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ABSTRACT

From 2007-2009, National Energy and Water Research Center (NEWRC) on behalf of Abu Dhabi Water and Electricity
Authority (ADWEA) conducted a long term baseline study of nitrogen dioxide (NO,), carbon monoxide (CO), sulfur
dioxide (SO,), ozone (O;) and particulate matter <10 um in diameter (PM,) using ambient air quality station located in
the vicinity of Al Mirfa power plant in Abu Dhabi, United Arab Emirates (UAE). The objective of this study was to es-
tablish baseline levels and study the behavior of airborne pollutants from natural as well as anthropogenic origins with
temporal variations. The study reveals that the average hourly values for NO,, SO,, and 8 hour average of CO were
within the acceptable levels of 400, 300 and 30,000 pg/m’ respectively, whereas the levels of Os as 8 hour average
(<200 pg/Nm®) and PM10 (<150 pg/Nm®) occasionally exceeded the FEA permissible limits during the study period.
Seasonal variation based on three years data reveals that the highest concentration of NO, and SO, were during winter
and for CO and O; during summer months. Results indicate that the levels of SO, and CO were significantly controlled
and improved while the fuel combustion of Al Mirfa power plant had increased from 2007 to 2009. Dust has signifi-
cantly impact on the air quality by elevated levels of PM,, exceed in several instances associated with regional sand-

storm during the monitoring period.
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1. Introduction

Abu Dhabi, the capital of UAE lies on a T-shaped island
jutting into the Arabian Gulf from the central western
coast. Rapid economic, industrial, and population growth
in the UAE for the past 40 years has led to the burning of
more fossil fuel for power generation and subsequent
releases of air pollutants into the air environment. Air
pollutants that have been identified as an indicator of air
quality by the United States Environmental Protection
Agency (USEPA) are nitrogen oxides (NO,), sulphur
oxides (SO,), carbon monoxides (CO), ozone (Os), par-
ticulate matter (PM;,) and lead (Pb). SO,, NO,, CO and
PM,, are well recognized as sources emitted from the
combustion of fuels used in power and desalination
plants. The impact of emissions from power generation
plants on ambient air quality that cause air pollution has
been an area of concern and a focus of study during re-
cent years [1]. Therefore, ambient air monitoring of po-
tentially harmful levels of pollutants is of paramount
importance. The attention to the exposure to elevated
pollutants concentrations for long continued exposure
has increased due to wide range of adverse effects of air
pollutants on ecological system and human health [2-4].
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The impact of power generation on ambient air quality
has been investigated by many authors including the role
of power generation in air pollution [5]. Despite knowing
that the anthropogenic ambient air pollution, in particular
particulate matter (PM), causes a considerable public
health impact in the UAE in terms of premature deaths as
major causes [6], the studies on air quality monitoring
are restricted to few. An author reported air pollutants,
H,S. NOg, NO,, NO, SO,, O3, CO, and HC, at various
locations in Bahrain and found that most pollutants are at
lower levels compared with standards [7]. In Al Mirfa
City, located in the western region of Abu Dhabi, UAE, a
power generation and desalination plant provides the
local populace with electricity and water. Air emissions
(solid or liquid particles and gases) contaminate the en-
vironment and result in chronic (arising from long-term
exposure) or acute (due to accidents) health conse-
quences on living populations and the ecosystem. This
research study was conducted to determine the levels of
SO,, NO,, CO, O; and PM, in the vicinity of Al Mirfa
power plant and whether the levels of any of these pol-
lutants exceeded permissible limits as specified by the
laws of the UAE Federal Environment Agency [8]
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Table 1. Ambient air quality standards stated by UAE-FEA, along with the detection principle for each pollutant.

Substance Max. Allowable Limits (ug/Nm®) Avg. Time Experimental Method
350 1 hour
Sulfur Dioxide 150 24 hour UV fluorescence
60 1 year
30 (mg/Nm®) 1 hour
Carbon Monoxide Non-dispersive infra-red
10 (mg/Nm®) 8 hour
400 1 hour
Nitrogen Dioxide Chemiluminescence
150 24 hour
200 1 hour
Ozone UV Photometry
120 8 hour
Particulate Matter 150 24 hour Beta attenuation

ug: microgram; mg: milligram; Nm®: Normal cubic meter.

(Table 1) in addition to identify impact of regional sand-
storm on PM,y in Al Mirfa (Figure 1).

