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ABSTRACT

This study reviewed and evaluated measurement approaches and methods are to judge the compliance
with and/or progress made towards meeting Kuwait Environment Public Authority’s Ambient Air
Quality Standards. By carrying out a continuous ambient air quality monitoring study in the company
premises, the effectiveness of existing emission control measures can be easily assessed and adequate
measures can be taken to improve the environmental commitment of the Kuwait National Petroleum
Company. This paper presents predictions of air pollution (PM

10
, NO

X
, NO

2
, NH

3
, SO

2
, H

2
S, O

3
, CO,

THC and NMHC along with meteorological data of Wind Speed, Wind Direction, Temperature, Rela-
tive Humidity, Solar Radiation and Rainfall) emitted from a modern refinery plant at  Mina Abdullah
Refinery area. Our findings indicate that the ambient air quality parameters were well within the limit
of the permissible Kuwaiti Standards for ambient air quality. Therefore, the Mina Abdullah Refinery
activities are not likely to have any significant adverse impact on the air environment in the vicinity of
the Refinery.

INTRODUCTION

Since the establishment of new rules and regulations
governing all environment-affecting industries
emerged in the state of Kuwait back in 2001 (KEPA,
2001), there has been a growing  concern about air
quality in urban areas. To improve urban air quality,
policy makers express widespread interest in control-
ling major airborne pollutants such as PM10, NOX, NO2,
NH3, SO2, H2S, O3, CO, THC and NMHC.

Oil refineries are complex process plants, which
convert crude oil into variety of products. Refining

* Corresponding author’s email : akhanfar@napesco.com

operation is associated with the emission of various
volatile organic compounds (VOCs) into the atmo-
sphere, mainly originating from production processes,
storage tanks, distribution terminals and wastewater
treatment areas (Harrison, 1998). The transportation,
distribution and marketing of refined products involve
many distinct operations, each of which represents a
potential source of evaporation, loss and occupational
exposure problem for the workers.

The fugitive emissions from oil refineries add
millions of pounds of harmful pollutants to the atmo-
sphere each year, including over 80 million pounds
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of volatile organic compounds (VOCs) and over 15
million pounds of toxic pollutants (Kalabokas et al.,
2000). But there is a lack of data on exposure to these
fugitive emissions. The atmospheric behavior of VOCs
is governed to a large extent by their life time. In the
process of long-range transport, BTEX are among other
VOCs that react with other pollutants such as NOx
and produce secondary pollutants with different re-
action rates (Atkinson, 2000; Pandya, 2006). The wide
range of VOCs released at petroleum refineries may
have significant impacts on health of the workers de-
pending on the levels of exposure. Assessment of hu-
man exposure to a complex array of such volatile com-
pounds is a key factor in quantifying the relationship
between environmental factors and human diseases.
Deleterious effects on human health (Brunekreef and
Holgate, 2002), injury to plants (Saitanis et al., 2001;
Agrawal, 2000) and reduction of crop yield (Nali et
al., 2002; Aihara, 1996) are known to be caused by
increased levels of these pollutants. Besides, elevated
levels of VOCs and ground level O3, measured across
regional air sheds are known to affect human health
(Seinfeld and Pandis, 1998; Al-Salem and Bouhamrah,
2006; Al-Salem and Al-Fadhlee, 2007). In many coun-
tries across Asia, North America and Europe, the air
quality has been improved over the last two decades.
Air pollution continues to receive a great deal of inter-
est worldwide due to its negative impacts on human
health and welfare. Several studies reported signifi-
cant correlations between air pollution and certain
diseases including shortness of breath, sore throat,
chest pain, nausea, asthma, bronchitis and lung can-
cer (Dockery and Pope, 1994).

Extreme effects of air pollution include high blood
pressure and Cardiovascular problems (Pope et al.,
2002; Sanjay, 2008). Correlations between air pollu-
tion and increased morbidity and mortality rates were
reported (Pope et al., 1995; Laden et al., 2000). The
World Health Organization states that Ambient (out-
door air pollution) in both cities and rural areas was
estimated to cause 3.7 million premature deaths world-
wide in 2012.  (WHO, 2014). Epidemiological studies
have shown a strong correlation between pneumonia
related deaths and air pollution from motor vehicles
in UK (Knox, 2008). In addition to its negative health
impacts, air pollution is known to cause injuries to
animals, forests and vegetation, and aquatic ecosys-
tems. Its impacts on metals, structures, leather, rub-
ber, and fabrics include cracks, soiling, deterioration,
and erosion (Boubel et al., 1994).

At present, the database for Ambient Air Quality

in and around an oil refinery regarding exposures of
the workers and the village inhabitants is rather
sparse in the international literature. In general, a main
problem in linking the environmental pollution to
health effects is the current lack of data about the ac-
tual exposure to hazardous pollutants (Garriazo et
al., 2005).

