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ABSTRACT 

Limi ted data a re ava i l able on a i r  po l lu t i on l evel s in Abu 

Dhabi Em irate i n  genera l .  Therefore , the present study was 

des igned t o  i nvest igate the level of atmospher i c  contaminants 

i n  the env i ronment of Abu Dhabi Em i rate . Th i s  incl udes 

mea surement o f  suspended part i cul ate matter les s  than 1 0  

m ic ron ( S PM1 0 ) i n  A l  Ain C ity dur ing norma l and stormy 

cond i t i ons and measurement o f  the s ame a i r  s o l i d s  bes i des the 

g a seous pol l utants ozone , sulphur dioxide ,  ca rbon monox ide , 

n i  t rogen oxides a nd methane and non -methane hydrocarbons in 

Abu Dhabi C ity and f o l l ow up of hourl y  v a r i a t i on i n  their 

concentrat i on . The study further incl udes c o l lect ing 

s u f f i c ient data for the preva i l ing meteorol og i c a l  factors in 

A l  Ain and Abu Dhabi . 

The study w a s  undertaken w i th a Mobi le A i r  Po l lut ion 

Laboratory . As the f i rst of its k i nd in the country , and being 

equ ipped w ith the most advanced mon itor i ng dev i ces , the 

l aboratory can prov ide accurate mea surement o f  l ow 

concentrat i ons o f  the above a i r  contaminants , bes i des the 

meteorol og i c a l  p a rameters . 

The ava i l able resul t s  contribute much in a s cert a i n ing the 

role o f  the maj or man -made activit ies t a k i ng p l a ce in 

contaminat ing the Em i rate atmosphere as wel l a s  the natural 

mater i a l s . These resu lts w i l l  help a l so in c omparing the 

pol l u t i on level s i n  Abu Dhabi Em i rate with the establ i shed a i r  

qua l i ty standa rds . 
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A i r  p o l l u t i on leg i s l at i on and control i n  Abu Dhab i 

Emi rate h a s  been taken into cons iderat i on i n  the present 

study . 

I t  i s  expected that the present study w i l l  f o rm a n  

important c ontr i but ion f o r  a i r qua l ity management i n  Abu Dhab i 

Emi rate . 
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CHAPTER I 

INTRODUCTION 

Our environment is simple as well as complex. It is 

simple so long as it remains clean. It gets complex when 

sources of contamination grow. To comprehend this complex 

nature of environment, we need knowledge of all disciplines of 

chemical, geological, physical and biological sciences. To 

devise control measures, we need knowledge of engineering and 

technology. Thus Environmental Science and Engineering is 

truly inter-disciplinary in nature. 

Amongst the various types of pollution, air pollution is 

of greatest importance. It is readily noticed and it causes 

immediate health problems. 

As the world's population expands, streets and highways 

are becoming cooked with more and more automobiles, industries 

are multiplying and running at peak capacities and the hazard 

of air pollution has become a more pressing problem than ever 

before. 

The Science of Air Quality Monitoring and Control is a 

recent one, and it is a field that presents many complex and 

unanswered questions. While much is yet to be learned, many 

definite facts about the dangers and economic losses caused by 

air pollution are evident. 
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1. C OMPOSITION OF THE AIR 

Pure air can not be seen or smelled. it is a composed 

mixture. The typical composition of clean dry air near sea 

level is shown in Table (1) . 

TABLE (1) 
Typical Composition of Clean Dry Air Near Sea Level* 

compo n e n t  Formul a  c o n t e n t  

% by v o l .  p pm 

Nitrogen N2 78 . 09 789, 900 

oxygen °2 20. 94 209, 400 

Argon Ar 0. 93 9, 300 

Carbon dioxide CO2 0. 033 330 

Neon Ne 18 . 0  

Helium He 5. 2xlO-4 5. 22 

Methane CH4 1. 5 

Krypton Kr 1. OxlO-4 1. 0 

Hydrogen H2 0. 5xlO-4 0. 5 

Nitrous oxide N20 0. 5x10-4 0. 5 

Xenon Xe 0. 08 x10-4 0. 08 

Ozone* *  0 3 0. 07x10-4 0. 07 

Ammonia NH 3 0. 01x10-4 0. 01 

Iodine I2 0.01x10-4 0. 01 

Nitrogen dioxide N02 0. 001x10-4 0. 001 

Sulphur dioxide S02 0. 0002x10-4 0. 0002 

Carbon monoxide Co o to trace 

* Da t a  by ( He s k e t h ,  1972). 

** Ozo n e  c o n t e n t  in wint e r  is 0.02 ppm a nd in s umme r  is 0.07 ppm. 
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2. A I R  POLLUT I ON DEFIN IT I ON 

The Engineers Joint Council, U. S. A. in "Air Pollution and 

its Control" gives the following definition:-

"Air pollution means the presence in the outdoor 

atmosphere of one or more contaminants, such as 

dust, fumes, gas, mist, odors, smoke, or vapour 

in quantities of characteristics, and of 

duration, such as to be injurious to human, plant 

or animal life or to property or which 

unreasonably interferes with the comfortable 

enjoyment of life and property." (Perkins, 1974) 

To ease-out this definition, any existence of foreign 

substance which is not included in Table (1) causes impurity 

of air. These impurities are better termed air pollutants. 

Thus, 99% of the air we inhale is gaseous nitrogen and oxygen, 

we also inhale trace amounts of other gases, minute droplets 

of various liquids, and tiny particles of various solids. 

Studies have detected up to 2, 8 00 compounds in urban air. Many 

of these chemicals are classified as air pollutants. Most of 

these pollutants come from cars, trucks, power plants, 

factories, cigarettes smoke, cleaning solvents and other 

sources related to human activities (Miller, 1991) . 
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3 .  CLAS S I F I CAT I ON OF A I R  POLLUTANT S 

3 . 1  Part i cu l a t e  Po l l ut a nt s  

a) 

b) 

c) 

Particulate Pollutants are classified as follows:-

Dust Solid particles which are entrained by process 

cases directly from the material being handled or 

processed, e. g. coal, ash, and cement; direct offspring 

of apparent material undergoing a mechanical operation, 

e. g. sand from sand blasting. Dust from grain elevators 

and coal-cleaning plants typify this class of 

particulate. Dust consists of relatively large particles, 

their size ranges between 0. 1 

Perice, 1983) . 

75 Jlm (Vesilind and 

Fume a solid particles frequently a metallic oxide, 

formed by the condensation of vapour by sublimation, 

distillation, calcination or oxide resulting from the 

condensation and oxidation of metal volatilized in high

temperature process. The particles in fume are quite 

small, their size ranges between 0. 001-1.0 Jlm (Vesilind 

and Perice, 1983) . 

Mist a liquid particles, formed by the condensation 

from gaseous state, or as dispersion of liquid state. 

Mists typically range from 0.01 to 10.0 Jlm (vesilind and 

Perice, 1983) . 

d) Smoke - solid particles formed as a result of incomplete 

combustion of carbonaceous material. Smoke particles 

range between 0. 1 and 1.0 Jlm. 

e) Spray - a liquid particles formed by the atomization of a 

parent liquid. 
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3 . 2  G a s e s  

Many types of gases are emitted to atmosphere from 

various industrial processes and combustion of the fuels. 

These gases may be primary, such as NO , S02 , CO , . . etc. or 

secondary pollutants, such as 0 3 ' N02 , S0 3 , and H2 S04 vapour. 

4. SOURCE S OF ATMOSPHERI C  POLLUTION 

The overall problem of atmospheric pollution arises from 

various sources of natural and man-made origin. These sources 

are almostly the same in any living community ,  but their 

significance and impact on the trends of pollution levels 

differ from one area to another depending on many factors :-

a) The strength of each source and how much it contributes 

to the pollution problem. 

b) Meteorological, geographical and topographical features 

of the area under consideration. 

c) population density and sanitation facilities. 

d) Urban and non-urban planning and the zoning of various 

human operational functions. 

4 . 1  N a tu r a l  Sour c e s  

Nature and natural processes do pollute the atmosphere by 

volcanic dust and gas, wind-eroded soil, sea-salt nuclei, 

methane from marshes, and hydrogen sulfide from decaying 

organic matter. 
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4.2 Man -Ma d e  S ou r c e s  

Man-made sources are the inevitable consequence of modern 

science and technol ogy which aims at facil itating life for 

man. These sources, however, are general ly cl assified into the 

following :-

a) combustion of fossil fuels for domestic and industrial 

purposes. 

b) Emissions from transportation equipment in l and, sea and 

air. 

c) Pesticides entering the atmosphere from drift during 

appl ication and by wind erosion and by vol atil ization 

(El-Taieb, 198 7) . 

Tabl e (2) summarizes the input pol l utants into the 

atmosphere in the first 15 )an l ayer of atmosphere above the 

ground. 
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TABLE (2) 
E s t i mat e s  of the Atmo spheri c Aero s o l  Produ c t i on R a t e s  

SOURCE PRODOCTION RATE WEIGHT 

_ (metric tons/day) (% of total) 

A. Natural Sources 

1 . Primary 

wind-blown dust 9.3 

sea spray 28 

volcanoes 0.09 

forest fires 3 . 8  

2 . Secondary 

vegetation 2 8.0 

sulfur cycle 1 0 5  - 1 06 9.3 

nitrogen cycle 1 4 .8 

volcanoes (gases) 0 0.0 09 

subtotal 94 

B. Man-made sources 

1. Primary 

combustion & industrial 2 . 8  

dust from cultivation 0.0 09 

2 . Seco:1dary 

hydrocarbon vapors 7 X 1 03 0.063 

sulfates 3 x 1 05 2.8 

nitrates 6 x 1 04 0.56 

amrnonia 3 x 1 03 0.02 8 

subtotal 6 . 7 x 1 05 6 

total 1 0.7 x 1 06 1 0 0  

* Data by Hidy and Brock (1970) 
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5. IMPACT OF AIR POLLUT I ON 

5 . 1 Huma n  H e a l t h  

Much of our knowledge of the effects of air pollution on 

people comes from the study of acute air pollution episodes 

and laboratory studies with animals which are of some help. 

The respiratory system is the main target of air 

pollution, which can be infected by different chronic diseases 

such as bronchitis, asthma, emphysema and lung cancer. 

Extensive studies cited that lung cancer mortality is higher 

in urban than in rural areas, people living in metropolitan 

areas have a short life span (Vesilind and Pierce, 1983) . 

5 . 2  P l an t  Injury 

Three kinds of injury are commonly considered important. 

Acute injury, which results from short term exposure to 

relatively high concentration, the effect is noted within a 

few days and could show visible marking on the leave due to a 

collapse and death of the cell, which leads to the death of 

the tissue. Chronic injury results from long term low level 

exposure and usually causes chlorosis of leaf abscission. The 

last form of injury is an effect on growth without visible 

marking (Perkins, 1974) . 

5 . 3  Eff e c t  o n  Dome s t i c An ima l s  

Chronic poisoning usually results from ingesting forage 

contaminated by the pollutant. Pollutants in this connection 

are the heavy metals, lead and molybdenum. Lead poisoning of 

cattle and horses was reported from Germany as recently as 
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1 9 5 5 . Cattle and horses grazing within a radius of 5 km of 

each of two lead and zinc foundries were affected, and some 

had to be slaughtered (Vesilind and Pierce, 1 9 8 3 ) . 

5 . 4 E f f e c t  o n  M a t e r i a l s  

Perhaps the most familiar effect of air pollution is 

soiling of building surfaces. Soiling results from the 

deposi tion of smoke (fine particles of approximately O .  3 �m 

diameter) on surface (Vesilind and Pierce, 1 9 8 3 ) . 

The deposition accumulates over a period of time and 

become noticeable as soiling, a discoloring or darkening of 

the surface. In the case of exterior building materials, sand 

blasting is often required to clean the surface and part of 

the surface is removed in the process of cleaning. This is a 

damage to economy of any country which has highly polluted 

atmosphere. 

Another effect of air pollution is that of accelerating 

the corrosion of metals. For example, it has been observed 

that in the presence of sulphur dioxide many materials corrode 

much faster than they would otherwise. Indeed, the effect of 

ozone, a principal ingredient of smog, on rubber is so 

specific that rubber cracking can be used to measure ozone 

concentrations (Vesilind and Pierce, 1 9 8 3 ) . 

9 



6. A I R  QUAL ITY STANDARD S 

An air quality standard means the concentration of a 

pollutant that should not be exceeded in the atmosphere at the 

point of measurement (Lund, 1971) . 

The air qual i ty standards are closely analogous to the 

tolerance level; labeled "maximum allowable concentration" or 

"threshold limit value". It is important, 

recognize the differences and similarities. 

however, to 

The maximum 

allowable concentration (MAC) is time-weighted for 8 hr/day, 5 

day/week exposure of healthy adults, who are supposed to 

breath uncontaminated air for the remainder of the time. These 

(MAC) values are applied for the industrial workers. The air 

quality standards, refer to 24-hr, 7 days/week exposure of an 

entire population, including the very young, the very old, the 

sick and the infirm and involves exposure of fauna and flora, 

and the structures and materials used by man. 

Air quality standards in a community must be much smaller 

than those in the working environment. Exposures in the later 

environment are restricted to a part of the day and to persons 

of working age. Older, younger, infirm and sick persons are 

excluded from these exposures. In fact, most of the published 

24 hr., mean quality standards for some contaminants, based on 

consideration of harm to humans, lies between 1/10 and 1/100 

of the MAC values for the same substances. For this reason, a 

value of 1/30 of the MAC value has been suggested by stern 

(1962) as a reasonable approximation for the 24 hr. mean 

atmospheric safe level concentration of substance for which no 

air quality standards has been set (Hindy, 1977) . 
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7. THE POLLUTION CYCLE 

Atmosphere pol l ution starts with the production of 

pol l utant, often as undesirabl e or incidental consequence of 

various industrial processes, this pol l utant is fol l owed by 

transfer through the atmosphere. Its movement with the air 

wil l depend upon a number of factors. Particl es l arger than 

approximatel y 1 micron are significantl y affected by gravity. 

In addition to gravity, the movement of pol l utants is affected 

by turbulent diffusion and the wind speed. At substantial wind 

speeds, pol l utants are rapidl y removed from the point of 

origin and turbulent diffusion usual l y  dil utes them bel ow the 

l evel of significant effect within a short distance. But under 

some conditions, turbul ence can bring the pl ume from a stack 

to the ground in great l apse at a point quite cl ose to the 

source and before extensive dil ution has occurred, resul ting 

in brief, exposure to extremel y high concentrations. The cycl e 

is compl eted by the contact of pol l utants with peopl e, 

livestock, vegetation, and other objects. This contact may 

resul t in el iminating pol l utants from the atmosphere or it may 

be fol l owed by the repetition of a simil ar cycl e. In this 

stage, the atmospheric pol l ution may cause damage to heal th 

and property. 

At each stage of an atmospheric pol l ution cycl e, attempts 

can be made to reduce the dangers, and inconveniences of 

atmospheric pol l ution, or to prevent it from reaching such "a 

magnitude that it becomes a great danger to the popul ation" 

(Al -Taieb, 198 7) . 
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8. METE OROLOGY AND TOPOGRAPHY 

The quality of the atmospheric environment, as already 

cited earlier, is highly influenced by a wide variety of 

activities of nature and man. The dispersion of contaminants 

arising from these activities into the atmosphere, not only 

affects its quality, but is also highly affected by topography 

and the continuously changing weather elements :-

1. Levels of air pollution at any given areas largely depend 

upon local weather changes, principally upon the wind 

speed and direction and the vertical temperature gradient 

(Abdel Salam, 1978 ) . 

2. Concentration of air contaminants vary inversely with the 

wind speed at and near their points of discharge. The 

higher the speed, the more rapidly are pollutants carried 

away from the source and diluted through their 

dispersion, vertically and horizontally, into greater 

vol umes of air. On the other hand, pollutants are more 

concentrated near their source during periods of light 

winds and calms (Abdel Salam, 1978 ) . 

3. Local topography has a great influence on local wind 

direction and speed. For instance, surface winds blowing 

at an angle across a mountain chain are channeled in the 

direction of the windward adj acent valley, while winds 

relatively aloft are partly channeled and partly pass 

over the ridge. Such effects would create at the leeward 
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s ide of the mountain, either a wake of cal m or very l ight 

winds, or a turbulent zone, depending on the s peed of the 

originally prevailing wind. Winds funneled by this 

proces s may also be markedly increased in speed. Effects 

of topography, therefore, greatly influence both the rate 

of dispers ion of air pollutants and also the direction of 

air pollutants and also the direction in which they occur 

(Abdel Salam, 1978 ) . 

4. Air temperature as such has little or no effect on 

pollution levels . However, the vertical change in its 

value has a profound effect as it determines the degree 

of atmospheric stability. Temperature in the troposphere 

normall y decreases with increasing height from the 

earth's s urface, at a rate called the "lapse rate". The 

critical value of this rate, which differentiates between 

stable and unstable atmospheres is the "dry adiabatic 

lapse rate" having a value of lOC/100 m. Under such 

condi tion, the atmosphere is said to be "neutral", i. e. , 

in a state where the dens ity of atmospheric layers is 

independent of height. When the lapse rate exceeds the 

dry adiabatic value, the atmos phere is uns tabl e and 

poll utants are carried aloft and dis persed in a 

rel atively deep and extens ive layer of air, s o  that 

concentrations of pollutants near the earth's s urface are 

unl ikel y. On the other hand, when the lapse rate is l es s  

than lOC/100 m or when there is an invers ion (an increase 

of temperature with height) , the atmosphere is stable and 

the vertical motion of air is restricted or hindered. 
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Pollutants discharged into the atmosphere under such 

conditions are then trapped in a shallow layer near the 

ground, whereby high concentrations may result. 

stabil i ty is the principle and most important factor in 

occurrences of unusually high or episode levels of air 

pollution. Three major forces, namely : wind, heating and 

cool ing, cause shifts from stable to unstable condition 

and back again. Wind, in addition to horizontal motions, 

usually has vertical eddies: thermal and/or mechanical. 

These eddies help vertical mixing and dispersion of 

contaminants discharged into the air. Thermal eddies are 

principally developed through the solar heating of the 

ground and are less developed by heat islands formed over 

urban and industrial centers. Mechanical eddies, on the 

other hand, are dependent on the ground surface 

roughness, topographical features impact and the 

aerodynamic influences of buildings (Abdel Salam, 19 7 8 ). 

5. Moisture factors do also have appreciable effect on 

pollution levels although not as direct as that of wind 

and stabil i ty. Its direct effect comes through rainfall 

which has a pretty good washing effect upon gaseous and 

particulate airborne contaminants in the atmosphere below 

the rain-making layer. Fairly clear, air is found during, 

and for some time after, precipitation. By wetting the 

ground, rainfall also greatly reduces the amount of wind

generated dust. The presence of fog also 1 irni ts solar 

heating of the ground and, therefore, affects the degree 
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of vertical diffusion in the surface layer air (Abdel 

Salam, 1 9 7 8 ) . 

6 .  Mountain-valley, urban-rural and land-sea breezes of weak 

winds when accompanied with periods of calms and light 

winds in surrounding areas, can cause a parcel of air to 

pas s over a locality twice or more times during the day. 

If contaminants are continuously discharged into the air, 

high levels of pollution will be built up (Abdel Salam, 

1 9 7 8 ) . 

9. PREVI OU S  STUD IES I N  ABU D HAB I  EMI RATE 

A short-term measurements ( 1 5 days duration) of air 

qual i ty in Abu Dhabi city were carried out by LSS, London 

during October, 1 9 9 0 . The meas urements programme included a 

city-wide nitrogen dioxide diffusion tube survey and 

background measurements of ozone (at three stations) , carbon 

monoxide (at two stations) and sulphur dioxide, s uspended 

particulates and smoke (at one station) . The levels of these 

pollutants were recorded over a one-week period. 

During the period of December, 1 9 9 0  through December, 

1 9 9 1 ,  Food and Environment Control Center (FECC) , Abu Dhabi 

Municipality had continuous ly monitored air pollution at s ix 

locations in the city of Abu Dhabi. The study was mainly 

concerned with s ulphur dioxide and sus pended particulate 

matter. 
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Resu l ts obt a i ned revea l ed that the d a i ly mean 

concent rat ions of sul phur d i ox ide exceed the Wor l d  Health 

organiza t i on ( WHO ) gu ide l ine ( 1 2 5  �g/m3 ) pe rsi stently at one 

l ocat i o n . The oth e r  f ive l ocations show an incearse i n  the 

l ev e l  o f  S 02 w i th d i f ferent i a l  sca l e s  dur ing the summer t ime 

( May , 1 9 9 1  t o  Novemb e r , 1 9 9 1 ) . Throughout the rest of the year , 

the concentra t i o n s  o f  S02 at the f iv e  l ocati ons were be l ow 6 0  

�g/m3 c o n f o rm i ng t o  the requi rements o f  the WHO gu i d e l i n e s  w ith 

except i ons o f  v e ry short durat ion peaks . 

On the oth e r  hand , the study rev ea l ed that the monthl y  

m e a n  concent r a t i o n s  o f  suspended part i cu l ate matter at most o f  

t h e  l oc at i o n s  a r e  h i gh i n  compari son w i th the standard value 

pub l i shed by WHO ( 7 0  �g/m3 ) .  

10. AIM OF T HE PRESENT STUDY 

The ma i n  obj ect o f  th is study i s  to carry out a n  

inve s t i g at i on o n  the a tmospheric qua l ity o f  Abu Dhab i Emirat e . 

Th i s  w i l l  b e  unde rtaken through the fol l owing : -

1 .  Measurement o f  suspended part i cu l ate matter ( l e ss than 1 0  

�m i n  d i amete r )  and ascerta in the degree that they exist 

2 .  

i n  Abu Dhab i Emirate . 

Measu r ement o f  the gaseous po l l utants ca rbon monox ide , 

1 h d'ox l'de ozone and hydrocarbons 
ni trogen o x i d e s  I su P ur l , 

and f o l l ow up hourly variat i on in the i r  concentrat ion . 
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3 .  Ascerta i n  the degree o f  contr ibut ion o f  maj or man-made 

a c t iv i t i e s  t a k i ng pl ace in contaminat ing the Em i rate 

atmosphere . 

4 .  C ompa r i n g  the p o l l ut i on l ev e l s  in Abu Dhabi Emi rate with 

those o f  s e l ected c it i e s  o f  the world and estab l i shed a i r  

qua l ity stand a rd s . 

5 .  s et t i ng the s u i tab l e  recommendat i ons for the a i r  qua l i ty 

management i n  Abu Dhab i Emi rate . 

Th i s  study i s  o f  great importance for a l l  who are 

interested i n  a i r  p o l l ut ion and its e f fects and for d i f fe rent 

auth o r i t i es p a rt i cu l ar l y  those respon s i b l e  for human h e a l th . 

Wh i l e  the obj ect o f  the invest igat i on i s  t o  obta i n  exact 

s c i ent i f  ic i n fo rmat ion , it  i s  essent i a l  to remember that one 

of its ma i n  purpos e s  i s  to g iv e  ass i stance to pub l i c  

author i t i e s  and t o  industry i n  d e a l ing w i th the a i r  po l lu t i on 

prob l em and w ith quest i ons o f  pub l i c  h ea l th . 
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CHAPTER II 

METHODOLOGY AND EXPERIMENTAL WORK 

1. OB SERVATIONAL SITE S 

1 .1. Abu Dhab i 

The Emi rate o f  Abu Dhabi l ie s  at the s outh western corner 

of the Ara b i a n  Gul f between l at itudes ( 2 2 ° , 5 0° and 2 5° ) north 

and l ong i tudes ( 5 1° and 5 5° ) east . It is the l a rgest o f  the 

sev e n  Em irates w i th a n  a rea of ( 6 7 , 3 4 0 )  square k i l ometer and 

amount i ng to 8 6 , 6 %  o f  the tota l area o f  the Federat i on 

( Ghun a im , 1 9 9 1 ) . 

Abu Dha b i  Em i rate ( F ig . 1 )  i s  d iv ided into 

1 - The group o f  I s l ands wh i ch include the Abu Dhab i C ity . 

2 - The western reg i on wh i ch is d iv ided into : A l - Dha fra and 

Ba i nuna wh ich conta ins the onshore o i l  f i e l d s , and the 

indu st r i a l  c omp l e x  of Al -Ruwa i s -Jebe l Dhana on the coa st; 

s i te o f  an o i l  export terminal re f inery and other 

i nsta l l at i on s. The reg i on a l so conta ins the great arc o f  

the Liwa Oa s i s , wh i ch i s  i n  real ity a group o f  dozen 

l i ttl e  oa s i s . 

3 - The e a stern reg i on , represented nea rly by one c i ty , i . e .  

A l  A i n  , the cap i t a l  o f  the reg i on . 
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La nd Form and s o i l s  

S ev e r a l  l and f o rms have been ident i f i ed i n  the Em i rate . 

They are shown i n  s impl i f i ed form in ( F ig . 2 )  which inc l ude s : 

Sand dune s  wh ich are predominant in the a rea and start 

betwee n  1 0  t o  1 5  kID f rom the coast and i ncrease i n  he ight 

t owa rds the s outh . They are most l y  composed o f  coarse 

textured s and . I nter-dune depress i ons a re f requent and 

many are sha l l ow over rock or hard ca rbonate or gyps i c  

c rust s . Many i nter-dune depress ions are a s soc iated w ith 

s abkh a s  and d i sp l ay a degree o f  s a l i n ity (Atkins , 1 9 9 0 ) . 

Exten s iv e  and cont inuous areas o f  s abkhas wh i ch c ons i st 

o f  s a l ty mud f l ats and extend over the fu l l  l ength o f  the 

coast . They are s aturated with sa l t  and cannot support 

any v egetat i on . S abkhas can be f l ooded by s e a sona l  t id a l  

movement a nd r a i n  a n d  become impa ssab l e . 

Grav e l  p l a in s  wh ich are f ound ma inly towards the e xt reme 

west o f  the Emi rate and a l s o to the east of Abu Dhabi 

where they are assoc iated with sand r i dges wh i ch merge 

i nto dune f i e l ds towards the south . 

S and p l a i n s  occurring in extens ive areas m a i n l y  t owards 

the north-western l imit o f  Abu Dhabi Em i rate and 

immed i a t e l y  s outh of the coastal sabkh a . The s e  areas are 

s ubj ect t o  w i nd b l own sand . 

Rocky h i l l  t erra in ( j ebe l s )  wh i ch a re f ound only i n  the 

v i c i n ity of A l  Ain ( espec i a l ly Jebe l Ha f i t )  and a few 

sma l l  rock outcrops on the i s l ands and towards the west 

of the Emirate . 
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N o  cl e a r l y  d e f ined wad i channe l s  ex i st i n  the Emirate 

e xcept for a few in the v i c i n i ty of Al Ain where water 

f l ows o f f  nearly h i l ly terra in . The s e  are very boul der 

a n d  are subj ect to f l ash f l oods . 

Outwa sh fans o r  p iemond s occurr ing only o n  the foot o f  

j eb e l s  i n  the v i c i n ity o f  A l  A i n  and are characterized by 

broken g round wi th rock outcrops , boulders and drainage 

channe l s  ( At k i ns , 1 9 9 0 ) . 

The s o i l s  o f  Abu Dhab i Emi rate are typ ica l o f  the a r i d  

zone . V i rtua l ly a l l  t h e  s o i l s  are coarse textured ( sa ndy ) and 

they have weakly d e f i ned topso i l s  w i th l ow organ i c  matter 

content s . Howev e r , the s o i l s  d i f fe r  f rom each othe r  i n  the i r  

r e l a t iv e  degree o f  maturity ( i nd i cated by the degree o f  

p ro f i l e  d ev e l opment ) ,  by the degree o f  ston i ne s s , by s o i l  

depth a n d  i n  the d egree o f  sal i n ity/ a l ka l i n i ty .  

Most o f  the s o i l s  are l ikely to be cal careous ( cont a i n i ng 

c a l c ium c a rbonate ) .  I n  excess ive amounts , h igh c a l c ium l eve l s  

a f fect the uptake o f  nutri ents from the s o i l , and there fore 

inter f e r e  w it h  p l ant nut r it ion . 

S o i l s  a s soc iated w i th the sand dunes a re mob i l e  and 

c omposed of l oose s and mate r i a l  wh i ch a re o ften c a l careous . 

Such s o i l s  a r e  c l a s s i f i ed in the FAD-UNESCO system a s  Calcaric 

Rego s o i s . The s e  a r e  unconsol idated soils  wi th no d i agnost i c  

horizon . They have l ow fert i l ity and l ow wate r  hold i ng 

capac i  ty wh ich means that they must be i rr igated frequent l y  

w ith sma l l  appl icat i ons o f  water to avo id excess ive l o s s  to 

dra inage and to avo id pl ant w i l t ing . Such Ca l ca r i c  Regos o i s  
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Ra i n fa l l  

Average annu a l  ra i n fa l l  varies  from 5 8  mm i n  Abu Dhab i 

( 1 9 7 1 - 8 8 )  to 8 8 . 1  nun i n  Al Ain ( 1 9 7 1 - 8 7 ) . Most o f  the rain 

fa l l s  i n  the period January to Apr i l  ( 9 0 % in Abu Dha b i  C i ty 

and 7 5 %  i n  A l  A i n  C ity ) . Wide v a r i at i ons in the amount o f  

ra i n fa l l  occur f rom year t o  yea r with SUbstant i a l  standard 

dev i a t i ons ( Atkins , 1 9 9 0 ) . 

Re l at ive Hum i d i ty 

Mean re l at iv e  humi d ity v a r i e s  f rom 5 5 %  t o  6 9 %  i n  Abu 

Dhab i c ity and 3 7 %  to 6 1 %  i n  A l  A i n  c ity . Hum i d i ty s omet imes 

reaches 1 0 0 %  a t  the coasta l regions ( Department o f  

P l ann ing , 1 9 9 0 )  . 

I n s o l a t ion and Evaporat ion 

Pe ak i n s o l a t ion occurs during May , June and Jul y . As a 

resul t ,  evaporat i on i s  h igh . Mean monthly evapo ra t i on va lues 

are p l otted f o r  Abu Dhab i C i ty and A l  Ain in F i g . ( 3 ) . Tota l 

annua l evaporat i on i s  2 8 5 8  nun in Abu Dhab i and 3 3 2 2  nun i n  Al 

Ain ( Atkins , 1 9 9 0 ) . 
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w i nd s  

Winds are g e n e ra l l y l i ght and variab l e  espec ia l l y in 

h i nt e r l a nd a re a s . Ava i l ab l e  data for Abu Dhabi and A l  Ain 

shows th at w i nd speed i s  r e l at iv e l y  faster between Ma rch and 

Augus t  than the rest o f  the yea r .  Mean yearly w ind speed is 1 4  

kIn/hour i n  Abu Dh a b i  and around 1 3  kIn/hour i n  A l  A i n . wind 

d i rect i ons a re more f r e quent f rom the north-we st , s outh-east 

and south-west respect ive l y . 

Growth o f  the Em i ra t e  

T h e  C i ty o f  Abu Dhabi w a s  f ound in 1 7 6 1  a s  sma l l  f i sh ing 

cent e r  and p e a r l  d iv ing on sma l l  i s l and separated f rom the 

ma i n  l and by a n a r row water way . By the e a r l y  1 9 7 0 ' s its 

inhab i ted a re a  was l e s s  than n ine s quare k i l ometers w ith a 

popu l at i on o f  l es s  tha n  2 5 , 0 0 0  ( Ha l lyer and F a i r s e rv i , 1 9 9 2 ) . 

Twenty f iv e  y e a rs ago the present s ite o f  Abu Dhabi c ity 

comp r i s ed a scatt e r i ng o f  huts and a fort . I n  1 9 8 0  the c ity 

had grown to a popu l a t ion of 3 3 0 , 0 0 0  and t oday the Depa rtment 

o f  Pl ann ing h a s  e s t imated that in 1 9 8 9  the popu l a t i o n  o f  the 

city and surround ing rura l a rea amount to 5 5 5 , 0 0 0 . 

S i nce the un ited Arab Em irates ach i eved independence i n  

1 9 7 1 ,  t h e  Em i ra t e  h a s  e xper i enced a dramat i ca l l y  rap id process 

of growth becom i ng one of the world ' s  most s ign i f i cant o i l  

p rodu cers and emerg i ng a s  a mod e l  o f  econom i c  and s oc i a l  

dev e l opment . 

The f i rst o i l  prov id ing f i e l d  came on stream i n  1 9 6 2 , and 

the e n su ing o i l  boom transformed the Em i rate . In 1 9 8 8  around 

1 . 5 m i l l i on barre l s  o f  o i l  per day were p roduced . The pump ing 

capac ity is o f  the order of 3 mil l i on barre l s  per day . 
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E l ect r i c i ty p roduction has a l so grown , and doub l ed in the 

s i x yea r p e r i od 1 9 8 0  to 1 9 8 6  ( LSS , 1 9 9 0 ) . 

o i l  Resources 

The Em i rate of Abu Dhab i has vast resourc e s  of o i l . O i l  

i s  expl ored and p roduced o n  the ma inl and a n d  o f f shore . 

A s s o c i a ted g a s  f rom c rude production is a l so produced on the 

ma i n l a nd and o f f shore . I t s  present production is e s t imated to 

be at f u l l capa c i ty and y i e l d i ng 0 . 4  mi l l ion barre l s  a day . I n  

t e rms o f  o i  I r e s e rves , Abu Dhab i Emi rate h o l d s  by f a r  the 

l a rg e s t  reserv e s . ( Atkins . 1 9 9 0 )  

The ma i n  o f f shore o i l  f i e lds are l ocated a t  Bab Bu Hasa , , 

Asab , S ah i l  and Shah and are operated by ADCO ( Abu Dhabi 

Company f o r  O f f shore o i l  Opert ions ) .  Ga s co ( Abu Dhab i Gas 

I ndust r i e s  Limited ) hand l e s  the a s soc iated gas f rom ADCO I s 

onshore c rude p r oduct ion and processes it through three LNG 

extract i on p l ants a t  Bu Hasa , Bab and Asab . The m a i n  

settl ements a s s o c i ated w i th i n l and hydrocarbon extract ion are 

l ocated a t  Habshan , Bu Hasa and Asab . 

Hydrocarbon process ing inc l udes two re f in e r i e s  l ocated at 

Umm Al Nar ( rated capac ity 6 0 0 0 0  bid )  and Ruwa i s  ( 1 2 0 0 0 0  bid ) 

su f f i c i ent t o  meet the UAE requ i rements for r e f i ned petrol eum 

p r oducts , and a hydrocracker d i st i l l a t i on p l ant at Ruwa i s  

( capa c i  t y  2 7 0 0 0  bid ) . S outh o f  the Ruwa i s  i ndust r i a l  area , 

ADNOC has bu i l t  a new town for its emp l oyees . 

g a s  

A network o f  p ipel ines is used to transport crude o i l  and 

f r om onshore extract ion areas to the re f i n e r i e s . The 

network for o i l  p ip e l ines focuses on Jebel Dhana wh ich is the 

ma i n  t e rm i n a l  for the export of crude o i l  on Abu Dhab i 
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ma i n l a nd . A g a s  p i p e l ine network transports LNG f rom the 

p l ants in Bab , Bu Hasa and Asab to Ruwa i s  where they are 

stored unt i l  export . Res idue gas is used for fue l requ i rements 

and routed t o  end users through a p i pe l ine wh ich t e rm i nates in 

Umm Al N a r . 

O f fshore o i l  product ion areas are ma i n l y  concentrated at 

Umm Al Da l kh ,  Z a kum and Umm Sha i f  I s l ands and to l es s e r  e xtent 

a t  Bunduq f i e l d s . C rude o i l  f rom Umm A l  Da l kh and Upp e r  Z akum 

f l ow s  to Z i rku I s l and o i l  l oading termina l ,  wh i l e  the c rude 

f rom Lower Z a kum , Umm Al Sha i f  and Bunduq f l ows t o  Das o i l  

l oa d i ng t e rm i na l .  The ma i n  sett l ements a s s oc i ated w ith 

o f f shore hydrocarbon extraction are s ituated on Das I s l and , 

Mubarras , Z i rku and Arzanah ( Atkins , 1 9 9 0 ) . 

O f f shore g a s  product i on is ma inly operated by Abu Dhabi 

Gas L i qu e fy i ng Company , ADGAS I wh ich rece ives a s s oc i ated gas 

from the o f fshore o i l  f i e ld s  of Umm A l  S a i f  and Lowe r  Z akum 

suppl emented by g a s  f rom the Uwe inat gas gap . The LNG i s  

transported b y  g a s  p i p e l ines to D a s  I s l and proc e s s i ng pl ant 

and f rom there t o  the LNG e xport t e rmina l .  

1 .  2 A l  A i n  c i  ty 

A l  A i n  wh i ch i s  the town o f  the united Arab Emirates 

Univers ity , is s i tuated in the e ast of Abu Dhab i Em i rate near 

the border w ith the s u l tanate of Oman ( F ig . 4 ) . It i s  the 

adm i n i strat ive centre of the Eastern Prov ince of the Em i rate 

and one of the l argest and most anc ient oases of the Arab i an 
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Pen insu l a  due t o  a p l ent i ful supp ly o f  fresh underground water 

d e r ived f rom the Oma n mounta ins t o  the east . 

Rap i d  deve l opment has taken place in Al Ain over the past 

15 years . Much of the f l at ground i s  now e ithe r f enced for 

i rr i gat i on or used for housing . Th is dev e l opment has 

contr ibuted to the s ett ing up of a cement factory s outh-east 

of the c i ty ( F i g . 4 ) . Th i s  factory wh ich commenced product ion 

i n  1 9 7 6  produced i n  1 9 9 2 , 8 5 0 , 0 0 0  tons of cement includ ing 

p o rt l and , s u l pha t e - re s i stant and spec i a l  type s . A l so , progress 

has been ach ieved in Al Ain in the agricultura l i ndustries 

wh ich a r e  manag i ng not only to increase p roduct ion to meet 

l oc a l  demand , but a l s o  to beg i n  e xports , both of f re sh and 

proce s s ed goods . 

A l  A i n  i s  s a i d  to be the fastest growing c ity i n  the Gul f  

a re a . I t s  many fac i l  i t i e s  include besides the nat i ona l 

un ivers ity , a new internation a l  a i rport to the north-west o f  

the c ity ( F i g . 4 ) , two b i g  hote l s , three hospita l s  and many 

schoo l s . There are a l so many stad iums and o f f i ces o f  the 

Government m i n i st r i e s  in the c ity . 
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A l  A i n  occup i e s  some 9 9 6 0  km2 wh ich represent 1 2 . 8 % o f  the 

tot a l  area of the state . Accord ing to 1 9 9 1  popu l at i on 

est imate s  ( Stat i s t ica l S ection , Department of Pl anning , Abu 

Dha b i  Em i rate s ,  1 9 9 3 )  the tot a l  popu l a t i on o f  the c ity i s  

2 4 6 , 4 8 7  repre sent ing 3 1 % o f  the total popu l at ion o f  the Abu 

Dhab i Emi rat e . 

Anc i e n t  popu l at ions o f  Al Ain , and i n  other parts o f  the 

worl d ,  a f f ected the env i ronment a l  cond it i ons o n l y  through 

proces ses o f  p rov i d i ng food and she lter for themse l v e s . The 

ha z a rd s  h av e  changed in the c ity over the past 1 5  years 

through the growth o f  settl ements and industr i a l  

agri cu l tura l d ev e l opment . 

2 .  AMBIENT AIR MONITORING 

i nvest igat i on was carried out by 

and 

the The present 

E nv i ronment S . A .  Amb i ent Air Mon itor wh ich has v a r i ous 

instruments insta l l ed into an encl osed t ruck-type v eh i c l e t o  

prov i d e  a Mob i l e  Laboratory ( F ig . 5 ) . 

