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ABSTRACT

Air pollutants including SO,, H,S, NO, and TSP were measured in Al-
Hashimeyatown in Zarga Governorate, where there are three main sources
contributing in different degrees to the pollution of air and these are
Jordan Petroleum Refinery, Al-Hussein Thermal Power Station, and
Assamra Purification station for household sewage Water. The reports
and data relating to pollution in al-Hashimeya have been collected from
all sourcesthat had measured the level of pollution in thisarea during the
period from 2005 to 2009 are presented. The effects of local meteorological
conditions were studied by statistical analysis. The concentration varia-
tionsin air pollutants are closely related to those in local meteorological
conditions. Both temperature and relative humidity have significant nega-
tive correlations, whereas wind speed has a significant positive correla-
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tion with these pollutants.

INTRODUCTION

Increased concern over the adverse health effects
of air pollution hashighlighted theneed for air pollution
measurements, especialy in urban areas, where many
sources of air pollutants are concentrated!. Air be-
comes polluted whenit contai ns substancesin quanti-
tiesthat could harm the comfort or health of humans
and animals, or could damage plantsor materids. These
substances are called air pollutants and can be solid
particles, liquid droplets or gases and they can occur
naturally or asaresult of human activity!2.

Development and use of statistical and other quan-
titative methodsin theenvironmenta sciencehavebeen
amaor communication between environmenta scien-
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tistsand statisticiang®. In recent years many statistical
andysishavebeenused to study air pollution asacom-
mon problem in urban areas. The common descrip-
tive statistical approach used for air quality measure-
ment and modelingisrather limited asamethod to un-
derstand the behavior and variability of air quality®.
Many investigators have used probability modelsto
explaintemporal distribution of air pollutantg® 7.
Meteorology playsanimportant roleinair pollut-
antsformation, dispersion, transport and dilution. There-
fore, thevariationsinlocal meteorologica conditions,
such aswind direction, wind speed, temperature, and
relative humidity, can affect thetempora variationsin
pollutant concentration® 9. Ananaysisof theinfluences
of meteorological parameterson thepollutantsat aspe-
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cific gtecan contributeto abetter understanding of the
causesof air pollution.

Al-Hashimeyaareaisl|ocated north of Zarga, about
35km northeast to Amman. Thistownisthemost pol-
luted city in Jordan; theair pollution hasresulted from
many factories and companiesinthearea, such asare
Jordan Petroleum Refinery, d-Hussein Therma Power
Station, and AssamraPurification sation for household
sewageWater. Different studies have been performed
to understand thesourceand leve of air pollutioninAl-
Hashimeya. Mot of them wererestricted to water and
soil.

Thispaper studiesthetemporal variationsof pol-
|utantsand themeteorol ogica effectsat Al-Hashimeya
by andyzing measurementsof air pollutantsover 5years
from 2005 to 2009 to determinetheimpact of pollution
controlling parameters (wind speed, temperatureand
relative humidity) onthebehavior of pollutantsinthis
town.

METHODOLOGY

Sudy site

Al-Hashimeyaareaislocated north of Zargacity,
35km northeast of Amman It isbounded by Longitude
36° 04' to 39° 09' east and Latitude 32° 04' to 32 10
north (Figure 1). Thistownisthemost polluted city in
Jordan. Theair pollution hasresulted from many facto-
riesand companiesinthearea. Potential air pollution
sourcesinduding, Jordan Oil Refinery, Khirbit Al-Samra
Wastewater treatment plant and Al-Hussein Thermal
Power station. These sources are called “Trianlge of
Pollution”. And each of them has a different impact on
air quality. Asemi-arid Mediterranean typeclimateis
dominant inAl- Hashimeyatown which characterized
by hot and dry in summer and lack raininwinter. The
averageannua rateof rainfdl is142 mm. Thelow pre-
cipitation rateworsentheair quality in Al-Hashimeya,
becauserainisnatural processthat washing out soluble
substances of airl?,

Data collection

Severa studiesconducted by the Royal Scientific
Society (RSS) and the Ministry of Environment to
monitor basic pollutants in the area, from 1992 to
2009 (TABLE 1 and Figure 1). Instrumentsinstalled
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inthe monitoring sites samplesambient air continu-
oudy and anayzeit automatically, (TABLE 2illustrate
theinstruments).

Preparing dataanalysis

Using yearly mean concentration of pollutants
S0,,H,S, NOx and TSP. The datawere obtained from
unpublished sources (RSS). Missing va ueswere sub-
dtituted. If, for example, for aparticular year thevaue

wasmissing, thenit was substituted by taking the aver-
age of the preceding and succeeding years. Thiswas

TABLE 1: Monitoring sitesand their position from pollution

sourcesin Al-Hashimeya.

