humidity, plays a crucial role in the 

dispersion of CO in the environment. As indicated in our 

study, the temperature exceeded quality standards, potentially 

exacerbating the concentration of CO in the air. This finding 

aligns with research [27] suggesting that high temperatures 

and low humidity facilitate the accumulation of pollutants. 

The effort to reduce pollutants caused by emissions from 

diesel-fueled vehicles is reforestation. This is in line with 
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research [28] [29] on the benefits of reforestation, which is 

that it produces oxygen as the main component in the 

respiratory process of humans and other living things, as well 

as lowering temperatures and absorbing pollutants caused by 

the combustion of motor vehicle engines. 

E.  HAZARD IDENTIFICATION 

At the hazard identification stage, findings were found in 

the form of health complaints in security guards and ticketing 

officers in the form of sore and watery eyes with a percentage 

of 32%. One thing in this study was the absence of personal 

protective equipment (PPE) among workers, particularly 

masks and goggles. Research has shown that proper use of 

PPE can significantly reduce exposure to harmful airborne 

pollutants. The lack of PPE in this study underscores the 

importance of workplace safety regulations and interventions 

aimed at minimizing exposure to environmental hazards. 

Preventive measures against health complaints at the 

hazard identification stage are to use complete Personal 

Protective Equipment. This is in line with research [1] [30] 

stating that not using Personal Protective Equipment (PPE) 

can increase the risk of health complaints. 

F.  DOSE RESPONSE ASSESMENT 

The risk agent in this study is carbon monoxide, for which 

the CO gas Reference Concentration (RfC) value is not yet 

available in the Integrated Risk Information System (IRIS) list 

of the Environmental Protection Agency (EPA). 

The study states that CO gas is included in the reference 

concentration or RfC with the effect of respiratory tract 

irritation, so that the RfC value is obtained from the RfC 

calculation which refers to the CO gas ambient air chemical 

parameter quality standard of 10, 000 μg/m3 which is then 

converted to 10 mg/m3, then substituted into the default 

values in the ARKL guidelines from the Director General of 

PP and PL of the Ministry of Health in 2012, namely R = 0.83 

m3/hour, tE = 8 hours/day, fE = 350 days/year, Dt = 30 years, 

Adult Wb = 55 kg, tavg = 30 years x 365 days = 10,950 days, 

then entered into the RfC formula as follows:  

𝑅𝑓𝐶 =
𝐶 𝑥 𝑅 𝑥 𝑡𝐸 𝑥 𝑓𝐸 𝑥 𝐷𝑡

𝑊𝑏 𝑥 𝑡𝑎𝑣𝑔
 

RfC = 
10

𝑚𝑔

𝑚3 
𝑥 0,83

𝑚3

𝑗𝑎𝑚
 𝑥  8

𝑗𝑎𝑚

ℎ𝑎𝑟𝑖
 𝑥 350

ℎ𝑎𝑟𝑖

𝑡𝑎ℎ𝑢𝑛
 𝑥 30 𝑡𝑎ℎ𝑢𝑛  

55 𝑘𝑔 𝑥 10.950 ℎ𝑎𝑟𝑖
 

RfC = 1,157 mg/kg/hari ≈ 1.157 μg/kg/hari 

The reference dose of CO gas used comes from the above 

calculation, which is 1.157 mg/kg/day or equivalent to 1,157 

μg/kg/day. 

G.  EXPOSURE ASSESMENT 

1. Gender 

Most security guards and ticketing officers are male, with 

a percentage of 96% or 48 people. The lung capacity of a male 

individual is greater than that of a female. This is in line with 

research [31] stating that age, gender, weight, and race are 

factors that influence lung capacity between individuals. 

Research [32] has the same opinion that the vital capacity of 

the lungs of men is 6.0 liters and women is 4.2 liters. This 

shows that a man's lung capacity is greater than that of a 

woman. 

2. Age 

Security guards and ticketing officers at Safe N Lock 

Sidoarjo are mostly aged 19–31 years old, with a percentage 

of 49% or 23 people. People aged 20-40 will experience 

physical decline at the age of 40 and above. Researchers argue 

that as people get older, physical strength decreases if it is not 

balanced with a healthy lifestyle. This is in line with research 

[33] stating that there is a correlation between nutritional 

status and the quality of human physical health. 