2. Pollution Sources

Major pollution source in the study area is Mirfa plant
which is located about 4 km upwind of town, and
equipped with four gas turbines that each has a capacity
of 48 MW. The plant consists of 12 stacks with an aver-
age height of 60 m from the ground level. The facility
also has a distillation plant with a maximum capacity of
37.7 million gallons per day (MGD). The distillation
plant runs continuously on natural gas and occasionally
on fuel oil. In 2008, the plant burned 18,090 MSCFof gas
and 14,238 gallons of fuel oil [7].

3. Measurements Techniques
Ambient Air Monitoring station (AQMS) provided with
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Figure 1. Location of ambient air quality monitoring station
in Al Mirfa city, United Arab Emirates.
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continues gas and particulate monitors along with mete-
orological sensors for automatic operation and measure-
ments. Five minutes average values are logged continu-
ously for 24 hours a day throughout the year during
2007-2009. Raw data are retrieved simultaneously by
advanced central Data Acquisition System (DAS) oper-
ated by National Energy and Water Research Center
(NEWRC), where rigorous and comprehensive Quality
Control/Quality Assurance (QA/QC) programs are im-
plemented to ensure the high quality of collected data
which obtained for about 90% of the study period. Table
1 summarizes the principle of operation for the ambient
air quality monitoring.

4. Characteristic of Air Quality Parameters

The need to investigate ambient air quality appears
paramount especially when bearing in mind the envi-
ronmental impacts of air pollutants from major air emis-
sion sources that can affect local and regional air quality.
The dispersion and ground level concentrations of these
emissions are determined by a complex interaction of the
physical characteristics of plant stacks, physical, chemi-
cal characteristics of the emissions, meteorological con-
ditions at or near the site during the time the emissions
travel from the stack to the ground level receptor, topog-
raphical conditions of the plant site and surrounding
areas, and the nature of receptors (e.g. people, agriculture,
and vegetation). Fast economic development and growth
congregated in Abu Dhabi from past four decades lead-
ing to more fossil fuel consumption and subsequently to
considerable release of air pollutants. Data from Al Mirfa
power plant shows considerable increase in fuel con-
sumption from 2005-2009. During normal operation
conditions the fuel used in Al Mirfa plant contains 5 pg/l
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of sulfur. Air pollutants that have been used as indicators
of air quality identify six pollutants namely as Nitrogen
oxides (NOyx), Sulfur oxides (SOx), Carbon monoxide
(CO), Ozone (0O;), Particulate matter (PM;) and lead (Pb)
[9]. The standards for these pollutants are based on crite-
ria related to health and environmental effects. With the
exception of Pb all criteria pollutants are continuously
monitored at Al Mirfa AAQM station. However, the am-
bient concentrations of Pb is expected to be in extremely
low levels since this pollutant is mainly emitted from
vehicles which are completely run by unleaded high
grade petrol. In air quality research, information on met-
rological data has significant importance. Dispersion and
dissipation of pollutants are usually involve atmospheric
mixing, settling and deposition which are greatly affected
by the degree of turbulence in air [10] and the latter in
turn depend on weather conditions (as temperature and
wind speed), the movement of high and low pressure
systems and their interaction with the local topography.
The annual average values of gaseous pollutants, par-
ticulate matter and meteorological recorded in Al Mirfa
AAQM during 2007-2009 are described in approaching
subsections.

5. Results and Discussion
5.1. Nitrogen Dioxide (NO,)

NO, which produced under high temperature combustion
are major criteria pollutants that are precursors to photo-
chemical smog, ozone, and acid formation. NO, concen-
trations found to be within all permissible limits (hourly
and daily); hourly average concentrations were relatively
low during 2007-2009. Variations in NO, were found in
a range of 0.01 - 118.72 pg/m*® with an annual mean
value of 12.96, 13.01 and 13.42 pg/m?* during 2007, 2008
and 2009 respectively (Table 2). Peak levels were found
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during winter and spring while the lowest values pre-
vailed during the summer (Figure 2). The mean value of
NO, in winter (14.44 pg/m®) showed a 22% reduction
from the summer value (11.12 pg/m®). The trend of re-
spective higher and lower values of NO, during winter
and summer could be attributed to an enhanced oxidation
process [11], where a reduction in photochemical reac-
tions occur between NO, and hydroxyl (OH) radicals that
form nitric acid (HNOs) [12]. This trend was also ob-
served in many studies on ambient air quality monitoring
[11,12].