Th i s  Mob i l e  Laboratory has the advantage o f  be i ng abl e  t o  

move f rom one p l ace to another , cove r ing a l l  industr i a l , 

r e s i d e nt i a l , a g r i cu l tura l , and commerc i a l  area s , e l iminat ing 

the n e ed for mu l t ip l e  p e rmanent insta l l at i on . Th i s  Mob i l e  unit 

i s  housed i n  insul ated a ir cond iti oned truck body for use 

dur i ng a l l  norm a l  weather cond i t i ons . 
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The Mob i l e  Laboratory i s  equ ipped w ith the most advanced 

mon i t o r i ng dev ices . I t  can prov ide extreme l y  a ccurate 

measu rement of p o l lut i on gases emi tted through car exhausts or 

i ndust r i a l  produc t i on . The dev ic e  can measure the amount o f  

n i n e  p o l l utants in the atmosphere sulphur d i ox ide ( S0 2 ) ,  

carbon monox i d e  ( CO )  , ni trogen oxides 

hydrocarbons ; methane and non-methane (MHCs -NMHCs ) ,  o z one ( 03 ) 

and suspended particul ate ( S P) � 1 0  �m . 

On the oth e r  hand , the Mob i l e  Laboratory i s  e qu ipped w i th 

sma l l  meteorol o g i c a l  unit wh i ch can care fu l ly mea sure the 

l ev e l s  o f  hum i d ity , t emperature , w i nd speed and d i rect i on 

b e s i d e s  s o l ar rad i a t i on intensity . The range o f  automat i c  and 

cont i nuous ( 2 4  h ours/ day ) ana l y z e rs is comp l emented by a range 

of c a l ibrat ion , contro l , acqu i s it i on and data proc e s s i ng 

d ev i c e s . Mea surement o f  the var i ous dev ices are recorded every 

� h ou r , h ou r l y , and stored in a computer ram wh ich i s  l inked 

d i re ct l y  to the dev i ce s . 

2 . 1  M o n i toring Dev i c e s  

2 . 1 . 1  O Z ONE (0 3 ) ANALY Z ER 

O z on e  i s  mea sured w i th the �v Photometric Oz one Ana l y z e r  

0 3 4 1M .  Measurement range programmabl e from 0 . 1  t o  1 ppm w i th 

a m i n imum detectab l e  o f  1 ppb dur ing 3 0 "  respons e  t ime ; F i gure 

( 6 )  shows the p r i nc i p l e s  o f  operat i on , and F igure ( 7 )  shows 

the ana l y z e r . The a na l y z e r  has the fol l owing charact e r i s t i c s  : 
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One mea surement corresponds to the fo l l owing cyc l e  

Pass age o f  the gas through the sel ective f i l ter 

vent i l at i on o f  the mea surement chamber , 

Measurement o f  1 0  ( durat i on d e f ined by " uv  re ference " )  , 

S o l enoid sw itched , 

Pa s s age o f  gas d i rectl y  into the measurement chamber 

vent i l at i on , and 

M e asurement of I ( duration de f ined by " uv  re ference " )  . 

The ent ire cyc l e  l a sts about 1 0 " . 

A barometr i c  sensor measuring pressure P i n s ide the 

mea surement chamber is used for pressure compensat i on . 

A gas temperature sensor T ,  is  used f o r  temperature 

compen s a t i on . 

2 . 1 . 2  SULPHUR DIOXI DE (S0 2 ) ANALY Z ER 

S u l phur d i ox i d e  i s  measured wi th the Ilv f l uore scent S02 

ana l y z e r  mod e l  AF 2 1M ( F ig . 8 ) . 

The AF 2 1M i s  a cont inuous Sulphur D i ox i de Ana l y z er 

( sp e c i f i c  for l ow concentration mea surement ) .  I t  ope rates 

accord ing to a l l  princ i p l es o f  f l uorescence detect ion i n  the 

u ltrav i o l et ( UV )  range . Fig . ( 9 )  shows the analy z e r . 

As a res u l t  o f  recent advances in opt ics and e l ectron ics , 

the e qu i pment o f fers numerous advantages , such a s  
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a )  Measurement range programmabl e from 0 . 0 1 to 1 0 . 0  ppm with 

a l ower detect i on l imit o f  1 . 0  ppb . 

b )  s t orage o f  va lues mea sured ( mean o f  every � h our , hourly 

a n d  stored d i rect l y  in a computer ram , wh ich i s  l i nked 

d i rect l y  to the dev i ce ) , and 

c )  Mea sured v a l u e s  are expressed i n  ppm or �g/m3 . 

Ope ra t ional  P r i n c ipl es 

a )  S amol ing 

The samp l i ng i s  taken v i a  a Te f l on ( PTFE ) tube connected 

to the rear o f  the ana lyzer by a pump at the end o f  the 

c i rcu i t . A Te f l on tube connected t o  the rear o f  the ana l y z e r  

b y  a pump a t  the e n d  o f  the c i rcuit . A Te f l on i n l et f i lter 

protects the system aga inst dust . 

b )  F i l trat i on o f  Hydrocarbon Molecu l e s  

T h e  samp l e  t o  be analyzed i s  f i rst f i l tered thl OUgh a 

c a rbon k i cker to e l imi nate aromatic hydrocarbon s .  

Th i s  dev ice i s  composed o f  two tubes . The inner tube is 

made of spec i a l  s i l i con polymer . 

The samp l e  to be ana l y z ed conta in i ng a romat i c  

hydrocarbons enters v i a  the intern a l  tube . M o l e cu l e s  o f  

a roma t i c  hydrocarbons are trans fe rred to the ext e r i o r  o f  the 

s i l i co n  tube by permeat i on with trans fer occurring in the 

d i rect i on of gas more l oaded with hydrocarbon mol e cu l e s to gas 

l es s  l oaded w ith hydrocarbon mo lecu l es . 
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The pump creates a negative pressure in the outer tube . 

The p a rt i a l  pres sure o f  the aromat i c  compounds and the 

mol ecu l es are evacuated to the exter ior . 

c )  Ana lys i s  

The hydrocarbon- f ree samp l e  t o  b e  ana l y z ed i s  now sent to 

a react i on chamb e r  where it i s  i rrad iated wi th u l t rav i ol et 

rad i a t ion centered a round 2 1 4 nm . Th i s  wavel ength i s  spec i f i c  

f o r  absorpt i o n  o f  802 mol ecul es . 

These m o l e cu l e s  restore a spec i f i c  f l uorescence i n  the 

UV ,  wh i ch is opt i ca l ly f i l tered at out l et . 

Be fore each " re ference zero"  and every 4 0  m inute s , a 

shutter c l oses for 4 0  sec . between the UV l amp and the 

react i o n  chamber i n l et . 

The photo-mu l t ip l i er ( PM )  tube i s  p l aced l atera l ly a t  the 

react ion chamb e r  out l et . I t  thus , sees the f l uorescence 

react ion for 4 0  m i nutes and the e l ectr i c a l  z ero for 4 0  sec . 

wh i l e  the shutter i s  c l osed . 

E l ectr i c a l  z e ro i s  the dark current o f  PM tube , the 

o f f s et current o f  the preamp l i f i er wh ich is included in s ing l e  

proc e s s ing suppresses any poss ible d r i ft wh ich temperature and 

t ime the s igna l from the PM tube is amp l i f i ed and converted to 

d i g i t a l  va l ues for subsequent process ing by a m i c roprocessor 

wh ich ca l cu l ates the mean mea surement values and manages 

sa fety a l a rms and i nstrument funct i on d i agnost ics . These 

d i f f e rent v a lues are seen on an a l phanumer i c  d i sp l ay on the 

front pane l . 
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2 . 1 . 3  CARBON MONOX I DE (CO) ANALY Z ER 

Ca rbon monoxide is measured with the gas f i lter CO 

ana l y z e r  Mod e l  CO 1 1M ( F ig . 1 0 ) . 

The CO 1 1M i s  a cont inuous ana l y z e r  for carbon monox ide , 

spec i f i c f o r  l ow concentrat ions in amb i ent a i r  and in 

a tmospher i c  cond i t i ons . Fig . ( 1 1 )  shows the p r i n c i p l e s  o f  

operat i on .  

I t  ope rates a ccord i ng to the princ i p l e  o f  detect i on by 

i n frared absorpt ion . 

As a resu l t  o f  recent opt i c a l  and e l ectron i c  

techno l og i e s , the i n st rument o f fers numerous advantages , such 

as : 

a )  Mea surement ranges programmab l e  from 1 0 . 0  t o  1 0 0 . 0 ppm 

w i th a m i n imum detection l imit o f  0 . 1 ppm , 

b )  Automat i c  c a l ibrat ion sequence ,  programmab l e  or remote 

contro l l ed ,  

c )  Auto - ca l ibrat ion , 

d )  Memo r i z a t i on o f  mea surement values and d i spl ay o f  

e )  

f )  

h ou r l y  means for 1 5  days , 

Expre s s ion o f  measurement v a l ues in ppm or �g/m3 , 

Aut omat ic tests o f  the mea surement , and 

g )  Pe rmanent tests for correct ope rat ion ( IR energy , f l ow 

rate , t emperature , pressure , . . .  etc . ) .  
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ope rat i ona l P r i n c ipl e s  

The absorpt i on spectrum o f  carbon monox ide conta ins a 

max imum at the wav e l ength o f  4 . 6 7 }lm , wh i ch corre sponds to the 

spect rum s e l ected by the optical f i lter . 

S ince the absorption spectrum i s  not cont inuous , the 

opt i c a l  f i lt e r  i s  comb ined wi th a gas f i l t e r  ca l l ed a 

corre l a t i o n  whee l , l ea d i ng to a h ighly sel ect ive measurement 

of the g a s  t o  ana l y z e  by e l im inat ing inter f e rences from gases 

whose absorpt i o n  spectra are s im i l a r to that o f  co . 

S amp l e s  d rawn through 

( sampl i ng tub e , funne l , 

a standard i z ed 

Te f l on tubing)  . 

a i r  i n l et system 

The Te f l on is 

connected t o  the rear o f  the mon itor . Dust protec t i on i s  

ach i eved by i n l et dust f i l  ter made 

acce s s ib l e  at the rear of the instrument . 

o f  Te f l on , eas i ly 

A restrictor ( ca l ibrated or i f ice ) l im its f l ow rate t o  

about 8 0  l/hr . F l u i d  out l et i s  l ocated d i rectly at t h e  out l et 

o f  the mu l t i - re f l ect ion mea surement chamber .  

The ope rat i o n  o f  the mea surement ce l l , f rom the i n frared 

emitter t o  the i n frared sensor where the e l ectr i c a l  s igna l i s  

generated i s  e xp l a ined in deta i l  be l ow : -

The i n frared em itter is composed o f  a res ist ive w i re 

w in d i ng , when h eated at a g iven tempe rature , the f i l ament 

emits i n f ra red rad i a t i on in the band of seve ral  mi crons . 

The i n frared ra d i at i on succe s s ively passes through the 

corre l at i on whe e l , opt i c a l  bench , narrow-band opt i c a l  f i lter 

at 4 . 7  }lm and w idth at ha l f  he ight o f  about 0 . 1 2 0  }lm be fore 

reach ing the i n f rared detector . 
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The corre l at i o n  wheel  is  d r iven by a DC moto r . Dur i ng one 

ha l f - rotat i on , the emitted rad i a t i on success ive l y  passes 

through 3 s ectors of wheel  , 

a f i rst opa que s ector 

a second empty sector 

a th ird sector i nc luding a ce l l  f i l l ed with CO . 

Be fore ente r i ng the mul t i - re f l ection mea surement ce l l  

( 5 . 6 0 meter path l ength , equ iv a l ent to 2 8  re f l ect i ons o f  the 

i nc i dent beam ) the i n frared rad i at i on passes through each o f  

the 3 sectors o f  the corre l at ion whe e l  a t  frequency o f  several 

t imes per second . The whe e l  is rotated by a DC motor at the 

speed of 1 3 0 0 rpm . Th i s  resu l t s  in the tempora l spl i tt ing o f  

the i n frared beam into 3 rad iat ions wh ich w i l l  b e  converted 

i nto 3 e l ectron i c  s igna l s  by the i n frared detector l ocated at 

the out l et of the mu l t i - re f l ect i on chamber .  The s e  are : 

• A z e ro s igna l , correspond ing t o  the tot a l  suppre ss ion o f  

the i n f rared rad i at i on incident o n  the opaque sector . 

• 

• 

A mea surement s igna l correspond i ng to pas sage 

through the empty part of the wheel  and through the 

opt i c a l  bench . The I R  detector thus rece ives the 

rad i at i on c orre spond ing to the concent rat i on present 

ins ide the opt i c a l  bench . 

A r e ference s igna l correspond ing to pas sage the 

i n c ident IR rad i a t i on through the ce l l  f i l l ed with a h i gh 

concentrat i on o f  CO at a pressure o f  atmosphere 
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( absorpt ion by the gas f i lter compos ing the CO ce l l  i s  

tota l  f o r  the l i nes characteristic o f  CO ) . 

Changes i n  the absorpt ion o f  the I R  rad iat ion are 

mea sured w i th a rap id PbS e  photo conduct ing ce l l  ch i l l e d  to -

3 0°C by a Pe l t i e r  e l ement in order to reduce n o i s e  be f ore 

s ig na l  f o rm ing by the mea surement preampl i f ier . 

The preamp l i f i e r  output s igna l i s  app l ied to 

ana l og/d ig ita l c onverter wh i ch is the inte r face between 

detector and process i ng system . 

I n  order t o  synchron i z e  the presence o f  the s i gna l wi th 

i ts acqu i s i t ion by the microproces sor , the corre l at i o n  wheel  

i s  equ ipped w ith need l e s  whose pos ition i s  detected by an 

opt i c a l  spl itter at the beginn ing of each step . 

2 . 1 . 4  N ITROGEN OX I DE S  (NO , N0 2�X) ANALY ZER 

N i trogen ox ides a re mea sured with chem i l um i ne scent dua l 

chann e l  NO-N02 -NOx a na l y z e r  model  AC 3 0M ( F ig . 1 2 ) . 

Mode l AC 3 0M i s  a cont inuous mon itor for l ow 

concentrat i ons o f  n i trogen oxides . 

Mod e l  AC 3 0M i s  mounted in a 9 inch , 5 u n i t s , 6 2 5  rom 

overa l l  depth . 

Mon itoring method i s  the chem i l uminescence technique o f  

a n a l y s i s , AC 3 0M mod e l  h a s  two fundament a l  feature s . F i gure 

( 1 3 )  shows the operat ional princ ip l e s . 
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Dua l  NO-NOx channe l s , 

one photo-mu l t ip l ie r 

that i s  two mea sur i ng chambers and 

tube for cont inuous NO and NOx 

measurement on the same samp l e , and 

Permanent mi croprocessor run a l a rm checks and operat ion 

d i agnos i s .  

Ope rat i on a l  Principl es 

The samp l e  is taken through a PTFE tube c onnected to the 

rear o f  the i nstrument . Protect ion against dust is g iven by an 

eas i ly acces sed PTFE i n l et f i lter at the rear o f  the mon itor . 

S amp l e  a i r  sucked by a pump l ocated at the end o f  the c i rcu it 

goes t o  the converter oven ( NOx channe l )  on the one hand , and 

to the NO react i o n  chamber d irect l y  ( NO channel ) a fter pass ing 

through a l a s e r  per forated synthet i c  son i c  ruby f l ow 

regu l ator , on the other hand . The NO channel i s  v e ry strictly 

regu l ated t o  a va lue c l ose to 3 5  l/h . S amp l e  ( NOx channe l )  

a fter pass ing through the converter oven ( N02 t o  NO reduction)  

i s  i nt roduced i nt o  the NOx react i on chamber f o l l ow ing pas sage 

through a f l ow regu l ator . 

O z one a s  necessary to the chem i l um inescence react ion is 

produced by the o z one generator where there i s  permanent 

c i rcu l at i on of s i l ica gel dr ied amb ient a i r  sucked by the same 

vacuum pump . After pass ing through a f l ow-meter , o z onated a i r  

i s  i ntroduced into each react i on chambe r a t  a p roduced b y  the 

o z one generator where there is permanent c i rcul at i on o f  

s i l i ca -gel -dr ied , amb i ent a i r  sucked b y  t h e  s ame v acuum pump . 

After p a s s i ng th rough a f l ow-mete r ,  o z onated a i r  i s  i ntroduced 
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into each react i on chamber at a constant rate o f  approx imate l y  

1 5  ljh regu l a ted b y  s o n i c  ruby . 

A negat ive pres sure i s  created into both react ion 

chambers by the vacuum pump . One vacuum-meter p l aced a t  the 

common out l e t  of the chambers ind i cates the pressure va lue . 

The chem i l um i ne scence react i on taking p l a c e  l n  both 

react i on chambers occurs when o z one and NO mo l e cu l e s  come into 

cont act . I t  i s  there fore necessary to have a chamber 

c on f i gu rat i on and v o l ume a l l owing a good homogene i ty of the 

b l end , and a tra n s i t  t ime compatible with react i on v e l oc it i e s  

a l l ov e r  t h e  measurement range . 

Both react i on chambers are read by one s i ng l e  photo

mu l t i p l i e r  tube of h i gh sen s i t iv ity to avo id the d i sadvantage 

of u s ing the two d i f fe rent PM tubes . A three sect i on s  ( NO-NOx-

z e r o )  chopper rotates at h igh speed be fore the PM tube wh i ch 

i s  therefore a l l owed t o  read i n  succe s s i on and s ev e r a l  t imes 

per se cond , react i on chamber NO , then react i on chamb e r  NOx , 

then the mask . Thus , at each complete rev o l ut i on o f  the 

choppe r , a n  e l ectr i c a l  ze ro is ach i eved corresponding to the 

dark current o f  the PM tube . Th i s  is taken into account i n  

s i gna l process i ng a n d  e l iminates any poss ib i l i ty o f  s i gna l 

d r i ft . A h igh pass f i lter l ocated between the choppe r and the 

photo-mu l t ip l ier tubes e l iminates em i s s i ons due to 

inte r f e rence under 6 1 0  nro .  The PM tube s igna l is pre

ampl i f i ed , then processed by a m i croproce ssor wh i ch performs 

i n  part icu l ar the d ig ital ca l culation of mean measurement 

va lues , NOx and NO s ignal d i f ferent to der ive N02 , as we l l  a s  

a l a rm checks a n d  opera t i on di agnos i s  o f  t h e  instrument . The 
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var i ous va lues and i n d i cations are d i spl ayed a l pha nume r i c a l l y  

o n  the f ront pane l o f  the mon ito r .  

I n  o rder t o  ma intain the dark current o f  the photo

mu l t i p l i e r  tube w it h i n  values compat ible w ith the m i n imum 

mea surement range , the PM tube is mounted into a temperature 

contro l l ed a t  1 2°C p l u s  or m inus O . l°C . Likew i s e , the h igh 

v o l tage suppl y  o f  the PM tube is regul ated at 1/ 1 0 0 0  f o r  g a i n  

stab i l i z at ion . 

2 . 1 . 5  HY DROCARBON CMHCs , NMHCs) ANALY ZER 

Hydrocarbon ( NMHCs ) i s  measured w ith DANI TNMH 4 5 0 - B  in 

order t o  determ i n e  the tota l non-methane organ i c  contents in 

amb i ent a i r or i nert gases by means o f  f l ame i on i z at i on 

detect i on pr inc i p l e  ( FI D ) , a fter catalyt ic subtract i o n  ( F i g . 

1 4 a , b ) . 

Ope rat i on a l  P r i n c ipl es 

DAN I TNMH 4 5 0 - B  determines the tota l methane o rgan i c  

contents i n  amb i ent a i r  o r  inert gases by means o f  the f l ame 

i on i z a t i on detect i on pr inc iple ( FI D )  , a fter cata lyt i c  

subtract i on . 

A pump a sp i rates from the samp l e  l i ne the gas to be 

a na l y z ed and a sma l l  part o f  i t  is conveyed at c onstant f l ow 

rate t o  the ana l y z e r , whereas the rest i s  vented through a 

prec i s i on back pressure regulator . Th e gas port i on to be 

ana l y z ed is sent to F I D  e ither d i rectly or through a spec i a l  

s c rubber wh i ch r emoves a l l  the hydrocarbons except methane . 

4 8  



The bu i l t - i n  programme prov ides cyc l ica l ly the scrubber 

a ctua t i on : the obta ined response , re l ated to methane contents 

o n l y , is cont i nuously subtracted from the tota l response 

a ccord i ng t o  the s o  ca l led "Methane Re ference Mode " . The 

Methane Re f e rence Mode actuat i'on l a sts 6 0  seconds and can be 

repeated at v a r i ab l e  interva l s  from 1 to 9 9  m i n . 

S ing l e  storage and d i f ferent iation are then d i splayed by 

a powe rful  m i c roprocessor , thus grant ing dynam ics and 

stab i l i ty , the scrubbe r  cons i sts of a spec i a l  cata lyt i c  

reactor kept at a r igorously constant temperature . The average 

l i fe o f  the cat a l y z e r  strictly depends on the quant ity and 

nature of the treated hydrocarbons under n o rma l operat ing 

cond i t ions the l i fe t ime i s  o f  1 0 , 0 0 0  ope rat ions about ( 1 0 , 0 0 0  

hours ) . 
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2 . 1 . 6 Suspended Du st < 1 0  urn Mo� itor 

The amb ient a i r  dust mon i tor MPS I 1 0 0  princ i p l e  is based 

on the measurement o f  beta ray absorpt ion by dust s amp l ed in 

the env i ronment and reta ined by a f iberg l a s s  paper f i lter 

p rov ided w i th a m i c roproce ssor contro l l ed sequent i a l  feed 

( F i g . 1 5 ) . 

The m i croproces sor hand l e s  the sequences , makes 

correct i ons and c ompute s  the dust concentrat ions wh i ch are 

d i rect l y  p r i nted i n  � g/m3 . By v i rtue o f  i t s  ope rat ing mode , 

i t  c a n  p e r i o d i c a l ly scan , dur i ng a cycl e ,  the dust depos it 

w i th a v i ew t o  measure w ithout range sw itch ing , the dust 

concent rat i on comp r i sed between 1 � g/m3 and 4 mg/m3 , on 2 4  

hours . 

The ma i n  advantage o f  the beta ray gauge system i s  

r e l ated t o  the except i on a l  repeatab i l ity o f  the measurement , 

resu l t i ng f rom the remarkab l e  zero sett i ng p a rt o f  the 

measurement cycl e .  F i gure ( 1 6 )  shows the operat i on a l  d i agram . 

operat i ona l Pr i n c ipl e s  

Among a l l  methods used in measurement o f  the 

concentrat i on o f  dust suspended in atmosphere or a gas , the 

beta g auge o f fers r e a l  advantage whenever the concentrat i on i s  

to be expressed i n  terms o f  ma ss per unit o f  v o l ume and 

whenev e r  the proc e s s  must be automat ic . 

I n  fact , a prec i s i on sca l e  can not ea s i l y  be automated to 

record m i crograms , whereas opt ical  mehtods mea sur i ng l ight 

absorpt ion or d i f fus i on by part i c l e s  do not g ive i nd i cat i on o f  

the ma ss . 
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F i gur e ( 1 5 )  Amb i e nt Suspended Part i cu l a t e  B e t a  G a u g e  M o n i t or 
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F i l ler  - 2 0 e  

F i gu r e  ( 1 6 )  oper a t i o n a l  Pr i n c i p l e s  o f  Su s p e n d e d  
Part i c u l a t e  Mon i t o r  
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A beta gauge i s  composed o f  a soft beta ray s transm itter , 

such a s  1 4 7  pm , and a rad iat ion rece iver , respect ive l y  p l aced 

a t  each s id e  o f  the samp l e  to be proce ssed . The s amp l e  i s  

usua l l y  a f i l te r  o n  wh i ch dust has been col l ected . 

The beta rad i a t i on are observed by the matter accord ing 

t o  an exponent i a l  l aw ,  and the mea surement con s i sts in 

c a l cu l at ing the v a r i at i on existing between absorp t i o n  by the 

v i rg i n  f i l t e r  and absorpt i on by the f i l t e r  w i th dust 

c o l l ected . 

The method i s  sens it ive to the po int o f  m e a su r i ng dust 

depo s i ts o f  2 0  �g/ cm2 in a matter of two m i nutes . 

There fore , w ith measurement cyc l e s  betwee n  1 and 2 4  

hours , i t  i s  p o s s i b l e  t o  mon itor concentrat i ons o f  1 0 0 0  t o  5 

�g/m3 . 
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CHAPTER III 

MONITORING OF SUSPENDED PARTICULATE MATTER 

LES S  T HAN  1 0  MICRON ( SPM1 0 ) IN AL AIN CITY 

1 .  THE PROBLEM 

The Al A i n  reg i on l i es with i n  the hot a r i d  desert z one 

and is charact e r i z ed by meagre and variab l e  ra i n f a l l ,  shade 

tempe ratur e s  f r e quent l y  above 4 5 °C , and w inds b l ow i ng f rom 

north-west , south- e a s t  and south-west ( Cox , 1 9 8 5 ) . stormy 

bre e z e s  and w inds create sUbstant i a l  probl ems f rom dust and 

w i nd - b l own s and . At the reg ional l ev e l , the e f fect o f  w i nd 

b l own s a n d  d i f fers between various towns a n d  v i l l ages 

depend i ng on the w i nd d i rect ion in re l at i on to dune f o rmat i on . 

A l  A i n  c ity , s i ted on stab l e  gravel  p l a ins , i s  at r i sk on l y  

whe r e  i t  abut t h e  dune s  or where dunes a r e  advancing across 

the p l a ins t owa rds i t  ( Cox , 1 9 8 5 ) . 

The a tmosph e re , i n  general , i s  usua l l y p o l luted w i th 

v a r i ous k i nds o f  natura l contami nants . Howeve r ,  the v e ry 

not i ce ab l e  one i n  the C ity o f  Al Ain i s  the natura l dust . 

Natura l dust i s  brought into the a i r  o f  A l  A i n  C i ty by 

va r i ous f a ctors , the most important of wh ich a r e  dust- and/ o r  

sand-storms . Dusts l oc a l l y  generated f rom b a r e  l ands and 
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unpaved roads , by the e f fect o f  wind and mov ing tra f f ic ,  a l so 

cont r i bute the i r  cons iderab l e  share . 

Du sty storms pas s i ng over Abu Dhab i Em i rate , i n  genera l , 

and A l  A i n  c i ty i n  pa rt i cular are ma inly o f  two k i nd s  

Those accompany i ng the passage o f  cold o r  a w a rm f ront . 

Such storms usua l l y rema in over Abu Dhab i f o r  v e ry few 

hours and are o ften fol l owed by ra i n  sometimes 

a c compan i ed by thunder storms . The atmosphere i s  c l eared 

a fter ra i n  o r  the passage o f  cold f ront . A dusty 

a tmosphere may cont inue a fter a warm f ront , i f  it is not 

accompan i ed by r a i n f a l l ,  unt i l  the wa rm a i r  ma ss i s  

changed . 

Those f o rmed a s  a resul t  o f  pressure o r  heat 

d i sturbances . A f ew o f  the s e  are l oca l ones and on l y  

a f fect p a r t s  o f  t h e  Em i rate . Others are l a rge s ca l e  ones 

wh i ch pass ove r  Abu Dhab i and other Em i rates and a l so 

a f fect othe r countr i e s  i n  the reg i on . The l at t e r  are more 

c ommon and rema i n  over Abu Dhabi Em i rate for s everal 

days . S ome of thes e  come from the north a ft e r  p a s s ing 

over the Arab ian Gul f and a re l oaded w i th f in e  dust and 

have a ye l l ow i sh col our . Th e othe rs , coming f rom Saudi 

Arab i a n  d e s e rt to the south o f  the Em i rate , have coarser 

p a rt ic l es ( ma in l y  sand ) , somet imes redd i sh i n  co l our . 

S uch l a rge s ca l e  storms a f fect Abu Dha b i  Emi rate e i ther 

d i rectly by pa s s i ng through the surface l ayers of the 

a tmosphere , or indi rect ly by pa ss ing through the 

a tmosphere a l oft and are only seen i n  the sky as dust 
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c l ouds p re c i p itat i ng some of the i r  l aden-dust ove r  the 

Em i rates . 

A p r e l iminary study o f  dust fa l l  rate and compo s i t i on was 

c a r r i e d  out in the C i ty o f  Al Ain dur ing October and November , 

1 9 9 3  ( H i ndy and Baghdady , 1 9 9 4 a , b , c ) . The study was conce rned 

w i th dust fa l l  as a s imp l e  and good tool for show ing the degree 

of p o l l ut i o n  in a ny area . Dustfa l l  j a rs were set up in f ive 

d i str i cts i n  d i f f erent Un ivers ity prem i s e s  d i str ibute d  i n  the 

ci ty . The study reve a l s  that ( a )  Dust fa l l  in Al A i n  is on 

the ave rage tw ice the adopted Threshold Limit Va l u e  ( TLV ) for 

dust f a l l  rate in res ident i a l  areas i n  Germany , USA and Eastern 

countr i es i n c l ud i ng the former USSR ( 1 5 tons/m i l e2/month ) , and 

( b )  W i nd - b l own dust and/ or sand from the south-west is the 

maj o r  contr ibuto r  to dust fa l l  ove r  the c ity . 

Th i s  study l ends credence that any a i r  po l lut i on study 

in the c i ty o f  Al A i n  shou l d  be d i rected towards mon itoring 

the v a r i ous f o rms o f  atmospheric pa rt i cu l at e  matter 

part i cu l a r l y  in the areas , wh ich are l ocated in the pa ss o f  

the w inds h i t t i ng the city from the south-western d i rect i on . 

The most important one o f  the se areas i s  Al Ma qam whe r e  the 

f ema l e  students campus o f  the united Arab Em i rates univers ity 

is l ocated ( F ig . 1 7 ) . 
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2 .  THE SUS PENDED PART I CULATE MATTER < 1 0_� ( SPM1 0l 

2 . 1  D e s c r ipt i o n  

Pol l utant part ic l es i n  the 0 . 0 0 2  to 1 0  !-lm range are 

c ommon l y  su spended i n  the a i r  near sources of p o l l ut i on , such 

as the urban atmosphere , i ndus t r i a l  p l ants , h i ghways and 

p owe r p l ants . S ome o f  the t e rms common l y  used t o  descr ibe 

atmosph e r i c  p a rt i c l e s  are summa r i z ed i n  Tab l e  ( 3 ) . 

TABLE (3) 
I mpo r t an t  T e rm s  D e s c r i b i ng the Atmo sph e r i c Part i c l e s  

TERM MEAN I NG 

A e r o s o l  Co l l o i da l - s i z ed atmosph e r i c  part ic l e  

Condens a t i o n  Formed by condensat ion o f  vapors o r  
a e r o s o l  reacti ons o f  gases 

D i spers i on a e ro s o l  Formed by g r inding o f  s o l ids , 
atom i z at i on o f  l i qu i d s , o r  d i spers i on 
o f  dusts 

Fog Te rm denot i ng h igh l ev e l  o f  wate r  
dropl ets 

H a z e  Denotes decreased v i s ib i l i ty due to 
the pre sence o f  part i c l e s  

M i st s  Liquid part i c l e s  

Smoke Part i c l e s  formed by i ncomp l ete 
combu stion o f  f u e l  

( Af t e r  Manahan , 1 9 9 1 )  
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2 . 2  H e a l t h  E f f e c t s  

Recent epidem i o l og i c a l  stud i es have focused on the 

adv e rs e  he a l th e f fects o f  amb i ent a i r  po l l u t i on , spec i f i ca l l y 

the adverse e f fects o f  f i ne part icl�s , wh ich penetrate more 

deeply i nto the r e s p i ratory tree than l a rg e r  pa rt i c l e s . The 

current regu l atory standard for part i culate matter l ess than 

1 0  �m i n  a e rodynam i c  d i amete r  ( S PM1 0 ) was promu l gated by the 

E nv i ronmenta l Protection Agency in 1 9 8 7  ( Schenke r , 1 9 9 3 ) . 

Da i ly S PM 1 0 l ev e l s  have been corre l ated w ith resp i ratory 

symptoms , p e a k  expi atory f l ow rate s , and the use o f  med icat ion 

f o r  asthma in ch i l dren w i th symptoms of the d i se a s e  ( Pope et 

a l . ,  1 9 9 3 ) , and w ith sma l l  degrees o f  impa i rment in pu lmonary 

funct i o n  i n  adu l t s ( Pope and Kanne r ,  1 9 9 3 ) . Prev i ous stud ies 

of  pat i e nt s ' v i s i ts t o  emergency rooms for respi ratory 

symptoms found i n  a s soc iat ion between such v i s it s  and amb i ent 

a i r  po l lut i on ( Samet et a l . ,  1 9 8 1 ) , and in a recent study in 

S eatt l e , USA , increases  i n  the S PM1 0  l ev e l  were a s s o c i ated with 

more emergency r oom v i s its for asthma ( Schwa rt z , 1 9 9 1 ) . I n  the 

Seatt l e  study , the mean S PM1 0 l evel  that was a s s oc i ated with 

i ncrea s e s  i n  emergency room v i s i ts wa s 3 0  �g/m3 , o r  one f i fth 

of the current US standard for the average val  ue ove r  2 4  

h ours ; the da i l y  mean l evel  never exceeded 7 0  percent o f  the 

standa rd . Hosp i t a l  adm i s s ions for respi ratory d i sorders have 

a l so been a s s o c i a ted with part icul ate a i r  pol l ut i on ( Pope , 

1 9 9 1 )  a nd w i th l ev e l s  o f  sulphate a e rosol s ,  a component o f  

S PM1 0 dur i ng the summer months ( Bates and s i zto , 1 9 8 7 ) . I n  the 

N a t i ona l Hea l th I nt e rv i ew Survey , i ncreased concentrat ions o f  
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f i n e  part i c l e s  i n  the amb i ent a i r  we re a s s oc i ated w i th 

respi ratory c ond i t i on s  severe enough to resu l t  in absence from 

work ( Ostro and Rothsch i l d ,  1 9 8 9 ) . 

Recent mort a l ity stud i e s  have ra i s ed further quest i ons 

about the sa fety of the current S PM 1 0 stand a rd . Ana lyses i n  

s ev e r a l  c it i e s - Ph i l ad e l ph i a ; S anta c l a ra ; Ca l i fo rn i a  ; Detro i t ; 

steubenv i l l e ; Oh i o ; st . Lou i s  B i rm i ngham and A l abama - have 

shown a stat i s t i ca l ly s ign i f i cant d i rect a s s oc i a t i o n  between 

morta l i ty and da i ly concentrat i on s  of pa rt icul ate matter in 

the a i r  ( S chwart z , 1 9 9 1 ) . 

3 .  THE PRE SENT INVE S T I GAT I ON 

Mon itor i ng o f  suspended part i cu l ate matter l e ss than 1 0  

�m ( S PM_ o )  wa s c a r r i ed out in the Fema l e  students Campus o f  the 

u n i ted Arab Em i rates Un ivers ity l ocated at Al Maqam area ( F i g . 

1 7 ) 

The s amp l i ng i nstrument and p rocedure o f  mea surement o f  

S PM 1 0 concentrat i on are descr ibed i n  Chapter I I  ( pp .  5 1  - 5 3 ) . 

Mon i t o r i ng was undertaken da i ly ove r  a pe r i od o f  three months 

( Decemb e r  1 9 9 3 , January 1 9 9 4 , and February 1 9 9 4 ) . The s e  

represent t h e  w i nter s eason o f  1 9 9 3 - 1 9 9 4  yea r . 

The i n f orma t ion gathe red by the present i nvest igat i on i s  

correl ated w i th the corre spond i ng weather data . Hour l y  

observ a t i ons o f  meteoro l ogical  e l ements that may l i kely a f fect 

the degree of p o l l ut i on at the study area were obta ined from 

A l  A i n  M i l i t a ry Stat ion . The se data were then proces sed to 

meet the r e qu i rements of the present i nvestigat i on . 
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3 . 1 . R e su l t s  

The d a i l y  resu l t s  o f  S PM 1 0 dur i ng the study p e r i od a re 

a s s embl ed i n  Tab l e  ( 4 ) . 

The resu l t s  obt a i ned were month ly averaged and a r e  g iven 

i n  Tab l e  ( 5 )  wh i ch shows the min imum , max imum and mean 

concent rat i o n  of S PM 1 0 dur i ng each of the three study months . 

The s ame t ab l e  ind icates the Threshold Limit Va l u e  ( TLV ) 

a ccord i ng t o  the U .  S .  Nat i onal  Amb ient Air-Qua l i ty Standards 

( NAAQS ) ( EPA , 1 9 7 6 ) . Besides , the monthl y  mean s were sea sona l ly 

ave raged f o r  the w inte r , 1 9 9 3 - 1 9 9 4  and a r e  l i sted at the 

bottom of the t ab l e . 
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TAB LE ( 4) 
Da i ly conc e n t r a t i o n  of SPM 1 0  (ug/m 3 ) i n  Al A i n  Du r i ng the P e r i o d  of s tudy (Dec . ,  1 9 9 3  - F eb . , 1 9 9 4) 

MONTH/ DAY DECEMBER , 1 9 9 3  JANUARY , 1 9 9 4  FEBRUARY , 1 9 9 4  

1 5 3 . 6  5 0 . 4  1 0 2 . 6  

2 6 2 . 9  6 4 . 5  8 0 . 0  

3 5 5 . 1  9 4 . 2  6 5 . 5  

4 5 8 . 1  9 3 . 7  6 7 . 5  

5 7 0 . 6  8 0 . 5  4 4 . 4  

6 9 0 . 9  6 7 . 1  5 1 . 3  

7 8 0 . 1  4 6 . 6  5 4 . 8  

8 1 0 0 . 2  5 3 . 3  6 2 . 1  

9 9 2 . 3  4 6 . 6  7 2 . 3  

1 0  6 6 . 8  5 7 . 8  6 6 . 3  

1 1  6 5 . 5  1 8 5 . 3  I 9 1 . 3 

1 2  7 5 . 2  8 6 . 8  6 1 . 9  

1 3  7 9 . 2  7 8 . 6  7 0 . 4  

1 4  8 6 . 8  5 7 . 8  4 6 . 8  

1 5  7 7 . 7  8 7 . 5  5 3 . 4  

1 6  6 8 . 8  -
- * 8 1 . 7  

1 7  4 7 . 3  6 9 . 9  1 3 6 . 9  

1 8  6 1 . 5 4 7 . 6  5 5 . 4  

1 9  7 3 . 4  6 5 . 9  5 2 . 7  

2 0  6 0 . 2  8 4 . 0  6 5 . 9  

2 1  6 0 . 1  6 1 .  9 8 2 . 8  

2 2  7 0 . 3  * 1 0 2 . 1  

2 3  6 5 . 5  7 3 . 8  7 7 . 4  

2 4  7 0 . 3  1 0 6 . 0  6 0 . 2  

2 5  6 8 . 0  7 8 . 0  I 5 1 . 6 

2 6  4 7 . 7  7 1 . 8  * 

6 3 . 7  - * 
2 7  -

- * 

59 . 3  * 2 8  5 7 . 7  

6 4 . 4  * 
2 9  5 4 . 9  

8 3 . 4  * 
3 0  5 9 . 6  

7 3 . 1  -
- * 

3 1  5 1 .  0 

* - - - - - Not recorded 
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TABLE ( 5) 
Monthly and S e a s o n a l  Range and Mean of S PM 1 0  . 

Al A ' n  C d '  
C o n c e n t r a t 1 0n i n  1 ompa re w 1 th the TLV Du r i ng the P e r i od of S tudy 

(Dec . «  1 9 9 3  - Feb . « 1 9 9 4 ) 

MONTH NO . OF 
READ INGS 

MIN IMUM 
Dec . , 1 9 9 3  3 0  

Jan . , 1 9 9 4  2 9  

Feb . , 1 9 9 4  2 7  

w inter 1 9 9 3 - 8 6  
1 9 9 4  

* �g/m3 
TLV = Thresh o l d  Limit Value 
* *  Annu a l  Geome t r i c  Mean 

3 . 2 .  D i s cu s s i o n  

4 7 . 3  

4 6 . 6 

4 4 . 4  

4 6 . 1 

RANGE * 

MAXIMUM 
1 0 0 . 2  

1 8 5 . 3  

1 3 6 . 9  

1 4 0 . 8  

TLV *  

MEAN 
6 7 . 7  7 5 * *  

7 4 . 3  

6 8 . 8  

7 0 . 2 6 

The most s t r i king f eatures characte r i z i ng the presented 

data can be summa r i z ed in the fol l owing sect ions : 

3 . 2 . 1  The S PM l o  Leve l  and S ource 

The monthl y  means be ing 67 . 7  �g/m3 , 7 4 . 3  �g/m3 and 6 8 . 8  � 

g/m3 dur ing Decembe r ,  January and Februa ry respect ive l y  and the 

w i nter 1 9 9 3 - 1 9 9 4  mean be ing 7 0 . 2 6 I-lg/m3 are st i l l  be l ow the 

TLV .  

