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Abstract
Introduction: Causeway is providing a road link between travelers from Al-Khobar, Saudi Arabia and Bahrain. The vehicle traffic
noise and emissions exhaust at Causeway have a significant effect on air quality parameters which leads to deteriorations impact
on health of employees and passengers. The present study aimed to analyze the ambient air pollutants PM10, PM2.5, PM1, O3, CO2,
SO2, CO, VOCs, and NO2, ambient noise and heat stress in and around causeway. Materials and Methods: All gaseous, particulate air
pollutants, meteorological factors, ambient noise and heat stress were analyzed using standards calibrated equipment. July 2019 to
October 2019 the study incused seven administrative sites in King Fahd causeway (Saudi Side). Air Quality Index (AQI) was used to
determine the concentrations of selected ambient air pollutants. Results: All major air pollutants were high and significant difference
in the concentration level between weekdays and weekends (p<0.05) and exceeds the international air quality guidelines in the
selected studied sites of causeways. However, ambient noise demonstrated high significant levels in different studied sites in different
times (p<0.05). Conclusion: Air quality measures in Causeway are significantly deteriorated and should be continuously evaluated
to minimize the risk of daily exposure to traffic emissions.
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1. Introduction

Air quality is one of the basic indicators for environment
quality. All urban cities affected by air pollution due to traffic,
industries1. All developed and specifically developing countries
have experienced air pollution because of increasing traffic in
all roads in the major urban cities2. Population living in these
urban cities has high chances of worse health impacts3-5.
Previous decades major cause of air pollution by industrial
fumes and fossil fuel burning but now traffic is the major
source of air pollution especially in major highways6. Air
pollution caused by traffic which is contributing to severe
health impacts such as cancers and ear problems and also effect
daily activity7. Emission from traffic due to traffic congestion
and vehicle moving at slow speed are the major factors8. Air
pollution from traffic have major public health problem and
it is associated with asthma and cardiovascular disease and
increase no. of patients visited the emergency department of all
hospitals. The particles which contributed these health impacts
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are Particulate Matter (PM), Volatile Organic Compounds
(VOCs) sulfur dioxide (SO2), and carbon monoxide (CO). The
most common age group affected is from children and older
people9. It is estimated 2.4 million deaths per year worldwide
due to air pollution from traffic10.
It is estimated that 50% of world population living in urban
cities. These pollutants affected the health of urban cities
population. Exhaust emissions from vehicle produce pollutants
such as carbon monoxide (CO), Particulate Matter (PM),
carbon dioxide (CO), hydrocarbons (HC), Sulfur dioxide
(SO2), Volatile Organic Compounds (VOC), and nitrogen
oxides (NOx)11. The route of bus fleets represent a substantial
portion within the city traffic11.
When driver drive the vehicle and there is rush and traffic
jam, they exposed to high concentration of pollutants12. Now
days the auto manufacturers used latest technology for engine
specification for reduce the emission but still this pollutants
comes from emission which is in the nanoparticle size range
less than 50 PM13.
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Quality of air depends on many factors but main factors
in urban cities traffic pollution and emission strength and
meteorological conditions of area14. The meteorological factors
such as: wind speed, wind direction, air temperature, humidity,
barometric pressure and height of the mixing layer14. These
factors can modifies the pollutants concentration in the air15.
The rational of this study is that no previous study was
conducted on best of my knowledge which determine the air
quality along the major roads in Saudi Arabia. The results of the
study will help to develop the policy to reduce the pollutants
concentration in air.
The aim of this study is to determine the ambient air quality
level major causeway in Saudi Arabia.

2. Methodology
2.1 Sampling Site
King Fahd caws way authority is an institution that provides
entry and exit services between the two countries Kingdom
of Saudi Arabia and the Kingdom of Bahrain and length is
25 km. Measurement will be conducted during all weekdays at
morning, afternoon and evening time.
For this study, there are seven major sampling stations and for
each station at least tow place of sampling to make sure our data
is specific and accurate, selected for the purpose of data sampling.