5.2. Carbon Monoxide (CO)

CO levels vary within a range of 0.01 - 5.73 mg/m’ with
respective mean values of 0.67, 1.09, 0.57 mg/m’ during
2007, 2008 and 2009 respectively. Seasonal variation of
CO at the Al Mirfa site exhibited a distinct cycle with
maximum values in summer and minimum values in
winter. Elevated levels of CO during summer are attrib-
uted to more gas burning in power stations in arid zones
due to increased electricity demand used in air-condi-
tioning [13]. As Korean study concluded that there is a
close correlation between CO poisoning and temperature
for summer months, and this association was much stron-
ger in August when the temperature was high. However,
on contrary to this CO emissions are sensitive to ambient
temperature in cold weather such as Moscow which be-
ing higher in winter [11] due to more poisoning of fuel
during winter than summer. Hourly and 8-hour rolling
averages of CO concentrations was low comparing with
FEA standard allowable limits and neither hourly nor
8-hour limits were violated during the stud period.

5.3. Sulphur Dioxide (SO,)

SO, concentration was recorded within a range of 0.03 -

Table 2. Annual average concentrations of ambient air pollutants, calculated on hourly values, in Al Mirfa during 2007-2009.

Pollutant Unit Levels 2007 2008 2009
Mean 12.96 13.01 13.42
NO, pg/m’
Range 0.00 - 118.72 0.02-99.14 0.13-92.65
Mean 4.24 2.56 3.24
SO, pg/m’
Range 0.03 -39.22 0.21 - 84.65 0.05 - 67.96
Mean 0.67 1.09 0.57
CcO mg/m’
Range 0.01 - 3.60 0.09 -5.73 0.01 - 2.06
Mean 58.70 74.77 69.62
0; pg/m’
Range 0.04 - 197.73 2.71-274.21 0.20 - 207.18
Mean’ 122 155 157
PMm },lg/l’l'l3
Range” 21-1134 12-1002 4-1426

Copyright © 2012 SciRes.
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Figure 2. Diurnal and seasonal variations of NO,, CO, SO, and O; during 2007-2009.

84.65 pg/m* with a mean value of 4.24, 2.56 and 3.24
pg/m?® during 2007, 2008 and 2009 respectively. SO, in
Al Mirfa was found to be well below the FEA permissi-
ble limits. The concentration of SO, can be increased
depending on the nearest source activities such as Indus-
trial and vehicular emissions. However, monitoring
showed low concentration values during the study period
which can be attributed to the green fuels used in the
whole country. Diurnal and seasonal variations can be
justified by traffic activity trend near the monitoring lo-
cation as well as the variations in humidity and air pol-
lution levels throughout the year (SO, reacts with other
substances and moisture in the atmosphere to form sul-
fate aerosols and sulfuric acids). Monitoring results indi-
cate peak concentration of SO, tends to be in winter
months followed by spring and fall months while the
minimum concentrations are during summer months that
characterized by high humidity conditions. This trend
was found to be similar to other studies [12]. Low to me-
dium winds blowing from the direction of power plant
towards populated residential area can increase the pos-
sibility of pollution. In 2009, about 49% of wind speed

Copyright © 2012 SciRes.

records were between 0.5 - 2.9 m/s.

5.4. Ozone (O5)

Fluctuation in Oj varied in a range 0.04 - 274.21 pg/m’.
The mean values of O; in Al Mirfa monitoring station
were high with respective mean values 58.70, 74.77,
69.62 pg/m’® during 2007, 2008 and 2009. During the
monitoring period, hourly values were below FEA limits,
however, violation of the hourly average standard limit
of 200 pg/m® was noticed, nevertheless, it is known that
this pollutant is produced throughout complex photo-
chemical reactions of nitrogen oxides and Volatile Or-
ganic Compounds (VOCs) in presence of sunlight and it
is not directly emitted into the air from any particular
activities. Most of the ozone in the troposphere (lower
sphere) is formed indirectly by the action of sunlight on
nitrogen dioxide. In addition to photo chemical reactions
ozone (0O3;) produces a number of oxidants including
peroxyacetyl nitrates (PAN), nitric acid and hydrogen per
oxide [14]. Diurnal variations attributed to high intensity
of sunlight during day time which leads to form high
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ground level of ozone as similar to other studies [15].
Time series of O; shows statistically significant trend in
most cities world-wide [14]. Elevated ground level ozone
is expected to be monitored during spring and summer
seasons as the sunlight intensifies and start to induce the
photochemical reaction Peak O; levels were seen de-
pendent on seasonal temperatures and observed numbers
of sunny days in a particular city besides availability of
its precursors. There has been 50% - 60% rise in ozone
levels in summer compared to winter and monsoon
months when solar insulation is week [15]. Overall, high
levels of O; associated in the high sunny periods, which
are formed indirectly by the action of sunlight on nitro-
gen dioxide.