Distance and direction of

Monitoring sites station
from pallution sources
6 km south west from SWTP
IBN EL Anbary School 0.5 km north from HTPS
1.5km east from JOR
UM SOLEH 3 km from al hashymia town
5.5km southwest from SWTP
0.5 km south /southeast from
THERMAL PLANT HTPS
2km southeast from JOR
ELEMENTARY SCHOOL 4 km west from SWTP
SECONDARY SCHOOL 1 km northeast from JOR

ELECTRICAL TRAINING
CENTER

HASHIMYEH
MUNICIPALITY

POLICE STATION/ZARQA
PROJECT SITE

E. SCHOOL/ KHERBEH

UM SHURYK

0.5 km south from HTPS

Main highway of Irbid- Al
hashymia-Azarga
Main highway zarga Amman
2km south east from SWTP
2 km north from HTPS
2km northeast from JOR
2 km from south east from
SWTP
6.8 km from northeast HTPS
7 km northeast from JOR
2 km south /southwest from
SWTP
2.5 km north from HTPS
3km from northeast JOR

TABLE 2: Instrumentsand their uses.

Instruments name

USES

Sulfure Dioxide Analyser
UV-Flourescence
Hydrogen Sulfide
Analyser
UV-Flourescence
Portable Calibrator
Permeation Oven.

Wind Recorder
Mechanical.

Analyse Sulfure Dioxide

continoudy

Analyse Hydrogen Sulfide

continuously

Calibrate insgruments of
pollutants measurement.

Measured of wind direction and

wind speed.
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Flgurel Thelocation of thestudy area.

doneto preservethe seasonal patterns (asopposed to
theeffect of the procedure of subgtituting by theannual
average.).

Satistical analyses

Thedatawereentered into apersona computer to
beandysed usngthestatistica packagefor specid sci-
ence (SPSS) version 11 and IMPand IMPIN Soft-
wareverson 4. TheKolmogorov—Smirnov test, histo-
gram plot, and Q—-Q plot are used to examinethe nor-
mality of air pollutantsand meteorological data. It was
found that most of thevariableswerenormally distrib-
uted. Thus, anon-parametric correaion, Spearmanrank
correlation analysis, wasemployed to andyzetherda
tionships between air pollutants and meteorol ogical
parameters. Thedescriptive statistics of thevariables:
Mean, standard deviation, One-way-ANOVA and
Two-way ANOVAswere cal culated.

RESULTSAND DISCUSSION

Univariate Satistical Analysis

Thefirst stepinvolvedin thedataanaysiswasthe
computation of basi ¢ statisticsMean and Standard de-
viationasshownin (TABLES3). Thesestatisticsare
useful inthedescription of thedistribution and to know
thelevel of pallutioninthear.

Monthly variation of noxiousgasesand suspended
particulatematter (T SP) in Al-HashimeyaAtmo-
sphereduring 2005 -2009:

Averageemissionratesof pollutantsand meteoro-
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logica parametersresultsarepresented in (TABLE 3).
The summary involved Mean and Standard deviation
for theyearsfrom 2005 to 2009.

TABLE 3: Themeansand standard deviationsof pollutant
concentrationsand meteorological parametersduringthe
years 2005 - 2009.

Variable

Mean Standard deviation

SO, concentration ppm 2.17E-2 1.94E-2
H,S concentration ppm 1.02E-2 2.32E-2
NOx concentration ppm  6.11E-3 1.81E-2
TSP concentration pg/m® 189 98
Temperature, °C 18.2 5.15
Relative humidity % 59.43 13.42
Wind Direction® 266.4 77.31
Wind speed, m/s 431 1.63

Monthly variation of Sulfur Dioxide(SO,): -

SO, Concentration varied from 0.0 to 1.01 ppm
with amean of 0.00217 ppm and astandard deviation
of 0.00194 ppm. The Shapiro-Wilk W statistical test
was applied to SO, concentrations and the datawere
foundtofollow normd distribution (Figure 2).
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Figure 2 : Distributions of SO, Concentration at Al —
Hashimeya from 2005 -20009.

Monthly variation of Hydrogen Sulfide (H,S):

The concentration of H,S range from 0.002 -
0.030ppmwith amean of about 0.00102 ppm and stan-
dard deviation of 0.00232, The Shapiro-Wilk W sta-
tistical test was applied to H,S concentrationsand it
wasfoundto follow normal digtribution, (Figure 3).