2.2 Sampling Strategy
2.2.1 All gases Emission such as NO2, SO2, CO2, O3,
CO2 and VOCs
Gas Concentration Detector was used to measure the
concentration of gas in the atmosphere, Gray wolf Direct Sense
Monitoring Kit (Toxic Gas TG-501 PROBE) was used. There
were a lot of records for each of the VOCs, NO2, CO2, SO2, O3,
CO levels from customs and passport stations in King Fahd
causeway. By real-time dust monitor reading by detecting both
repairable and total dust sampling, samples of PM10, PM2.5
and PM1 was analyzed using real-time dust monitor. After
calibration in the lab Noise levels were measured using an
integrating sound level meter, type 2225, with microphone type
4129, manufactured by TES Company that gives the average of
sound level for a period. Temperature (Temp), wind speed (km/
hour) Wet Bulb globe Temperature (WBGT), Relative Humidity
(%) were calculated using calibrated equipment called (Kestrel).

2.3 Data Assessment
Data were analyzed using SPSS software version 23. Descriptive
statistics was used to calculate the mean and standard
deviations. Mean concentration was computed for the total
determining period and intervals with high and low exposure
independently. If missing values were observed than the other
distances in specific area were excluded to compare the means.
2

3. Results
Data revealed that levels of VOC, NO2, O3, SO2, CO, are exceeds
than the allowable exposure limits and quality guidelines
of Saudi Arabia. These concentrations were significantly
difference between weekend days and weekdays (Table 1).
Particulate fractions PM10, PM2.5, and PM1 are highly
significant in Passport station. Data revealed that levels of
PM10, PM2.5, and PM1 are higher than the permissible
exposure limits and Saudi air quality guidelines and these
reflect the impact of vehicle traffic emissions in the selected
area. These levels were significantly difference between
weekend days and weekdays (Table 2).
Table 3 demonstrates the variations in the meteorological
factors that affect the concentrations of both gaseous and
particulate air quality. These levels were significantly difference
between weekend days and weekdays.
The mean levels of ambient noise and heat stress where
the levels of noise are significantly higher than the permissible
levels of noise traffic in weekend than weekdays and these
Table 1. Mean levels of gaseous air pollutants in passport
station
Gaseous air
pollutants ppm

Weekend

Weekdays

p-value

NO2

1.4

0.98

<0.05

SO2

1.1

0.87

<0.05

VOCs

0.9

0.75

<0.05

O3

0.15

0.1

<0.05

CO/10

1.2

0.99

<0.05

CO2/1000

0.7

0.78

>0.05

Table 2. Mean levels of particulate air pollutants in
passport station
Gaseous air
pollutants µg/m3

Weekend

Weekdays

p-value

TSP

370

350

<0.05

PM10

257

245

<0.05

PM2.5

65

67

>0.05

PM1.0

48

33

<0.05

Table 3. Mean levels of meteorological factors in passport
station
Meteorological
factors

Weekend

Weekdays

p-value

Wind Speed

0.7

0.4

< 0.05

Temperature

33.9

29.3

<0.05

59

74.3

>0.05

Humidity
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Figure 1. Mean levels of gaseous air pollutants in customs station.

Figure
1 Mean
of gaseous air
pollutants
in Customs
station
were
significantly
difference
between weekend days and
Table 4. Mean levels of noise
and heat
stress levels
in passport
station
weekdays.
Data revealed that levels of VOCs, NO2, O3, SO2, CO,
Noise and heat
Weekdays
Weekend
p-value
are exceeds than the allowable exposure limits and quality
stress
guidelines by Saudi Arabia (Figure 1).
Noise
81
88
<0.05
WBGT. C°

24.5

25.2

>0.05

4. Discussion
Table 5. Correlation coefficients between pollutants and
traffic volume in different sites through the King Fahd
Causeway
Traffic volume
weekdays