5.5. Particulate Matter (PM,,)

Numerous epidemiological studies conducted over the
past years indicate a strong association between ambient
particulate matter concentrations and adverse health ef-
fects [2,15]. PM|, level varies in an enormous range of 4
- 1426 pg/m?. Seasonal mean average showed the high-
est values during summer and the lowest during winter
(Figure 3). Daily average concentrations exceeded the
permissible limit by 62, 85 and 88 times during 2007,
2008 and 2009 respectively. The high concentrations
were due to natural phenomenon, the dusty and dry na-
ture of the wind rising from the west and northwest.
These winds were the result of dust storms that are typi-
cally originated by local desert and trans-boundary air-
borne effects coming from the southern Iraq desert im-
pacting not only the entire region (Bahrain, Kuwait and
eastern province of Saudi Arabia) but extending further
into the Arabian Gulf [13]. Selected images of PM,, were
obtained from the Moderate Resolution Imaging Spec-
troradiometer (Modis) for elevated level of PM,y during
the period between 2007-2009 (Figure 4). Such study
was also recommended in a regional published study. The
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Figure 3. Diurnal and seasonal variation of PM;y during
2007-2009 from Al Mirfa city.
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MODIS Rapid Response System was developed to pro-
vide daily satellite images of the earth’s landmasses in
near real time [16]. The images clearly demonstrated that
the elevated levels of PM;, during the study period were
associated with regional dust and sand storms. Such storms
carry millions of tiny airborne particles and occur na-
turally in desert environments such as the UAE. Dust
particles emitted by arid and semiarid regions make up
about 45% of global aerosol emissions [17]. Construction
activities can also stir up dust. Industrial processes such
as fossil-fuel combustion in power plant are also sources
of PM pollution.

The biggest hazard, according to the American re-
searchers, is particulate matter—tiny particles of sand,
dust and chemicals that can penetrate deep within the
lungs. We have not enough information about the che-
mical composition and size of the floating particles,
which has an effect on how dangerous they are, however
high dust storm is natural phenomenon which may
causes a considerable public health impact in the UAE
[6]. Moreover, meteorological conditions plays a vital
role in defining air quality in an area, either by dispersing
and dissipating pollutants or aggravating air quality ex-
ceedances, therefore the ground level concentration of
pollutants depends on the meteorological condition in the
surrounding areas.
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Figure 4. PM,, association with region sandstorms as evi-
dent in the MODIS Images during 2007-2009 from Al Mirfa
city.
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5.6. Metrological Conditions

The predominant climatic condition in Al Mirfa area may
be described as hot, dry, and sunny weather in summer;
while winters are mild and humid, with occasional rain,
temperature may fall to 6.4°C during night times. Sum-
mer seasons extend from 21 June to 20 September where
the air is hot and dry, during 2007-2009; mean tempera-
ture during summer season was ranging from 35.09°C to
45.27°C with a mean temperature value of 33.52°C.
Relative humidity typically rises in summer season up to
>90%. The recoded value during the study period
reached a minimum of 6.77% in May, 2008 and a maxi-
mum of 98.75% in January, 2007. The lowest of which
occurred in the afternoon, whereas the maximum value
generally reported during early mornings. The prevailing
wind direction recorded throughout the year was north-
west (NW), since most of the winds were blown from
directions between 292.5 and 337.5 degree, such type of
winds characterize Abu Dhabi emirate conditions and are
referred to as “Shamal” wind, it is also well known
among other regions in the Arabian Gulf. Wind rose dia-
gram for the whole period from 2007-2009 is presented
in Figure S5 which matches to a great extent those sea-
sonal wind roses. Wind speed diurnal plot shows the
highest wind speed during all seasons is recorded at
16:00, the seasonal variation among wind speed is very
slight, and more than 75% of the recorded speeds were
between 0.5 - 4.7 m/s. The metrological parameters that
are expected to affect the concentration of such pollu-
tants as NOx and SO, are wind speed and direction, mix-
ing height, ambient temperature and inversion layer [11,
16,18,19]. High wind speed wind is responsible for the
effective ventilation of the air basin under specific condi-
tion (no thermal inversion). Whereas, sever temperature
inversion is seen to be associated with high concentration
of pollutants [18]. When the wind speed reaches its highest
level, it helps reduce the concentration of air pollutants
and, thus, serves to lower their hazardous effects. On the
other hand, slow wind or calm conditions can give rise to
build up high concentration in the immediate vicinity of
the sources [18]. Improvement in air quality was ob-
served in 2009 where weak negative (r = —0.42) and in-
significant (r = 0.03) correlations of winds were encoun-
tered with NO, and SO, respectively. It is logically ac-
cepted fact that when variation of wind speed does not
considerable affect the concentration of gaseous pollutant,
then one may conclude that such concentration is the
background level of the region.