Th i s  f i nd ing c l early indicates that the concentrat ion o f  

the suspended part icul ate matter l es s  than 1 0  m i cron ( S PM1 0 ) in 

A l  A i n  atmosphere i s , on the average , be l ow the Threshol d  
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Limit Va l ue ( TLV ) accord i ng to the U . S .  Nat i on a l  Amb i ent Air

Qua l ity S tandards ( NAAQS ( EPA ,  1 9 7 6 ) . 

Th i s  unexpected resul t  i s  qu ite d i sconcordant w i th that 

obt a i ned th roughout the prel iminary study c a r r i ed out on 

dus t f a l l rate i n  A l  Ain during Octobe r and Novemb e r  1 9 9 3  

( H i ndy and Baghdady , 1 9 9 4 a ) , wh i ch i nd i cates that dust f a l l  i n  

Al A i n  i s , on t h e  average , tw ice the adopted TLV f o r  dust fa l l  

i n  r e s i dent i a l  a reas i n  Germany , U . S . A .  and E a stern Countries 

i n c l ud i ng the f o rmer U . S . S . R .  ( 1 5 tons/mi l e2/month ) .  

I t  can b e  d educed that the prob l em o f  part i cul ate 

p o l lut i on in the C i ty o f  Al Ain is concerned w ith the dust f a l l 

rather than w i th the suspended part i cu l ate matte r .  

The maj o r  cont r ibutor to dust fa l l  over the c i ty o f  A l  Ain 

is suggested by H i ndy and Baghdady ( 1 9 9 4 a )  a s  the w i nd-bl own 

dust and/ o r  sand f rom the south-west . Th i s  sugge st i on i s  based 

o n  a d i str ibut i on map o f  dust fa l l  a l l over the C ity . 

On the other hand , the principal  sources o f  S PM1 0 i n  the 

atmosphere of Al A i n  can not be suggested be fore s tudy ing the 

re l at i onship b etween such type o f  a i r  contaminants and the 

meteoro l og i ca l  pa rameters , preva i l i ng i n  the c ity , 

p a rt i cu l ar l y  the w i nd speed and d i rect i on , wh i ch w i l l  be 

cons i de red i n  the d i scu s s i on o f  the e f fects o f  atmosphe r i c  

cond i t i ons on S PM1 0 concentrat i on .  

However , s ome common sources o f  S PM1 0 can b e  taken into 

account accord i ng to the propert ies of the se part iculates . 

Th i s  w i l l  be cons idered i n  the f o l l ow i ng b r i e f  out l ine 

( God i sh , 1 9 9 1 ) . 

" One o f  the maj o r  character i st i cs o f  part i cu l ate matter 

i n  the amb i ent atmosphere i s  part i c l e  s i z e . Part i c l es 
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range i n  s i z e  fr om approx imately 0 . 0 0 5  to 5 0 0  �m . The 

sma l l est a r e  mol ecu lar c lusters ; the largest are 

v i s ib l e t o  the una ided eye . Sma l l  part icles  « 1  �m in 

d i ameter )  behave a s  gases ; that i s , they are subj ect to 

Brown i a n  mot i on ( the random motion of mo l ecu l es ) , 

f o l l ow f lu i d  stream l i nes around obstac l e s , and are 

capab l e  of coagu la t ion . Larger part i c l es are more 

char act e r i s t i c  o f  sol id matter , a s  they are strongly 

a f f ected by gravity and rare ly coa l e sce . Typ i ca l  s i z e 

ranges f o r  a vari ety of natura l and anthropogen i c a l ly 

der ived p a r t i c l e s are i l lustrated i n  F i g . ( 1 8 ) . "  

+ S e a  S a l l � 

�o(---- F l y  A 5 h --�) 

+-C a f b o n  B I a c k � 

+ P o t l e n +-

-«-- T o b a c c o  � 
S m 0 k e 

"o(-- C e m e n  I O u a I --+--

+- C 0 m b  u s I I  0 n � 
N u c I e I � C o a l  O u a l � 

0 1 1  eo(-- S m o k e � 

�'<c---- M " t " l I u r g l c 8 1  D u a l  a n d  F u m e s  ----�) 

<OII(f---- S m 0 9 ----+-� 

F i gure ( 1 8 )  

I n s e c t i c I d e  
� D u s t s �  

. I 
1 0 . 0 1l m  1 0 0 . 0 )J m  

S i z e ranges and Sources o f  Common 

Atmosphe r i c  Part i c l e s  
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The max imum range o f  S PM1 0 concentrat ion i n  the atmosphere 

of A l  Ain was obs e rved dur ing January . Th i s  has been expressed 

i n  the m i n imum , max imum and mean concentrat i ons wh ich are , 

respect i v e l y  , 4 6 . 6  Ilg/m3 , 1 8 5 . 3  Ilg/m3 and 7 4 . 3  Ilg/m3 .  On the 

oth e r  hand , the corre spond ing min imum range o sc i l l ates b etween 

the other two months , i .  e .  December 1 9 9 3  and February 1 9 9 4 . 

For examp l e , the m i n imum and maximum concentrat i ons are , 

respect ive l y , 4 7 . 3  Ilg/m3 and 1 0 0 . 2  Ilg/m3 dur i ng Decembe r  1 9 9 3  

and 4 4 . 4  Ilg/m3 a nd 1 3 6 . 9  Ilg/m3 dur i ng Febru a ry 1 9 9 4 . However , 

the l owest month l y  mean , i .  e .  6 7 . 7  Ilg/m3 was obs e rved dur ing 

December 1 9 9 3  compa red w ith 6 8 . 8  Ilg/m3 obs e rved dur i ng February 

1 9 9 4 . 

Such v a r i a t i on can be exp l a ined through the f o l l owing 

sect i on wh i ch treats the e f fects o f  atmosph e r i c  cond i t i ons on 

S PM 1 0 concentrat i on . 

3 . 2 . 2  Atmospher i c  Cond i t i ons that Af fect SPM1 0 Concentra t i on 

pol l utants are usua l ly emitted every day i n  the same 

quant i t i e s  and qua l i t i es , at a spec i f i ed area or reg i on . The 

weather i s  the on l y  var i ab l e  factor that can d i l ute or 

concentrate the s e  em itted pol l utants i n  the atmosphere over 

that area or reg i on .  

The most h 1 t that a f fect the important weat er e emen s 

f S PM are speed and d i rect i on o f  the d i sp e r s i on process 0 1 0 

w i nd s , a i r  temp e rature and atmospher i c  stab i l i ty . 
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( A )  W i nd s  

Dust p a rt i c l e s  d i scha rged i nto the atmosphere a re 

transported away f rom the i r  sources o f  em i s s ion . The d i stances 

trav e l ed by p a rt i c l es depend upon the i r  s i z e s  and the 

preva i l ing meteoro l og i c a l  cond i t i ons . The ba s i c  importance o f  

transport i s  s i gn i f ied b y  the attent i on that must b e  p a i d  to 

the w i nd d i rect i on in treating d i screte sources of a i r  

po l l ut i on . 

Po l l u t i on emitted f rom a certa in source w i l l  be more or 

l e s s  d i l ut ed a l ong the d i rect i on of transport . W i nd speed i s  

a l so a n  important f a ctor i n  d i lution even w ith n o  changes i n  

w i nd d i rect i on . 

The p r i nc i p a l features character i z ing the p reva i l ing 

w i nd s  in A l  Ain are g iven i n  Tables ( 6 ) , ( 7 ) , and ( 8 )  for 

Decembe r 1 9 9 3 , J a nu a ry 1 9 9 4  and February 1 9 9 4 , respect ive l y . 

The s e  i n c l ude the percentage frequenc i e s  for hou r l y  w i nd speed 

d i re c t i o n  during the three study months . 

The month l y  means o f  the hourly speeds and frequenc ies 

are graph i ca l l y represented by w ind roses i n  F i g s . ( 1 9 ) , ( 2 0 )  

and ( 2 1 )  f o r  December 1 9 9 3 , January 1 9 9 4 , and Febru a ry 1 9 9 4 , 

respect ive l y . 

The month l y  and season a l  range o f  temperature and 

re l at ive hum i d i ty , the tota l amounts o f  ra i n fa l l  and the total 

numb e r  of days w i th dust and/ or sand storms at A l  Ain dur i ng 

the three study month s were a l so c a l cul ated and are g iven i n  

Tab l e  ( 9 ) . 

The c orre l at i on between the S PM1 0 l eve l s  and the w ind 

d d ·  t '  f requenc l' es revea l s  that the month l y  speed an l rec l on 

average concent rat i ons o f  the S PM1 0 l eve l s  and the w i nd speed 
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(j) 00 

D I RECT ION 

. 3 5 0 - 1 0 1  

0 2 0 - 0 4 0 

0 5 0 - 0 7 0  

0 8 0 - 1 0 0  

1 1 0 - 1 3 0 

1 4 0 - 1 6 0  

17 0 - 1 9 0  

2 0 0 - 2 2 0  

2 3 0 - 2 5 0  

2 6 0 - 2 8 0  

2 9 0 - 3 1 0  

3 2 0 - 3 4 0  

TOTAL 

CALMS 

0 1 - 0 3  

KNOTS 

0 3 . 2  

0 1 . 5 

0 2 . 3  

0 1 .  5 

0 2 . 1  

0 0 . 6  

0 0 . 3  

0 0 . 9  

0 0 . 6  

0 0 . 3  

0 2 . 1  

1 7 . 9  

TABLE ( 6 )  
Percentage F requenc i e s  For Hourly W i n d  Spe ed D i r e c t i o n  

I n  A l  A i n  (December, 1 9 9 3 ) 

0 4 - 0 6  0 7 - 1 0 1 1 - 1 6  1 7 - 2 1 2 2 - 2 7  2 8 - 3 3  

KNOTS KNOTS KNOTS KNOTS KNOTS KNOTS 

0 3 . 8  0 0 . 9  0 0 . 3  0 0  0 0  0 0  

0 0 . 3  0 0  0 0  0 0  0 0  0 0  

0 0 . 6  0 0  0 0  0 0  0 0  0 0  

0 1 . 8  0 0  0 0  0 0  0 0  0 0  

0 2 . 3  0 2 . 3  0 0  0 0  0 0  0 0  

0 1 . 8 0 3 . 8  0 1 . 2 0 0  0 0  0 0  

0 2 . 9  0 1 . 8  0 0  0 0  0 0  0 0  

0 2 . 6  0 0 . 9  0 0  0 0  0 0  0 0  

0 2 . 3  0 1 .  2 0 0  0 0  0 0  0 0  

0 4 . 1  0 2 . 6  0 0 . 3  0 0  0 0  0 0  

0 7 . 0  1 0 . 3  0 2 . 1  0 0  0 0  0 0  

0 4 . 1  0 8 . 8  0 2 . 6  0 0  0 0  0 0  

3 3 . 7  3 2 . 6  0 6 . 5  0 0  0 0  0 0  

.. --------

> 3 3  TOTAL 

KNOTS 

0 0  0 7 . 6  

0 0  0 3 . 5  

0 0  0 2 . 1  

0 0  04 . 1  

0 0  0 6 . 2  

I 
0 0  08 . 8  

0 0  0 5 . 3  

0 0  0 3 . 8  

0 0  04 . 4  

0 0  0 7 . 6  

0 0  19 . 6  

0 0  17 . 6  

0 0  9 0 . 6  

09 . 4  
--L ______ .. __________ - --
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1::;;;1 1 - I'J kNOTS 

EJ 0 -10 KNOTS 

fill] 1 1-1-' KNOTS 
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F igure ( 1 9 )  The Month l y  Average Va r ia t ion Of Hour l y  Speed And Frequenc ies O f  W i nds 
B l ow i ng From 8 D i rect i ons In A l  Ain ( December , 1 9 9 3 )  



--.J o 

D I RECT ION 

3 5 0 - 1 0 1  

0 2 0 - 0 4 0  

0 5 0 - 0 7 0  

0 8 0 - 1 0 0  

1 1 0 - 1 3 0  

1 4 0 - 1 6 0  

1 7 0 - 1 9 0  

2 0 0 - 2 2 0  

2 3 0 - 2 5 0  

2 6 0 - 2 8 0  

2 9 0 - 3 1 0  

3 2 0 - 3 4 0  

TOTAL 

CALMS 

0 1 - 0 3  

KNOTS 

0 1 . 2  

0 2 . 9  

0 1 . 5 

0 1 . 5 

0 2 . 3  

0 2 . 9  

0 2 . 9  

0 2 . 3  

0 0 . 3  

0 2 . 3  

0 2 . 1  

00 . 9  

1 9 . 1  

TABLE ( 7 )  
Percentage Frequenc i e s  F o r  Hourly Wind Spee d  Di r e c t i on 

I n  A l  A i n  (J anuary, 1 9 9 4 ) 

0 4 - 0 6  0 7 - 1 0  

KNOTS KNOTS 

0 2 . 9  0 0 . 3  

0 0 . 6  0 0 . 3  

0 2 . 1  0 1 . 2 

0 2 . 6  0 0 . 9  

0 4 . 1  0 1 . 2 

0 1 . 5 0 1 . 5 

0 1 . 5 0 1 . 5  

0 2 . 1  0 1 . 2 

0 2 . 9  0 2 . 3  

0 4 . 7  0 2 . 6  

0 4 . 4  0 5 . 6  

0 4 . 4  0 5 . 3  

3 3 . 7  2 3 . 8  

1 1 - 1 6  

KNOTS 

� --

0 0  

0 0  

0 3 . 2  

0 0 . 6  

0 0  

0 2 . 6  

0 2 . 3  

0 1 .  2 

0 0  

0 0 . 9  

0 1 . 8  

0 2 . 3  

1 5 . 0  

1 7 - 2 1 

KNOTS 

0 0  

0 0  

0 0  

0 0 . 3  

0 0  

0 1 . 5 

0 0 . 9  

0 0  

0 0  

0 0  

0 0 . 6  

0 0  

0 3 . 2  

2 2 - 2 7  2 8 - 3 3  

KNOTS KNOTS 

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  00  

00  00  

00  00  

00  00  

00  00  

00  00  

> 3 3  TOTAL 

KNOTS 

0 0  0 4 . 4  

0 0  0 3 . 8  

0 0  0 7 . 9  

0 0  0 5 . 9  

00  0 7 . 6  

00  1 0 . 0  

0 0  0 7 . 0  

0 0  0 6 . 7  

00  0 5 . 6  

0 0  0 8 . 5  

0 0  1 4 . 4  

0 0  1 2 . 9  

0 0  9 4 . 7  

0 5 . 3  
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W I ND ROSE (HOURLY DATA) 

- .1 - 5 KNOTS 

EI G - 1 0  KNOTS 

HID 1 1 -16 KNOTS 
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SCALE : 1 I .  15 • • •  

F igure ( 2 0 )  T h e  Month l y  Average Va r i at i on O f  Hou r l y  Speed And Frequenc ies O f  W i nds 
B l ow i ng trom 8 Di rections In Al Ain ( January , 1 9 9 4 ) 
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D I RECTION 

3 5 0 - 1 0 1  

0 2 0 - 0 4 0  

0 5 0 - 0 7 0  

0 8 0 - 1 0 0 

1 1 0 - 1 3 0  

1 4 0 - 1 6 0  

1 7 0 - 1 9 0  

2 0 0 - 2 2 0  

2 3 0 - 2 5 0 

2 6 0 - 2 8 0  

2 9 0 - 3 1 0  

3 2 0 - 3 4 0  

TOTAL 

CALMS 

0 1 - 0 3  

KNOTS 

0 1 . 9  

0 2 . 3  

0 0 . 3  

0 2 . 9  

0 1 .  3 

0 1 . 9  

0 0 . 3  

0 0 . 6  

0 0 . 3  

0 0 . 6  

0 1 . 0 

0 0 . 6  

1 4 . 3  

TABLE (8) 
P e r c e n t age F reque n c i e s  For Hou r ly W i n d  Spe e d  D i r e c t i on 

I n  A l  A i n  (February, 1 9 9 4 )  

0 4 - 0 6  0 7 - 1 0  1 1- 1 6  1 7 - 2 1 2 2 - 2 7  2 8 - 3 3  

KNOTS KNOTS KNOTS KNOTS KNOTS KNOTS 

0 2 . 6  0 1 . 0 0 0  0 0  0 0  0 0  

0 0 . 6  0 0 . 3  0 0  0 0  0 0  0 0  

0 0 . 3  0 0  0 0  0 0  0 0  0 0  

0 0 . 6  0 0  0 0  0 0  0 0  0 0  

0 2 . 6  0 0 . 3  0 0  0 0  0 0  0 0  

0 1 .  0 0 3 . 2  0 2 . 3  0 1 . 3 0 0  0 0  

0 1 .  6 0 2 . 9  0 2 . 9  00 . 3  0 0  0 0  

0 1 .  3 0 1 . 9  0 0  0 0  0 0  0 0  

0 3 . 6  0 4 . 5  0 1 . 3 00  0 0  0 0  

0 3 . 6  0 3 . 6  0 2 . 3  0 1 . 0 0 0  0 0  

0 2 . 6  0 8 . 8  0 9 . 4  00 . 6  0 0  0 0  

0 4 . 9  0 6 . 5  0 1 . 6 00  0 0  0 0  

2 4 . 4  3 3 . 1  1 9 . 8  0 3 . 2  0 0  0 0  

> 3 3  TOTAL 

KNOTS 

00 0 5 . 5  

0 0  0 3 . 2  

0 0  0 0 . 6  

0 0  0 3 . 6  

0 0  0 4 . 2  

0 0  09 . 7  

0 0  0 8 . 1  

0 0  0 3 . 9  

00  0 8 . 8  

0 0  1 1 .  0 

0 0  2 2 . 4  

0 0  1 3 . 6  

0 0  9 4 . 8  

0 5 . 2  
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F igure ( 2 1 )  The Monthly Ave rage var i at ion O f  Hou r l y  Speed And Frequenc ies O f  W i nds 
B l ow i ng trom 8 D i rect ions I n  A l  A i n  ( February , 1 9 9 4 )  



and d i re c t i on frequencies revea l s  that the month l y  average 

concentrat ions o f  the SPM1 0 is  h igh l y  corre l ated w i th both wi nd 

spee d  and d i re ct i on in Al Ain c ity . Th i s  can be c l e a r l y  shown 

f rom the f o l l ow i ng f indings : 

The max imum ave rage concentration o f  S PM1 0 ( 7 4 . 3  11 
g/m3 ) obs e rved l n  the City dur ing January 1 9 9 4  i s  highly 

correl ated w ith the maximum average frequency ( 3 . 2  % )  o f  

the w i n d  speed range 1 7 - 2 1 knots recorded dur ing the s ame 

month in the s outhern d i rect ion ( F i g . 2 0 ) . Howev e r , the 

s ame average f requ ency value ( 3 . 2 % )  in the same w i nd 

speed range ( 17 - 2 1  knots ) was recorded a l s o  dur i ng 

Febru a ry 1 9 9 4 , but d i str ibuted ove r  two d i rect ions , i . e .  

the western and southern with a tendency t o  be h ighe r  i n  

t h e  f o rm e r  ( F i g . 2 1 ) . Taking i nto cons ider a t i o n  t h a t  the 

month l y  mean concentrat i on of S PM1 0 dur i ng Febru a ry 1 9 9 4  

( 6 8 . 8  Ilg/m3 )  i s  l ower than the correspond ing mean o f  

January 1 9 9 4  ( 7 4 . 3  Ilg/m3 ) , i t  can b e  s a id that the 

e f fect ive sources o f  S PM1 0 i n  the atmosphere of Al A i n  are 

f ound t o  the south o f  the c ity . These sources cou l d  be 

d e f i n e d  by H indy and Baghdady ( 1 9 9 4 c )  a s  be i ng mostly 

n atur a l  ones ( crusta l mate r i a l s )  w i th a minor 

cont r ibu t i on of man-made source s ,  part i cu l a r l y  automob i l e  

t ra f f i c em i s s ions and agr icultura l act iv it i e s . 
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The mean frequency o f  the wind speed in the ranges 1 1 - 1 6  

knots and 1 7 - 2 1  knots were tota l ly 6 . 5 % , 1 8 . 2 % and 2 3 . 0 % 

dur i ng Decembe r ,  Janua ry and Februa ry respect ive l y . 

Accord i ng to Ernbab i ( 1 9 9 1 ) , on l y  w inds whos e  v e l oc ity 

exceed i n g  1 1 - 1 2  knots can move dunes sands . Th i s  means 

that the study p e r i od is cha racter i z ed by a cons iderab l e  

frequ en c i e s  o f  winds hav i ng the abi l i ty t o  move dune 

sands and hence i ncreas ing the atmosph e r i c  po l l ut i on w ith 

the f i ne part i cu l ate matter in the city . Acc o rd ing l y , i t  

i s  expected t h a t  the month o f  February wh i ch i s  

characte r i z ed b y  the h igher mean frequency ( 2 3 . 0 % )  o f  the 

w ind speed range 1 1 - 2 1 knots shou ld have the h ighe r  mean 

concentrat i on of S PM1 0 dur i ng the same month . Howev e r , the 

month of February has shown a mean concentrat i on o f  S PM 1 0 

( 6 8 . 8  �g/m3 ) l ower than that o f  January ( 7 4 . 3  �g/m3 ) wh i ch 

has a l ower f requ ency ( 1 8 . 2 % )  o f  wind speed range 1 1 - 2 1 

knot s . Th i s  i n  turn re f l ects the e f fect ive ro l e  o f  the 

w i nd d i rect i on bes ides the wind speed . For i nstance , the 

mean w i nd speed frequency dur ing January i n  the range o f  

1 1 - 1 6  knots ( 1 5 . 0 % )  i s  d i str ibuted between the NE , E - , 

S E - , S - , SW- , W- and NW- d i rect i ons with a tendency to be 

h i gh e r  in the NW- and S- d i rect i ons , whereas the 

correspond ing frequency in the range of 1 7 - 2 1 knots 

( 3 . 2 % )  i s  comp l et e l y  con s i stent to the s outh e rn d i rect i on 

( F ig .  2 0 ) . On the other hand , the mean w i nd speed 

frequ ency during February in the range of 1 1 - 1 6  ( 1 9 . 8 % )  

i s  d i st r ibuted between the SE- , S - , SW- , W- and SW-

W-d i re c t i ons w i th a tendency to be h ighe r  i n  the NW - , 

and S - d i rect ions , whe reas the correspond i ng f re qu ency i n  
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the range o f  1 7 - 2 1 knots ( 3 . 2 % )  is  d i s tributed between 

the S - and W- d i rect ions with a tendency to be hi gher in 

the W- d i rect i on . 

The conc l u s i o n  wh i ch shou l d  be drawn from the forego ing 

f i gures is that the movement of dune sands and hence the 

increa se in the atmosphe r i c  contaminat ion w i th S PM1 0 i s  

h igh ly a f fected bv the w i nds b l ow ino f rom the southern - J 

d i rect ion . 

The min imum mean concentrat ion o f  SPM1 0 ( 6 7 . 7  �g/m3 ) 

observed dur ing the month o f  December 1 9 9 3  i s  a s s oc i ated 

w i th the f o l l owing two phenomena characte r i z ing th i s  

month 

( a )  The mean f requency of the wind speed in the l owe r 

ranges , i . e . 1 - 3 , 4 - 6  and 7 - 1 0  knots b e i ng tota l ly 

8 4 . 2 % i s  h igher in compari son with the correspond ing 

mean f requency o f  January ( 7 6 . 6 % )  and February 

( 7 1 . 8 % ) . The w i nd speed in the range o f  1 - 1 0  knots 

seems to be o f  l ower e f fect as an a i r  c ontam i nants 

carr ier in comparison with the h i gher wind speed 

range ( 1 1 - 2 1 knot s ) . 

( b )  The mean frequency o f  both wind speed and d i rect ion 

tends t o  be much h igher in the north-western 

d i rection in comparison with the other d i recti ons 

( F ig . 1 9 ) . The w ind-b l own dust from th i s  d i rection 

seems to  be l ower than those from the southern and 

western d i recti ons . 

An i nterest ing a spect of  the data i s  the con s i stent 

i ncrease of atmospheric po l l ut ion with S PM1 0 in the C i ty 

o f  Al Ain  w i th increas ing the frequency o f  h igher wind 
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speed range . Th i s  inverse re l at i onship ( see p .  1 2 )  

ind i cates that most o f  atmospheric part i cu l ates i n  the 

c i ty o r i g i nat e s  f rom out s ide s ources . 

Max imum S PM 1 0  concentrat ion i s  found i n  the month , wh ich 

i s  characte r i z ed by the h igher percentage o f  c a lm 

per i od s , i . e . Janu a ry 1 9 9 4 . Usua l ly these p e r i od s  h e l p  i n  

concentra t i ng t h e  atmospher i c  pol lutants . 

TABLE ( 9 )  
Monthly An d S e a s o n a l  Mean O f  Some Meteoro l ogi c a l  P a r am e t e r s  At 

A l - A i n Du r i ng T h e  S tu dy Period (Dec . ,  1 9 9 3  - F eb . , 1 9 9 4 ) 

PARAME T E R  DEC . JAN. FEB . W I NTER 
1 9 9 3  1 9 9 4  1 9 9 4  1 9 9 3 - 1 9 9 4  

Tempe rature ( • C )  Max . 3 1 .  0 3 0 . 0 3 3 3 . 0  
M i n . 9 . 4  6 . 7  6 . 0  
Mean 2 2 . 9  2 1 .  2 2 1 . 6  2 1 . 9  

Re l at iv e  hum i d ity Max .  1 0 0  9 4  9 7  
R . H .  ( %  ) M i n . 2 4  2 0  1 9  

Mean 57 5 1  4 9  5 2 . 3  

Tot a l  ra i n fa l l  
( mm )  1 3 . 7  2 . 4  N i l  1 6 . 1  

Tot a l  N o . o f  days 
w ith s a nd storms N i l  N i l  N i l  N i l  N i l  

( B ) A i r  Tempe rature and Pres sure and Atmospheric stab i l i ty :  

The change i n  a i r  temperature w i th pressure and hence 

w ith a l t itude ( ad i abat ic lapse rate ) i s  an important 

con s i d e ra t i on in the i nc idence of a i r pol l ut i on . The two most 

. f rom an a i r po l l ution stand p o i nt a re the 
important cond i t l ons 
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supe r a d i abat i c  l apse rate and negat ive adiabat i c  l apse rate 

( i nve rs i on ) . On c l e a r  summer days , rap i d  heating of the ea rth 

by the sun warm s  the ea rth near the surface to the po int where 

the l apse rate is super adiabat i c . The decrease in a i r  

temperature w i t h  he ight i s  greater than the norma l ad iabatic 

l ap s e  rate . Under th i s  condit ion , the atmosphere i s  said to be  

i n  u n stab l e  e qu i l ibr ium and marked vert i ca l m i x ing of  the a i r  

resu l t s . Th i s  i s  a cond i t i on where pol lutants a re d i spersed 

rap i d l y  ( Fa ith , 1 9 5 9 ) . 

The oppos ite cond it ion i s  a negat ive l apse rate or 

tempe r ature increases w ith he ight . I t  may be caused by cool ing 

the a i r  near the g round because o f  the earth ' s  l os ing heat by 

l ong-wave rad iat i on a t  n i ght . Under cond i t ion o f  a n  

a tmospher i c  temperature invers ion , the atmosphere i s  sa id t o  

b e  stab l e  a n d  very l it t l e  m i x ing or turbul ence takes p l ace , 

becau s e  the denser a i r  i s  near the ground . Under these 

condi t i on s , po l l utants in the a i r  do not d i sperse ( Fa i th , 

1 9 5 9 ) . 

I n  the present study , the warmer month , i .  e .  December ,  

1 9 9 3  ( 2 2 .  9°e mean t empe rature ) i s  characterised by r e l a t ively 

l ower concentrat i on o f  S PM 1 0  ( 6 7 . 7  ).1g/m3 mean concentrat i on ) . 

Th i s  mean s that the unstab l e  cond it ions o f  a i r  wh i ch usua l ly 

preva i l  with the i ncrease in temperature i s  l a rgely 

respon s i b l e  for reduc i ng the concentration of S PM 1 0 dur i ng 

Decemb e r , 1 9 9 3 . 

3 . 2 . 3  The S PM 1 0  F l uctuat ion 

Meteoro l og i c a l  parameters are probably most important i n  

d e f i n i ng the concentrat i on and fluctuation o f  S PM 1 0  
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concentration in the urban atmosphere . There fore , a n  attempt 

has been made to interpret the da i l y variat i on o f  S PM 1 0 l eve l 

during the three study months in accordance w i th the l ocal  

c l imat o l og i c a l  i n f o rmation wh ich was col l ected by A l  Ain 

Mete o ro l og i ca l  S ta t i on , United Arab Em i rates Air Force dur ing 

the s ame S PM 1 0  mon itor ing peri od and at the same study c ity . 

F i gures ( 2 2 ) , ( 2 3 ) , and ( 2 4 )  present the d i agrams show ing 

the d a i ly vari a t i on i n  the concentra t i on of S PM 1 0  dur ing 

December 1 9 9 3 , J a nu a ry 1 9 9 4 , and February 1 9 9 4 , respect ive ly . 

On the other hand , Figs . ( 2 5 )  , ( 2 6 )  , and ( 2 7 )  present 

compos ite d i agrams show ing sel ected meteoro l og i c a l  pa rameters 

( Temperature , W i nd Speed and Humid ity ) . 

From the corre l at i on between the f i rst three f igures and 

the s econd three one s , one shou l d  note the fo l l ow ing f eatures : 

( a )  The d a i ly v a r i a t i on in a i r  temperature is s l ight , 

part i cu l a r l y  dur i ng December 1 9 9 3  and January 1 9 9 4 . 

There f ore , the corre l at i on between the f l uctuat i on i n  the 

S PM1 0  concentrat ion and the da i l y  changes in a i r  

temperature i s  d i f f icu l t . However ,  it c a n  b e  genera l ly 

s a id that the increase in temperature i s  usua l ly 

assoc i ated w ith a decrease in the suspended part i cu l ate 

matte r  concentra t i on due to the d i sp e r s i on of a i r  

pol l utants by the e f fect o f  the turbul ence currents . 

( b )  The da i l y  S PM 1 0 l evel seems to be invers e l y  p roport i ona l 

w i  th the d a i l y  mean w ind speed . Th is i s  not unexpected , 

but i t  must be not iced that th i s  corre l at i on depends a l s o  

o n  the wind d i rection . Winds usua l l y act a s  a strong 

7 9  
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d i spers i o n  factor duri ng the transportat i on o f  a i r  

p o l l utants i n  the d i rection o f  the mean w i nd . Once 

emitted i n t o  the atmosphere , the pol l utants are carried , 

d i spersed , a nd d i luted by atmospheric mot ions h av i ng a 

w id e  range o f  s c a l es . 

( c )  S ome type o f  re l at i onship e x i sts betwee n  the measured 

S PM 1 0 concentrat i on and the recorded re l a t ive humid ity . 

The d a i l y  mean o f  S PM1 0 concentration seems a l so to be 

i nverse l y  proport i ona l with the da i l y mean 

reco rded p e rcentages of the re l at ive hum i d i ty . 

o f  the 

The reduct i on in the S PM1 0 concentrat ion w ith the i ncrease 

in the re l at iv e  hum i d i ty percentage i s  ma inly due to the fact 

that particul ate matter pol lutants are e f fect ively removed 

from the atmosphere by grav itational sett l ing i f  the p a rt i c l e  

s i z e  i s  su f f i c i en t l y  l arge . However ,  the sma l l part i c l es a re 

r emoved by aggregat i on to form l a rger part i c l e s  o f  h ighe r  

f a l l ing speed ( H indy a n d  Farag , 1 9 8 3 ) . Aggregat i on l S  greatly 

enhanced i n  the wet atmosphere . 

The proce s s  by wh i ch parti c l es aggregate and precip itate 

f rom wet suspens i on is a qu ite important phenomenon in the 

atmosph e r i c  env i ronment . Howeve r ,  part i c l e  aggregat i on is 

comp l icated and may be d iv i ded into two gene r a l  c l a s ses of 

coagu l at i on and f l occu l a t i on . The se are d i scussed be l ow . 

Wet part i c l e s  are prevented from aggregat ing by the 

e l ectrostatic repu l s i on between the e l ectr i c a l  doub l e  l ayers 

( adsorbed- i on l ayer and counte r - i on l aye r )  . Coagu l a t i on 

i nvolves the reduct i on o f  this e l ectrostat ic repul s i on , such 
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that wet part i c l e s  o f  identi c a l  materi a l s  may aggregate . 

F l occu l at i on depends upon the presence o f  bridging compounds , 

wh i ch f o rm  chem i ca l l y  bonded 1 inks between wet part i c l e s and 

enmesh the p a rt i c l e s  in re l a t ively l arge ma sses ca l l ed f l oc 

networks ( Manahan , 1 9 9 1 ) . 

Aggregat ion w a s  f ound to be h i gh l y  respon s i b l e  for the 

growth o f  l e ad and z inc part i c l e s  and hence the increase i n  

the i r  f a l l  i n g  speed i n  the atmosphere o f  Ca i ro ( H indy and 

F a rag , 1 9 8 3 ) . 
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CHAPTER IV 

DUST STORMS IN AL AIN 

(A CASE STUDY ) 

1 .  DUST S TORM ' S D E F IN I T I ON 

Desert dust h a s  been present in many p a rts o f  the world 

s ince the c reat ion of the continents and probab ly is of the 

same a nt i qu ity on other pl anets . The dust storm is a common 

phenomenon that occurs w ith great f requency and magn itude in 

aride and s em i a r i d e  a reas ( Pewe , 1 9 8 1 ) . 

G oud i e  ( 1 9 7 8 )  d e f ined a dust storm i n  terms o f  a 

v i s ib i l ity l e s s  than 1 , 0 0 0  m .  Othe r  v i s ib i l ity l imits have 

been u sed . For examp l e , dust storms in Ar i z on a  have been 

de f ined in t e rms of v i s ib i l ity of l ess than 8 0 0  m .  ( Pewe et 

a I , 1 9 8 1 ) . 

2 .  DUST S TORM ' S SOURCE 

Reg ions where dust orig inates coinc ide with maj or deserts o f  

the world ( F i g . 2 8 ) ; these arid and surround ing s emi a r i d  l a nds 

cover 4 3 , 3 0 0 , 0 0 0  km
2 or 3 6 %  of the Earth ' s  l and surface 

( Me ig s , 1 9 5 3 ) . La rge dust storms that carry p a rt i c l e s  

thous ands o f  k i l ometers orig inate in such are a s  a s  t h e  S ahara , 

the s outhern coast o f  the Med iterranean , the northeast Sudan , 

the Arab i a n  Pen i n su l a , and the l ower Vo lge and North Caucasus 
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i n  the U . S . S . R . ( Idso , 1 9 7 6 ;  Shiku l a , 1 9 8 1 ;  Prospero , 1 9 8 1 ) . 

other ma j or areas are north and western Ch ina w i th its great 

deserts ( Rahn et a l . , 1 9 8 1 ) ; centr a l  Austra l i a ; southwest 

Un ited State s ; and the Ka lahar i o f  southwest A f r i ca ; Ch i l e ; 

Peru ; and the dr i er parts of Argent ina and Afghanis tan-

B a luch i stan . La rge , f requent dust storms are known from 

norma l ly sem i a r i d  areas that per i od ica l ly become arid , undergo 

abnorma l ly strong w i ndy per i ods , or have the i r  vegetat ion 

removed by man or nature . Such areas are the Great P l a ins of 

the Un ited States i ce ntra l Ind i a ; and the Russa i n  steppes . 

1 2 0 ·  80·  120· 160'  1 8 0 ·  7 0. 

�-L-J--t--HJ�C-+--t-+-t--+-t----t--r,_-r'1�Tl

40· 

160 ' 

F i gure ( 2 8 )  Deserts o f  the Earth and Ma j or D irect i ons o f  Dust 
Tran sport ( A fter Meigs , 1 9 5 3 ) 

89 



Both aerodynam ic and so i l  factors must be considered i n  
study i ng t h e  generation o f  w ind-bl own dust ( G i l l ette , 1 9 7 9 ; 

1 9 8 1 )  and the threshold vel ocity o f  wind requ i red to raise 

dust i s  one o f  the most important pa rameters rel at ive to th i s  

prob l em .  The thresh o l d  veloc ity f o r  dust - ra i s ing winds i n  the 

eastern S ah a ra s e ems to be about 6 m/ s ( Mora l es , 1 9 7 9b ) . 

Part i c l e s  > 1 0 0  �lm i n  d i amete r requ i re the l owest v e l oc ity for 

ini t i a t i on of movement by wind . In add it i on t o  w i nd stre s s , 

dust p r oduct i on i s  i n f l uenced by vegetat ion , s o i l  st ructure , 

moi sture content , texture , minera l ogy , and sur face roughness . 

I n  most desert a reas , dust come s from in s i tu weathering 

o f  bedrock and f rom wind-b l own sand abras ion o f  bed rock 

( Goud i e , 1 9 7 8 ) . However , Goud i e  et a l . ( 1 9 7 9 ) demon strated that 

s a l t -weath e r ing processes may prov ide an i nd i genous mech an i sm 

f o r  the product i on o f  s i l t  part i c l es in hot deserts . s i l t  and 

c l ay - s i z e  p a rt i c l es a re a l s o  bl own from a l l uv i a l  depos its on 

d ry f l o od p l a ins , and wad i s , as we l l  a s  from a l l uv i a l  fans . I n  

addi t i o n  t o  th ese vast dust sources , wh i ch are ava i l ab l e  at 

a l l  t imes , are w i despread agricu l tural f i e l ds in a r i d  and 

sem i a r id regions that expose f i ne-gra ined mater i a l  for 

de f l at i on , e spec i a l lY during per i ods o f  drought . On an ever 

expand ing s ca l e , increa s ingly more areas are be ing str ipped of 

vegetat i on for agricu l ture and other act iv i t i e s  o f  man ( such 

as c on s t ruct i on and for the use of o f f -road veh i c l es ) , and the 

f i ne -gra ined mate r i a l  i s  removed by wind at a d i sa strous rate 

( Nakata et a l . ,  1 9 8 1 ,  W i l shire et a l . ,  19 8 1 , McCaul ey et a l . ,  

1 9 8 1 ) . Area s most prone to dust storms are , a s  might be 

expected , reg i ons w i th l e s s  than 2 5 0  mm o f  annual 

p re c i p itat i o n . 
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3 .  WIND S  AND DUS T S TORMS IN THE EMI RATE S 

The d i rect i ons o f  wind b l owing on the United Arab 

Em i rates from v a r i ous nearby reg ions are formed as  a resu l t  o f  

the v a r i at i on i n  a i r pres sure expe ri enced i n  the Emirates from 

one s e a s on t o  the other duri ng the yea r ,  wh ich i s  caused by 

the d i f ferences i n  hot a i r  tempe rature near it ' s  e a rth 

surface . 

I n  w i nt e r , when the sun str ikes perpend i cu l a r l y  on the 

Trop i c  o f  Capr icorn , temperature decreases ove r  the Em i rates ' 

l and and oth e r  surround ing Asian l ands , form ing a huge region 

of h igh pressure cons i st i ng o f  A s i a , Europe and S outh Afr i ca 

exc lud i ng the Med iterranean wh i ch becomes a l ow pre s sure 

reg i o n , in add it i on to the Azore ' s  h igh pressure reg i on .  