Traffic volume
weekend

p-value

CO

0.57

0.87

< 0.05

CO2

0.45

0.63

< 0.05

NO2

0.35

0.74

>0.05

SO2

0.41

0.84

>0.05

VOCs

0.31

0.71

< 0.05

O3

0.41

0.51

< 0.05

TSP

0.54

0.89

>0.05

PM Fractions

0.65

0.91

< 0.05

Air pollutants

might be due to the high traffic movements of cars during the
weekend in comparison with the normal traffic movement in
the weekdays (Table 4).
Data shows that there is strong correlation coefficient
between different air pollutants and traffic volume on weekend
days in comparison with weekdays (Table 5). These levels

This study shows that levels of gaseous air pollutants, particulate
matters and meteorological factors were high compared to
standards level. Also, there is a significant association between
levels of gaseous air quality in the weekend and weekday and
this might due to the high traffic congestions in the weekend
days and increase the travel to Bahrain.
The result of study found that high concentration level
of gaseous air pollutants and particulate matters around the
causeways. Results of the similar studies showed that CO
and PM10 concentration were higher in highways and these
concentrations were high during summer season16-18. The data
for air quality in the downtown of city showed that weather can
affect the variation of concentration of sulfur dioxide (SO2),
Carbon Monoxide (CO) and PM1018.
Concentrations levels of PM10 and PM2.5 were high near
the causeways in this study. Previous study found significantly
higher during weekend days. Measurements from the other
major roads in western European countries were high especially
in weekends19. The past study was conducted to determine the
24 hours for whole weeks mean concentration of particulate
18matters at busy road of Tokyo, Japan. The result found that
PM concentrations has reduced from 57μg m-3 at 1 m distance
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to 29 μg m-3 at 10 m and 24 μg m-3 at 50 m20. Also, there is a
significant association between levels of particulate air quality
in the weekend and weed day and this might due to the high
traffic congestions in the weekend days and increase the travel
to Bahrain. However, these findings correlate significantly with
the total numbers of cars crossing the causeway during the
weekend days.
Measured particulate emissions levels revealed s significant
levels of PM10 and PM2.5 in the studied areas where the
highest concentrations were recorded in comparison with
Air Quality index. This might due to the extensive use of
gasoline as a primary fuel source in all types of vehicles
crossing the King Fahd Causeway where it contains much
Sulphur in its ingredients and represent environmentally and
severe health impacts among working staff in the King Fahd
Causeway.
Cars and Turks are the major source of particulate matters
and principal contributors of air pollution21,22. This pollution
has contributed significantly on health of human being21.
These vehicles constituted from 20 to 21 % of global burden of
nitrogen oxides (NOx) and Particulate Matter (PM) emissions
respectively in 201023. This pollution was due to exhaust
emission depends on the driving style, engine condition, type
of fuel used. Global CO and NOx emission from the fossil fuel
combustion24.
There is common practice that low quality of fuel was
used in vehicle which contributes the air pollution and second
factors is poor regulation of traffic control25. This problem
increased day by day throughout the world because of poor
regulation of environmental regulation26.
In this study CO concentration has increased due to traffic
congestion and this finding is consistent with previous study
which showed that high traffic density directly associated with
CO concentration. Traffic Congestion also major contributor
to CO concentration27.
In this study NO2 concentration also high in all sites
with 2.60 ppm concentration level. This level significantly
differences between weekdays and weekends (p>0.05) because
of traffic volume. This finding also consistent with other study
which showed that NO2 concentration were high in major
highways. Other factors contribute to NO2 concentration are
poor maintenance of vehicle28. These levels of NO2 were high
compared to WHO guideline of air quality.
The SO2 concentration was also high at all study sites
which is 2.18 ppm. The major factors are emission from
poor maintenance vehicle. The mean concentration level is
above the standard guideline of WHO air quality index. The
previous study has found the results that SO2 associated with
asthma directly29. These caused also several other respiratory
problems30. That’s why residence of that area suffered from
respiratory problems.

4

5. Conclusion
We can conclude that King Fahd Causeway Facilities have
higher concentrations of gaseous and PM in air that exceed the
Saudi and international air quality standards which represent a
major health risk to the employees and passengers.
As a mitigation measures, it seems to be difficult to control
emissions from vehicles, but we should have others control
measures as ventilation, Personal protective equipment,
training and administrative measures.
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