Many attempts have been made by scientists to
monitor and control such gaseous pollutants. Khan
and Al-Salem (2007a) have studied airborne pollut-
ants in an urban area in Kuwait in order to assess the
ambient air quality and its suitability for urban living
development. With data collected for three years it was
discovered that hydrogen sulfide (H2S) was the pol-
lutant with the major annual increase due to the abun-
dant sources surrounding the area under investiga-
tion. Major violations against the KEPA were recorded
in that study. A strict strategy was proposed to moni-
tor urban area air quality in Kuwait, with constant
monitoring tools and methods.

Khan and Al-Salem (2007b) have selected three pol-
lutants (methane (n-CH4), benzene (C6H6) and NOx)
to be seasonally monitored and studied for a period of
three years in an urban estate in Kuwait. The elevated
temperatures and strong winds of the summer sea-
sons over the study period affected methane levels
drastically due to the increase of dust levels in the
summer periods in Kuwait. Dust adsorption effect and
break down of methane particles all resulted in low
levels of methane gas in the summer seasons.

STUDY AREAS

The company premises and Mina Abdullah Refinery
area (Al-Ahmadi governorate, state of Kuwait) are char-
acterized by prolonged sunny hot periods from late
spring to autumn. Fig.1 shows both study areas with
respect to the coastline of Kuwait. The image also
shows Fahaheel highway, which is considered one of
the two busiest highways in Kuwait, used by work
commuters and travelers to other Gulf Council Coun-
tries (GCC). The highway is also used by Al-Ahmadi
governorate residents to commute to their work places
or Kuwait city. Fahaheel highway passes through both
study areas.

DATA AND METHODS

The Ambient Air Quality monitoring was carried out
from 10th August to 31st August 2014 in KNPC MA
Refinery. A fleet of mobile laboratories deployed with
full real time Meteorological Monitoring capabilities
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and Continuous Ambient Air Monitoring System
(CAMS). The CAMS were fitted with State of Art auto-
mated Analyzers of Technology viz., NOx-Chemilu-
minescent, CO-NDIR, SO2-UV Fluorescent, SPM-Beta
Attenuation Mass, THC/NMHC/VOC-GC FID/PID
etc.,. Detailed and Summarized Ambient Air Quality
and Meteorological data is presented in this paper.

Methodology

Mobile Air Monitoring Lab (Environment SA, France)
has been deployed during the above-mentioned pe-
riod. The monitoring has been carried out for criteria
Parameters viz. PM10, NOX, NO2, NH3, SO2, H2S, O3,
CO, THC and NMHC along with meteorological data
of Wind Speed, Wind Direction, Temperature, Rela-
tive Humidity, Solar Radiation and Rainfall.

Test Methods

Ambient Air Quality Monitoring has been carried out
using the Continuous Ambient Air Monitoring Sys-
tem, equipped with the analyzers of make Environ-
ment SA, France. These analyzers are designated by
USEPA as Automated Test Methods of 40 CFR 53.   The
Meteorological data was generated using meteorologi-
cal data-logging sensors mounted on them.  These
sensors are conforms the ASTM Test requirements and
were installed as per he guidelines of World Met
Organisation (WMO).

Quality Assurance and Quality Control

All the analyzers were calibrated prior to installation

of the Mobile Laboratory on site. Standard traceable
calibration gases were used to calibrate the analyz-
ers. Periodical ZERO and ZERO REFERENCE checks
were conducted automatically for better performance
of the analyzers.

RESULTS AND DISCUSSION

In order to assess the air quality in the two areas of the
company premises and Mina Abdullah Refinery, mea-
sured concentration values of the pollutants were
analyzed and compared with the limits and guide-
lines specified by the latest regulations (Law 210/
2001) of the Kuwait Environment Public Authority
(KEPA, 2001).

Daily Meteorological and Ambient Air Quality Data

Hourly concentrations of the pollutants monitored
were compared with the limits specified by KEPA. For
the protection of human health, the KEPA sets a limit
of 80 ppb as an hourly rolling average for ground level
O3. Inhabitants of both areas in our study were ex-
posed to O3 levels above the limit.