On the UAE map , the equa l pressure l i nes between 1 0 1 6 -

1 0 1 9  m i l l ibars a re shown c l ose t o  each other ,  and increase 

when we move toward the A s i an l and to the west , north or s outh 

t o  be  respect ive l y  1 0 2 1 - 1 0 2 2 - 1 0 2 4  mi l l ibars , in contrast to 

the n o rthern reg i ons in the Indian Ocean , where the sun 

strikes pe rpend i c u l a r l y  decrea s i ng the air pres sure to 9 9 5  

m i l l ibars . Thus , the Em i rates i s  l ocated o n  the way o f  the dry 

c o l d  s outhern w inds b l ow ing from south As ian high pres sure 

reg i o n s  and the moist south-western winds b l ow ing f rom south

weste rn Europe across the Med iterranean , Syr i a  and Lebanon , 

a fter readj u s t i ng its route because o f  the l oc a l  env i ronment 

a spects ( Ghuna im , 1 9 9 1 ) . 

These w i nd start b l ow ing from the end o f  Octobe r t i l l  the 

end o f  Ma rch , cau s i ng the decrease of temperatures to its 

m i n imum l eve l s  ( 8 . 5  · C ) on the western coasts and ( 9 °C)  on the 
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ea stern coasts . I t  a l s o  increases the re l at ive humid ity and 

the number o f  depre s s i on s ,  that is why they are cons idered a 

ma i n  cause f o r  ra i n f a l l  in winter . 

I t  i s  worth ment i o n i ng , that the southern w inds or south

western winds , wh ich l ose a l ot of the i r  characte r i s t ics by 

the t ime they a rr iv e  to the Em irates , are pres sured wh i l e  

cros s ing the h i gh mount a i ns towa rds the eastern area s , thus 

a lmost increa s i ng the i r  tempe rature s than the western coasta l 

areas a s  not iced f r om the data o f  the Cl imate s tat i ons i n  

Masa f i  a n d  Dabba ( Ta b l e  1 0 ) . 

I n  add i t i on t o  the southern w inds , the Em i rates i s  a l so 

i n f luenced by the northerly winds b l owing f rom the Indian 

Ocean at the beg inn ing o f  the depre s s i ons f l owing f rom the 

Med iterranean . The s e  w inds are character i z ed a s  be i ng moist

w a rm w inds , wh ich i ncrease the re l at ive hum i d i ty i n  the 

region ' s  atmosph e r e  that it passes through , such a s  the 

eastern coast . The s e  w i nds usua l ly t i l t  to be south-western 

w i nds resu l t ing in heavy ra infa l l  accompanied by thunder and 

l i ghtn i ng storms and heavy winds for severa l hours , caus ing 

the f o rmat i on o f  stormy streams ( brooks ) that sweep away a l l  

what i t  passes by , such a s  trees , s o i l  and stones . The s e  w i nds 

a l s o  cause sand s t o rms spec i a l ly in autumn , because the s o i l  

it passes b y  i s  s o f t  and l acks p l antat ion cove rs 

In the summe r ,  between May and September I when the sun 

gradua l ly strikes pe rpend icularly on the Trop i c  o f  Cancer , the 

temperature on the Emi rates ' earth surface i s  increased I and 

a l l  the surround ing A s i a n  l ands , forming together a l a rge area 

of l ow pressure ( 9 9 7 - 1 0 0 4 mi l l ibars ) that spreads to the 

north o f  Europe a nd s outh of Africa unt i l  the coasts o f  the 
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Pac i f i c  Ocean , except for the Med iterranean wh ich becomes a 

h igh pressure a rea . There fore , the Em irates i s  exposed to 

northe rn a nd s outhe rn winds f rom the Indian Ocean l oca l l y 

ca l l ed ( Kaus w i nds ) wh i ch increa se re l a t iv e  hum i d ity i n  the 

a i r  ( Ghuna im , 1 9 9 1 ) . 

The E m i rates i s  a l so inf luenced by the d ry s outhern w i nds 

a fter its characte r i st i cs are readj usted by p a s s ing through 

w i de reg ions i n  the south , wh ich decreases temperatures and 

scatters hum i d i ty espec i a l ly at the beg inning o f  the summer , 

when then i t  i s  c a l l ed ( Forty day 5 haun e )  and i s  known to the 

Bedou i n s  as ( Ba reh A l  Jouz a ) . The i n f luence of these w i nds is 

gradu a l ly e l imi nated f rom the beg i nning of Ju ly when the north 

and n orth - e a stern w i nds take over . 

The prev ious w inds that b l ow on the Emirates l and i s  

n amed b y  l oc a l  n ames derived from its e f fect and t im ing o f  

b l ow i n g , such a s : 

w inter sea s on w inds Al Na ' ash i , Al Shama l , A l  Y ema n i  

( a fter Y emen , and it i s  ra iny w inds ) . 

spr ing season w inds : Al Morba ' an i a  ( dry southern w inds ) 

S umme r  season w inds Al Bar i , A l  Kaus , A l  H i l i  ( ra iny 

north-westerly w ind) , Al Mat l a ' a i ( Ghuna im , 1 9 9 1 ) . 

3 . 1  W i n d  d i rec t i on and spe ed 

We have found from the prev i ous d i scus s i on that the UAE 

e xper i ence d i f ferent h igh and l ow a i r  pres sure systems that 

t ' l t '  1.' n w 1.' nd d i rect ion between the cause recogn i z a b l e  1. 1.ng 

' t  Th is means that the w inds b l ow i ng on 
summe r  and the W1.n er . 
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the Em i rates a re unstable  and inconstant dur i ng the se two 

s e a s ons , for  many rea sons , some of wh ich are 

1 .  The cha racte r i s t i c s  o f  the gene ra l cyc l e  o f  w inds . 

2 .  The nature o f  the l andscapes 

3 .  The d i s t r ibut ion o f  a i r  pressure reg ions on the nearby 

l and a nd water . 

We n ot i ce f rom the data in Tab l e  ( 1 0 )  that the ave rage 

re a d i ng s  of the summer months between May and S eptember are 

some what s im i l a r  i n  the 1 9 8 7  Cl imate Stat ions , i f  we compare 

it w i th the seas ona l readings of winter months between 

Dec ember and March i n  these c l imate stati ons for the constant 

b l ow i ng of the c o l d  southern w inds , and the a rr iv a l  o f  

depre s s ions f rom t h e  Med iterranean , tak ing into cons i derat ion , 

the v a r i at ion s  i n  read ings between d i f ferent stat i ons for 

l oc a l  env i ronmenta l a spects as i n  f igure ( 2 9 ) . 
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TAB LE ( 1 0 )  
S u r face W i n d  Spe e d  Average i n  the UAE du r i ng 1 9 8 7  f rom a he igh t  o f  1 meter, kID/hr . 

C l imate s t a t i o n  J a n  Feb Mar Apr May Jun J u l  Aug S ep Oct Nov Dec 

Abu Dhab i Ai rport 9 . 3  1 3  1 4 . 8  1 3  1 3  1 3  1 3  1 4 . 8  1 3  1 3  9 . 3  1 1 . 1  

Dabba 9 . 2  7 . 6  8 . 7  1 1  8 . 7  9 . 8  9 9 6 . 9  4 . 9  6 . 5  7 . 9  

M a s a f i  5 . 9  6 . 6  6 . 7  6 . 3  7 . 5  7 . 3  8 . 5  9 . 1  8 . 6  7 5 . 5  6 . 4  

M e l e h a  2 . 9  3 . 2  4 . 4  4 . 4  5 . 1  5 . 2  5 9 . 4  5 . 3  3 . 4  2 . 3  2 . 4  

s h a r j a h  A i rport 9 . 1  10 . 4  1 1 . 1 1 1 . 1 1 1 . 9  1 1 . 5  1 1 . 5  1 3  1 0 . 6  10  7 . 4  9 . 3  

A l -Hebab - - 4 . 7  5 . 2  0 . 4  5 . 6  5 5 . 3  4 . 3  2 . 1  2 2 

2 . 6  3 . 3  2 . 9  2 . 6  2 . 9  2 . 9  3 . 2 2 . 8  2 . 7  2 . 5  1 . 7  2 . 1  
Al  A i n  

------

( A ft e r  Ghun a im , 1 9 9 1 )  
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I n  the summer the Em i rates expe rience northern and 

s outhe rn w i nds caused by the control of l ow a i r  pre s sure on 

the Em i rates wh i ch usua l l y g ives stab i l ity to d i rect ions and 

quant ity , i n  contrast to the winter when w i nds exchange 

between be i ng s outhern and south-western and northern and 

north -e a s t e rn and north-western caused by the pass ing o f  

depre s s i on towards the north , wh ich enab l e s  the winds to 

a lways chang e . Th i s  phenomenon i s  cl earer in spring and autumn 

( Transport S ea s ons ) ( Ghuna im , 1 9 9 1 ) . 

From the data i n  Tab l e  ( 1 0 ) , the Emi rate s ' w i nds i s  

descr ibed a s  l ow speed winds a l l over the yea r ,  because o f  the 

l ocat i on o f  the Em i rates in the trop i c a l  and sem i - t rop i c a l  

reg i on s  between the h igh pressure winter and the l ow pressure 

summer , and these two belts do not help b l owing gusty st rong 

w i nds except when depress i ons a rrive f rom the Med i terranean 

and the I n d i a n  Ocean . 

The month l y  average o f  wind speed in the Emi rates i s  

characte r i z ed a s  being l imited accord ing t o  i t s  l ocat ion 

change s . The max imum averages recorded were ( 9 - 1 3  km/ h r )  at 

the north - coast ( e . g .  Abu Dhab i & Sharj ah ) , wh i l e  the min imum 

averages were ( 3 - 6 . 5  km/hr ) at the interior mount a i n s  and 

deserts areas ( e . g .  Ma s a f i , Me l eha , and AI -Rebab ) . 

Tab l e  ( 1 0 )  a l so shows that the east ern coast rep resented 

by Dabba , has l e s s  wind speed than the western coast , and more 

than the i nter i o r  areas as a result of l oca l env ironmental  

i n f l uence s , such a s , the bl ocking o f  mounta ins 

and a d j usts the character istics o f  the southern , 

north - e a st e rn w i nds ( Ghuna im , 1 9 9 1 ) . 
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S ome o f  the l oc a l  winds ( Preva i l ing wind s )  that the 

Em i rates a re i n f l uenced by are ( Ghuna im , 1 9 9 1 )  

1 .  S u r f a c e  w i nds a scending the mountains during the 

day , spec i a l l y in the mount a i n  spread mass regi ons . These 

a re weak w i nds i n  the form o f  p l easant bre e z e s  that l ose 

speed wh i l e  f l ow i ng gradua l ly upwards . 

2 .  Surface descend i ng w i nds dur ing the n ight caused by the 

surface cool ing o f  the s l opes of the mounta ins . These 

have h igher speeds than the ascend ing ones because o f  

e a rth ' s  grav ity . 

3 .  Land and s e a  bree z e s : these w inds i n f l uence the coastal 

a re a s  and nearby l ands , stretch ing to more than 50 km .  

because o f  the f l atness o f  the surface and the non-

e x i stance of any obstac l es that b l ock the i r  f l owing 

t owards the inter ior . They are l ight w inds caused by 

v a r i a t i ons i n  a i r pressure betwe en nearby l a nd and water 

in the n ight and day , and have the form of a da i l y  w ind 

cyc l e . One o f  the ma in c l imate i n f luences o f  sea bree z e  

i n  the Emirates , i s  the format ion o f  m i st ( fog ) spec i a l ly 

i n  the early hours of  the morn ing . These m i sts reduce 

v i s ib i l ity and cause pl anes arriv ing at coasta l a i rports , 

spec i a l l y the west coast , to change the ir routes to other 

a i rports where l and ing and takeo f f  is e a s i e r , unt i l  the 

m i st d i sappears and everyth ing returns to norma l . The 

m i st might stretch to l ong d i stances towards the ins ide , 

r ang ing from 5 0 - 8 0  km . ,  increas ing its dens ity i n  the 

l ower b a s i n  areas between sand dunes . 
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4 .  

5 .  

Va l l ey winds are f o rmed a s  a resu l t  of  the mounta ins 

that a re e xposed i n  the route of the genera l w i nds , where 

they change it i nt o  the va l l ey streams . The s e  a re l ight 

w i nds wh ich l ower the temperature , espe c i a l l y  dur i ng the 

s ummer . 

A l  S emoum w i nds : b l ow on the Em i rates f rom d ry des ert 

a re a s  in the north-western strong sand storms ( squa l l s )  

espec i a l l y i n  the spri ng and summer , a s  a resu l t  o f  the 

v e ry hot e a rth surface . They a re d ry hot w i nds , ca rry ing 

s o f t  and h a rd dust and sands , that b l ock v i s i b i l i ty for 

short d i stances , and throw carried sand in areas where 

they a re b l owing . These part ic l e s  a re usua l l y seen on the 

paved i nt e r i or roads , wh i ch needs to be c l e a red away 

cont i nu ou s l y  to e l iminate any tra f f i c j am o r  road 

a c c i dents . 

The s e  winds reach the i r  maximum b l owing pe rcentages 

between June and Jul y ,  a fter wh i ch they are g radua l ly 

decreased and the southern and s outh-western w i nds take 

ove r . 

3 . 2  D a i l v  change s i n  prev a i l i ng w i nd d i r e c t i o n  

One of  the noti ceab l e  th ings i n  the d i rect ions of  wind in 

the Em irates is the repet it ion o f  changes in i t s  preva i l  ing 

s e a s ona l d i recti ons , for instance , in the western coast from 

Ras A l  Kh a imah t o  Abu Dhabi , the p reva i l ing d i rect i on o f  w ind 

" th th n W 1" nd a l though it i s  not i ced that 
in w i nter 1S e sou er , 

th i s  w i nd changes its d i rect i on in the a fternoon t o  be s outh

west when the sun is str iking at the zen ith po int . 
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Wh i l e  l a ter , a n other change appears a s  a re s u l t  o f  the 

l oc a l  a i r  pres sure between land and sea , the w i nd s  starts 

b l ow i ng f rom the south and south- east . Th i s  divers ion is qu ite 

c l e a r  i n  w inter a s  the weather cond it ions are unsteady and 

unstab l e , as a re s u l t  of the troughs pa s s i ng by between the 

Med iterranean and the Indian Ocean . 

I t  i s  a l s o not i ceab l e  that in the summe r ,  the max imum 

da i l y  recorded change is at the inter i o r  areas , a s  a resu l t  o f  

the a i r  currents wh i ch increase the poss ib i l ity o f  sandstorms 

and ra i n fa l l  hur r i canes . 

3 . 3  W i n t e r ' s  s t o rmy W i n d s  

The stormy w inds wh i ch l ead to dust ha z e  a r e  expected 

during the w i nter as a resu l t  of the troughs cross i ng the 

Arab i a n  Gu l f .  At the beg i nn ing of these troughs , north-eastern 

( Kaus )  w i nds b l ow f o r  a day or two . These w i nds range between 

a ct ive and strong caus ing a reduct i on in v i s i b i l ity to l e s s  

than 5 kID ,  a s  a resu l t  o f  the r i s ing dust or sandstorms . 

I n  the meant ime , the cool f ronts are s omet imes a ct ive and 

as they p a s s  by they cause a sudden change in the d i rect i on 

and speed o f  the wind , usua l l y from northerly o r  north

e a s t e r l y  l ight w ind to south-westerly strong wind accompan i ed 

by sandstorms . 

I n  addit i on , the sandstorms might occur w i th i n  the cool 

cont inent pol e  a i r  ma ss wh ich b l ows at the end of the t roughs , 

when the strong south-westerly winds are b l owing . 
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4 .  DUST S TORMS IN AI AIN 

Dust and sand st 1 1 1  orms , oca y known a s  " S hama l "  are 

common features o f  the cl imate in the City of Al A i n  and cause 

ser i ous menace to the i nhabitants . 

The Shama l i s  hot , dry wind , o ften laden w ith dust and 

sand that i s  at its strongest in w i nter and can reach ga l e  

force . The strongest w i nds are f e l t  a l ong the coast o f  the 

Gul f of Oman , f o l l owed by the mountain  reg i on , the Arabian 

Gul f coast , the desert dryl and and the l ightest w i nds are i n  

the inte r i or s  ( A I  Shamse i ,  1 9 9 3 ) . 

U n fortunate l y , the l i terature o f  the Em i rates i s  nearly 

devo i d  of any stud i e s  concern ing the Shama l storms . 

5 .  THE CASE S TUDY 

s tagnant a i r  w i th a dust h a z e  usua l ly covers the c ity o f  

A l  A i n  f o r  a per i od v a rying from a few hours t o  a few days . I n  

the ma j o r i ty o f  cases , an active dust and/ or sand storm 

f o l l ows , though s omet imes a clearance occurs without a storm 

and s omet imes a short and sharp storm passes associ ated with a 

c o l d  f ront . 

I n  the pres ent study , a dust h a z e  fol l owed by a sand 

storm wa s mon itored i n  Al Ain dur ing a f ive-days period ( 8  -

1 2  March , 1 9 9 4 ) . Dust haze is ind i cated by an a tmospher i c  

obscu r i ty due t o  s o l i d  part icl es . I n  th is case , v i s i b i l ity 

range is 1 0 0 0 - 8 0 0 0  m .  On the other hand , sand storm i s  
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pred i cted by reduct ion i n  v i s ib i l ity to l e s s  than 1 0 0 0  m at 

eye l ev e l  due t o  dust or sand raised l oca l l y  by w i nds . 

The study i n c ludes mea surement o f  the concentrat ion o f  

the suspended particul ate matter l ess than 1 0  jJ. m  a erodynamic 

( te rmed S PM 1 0 ) by the same mon itoring dev ice used for the study 

presented i n  Chapter I I I . The study was carried out in the 

Fema l e  Students Campus of the United Arab Emirates Un ivers ity 

l ocated at A l  Ma qam area ( F ig . 1 7 ) . 

The data o f  the wind speed and d i rect i on preva i l ing 

during the study days were col l ected by A l  Ain Meteorol og i c a l  

s tat i on , U n i t ed Arab Em irates Air Force . The reduction i n  

v i s ib i l ity a n d  hence the c l a ss i f icat i on o f  the study hours 

into hazy or s t o rmy h ours was carried out on a theoret i c a l  

b a s i s  through the present investigat i on . 

5 . 1  Re s ul t s  

The hour l y  concentrat i on s  o f  S PM1 0 

per i od a�e l i sted i n  Tab l e  ( 1 1 ) . 

dur i ng the case study 

These are graph i ca l ly 

represented i n  F i g s . ( 3 0 ) , ( 3 1 ) , ( 3 2 ) , ( 3 3 ) , and ( 3 4 )  for the 

f iv e  days : 8 March , 9 Ma rch , 1 0  March , 1 1  March , and 12 March , 

respect iv e l y . 
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TAB LE (1 1) 
Hou r ly C o n c e n t r a t i o n s of SPM 1 0  (uq/m 3 ) i n  Al A i n  Du r i ng t h e  P e r i o d  of the C a s e  s tudy ( 8 - 1 2 M a r c h ,  1 9 9 4) 

HOURS DAY 1 DAY 2 DAY 3 DAY " DAY 5 

0 1 : 0 0  1 2 0  1 1 0 . 2  1 2 2 . 6  9 3 . 8  1 2 5 . 5  
0 2 : 0 0 7 3 . 7  8 4 . 6  1 1 4 . 6  7 4 . 8  3 8 7 . 5  
0 3 : 0 0 8 0 . 7  9 6 . 1  1 3 2 . 5  8 4 . 6  4 8 2 . 8  
0 4 : 0 0 1 6 7 . 2  2 0 0  2 3 6 . 8  2 7 5 . 2  6 5 7 . 2  
0 5 : 0 0  1 6 5 . 2  1 9 8  2 3 5 . 7  2 7 3 . 1  6 5 6 . 8  
0 6 : 0 0  1 0 3 . 6  1 1 6  1 6 9 . 6  5 6 . 8  5 1 3 . 6  
0 7 : 0 0 1 0 2 . 7  1 1 4 . 6  1 6 9  5 6 . 5  5 1 3 . 9  
0 8 : 0 0  7 4 . 8  5 8  1 3 4 . 8  4 2  7 5 1 . 9 
0 9 : 0 0  7 2 . 6  5 6 . 7  1 3 2 . 6  4 1 . 6  7 5 1 . 2  

1 0 : 0 0  3 7 . 6  2 7 . 7  6 8 . 6  2 8 . 9  6 1 7 . 6  

1 1 : 0 0  4 0 . 6  2 8 . 2  7 3 . 7  2 7 . 8  7 5 0  

1 2 : 0 0 1 3 2  1 7 1 .  2 1 4 0 . 8  1 5 3 . 1  9 6 8 . 9  

1 3 : 0 0 1 3 0 . 4  1 7 0 . 3  1 4 0 . 9  1 5 3  9 6 9 . 3  

1 4 : 0 0 7 6 . 8  1 4 4 . 8  1 5 4  1 3 8 . 4  7 7 8 . 6  

1 5 : 0 0  7 5 . 3  1 4 3 . 7  1 5 3 . 4  1 3 9 . 4  7 7 5 . 6  

1 6 : 0 0  2 2  9 1 . 6  1 1 0  2 9 4  2 9 3 . 5  

1 7 : 0 0  2 1 . 4  8 9 . 7  1 0 8 . 5  2 9 2 . 3  2 8 5 . 2  

1 8 : 0 0  7 . 6  9 9 . 3  3 9 . 5  1 8 0  4 6 3 . 1  

1 9 : 0 0 9 . 9  1 1 8 . 1  4 2 . 6  2 1 7 . 2  5 6 8 . 4  

2 0 : 0 0 2 4 6 . 8  2 9 0  2 7 8 . 3  3 8 6 . 4  2 6 7 

2 1 : 0 0 2 4 3 . 8  2 8 7 . 2  1 2 7 1 .  4 3 8 5 . 3  2 6 1  

2 2 : 0 0 1 3 0 . 8  1 3 8 . 4  1 2 0 . 8  1 6 6  - - - -

2 3 : 0 0 1 3 0 . 3  1 3 8 . 1  1 2 0 . 5  1 6 5 . 8  - - - -

2 4 : 0 0 1 1 2 . 9  1 2 4 . 8  9 4 . 8  1 2 4  - - - -

Da i l y  

M i n imum 7 . 6  2 4 . 7  3 9 . 5  2 7 . 8  1 2 3 . 5  

Max imum 2 4 6 . 8  2 9 0 . 0  2 7 8 . 3  3 8 6 . 4  9 6 9 . 3  

Ave rage 9 9 . 1  1 2 9 . 0  1 4 0 . 2  1 6 0 . 4  4 9 3 . 2  

* - - - - Not recorded 
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Figure (30) Hourly Concentrations of SPM I O  (ug/m3) In AI Ain During 8 March 1 994 
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Figure (3 1 )  Hourly Concentrations of SPM l O  (ug/m3) in AI Ain During 9 March 1 994 
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Figure (32) Hourly Concentrations of SPM 1 0 (ug/m3) in AI Ain During 1 0  March 1 994 
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Figure (33) I�ourly ConcentraHons 0' SPM 1 0 (ug/m3) in AI Aln During 1 1  March 1 994 
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The p r i n c ipa l f t h 
. . ea ures c aracte r l z l ng the preva i l ing 

w i nd s  i n  A l  A i n  during the case study period a re g iven in 

Tab l e  ( 1 2 )  and g raph i ca l l y represented by wind rose in F i g . 

( 3 5 )  . 

5 . 2  D i s cu s s i o n  

The re l at i onship between the atmospher i c  burden and 

c l ima t o l og i c a l  factors dur ing the case study per i od w i l l  be 

d i s cu s s ed in the f o l l ow ing two sect ions : 

( a ) S PM 1 0  - W i nd Speed and Direct ion Re l a t i onship :  

The average v a r i a t i on o f  hourly speed and d i rection o f  

w i n d s  b l ow in g  f rom 1 2  d i rections ( Tabl e 1 2 ) and 8 d i rections 

( F i g . 3 5 )  c l ea r l y  ind icates the h igh f requency o f  the w inds 

b l ow i ng f rom the s outhern d i rect i on wh ich reaches 5 0 . 0 1 % . Th i s  

i s  f o l l owed b y  t h e  f requency o f  the w inds b l ow i ng f rom the 

south - e a stern d i rect i on wh ich amounts to 2 5 . 7 7 % ( Ta b l e  1 2 ) . 

Th i s  means that more than three quarters o f  the frequency o f  

w inds b l ow i ng i n  A l  A in dur ing the case study per i od were f rom 

the s outh and s outh-ea st . 

The s e  w i nd s  are character i z ed by h igh speed . For examp l e , 

the max imum frequency o f  southern winds speed ( 2 4 . 2 4 % )  l i es in 

the range of 1 7 - 2 1 knots f o l l owed by 1 3 . 6 4 %  i n  the range o f  

2 2 - 2 7  knots and then 6 . 0 6 %  i n  the range o f  1 1 - 1 6  knot s . These 

represent 4 3 . 9 4 %  of  the tot a l  frequency o f  the w inds b l ow i ng 

f rom the s outhern d i rection ( 5 0 . 0 1 % ) . The rest i s  d i str ibuted 

between 1 - 3 , 4 - 6 ,  7 - 1 0  and 2 8 - 3 3  knots wind speed ranges . The 
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l atter range wh ich i s  represented by 1 . 5 1 %  f requency i s  

a s s o c iated o n l y  w i th the southern d i rection . 

I t  c a n  be s a i d , there fore , that the winds b l owing from 

the south and south-east are h igh l y  responsible  for the h igher 

l ev e l s  o f  S PM1 0 du r i ng the period of the case study . The ranges 

of these l eve l s  are 7 . 6 -2 4 6 . 8  �g/m3 , 2 4 . 7 - 2 9 0 . 0  �g/m3 , 3 9 . 5 - 2 7 8 . 3 

�g/ m3 , 2 7 . 8 - 3 8 6 . 4  � g/m3 , and 1 2 3 . 5 - 9 6 9 . 3  �g/m3 on 8 March , 9 

March , 1 0  March , 1 1  March , and 1 2  March , respect ive l y  w ith a 

da i l y  mean o f  , 9 9 . 1  �g/m3 , 1 2 9 . 0  j.lg/m3 , 1 4 0 . 2  �g/m3 , 1 6 0 . 4  

J,L g/ m3 , and 4 9 3 . 2  � g/ m3 for the f iv e  days , respect ive l y . These 

means a re 0 . 3 8 ,  0 . 5 0 ,  0 . 5 4 ,  0 . 6 2 ,  and 1 . 9 0 t imes the 2 4 -hour 

Thr e sh o l d  Limit V a l u e  ( TLV ) ( 2 6 0  J,Lg/m3 ) accord i ng to the U .  S .  

Nat i ona l Ambi ent A i r -Qua l ity standards ( NAAQS ) ( EPA , 1 9 7 6 ) . 

Th i s  means that dur i n g  8 March , 9 March , 1 0  Ma rch and 1 1  March 

the concentra t i on o f  S PM10  was be l ow the TLV , whe reas the l ev e l  

o f  S PM 1 0  moni tored dur i ng 1 2  Ma rch far exceeds the TLV .  

1 1 0 



f-' 
f-' 
f-' 

D I RECT ION 

3 5 0 - 1 0 1  

0 2 0 - 0 4 0 

0 5 0 - 0 7 0  

0 8 0 - 1 0 0  

1 1 0 - 1 3 0 

1 4 0 - 1 6 0  

1 7 0 - 1 9 0  

2 0 0 - 2 2 0  

2 3 0 - 2 5 0 

2 6 0 - 2 8 0  

2 9 0 - 3 1 0  

3 2 0 - 3 4 0  

TOTAL 

CALMS 

0 1 - 0 3 

KNOTS 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 1 .  5 

0 0  

0 0  

0 1 . 5  

0 1 . 5  

0 0  

0 4 . 5  

0 0  

TABLE ( 1 2 )  
P e r c e n t age Frequenc i e s  For Hourly W i n d  Spe ed D i re c t i o n 

I n  A l  A i n  ( 8 - 1 2  March, 1 9 9 4 )  

0 4 - 0 6  0 7 - 1 0 1 1 - 1 6  1 7 - 2 1  2 2 - 2 7  2 8 - 3 3  

KNOTS KNOTS KNOTS KNOTS KNOTS KNOTS 

0 3 . 0  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 1 . 5 0 0  0 0  0 0  0 0  0 0  

0 1 .  5 0 0  0 3 . 0  0 0  0 0  0 0  

0 1 . 5 0 1 . 5 0 9 . 1  0 6 . 1  07 . 6  0 0  

0 1 .  5 0 1 . 5 0 7 . 6  2 2 . 7  1 3 . 6  0 1 . 5 

0 1 .  5 0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 0  0 3 . 0  0 1 .  5 0 0  0 0  0 0  

0 1 .  5 0 3 . 0  0 1 . 5  0 0  0 0  0 0  

1 2 . 1  0 9 . 1  2 2 . 7  2 8 . 8  2 1 . 2  0 1 .  5 

0 0  0 0  0 0  0 0  0 0  0 0  

> 3 3  TOTAL 

KNOTS 

0 0  0 3 . 0  

0 0  0 0  

0 0  0 0  

0 0  0 1 .  5 

0 0  0 4 . 5  

0 0  2 5 . 8  

0 0  5 0 . 0  

0 0  0 1 . 5 

0 0  0 0  

0 0  0 1 .  5 

0 0  0 6 . 1  

0 0  0 6 . 1  

0 0  1 0 0  

0 0  



North 

f--I f--I N 

IIRm 1 - 5 KNOTS 

13 6 -10 KNOTS 

urn 1 1-16 KNOl'S 

ClI 17-21 KNOTS 

illII 22-27 KNOTS 

� .' 28-33 KNOTS I 4 

9CALE 1 I ·  2 • . •  

W I ND ROSE (HOURLY DATA) 

F i gure ( 3 5 )  The Average Va r i a t ion o f  Hour ly Speed a nd Frequenc i e s  o f  W i nds B l ow i ng from 8 
D i rect ions i n  A l  A i n  

( 8 - 1 2  March , 1 9 9 4 ) 



An i ntere s t i ng aspect o f  the data presented is 

concerned w ith the d a i ly cycle o f  S PM1 0 concentra t i on . The 

d iurna l  v a r i a t i o n  represented in F igs . ( 3 0 ) , ( 3 1 ) , ( 3 2 ) , ( 3 3 )  

a nd ( 3 4 )  shows the same basic rhythm , hav ing one max ima at 

the end of n i ght ( 4  a .  m .  ) ,  and another one max ima in the 

even i ng ( 8  p . m . ) ,  but with h igher concentra t i ons . The 

d iurn a l  v a r i a t i o n  further shows one m i n ima when sun l ight 

d i s appears ( 6  p . m . ) during 8 March and 1 0  March and one 

m i n ima dur i n g  dayt ime ( 1 0 a . m . ) on 9 March and 1 1  March . 

Th i s  f in d i ng may be  attr ibuted to the fact that the 

atmosphere in the Gul f area is strongly characte r i z ed by the 

phenomenon 

t empe rature 

o f  the 

increases 

temperature 

with he ight 

i nvers ion , i .  e .  the 

unl i ke the norma l 

decrease . An e l evated invers ion i s  o ften obs e rved whe re a 

r eg i on o f  stab l e  a i r  caps an unstab l e  l ayer b e l ow .  

Pol lutants emitted be l ow the invers i on can be m ixed up too , 

but not through the invers ion , the he ight o f  wh ich i s  

re ferred t o  a s  t h e  m i x i ng he ight . Th i s  term c a n  b e  used more 

genera l l y  to describe the he ight o f  a boundary between two 

stab i l i  ty regime s . In the case o f  an em i s s ion above an 

e l evated i nver s i on , the pol lutant wi l l  be p revented f rom 

reach ing the ground , so that for both sur face and e l evated 

s ou rces , i nvers ions can have a s ign i f i cant e f fect on ground 

l ev e l  concentrat i ons ( Harrison , 1 9 9 2 ) . 

The v a r i at i on o f  mixing he ights throughout the day due 

to s o l a r  heat i ng and atmospheric cool ing can have pro found 

e f fects on ground l evel concentrations o f  po l l utants . At 

n i ght , the a tmosphere is typica l l y stable w i th a sha l l ow ( -

1 - 3 0 0  m )  l ayer f o rmed by surface cool ing . As the sun r i ses 
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the surface heat ing generates consecutive edd i e s  and the 

turbu l ent boundary l ayer increases in depth , reach i ng a 

max imum i n  the a fternoon , at a depth o f  - 1 0 0 0m .  As the 

s o l a r  i nput decreases and stops , the surface coo l s  and a 

sha l l ow stab l e  l ayer beg ins to form aga i n  i n  the even ing 

( Ha r r i son , 1 9 9 2 ) . 

I n  th i s  idea l i z ed day , concentrat i ons f rom surface 

sources w i l l  thus be at a max imum in the p e r i ods when the 

stab l e  l ayers ( w ith l ow w ind speeds and m i x i ng he ights ) are 

present and m in im i z ed during the a fternoon . 

The o n l y  except i o n  observed f rom the ava i l ab l e  data i s  

t h e  appea rance o f  o n e  m i n ima dur ing dayt ime ( 1 0 a . m . ) i n  two 

days ( 9  March and 1 1  March ) . Th i s  except ional  case seems to 

b e  due t o  deve l opment of strong consecut ive turbul ent mot i on 

dur i ng dayt ime and hence l eads to h ighl y  pronounced m i n imum 

S PM1 0 concentrat i on s  f ound at the dayt ime ( Abde l S a l am et 

a l . , 1 9 8 1 ) . 

( b )  S PM1 0  - V i s ib i l ity Re l at i onsh ip : 

One o f  the ma i n  facts o f  part icul ate a i r  p o l l ut i on is 

the d im i nution i n  v i s ib i l ity caused by l ight scatter i ng due 

to the p a rt i c l es . scattering e f f ic iency per u n i t  mass o f  

aerosol  i s  c r i t i ca l ly dependent upon the s i z e d i stribut ion 

of the aeroso l , but a e rosol <1 0 �m ( S PMI O ) ma ss l oa d i ng i s  a 

good pred i ctor o f  v i s i b i l ity impa i rment ( Harri son , 1 9 9 2 ) , a s  

ind i cated b y  F i g . ( 3 6 ) . 
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F i gure ( 3 6 )  Atmospher ic Vis ibi l ity as a Funct i on o f  
Suspended Part i c l e  concentration ( After Ch ar l son , 1 9 6 8 ) 

N o t e : The r e l at i onsh ip is approx imate only , but most data 
f i t w it h i n  the shaded area . 

From th i s  f igur e and by using the SPM 1 0  observat i ons I 

the 2 4 -hr v i s i b i l ity va lues in k i l ometers for the f ive days 

of the case study per i od ( 8 - 1 2  March 1 9 9 4 ) cou ld be 

pred i cted . The s e  va lues are as semb led in Tab l e  ( 1 3 )  and 

graph i ca l ly repres ented by f igs . ( 3 7 ) , ( 3 8 )  , ( 3 9 )  , ( 4 0 )  and 

( 4 1 )  f or the f ive days , respective ly . 

By corre l a t i o n  between the SPM 1 0 l eve l s  l i sted i n  Table 

( 1 2 )  and r epres ented by f i gs . ( 3 0 ) , ( 3 1 ) , ( 3 2 ) , ( 3 3 )  and ( 3 4 ) 

a nd the pred i cted v i s ibil ity records and graphs , i t  can be 

s e e n  that v i s i b i l ity is much reduced by the par t i c u l ate mass 

concentrat ion . 

Accord ing to Abde l Salam ( 1 9 6 8 ) , the v i s i b i l i ty records 

c a n  be c l a ss i f i ed i nto thr ee ranges . These are l e s s  than 5 
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Jan ,  5 - 1 5  km and g reater than 1 5  Jan .  The three range s are 

descr ibed , respect ively , a s  the adverse l eve l ( a ccord i ng to 

standard s  for Amb i ent Air Qua l ity adopted by the Ca l i forn i a  

s t a t e  Board o f  Publ ic  Hea l th ) , l ow v i s i b i l ity a n d  c l ear 

v i s i b i l ity . 

Taking into cons ideration th i s  c l a ss i f ication , the 

pred i cted v i s i b i l i ty records l i sted in Tab l e  ( 1 3 )  are 

summa r i z ed i n  Tab l e  ( 1 4 )  wh ich shows the number and 

f r equency percentage of hours with va r i ous ranges o f  

v i s ib i l i ty i n  A l  A i n  dur ing the period o f  the case study ( 8 -

1 2  Ma rch 1 9 9 4 ) . 

F rom the extracted tabl e ,  it can be not i ced that the 

n umber o f  stormy hours with v i s ib i l ity l es s  than f ive 

k i l ometers is 2 0  hours representing 9 5 . 2 4 %  o f  tota l hours o f  

record s  ( 2 1 )  dur i ng 1 2  March , 4 hours represent ing 1 6 . 6 7 %  o f  

tota l hours o f  records ( 2 4 )  duri ng 1 1  March , 5 hours 

repre s e n t i n g  2 0 . 8 3 %  o f  tota l hours of records ( 2 4 )  during 1 0  

Ma rch and then 2 hours represent i ng 8 . 3 3 %  o f  tota l hours o f  

record s  during each o f  8 and 9 Ma rch . Th i s  means that the 

dust storm had frequent ly b l own in Al A i n  at s ome hours 

dur i n g  8 ,  9 ,  1 0  and 1 1  Ma rch and then b l own a l l over the day 

dur i ng 1 2  March . However ,  the deter ioration o f  v i s ib i l ity 

dur ing the f i rst four days can be partly attr ibuted to the 

e f fect of the temperature inve rs i on d i scus sed i n  the 

preced ing sect i on . Th i s  conc l us i on is based on the ava i l ab l e  

data o f  v i s ib i l i ty ( Tab l e  1 3 ) wh ich indicate that the hours 

o f  l e s s  than 5 km v i s ib i l ity are 8 p . m .  and 9 p . m .  during 8 

and 9 Ma rch , 4 a .  m . , 5 a . m . , 7 p .  m . , 8 p .  m .  and 9 p .  m .  

dur ing 1 0  March and 4 a . m . , 5 a . m . , 8 p . m . , and 9 p . m .  
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TAB LE ( 1 3 )  
P r e d i c t e d  A tmo sph e r i c  Vi s ibi l i ty (Km) According to S PM 1 0  c o n c ent ra t i on i n  A l  A i n  During the Period o f  the C a s e  s tudy 

( 8 - 1 2  March, 1 9 9 4 )  

HOURS DAY 1 DAY 2 DAY 3 DAY .. DAY 5 

0 1 : 0 0  1 0 . 5 0 1 4 . 0 0 1 2 . 0 4 1 3 . 0 0 1 0 . 0 0  

0 2 : 0 0 1 5 . 8 0 1 8 . 0 0 1 2 . 0 7 1 6 . 0 0  2 . 9 0 

0 3 : 0 0 1 6 . 0 0  1 5 . 0 0 1 2 . 0 0 1 5 . 0 0  2 . 5 0 

0 4 : 0 0 8 . 0 0 5 . 2 0 3 . 5 0 4 . 5 0 1 .  5 0  

0 5 : 0 0 8 . 1 0 5 . 1 0 3 . 5 0 4 . 7 0 1 .  6 0  

0 6 : 0 0  1 1 . 1 0  9 . 5 0 6 . 1 0 1 9 . 8 0 2 . 0 0 

0 7 : 0 0 1 2 . 0 0 1 0 . 5 0  6 . 2 0 2 0 . 0 0 1 . 9 5 

0 8 : 0 0 1 5 . 5 0 1 8 . 0 0 1 1 .  7 5  2 6 . 0 0 1 .  3 8  

0 9 : 0 0  1 6 . 1 0 1 9 . 0 0 1 1 .  9 0  2 8 . 0 0 1 .  4 0  

1 0 : 0 0  3 1 . 0 0 4 2 . 0 0 2 7 . 0 0 4 0 . 0 0 1 .  3 0  

1 1 : 0 0 2 7 . 0 0 4 0 . 0 0 2 5 . 0 0 4 2 . 0 0 1 . 4 5 

1 2 : 0 0 8 . 8 0 6 . 0 0 1 1 .  6 0  8 . 7 8 1 .  2 5  

1 3 : 0 0 9 . 0 0 6 . 1 0 1 1 .  5 0  8 . 8 0 1 .  2 5  

1 4 : 0 0 1 5 . 0 0  7 . 0 0 7 . 0 0 8 . 9 0 1 . 2 8 

1 5 : 0 0 1 5 . 1 0  7 . 1 0 7 . 2 0 8 . 8 5 1 .  3 0  

1 6 : 0 0  5 0 . 0 0  1 3 . 0 0 1 2 . 9 0 9 . 2 0 3 . 8 5 

1 7 : 0 0 4 8 . 0 0 1 7 . 0 0 1 3 . 0 0 9 . 3 0 3 . 9 0 

1 8 : 0 0 1 5 5 . 0 0 1 2 . 0 0 3 0 . 0 0 8 . 5 0 2 . 6  

1 9 : 0 0 1 2 0 . 0 0 9 . 1 0 2 . 8 0 5 . 3 0 1 . 9  

2 0 : 0 0 4 . 1 0 4 . 0 0 2 . 9 0 3 . 0 0 4 . 0 0 

2 1 : 0 0 4 . 0 0 3 . 8 0 3 . 1 0 3 . 1 0 4 . 2 0 

2 2 : 0 0 8 . 9 0 7 . 5 0 1 2 . 1 8  8 . 6 8 - - - -

2 3 : 0 0 9 . 1 0 7 . 6 5 1 2 . 2 0 8 . 6 0 - - - -

2 4 : 0 0 1 1 . 0 0  8 . 2 0 1 4 . 9 0 9 . 0 0 - - - -

* - - - - N o t  recorded 
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Figure (37) Predicted Hourly Visibility in Al Ain on 8 March, 1 994 
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Figure (38) Predicted Hourly Visibility in AI Ain on 9 March , 1 994 
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Vi s i b i l i ty 8 

Range ( KIn ) No . 