Monthly variation of Total Suspended Particles
(TSP)

Themonthly averageof Total Suspended Particles
(TSP) areshownin TABLE 3. Monthly average of TSP

Snoivonmental Science (=
A Jndian ﬂa«/md



ESAIJ, 6(6), 2011

Sana’a Odat

rangefrom 87—355 pg/m? ppm with mean of about189
pg/m? and standard deviation of 98. Figure 4 shows
that TSP concentrationsfollow anormd distribution ac-
cording to Shapiro-Wilk W statistical test (Figure4).
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Figure3: Digtributionsof H Sconcentrationat Al- Hashimeya
from 2005 -2009.
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Figure4: Digribution of TSPConcentration at Al -Hashimeya
from 2005 -2009.
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Figure 5 : Distributions of NOx Concentration at Al-
Hashimeya from 2005 -2009.
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Monthly variation of Nitrogene Oxides (NO, )

The Concentrations of NO, vary between 0.0 -
0.03 ppmwith amean va uethat equal s0.000611ppm
and astandard deviation of about 0.0181 The Shapiro-
Wilk W statistical test was applied to NO, concen-
trationsand found to follow normal distribution, (Fig-
ure5).

Analysisof variance (ANOVA)
Oneway ANOVA

OneWay ANOVA test was used to discover test
for differencesamong pollutants. (TABLE 4), shows
that therearere ationshipswith asignificant Satistic be-
tween the concentration of pollutants. Thevaueof F
reached 274.8 with significant level lessthan P=0.05.
Dennett’s C Post Hoc Test was used to determine the
mean differences between pollutants.

Theresult of OneWay Analysistest proved that
thereisarelation between pollutants. TSPisthemain
pollutant that hasas gnificant effect on the other pollut-
ants. In other words, thereis ascending relationship
between TSP and other pollutants. TABLE 5 shows
that thereis astrong relationship between NO, , SO,
and H,S. Themean difference between NO, and SO,
reaches 0.91, between NO, and H_Sreaches 1.2, and
between SO, and H,S0.10 . All of these differences
haveasgnificant satisticd leve lessthanP=0.05, which
proved the strong rel ationship between them, and this
isshown by themean plot, (Figure 6).

200

A\
// \

/

L/

50, 5P

Conee mbrat ion

oo
oo

NOy

Pollutants
Figure6: M ean Plotsbetween the mean differ encesof Con-
centration for Pollutantsusing One Way ANOVA Test.
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TABLE 4: OneWay ANOVAAnalysisfor pallutantsrelation-
ship inAl-Hashimeya.

Sum sgqure Mean

Variable of Df squre F Sig.

Group 123484 3 41149536

between

Group within 419303.64 280 274.79 0.00
149751

Tota 1653789.74 283

TABLES5: Dunnett’sC Post Hoc Test for multiplecompari-
sonsbetween pollutants.

Dependent Variable: CONCEN

Dunnett C.

95% Confidence
Interval
Mean

POLLU . Std. L ower Upper
Pollut. TANTS lezlte_rJe)nce Error Bound Bound
H2S SO2  -1028 58339 -.1579 '4'732175
TSP -169.5011° 6.7285 0, 5010 1367713
NOy -1.0168" 6.6517 -1.6899 -.3437
SO2 H2S  -1.028°  5.8339 4'70722'5' 1579
TSP -169.3984 6.7285 .1, 1503 1366684
NOy  -.9.140° 6.6517 -1.5894 -.2386
TSP H2S 169.5011° 6.7285 136.7713 202.2310
SO2 169.3984° 6.7285 136.6684 202.1283
NOy 168.4843 6.4487 135.7475 201.2211
NOy H2S  1.0168° 6.6517 .3437  1.6899
SO2 9140 6.6517 .2386  1.5894
TSP -168.4843 74487 51 9911 1357475

". The mean difference is significand at the .05 level.

M eteor ological factor affectingtheconcentration
of pollutantsin Al -Hashimeyaregion

Therelation between SO, H,S,NO,, TSPand me-
teorologica parameters (wind speed, temperature and
relative humidity) during the year 2005-2009 werein-
vestigated by correlation analysis. The correlation co-
efficient (R) betweentheaverage SO, H,S, NO,, TSP
concentrationsand the average meteorol ogica param-
etersare shown in TABLE 6. Asseenin TABLE 6,
Correlation coefficient for SO, concentration showsthe
strong negative correl ation with relaive humidity and
temperature thus: -0.61 and -0.59 respectively and
strong positive correl ation with wind speed it reached
0.67.All theseresultsare statistically significant at P