Efforts that can be made to reduce and/or prevent the 

accelerated decline in lung quality are to stop smoking and 

use PPE when in locations that intersect with motorized 

vehicles. This is in line with research [34] stating that the 

decline in lung quality begins around the age of 35. The 

factors that influence the accelerated decline in lung quality 

are smoking and air pollution. Muscle strength begins to 

decline, especially after the age of 40. 

3. Smoking Habits 

The definition of habit according to the Big Indonesian 

Dictionary is a pattern of behavior that is done repeatedly. 

Smoking affects health complaints, especially respiratory 

complaints. This is in line with research [35] stating that the 

ρ value is 0.01 so that H0 is rejected, it can be concluded that 

there is a correlation between smoking and respiratory 

complaints. 

The results of research related to smoking habits among 

security guards and ticket officers show that the majority do 

not smoke. The researcher assumes that from the results of 

the interview, most respondents, both security guards and 

ticketing officers, are aware of the negative effects of 

smoking, so they decide not to smoke to maintain their health, 

especially their lungs. This is in line with research [36] stating 

that there is a relationship between passive smokers' 

knowledge of the effects of cigarette smoke on prevention 

efforts with a ρ value of 0.006 (ρ value <0.05). 

The efforts that can be made by respondents, the majority 

of whom do not smoke, are to remind active smokers to 

smoke in smoking areas or areas where there are no passive 

smokers. The efforts that can be made for active smokers are 

to smoke in special smoking areas or places that are free from 

passive smoking, and to reduce smoking habits in two ways, 

namely behavioral and pharmacological approaches or using 

medication. This is in line with research [37] stating that the 

impact of lifelong smoking habits, pipe/cigar smoking, and 

smoking duration varies for various causes of death, and that 

quitting smoking is effective in reducing the risk of death 

from all causes. 

4. Exposure Time 
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Exposure time can be defined as the length of time worked 

in 1 day. Security guards work 12 hours/day, while ticket 

officers work 8 hours/day. Researchers argue that the longer 

the working hours, the longer the exposure to CO pollutants, 

so that security guards are potentially at greater risk from CO 

gas exposure than ticket officers. This is in line with the 

Environmental Health Risk Analysis Guidelines of the 

Directorate General of PP and PL of the Ministry of Health 

which states that the default value for exposure time is 8 

hours/day [38]. Research [3] states that exposure time is one 

of the factors that influence the risk value of non-carcinogenic 

substances in respondents, the longer the exposure time, the 

higher the risk received. 

Prevention from exposure to air pollutants using personal 

protective equipment such as masks and goggles. This is in 

line with research [39] [40] stating that the use of personal 

protective equipment or PPE is very important in order to 

avoid work accidents, protect oneself from the risk of work-

related health problems, and as a responsibility to oneself and 

the institution. 

5. Exposure Frequency 

The frequency of exposure for security guards is 261 

days/year, while for ticketing office staff it is 313 days/year. 

The calculation is as follows: 

1 year = 365 days 

1 year = 52 weeks 

Holidays = 2 days (security guard), and 1 day (ticketing 

officer) 

So, the frequency of exposure to security guards  

= 365-(2 days off x 52 weeks) 

= 365-104 

= 261 days/year, while the 

Frequency of exposure to ticketing officers  

= 365-(1 day off x 52 weeks) 

= 365-52 

= 313 days/year 

The frequency of exposure of security guards and 

ticketing officers at Safe N Lock Sidoarjo is greater than the 

default value set in the Environmental Health Risk Analysis 

Guidelines of the Directorate General of PP and PL of the 

Ministry of Health, which is 250 days/year [38]. This shows 

that the frequency of exposure of security guards and 

ticketing officers has an impact on the amount of CO gas 

pollutants inhaled by respondents over the course of a year. 

The amount of exposure that each respondent receives will 

have an impact on the level of health risk to security guards 

and ticketing officers. 

Preventive measures to minimize air pollutants are the use 

of personal protective equipment such as masks and goggles. 

This is in line with research [41] stating that ρ < 0.001 < α = 

0.05, which means that there is a relationship between the use 

of PPE and respiratory disorders among furniture workers in 

Medan Satria District, Bekasi City. 