< 5  2 

5 - 1 5  1 1  

> 1 5  1 1  

* 2 4 -h r . reco rds 

* *  2 1 - h r . records 

TABLE ( 1 4 )  
Numb e r  and Frequen cy Percentage o f  Hours w i t h  

v a r i o u s  Range s o f  Pred i c t e d  v i s i bi l i ty i n  A l  A i n  
( 8  - 1 2  March 1 9 9 4 ) 

M a r c h ·  9 March· 1 0  March· 1 1  March· 

% No . % No . % No . % 

1 2  

No . 

8 . 3 3 2 8 . 3 3 5 2 0 . 8 3 4 1 6 . 6 7 2 0  

4 5 . 8 3 1 6  6 6 . 6 7  1 6  6 6 . 6 7 1 3  5 4 . 1 7  1 

4 5 . 8 3 6 2 5 . 0 0 3 1 2 . 5 0 7 2 9 . 1 7  N i l  

March · ·  

% 

9 5 . 2 4 

4 . 7 6 

Nil I 



during 1 1  Ma rch . These hours are characteri sed by the 

occurrence of the temperature invers i on in Al Ain , as 

prev i ou s l y  exp l a i ned on pp . 1 1 2 - 1 1 4 . 

The extracted tab l e  further shows that 4 5 . 8 3 % , 6 6 . 67 % , 

6 6 . 6 7 %  and 5 4 . 1 7 %  o f  the hourly v i s ib i l ity du r i ng 8 ,  9 ,  1 0  

and 1 1  Ma rch a r e  within 5 - 1 5  krn ,  i . e .  the l ow v i s ib i l ity 

range . The correspond ing frequency on 12 March is 4 . 7 6 %  ( one 

h ou r ) o f  the tot a l  hours of observations ( 2 1 ) . 

On the othe r  hand , the tab l e  ind icates that in 4 5 . 8 3 % , 

2 5 . 0 0 % , 1 2 . 5 0 %  and 2 9 . 1 7 %  o f  the 2 4  hours during 8 ,  9 ,  1 0  

and 1 1  Ma rch , respect ively , the v i s i b i l ity was c l ear , 

whereas n o  hours w i th clear v i s i b i l ity cou l d  be observed 

dur i n g  the dust stormy day ( 1 2 March 1 9 9 4 ) . 

F rom the f oregoi ng f indings , it seems rea sonab l e  to 

d e f i n e  the dust storms in Al A i n  C ity in terms of a 

v i s i b i l ity l e s s  than 5 krn .  

a pp l i e d  i n  a study carried 

1 9 6 8 ) . 

Th is va lue has been prev i ous l y  

out in Kuwa it ( Abde l S a l am ,  

1 24 



CHAPTER V 

ACID GASES IN THE ATMO SPHERE OF 

ABU DHABI CITY 

1 .  AC I D  RAIN 

Ac i d  r a i n  1 S  a ser i ous g l obal pol lution prob l em caused by 

wet depos i t i on . Ac i d i ty of water i s  common ly mea sured a s  a 

mo l ar c oncentrat ion o f  H+ i on and expressed a s  pH= l og ( l/ [ H+ ] ) . 

I n  r e l at iv e l y  unpo l luted atmosphere , acidity o f  ra i n  water i s  

caused ma i n l y  b y  d i ssolved CO2 ( carbonate acidity ) . The p H  o f  

r a i n  water i n  e qu i l ibr ium w ith C02 i s  i n  the range o f  5 . 6  t o  

5 . 7  ( Novotny a n d  Chester , 1 9 8 1 ) . However , invest igation s  i n  

the e a r l y  1 9 5 0 5  not i ced a surpr i s ing l y  l ow p H  o f  prec ip i tat i on 

i n  s outhern Scandinav i a , and a s im i l ar phenomenon was reported 

in the l at e  1 9 6 0 s in the north-eastern Un ited States and 

s outhern p o rt ions o f  ontario and Quebec . The pH values were 

reported n e a r  4 or l e s s  ( Cogb i l l  and Likens , 1 9 7 4 ; Likens and 

Borm a n , 1 9 7 4 ) . 

The o r i g i n  o f  acid rain i s  attr ibuted prima r i l y  to the 

presence o f  su l phates and sulphites ( S04 - 2 and S03- 2 ) and 

n i trates ( N0 3 - 2 ) i n  the atmosphe re . Sulphur i s  one o f  the 

e l ements a l ways f ound in the atmosphere and occurs as 504 - 2 and 

S03 -
2 i n  aeroso l s  and S02 and H2 S gases . Hydrogen sulphide i n  

a i r  i s  norm a l ly ox i d i z ed to S02 ' wh ich i s  then oxid i z ed to S03 · 
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The o x i d a t i o n  react i on proceeds qu ickly i f  such meta l l ic 

cata l y s t s  a s  i ron and manganese oxides are present ( s tern , 

1 9 7 6 )  . The s e  meta l l i c compounds a re commonly emitted by 

burn i ng processes i n  f l y  a sh . 

The s o  - 2 4 a n i ons i n  the air are bal anced by 

c a t i ons , p r ima r i l y  NH4 + ' Ca+2 
M +2 

d N + Th 
. , g an a .  e rna] or sources 

o f  these compounds are sea spray , so i l  dust and ammon ia 

v o l a ta l i z a t i o n  f rom s oi l s .  S ince the Na+ f rom sea spray is 

a l ready ba l anced by C l - in the absence o f  other bu f fering 

agents i n  the a i r ,  there may not be other cat i on s  ava i l ab l e  to 

b a l ance add i t i on a l  S 0 4 - 2 a nd N03- i ons and they can only react 

w ith H+ t o  produce a c i d  r a i n  ( Cogb i l l  and Likens , 1 9 7 4 ) . 

2 . AC ID GASES 

The rate of a c i d ic depos ition i s  usua l l y est imated by the 

p r oduct o f  the ground l ev e l  concentrat i on of the precursor 

g a s e s  a n d  A l though the el eva ted a c i d ity o f  

prec i p i tat i on i s  common l y  attr ibuted t o  energy product i on , 

severa l other source s contr ibute to the acid gases ( S02 and 

NOx ) contents o f  the atmosphe re . G l oba l est imates i nd i cate 

that about 7 0 % o f  atmosphe r i c  sulphur originates from 

marsh l and or sea and about 3 0 %  is from cu l tura l anthropogenic 

sources ( Junge , 1 9 6 0 ) . Howeve r ,  Swed ish i nvest igators have 

c a l c u l a t ed that more than 7 0 %  of the sulphur in the atmosphere 

ove r  s outhern Swed e n  is from human activities , and 7 7 %  of it 

is be l i eved to orig i nate from s ources outs ide Sweden , ma inly 

f rom burn ing of  l ow-qua l ity " brown " coal in Centra l Europe and 
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f rom coa l burn ing opera t i ons in Great Brita in . There are no 

appre c i a b l e  coa l depos its in Scandinav i a , and most of energy 

i s  gene rated from hydropowe r or from imported o i l  and h igh

qua l ity coa l ( Novotny and Chester , 1 9 8 1 ) . S im i l a r l y , in the 

U n i t e d  States the o r i g i n  of acid ra i n  is attr ibuted to coal 

burn i n g  ope rati ons ( pr imar i ly from power pl ants ) in the north 

eastern and m id -western United States ( Gat z and Changnon , 

1 9 7 6 )  . 

The o r i g i n  o f  n itrates is not we l l  known but n i trates are 

attr ibuted l a rge l y  to agricultural and tra f f ic source s .  Data 

f rom New York State and parts of Eng l and revea l ed that 

approx imat e l y  5 0  to 7 0 %  of the acid ity is a scr ibed to 

s u l phu r i c  a c i d , a nd 3 0  to 4 0 % is  due to n itric a c i d  ( G l a s s  et 

a I , 1 9 7 9 ) . The proport ion may be reversed in are a s  of heavy 

t ra f f i c  ( e . g .  southern Cal i forn i a )  where h igh amounts o f  

n i t r i c  o x i d e s  a r e  emitted from automob i l e s . 

3 .  EXTENT OF AC ID I TY PROBLEM 

Ac i d i ty i s  a l oc a l  as we l l  as ( a nd prima r i l y )  a reg i onal 

prob l em .  The l owest pH va lues of prec ipitat i on a re mea sured 

usua l l y in the v i c i n ity of l a rge coa l - f i red power p l ants , near 

sme l t i ng ope rat i on s  and in heavy tra f f  ic corridors . The pH 

v a lu e s  a r e  o f t e n  mea sured l oca l l y  near or be l ow 3 .  I t  i s  

interest ing t o  n ote that in England , i n  the early part o f  this 

centu ry , the pH of ra i n  in the v i c i n ity of Leeds ( a  heavy 

coa l -u s e  reg i on ) wa s measured on occa s i ons to be be l ow 3 . 0  

1 1 9 7 9 ) . The l owest pH value reported for an 
( G l a s s  et a , 
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ind iv idua l  strom i n  Europe up to now i s  2 . 4  on Apr i l  1 0 , 1 9 7 4  

a t  p i t l ochry , Scot l a nd . I n  the same month , values o f  2 . 7  and 

3 . 5  were reported on the west coast of Norway and at a remote 

s t a t i on in I ce l and , respect ive ly ( Liken et a l . , 1 9 7 9 ) . 

I n  the Un ited S tates there i s  a not iceab l e  trend o f  

increased a c i d ity o f  prec ip itat i on i n  the per iod f rom 1 9 5 0  to 

the l at e  1 9 8 0 s . Recent studies of acid fog downwind from the 

Los Ange l es ba s i n  show a fog water with pH l eve l s  as l ow as 

1 . 6 9 ( Ch i ra s , 1 9 9 1 ) . As stated by Likens et a l . ( 1 9 7 9 ) , an 

i rony in th i s  matte r  is that the t rend to rel ieve l oc a l  a i r  

p o l l ut i o n  probl ems b y  bu i lding ta l l er and ta l l e r  stacks has 

turned the l oc a l  prob l ems into reg i onal  ones . Thus , the coa l 

burn i n g  ope rat i on s  i n  the Appalach ian reg i on may b e  caus ing 

a c i d i f i cat i on of l akes in New York State , New Engl and , and 

onta r i o  for more than a thousand k i l ometers away . Bes ides the 

eastern United States and north-eastern Europe , a c i d  r a i n  has 

been mea sured in oth e r  parts of the world . 

4 .  ALARMING FAC T S  

S ome a l a rming facts are associ ated with the a c i d  rain 

prob l em ( Ga l l oway and cow l ing , 1 9 7 8 )  

( a )  Th e pH o f  prec i p i t a t i on has been decrea s i ng ove r  most o f  

the north -ea stern u n i ted states and north western Europe 

f o r  the past few decades as energy demand has inc reased . 
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( b )  A c i d  prec i p i t a t i on a f fects a lmost a l l  parts o f  the 

e cosystem , includ i ng forests and surface wate rs . S ome 

aquat i c  systems o f  l ow a l ka l i n i ty have a l ready man i fested 

such decreases in pH that f i sh populat ions are no l onger 

s e l f - susta i n i ng . 

( c )  Low pH value s  ( l ess  than 5 . 6 ) are expe rienced over l a rge 

port i on s  o f  North Ame rica and Europe . 

( d )  The atmosph e r i c  content o f  sUlphur - the primary source 

o f  a c i d ity is l ikely to i ncrease unl e s s  dra s t i c  and 

e xp e n s ive measures are undertaken g l oba l ly t o  reduce 

su l phur em i s s ions f rom power p l ants and urban and 

i ndustr i a l  operat ions , with d im i n i sh i ng resources o f  l ow

s u l phure o i l , the prospects for reduc i ng S02 em i s s i on are 

n ot good . 

5 .  MON I TORING I N  ABU D HAB I  

T h e  present invest igation includes l ong-term mea surements 

o f  5 02 a nd NO , N02 , and NOx i n  Abu Dhab i c i ty . These 

mea surements were c a r r i ed out dur i ng winter and spring of the 

two y e a rs 1 9 9 1  1 9 9 2  and 1 9 9 2  1 9 9 3 . w i nter study was 

undertaken dur i ng December , January and Febru a ry , whereas 

spring study was undertaken dur ing March , Apr i l ,  and May . 

The s u l phur d i oxide and n itrogen ox ides were mea sured by 

the Abu Dhab i Men / s H igher Co l l eges o f  Technol ogy us ing the 

Env i ronment 5 .  A .  Mob i l e  Laborato ry . The instruments o f  
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mea su rements a re AF 2 1M 502 Ana lyzer and AC 3 0M NO/N02/NOx 

Ana l y z e r . The measuring principles and operat ion o f  the two 

i n s t ruments a re descr ibed in deta i l  in Chapter I I . 

The samp l i n g  s i te is the campus o f  the Abu Dha b i  Men ' s  

H i gher C o l l eges o f  Technol ogy wh ich i s  l ocated at  l ight 

adm i n i strat ive and res ident i a l  area in the midd l e  sector o f  

the C i ty ( F i g . 4 2 ) . 

5 . 1 Resu l t s  

The d a i ly records o f  502 and NO , N02 and NOx a re presented 

in the f o l l ow i n g  manner Tab l e  ( 1 5 )  for winter 1 9 9 1 - 1 9 9 2  

month s , Tab l e  ( 1 6 )  for spring 1 9 9 2  months , Tab l e  ( 1 7 )  for 

w i nt e r  1 9 9 2 - 1 9 9 3  months , and Tab l e  ( 1 8 )  for spr i ng 1 9 9 3  

month s . 

The m i n imum , max imum and average l eve l s  for each month 

are shown at the bottom of each tabl e .  

On the oth e r  hand , the sea sona l ave rages for the m i n imum , 

max imum and average l evel s were c a l cu l ated and a ssemb l e d  i n  

Tab l e  ( 1 9 ) . 

5 . 2  D i s cuss ion 

The ava i l ab l e  results o f  sulphur di oxide and n i t rogen 

oxides concentrat ions in the atmosphere of the town of Abu 

Dha b i  w i l l  be t reated from the point o f  v i ew o f  the three 

a spects : ( a )  l ev e l  of concentrat i on compared with the amb i ent 

a i r  qua l ity s tanda rds , ( b )  seasonal variat i on , and ( c )  

re l at i on sh i p  w i th the re l at ive humid ity l eve l s  p reva i l ing i n  

the t ow n  during the periods o f  study . The l atter a spect w i l l  
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he l p  i n  f ocus ing on the ab i l ity o f  the two gases to react i n  

the hum i d  cond i t i on s  i n  t h e  town to produce sulphuric a c i d  and 

s u l phates and n i t r i c  a c i d  and n i trates . 
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I Mo n t h  

Day 
1 
2 
J 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  

Month l y  
M i n imum 
Max imum 
Average 

8 °2 
2 . 7  

1 . 5  

0 . 5 

7 . 0  

1 . 3  

0 . 3  
1 . 9  

1 . 6  

2 . 9  

2 . 9  

2 . 6  

3 . 2  

1 . 7  

2 . 3  

1 . 2  

1 . 7  

1 0 7 . 6  

2 9 7 . 9  

1 3 5 . 1 

1 . 9  

3 . 2  

6 . 1 

1 . 8  

1 . 4  

3 . 8  

2 . 3  

1 . 5  

5 . 0  

2 . 0  

2 . 0  

3 ,  <1 

0 . 3 
2 9 7 . 9  

1 9 . 5 

Tab l e  { lll 
Da i ly conc e n t r a t i o n s  t2.Q!tl o f  80 2 and NO , N02 and NOx i n  l\bu Dhabi 

(W i n t e r, 1 9 9 1- 1 9 9 2) 

Decemb e r  1 9 9 1  

NO �.2 
1 1 . 'I 2 2 . 1  

9 . 1 1 5 . 5 

3 . 3  l 2 . 5  

1 0 . 7  1 3 . 5  

J . 6  1 0 . 7 

0 . 4  4 . 5  

'1 . 2  L O . 4  

3 . 3  1 0 . 0 

1 5 . 8  1 6 . 0 

1 9 . 7  1 6 . 2  

1 4 . 6  I B . 1  

1 2 . 9  1 7 . 2  

'I . 4 1 2 . B  

7 . 6  1 7 . 6  

2 . 0  1 3 . 1  

7 . 5  1 0 . 5  

1 0 9 0 . 3  3 . 8  

2 9 7 9 . 0  4 . 1  

1 2 B B . 0  0 . 0  

0 . 4 5 . 7  

1 1 . 4  1 2 . 3  

1 1 .  6 1 6 . 4 

0 . 7  7 . 4  

2 . 4  7 . 7  

3 3 . 4  2 2 . 9  

2 9 . 3  1 7  . 1  

1 1 .  1 7 . 3  

3 '/ . 1.1 2 0 . 7  

0 . 8 9 . 7  

1 . 2  1 1 .  0 
1 0 . 5  2 5 . 0  

0 . 4  3 . 8  

2 9 7 9 . 0  2 5 . 0  

1 8 1  . 0 l 2  . 9 

NOx 8°2 
3 3 . 5  1 . 9 

2 4 . 6  2 . 9  

1 5 . 0  1 . '1  

2 4 . 2  2 . 2  

1 4 . 3  2 . 5  

4 . 9  3 . 1 

1 4 . 6  8 . '1  

1 3 . 3  8 . 1 

3 1 . 8 2 . 1 

3 5 . 9  1 . 1  
3 2 . 7  2 . 0  

3 0 . 1  4 . 6  

1 7 . 2  4 . 4  

2 5 . 2  6 . 4  

1 5 . 1  2 . 3  

1 B . 0  2 . 3  

1 0 9 4 . 1  0 . 8  

2 9 8 3 . 1  1 . 6  

1 2 9 6 . 0  1 . 4  

6 . 1 1 . 1  

2 3 . 7  2 . 0  

2 8 . 0  0 . 7  

B . l  7 . 5  

1 0 . 1 4 . 1  

5 6 . 3  6 . 8  

4 6 . 4  2 . 0  

1 8 . 4  3 . 3 

5 8 . 1  2 . 4  

1 0 . 5  5 . 2  

1 2 . 2  5 . 1 

3 5 . 5  0 . 3  

'1 . 9  0 . 3  

2 9 8 3 . 1  8 . 4  

1 9 4 . 7  3 . 2  
-- ----

J a n u a ry 1 9 9 2  

NO N� 
3 . 1 1 3 . 3 

9 . 1 2 4 . 3  

2 . 9  8 . 3  

1 . 2  6 . 7  

1 . 1  9 . 4  

0 . 7  6 . 3  

0 . 6  9 . 4  

7 . 0  2 2 . 1  

0 . 5  7 . 7  

0 . 1  3 . 7  

2 . 4  1 0 . B 

8 . 7  I B . 4  

0 . 9  7 . 1  

7 . 0  1 9 . 1  

2 1 . 3 3 5 . 0  

7 . 0  I B . 1  

0 . 7  7 . 4  

1 . 6  B . 9  

9 . 0  1 8 . 6  

4 . 9  1 3 . 2  

1 6 . 3  2 4 . 6  

0 . 9  6 . 6  

0 . 1  4 . 5  

0 . 0  3 . 1 
0 . 2  4 . 3  

0 . 0  3 . 0  

2 . 1  7 . 1 

0 . 5 '1 . 5  

1 7 . 2  3 1 . 7  

1 5 . 0  3 0 . 3  

1 . 0  5 . 9  

0 . 0  3 . 1  

2 1 . 3  3 5 . 0  

4 . 6  1 2 . 7  

NOx 8°2 
1 6 . '1 0 . 5 

3 3 . 4  3 . 8  

1 1 . 2  2 . 5  

7 . 9  0 . 6  

1 0 . 5  ] . 3  

7 . 0  1 . 2 

1 0 . 0  1 . 3  
2 9 . 1 7 . 6  

8 . 2  2 . 2  

3 . 8  1 . 7  

1 3 . 2  1 . 1  

2 7 . 1  2 . 4  

0 . 0  1 . 6  

2 6 . 9  ] . 0 

5 6 . 3  2 . 3 

2 5 . 1 1 . 3  

B . 1  2 . 0  

1 0 . 5  2 . 4 
2 7 . 6  2 . 2  

1 8 . 1  2 . 0  

4 0 . 9  4 . 7 

7 . 5  2 . 4  

4 . 6  2 . 1 

3 . 1 1 . 3  

4 . 3  1 . 1  

3 . 0  1 . 2  

9 . 2  2 . 1 
5 . 0  1 . 0  

4 8 . 9  1 . 4  

4 5 . 3  - - - -

6 . 9  - - - -

3 . 1 0 . 5  

5 6 . 3  7 . 6  

1 7 . 3  2 . 1 

February 1 9 9 2  

NO 
1 . L 

2 . 3  

'1 . 8  

1 . 3  

2 . 0  

1 . 0  

1 . 4  

1 8 . 4  

1 . 3 
1 . 2  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 5  

2 . 2  

1 . 3  

2 . 2  

6 . 8  

3 . 5  

4 . 5  

1 . 3  

1 . 3  
1 . 1  

1 . 0  
1 . 0  

- - - -

- - - -

) . 0  

1 8 . 4  

2 . '1 

N02 
5 . 3  

0 . 8  

1 5 . 8  

6 . 2  

7 . 5  

3 . 6  

5 . 0  

3 1 .  0 

5 . 1 

5 . 2  

3 . 3  

3 . 5  

3 . 6  

3 . B  

4 . 5  

4 . 1  

5 . 2  

9 . 5  

4 . 4  

6 . 3  

1 6 . 6 

9 . 3  

1 1 . 1  

5 . 8  

6 . 2  

4 .  4 
2 . 3 

1 . 0  
3 . 5  

- - -. -

- - - -

1 . 0  

3 1 . 0 

7 . 0  

NOx 
6 . 5  

1 1 . 1  
2 0 . 6  

7 . 5  

1 0 . 3  

4 . 6  

7 . 2  

4 9 . 4  

8 . 4  

8 .  4 

4 . 3  

4 . 5  

4 . 6  

4 . 8 

5 . 5  

5 . 1  

6 . 2  

1 1 . 0  

6 . 6  

7 . 6  

1 8 . 8  

1 6 . 1 

1 4  . 6 

1 0 . 3 

7 . 5  

5 . 7  

3 .  -I 
7 . 8  

4 . 4  

- - - -

- - - -

2 . 0  

4 9 . 4  

9 . 4  



I-' W � 

Mo nt h 

Day 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  

Month l y  
M i n imum 
Max imum 
Average 

8°2 
1 . 6  

O .  <I 

1 . 0  

1 . 5  

8 . 0  

9 . 3  

5 . 4  

3 . 7  

2 . 3  

1 . 9  

0 . 7  

1 . 3  

1 . 1  

1 . 8  

1 . 7  
1 . 1  

2 . 2  
4 . 1  

1 . 3  

0 . 3  

0 . 6  

1 . 3  

0 . 4  

1 . 3  

1 . 5  
2 . 1 
2 . 3  

2 . 1  

- - - -

1 1 . 0  

3 . 5  

0 . 3  

1 1 .  0 
2 . 6  

'1' a b 1 e ( 1  6 } 
Da i ly conc e n t r a tio n s  (ppb) of 802 and N O ,  N 0 2  and N O x  in Abu Dhabi 

lQ2r i nq, 1 9 9 2 )  

M a r c h  1 9 9 2  Apr i l  1 9 9 2  May 1 9 9 2  
_. 

NO N02-_. -� 8°2 NO N02 NOx 80,,- NO N02 
1 . 1  4 . 1  5 . 2  1 . 2  1 .  ./ 8 . 5  1 0 . 2  4 . 2  7 . 5  1 4 . 8  

1 . 5  7 . 3  8 . 8  0 . 1 7 . 2  9 . 9  1 7  . 1  1 . 6  1 1 . 3  1 4 . 7  

2 . 7  8 . 1  1 0 . 8  0 . 2  2 . 3  7 . 6  9 . 9  2 . 1 1 4 . 0  2 0 . 2  

1 . 0  6 . 6 7 . 6  - - - - - - - - - - - - - - - - 1 . 4  1 5 . 7  2 1 .  8 

1 . 8  1 1 . 2  1 3 . 0  - - - - - - - - - - - - - - - - 1 . 7  6 . 3 J 8 . 6  

2 . 2  1 0 . 1\  2 0 . 6  3 . 6  8 . 3  2 6 . 0  3 4 . 3  3 . 3  9 . 3 1 8 .  1 

1 6 . 2  4 8 . 1  6 4 . 3  1 . 0  5 . 2  2 3 . 3  2 8 . 5  0 . 8  6 . 9 1 7 . 5  

6 . 0  2 0 . 5  3 4 . 5  1 . 4  3 . 6  2 1 . 6  2 5 . 2  0 . 2  2 . 6  7 . 6  

5 . 7  2 3 . 6  2 9 . 3  1 . 1 9 . 3  2 4 . 9  3 4 . 2  1 . 2  7 . 4  1 3 . 4 

1 . 3  7 . 8  9 . 1 - - - - - - - - - - - - - - - - 0 . 2  5 . 5 1 2 . 1  

1 . 0  4 . 0  5 . 0  1 2 . 7  5 4 . 6  2 9 . 1  8 3 . 7  1 . 3  7 . 7  1 2 . 5  
1 . 0  4 . 9  5 . 9  3 . 6  1 4 . 5  8 . 7  2 3 . 2  0 . 3 3 . 1  6 . 8  

1 . 0 4 . 0  5 . 0  3 . 0 3 . 8  1 2 . 8  1 6 . 6  0 . 6  4 . 0  8 . 4  

1 . 1 L O . 5 1 1 . 6  6 . 3 4 9 . 4  3 2 . 0  8 1 . 4  0 . 9  3 . 7  1 1 .  6 

2 . 4  1 5 . 1 1 7 . 5  9 . 0  4 4 . 0  2 2 . 3  6 6 . 3  0 . 3 1 . 3  9 . 6  

1 . 4 7 . 6  9 . 0  1 . 9  6 . 9  1 0 . 6  1 7 . 5  0 . 7  4 . 7  1 7 . 1  

1 . 3  8 . 4  9 . 7  - - - - - - - - - - - - - - - - 1 . 9  1 2 . 9  2 1 . 9  

1 . 8  1 6 . 4 1 8 . 2  - - - - - - - - - - - - - - - - 7 . 7  1 1 .  6 1 7 . 6  

1 . 0  7 . 5  8 . 5  1 . 6  1 . 0  7 . 0  8 . 0  1 . 1  8 . 7  1 4  . 3  

0 . 9  3 . 8 4 . 7  3 . 8  1 . 9  8 . 5  1 0 . 4 0 . 7  1 0 . 3  1 2 . 9  

0 . 9  4 . 2  5 . 1 0 . 6  3 . 1  1 2 . 8  1 5 . 9  0 . 1 1 . 9  9 .  1 
2 . 3  1 '1 . 5  1 6 . 8 3 . 9  2 3 . 2  2 2 . 6  4 5 . 8  - - - - - - - - - - - -

0 . 9  '1 . 0  4 . 9  8 . 3  1 6 . 5 2 5 . 0  4 1 . 5  - - - - - - - - - - - -

0 . 8  5 . 4  6 . 2  0 . 4  3 . 4  1 2 . 7  1 6 . 1 - - - - - - - - - - - -

1 . 0  5 . 3  6 . 3  2 . 7  1 5 . 3  1 5 . 7  3 1 . 0  - - - - - - - - - - - -

1 . 8  9 . 9  ] 1 . 7  1 . 1  8 . 5  1 1 . 4 1 9 . 9  - - - - - - - - - - - -

2 . 3  13 . 6  1 5 . 9  1 . 4  1 2 . 3  1 2 . 4  2 4 . 7  - - - - - - - - - - - -

1 . 3 1 2 . 1 1 3 . 4  6 . 9  2 . 8  9 . 3  1 2 . 1  0 . 3  2 . 3  1 0 . 8 

- - - - - - - - - - - - 0 . 8 3 . 2  1 2 . 6  1 5 . 8 0 . 0  1 . 0  6 . 7  

1 5 . 2  2 6 . 8 4 2 . 0  0 . 6 8 . 6  1 7 . 6  2 6 . 2 0 . 3  4 . 5  1 5 . 0  

7 . 2  2 4 . 7  3 1 . 9 - - - - - - - - - - - - - - - - 1 . 3  1 3 . 4 1 4 . 2  

0 . 8  3 . 8  4 . 7  0 . 1 1 . 0  7 . 0  8 . 0  0 . 0  1 . 0  6 . 7  
1 6 . 2  '1 0 . 1  6 4 . 3  1 2 . 7  5 4 . 6  3 2 . 0  8 3 . 7  7 . 7  1 5 . 7 2 1 . 9  

2 . 7  1 1 . 0  1 4 . 6  2 . 8  1 0 . 3  1 3 . 0  2 3 . 8  1 . 4 5 . 7  ] 1 . 2 

NOx 
2 2 . 3  

2 6 . 0  

3 4 . 2  

3 7 . 5  

2 4 . 9  

2 7 . 4  

2 4 . 4  

1 0 . 2  

2 0 . 8  

1 7 . 6  

2 0 . 2  
9 . 9  

1 2 . 4  

1 5 . 3  

1 0 . 9  

2 1 . 8  

3 4 . 8  

2 9 . 2  

2 3 . 0  

2 3 . 2  

1 1 .  0 

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

1 3 . 1 

7 . 7  

1 9 . 5  

2 7 . 6  

7 . 7  

3 7 . 5  

l 6 . 9 



f--' W (J1 

Mo n t h  

Day 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 D  
3 1  

Month l y  
M i n imum 
Max imum 
Av e rage 

S02 
0 . 5 

1 . 3  

1 . 1  
0 . 6  

1 . 9  

1 . 1  

1 . 7  

1 . 9  

1 . 1  

0 . 7  

1 . 0  

1 . 9  

1 . 2  

1 . 0  

1 . 1  

0 . 5  

1 . 1 

0 . 1 

0 . 1 

0 . 9  

0 . 6  

0 . 7  

- - - -

- - - -

0 . 2  

0 . 7  

O . J  

0 . 1 

O . B  

0 . 7  

0 . 6  

0 . 1 

1 . 9  

0 . 8  

Tab l e  U1l 
Da i ly concen t ra t i o n s  (ppb) o f  SO? a n d  N O ,  NO ? and NO � i n  Abu Dhabi 

( W i n t e r .  i 9 9 2 - 19 9 3 )  - -

Decemb e r  1 9 9 2  J a nuary 19 9 3  February 19 9 3  
--,' 

NO N02 NOli: SO? NO NO? NOl( S02 NO NO? 
1 0 . 3  9 . 6  2 7 . 9  0 . 0  1 . 7 8 . 2  9 . 9  1 . 2  4 . 2  I iJ • 9 

2 1\ . 1 1 1 . 6  2 5 . 7  0 . 5  1 . 6  1 3 . 0  1 4 . 6  0 . 9  8 . 4  8 .  'I 
2 2 . 0  1 3 . 4 3 6 . 2  1 . 1 2 1 . 6 2 4 . 1  4 5 . 7  1 . 0  2 . 3  2 . 3  

2 . 8  8 . 6  1 1 .  4 0 . 5  7 . 9  1 7 . 0  2 5 . 7  0 . 9  1 . 5  1 . 5  

1 . ] 1 1 . 0  1 2 . 9  0 . 5  5 . 1 1 1 . 7  1 6 . 8  1 . 4  2 . 4  2 . '1  

0 . 4  1 1 .  8 1 2 . 2  0 . 7  8 . 0  1 4 . 5  2 3 . 3  0 . 0  1 . 1  1 . 1  

1 5 . 3 1 4 . 2  2 9 . 5 0 . 5  5 . 0  1 5 . 1 2 0 . 9  1 . 3  4 . 1  4 . 1  

3 1 . 5  2 7 . 6  5 9 . 1  0 . 0  1 1 . 9  1 9 . 0  3 0 . 9  1 . 3  1 . 1  1 . 1  

5 . 9  1 6 . 1 2 2 . 0  1 . 1  1 6 . 2 1 8 . 4  3 4 . 5  1 . 3  '1 . 3  4 . 3  

0 . 0  9 . 2  1 0 . 0  0 . 9  1 6 . 7  1 6 . 6  3 3 . 4  - - - - 1 0 . 7  1 0 . 7 

4 . 1  1 5 . 1 1 9 . 2  0 . 7  1 0 . 0  1 3 . 3 2 3 . 3  1 . 0  2 0 . 4 2 0 . 4  

4 . 6  1 7 . 3  2 1 . 9 0 . 6  1 0 . 4 1 1 . 6  2 2 . 0  1 . 4  1 6 . 5 1 6 . 5  

1 9 . 8  2 8 . 4  4 8 . 2  1 . 2 2 5 . 1 1 2 . 8  3 7 . 9  0 . 8  2 3 . 8  2 3 . 0  

1 0 . 7  2 1 .  8 4 0 . 5  0 . 5 0 . 4  7 . 7  8 . 1  2 . 5  3 6 . 4 2 7 . 0  

1 3 . 4  1 7 . 6  3 1 . 0  1 . 4  0 . 1 7 . 2  7 . 3  2 . 7  3 2 . 5  2 4 . 7  

7 . 5  1 3 . 3  2 0 . 8  1 . 3  3 0 . 5  2 1 . 4  5 1 . 9 3 . 5  60 . 7  4 2 . 5  

5 5 . 1  2 3 . 3  7 0 . 4  1 . 1  1 1 . 4  2 2 . 2  3 3 . 6  1 2 . 7  1 3 1 . 7  6 7 . 6  

4 . 7  1 4 . 5  1 9 . 2  1 . 3  0 . 9  1 2 . 1  1 3 . 0  6 . 4 67 . 0  4 3 . 3 

0 . 1  9 . 8  9 . 9  1 . 3  0 . 3  1 0 . 3  1 0 . 6  - - - - - - - - - - - -

1 7 . 2  1 6 . 9 3 4 . 1  1 . 1  - - - - - - - - - - - - - - - - - - - - - - - -

1 2 . 1  1 5 . 0  2 7 . 1  0 . 6  - - - - - - - - - - - - 0 . 8  9 . 6  1 4 . 5  

1 . 3  9 . 9  1 1 . 2  0 . 7  - - - - - - - - - - - - 0 . 9  3 . 2  1 2 . 2  

- - - - - - - - - -, - - 0 . 4  - - - - - - - - - - - - 1 . 1  1 6 . 3 1 2 .  4 
_ ._ - - - - - - - - - - 1 . 1  - - - - - - - - - - - - 1 . 1  0 . 6  6 . 3 

2 6 . 0 1 7 . 1  '1 3 . 1 1 . 1  - - - - - - - - - - - - 1 . 0 0 . 3  5 . 3  

7 . 2  1 5 . 5  2 2 . 7  1 . 4  7 . 0  2 8 . 4  3 5 . 4  1 . 0 0 . 1 6 .  <1 
2 .  1 1 3 . 7  1 5 . 8  1 . 4  6 . 2  1 8 . 9  2 5 . 1  1 . 6  3 . 6  1 0 . 3  

O . B  1 0 . 4  1 1 . 2  1 . 3  5 . 1 1 6 . 7  2 1 . 8  1 . 9  1 5 . 7  2 4 . 0  

0 . 6  1 4 . 7  2 3 . 2  2 . 1 3 6 . 2  3 0 . 9  6 7 . 1  - - - - -- - - - - - - -

I} • a 1 2 . 8  1 6 . 8 4 . 4  6 9 . 9  4 0 . 6  1 1 0 . 5  - - - - - - - - - - - -

1 . 1  6 . 6  7 . 7  2 . 2  2 0 . 2  2 B . 4  4 B . 6  - - - - - - - - - - - -

0 . 1 6 . 6 7 . 7  0 . 4  0 . 1 7 . 2  7 . 3  0 . 0  0 . 1  5 . 3  

5 5 . 1  2 B . 4  8 8 . 3  4 . 1\ 6 9 . 9  4 0 . 6 1 0 0 . 5 1 2 . 7  1 3 1 . 7  6 7 . 6  

1 0 . 8  1 4 . 7  2 4 . 5  1 . 1  1 0 . 7 1 7 . 6  2 4 . 6  2 . 0  1 7 .  1\ J 7 . 6  
._-

NOli: 

1 9 . 1  

2 1 .  8 

1 4 . 6  

1 2 . 2  

1 3 . 8  

1 5 . 1 

1 3 . 8  

2 4 . 6  , 
2 7 . 7  

4 0 . 0  

3 2 . 6  

4 6 . 8 

6 4 . 2  

5 7 . 2  

1 1 1 .  2 

1 9 9 . 3 

1 1 1 . 1  

- - - -

- - - -

2 4 . 1  

1 5 . 4  

2 8 . 7  

6 . 9  

5 . 6  

6 . 5 

1 3 . 9  

4 0 . 5  

- - - -

- - - -

5 . 6  

5 . 3  

1 9 9 . 3  

3 5 . 0  



� W <Jl 

Mo n t h  

Day 
1 
2 
J 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  

Mont h l y  
M i n imum 
M a x imum 
Av e r a q e  

SO? 
3 . 4  

9 . 5  

3 . 1 

1 . 1  

0 . 6  

0 . 5  

0 . 0 
0 . 7  

1 . 2  

1 . 0 

1 . 6  

0 . 0  

1 . 0  

4 . 0  

2 . 0  

0 . 3  

1 . 0  

0 . 2  

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

2 9 . 9  

3 4 . 0  

2 9 . 4  

2 7 . 0  

0 . 0  

9 . 5  

1. 7 

'l'a-UTe- r.l H J 
Da i ly Conce n t r a t i o n s  (ppb) o f  S0 2 a n d  NOL-l!Q2 and NOx i n  Abu Dhabi 

(Spr i nq I 1.!21.l 

M a r c h  1 9 9 3  Apr i l  1 9 9 3  May 1 9 9 3  

NO N02 N0x- SO? NO NO? NOy S02 NO N02 
1 9 . 5  2 5 . 6  4 5 . 1 0 . 4  2 . 3  1 1 . 4  1 3 . 7  0 . 8 4 . 3  1 4 . 1  

2 9 . 7  2 5 . 2  5 5 . 0  0 . 5  0 . 7  0 . 1  O .  B 1 . 1  1 2 . 7  2 6 . 1 

1 5 . 6  2 2 . 6  3 8 . 2  1 . 5  1 1 . 2  1 7 . 5  2 0 . 7  1 . 3  1 6 . 3 2 2 . 8  

4 . G  1 3 . 3  1 7 . 9  0 . 8  9 . 0  1 6 . 9 2 5 . 9  1 . 2 1 5 . 8  2 2 . 8  

2 . 4  1 1 . 5  1 3 . 9  3 . 3  2 . 1 1 3 . 6 1 5 . 7  0 . 5 8 . 9  1 7 . 2  

2 . 5  1 0 . 0  1 3 . 3  0 . 9  1 1 . 6  1 7 . 3  2 8 . 9  0 . 9  7 . 3  1 4 . 6  

2 .  '1 9 . 2  1 1 .  6 0 . 7  1 7  . 1  1 9 . 8  3 7 . 0  0 . 1 0 . 4  4 . 6  

2 . 2  1 1 . 8  1 4 . 0  0 . 3  6 . 7  1 4 . 2  2 0 . 9  0 . 3  0 . 0  4 . 5  

9 . 6  1 6 . 0  2 5 . 6  0 . 9  2 . 4  1 2 . 3  1 4 . 7  0 . 6  1 . 3  7 . 5  

1 0 . 4  1 3 . 4  2 3 . 8  0 . 9  1 0 . 2  1 0 . 5  3 6 . 7  0 . 4  1 . 3  1 0 . 5  

0 . 1 7 . 1  7 . 2  O . B  2 1\ . 2  1 7  . 1  4 1 . 3  0 . 4  1 . 7  1 2 . 3  

1 . 8  9 . 9  1 1 . 7  0 . 4  0 . 5  0 . 6  9 . 1 0 . 3  1 . 3  9 . 7  

0 . 1 6 . 5  6 . 6 I . B  0 . 0 5 . 1  5 . 1  0 . 4  0 . 9  5 . 9  

O . B  7 . 3  B . l  0 . 9  0 . 0  7 . 1  7 . 1 0 . 7  1 . 5  B . 7  

9 . 7  1 7 . 6  2 7 . 3  0 . 5  4 . 1  8 . 9  1 3 . 0 0 . 5  0 . 1 6 . 1 

3 2 . 1  2 B . O  6 0 . 1  0 . 6  0 . 9  1 0 . 0  1 0 . 0  0 . 4  0 . 4  7 . 0  
2 . 5  1 7 . 6  2 0 . 1 0 . 3  3 . B  1 3 . 7  1 7 . 5  0 . 2  0 . 7  1 1 . 4  
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1 6 . 4 2 0 . 2  3 6 . 4  0 . 9  B . 9  2 0 . 1 2 9 . 1 0 . 6  1 . 0  1 0 . 0  

2 . 4  1 0 . 0  1 2 . 4  0 . 7  1 3 . 4  1 7 . 0  3 0 . 4  0 . 6  0 . 2  9 . 2  

0 . 0  6 . 2  6 . 2  0 . 8  1 1 . 2  1 7 . 5  2 B . 6  0 . 3  1 . 1 1 1 . 3  

0 . 0  4 . 5  4 . 5  0 . 6  7 . 5  1 3 . 3  2 0 . B  0 . 4  1 . 4  8 . 7  

0 . 0  4 . 2 4 . 2  0 . 4  2 . 0  1 1 .  6 1 3 . 7  - - - - - - - - - - - -

0 . 0  4 . 3  4 . 3  0 . 4  0 . 7  7 . 5  8 . 2  - - - - - - - - - - - -

0 . 7  9 . 0  9 . 7  0 . 4  0 . 1 4 . 4  4 . 5  - - - - - - - - - - - -

0 . 7  7 . 5  8 . 2  0 . 1 0 . 1 7 . 0  7 . 1  - - - - - - - - - - - -

1 . 1  7 . 0  8 . 9  0 . 5  6 . 5  1 1 .  9 1 8 . 4  0 . 7  6 . 7  9 . 0  

1 . 6  0 . 3  9 . 9  0 . 7  1 . 3  1 1 . 0  1 2 . 3  - - - - - - - - - - - -

3 . 0  1 3 . 4  1 6 . 4  0 . 4  0 . 1 5 . 0  5 . 1 - - - - - - - - - - - -

3 . B  1 4 . 2  1 8 . 0  
- - - - - - - - - - - -

0 . 0  4 . 2 4 . 2  0 . 1 0 . 0  4 . 4  4 . 5  0 . 1 0 . 0  4 . 5  
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Tab l e  (� 
S e a s o n a l  RaQqe C o n c e n t r a t i o n s  (ppb) o f  S0 2 and NO, N02 and NOx in Abu Dh abi 

l D e c . 1 9 9 1  - May 1 9 9 2 , pee . 1 9 9 2  - May 1 9 9 3 ) 

S e a s o n  w i n te r  9 1 - 9 2  sp r i ng 1 9 9 2  W i n t e r  9 2 - 9 3  Sp r i ng 1 9 9 3  

Po l lu t a n t  M i n  Max Av M i n  Max Av M i n  Max lw M i n  Max Av 

8°2 0 . 4 0 1 0 4 . 6 0 0 . 3 0 0 . 1 0 1 0 . 4 0  2 . 2 0 0 . 4 0 6 . 3 0 1 .  3 0  0 . 0 0 4 . 7 0 1 .  0 6  

NO 0 . 5 0  1 0 0 6 . 2 0 6 2 . 9 0 0 . 9 0 2 8 . 8 0 6 . 2 0 0 . 1 0  8 5 . 6 0 1 2 . 9 0 0 . 0 0 1 3 . 9 0 5 . 2 0 

N02 2 . 8 0 3 0 . 3 0 1 0 . 8 0 5 . 8 0 3 4 . 0 0 1 2 . 0 0 4 . 3 6 4 5 . 5 0 1 5 . 2 0 4 . 4 0 2 4 . 7 0 1 2 . 3 0 

NOx 3 . 6 0 1 0 2 9 . 6 0 7 3 . 8 0 6 . 8 0 6 1 . 0 0  1 0 . 4 0 6 . 8 0 1 2 9 . 3 0  2 8 . 0 0 4 . 4 0 4 6 . 8 0 1 7 . 5 0 

------- --�--



5 . 2 . 1  Su lphur D i ox i de 

S u l phur d iox ide i s  a colourless gas with a pungent 

i rr i t at i n g  odour . It is ext reme l y  irritant to the mucous 

membranes o f  the eyes and respi ratory tract . Most peop l e  can 

detect i t  by taste a t  0 . 3  to 1 ppm ( Stern , 1 9 7 6 ) . 