Temporal variations of air pollution and meteorological effects
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lessthan 0.05. Whereas astrong negative correlation
between the concentration of H,Swithrelative humid-
ity and wind speed, where the correlation coefficient
mounted up to -0.65 and -0.56 respectively. Thisvaue
issignificant at the 99% significancelevel. Whilefor
TSPto relative humidity, the correl ation coefficient
reached to -0.59 whereas it reached- 0.50 between
TSPandtemperature. Whereall of them were statisti-
caly sgnificant at Plessthan 0.05. Themost meteoro-
logical factor effectson NO, concentrationwererela-
tive humidity where correl ation coefficient reached -
0.55. Thisvalueissignificant at the 99% significance
vaue

TABLE6: Correlation Coefficient (R) and their probability
for pollutantsconcentr ation levelsand meteor ological param-
eters.

Variables W.S T R.H
s02 (R) 0.67 -0.59 -0.61
P 0.03 0.00 0.02
H2S (R) -0.56 0.31 -0.65
P 0.03 0.00 0.003
(R) -0.12 0.30 -0.55

NOX
P 0.04 0.00 0.00
(R) -0.14 -0.50 -0.59
TSP P 0.03 0.01 0.01

Themost important factor sthat affect theincrease
of SO, percent are

Relativehumidity

Humidity isconsidered among the meteorological
factorsthat increasethe percent of SO, concentration.
It hasanegative correlaion equa to—0.61, at the 99%
significance level. When humidity increased, the
concentration valuedecreased. Thenegetivecorrdation
isattributed to therole of humidity inincreasing the
chemical interactions between gases and water vapor
aswel asforming the photochemica fogandacidrain,
(Figure?).

Temperature

Temperature affectsthe concentration of SO, with
anegativecorrelation coefficient that equals-0.59. The
highest concentration for the gasreached 0.291 whereas
the average temperature reached 12.4 C°. The nega-
tive correlationisattributed to adecreasein tempera-
tures, which contributesin coolingtheairin contact with
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the earth surface prevents convection currents,and
therforegasconcentrateintheair (Figure8).
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Figure 7 : The relation between Humidity & SO, at Al-
Hashimeya.
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Figure8: TheRelation between Temperature& SO, at Al-
Hashimeya.
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Wind Speed

The speed of thewind playsabigroleinincreasing
the SO, concentrations, (Figure9). It showsapositive
correlation at 0.67 at the99% significancelevel. i.e.,
when the calmwindsincrease, the chanceof air pollu-
tioninAl-Hashimeyaincreases. Windswith|ow speed
areunableto carry pollutants away.

M eteor ological factors affecting the increase of
H_,Sconcentration
Wind speed

Itisclear that the speed of thewind playsabigrole
inincreasing the H,S concentrations, (Figure 10). It
showswith anegative correlation of about -0.56 at the
99% significancelevel. i.e., whenthewind Speed de-
crease, the level of air pollution increased in Al —
Hashimeyaair.

0147
7202
S 010
S oosy
g 1
£ 0061 i
;:J.u -
£ 004 "
o Observed
0.000 , .= Linear
b 0 2 4 § 8 10
Wind Speed
Y=a+bX

Y=0.007-0.0006X
Figure10: Therelation between Wind Speed & H_Sat Al-
Hashimeya.
Relativehumidity

Humidity isanimportant factorsthat increasethe
H.S concentration. It showsanegative correlation —
0.65, at 99% of confidence. Whenthereisanincrease
relative humidity inthe atmosphere, the concentration
valuedecreases. Thenegative correlationisattributed
totheroleof humidity inincreasingthechemica inter-
actionsfor thegasesand acid rain aswell asforming
the photochemica smog (Figure11).

Relative humidity constitutes amoderate atmo-
spherefor the photochemical interactionsinwhichis
H.S changed into another forms of gases like SO,
whichinturn changesinto sulfuric acid which causes
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theacidrain. Thereduction of therelative humidity re-
ducesthe photochemical interactionswhichwill pre-
serveH_S. Also, theincreasein humidity increasethe
chance of acid formation and wet deposition decreases
H.S concentration.

04

a 03
k=
S n
(=]
g il
_:_‘._._____———-___ 1 Observed
0.00 - 8 Lingar
0 100 200 300 400 50 600 70
Humadity
Y=a+bX

¥=0.031-0.00007X
Figurel1l: Therelationship between Relative Humidity &
H_Sat Al- Hashimeya.

M etrological conditionsAffecting Nitrogen
OxidesNO, concentrations

RelativeHumidity
Humidity iscons dered among the meteorol ogical
factorsthat increasethe percent of NO, concentration.