Ambient air quality monitoring of Mina Abdullah
Refinery area has been carried out during the month
of August 2014. The average temperature recorded is
340 Celsius. The average wind speed is 2.4 m/s
during the study period. Predominant wind direction
was blowing from north westerly (as evident from
wind rose) direction. During the monitoring period
August 2014, it was observed that the ambient air

Fig. 1 Aerial View of Mina Abdullah Refinery area
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Table 1. Parameters and Specifications

S.No. Parameter Units Principle/Method Measuring range Test Method

1. Non Methane Hydrocarbon PPM Flame Ionization Detector 0-1000 40 CFR 53
(NMHC)

2. Total Hydrocarbon (THC) PPM 0-1000 40 CFR 53
3. Methane (CH4) PPM 0-1000 40 CFR 53
4. Nitrogen Dioxide (NO2) PPB Chemiluminescence 0-50000 40 CFR 53
5. Nitrogen Oxides (NOx) PPB 0-50000 40 CFR 53
6. Ammonia (NH3) PPB 0- 50000 40 CFR 53
7. Sulphur Dioxide (SO2) PPB UV Fluorescent 0-10000 40 CFR 53
8. Hydrogen Sulphide (H2S) PPB 0-10000 40 CFR 53
9. Carbon monoxide (CO) PPM IR Gas Filter Correlation 0-200 40 CFR 53
10. Particulate Matter(PM10) µg/m3 Beta Gauge 0-10000 40 CFR 53
11. Ozone (O3) PPB UV Photometric 0-10000 40 CFR 53

quality parameters were well within the limit (where
ever the standard available, a comparison is made) of
KEPA standards for industrial areas. Daily Summary
for the Month of August 2014 shown in the following
table (Table 2).

Variation in Ambient Air Quality

Wind Speed

Average wind speed of the study area during the study
period ranges between 2.1-2.9 m/s.

Temperature

Observed average temperature during the study
period was 33.8 oC. The recorded temperature was
from 29 oC to 38.9oC for the month of August 2014.

PM10

The ambient air quality standard prescribed by KEPA
for PM10 is 350µg/m3. It is observed that the recorded
daily average PM10 concentrations were in the ranges
of 119.1 to 297.5µg/m3.

NOx

NOx is a prime parameter, causing global warming.
Rise in NOx is of prime concern due to this reason. It
was observed that the daily average value of NOx was
within the range of 17 to 21 ppb.

NO2

Due to this prime focus, ambient air standards and
guidelines are given exclusively for NO2 concentra-
tions by most countries and environmental organiza-
tions. It was observed that the daily average value of
NO2 was around 12.2 ppb at the project area and it is

well within the stipulated limit of KEPA which is 50
ppb.

SO2

It was observed that the daily average concentration
of SO2 at the project area is well  and within the stipu-
lated limit of KEPA which is 200 ppb.

NH3

The average value of NH3 during study period is in
the range of 11-18.6 ppb. No KEPA standard is avail-
able for this Parameter.

H2S

The Daily Average KEPA limit for H2S is 130ppb. The
observed range of average 24 hour concentration for
H2S during the month of August 2014 was between
8.5-14 ppb. Refer below table 2 for daily variation.

O3

The prescribed Hourly Average limit by KEPA for
Ozone is 80ppb. The observed range of average 24
hour concentration for O3 during the month of
August 2014 was between 8-14.5 ppb. Refer below
Table 2 for daily variation.

CO

The prescribed Daily Average limit by KEPA for
Carbon monoxide is 8ppb. The observed range of
average 24 hour concentration for CO during the
month of August 2014 was between 0.89 to 1.09 ppb.
Refer below table 2 for daily variation.

Total Hydrocarbons

There is no prescribed KEPA standard is available for
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total hydrocarbon levels in ambient air. The observed
range of average 24 hour concentration for THC dur-
ing the month of August 2014 was between 2.7 to 3.6
ppm. Refer below Table 2 for daily variation.

Non Methane Hydrocarbons

KEPA has not yet set a limit for non methane hydro-
carbons level in ambient air. The maximum concen-
tration among daily average of NMHC in the study
area was observed less than 1.13 ppm.

Wind Direction

The predominant wind direction during the study
period was blowing from north westerly; strong wind
was also observed which was blowing from north
westerly direction. Average wind speed observed was
2.44 m/sec. Wind speed and wind direction were
plotted in the format of wind rose diagram for the study
area.

Rainfall

Rainfall was not observed during the monitoring

period (month of August 2014).

CONCLUSION

The ambient air quality monitoring was carried out
for KNPC, Mina Abdullah Refinery area for the month
of August 2014. It is evident from the above data that,
the average concentrations of the Criteria Parameters
are well within the stipulated standards of Ambient
Air Quality for Industrial areas prescribed by Kuwait
EPA.

The data of this study would be useful for future
comparisons. It is obvious that, for future air quality
management strategies, the development of accurate,
temporally and spatially resolved day-of-the-week
emission inventories. Regarding the role of local agen-
cies involved in making air quality conditions better
in urban living locations, the Kuwait Environment
Public Authority (KEPA) must enforce their rules and
regulations of the industrial sectors around urban
areas.

Emissions from upstream and downstream indus-
tries cause a number of problems in the general popu-

Fig. 2 Wind speed and wind direction during the Study
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