6. Exposure Duration 

From the interviews with all respondents, it was found 

that the majority, 19 people, had been exposed for 4 years and 

had worked at Safe N Lock Sidoarjo.  In terms of exposure 

duration, the study found that security guards with longer 

work tenures (up to 25 years) showed higher intake levels of 

CO. This suggests that cumulative exposure over time could 

increase health risks, which is in line with other studies 

indicating that long-term exposure to CO is linked to chronic 

health conditions such as cardiovascular diseases. Research 

[42] has stated that the duration of exposure has a correlation 

with the concentration of CO gas in the blood so that a long 

duration of exposure causes an increase in the concentration 

of CO gas in the blood. 

7. Body Weight 

Most of the respondents’ body weight ranged from 63 kg 

to 76 kg, with 24 people. The researcher argues that the 

greater a person's body weight, the smaller the intake of CO 

gas is produced. This is in line with research [33] [43] stating 

that the greater a person's body weight, the greater the lung 

capacity, so that the air exposed to CO gas is also inhaled 

more, therefore a large body weight will affect the Risk 

Quotient value. This is proven from the results of this study 

that the security guard with the highest body weight, 100 kg, 

has an intake value of 2,876 mg/kg/day, while the security 

guard with the lowest body weight, 54 kg, has an intake value 

of 4,258 mg/kg/day. 

8. Intake Calculation 

The calculation of CO intake levels for security guards 

and ticketing officers at Safe N Lock Sidoarjo showed that the 

highest intake level was 26.048 mg/kg/day, while the lowest 

was 0.846 mg/kg/day. The highest intake results include 

exceeding the CO gas Reference Concentration value of 

1,157 mg/kg/day, which means that daily exposure received 

by security guards with the highest intake value can have a 

bad impact on health. This is known because the respondent 

with the highest intake value has been exposed for 25 years, 

with other supporting factors such as a body weight of 69 kg, 

age of 53 years, exposure time of 12 hours/day, and frequency 

of exposure for 261 days/year. 

The lowest intake result does not exceed the CO gas 

Reference Concentration value of 1,157 mg/kg/day, which 

means that the daily exposure received by the security guard 

with the lowest intake value has not had an adverse effect on 

health. This is known because of the duration of exposure or 

having worked for only 1 year at the age of 23, as well as other 

supporting factors such as body weight of 85 kg, exposure 

time of 12 hours/day, and frequency of exposure for 261 

days/year. 

From the highest and lowest intake results described 

above, it can be concluded that the intake value is related to 

the duration of exposure, age, CO gas concentration, exposure 

time, and frequency of exposure. This is in line with research 

[44]  that states that the intake value has a correlation between 

chemical concentration, age, and frequency, time and 

http://ijahst.org/index.php/ijahst/index
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duration of exposure, but the intake value is inversely 

proportional to body weight and the average period or Tavg, so 

that the greater the body weight, the smaller the intake value. 

H.  RISK QUOTIENT 

All the security guards and ticketing officers at Safe N 

Lock Sidoarjo have an RQ value of less than 1, which means 

there is no risk at the lowest, average, or highest RfC 

concentrations. This means that the security guards and 

ticketing officers at Safe N Lock Sidoarjo are not at risk of 

getting sick from being exposed to carbon monoxide (CO). 

The results of the researcher’s analysis prove that the main 

factor affecting the RQ value is the duration of exposure. 

Respondents with code R38 had an exposure duration of 25 

years and an RQ value of 0.086, which is greater than the RQ 

value for all other respondents. Those respondents with code 

R38 had a greater health risk than respondents with codes R9, 

R25, and R42, who each had an exposure duration of 1 year. 

This is in line with research [3] stating that the main factor 

influencing 48 people, or 67.79% of respondents who have an 

RQ value of ≤ 1, is duration of exposure. Long duration of 

exposure makes the intake value received by the respondent 

greater. 

V. CONCLUSION 

While the study found that the overall risk of health 

impairment due to CO exposure is low (RQ ≤ 1), it is essential 

to consider the long-term effects of exposure, particularly for 

individuals working for extended periods. The study 

recommends regular monitoring of air quality, the 

introduction of PPE for workers, and the promotion of 

environmental strategies such as increasing green spaces to 

reduce pollutant concentrations. These measures will help 

ensure the health and safety of workers in high-risk 

environments like Safe N Lock Sidoarjo, contributing to the 

broader goal of improving occupational health standards. 
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