S u l phur d i ox id e  i s  emitted into the atmosphere through 

combust i on o f  s o l  id and 1 iqu i d  fue l s .  The total em i s s ion o f  

the g a s  v a r i e s  cons iderably with the nature or origin o f  

f os s i l  fue l s , s o  the concentration o f  S02 increases a s  the 

consumpt i on o f  fue l i ncreases . There fore , there is a d i rect 

corre l a t i on between the popu l a t i on dens ity of an a rea and the 

S02 a i r  l ev e l  ( Meye r ,  1 9 8 2 ) , wh i ch is then taken as an i ndex 

of a i r  p o l l ut ion . Natura l S02 emi s s ions arise i n  rough l y  equ a l  

propor t i ons f rom terrest r i a l  and mar ine sources ( Ma s on , 1 9 9 2 ) . 

S u l phur d i oxide i n  the amb ient atmosphere has been the 

most exten s ive l y  stud i ed gaseous pol lutant over the past 3 0  

years . Th i s  pol l utant t ogether with part icul ate matte r , has 

been the b a s i s  for some o f  the most far reach ing and 

controver s i a l  a i r  qua l ity standards ( H i ndy et a I , 1 9 8 8 ) . 

S02 i n  Abu Dhabi Atmosohere ( 1 9 9 1  - 1 9 9 3  l eve l ) : 

S u l phur d i ox i de concentrat i ons in the atmosphere o f  Abu 

Dha b i  C ity during the two study per i ods Dec . 1 9 9 1 -May 1 9 9 2  

and Dec . 1 9 9 2 -May 1 9 9 3  were found t o  b e  be l ow the a i r  qua l ity 

standard ( 3 0  ppb- annual average ) set by the u . S .  National 

Amb i en t  Air Qua l ity Standards ( NAAQS ) ( EPA , 1 9 7 6 ) . Th is 

f in d i ng i s  based on both monthly and seasona l means o f  the S02 

concentrat ions wh i ch d i d  not reach even 2 0  ppb . 
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S02 Leve l s  i n  Two Di f ferent Seasons : 

De a l i n g  with the month ly variation o f  sulphur d i oxide 

concent rat ions , it i s  c l ear from Tables ( 1 5 - 1 8 ) that the 

max imum month l y  average concentration of the S02 was detected 

in Dec . 1 9 9 1  with a l eve l rang ing from 0 . 3  ppb to 2 9 7 . 9  ppb 

a nd month l y  mean o f  1 9 . 5  ppb . Howeve r ,  the max imum l evel  

obs e rv e d  dur i ng that month can b e  e a s i l y  attr ibuted to a l oc a l  

emi s s i on s ource o f  S02 n e a r  the study s ite . Th i s  l oc a l  s ource 

had caused a sharp i ncrease in  S02 concentrat ions on 17 Dec . , 

1 8  Dec . , and 1 9  Dec . , 1 9 9 1  with the l eve l s  o f  1 07 . 6  ppb , 2 9 7 . 9  

ppb and 1 3 5 . 1 ppb , respectively . 

Th i s  abnorma l ity i s  due to some unknown l oc a l  em i s s ion . 

The s u l phur d i ox ide emitted from th i s  source had 

increa s ed the seasonal  average of S02 during w i nter 1 9 9 1 - 1 9 9 2  

t o  be  8 . 2 6 ppb . Th i s  va lue i s  3 . 6 5 t imes the correspond ing 

average o f  spring 1 9 9 2  ( 2 . 2 6 ppb ) . However ,  there was anothe r 

increa s e  i n  the s e a s on a l  average o f  S02 concentration during 

w i nt e r  1 9 9 2 - 1 9 9 3  ( 1 . 3 0 ppb ) compared with the correspond i ng 

average o f  spring 1 9 9 3  ( 1 . 0 6 ppb ) . 

There are two reasons for the moderate w i nter- spring 

var i a t i on o f  S02 concentrat i on found i n  Abu Dhabi atmosphe re . 

The f i rst reason wh i ch represents a minor e f fect , i s  the 

s l i ght l y  h i gher em i s s i on o f  such pol lutant du r i ng the 

re l at iv e l y  c o l d e r  months of each yea r ,  as a resu l t  o f  more 

burn i n g  o f  1 i qu i d  and gaseous fue l s .  The second reason wh ich 

represents a paramount e f fect , is  the restri cted vent i l at i on 

o f  the c ity a i r  during the winter months , because o f  l ong 

per i od s  o f  stab i l ity i n  the atmosphere as a resu l t  o f  l onge r 
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n ight s f requent l y  a s soc i ated with temperature invers ions . The 

s ame two reasons were found to be responsible  a l s o  for a 

moderate seasonal  v a r i a t ions  in S02 concentrat ions i n  Ca i ro 

a tmosphe re ( H indy et a I , 1 9 8 8 ) . 

S 0 2 -Rel at ive Hum id i ty Re l at ionship :  

I n  order t o  i nvest igate the ab i l ity o f  the sUlphur 

d i ox i de to form su l phu r i c  acid and su lphates in the atmosphere 

o f  Abu Dhab i , the d a i l y  observat ions o f  S02 l eve l s  for the 

w i nter and spring months o f  the two per i ods : Dec . 1 9 9 1 - May 

1 9 9 2  a n d  Dec . 1 9 9 2  May 1 9 9 3  assemb l ed i n  Tab l es 

( 1 5 ) , ( 1 6 ) , ( 1 7 )  a nd ( 1 8 )  were graph ical ly pl otted and presented 

in f i gs . ( 4 3 ) , ( 4 4 ) , ( 4 5 ) , and ( 4 6 ) , respect ive l y . In the same 

manner , the d a i l y  records of re l a t ive humid ity in Abu Dhabi 

t own dur i ng the same two periods were graph i ca l ly represented 

in f ig s . ( 4 7 ) , ( 4 8 ) , ( 4 9 ) , and ( 5 0 ) . These records were obta ined 

f rom the Abu Dhab i I nte rnat iona l A i rport Stat ion , Department 

o f  C iv i l  Av iat i on , Abu Dhab i . 

The corre l a t i o n  between the S02 graphs and re l a t ive 

hum i d ity graphs reve a l s  a strong i nverse re l at i onsh ip between 

the measured S 02 concentrat ion and the recorded re l a t ive 

hum i d i ty . The da i l y  mean concentrat i on of sul phur d ioxide 

s e ems t o  f o l l ow most l y  the da i ly variat i on i n  re l a t ive 

hum i d i ty . 

I n  c ombu s t i on o f  sulphur conta ining mate r i a l s , most o f  

the sul phur i s  converted t o  sulphur d i oxide , and a part o f  it , 

1 4 0 
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i s  o x i d i z ed further to the trioxide stage . Sulphur trioxide 

react s rap idly w ith water vapour to become sulphur ic acid . 

W i l s o n  ( 1 9 7 0 ) , reports that the reactions o f  S02 depend 

pr ima r i l y  on the amount of moi sture present . In the dry a i r ,  

there i s  n o  apparent l oss o f  SO 2 ' e ither with or without 

sun l ight energy . 

The S 02 becomes act ivated ( energy l eve l o f  the mo l ecule 

is i nc re a s ed ) but i t  does not appear to d i ssociate o r  react 

( 1 )  

At r e l at ive hum i d i t i e s  greater than about 3 0 %  the 

act ivated S02 i s  o x i d i z ed to S03 : 

S02 + � 02 � S03 ( 2 ) 

The S03  reacts w i th vapour to f o rm sulphur i c  acid 

resu l t i n g  i n  a n  i rr itant mo ist 

( 3 ) 

Th i s  convers i o n  o ften i s  the cause o f  the b l u i sh -wh ite 

p l um e s  emi tted i n  i ndust r i a l  and power-pl ant operat i ons . 

The rate o f  the product i on o f  the acid i ncreases with 

i n c re a s i n g  hum i d i ty percentage or S02 concentrat ion . 

Genera l l y , i t  can be s a id that wh i l e  the meteoro l og i c a l  

e f fects upon concent rat ion o f  sulphur d i ox ide i n  atmosphere 

are not stra ight f o rward , it 1 S  possible  to qua l itatively 

obs e rv e  the i n f l uence of the l ocal  c l imatol ogy a s  a factor in 

incre a s i n g  or decrea s ing the S02 concentrat ion ( H i ndy et a l , 

1 9 8 8 )  . 

5 . 2 . 2  N i trogen ox ides 

The three oxides o f  n itrogen norma l l y  encountered i n  the 

atmosphere are n itrous oxide ( N20 ) , nitric ox ide ( NO )  and 
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n i t rogen d i ox id e  ( N02 ) .  Nitrous oxide , 

anesthet i c  known a s  " l augh ing ga s "  , 

a common ly used 

is produced by 

m i c rob i o l og i ca l  processes and i s  a component o f  the unpo l l uted 

atmosphere at a l ev e l  of approx imate ly 3 0 0  ppb ( Manahan , 

1 9 9 1 ) . Th i s  g a s  i s  re l at ively unreact ive and probabl y  does not 

s ign i f i ca nt l y  i n f l uence important chemical react ions in the 

l ower a tmosphere . I t s  concentrat ion decreases rap i d l y  w ith 

a l t i tude i n  the stratosphere due to the photochem i c a l  

react i o n : 

( 4 ) 

and s ome react i on w i th s inglet atomic oxygen 

N2 0 + ° --j. N2 + 02 ( 5 )  
( 6 )  N2 0 + ° --j. NO + NO 

The s e  react ions are s ign i f icant in terms o f  depl et i on o f  

the o z one l ay e r . I ncrea sed g l ob a l  f i xat i on o f  n i trogen , 

accompan i ed by increased microb i a l  product i on o f  N02 , cou l d  

contr ibute t o  o z one l ayer depletion ( Manahan , 1 9 9 1 ) . 

C o l ourl e s s , od o r l e s s  nitric oxide ( NO )  and pungent red

brown n itrogen d i o x i de ( N02 ) are very important i n  po l l uted 

a i r . Co l l ect i v e l y  d e s i gnated NOx , these gases enter the 

atmosphe r e  f rom natura l sources , such a s  l ightn i ng and 

b i o l og i c a l  processes , and from pol lutant sources . The l a tter 

are much more s i gn i f i cant because of reg i ona l l y  h igh N02 

concent rat i on s , wh i ch can cause severe a i r  qua l ity 

deter i or a t ion . Pract i ca l l y ,  a l l  anthropogenic NOx enter the 

a tmosphere as a re s u l t  o f  the combustion of f os s i l  fue l s  in 

both s ta t i on a ry and mob i l e  sources . G l oba l l y , somewhat l e ss 

than 1 0 0  m i l l i o n  met r i c  tons of nit rogen oxides a re emitted to 

the atmosphere f rom these sources each year . un ited s tates 
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product i o n  o f  n itrogen oxides i s  o f  the order o f  2 0  m i l l ion 

met r i c  tons per yea r .  The contribut ion of automob i l es to 

n i t r i c  o x i d e  product ion in the U . S .  has become somewhat l ower 

in the l a st decade as newer automob i l es with n itrogen oxide 

pol l ut io n  cont r o l s  have become more common ( Manaha n , 1 9 9 1 ) . 

NOx i n  Abu Dha b i  Atmosphere ( 1 9 9 1 - 1 9 9 3  l eve l ) : 

N it rogen oxides ( NOx ) concentrat ions observed i n  the 

atmosph e r e  o f  Abu Dhab i c ity dur ing the two p e r i ods : Dec . 

1 9 9 1 -May 1 9 9 2  and Dec .  1 9 9 2 -May 1 9 9 3  are most ly much l ess than 

the a i r  qua l i ty standard ( 5 0 ppb -annua l ave rage ) set by the 

U . S .  N a t iona l Amb i ent A i r  Qua l ity s tandards ( NAAQS ) ( EPA , 

1 9 7 6 ) . For e xamp l e ,  the monthly average concentration o f  NOx 

dur i n g  1 1  o f  the 1 2  months o f  observat ion ranges between 9 . 4  

ppb dur ing February 1 9 9 2  and 2 3 . 9  ppb dur ing Decembe r  1 9 9 2  

( Ta b l e s  1 5  and 1 7  respect ive l y ) . 

The o n l y  except i on o f  th i s  trend i s  the h igh month ly 

average c oncentrat i o n  of NOx observed dur i ng Decembe r  1 9 9 1  

which reaches 1 9 4 . 7  ppb . Th i s  l eve l i s  3 . 9  t imes the a i r  

qua l i ty standard ( 5 0 ppb ) . As prev i ously ment i oned on d e a l ing 

wi th the r e s u l  ts of S02 , th i s  h i gh month l y  average 

concentrat i o n  is due to the extreme l y  high concentrat i ons o f  

N O  a n d  hence NOx recorded o n  17  Dec . , 1 8  Dec . , and 1 9  Dec . 

1 9 9 1 .  The l eve l s  o f  NO during the three days were , 

respect ive l y , 1 0 9 0 . 3  ppb , 2 9 7 9 . 0  ppb , and 1 2 8 8 . 0  ppb . The 

corresponding l eve l s  o f  NOx were 1 0 9 4 . 1  ppb , 2 9 8 3 . 1  ppb and 

1 2 9 6 . 0  ppb . 
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The reason o f  the se unexpected concentrat i ons i s  due to 

the s ame l oca l emi s s i o n  s ource prev i ou s l y  ment i oned on deal ing 

with the S02 l eve l s  ( p .  1 3 8 ) . 

The e f fect o f  such l oc a l  source may be con f i rmed by the 

ava i l a b l e  re sults which show that the emitted n itrogen oxides 

dur ing the three days of that abnorma l case were in the form 

o f  n i t r i c  oxide ( NO ) , the primary f o rm i n  wh i ch NOx is 

re l eased to the a tmosphere . 

N i  t r i c  oxide i s  b i ochemica l ly l e s s  than act iv e  and l ess 

tox i c  than n it rogen d ioxide ( N02 ) .  However , NO has the ab i l ity 

to attach to h amog l ob i n  

e f f ic i ency ( Ma nahan 1 9 9 1 ) . 

and 

NOx Leve l s  in Two D i f fe rent Seasons : 

reduces oxygen transport 

Monthl y  resul t s  o f  NO , N02 and NOx assembl ed i n  Tabl e s  

( 1 5 ) , ( 1 6 ) , ( 1 7 )  and ( 1 8 )  c l early ind i cate that t h e  maximum 

range o f  NO concentrat i on was dur ing Dec . 1 9 9 1  ( 0 . 3  ppb - 2 9 7 9 . 0  

ppb w ith an average o f  1 8 1 . 8  ppb ) , f o l l owed by Feb . 1 9 9 3  ( 5 . 3  

ppb - 1 9 9 . 3  ppb w i th a n  average o f  1 7 . 4  ppb ) . The data further 

show that the max imum range o f  N02 concentrat ions was dur ing 

Feb . 1 9 9 3  ( 5 . 3  ppb - 6 7 . 6  ppb with an ave rage o f  1 7 . 6  ppb ) , 

f o l l owed by Jan . 1 9 9 3  ( 7 . 2  ppb - 4 0 . 6  ppb w ith an average o f  

1 7 . 6  ppb ) . The s e  max imum ranges o f  NOx and N02 h a d  been 

re f l ected in the max imum ranges of NOx dur ing Dec . 1 9 9 1 ( 4 . 9  

ppb - 2 9 8 3 . 1  ppb w ith a n  average o f  1 9 4 . 7  ppb ) to be f o l l owed by 

Feb . 1 9 9 3  ( 5 . 6  ppb - 1 9 9 . 3  ppb with an average o f  3 5 . 0 ppb ) . 

Taking into a ccount the e f fect o f  the prev i ously 

ment i oned l oca l em i s s ion source in i ncrea s i ng sharp ly the 

concentrat i on o f  NO and hence NOx ' it can be s a i d  that the 
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maximum l eve l s  o f  both NO and N02 and the sum o f  the two gases 

( NOx ) were obs e rved dur ing the same month , i . e .  Feb . 1 9 9 3 . 

A s im i l a r f ind ing can be reached through exam i n ing the 

m i n imum l eve l s  o f  NO , N02 and NOx wh ich were observed in one 

month , i . e . Feb . 1 9 9 2 . During that month the ranges of NO , N02 

and NOx were , respect ive l y ,  1 . 0  ppb - 1 8 . 4  ppb with a n  average 

of 2 . 4  ppb , 1 . 8  ppb- 3 1 . 0  ppb with an average of 7 . 0  ppb and 

2 . 8  ppb - 4 9 . 4  ppb w i th an average of 9 . 4  ppb . 

Th i s  means that there i s  a d i rect re l a t i onsh ip between NO 

and N02 i n  the atmosphere o f  the C ity o f  Abu Dhab i . Th i s  

re l a t i on s h i p  w i l l  b e  d i s cussed in  the fo l l owing sect i on . 

NO - N02 Re l a t i onship :  

M o s t  N02 entering the atmosphere f rom p o l l ut i on s ources 

doe s so as NO generated from intern a l  combus t i on engines . At 

v e ry h igh temp e ratures , the fo l l owing react ion occurs : 

( 7 )  

The speed w i th wh i ch th i s  react i o n  takes p l ace increases 

steep l y  w i th t emperature . I n  a mixture o f  3%  02 and 7 5 %  N2 , at 

room temperature ( 2 7  ° C ) , the equ i l ibr ium concentrat i o n  of NO 

is o n l y  1 . 1 x 1 0- 1 0 ppm , whereas at h i gher temperatures i t  is 

much h ighe r . There fore , high temperatures favor both a h i gh 

e qu i l i b r i um concentrat i on and a rap i d  rate o f  format ion o f  NO . 

Rap i d  c o o l  i n g  o f  the exhaust gas from combustion " free z e s "  NO 

a t  a r e l at iv e l y  h igh concentration because e qu i l ibr ium i s  not 

ma inta i ned . Thus , by its  very nature , the combustion process 

both in the i nte rna l combustion eng ine and i n  furnaces 

produ c e s  h i gh l eve l s  of NO in  the combust ion products 

( Manahan , 1 9 9 1 ) . 
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Accord i ng l y , the maj or proport ion o f  emi tted NOx ( a s the 

sum o f  NO and N02 concentrat ions ) is in the f o rm o f  NO , 

a l though most o f  the atmospheric bu rden is usua l l y  i n  the form 

o f  N02 · The ma j or c onvers ion mechan i sm is the very rap id 

react i o n  of NO w ith amb i ent o z one , the a l ternat iv e  reaction 

w i  th m o l e cu l a r  oxygen be ing re l ative ly very s l ow at amb i ent 

a i r  concentra t i on s  ( Ha rr i son , 1 9 9 0 ) . 

Data a s semb l ed i n  

that the N02 l ev e l s  i n  

h igher than the NO 

Tables ( 1 5 ) , ( 1 6 ) , ( 1 7 )  and ( 1 8 )  reve a l  

the atmosphere o f  Abu Dhab i 

l ev e l s . Th is can be shown 

are mostly 

f rom the 

c a l cu l ated NO/N02 concentration rat ios 1 isted in Tab l e  ( 2 0 ) . 

From these rat i os , 

Dec . 1 9 9 1 ' s  rat i o , 

mo s t l y  be l ow 0 . 5  

i t  can be seen that with the e xcept ion o f  

a l l  other months ' rat ios are be l ow 1 . 0  and 

attr ibuted to s evere 

The on l y  except i on of Dec . 1 9 9 1  is  

u nknown l ocal  emi s s i on o f  NO dur ing 1 7  

Dec . , 1 8 Dec . , and 1 9  Dec . 19 9 1 .  
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TABLE (2 0 )  
NO/N02 C o n c e n t r a t i o n  Rati o in the Atmo sphere of Abu Dhab i 

Duri ng the s tudy Two Peri ods 

Month NO-Av e rage N02 -Average NO/N02 

( ppb ) ( ppb ) Rat i o  

Dec .  1 9 9 1  1 8 1 .  9 1 2 . 9  1 4 . 1 0 

J a n . 1 9 9 2  4 . 6  1 2 . 7  0 . 3 6 

Feb . 1 9 9 2  2 . 4  7 . 0  0 . 3 4 

Mar . 1 9 9 2  2 . 9  1 2 . 2  0 . 2 4 

Apr . 1 9 9 2  1 2 . 4  1 6 . 2  0 . 7 6 

May . 1 9 9 2  7 . 1  1 3 . 9  0 . 7 6 

Dec . 1 9 9 2  1 0 . 8  1 4 . 7  0 . 7 3 

J a n . 1 9 9 3  1 3 . 2  1 7 . 6  0 . 7 5 

Feb . 1 9 9 3  1 8 . 7  1 9 . 0  0 . 9 8 

Mar . 1 9 9 3  5 . 8  1 2 . 5  0 . 4 6 

Apr . 1 9 9 3  6 . 0  1 2 . 5  0 . 4 8 

May 1 9 9 3  3 . 8  1 1 . 8  0 . 3 2 

These resu l t s  indicate undoubtedly that n itrogen oxides 

( NOx ) in the atmosphere o f  Abu Dhabi City tend to be i n  the 

f orm o f  n itrogen d ioxide ( N02 )  and to a l esser degree in the 

f o rm o f  n it r i c  oxide ( NO ) . 

As regards to the winter- spr ing d i f ferences , i t  can be 

e a s i l y  seen f rom the s ea sonal averages o f  NO , N02 and NOx 

ranges 1 i sted in Tab l e  ( 19 )  tha t the w i nter average 

concentrat ions of NO , N02 and NOx be ing , respective l y , 6 2 . 9 0 

ppb , 1 0 . 8 0 ppb and 7 3 . 8 0 ppb dur ing winter 1 9 9 1 - 1 9 9 2  and 1 2 . 9 0 

ppb , 1 5 . 2 0 ppb and 2 8 . 0 0 ppb dur ing winter 1 9 9 2 - 1 9 9 3  were 

h igher than the correspond ing spr ing average concentrat ions 
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wh i ch were 6 . 2 0 ppb , 1 2 . 0 0 ppb and 1 8 . 4 0 ppb dur i ng spr ing 

1 9 9 2  and 5 . 2 0 ppb , 1 2 . 3 0 ppb and 17 . 5 0 ppb dur ing spr i ng 1 9 9 3 . 

The two reasons cons idered to be respon s i b l e  for the s ame 

phenome n o n  observed in the case of S02 l eve l s  can be 

cons ide red a l so respons ibl e for the winter-spri ng v a r i a t i on o f  

NO , N 0 2  a n d  N O x  concentrat ions . The s e  two rea sons wh i ch were 

d i scussed on pp . 1 3 8 - 1 3 9  are : the more burn ing of l iqu id and 

g a s e ous fue l s  dur i ng the re l at ive ly colder months and the 

restr i cte d  v e nt i l at ion o f  the c ity a i r  duri ng the w inter 

month s . 

NOx - Re l a t ive Hum i d i ty Re l at ionship :  

I n  the s ame manner fo l l owed i n  the case o f  S02 and i n  

o r d e r  t o  c l a r i fy t h e  ab i l ity o f  nitrogen oxides t o  f o rm n itric 

acid and n i t rates in  the atmosphere o f  the C ity of  Abu Dhab i , 

d a i l y  obs e rv a t i on s  o f  NOx , the mea sured sum o f  NO and N02 , 

l ev e l s  f o r  the winter and spr i ng months o f  the two pe r i ods : 

Dec . 1 9 9 1 -May 1 9 9 2  a nd Dec . 1 9 9 2 -May 1 9 9 3  , l i sted i n  Tab l e s  

( 1 5 ) , ( 1 6 ) , ( 1 7 )  a n d  ( 1 8 )  were graph i ca l ly represented i n  F igs . 

( 5 1 )  , ( 5 2 )  , ( 5 3 ) and ( 5 4 )  respective ly . These wi l l  be corre l ated 

w i th the re l a t ive humi d ity graphs ( F igs . 4 7 , 4 8 ,  4 9 , and 5 0 )  

represent ing the r e l a t ive humid ity records dur ing the s ame two 

p e r i od s  o f  the po l l utants study . 

Through such corre l at ion , it can be not iced tha t , i n  

genera l , there i s  a r e l at ive ly strong inverse re l at i onship 

betwee n  NOx a nd re l at ive humidity l eve l s . The d a i l y mean 
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concentra t i on o f  NOx seems to fol l ow mostly the da i l y 

v a r i a t ion i n  re l a t ive humid ity . Th i s  revea l s  the h igh ab i l ity 

o f  n i t rogen oxides i n  the atmosphere o f  the Abu Dha b i  C i ty to 

f o rm n it r i c  acid through the fol l owing cha in o f  atmospheric 

react ions : 

NO i s  o x id i z ed rap idly i n  sunl ight by 03 to f o rm N02 : 

NO + 03 -) N02 + 02 ( 8 )  

a nd th i s  reacts with OH rad i c a l  to form n it r i c  a c i d  

vapour , i . e .  

( 9 )  

Where M denotes a th i rd non-react ive mol e cu l e ,  such a s  N2 

The c onver s i on rate is about ten t imes faster than for 

the correspond i n g  S02 react i on , so convers ion wou l d  be 

v i rtua l ly c omp l et e  during , for examp l e , a traverse o f  the 

p l ume across the North S ea in summer ( Ma son , 1 9 9 2 ) . At n i ght , 

convers i on may take p l ace v i a  the format ion o f  the n i t rate 

rad i ca l , wh i ch is photochemica l ly unstab l e  i n  dayl ight . The 

react i on s  a re : 

N02 + 03 -) N03 + 02 

N02 + N03 + M -) N20S + M 

N2 0 S + H2 0 -) 2 HN03 

( 1 0 )  

( 1 1 )  

( 1 2 )  

The l a st step i s  l ikely to take pl ace on the sur faces o f  

aerosol  p a rt i c l e s carry ing a n  absorbed water f i lm ( Mason , 

1 9 9 2 ) . 

As both NO a nd N02 are only very s l ight l y  s o l ub l e  i n  

water , t h e  n i t r i c  a c i d  content o f  ra i n  is thought to be due 

l arge l y  to the adsorpt i on of nitric acid vapour and the 
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capture o f  ra i ndrops o f  aerosol s contain ing N205 . The l atter 

resu l t s  in the f o l l ow i ng reaction : 

N2 0 5 + H20 ( l i q ) � 2 HN0 3 ( 1 3 )  

wh ich i s  b e l i eved to be rap id ,  but convers i on rates have not 

yet been e st ab l i shed ( Ma son , 1 9 9 2 ) . 
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CHAPTER VI 

ATMOS PHERIC QUALITY IN ABU DHABI CITY 

1 .  MON I TORING S TAT I ONS 

Short - t e rm survey o f  air pol lutants has been conducted in 

Abu Dha b i  c i ty f o r  background data and a l so to eva luate 

p o l l ut i on l ev e l . Two samp l ing stations were sel ected for the 

survey ; the f i rst was the bu i l d ing of the Food and Envi ronment 

contr o l  Cente r ,  Abu Dhabi Mun i c ipa l ity ( F ig . 5 4 )  and the second 

wa s the H ou s i n g  Comp l e x  of Urnrn Al Nar i ndust r i a l  a rea ( F ig . 

5 4 ) . 

The f i rst stat i on , be i ng l ocated at A l  S a l am s t . , one o f  

the maj o r  e conom i c , adm i n i strat ive and res ident i a l  streets i n  

Abu Dhab i C i ty c a n  g ive a n  indication o f  the atmospheric 

contam i n a t i o n  due t o  the human act iv it ies taking p l ace i n  the 

C ity . Th i s  s amp l ing stat i on l i es ins ide the dense urban ma s s , 

wh i ch i s  concentrated i n  the northern sector o f  the C ity ( F i g . 

5 4 ) . 

The second stat i on , being l ocated at the Hous i ng Comp l e x  

o f  t h e  i ndu str i a l  a r e a  o f  Umm A l  Na r ,  wh ich i s  l ocated 2 5  kIn 

t o  the e a s t  o f  Abu Dhabi and about 4 kIn to the north o f  A l  

Maqta B r i dg e  ( F ig . 5 5 )  can g ive an ind ication o f  the i ndu s t r i a l  

area p o l l ut i on i n  Abu Dhab i city . The Urnrn Al Nar i ndust r i a l  

a r e a  i n c ludes t h e  Abu Dhab i National O i l  Company ( ADNOC ) 

re f i n e ry , desa l inat i on and power generat ion p l ants o f  Water 

and E l ec t r i c i ty Depa rtment ( WED) , Nat i onal  Chl or i ne I ndustr i es 
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( NCI ) a nd the tank f a rms o f  ADNOC Fue l o i l  D i str ibut ion ( FOD) . 

Potent i a l atmosph e r i c  po l l ution may be expected f rom 

these intense and v a r i ous industrial  activities . 

2 .  EQU I PMENT 

The survey was undertaken at Al S a l am st . S t a t i on duri ng 

the per i od o f  3 - 1 0  May 1 9 9 4  and at Umm Al Nar stat i on during 

the per i od 1 0 - 1 7  May 1 9 9 4 , us i ng the Env i ronment S . A .  Mob i l e  

Laboratory ( F i g . 5 ) . The instruments o f  mea surements are 

O z on e  Ana ly z e r  mod e l  03 4 1M ,  Ca rbon Monox ide Ana l y z e r  mode l CO 

1 1M ,  N itrogen Ox ides Ana lyzer model NO-N0 2 -NOx AC 3 0M ,  

Hydrocarbon ( MHCs , NMHC s )  Ana lyzer mod e l  DAN I 4 5 0 - B  and 

Suspended Dust < 1 0  �m Mon itor mode l MPS I 1 0 0 . The mea surement 

p r i n c i p l es and operat i o n  of these instruments are descr ibed i n  

det a i l  i n  Chapter I I . 

3 .  POLLU T I ON LEVEL 

The average ranges o f  the atmospheric contami nants dur ing 

the two study p e r i ods at Al S a l am st . stat ion and Umm A l  Nar 

s t a t i on a re g iven i n  Tab l es ( 2 1 )  and ( 2 2 ) , respect ive l y . The 

ava i l a b l e  Thresh o l d  Limit Value ( TLVs )  accord ing to the U .  S .  

Nationa l Amb ient A i r  Qua l ity Standa rds ( NAAQS ) ( EPA , 1 9 7 6 ; 

Harr i s on , 1 9 9 2 ) are l i sted i n  the same two tabl e s . The 

pre sented data wh ich i s  based on a short-term study i nd i cate 

that the suspended particul ate matter l ess than 1 0  �m ( S PM1 0 ) , 
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o z one ( °3 ) ,  ca rbon monox ide ( CO ) , n i  trogen oxides ( NO x )  and 

non-methane hydroca rbons ( NMHCs ) l ev e l s  at both res ident i a l  

a n d  i ndust r i a l  a re a s  under investigat i on a re o n  the average 

l e s s  than the stand a rd l ev e l s  des igned to protect the pub l i c  

hea l th i n  t h e  U . S . A .  

TAB LE (2 1 ) 
Da i ly Range o f  Atmo s�h e r i c  Po l lutants Com�ared w i t h  t h e  T LVs 

at Al S a l am s t . s t a t i on l  Abu Dhab i  
{ 3 - 1 0  Kay 1 9 9 4 } 

Range 
Po l l u t an t  T LV *  

M i n i mum Max imum M e an 
S PM1 0 9 4 . 0  2 8 5 . 0  1 6 1 . 8 2 6 0  
( Jlg/m3 ) ( 2 4 -hr l ev e l ) 

°3 0 . 7  2 . 3  1 . 4  8 0  
( ppb ) ( l -hr l eve l ) 

CO 0 . 1 1 . 3  0 . 6 9 
( ppm ) ( 8 -h r  l eve l ) 

NO 0 . 0  2 3 . 5  1 0 . 0  
( ppb ) 

N02 3 . 3  9 . 8  6 . 6  
( ppb ) 

NOx 3 . 4  3 1 . 2  1 6 . 6  5 0  
( ppb ) ( annu a l  average ) 

MHCs 5 . 2  6 . 2  6 . 0  
( ppm ) 

NMHCs 0 . 1  0 . 2  0 . 1  
( ppm ) 

NMHCs 0 . 1 0 . 1 0 . 1  0 . 2 4 
( ppm ) ( 3 -hr 

a .  m .  ) 
l ev e l , 6 - 9  

* TLV= Thre sho l d  Lim it Va lue 
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TABLE (2 2 )  
Da i ly Range o f  Atmo sph e r i c Pol lutants Compa r e d  w i t h  t h e  TLV s  

Po l l u t a n t  

S PM1 0 
( ).1g/m3 ) 

03 
( ppb ) 

CO 
( ppm )  

NO 
( ppb ) 

N02 
( ppb ) 

NOx 
( ppb ) 

MHCs 
( ppm ) 

NMHCs 
( ppm ) 

NMHCs 
( ppm ) 

a t  Umm A l  Nar s t a t i o n ,  Abu Dhab i 
( 1 0 - 1 7  May 1 9 9 4 ) 

Range 

M i n i mum Max imum Mean 
8 4 . 5  7 8 5 . 5  1 9 3 . 9  

( 2 4 -hr 

0 . 7  3 . 6  2 . 3  
( l -hr 

0 . 0  0 . 2  0 . 1 
( 8 -h r  

0 . 0  5 4 . 8  1 0 . 7  

3 . 9  1 3 . 2  6 . 8  

5 . 6  6 1 . 9 1 7 . 7  

TLV *  

2 6 0  
l eve l ) 

8 0  
l ev e l ) 

9 
l eve l ) 

5 0  
( annual ave rage ) 

5 . 0  5 . 9  5 . 6  

0 . 0  0 . 1 0 . 1 

0 . 0  0 . 1 0 . 1 0 . 2 4 
( 3 -hr l eve l , 6 - 9  
a .  m .  ) 

* TLV= Thre sho l d  Limit Va l ue 

4 .  Ro l e  o f  Me teorol ogi cal Parame te r s  

I t  i s  a we l l  known fact that attent ion mu st be paid t o  

t h e  w i nd d i rection l n  treat ing d i screte s ource s  o f  a ir 

pol l ut i on . There fore , the hourly records o f  wi nd speed and 

1 6 7  



d i rect i on obta ined by the Env ironment S . A .  Mob i l e  Laboratory 

during the two per i ods o f  investigation were uti l i zed in 

de f i n i ng the em i s s ion s ources o f  the mea sured atmospheric 

p o l luta nt s . The ava i l ab l e  records were , there fore , proces sed 

to meet the requ i rements o f  the study . 