5.7. Effective Measures for Pollution Reduction

Natural gas is used as a primary fuel in all industrial fa-
cilities of Abu Dhabi Water and Electricity Authority

Copyright © 2012 SciRes.
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Figure 5. Wind rose in Al Mirfa during the years from 2007
to 2009.

(ADWEA’s) power plants. This fuel is considered the
cleanest among the fossil fuels releasing small amounts
of sulfur dioxide and nitrogen oxides, virtually no ash or
particulate matter, and lower levels of carbon dioxide,
carbon monoxide, and other reactive hydrocarbons.
ADWEA applies all possible and effective measures to
achieve the minimum impact on the environment where
gas fired power plants have low carbon emissions, air to
fuel ratios are maintained at the optimal values to mini-
mize emission concentration of carbon monoxide. As a
reflection of governmental commitment toward the en-
vironmental protection, green (low sulphur content) fuels
are used in the whole UAE leading to achieve negligible
levels of sulpher dioxide in both emission sources and
ambient atmosphere. Since the levels of ozone cannot be
directly controlled, ADWEA’s efforts have focused on
controlling the emissions of the precursors that lead to O;
formation. Consequently, as the concentrations of VOCs
emitted from power plants are already inconsiderable,
low NOx burners are used to minimize the emission of
NOy from combustion processes and eventually reduce
the formation of ozone in the atmosphere. Regarding
particulate matter, UAE experience elevated levels which
are naturally originated by windblown desert sand and
sea spray. Measures taken by ADWEA to protect human
health are reflected by increase the capacity for air moni-
toring stations and assessing the impact on air quality
through researches, where a network of seven ambient air
quality monitoring stations has been established in addi-
tion to installing continuous emission measurement sys-
tems in the stationary sources of the plants.
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6. Conclusions

Fol

lowing the continuous monitoring of the airborne

pollutants and gases produced by the Al Mirfa power
generation plant from 2007-2009, ADWEA determined
that the air quality in Al Mirfa City was within FEA
permissible limits, with the exception of O; and PM,,
levels. Observation from three years data summarized as
follows:

(1]

NO, levels in Al Mirfa monitoring station compared
with various worldwide suburban stations shows
lowest concentration.

Despite increasing in fuel combustion from 2007-
2009, the mean level of CO decreased in 2009 indi-
cating an improvement in air quality due to sustain-
able environmental measures taken in power plant
operations.

Low sulfur content fuels are used in all combustion
facilities and appliances which resulted in negligible
SO, emissions in spite of increasing in fuel consump-
tion from 2007-2009.

Ozone hourly average concentrations exceeded FEA
limit in many occasions. However, elevated levels of
O; are associated with high sunny periods where the
pollutants are indirectly formed by the action of
sunlight on nitrogen dioxide.

Seasonal variation analysis reveals highest concen-
trations of NO, and SO, were recorded during winter,
where summer months experienced highest concen-
trations of CO and Os;.

Wind speed does not considerably affect the concen-
trations of gaseous pollutants; and it may consider
that such concentrations are the background levels of
the region.

PM,, daily concentrations violated standard limit in
235 occasions, the exceedances are due to natural
phenomenon, which originated as a results of dust
storms, from the typical nature of the local desert and
trans-boundary airborne effects from southern Iraq
desert that impacts almost entire Arabian Gulf. More
studies on chemical nature are recommended for
PM, s-PM,. Seasonal variation shows high and low
levels during summer and winter. Generally, the
study area is characterized by good air quality even
though some exceedances are occasionally recorded
for PM,y and Oj; pollutants. The primary and secon-
dary particulates are usually originated by natural
sources such as wind-blown sands and sea spray par-
ticles, on the other hand, ozone secondary pollutant
are not emitted directly to the air and it is formed by
the atmospheric photochemical reaction of NOyx and
VOC:s in presence of sunlight.
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