A negativecorrelation—0.55, at 99% of confidence be-
tweenthem. Whenthereisanincreaseinthereative

entration of Oy
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Figure12: Therelation between Relativehumidity & NO, at
Al-Hashimeya.
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humidity, theNO, concentration decreases, (Figure12).

M eteor ological factors affecting the increase of
TSP percent

Temperature

Temperature aff ects on the concentration of TSP,
Thevauesof thisgas show anegative correl ation coef-
ficient of about —0.50. The reason after the negative
correlation isattributed to adecreasein thetempera
tures, which contributesin coolingtheair touchingthe
surface of the earth, which thusweakness the ascend-
ingair currentsand thevertical, and horizonta mixing
for theair which increasesthe process of gas concen-
trateintheair, (Figure 13)

&0o
500
400
300

200 T

Concentration of TSP

1o Observed

B Linear

Temperature
Y=a+0X
Y=§7-52X
Figurel3: Therelation between Temperature& TSPin at
Al- Hashimeya.

DISSCUTION

Theeffect of metrological parameter son theam-
bient concentrationsof the gaseswill bediscussed
bdow

Temperature

Theannua average of temperaturedegreeinAl-
Hashimeyaareais18°C. It rises in Summer to 25.7°C
and the average decrease to 8.6 °C in Winter. De-
creasesin temperatures cons dered main reasonsfor
pollutants’ concentration, which plays arole in cooling
theair touching the surface of theearth, thusreducing
the vertical and horizontal mixture for air and its
ascendance.

We found that temperature show aninverserela
tion with most of the pollutants because of therole of
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the heat in warming up the surface of the earth by the
oncomingradiationfromthesun which strikestheearth
and warmsit, thus making theair that touch it warm
and consequently reducingitsdensty, soit expandsand
goesupward to bereplaced by cold air and soon. This
processincreasesthe amounts of theup goingair cur-
rents. Whenthe horizontal and vertica air mixing pro-
cessesincrease, they reduce the concentration of the
pollutantsinit. Further, the decreasein temperaturefor
some pollutantsincreasesthe production of some pol-
lutantsdueto anincreasein theburningtimesand using
of the central heating, which result intheincrease of
these pollutants.

Relativehumidity

Humidity decreasesinAl- Hashimeyacity. It’s an-
nud rateamount 61%. The percent of humidity differs
in seasonsof winter and summer, whereit reaches55%
in Summer and 71% in winter. Also, the process of
humidity decreaseleadsto more concentrations of gas
contaminations and suspended dust intheair, which
resultsfrom Oil Refinery, Al- Huss en thermal. power
station and Al- Kherbh Al- Sammrawhich pavesthe
way for asuitableenvironment for certain photochemi-
cd interactions of thegasesinwhichitischanged into
differentforms.

It hasbeen evidenced from theresults of thisstudy
that therelation of rel ative humidity with the concentra-
tion of the pollutantsisan inversere ation, which could
beattributed to theroleof thehumidity informingacid
rain. Ontheother hand, theinverserelashion between
relative humidity and TSPisdueto therole played by
TSPasitfunctionsasdensty nuclel onwhichthedrops
of vapor densethusreducingitsexistenceinair, inad-
ditiontosettling down when they get larger and bigger,
especialy when the upcurrents start to dow downand
theatmospheregets much stable.

Wind speed

Pollutants are expected to be carried away and di-
luted during day times with high wind speeds. Low
speed windsare prevailinginAl - Hashimeyaregion.
Theannua average of speed is3.7 knot which gradu-
ally decreasesinwinter toreach 1.6 knot. Morethan
50% of Al - Hashimeyawind blow at speed between 3
—6 knot and less than 10% has speed higher than 8
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knot. Thiswill play apart in having more concentration
ingasand dust inAl - Hashimeya. It not possible by
any meansfor low speed windsto carry pollutantsfor
further distance.

Resultshave proved that the concentrationsof TSP
were higher might be attributed to the prevailing
K hamas nwinds, which becomeactivein spring, espe-
cidlyApril and May in additionto thehigh temperature
andthelow averageof rainfall and thelack of humidity,
thus helping theincrease of the suspended air inthe
aimosphere.

CONCLUSIONS

Anunderstanding of pollution sourcesand emis-
sions, and their interactionswith theatmosphere, isa
most important first step in devel oping appropriatear
pollution management plansand action Srategies. With-
out thistype of knowledge, incorrect decision making
related to air pollution management ispossible, creat-
ing wasted resources and undesirableresultsl. This
study isonly based on measurements made at one ur-
ban location. Undoubtedly, thereis need for amore
comprehensive study toimprove the monitoring and
eva uation systemsfor urban air pollution.
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