The p r i nc i p a l  features characte r i z ing the prev a i l ing 

w i nd s  at the two monitor ing stat i ons in Abu Dhabi c ity are 

g iven in Tab l es ( 2 3 )  and ( 2 4 )  for Al S a l am st . and Umrn Al Nar , 

respect iv e l y . The s e  include the percentage frequen c i e s  for 

h ou r l y  w ind speed d i rect i on at the two stat i ons . 

The da i l y  means o f  hourly speeds and frequenc i e s  are 

graph i ca l l y represented by wind roses in F igs . ( 5 6 )  and ( 5 7 )  

for A l  S a l am st . and Umrn A l  Nar , respect ive ly . 

Bes i de s , the d a i l y  average ranges o f  temperature and 

re l at iv e  hum i d ity ( recorded by the Env i ronment S . A .  Mob i l  

Laboratory ) , t h e  tota l amounts o f  rainfa l l  and the total 

numb e r  o f  days w i th dust and/ or sand storms ( prov ided by Abu 

Dhab i Internat i ona l A i rport stat i on , Department o f  C iv i l  

Av iat ion , Abu Dhab i )  were calcu l ated for each o f  the two 

mon i t o r i ng stat i ons and a re g iven in Tab l e  ( 2 5 ) . 
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f-.I m <.0 

DI RECT ION 

3 5 0 - 1 0 1  

0 2 0 - 0 4 0 

0 5 0 - 0 7 0  

O B O - I 0 0  

1 1 0 - 1 3 0  

1 4 0 - 1 6 0 

1 7 0 - 1 9 0  

2 0 0 - 2 2 0  

2 3 0 - 2 5 0  

2 6 0 - 2 B O  

2 9 0 - 3 1 0  

3 2 0 - 3 4 0  

TOTAL 

CALMS 

0 1 - 0 3  0 4 - 0 6  

KNOTS KNOTS 

2 5 . 4  1 3 . 0  

0 2 . 3  0 0  

0 0  0 0  

0 2 . 3  0 0  

0 0 . 6  0 0  

0 5 . 6  0 5 . 1  

0 2 . B  0 0  

0 0 . 6  0 1 . 1 

0 0  0 0 . 6  

0 2 . B  0 1 . 7 

0 6 . 8  0 2 . 8  

0 9 . 6  1 6 . 4  

5 B . 8  4 0 . 7  

0 0  0 0  

TABLE ( 2 3 ) 
P e rc e n t age F r equenc i e s  Fo r Hou r ly Wind Speed Di rec t i o n 

A t  �l S a l am s t .  s t a t i o n ,  Abu Dhabi 

0 7 - 1 0 

KNOTS 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0 . 6  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0 . 6  

0 0  

�1 0 M ay, 1 9 9 4 1  

1 1 - 1 6  1 7 - 2 1 2 2 - 2 7  

KNOTS KNOTS KNOTS 

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  

2 8 - 3 3  

KNOTS 

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

0 0  0 0  

> 3 3  TOTAL 

KNOTS 

3 8 . 4  

0 2 . 3  

0 0  

0 2 . J 

0 0 . 6  

1 1 . J 

0 2 . B  

0 1 . 7  

0 0 . 6  

0 4 . 5  

09 . 6  

2 6 . 0  

1 0 0  

0 0  
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D I RECT ION 

3 5 0 - 1 0 1  

0 2 0 - 0 4 0 

0 5 0 - 0 7 0  

0 8 0 - 1 0 0  

1 1 0 - 1 3 0  

1 4 0 - 1 6 0  

1 7 0 - 1 9 0  

2 0 0 - 2 2 0  

2 3 0 - 2 5 0 

2 6 0 - 2 8 0  

2 9 0 - 3 1 0  

3 2 0 - 3 4 0  

TOTAL 

CALMS 

0 1 - 0 3  

KNOTS 

0 2 . 8  

0 2 . 1  

0 3 . 5  

1 0 . 6  

1 4 . 1  

0 2 . 8  

0 1 . 4 

0 2 . 1  

0 4 . 2  

0 2 . 1  

0 1 . 4  

0 0 . 7  

4 7 . 9  
--

0 0  

TAB LE �_ 
P e r c e n t aqe F requ e n c i e s  Fo r Hou r l y  W i n d  Speed D i rec t i on 

A t  Umm A l  Nar s t a t i o n .  Abu 
l!9- 1 7  May, 1 9 9 4 ) 

0 4 - 0 6  0 7 - 1 0  1 1 - 1 6  1 7 - 2 1 2 2 - 2 7 2 B - 3 3  

KNOTS KNOTS KNOTS KNOTS KNO'l'S KNOTS 
-

0 2 . 1  0 2 . 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 0 . 7  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 2 . 1  0 0  0 0  0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  

0 4 . 9  0 0  0 0  0 0  0 0  0 0  

0 8 . 5  2 1 . 1 0 1 . 4  0 0  0 0  0 0  

O J . S  0 4 . 9  0 0  0 0  0 0  0 0  

2 1 . 8  2 8 . 9  0 1 .  4 0 0  0 0  0 0  

0 0  0 0  0 0  0 0  0 0  0 0  
----------_ .. _-

> 3 3  TOTAL 

KNOTS 

0 0  0 7 . 7  

0 0  0 2 . 1  

0 0  0 3 . 5  

0 0  1 1 .  3 

0 0  1 4 . 1  

0 0  0 2 . 8  

0 0  0 1 . 4  

0 0  0 4 . 2  

0 0  0 4 . 2  

0 0  0 7 . 0  

0 0  3 2 . 4  

0 0  0 9 . 2  

0 0  1 0 0  

0 0  0 0  
----- ------------ -- -----
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At 

. TABLE (2 5) 
Da l. ly Mean o f  Some Meteoro l ogi c a l  Param e t e r s  A l  S a l am s t . a n d  U mm  �l Nar sta t i on s ,  Abu Dh ab i 

( 3 - 1 7 May, 1 9 9 4 ) 

PARAME T E R  3 - 1 0 May 1 9 9 4  1 0 - 1 7 May 1 9 9 4  
Temperature M i n  2 9 . 4  2 4 . 3  
( D C )  Max 3 8 . 7  3 6 . 8  

Mean 3 3 . 3  3 0 . 0  

Re l at ive hum i d ity M i n  2 5 . 5  2 5 . 4  
( %  ) Max 5 6 . 6  5 0 . 7  

Mean 4 4 . 6  5 0 . 7  

T o t a l  Ra i nFa l l  Traces Traces 

( mm )  

Tot a l  N o . o f  days N i l  N i l  

w ith sand storms 

From the presented meteoro l og ical data , it seems 

rea sonabl e  to say that : 

( 1 ) The s i gn i f icant frequency o f  w ind d i rect i on at A l  S a l am 

s t . S t a t i on i s  a s s oc i ated with the northern d i rect ion 

w i th a tota l average f requency of 3 8 . 4 % ,  fol l owed by the 

n o rth-western d i rect ion w i th a tota l frequency of 2 6 . 0 % .  

H oweve r , both northern and north-western winds have a l ow 

range o f  speed ( 1 - 6  knots ) . Th is means that w i nds bl own 

ove r  A l  S a l am st . stat ion had a l imi ted r o l e  in 

transport i ng and d i spers ing the atmosphe r i c  po l lutants 

mon itored at th i s  station . 

( 2 )  The corre spond ing frequency o f  wind d i rect i on at Urnrn Al 

N a r  s t a t i on i s  associ ated with the north-western 

d i rect ion wi th a tot a l  average frequency o f  3 2 . 4 % ,  

f o l l owed by the s outh-ea stern d i rect ion with a tota l 

ave rage f requency o f  1 4 . 1 % .  The north-western winds have 

1 73 



a h i gher speed mostly in the 7 - 1 0  knots range wi th an 

average frequency of 2 1 . 1 % ,  whereas the south-eastern 

w i nd speed l i es tota l ly in the 1 - 3  knots range . Th i s  

means that the north-western wi nds blowing over U mm  A l  

N a r  S t a t i on had p l ayed a n  e f fect ive role in transport ing 

the atmospher i c  contam inants in th is d i rect i on . 

( 3 )  The average ranges o f  temperature , be ing 2 9 . 4 - 3 8 . 7  ° c  with 

a mean o f  3 3 . 3  °c at Al S a l am st . and 2 4 . 3 - 3 6 . 8  °c with a 

mean o f  3 0 . 0  °c at Umm Al Nar can be cons ide red a n  

e f f ect ive reduc ing factor o f  S PM1 0 concent rat ion through 

the unstab l e  cond i t ions wh ich may preva i l  w ith the 

i ncrease in tempe rature . 

( 4 )  The trace amounts o f  ra infal l recorded during the two 

study per i ods had a l so contr ibuted in reduc ing the 

detected l eve l s  of the atmospheric contam inants wh ich are 

usua l ly precip itated w ith the r a i n fa l l . 

( 5 )  The two study periods were devoid o f  sand storms . Th i s  

means that such s ource of natural pol l ut i on was 

i n e f fect ive i n  contaminating the atmosphere of both 

mon itoring stat ions w i th SPM 1 0  during those pe r i ods . 

I n  order to 

5 .  D I URNAL PAT TER.� 

show the d a i l y  cyc l e  o f  atmosphe ric 

po l l utants i n  the Abu Dhab i c ity , the hourly concentra t i ons o f  

S PM1 o , °3 , and NO : N02 and NOx were averaged for the seven 

study days at each of the two mon itoring stations . The data 

ava i l ab l e  are a s s embl ed in Tabl es ( 2 6 )  and ( 2 7 )  for Al S a l am 
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s t . stat i on and Umm Al Nar Station , respect ive l y . Be s ides , the 

h our l y averages of S PM1 0 r 03 and NOx are graphi ca l l y  

represented i n  Fi gs . ( 5 8 )  and ( 5 9 )  for S PM1 0 ' ( 6 0 )  and ( 6 1 )  for 

0 3 and ( 6 2 )  and ( 6 3 )  for NOx for the two stat i ons , 

respect ive l y . The most strik ing features cha racte r i z ing the 

two tab l e s  and s i x f i gures can be summa ri zed in the f o l l owing 

secti ons : 

5 . 1 S PM 1 0  D i ur n a l  P a t t e rn 

The mean concentrat i ons o f  S PM1 0 at A l  S a l am st . 

throughout the day show that the d iurna l pattern o f  the 

p o l l utant h a s  a princ ipa l max imum ( 2 8 5 . 0  �g/m3 ) exceeding the 

TLV ( 2 6 0 . 0  �g/m3 ) ( EPA , 1 9 7 6 )  in the l ate even ing ( at 1 0  

p . m . ) . Th i s  p e a k  value appears t o  be independent o f  the l ocal 

a c t iv it i e s , particu l a r l y  tra f f i c  emi s s i on , s i nce the l ate 

even ing in the c i ty is usua l ly characteri z ed by l ight tra f f i c  

dens i ty . There fore , the observed peak seem t o  resu l t  f rom 

p o l l u t i o n  be i ng trapped near the ground in a sha l l ow ,  stab l e  

or neutra l l ayer w i th l ight w inds above the cooled ground . 

Th i s  phenomenon i s  known as the heat inversion and may occur 

in the e a r l y  morn ing and/ or in the l ate evening . A det a i l ed 

descr ipt i on o f  the phenomenon is g iven on pp . 1 1 3 - 1 1 4 . 

w ith respect t o  the correspond ing da i l y  cyc l e  obta ined 

for the mean concent rat ion of S PM1 0 at Umm Al N a r  ( Table 

2 7 , F i g . 5 9 ) , i t  can be not i ced that there a re two max ima ; one 

at 8 a . ID .  and the other is at 8 p . m .  
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TABLE ( 2 6) 
Av e r age Lev e l s  o f  S PM 1 0 � O zone and Ni t roge n Ox i d e s  over the 2 �  Hou r s  a t  A l  S a l am s t . s t a t i o n i n  Abu Dh ab i 

HOURS 

0 1 : 0 0 

0 2 : 0 0  

0 3 : 0 0 

0 4 : 0 0 

0 5 : 0 0  

0 6 : 0 0  

0 7 : 0 0 

0 8 : 0 0 

0 9 : 0 0 

1 0 : 0 0 

1 1 : 0 0  

1 2 : 0 0 

1 3 : 0 0 

1 4 : 0 0 

1 5 : 0 0 

1 6 : 0 0  

1 7 : 0 0 

1 8 : 0 0  

1 9 : 0 0 

2 0 : 0 0 

2 1 : 0 0 

2 2 : 0 0 

2 3 : 0 0 

2 4 : 0 0 

Da i l y  

1 5 2 . 6  

1 4 6 . 3  

1 2 7 . 3  

1 3 5 . 7  

1 5 9 . 5  

2 1 3 . 0  

1 8 9 . 7  

1 5 1 . 9 

1 3 7 . 0  

1 1 2 . 9  

9 4 . 0  

1 1 6 . 9  

9 5 . 2 

1 0 9 . 9  

9 5 . 2  

1 8 1 .  2 

2 0 0 . 2  

2 3 2 . 8  

1 5 0 . 2  

1 5 6 . 2  

1 9 8 . 8  

2 8 5 . 0  

2 4 4 . 0  

1 7 0 . 1 

M i n imum 9 4 . 0  

Max imum 2 8 5 . 0  

Ave rage 1 6 1 . 8  

1 . 4  

2 . 3  

2 . 3  

2 . 1  

2 . 1  

2 . 1  

1 . 5  

1 . 0  

1 . 2  

1 . 0  

1 . 2  

1 . 2  

1 . 3  

1 . 8  

2 . 0  

1 . 8  

1 . 5  

1 . 0  

0 . 8  

0 . 8  

0 . 9  

0 . 9  

1 . 0  

0 . 7  

0 . 7  

2 . 3  

1 . 4  

{ 3 - 1 0  May, 1 9 9 4 ) 

NO 

ppb 

4 . 5  

2 . 3  

0 . 0  

0 . 1 

0 . 2  

0 . 0  

4 . 1  

17 . 0  

1 6 . 0  

1 4 . 2  

1 4 . 8  

1 1 . 2 

9 . 4  

5 . 4  

2 . 5  

2 . 7  

3 . 2  

1 8 . 3  

1 8 . 1  

1 5 . 0  

2 1 . 0  

1 8 . 0  

2 3 . 5  

2 0 . 6  

0 . 0  

2 3 . 5  

1 0 . 0  
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9 . 1  

4 . 4  

3 . 4  

3 . 3  

3 . 3 

4 . 0  

7 . 1  

6 . 2  

6 . 9  

6 . 3  

6 . 1  

5 . 3  

5 . 3  

5 . 4  

5 . 0  

6 . 6  

9 . 1  

7 . 8  

9 . 3  

8 . 2  

8 . 5  

9 . 8  

7 . 7  

9 . 6  

3 . 3 

9 . 6  

6 . 5  

1 3 . 6  

6 . 7  

3 . 4  

3 . 4  

3 . 5  

4 . 0  

1 1 . 2 

2 3 . 2  

2 2 . 9  

2 0 . 5  

2 0 . 9  

1 6 . 5  

1 4 . 7  

1 0 . 8  

7 . 5  

9 . 3  

1 2 . 3  

2 6 . 1  

2 7 . 4  

2 3 . 2  

2 9 . 5  

2 7 . 8  

3 1 . 2  

3 0 . 2 

3 . 4  

3 1 . 2 

1 6 . 6  



TAB LE ( 2 7 )  
Av e rage L ev e l s  o f  S PM 1 0� O z o n e  a n d  N i t rogen Ox i d e s  over the 2 4  Hours a t  Umm A l -Nar S t a t i o n  in Abu Dhabi 

{ 1 0 - 1 7  May, 1 9 9 4 ) 

S PM 1 0 ° 3 NO N02 NOx HOURS 
J.l g/m3 ppb ppb ppb ppb 

0 1 : 0 0 1 6 9 . 7  1 . 6  2 1 . 0  9 . 3  3 0 . 3  
0 2 : 0 0 2 0 1 . 4 2 . 2  1 3 . 2  7 . 7  2 0 . 9  
0 3 : 0 0 1 8 1 .  6 1 . 7  8 . 6  6 . 6  1 5 . 2  
0 4 : 0 0 1 5 1 . 4 2 . 2  7 . 1  6 . 4  1 3 . 5  
0 5 : 0 0 1 3 4 . 9  1 . 4  1 2 . 3  8 . 6  2 0 . 9  
0 6 : 0 0  1 1 2 . 3  1 . 1  2 9 . 8  1 3 . 2  4 3 . 0  
0 7 : 0 0  1 0 6 . 7  0 . 7  5 4 . 8  7 . 1  6 1 . 9 
0 8 : 0 0  7 8 5 . 5  1 . 0  2 8 . 2  6 . 6  3 4 . 8  
0 9 : 0 0  1 4 5 . 5  1 . 6  1 3 . 0  6 . 3  1 9 . 3  
1 0 : 0 0  1 9 4 . 0  2 . 3  7 . 6  7 . 3  1 4 . 9  
1 1 : 0 0 2 0 7 . 2  2 . 6  6 . 5  8 . 2  1 4 . 7  
1 2 : 0 0 1 2 6 . 2  3 . 1  4 . 8  7 . 2  1 2 . 0  
1 3 : 0 0 9 2 . 8  3 . 6  3 . 3  5 . 5  8 . 8  
1 4 : 0 0 2 1 3 . 4  3 . 5  4 . 0  5 . 2  9 . 2  

1 5 : 0 0  2 3 6 . 2  2 . 7  1 4 . 6  6 . 1  2 0 . 7  

1 6 : 0 0  8 4 . 5  3 . 4  5 . 9  4 . 9  1 0 . 8  

1 7 : 0 0 9 9 . 1  3 . 6  3 . 9 4 . 9  8 . 8  

1 8 : 0 0 2 0 2 . 8  3 . 7  3 . 2  3 . 9  7 . 1  

1 9 : 0 0  2 3 0 . 2  3 . 1  4 . 3  4 . 9  9 . 2  

2 0 : 0 0 3 5 1 . 9 2 . 9  1 . 5  7 . 0  8 . 5  

2 1 : 0 0 1 8 7 . 6  3 . 0  0 . 0  5 . 6  5 . 6  

2 2 : 0 0 1 6 0 . 1 2 . 8  0 . 4  5 . 9  6 . 3 

2 3 : 0 0 1 3 9 . 1  1 . 6  1 . 8  1 0 . 5  1 2 . 3  

2 4 : 0 0 1 3 9 . 1  1 . 2  6 . 4  9 . 5  1 5 . 9  

Da i l y  

M i n imum 8 4 . 5  0 . 7  0 . 0  3 . 9  5 . 6  

Max imum 7 8 5 . 5  3 . 6  5 4 . 8  1 3 . 2  6 1 . 9 
Ave rage 1 9 3 . 8  2 . 3  1 0 . 6  7 . 0  1 7 . 6  
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Figure (58) Diurnal PaHem of Average Concentration of SPM 1 0  (ug/m3) 

At AI Salam St. Station 

(3 - 1 0  May 1 994) 
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The f i rst i s  very sharp reach ing 7 8 5 . 5  Ilg/m3 , i .  e .  more 

than three t imes the TLV ( 2 6 0  Ilg/m3 ) ( EPA ,  1 9 7 6 ) . Th i s  sharp 

peak c ou l d  be attr ibuted to a l ocal  activ ity tak ing p l ace near 

the s amp l i ng stat ion . Th i s  i s  as soc i ated w ith the beginn ing o f  

the workday a t  some o f  the indust r i a l  act iv i t i e s  tak ing pl ace 

i n  the a re a . It is expected , there fore , that most of the S PM1 0 

w i l l  be i n  the f o rm o f  smoke . The second maximum ( 3 5 1 . 9  Ilgjm3 ) 

obs e rved at 8 p . m .  i s  s im i l a r  to that found at 1 0  p . m . in Al 

S a l am s t . s t a t i on and attr ibuted to the heat inversion 

phenome non . 

The d iurnal  cyc l e s  o f  S PM1 0 concentration a t  the two 

mon i  t o r i ng stations in Abu Dhab i c ity further i nd i cate two 

m i n ima : one i n  the l ate morn ing ( 1 1 a . m . ) with an average 

l eve l of 9 4 . 0  Ilgjm3 at Al S a l am st . and the othe r i s  in the 

l ate a fternoon ( 4  p . m . ) w i th an ave rage l ev e l  of 8 4 . 5  Ilgjm3 at 

Umm A l  N a r . 

The m i n imum peak va lue o f  the l ate morn ing can be 

cons idered a n  

concentrat ions 

e xcept i ona l 

a s s o c i ated with 

he i ghts throughout the day 

case 

the 

due 

o f  the 

v a r i a t i on 

to s o l a r  

ideal  S PM1 0 

o f  the m i x ing 

heat ing and 

atmosph e r i c  c oo l ing . such except ional case was p rev i ously 

obs e rved on d e a l ing w i th the S PM1 0 l eve l s  in Al A i n  c i ty ( pp . 

1 1 3 - 1 1 4 ) and attr ibuted to devel opment o f  strong consecutive 

turbu l ent mot ion during dayt ime and hence l e ad to h igh l y  

pronounced m i n imum S PM1 0 concentration ( Abde l S a l am et a l , 

1 9 8 1 )  . 
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5 . 2  O z o n e  D i u r n a l  P a t t e rn 

I n  c l ean dry atmospheres , o z one concentrat ions near the 

sea l ev e l  were found to be in the range o f  2 0  ppb in w i nter to 

7 0  ppb in summe r  ( Table 1 )  ( Hesketh , 1 9 7 2 ) . Unt i l  recent l y , 

the s e  background l eve l s  were assumed to have orig inated f rom 

stratosphe r i c  intru s i o n . Recent stud ies suggest , however , that 

the dom i nant source o f  background 03 leve l s  over the united 

states a t  remote and rural s ites i s  atmospheric photochem i st ry 

inv o l v ing natura l s ources o f  CH4 , CD ,  NMHCs and NOx ( God i sh , 

1 9 9 1 )  . 

A l though the hourly average concentrat i ons o f  o z one 

detected a t  both mon i toring stat i ons are l e s s  than the 

background l eve l , the d iurnal patterns o f  th i s  atmospheric 

components ( F igs 60  and 6 1 )  show a general tendency of  these 

average concentrat i ons to be h igher during 

day and l ower dur ing others . Th i s  tendency 

some 

i s  

hours o f  the 

c l e a r  

d iu r n a l  pattern o f  o z one concentrat i ons a t  Umm A l  N a r  

i n  the 

( F i g . 

6 1 )  wh i ch shows a n  e l evated increa se in the 03 l ev e l  beg ins at 

7 a .  m .  w ith a m i n imum average concentration o f  0 . 7  ppb to 

reach a max imum average concentrat i on of 3 . 6  ppb a t  1 p .  m .  , 

then decreased t o  3 . 5  ppb at 2 p . m .  and to 2 . 7  ppb at 3 p . m .  

Anothe r  gradu a l  increase beg ins a fter the l a st hour ( 3  p . m . ) 

to reach the peak v a l ue o f  the who l e  day ( 3 . 7  ppb ) at 6 p . m . , 

then gradu a l  decre a s e  beg ins t i l l  the end o f  the 2 4 -h r . period 

at m idn ight . 

I n  fact , o z one concent rati ons that occur ove r  urban and 

nonurb a n  areas re f l ect a n  interplay em i s s i ons of NOx and HCs , 

transport meteoro l ogy , and atmospheric chemi stry . I f  we beg i n  

w i th a sma l l  ma s s  o f  re l at ive ly c l ean a i r  and f o l l ow its 
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passag e  ove r  an urban area and are a s  downwind , we can see some 

o f  the dynam i c s  involved in 03 formation and its subsequent 

h i story ( God i sh , 1 9 9 1 ) . 

As a n  a i r mass moves toward an urban cente r ,  i t  p i cks up 

NOx and HCs . wi th i n  a t ime sca l e  of an hour , OH beg ins to 

degrade HCs , p roduc ing R02 ( peroxy radi cal s ) . As the a i r  mass 

mov e s  ove r  the urban cente r ,  03 precursors peak and then 

decl i ne w i th increas ing downw ind d i stance . O z one 

concentra t i ons incre a s e  and are sust a ined over a per i od o f  1 - 5  

h r  a s  the more react ive o l e f i n i c  and aroma t i c  HCs are depl eted 

by photochem i c a l  react i ons . 

A f t e r  5 - 1 0  hr trav e l  t ime downwind , mode rate ly react ive 

HCs increas ingly p l ay more important rol e  i n  net 

p roduct i on . O z on e  l ev e l s  in the a i r  mass subsequ ently decrease 

a s  a consequence of d i lut ion , convers i on o f  N02 to HN03 and 

sur f a c e  remova l .  Under n ightt ime cond it i ons , 03  product i on 

c e a s e s . 

Ground-ba s ed heat i nvers i ons , wh ich may r i s e  to a he ight 

of t e n s  t o  hundreds of meters , l imit m i x i ng o f  ground - l ev e l  

em i s s i on s , wh i ch wou l d  serve as 03  scavengers . Protected by 

the i nv e rs i on l aye r , 03 may persist a l oft with a ha l f  l i fe o f  

a s  much a s  8 0  hr . 

At sunri s e , the i nvers i on breaks up , br inging 03  and 

oth e r  products i so l ated a l o f t  dur ing the n ightt ime hours to 

the ground , where they mix with pol lutants con f i ned be l ow ( and 

those newly p roduced ) to beg i n  the next day ' s  photochem i stry . 

The pers i stence o f  03 a l o ft at n ight can result i n  its 

l ong range transport . I t  i s  apparent ly the cause of n i ghtt ime 

concentrat i ons exceed ing those reported for midday at remote 
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s i te s . Th i s  contrad i cts the v i ew ,  once widely held , that 

max imum 03 concentrat ion a lways occur near solar noon ( God i sh , 

1 9 9 1 )  . 

The above contrad i c t i on can be cl early not iced i n  the 

d iurnal  pattern o f  the average concentration of o z one at Al 

S a l am s t . ( F i g . 6 0 )  wh i ch shows a h igher concentrat i ons o f  

o z on e  during the f iv e  hours 2 - 6 a . m .  compared w i th the solar 

hours . 

The f l uctuat i on o f  the hourly average concentrat i ons o f  

o z on e  a t  both mon itoring stat i ons ( F igs . 6 0  and 6 1 )  i n  

comb i nat i on w ith dynam i c s  invo lved i n  03 f o rmat i on and its 

sub s e qu ent h i story i n d i cate w ith no doubt that a l though the 

o z on e  i s  pre sent in the atmosphere o f  Abu Dhabi c i ty i n  

c oncent rat ions b e l ow the background l eve l s , i t  orig inates i n  

t h e  f o rm o f  a secondary photox idant through atmospheric 

photochem i c a l  react i ons . 

5 . 3  N i t r ogen O x i d e s  D iu rn a l  Pattern 

Hourly averages o f  n i trogen oxides ; NO , N02 and NOx ( the 

sum of NO and N02 )  show a n  interesting d iurna l patt e rn at each 

o f  the two mon itor ing stat ions . 

D i u rna l pattern o f  NO , N02 and NOx at Al S a l am st . ( Table 

2 6 , F i g . 6 2 ) i nd icates that there i s  a gradual decrease i n  

the i r  concentrat i ons beg�ns a t  1 a . m .  w i t h  

concent rat i ons o f  4 . 5  ppb , 9 . 1  ppb a n d  1 3 . 6  ppb 

an ave rage 

for NO , N02 

and NOx ' respect ively and ends at 5 a . m .  with an average 

concentrations of 0 . 2  ppb , 3 . 3  ppb and 3 . 5  ppb for the three 

components , respect ive ly . Th i s  is fol lowed by a gradual 

increase beg ins at 6 a . m .  with an average concentrat ion of 0 . 0  
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ppb , 4 . 0  ppb and 4 . 0  ppb for NO , N02 and NOx , respect ively to 

reach a peak value at 1 1  a . m .  with an average concentra t i on o f  

1 4 . 8  ppb , 6 . 1 ppb and 2 0 . 9  ppb for the three components ,  

respect iv e ly . Th i s  i s  fol lowed by another gradu a l  decrease 

begins at  noon-hr w i th an average concentra t i on of 1 1 . 2  ppb , 

5 . 3  ppb and 1 6 . 5  ppb for NO , N02 and NOx , respect ively and ends 

a t  3 p . m .  w i th an ave rage concentrat ion of 2 . 5  ppb , 5 . 0  ppb 

and 7 . 5  ppb for  the three components , respect iv e l y . F i na l l y ,  

r e l at ive l y  gradu a l  increase beg ins a t  4 p .  m .  w ith a n  ave rage 

concentra t i on of 2 . 7  ppb , 6 . 6  ppb and 9 . 3  ppb for NO , N02 , and 

NOx ' respectively to reach the max imum l eve l of the da i ly 

cyc l e  o f  NO ( 2 3 . 5  ppb ) at 1 1  p . m . , N02 ( 9 . 8  ppb ) at 1 0  p . m .  

and NOx ( 3 1 . 2  ppb ) at 1 1  p . m .  The next day ' s  cyc l e  begins at 

the m i d n i ght w ith a decrease in NO , N02 and NOx concentra t i ons 

to 2 0 . 6  ppb , 9 . 6  ppb and 3 0 . 2  ppb , respective ly . 

D i u r n a l  pattern o f  NO , N02 and NOx at Umm Al N a r  ( Tabl e 2 7  

and F i g . 6 3 ) may show a s im i l a r  trends for the decrease and 

increase o f  the concentrat ions of the three components ,  but 

w i th some e xcept i ons due to the characte r i s t i c  of the 

mon itor ing stat i on be ing l ocated near a comp l e x  industr i a l  

area . 

such f l uctuat ion in the hourly l evels  o f  n itrogen ox ides 

may be attr ibuted to the ava i l ab l e  results ( Tabl e s  2 7  and 2 8 )  

wh ich ind i cate that the maj or proport ion o f  NOx i n  the 

atmosphe re o f  Abu Dhabi c ity during the pe r i od o f  study was in 

the f o rm of NO w i th a mean l eve l o f  1 0 . 0  ppb at Al S a l am st . 

Stat i on and 1 0 . 7  ppb a t  Umm Al Nar stat ion compared w i th 6 . 6  

ppb and 6 . 8  ppb o f  N02 at the two stat i ons , respect ive l y . 
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Usua l l y , atmospheric l ev e l s  o f  NO are rel ated to the fue l 

combust i o n  proc e s s e s  a s soc iated with the var ious human and 

indus t r i a l  act i v i t i e s  taking place in the area o f  concern . 

On the other hand , a princ ipa l s ink process for NO occurs 

through its convers i on by both d i rect ox ida t i on and 

photoch e m i c a l  proce s s e s  to N02 . These have been e xp l a ined on 

d e a l i ng w ith n itrogen oxides a s  a c i d  gases ( pp . 1 4 9 - 1 6 2 ) . 

I t  shou l d  be noted that the recent f i nd ing o f  May , 1 9 9 4  

a s s oc i at e d  w ith the h igher l eve l s  o f  NO compared w ith N02 

wh i ch i s  i n  contra st w i th that drawn from the Dec . 1 9 9 1 -May 

1 9 9 2  and Dec . 1 9 9 2 -May 1 9 9 3  data may be due to the d i f ference 

in the charact e r i s t i c s  o f  the mon itor ing stat i ons and/or to 

the i n c r e a s e  in the NO emi s s i on in the c ity atmosphere . 

6 .  OZONE -N I TROGEN OXIDE S RE LAT I ONS H I P  

Through exam i n i ng the data o f  nitrogen oxides l eve l s  at 

the two mon itoring sta t i ons in Abu Dhabi c ity 1 i t  has been 

noticed tha t  there is a st rong inverse re l at ionsh ip between 

NOx and 03 concentrat i ons . 

There fore , the da ily 

concentrat ions were furthe r 

cyc l e s  o f  

graph ica l ly 

the NOx and 

presented in a 

c ompos i t e  d iagrams to show c l early such re l a t i onsh ip at Al 

S a l am st . ( F ig . 6 3 ) and Urnrn Al Nar ( F ig . 6 4 ) monitor ing 

stat i on s . 
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The two d i ag rams d i splay a progressive dep l e t i on o f  o z one 

w ith i nc r e a s ing v a l ues of NOx • The l atter is ma inly pres ent in 

the f o rm o f  NO a s  prev i ously exp l a ined . Th i s  means that most 

o f  NO ente r i ng the a tmosphere of Abu Dhab i c ity from pol lution 

source s  consumes most of 03 to be oxid i z ed to N02 • Th i s  very 

rap i d  react i on ( Ha r r i son 1 1 9 9 2 )  l eads to o z one remov a l  from 

the a i r  o f  Abu Dhabi wh ich in turn l eads to the presence o f  

th i s  photox i dant i n  l ow l eve l s  i n  the City ' s  atmosphere . 

7 .  WEEKEND -WORKDAY D I FFE RENCE 

I n  order to show the role of the human act i v i t i e s  as a 

s ou r c e  o f  a tmosphe r i c  pol lution i n  the Abu Dha b i  c ity 1 the 

l ev e l s  detected dur ing the weekend ( Fr iday ) were separated and 

comp a r e d  w i th the average l eve l s  during the othe r  s ix 

workday s . Th i s  i s  undertaken only for the data ava i l ab l e  from 

A l  S a l am s t . stat ion 1 s ince the industr i a l  activ i t i e s  taking 

p l a c e  n e a r  the oth e r  station 1 i .  e .  Umm Al Nar are go ing on 

cont i nu ou s l y  w i thout a break . 

Tabl e ( 2 8 )  shows the d a i l y  ranges o f  i nvest igated 

atmosph e r i c  pol l utants dur ing weekend and workdays at Al S a l am 

s t . From th i s  t ab l e  it can be seen that appre c i ab l e  

d i f f e rences a re f ound between the means o f  S PM1 0 , 03 1 CO , NO , 

N02 and NOx concent rat ion l evels  during weekend and workdays . 

The l at t e r  are characte r i z ed by h igher concentrat ions o f  the s e  

p o l lutants . Th i s  c l early indicates that the atmospheric 

p o l l u t ion sources assoc iated with the human activit i e s , 
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ch i e f l y  motor veh i c l es , are cons iderably l ess on weekends at 

the mon i t o r i ng stat ion . 

D a i ly 

Pollutan t  

S PM 1 0  
( l-lg/m 3  ) 
03 
( ppb )  
CO 
( ppm )  
NO 
(ppb )  
N02 
( ppb ) 
NOx 
( ppb ) 

MH C  
( ppm ) 
NMHC 
( ppm ) 

TABLE ( 2 8 )  
Range o f  Atmo sph e r i c Po l l u t ants Dur i ng Weekend and 
Workdays a t  A l  S a l am  s t . S t a t i on ,  Abu Dhab i 

( 3 - 1 0  Kay 1 9 9 4 ) 

Weekend Range Workday Range* 

Minimum Maximum Mean Minimum Maximum Mean 
6 . 4  3 5 9 . 6  1 2 8 . 4  9 8 . 1  2 7 2 . 6  1 5 9 . 0  

0 . 0 1 . 1 0 . 8  0 . 6  2 . 4  1 . 4  

0 . 0  0 . 0  0 . 0 0 . 1  1 . 3 0 . 6  

0 . 0  3 0 . 3  7 . 0  0 . 0  2 6 . 2  9 . 3  

3 . 3  9 . 8  5 . 6 2 . 4  1 4 . 8  7 . 6  

3 . 3  3 0 . 3 1 2 . 6  2 . 4  3 5 . 2  1 7 . 9  

5 . 7  6 . 3  6 . 5 4 . 5  5 . 6  5 . 0  

0 . 1 0 . 3  0 . 1 0 . 1  0 . 3 0 . 1  

* Average o f  s ix days 

On the othe r  hand , no d i f ferences a re found between NMHC 

mean l ev e l s  during weekend and workdays . Furthe rmore , the MHC 

l ev e l  dur i n g  weekend i s  h ighe r  than the correspond ing average 

l ev e l  during workdays . Th i s  result c l early ind i cates that most 

of hydrocarbons f ound at Al S a l am s t . mon itor ing station 

o r i g i na t e  most probab l y  from a nearby la rge petrol stat ion . 
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CHAPTER VII 

AIR POLLUTION LEGI SLATION AND CONTROL 

IN ABU D HABI EMIRATE 

1 .  GENE RAL PRINC I PL E S  

The s ource of p o l l ut ion i s  control l ed indiv idua l l y ,  e ithe r  

by i nd i re c t  methods when e nhanc ing the opera t i ons qua l ity and 

econom i c a l  u s a g e  o f  mater i a l s  and fue l , or by prov id ing 

i ndustr i a l  h e a l th means and improv ing soc i a l  standards . Th i s  

wou l d  b e  a ch i eved i f  managers o f  these factori e s  a r e  concerned 

and have e nough know l edge of a i r  po l lut i on control means . 

We c a n  not l eave the control o f  pol l ut i on sources , under 

any c i rcumstanc e s , in any commun ity to the persona l ind iv idua l 

i n t e r e s t , f o r  many rea sons , some o f  wh ich are ( Abde l  S a l am ,  

1 9 7 8 )  : -

( 1 )  The s i z e o f  the prob l em might need to supply mach inery 

w ith p o l l ut i on control e qu i pment . 

( 2 )  I t  i s  not fa i r  f rom an economical and mora l point o f  

v i ew ,  f o r  a n  i ndustry t o  carry out its activ i t i e s  w i thout 

cont r o l  operat i ons , wh i l e  s imi l ar industry is contro l l ing 

a i r  p o l l u t ion sources . 
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( 3  ) The control l eve l s  used might be much l e s s  

wh i ch shou l d  be used in order t o  reach the 

reduction in a i r  po l lutants . 

than those 

necessary 

( 4 )  I ndustries that has non-dange rous pol lutants o r  those of  

second a ry e f fect , might not need control ope rat i ons . 

( 5 )  I nd i v i dua l s  might not have necessary potent i a l s  to carry 

out control means accord ing to set requ i r ements . 

The re fore , s oc i a l  and techn ical  authorit i e s  i n  the 

commun ity must superv i se control means of a i r  pol lution 

s ources i n  the who l e  reg i ons , e ither by nationa l soc i e t i e s  or 

by government author i t i e s  or both together .  

The s e  orga n i sat i on s  shou l d  a im to : -

( 1 ) S e t  spe c i f i c a t i ons and techn ica l measures f o r  control 

operat ion . 

( 2 )  Exam ine s o l ut ions for pol lution probl ems . 

Al though the p r ivate s oc ie t i e s  i n  the i ndustry and trad ing 

sectors are active i n  hold ing e f fect ive sem inars f o r  c l ean ing 

the a i r  and i n  demonstrating d i f ferent methods for d eve l op ing 

cont r o l  means , but they w i l l  not be ab l e  to control a l l  

d i f f e rent probl ems w i thout the interference o f  g overnment 

author i t i es . The gove rnment author i t i es has the ab i l ity to 

l eg i s l a t iv e  r ights and to en force control requi rements wh ich 

h a s  a great e f fect on the pol luted area . A l s o  i t  spec i fy 

accepted max imum po l l ut i on l eve l s  ( degree s ) wh ich guarantees 

good h e a l th and we l fare for a l l  c i t i zens . The re fore , the 

control of a i r  p o l l ut ion i s  the respons ib i l ity o f  the 

g ov ernment as we l l  as the indiv idua l s .  
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The conce rned gove rnment author ities carr i e s  out a p rogram 

wh i ch i s  su itable for the country ' s  needs and potent i a l s . The 

chara cter i s t i c s  o f  th is program are as f o l l ows ( Abde l  S a l am , 

1 9 7 8 ) : -

( 1 )  T o  spe c i fy and est imate the s i z e  o f  the a i r  pol lut i on 

general  and private probl ems in the community . 

( 2 )  T o  set l ev e l s  for max imum degree s  o f  accepted pol l utants 

c oncentrat ion , and to i ssue decrees to be app l i ed on a l l  

p o l l ut i o n  sources a iming to control a i r  po l lut i on . 

( 3 )  T o  record p o l l ut ion sources found i n  the community in 

order t o  e s t imate the actua l e f fect of pol l u t i on and to 

d e c i d e  : -

( a )  The need for prevent ion and solut i ons 

( b )  The expected po l l ut ion poss ib i l i t i e s  

( c )  The r e l a t i ons between pol lutants and the i r  

concentrat i ons i n  the atmosphere 

( d )  The sub j ect ive basics o f  the l eg i s l at ion a rt i c l es 

conce rn ing the protect i on from pol lution . 

( 4 )  To permanent ly en force control l eve l s  on a l l  pol lut ion 

s ources i n  order to ach i eve the poss i b l e  m i n imum 

p o l l ut i on and to f ind solut i ons for a i r  pol lut i on 

prob l ems . 

The treatment o f  di f ferent a i r  po l l ution p rob l ems i s  

contr o l l ed by v a r i ous factors and not necessar i ly the a cademic 

meth od . The treatment o f  these d i f ferent sources is  contro l l ed 

by surround i ng obstacl es , thus it i s  treated by confront ing 

the probl ems and not the industri e s . 
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The general  v i ew o f  the peop l e  whom are d i rectly connected 

w i th s o l v ing dange rous and gene ra l prob l ems cou l d  share 

e f fect ive l y  a nd w i s e ly in solv ing the prob l em . 

2 .  ACCEPTED LEVE L S  

The amount o f  pos s ib l e  a i r  pol lutants l eve l s , i s  n o t  yet 

agreed upon i nte rnat i ona l ly , a l so many of the nat i ons did not 

succeed in sett ing uni f ied l ev e l s  for a i r  property in the i r  

v a r ious parts . Th i s  i s  because the a i r  i s  c ontro l l ed by 

v a r i ou s  factors wh i ch d i f fers from one pl ace to the other and 

f rom country t o  another . The d i f ferent env i ronmenta l  a spects , 

s oc i a l  standards , nutrit ion habits , and other f actors p l ay a 

r o l e  i n  e s t imat i ng these amounts for each country . 

On the other hand , a number o f  l eve l s  were set t o  protect 

p l ants , a n ima l s  and mater ia l s .  Al so few count r i e s  d i d  set 

l ev e l s  a im in g  t o  protect human beings . 

The m a j o r i ty o f  publ ished l eve l s  on average a i r  pol lutants 

c oncentrat i on s  during one day for the protect ion of human 

b e ings , are in the range o f  1 to 5 of the accepted max imum 

concent rat i on degre e s , for pol lutants in working envi ronments . 

S om e  o f  those conce rned with the sci ence o f  a i r  pol lution , 

sugg e sted cons ider ing a 3 . 3 % o f  max imum concent rat ion degree 

a s  a cc epted for thes e  pol lutants in working env i ronments , and 

t o  r e - ev a l ua t e  these degrees whenever resu l t s  of stud i e s , 
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resea rches or exper iments are known in th is f i e l d  ( stern , 

1 9 7 6 )  . 

Th i s  i s  e s s ent i a l  i f  the dec i s i on for Amer i ca n  l ev e l s  o f  

max imum concentra t i on degrees in the working env i ronments , i s  

a warning a s  not to u s e  thes e  degrees o r  even re-adj ust them 

to be used in e s t imat ing or protect ing f rom external  

pol lut i on . 

3 .  ABU DHAB I EMI RATE ' S  TLV 

I t  i s  e ss ent i a l  to ment i on that the Amer i can l eve l s  o f  

max imum concentra t ion degrees app ly bas ica l ly to the Ame r i can 

s o c i ety . Attempts to e n force the same l imits on the s o c i ety of 

the Emirate shou l d  b e  d i scouraged , i n  v i ew of the l a rge 

d i f fe rence i n  

c on d i t i ons . . .  etc . 

t opography , 

What shou l d  

soc i a l  habits , working 

be done i s  to cons ider the 

Amer i c a n  system as ba s i s  of guide l ines and to mod i fy ,  add or 

e l iminate whatever necessary parameters to apply t o  our own 

e nv i ronment . 

Current l y , there i s  no l eg i s l ation for the protection and 

management of the atmospheric env i ronment in the Abu Dhab i 

Emirate . However , the Abu Dhabi Mun icipal ity has proposed a 

set o f  guidel ines for a number o f  a i r  pol lutants for wh i ch 

there i s  a potent i a l  for concern in Abu Dhabi Emirate . 

Ava i l ab l e  standards are g iven in Tab l e  ( 2 9 ) . 
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TAB LE (2 9 )  
T h e  Propo s e d  Max imum Emi s s i on L i m i t s  f o r  Ai r D i s charge 

i n  Abu Dhab i  Emi ra t e  

PO L LUTANT 

Smo k e  

So l i d  p a r t i c l e s  

S u l p hu r i c  a c i d  
mi s t  o r  s u l p h u r  
t r i o x i d e  

Ac i d  g a s e s  

F l uo r i n e  
comp o u n d s  

Hyd r o g e n  c h l o r i de 

C h l o r i n e  

Hyd ro g e n  s u lph i d e  

- i t r i c  a c i d  o r  
o x i d e s  o f  
n i t r o g e n  

i t r i c  a c i d  o r  
o x i d e s  o f  
n i t r o g e n  

C a rbo n m o n o x i d e  

C opp e r  a n d  i t s  
c ompou n d s  

Le a d  a n d  i t s  
c omp o un d s  

S TANDARD APPLI CAB LE TO 

A l l s t a t ionary f u e l 
bu r n i ng s o u r c e s  

A n y  t r a d e , i nd u s t ry p l a n t  
f u e l  bu r n i ng e qu ipme nt 

Any t r a d e , i ndus t ry ,  or 
p r o ce s s  ( o the r t h a n  
combu s t i on proce s s e s  a n d  
p l a n t s  f o r  t h e  manu f a c t u r e  
o f  s u lph u r i c  a c i d  

Any t ra d e , i n d u s t r y ,  o r  
p r o ce s s  i n  w h i ch s u lphur i c  
a c i d  i s  manu fa c t u r e d  

Any t r a d e , i n d u s t ry ,  or 
p r o ce s s  in the ope r a t i o n  
o f  w h i ch f luor i n e , 
hyd r o f luor i c  a c i d  o r  any 
i n o r g a n i c  f l u o r i n e  
compou n d s  a r e  emi t t e d  

Any t r a d e , i n du s t ry ,  o r  
p r o ce s s  

Any t r a d e , i ndus t ry ,  o r  
p r o c e s s  

Any t ra d e , i n d u s t ry ,  o r  
p r o c e s s  

Any t r a d e , i nd u s t ry ,  o r  
p r o ce s s  i n  whi ch t h e  
manu f a c t ure o f f  n i t r i c  
a c i d  i s  c a r r i e d  o u t  

Any t r a d e , i n d u s t ry ,  o r  
p r o ce s s  o t h e r  t h a n  n i t r i c  
a c i d  p l a n t s  

Any t r a d e , i n d u s t ry ,  or 
p r o c e s s  

Any t ra d e , i n d u s t ry ,  o r  
p r o ce s s  

Any t r a d e , i n d us t ry ,  o r  
proce s s  
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STANDARD 

R i n g l ema nn no . 2 
o r  e q u iva l e n t  
opa c i ty ( no t  t o  
e x c e e d  mo re t h a n  
5 m i nu t e s  i n  a ny 
p e r i o d  o f  o n e  
hour ) 

0 . 2 5  gm/Nm3 

( Co r r e c t e d  t o  1 2 %  
CO2 ) 

0 . 1 0 gm/Nm3 a s  
s u lphur t r i o x i de 

3 . 0  gm/Nm3 a s  
s u lphur t r i o x i d e  

0 . 10 gm/Nm3 a s  
hyd r o f l u o r i c  a c i d  

0 . 2 0 gm/Nm3 a s  
hyd r o g e n  c h l o r i d e  

0 . 2 0 gm/Nm3 a s  
hyd r o g e n  c h l o r i d e  

5 ppm a s  hyd r o g e n  
s u l ph i d e  g a s  

3 . 0  gm/Nm3 a s  
n i t ro g e n  d i ox i d e  

1 . 0  gm/Nm3 a s  
n i t r o g e n  d i o x i d e  

2 5  gm/Nm3 a s  
ca rbon mo no x i d e  

2 0  mg / Nm 3 a s  
copp e r  

1 0  mg /Nm3 a s  l e a d  



TABLE ( 2 9 )  
T h e  Propo s e d  M ax i mum Emi s s i o n  Limi t s  f o r  Ai r D i s ch a rge - Cont . 

PO LLUTANT S TANDARD APPLI CABLE TO STANDARD 

Ar s e n i c  a n d  i t s  Any t r a d e , i ndus t r y ,  o r  1 0 mg /Nm.j a s  
comp o u n d s  p r o c e s s  a r s e n i c  

Ant i mo n y  a n d  i t s  Any t r a d e , i ndus t r y ,  o r  1 0  mg /Nm3 a s  
comp o u n d s  p r o c e s s  ant imo n y  

C a d m i um a n d  i t s  Any t r a d e , i ndus t r y ,  o r  5 mg /Nm3 a s  
c omp o u n d s p r o c e s s  c a dm i um 

Me r c u r y  a n d  i t s  Any t ra d e , i nd us t r y ,  o r  5 mg /Nm3 a s  
compo u n d s  p r o c e s s  me r c u r y  

S ource Abu Dha b i  Mun i c ipal ity ( 1 9 9 2 ) 

4 . S ULPHUR RE COVERY IN O I L  INDUS TRY 

S u l phur i n  crude o i l  occurs a s  the part i cul ar l y  ma l odorous 

hydrogen sulphide and mercaptans , and as th i ophenes ,  su l ph ides 

and polysul ph ides ( Pa rker , 19 7 8 )  , a l though the d i str ibut ion 

and concentrat ion of these d i f f erent types d i f fe r  for e ach 

c rude o i l . The sulphur content varies accord ing to the o r i g i n  

o f  t h e  c rude a s  exemp l i f i ed in Tab l e  ( 3 0 ) . 

Dur ing the proce ss ing o f  crude o i l , further hydrogen 

s u l ph id e  and mercaptans can be produced by the breakdown o f  

l a rg e r  s u l phur-conta in ing molecu l e s  but , i n  genera l , sulphur 

compounds rema i n  d i str ibuted amongst the products i n  

proport ions wh i ch increase with increasing product b o i l ing 

p o i nt and in a way wh i ch depends on the spectrum of compound 

typ e s  i n  the o r i g inal  crude ( Parker , 1 9 7 8 ) . Th i s  i s  

demonstrated i n  Tab l e  ( 3 0 )  f o r  Abu Dhab i crude o i l  products . 
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TABLE ( 3 0 )  
s u lphu r  Con t e n t  o f  Various Crude o i l s  i n  Abu Dhabi 

C RUDE O I L  CRUDE DENS I TY CRUDE SULPHUR 

( wt % ) 

ABU DHA B I  

ASAB ( AS B )  0 . 8 2 0 0  0 . 8 1 0 0  

BAB ( BAB ) 0 . 8 1 4 5  0 . 7 1 0 0  

BU HASA ( BUH ) 0 . 8 2 8 5  0 . 7 7 0 0  

S HAH ( SHA ) 0 . 8 7 4 0  1 .  4 6 0 0  

SAH I L  ( SHL)  0 . 8 2 6 5  0 . 8 5 0 0  

THAMAMA C ( THC ) 0 . 7 5 8 5  0 . 1 1 0 0  

THAMAMA F ( TH F )  0 . 7 7 2 0  0 . 1 3 0 0  

UPPER Z AKUM ( U Z K )  0 . 8 5 3 5  1 . 8 3 0 0 

S ource ADNOC ( 1 9 9 4 ) 

Al though s ome o f  the sulphur contents do not appear h igh , 

s u l phur can b e  a sma l l  part o f  a l a rge molecu l e  and hence the 

c ontent o f  sulphur-conta in ing compounds can be v e ry l arge 

( Pa rker , 1 9 7 8 ) . 

Whe n  s u l phur remov a l  i s  necessary it i s  n o rma l pract ice , 

the re f o r e  t o  u s e  processes wh i ch break the molecu l e s  down and 

remove the sulphur in the form of hydrogen sulphide rather 

remov ing the sulphur compounds themselves ( Parke r , 1 9 7 8 ) . 
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TABLE ( 3 1) 
S u lphur c o n t e n t  i n  vari ous Re f i n e ry Pro duc t s  

i n  Abu Dhabi 

PRODUCT UNI T  TOTAL S ULPHUR 
J e t  fue l A 1 Kerosen % ma ss Max 0 . 3 0 

I l lumiat ing Kerosen ppm/wt Max 3 0 0 0  

Low S u l phur DPK Kerosen % ma ss 0 . 0 3 0  

DPK Kerosen % ma ss 0 . 0 0 7  

Gas o i l  pour p o i nt+ 6 % Wt Max 1 . 0  

G a s  o i l  pour p o i nt 0 % wt Max 0 . 5  

G a s  o i l  pour p o int- 6 % wt Max 0 . 3  

Gas o i l  pour p o i n t - 9  9,-0 wt Max 0 . 3  

Gas o i l  pour p o i nt+9 , + 3 9,-0 wt Max 1 . 0  

G a s  o i l  pour po i nt+ 3 % wt Max 0 . 5  

Streat Run Res idue % wt 2 . 0 - 3 . 0  

L iqu i f i ed Petrol e um Gas ppm/Wt Max 2 0 0  
LPG 
Light Naphta ( pentane kg/ cm2 Max . 0 . 9 0 
p l u s ) 
Low s u l phur Naphta ppm/Wt Max 1 0 0  

Naphta ppm/Wt Max 1 0 0  

Low s u l phur h eavy N aphta ppm/Wt Max 1 0 0  

Motor octane gas 9 0  Ron* ppm/wt Max 1 0 0 0  

Motor octane gas 9 7  Ron * ppm/wt Max 1 0 0 0  

Fue l o i l -v i scos ity l 8 0C . S 9,-0 wt Max 3 . 0  

Fue l  o i l -v i scos ity 3 8 0C . S  9,-0 wt Max 4 . 0  

*Ron = Research octane Number 

S ource : ADNOC ( 1 9 9 4 ) 
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4 . 1  T h e  S u lphu r  Re c ov e ry un i t  

A s imp l i f i ed f l ow d i agrams for Urnm A l  Nar and Ruwa i s  

re f i ne r i e s  a re shown i n  Figs . ( 6 6 )  and ( 6 7 ) , respect ive ly . 

Each o f  the two re f ineries has a sul phur recovery un it 

operat i ng on the ba s i s  of a mod i f ied " Cl aus process " .  F i gure 

( 6 8 )  shows a f l ow d i agrams for two stages of the recovery 

proc e s s  o f  sul phur i n  one o f  these two units . 

I t  i s  c ommon pract i c e  to recover sulphur in e l ement a l  form 

rathe r than t o  burn the hydrogen sulph ide and r e l e a s e  the 

resul t i ng s u l phur d i oxide to the atmosphere through a ta l l  

ch imney o r  stack . 

I n  the f i rs t  s tage o f  recovery the sour fue l gas produced 

f rom the v a r i ou s  r e f inery units is sweetened by absorbing the 

hydrogen s u l ph id e  ( H2 5 ) in d i ethanol amine solut i on . Sweetened 

fue l gas is then sent t o  the re f inery fuel gas system . 

The s o rbent , r i ch in hydrogen sulphide , i s  then 

regenerated by steam heat ing and stream str ipp ing . The 

str ipped H2 5 or a c i d  gas is fed to the sulphur recovery un i t  

t o  recover sulphur . 

I n  the s econd stage the str ipped hydrogen sulphide known 

a s  a c i d  g a s  produced in the am ine unit is part i a l ly oxid i z ed 

by p r ope r proport i on o f  a l r  in a mu f f l e  furnace into sulphur 

d i oxide ( 5°2 ) ,  The rema in ing H2 5 and 502 is  made to react i n  

reactors ( C l aus react ion ) to produce e l ementa l sulphur through 

two step s . The f i rst step is a the rma l react i on and the second 

one i s  a cata lyt i c  convers i on : 

( 1 4 )  

( 1 5 )  
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The unconve rted H2 S and other gases , known a s  ta i l  gas , i s  

inc inerated p r i o r  to d i scharging t o  atmosphere ( Rahma n , 1 9 9 4 ) . 

5 .  SMOKELE S S  GROUND FLARE 

I n  o rder to ma i nta in its l ead ing ro l e  in protecting the 

e nv i ronment , ADNOC has pa id spec i a l  attent ion to c l e a n i ng and 

f i l t e r ing exhaust gases and fume s f rom its o i l  fac i l i t i e s . 

Abu Dhab i Nat i ona l o i l  Company has acqu ired new 

t e chno l o g i e s , i nclud ing smoke l ess ground f l a re s , wh i ch do not 

emit smoke or a c i d  pol lutants into the atmosphere . The s e  

modern t e chno l og i e s  a r e  now in operat ion in t h e  U rnm  Al Nar 

r e f i ne ry e xp a n s i o n  proj ects , wh i ch was comp l eted i n  the f i rst 

quarter of 1 9 9 3  and the GAS CO p l ant upgrad i ng p ro j ect in 

Ruwa i s . The c ompany plans to use the ground f l ar e  systems at 

a l l  of i t s  o i l  f a c i l ities  in the future . The f o l l ow ing 

d e s c r ipt i on of th i s  modern technol ogy is prov ided by ADNOC . 

5 . 1 I n t ro du c t i on and Data 

The g round f l are , control system and water s ea l s  have been 

d e s i gned to s a fely d i spose of the spec i f i ed waste gas from the 

gas proc e s s ing pl ant . 

The f l ow o f  waste gas to the ground f l are i s  contro l l ed by 

a f l ow c ontr o l  va lve s ituated upstream o f  the ground f l are 

water s e a l , a fter pass ing through the water sea l the waste gas 

enters the g round f l are supply p ipe . When the f l ow of waste 

g a s  exceeds the ground f l are capac ity , control v a lve I imi ts 
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the wa ste g a s  f l ow t o  the ground fl are and the supplus wa ste 

gas i s  d iv e rted v i a  a second water seal to an e x i st ing 

e l evated f l are . 

The ground f l a re combusts the waste gas v i a  n ine burners 

i n  three stages 1 st , 2 nd , and 3 rd ,  via STAGE CONTROL SYSTEM . 

The f i rst stage w i l l  be in ope rat i on at a l l  t ime s , except in 

c a s e  of g round f l a r e  shut down . The 2nd and 3 rd stages are 

contro l l ed by i n d iv idual f l ow control valves s i tuated in the 

supp l y  p ip e s  wh i ch b ra nch f rom the ma in/ f i rst stage supply 

p ip e . The c i rcu l a r , stage burner man i folds wi th i n  the ground 

f l a re a re a rranged w i th the 1 s t stage in the s ingl e  inner 

r ing , the 2 nd s tage and 3 rd stage in the two oute r  r i ngs . 

The ground f l a re i s  p rov ided with three continuous p i l ots 

t o  l i ght the waste gas at the burners . 

The p i l ot s  a r e  i g n ited from a manual e l e ct r i c a l  I GNITION 

S YSTEM . The p i l ot f l ames are detected by thermocoupl e s  wh ich 

are l ocated w i th i n  the p i l ot noz z l e s  and wh i ch transm i t  

s igna l s  t o  the p i l ot mon itor ing system . 

S te a m  i s  requ i re d  for the smoke l e ss f l aring o f  the waste 

gases . S t e am to the f i rst stage burner is i n  cont inuous 

ope rat i on . 
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5 . 2  Equipment De s c r ipt i o n  

Ground Fl are 

The ground f l are i s  o f  po l i edrical construct ion and i s  

c omposed o f  s t e e l  wa l l  panel sections f o r  qu ick a s semb l y  a t  

s i t e . The pane l s  a re insulated interna l ly w ith 1 5 0  rom thick 

castabl e re f ractory and a re supported by re fractory encased 

c oncrete c o l umns . The open area be l ow the pane l s  acts as an 

a i r  i n l et f o r  the g round f l are burners . A w ind s h i e l d  is 

prov i d e d  a round the a i r  inlet and th i s  is a l so insul ated . 

The ground f l are con s i sts o f  three waste gas man i folds 

w ith a tota l of n in e  stand pipes for the burners . On the top 

o f  each p ip e  i s  mounted an A i r f o i l  Fl are gas ground f l are 

burner ,  wh i ch i s  d e s igned for pre-mix steam p r i or to ignit ion 

and c ombust ion . The mani folds are arranged i n  three stages 

( sets ) . 

s te am man i fo l d s  are pos it ioned cl ose to the waste gas 

man i fo l d s . They are of s im i l a r  conf i guration t o  the waste gas 

man i fo l d s  and arranged in three stage s . 

The out l et f rom the steam man i folds are connected v i a  an 

o f f se t  b ranch to the s ide i n l et steam connect i on on each stand 

p ip e . 

Wa ste g a s  man i fo l d  i s  prov ided w ith three p i l ots for the 

ignit ion o f  the waste gas . The pi l ots are pos i t i oned across 

the d i ameters of  the man i folds and are l ocated a s  fol l ows : 

p i l ot 1 j ust out s ide 1st stage waste gas burner 

p i l ot 2 & 3 ,  j ust out s ide 2 nd stage waste gas 
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man i fo l d  a nd i n s ide 3 rd stage waste gas . 

Al l man i fo l d s  a re prov ided with dra in connect ions wh ich 

a re connected w i th the common dra in l i ne d i scharge i n  the 

dra i n  p i t . 

A l l  h or i z on t a l  p i p ing ins ide the ground f l are chamber i s  

covered by s i ng l e  ( crushed stoned ) , t o  protect f rom heat 

rad i a t i on . 

A centra l e l e ct r i c a l  control stat i on i s  l ocated c l ose to 

the g round f l a r e  t o  p rov ide the fol l owing : 

I g n i t i on o f  p i l ots 

Mon i t o r i ng o f  p i l ots 

s t a g e  contr o l  ( Waste gas ) 

Automat i c  g round fl are shut down on p i l ot f a i lure . 

Four p r e s sure sw itches are l ocated on waste g a s  mani f o l d  

t o  regu l a t e  the ope n i ng o f  the 2 nd and 3 rd stage s . 

F l a r e  p i l ot s  

The ground f l a re i s  prov ided w i th three p i l ots , they are 

of the s e l f i n s p i ra t i ng type and ut i l i z e  the gas pres sure i n  a 

ventu r i  t o  entra i n  c ombustion a i r . Su f f i c ient c ombu s t i on a i r  

i s  e nt r a i ned t o  ensure the p i l ots rema in l it even when 

b l anketed by i ne rt g a s . 

The p i l ot g a s  n o z z l e s  are prov ided w i th a f l ame retent ion 

system c omp r i s i ng of e i ght retent ion ports surround i ng the 

ma i n  port wh i ch are encl osed w i  th i n  a windsh i e l d  t o  ensure a 

stab l e  f l ame and pos it ive ign ition even i n  cond it ions o f  h igh 

d raught . 

The p i l ot s  are l it via H . E .  ignitor . Each p i l ot be ing 

s e l ected v i a  the i g n i t i on push button pos i t i oned on pane l . 
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p i l ot f l ame ind i cat i on i s  generated by s impl ex heat 

res i st i ng ch rome l / a l umel the rmocoup l e s  f i tted interna l l y 

w it h i n  the p i l ot noz z l e . To ensure l ong l i fe they are 

pos i t i oned w ith i n  the cool part o f  the f l ame . The m i l l ivolt 

s i gna l s  gene rated by the thermocoupl e s  are fed by cab l e  to 

a ct ivate t r i p  amp l i f i ers and g ive ind iv idua l v i sua l i nd icat ion 

of p i l ot on/ o f f  c ond i t i on at the ign i t ion stat ion . Vo l t  free 

contracts a r e  a l s o  suppl ied for remote p i l ot f l ame o f f  or 

p ow e r  f a i lure i nd i c a t i on . 

Water S e a l  

The w a t e r  s e a l  i s  l ocated upstream the waste g a s  tra i n  

v a l v e . 

Dur i ng operat ing o f  the water sea l s ome water w i l l  be 

d i sp l aced , c o l l e cted i n  the over f l ow we i r  and w i l l  be dra ined 

v i a  an ove r  f l ow dra i n  l oop . The ove r  f l ow dra i n  l oop shou l d  

n o t  be a l l owed t o  run d ry a s  th i s  w i l l  oth e rw i s e  a l l ow the 

f l a r e  g a s  to e scape or a l l ow the a i r  to ente r  the f l are 

system . Dur i ng comm i s s ion ing , the sea l s  shou l d  be f i l l ed w ith 

water and the water f l ow shou l d  be ma inta ined unt i l  it is seen 

t o  b e  d i scharg i ng f rom the over f l ow dra in l oops . 

The wat e r  s e a l  i s  p rov ided w ith the fac i l ity t o  dra i n  the 

wat e r  out o f  the water s e a l  dur ing periods o f  ma intenance . At 

a l l  oth e r  t ime the water shou l d  not be a l l owed to drain and 

the v a l v e s  V 5 0 1  shou l d  be kept c l osed . 

The wate r  s e a l  i s  f i tted with l ev e l  control to ind icate 

the wat e r  l eve l s  wh i ch must be connected to the control room 

a l a rm system . Th i s  instrument ( LI C  2 0 1 )  i s  connected with 
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cont r o l  va lve LV 2 0 1  to ma inta in the constant l ev e l o f  water 

in the wat e r  s ea l . 

The water s e a l  i s  a l s o  prov ided with re f l e x  type l eve l 

gauge t o  i n d i cate the posit ion o f  the water l evel l oca l l y . 

Manu a l  e l ectr i c  ign i t ion panel and control system 
-

Th e manu a l / automa t i c  e l ectric ign i t i on pane l i s  des igned 

for h a z a rdous area operat ion . The H . E .  trans f orme r  i s  used to 

i g n i t e  the p i l ots . 

The ign i t i o n  p a n e l  i s  prov ided with ma i n  sw i tch . 

operat i ng mode 

Whe n  the i gn it i on panel s e l e ctor switch is sw i tched the 

p a n e l  i s  ready for i gn it i on . 

S e l ect whi ch p i l ot i s  to be l i t check that the power i s  on 

and the gas pressure is suitable for i gn i t i on . 

Pre s s  p i l ot s ta rt push-button on ign it i on pu l se generator 

t o  p roduce a spa rk i n  the p i l ot no z z l e . Th i s  procedure should 

b e  repeated unt i l  a l l  the p i l ots are l it .  

The p i l ots can only be ext ingu i shed by shutt ing the manual 

i s o l at i n g  v a lve l ocated on ign i t i on pane l . 

6 .  C EMENT DUS T COLLE C T I ON 

Cement making i s  inevitably a dusty bu s in es s , a s  it is  

much concerned w i th hot d ry p owders , or mater i a l s  conta i n ing a 

proport i on o f  f i ne d ry part i c l es . Dust can e scape through the 

ma i n  ch imney , through a number of subs i d i a ry vent ing points , 

2 1 2  



f rom i tems o f  plant , and from convey ing systems . The extent to 

wh i ch it is conta ined depends much on the cho ice of e f f ic i ent 

pl ant t o  col l ect dust whereve r  a i r  or gas is em itted , and it 

a l s o  depends very much on the overa l l  pl ant l ayout , where the 

a im i s  to reduce to a m i n imum the number o f  tra n s f e r  p o i nts on 

conveyor systems carry i ng potent ia l ly dusty mat e r i a l s , such a s  

d ry r a w  mate r i a l s , c l inker a n d  cement . I t  i s  a l s o  v e ry much a 

func t i on o f  the way i n  wh ich not only dust a rrestment but a l l  

p l ant i n  the c ement works i s  ma inta ined ( Parker , 1 9 7 8 ) . 

Cement dust i s  not a tox i c  sUbstance . Howev e r , when 

d i s ch a rged in l a rge quant i t i e s  to the atmosphere , it can 

c omb ine w ith other a i r  contaminants to aggravate respi ratory 

a i lments and cause s ign i f icant damage to pl ant l i fe ( H indy and 

Att i a , 1 9 9 3 ) . 

The c o l l ect ion o f  cement dust f rom the v a r i ou s  em i s s ion 

s ource s ,  part icularly f rom rotary cement k i l n s  h a s  l ong been a 

d i f f ic u l t  prob l em . The d i f f i cu l ty arises from the l a rge 

v o l umes o f  gas i nvo lved , the heavy l oading o f  v e ry f ine 

p a rt i c l e s , the h igh gas temperatures ,  and i n  case of wet

process k i lns , the presence of a l a rge amount o f  water vapor . 

E l e ctrostat i c  prec ip itators and fabric f i l ters are the only 

c o l l e ct i on devices capab l e  o f  ach i ev i ng the h igh degree o f  

dust r emov a l  requ i red ( 9 9±% ) from the k i l n  gases . 

6 . 1  E l e c t r o s t at i c  Precipi t a t o r s  

H i st o r i ca l l y ,  e l ectrostat i c  precip itators have been the 

predom i nant cho i ce by the cement i ndust ry for dust removal 

f r om k i l n gases . The e l ectrostat i c  prec ipita t i on process has 
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been a ppl ied industr i a l l y in cement facto r i es for we l l  over 

ha l f  a century . 

The e l ectrostat i c  pre c ipitator makes use o f  the fact that 

e l ect r i ca l l y charged part i c l e s  subj ected to an e l ectr ica l 

f ie l d  are attracted towards , and depos ited on , 

sepa ration o f  c re a t ing the f i e l d . The 

p a rt i c u l ate matt e r  f r om the gas stream 

fundam enta l steps : 

the e l ectrodes 

the suspended 

requi res three 

l .  

2 .  

I nduc i ng a n  e l ec t r i c a l  charge on the suspended part ic l e s . 

C o l l ect i ng the charged part iculate matte r  on a grounded 

surface . 

3 .  R emov i ng the c o l l ected mate r i a l  from the e l ectrodes to a 

storage hopp e r  f rom wh ich i t  may be withdrawn cont inua l ly 

o r  at interv a l s . 

The charge i s  appl i e d  by pass ing the suspended part i c l e s  

through a h igh-v o l tage , d i rect current corona . The corona i s  

estab l i shed between a n  e l ectrode ma inta ined at h igh v o ltage 

and a grounded c o l l e c t i ng sur face . The part iculate matter is 

d i s l oaded f rom the c o l l ecting sur face by mechan i c a l  means , 

such a s  v ibrating w i th rappers . The col l ected part i cul ate 

mater i a l  f a l l s  t o  a hopper from where it is removed by 

mecha n i ca l  means . F igure ( 6 9 )  i l lustrates a typ ic a l  

e l ectrostat i c  pre c i p itator , whereas Fig . ( 7 0 )  shows two v i ews 

of a n  e l e ctrostat i c  precip itator unit insta l l ed on a k i l n  at 

one of the c ement facto r i e s  in united Arab Em i rate s , and F i g . 

( 7 1 )  c l a r i fy the d i f f erence in the stack em i s s i on be fore and 

a ft e r  the e l ectrostat i c  precip itator opera t i on at the same 

cement factory . 
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6 . 2  F ab r i c  F i l t e r s  

F i l  t r a t i o n  i s  t h e  o l dest and genera l ly o n e  o f  t h e  most 

re l i ab l e  o f  the many methods by wh ich dusts , m i sts and fumes 

may be removed f rom gases . F i l ters are espec i a l l y  des i rab l e  

f o r  e x t r a c t i n g  p a rt icu l ate matter from gases produced by 

i ndustri a l  ope rat i on s  s ince they genera l l y  g ive very 

s at i s f a ctory col l ect i on e f f i c iencies w ith only moderate power 

consumpt i on ( s tern , 1 9 7 6 ) . 

The m a i n  construct i onal e l ements o f  the pU l se - j e t  fabric 

f i l t e r , wh i ch are the s ame for a l l  f i lter type s , are shown in 

F i g . ( 7 2 ) . The dust- l aden gas enters in the l ower part of the 

f i l  t e r  hous ing and passes from the outs ide to the i ns ide o f  

cy l i ndr i c a l bags he l d  open by interior metal cages . The dust

l ad e n  gas is separated into c l ean gas and dust on the f i lter 

bags . The dust a ccumu l ates w ithin the fabr i c  and on the outer 

s u r f a c e  of the f i lter bag , whereas the c l eaned gas passes out 

the top o f  the bag . Many bags operate in para l l e l i f  the gas 

f l owrate i s  l a rge . Bags are c l eaned in groups by a momentary 

pul se o f  compressed a i r  introduced at the i r  tops through a 

ventu r i . The a i r  pul se snaps the bags open and drives l a rge 

p a rt i c l e s  and agg l omerates away f rom the bag surface i nto the 

dusty gas stream , f rom wh ich they fa l l  into the dust hopper , .  

Usua l l y , the bags are c l eaned on- l ine , that i s , wh i l e  process 

g a s  f l ow s  through adj acent bags ( H indy , 1 9 8 9 ) . 

Pu l se - j et c l ea n ing techn ique has seen increa sed 

app l icat ion in many types of fabr ic f i lters manu factured in 

the l a st two decades . Nearly every l arge manu fa cturer o f  

f ab r i c  f i l te r  e qu i pment o f fers a t  l east one model c l eaned by 
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th i s  cl ean i ng proce s s . S evera l cha racte r i stics o f  pu l s e - j  et 

cl e a n i ng make th i s  system very attract ive for a l a rge number 

of app l i ca t i ons . For example , because the pu l se of high 

pressure a i r  i s  b r i e f ,  typica lly 0 . 1 second in durat ion , the 

pr imary a i r  f l ow does not have to shut o f f  during the 

c l e a n i ng . I nstead , the pu l se tempora rily reverses the f l ow 

through the f abr i c  due to the trans i ent reversa l o f  pressure 

grad i ent . The part i c l e  agg l omerates d i s l odged by the pu l se and 

reve r s e d  f l ow are su f f i c iently l a rge so that much of the dust 

can s e t t l e  to  the hopper during the brie f  i nterrupt ion o f  

f i l trat i on . Thus , the equipment operates essent i a l ly on a 

cont i nuous ba s i s  and with a lmost no mov ing parts except for 

s o l e n o i d  va lve e l ements ( H indy , 1 9 8 9 ) . 

cont i nu ou s l y  rated fabr i c  c l eaned by pu l s e - j et are now 

w i d e l y  app l i e d  for many types of dust and fume cont rol i n  

indus t ry , e spec i a l l y  s ince the enact ion o f  l aws for the 

protect i on of the envi ronment . Fabric f i lters are now the most 

e f fect ive dust remov i ng dev ices , espec i a l l y  for sub micrometer 

p a rt i c l e s . For a l ong t ime , it has been an accepted fact that 

fabr i c  f i lters cannot be appl i ed in some indust r i e s , e . g .  

ste e l  i ndustry , foundry industry , cement industry , and power 

sta t i on s , because most dust present in the waste gases has a 

d i amete r sma l l e r  than 1 �m . The recent succes s fu l  introduct ion 

of fabr i c  f i l te rs in these industries i s , therefore , an 

important cont r ibut ion to a ir pol lut i on control ( H indy , 1 9 8 9 ) . 
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F igure ( 6 9 )  D i agram for A S ing le E l e ctrode i n  E l ectrostat i c  

Prec ip itator 
( A fter Ch iras , 1 9 9 1 )  
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F igure ( 7 0 )  Two V i ews o f  E l e c tr o s t a t i c  P r e c i p i t a c o r  I nsta l � ed 
o n  A K i l n  a t  a C em e n t  F a c t o ry In u n i t e d  Ar ab Ern i � a t e s  
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F �gur e ( 7 1 )  Stack Em iss i on B e f o r e  ( B )  a n d  A f � e r  ( A )  
E l ec�ros t a t i c  Pr e c ip it a tor Op e r a t i o n a t  A Ceme n t  Factory in 

U n i t e d  Ar a b  Em i r a t e s  
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F igur e  ( 7 3 )  Two Types of Fabr ic F i lters I n s t a l l ed on Cement 
M i l l s at Two Cement Factor ies i n  United Ar a b  Em i r a t e s  
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CHAPTER VI I I  

SUMMARY AND CONCLUS I ONS 

Th rough present i ng and d i scus s i ng the results of th i s  

i nv e s t i gat i o n , it has been wel l acknowl edged that : 

( 1 )  The concentrat ion o f  the suspended part iculate matter 

l es s  than 1 0  mi cron ( S PM1 O ) i n  A l  A i n  atmosphere i s , on 

the average , be l ow the Threshold Limit Va lue ( TLV ) 

a ccord i ng t o  the u . s .  Nat i onal Amb i ent A i r  Qua l ity 

s tanda rds ( NAAQS ) . 

( 2 )  The prob l em o f  part i cul ate pol lution i n  A l  A i n  i s  

concerned w ith the dust fa l l  

suspended particul ate matter . 

rather than w i th the 

( 3 )  The e f fective sources o f  part iculate matter in the 

atmosphere o f  Al Ain are f ound to the south of the c ity . 

The s e  s ources are most ly natural ones ( crusta l mate r i a l s )  

w i th a m inor contribut ion of man-made s ource s , 

p a rt icu l ar l y  automob i l e  tra f f i c  em i s s i ons and 

agricu l tura l act iv i t i e s . 

( 4 )  The movement o f  dune sands and hence the increase i n  the 

atmosphe r i c  c ontami nat ion with S PM 1 0  is h igh l y  a f fected by 

the winds b l ow ing f rom the southern d i rect ion . 
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( 5 )  Diurna l va r i a t i on o f  SPM1 0 in Al Ain atmosphere shows the 

same bas i c  rhythm , hav ing one max ima at the end o f  night 

( 4  a . m . ) and another one max ima in the even ing ( 8  p . m . ) , 

but w i th h i gher concentra t i ons due to the e f fect o f  the 

temperature i nvers ion characte r i z ing the Gul f reg i on . 

( 6 )  The dust storms i n  Al Ain are reasonab ly d e f ined i n  terms 

o f  a v i s ib i l ity l e s s  than 5 kID .  

( 7 )  The a c i d  g a s e s , sulphur d i ox ide ( S02 ) and n itrogen oxides 

( NOx ) concent rat i ons in the atmosphere of Abu Dhabi C ity 

a re l e s s  than the U . S .  Nat i ona l Amb i ent A i r  Qua l ity 

s tandards ( NAAQS ) .  

( 8 )  There i s  a r e l a t ively strong inverse re l a t i onship between 

S 02 and NOx and r e l a t ive humid ity l eve l s  in the a tmosphere 

o f  Abu Dha b i  C ity due t o  the conve rs i on of S02 to 

sulphu r i c  a c i d  ( H2 S04 ) and NOx to nitric acid ( HN03 ) .  

( 9 )  N itrogen ox ides in the atmosphere o f  Abu Dhabi C ity tend 

t o  be i n  the f o rm o f  n it rogen d i oxide ( N02 ) and to a 

l es s e r  degree i n  the form o f  n itric oxide ( N O ) . 

( 1 0 )  Suspended part i cul ate matter l e s s  than 1 0  �m ( S PMI O ) ' 

o z one carbon monoxide ( CO )  , and non-methane 

hydrocarbons ( NMHCs ) l eve l s  in the atmosphere of Abu 

Dhab i c i ty are l e s s  than the U .  S .  Nat iona l Amb i ent A i r  

Qua l ity S tandards ( NAAQS ) . 
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( 1 1 )  Al  though o z one i s  found in the atmosphere o f  Abu Dhabi 

c i  ty in concentrat i ons be l ow the background l eve l s ,  it 

o r ig inates i n  the f orm of a secondary photox idant through 

atmosph e r i c  photochemical reactions . 

( 1 2 )  Most o f  NO enter ing the atmosphere o f  Abu Dhab i C ity f rom 

pol l u t i o n  sourc e s  consume s most o f  03 to be o x i d i z ed to 

N02 · 

( 1 3 )  Weekends at res ident ial  a reas in Abu Dhab i town a re 

charact e r i z ed by l ower l eve l s  o f  S PM1 0 , 03 ' CO and NOx 

than workdays due to the h igh reduct i on in the pol l ut ion 

sourc e s  a s s oc i ated with the human activ i t i e s , ch i e f l y  

motor v eh i c l e s  dur ing Fridays . 

( 1 4 )  Weekends at r e s ident i a l  areas in Abu Dha b i  t own are 

charact e r i z ed by h igher l eve l s  o f  methane hydrocarbons 

(MHCs ) than workdays . 
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