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ABSTRACT

Preliminary resultsfrom this study allow the control of air pollution caused
by the Oil Refinery SAMIR, Sidi Kacem, Morocco. Theair quality in 2007 in
the refinery was generally good. However, it should be noted that the
olfactory nuisances (odours) areaformof air pollutionimmediately perceived
by the population of the city hosting the refinery in question. Particulate
Dust (large and fine particles), sulphur dioxide (SO,) and oxides and the
dioxidenitrogen (NO and NO,), symbolized by NO, reveal pollution caused
by emissionsfromtherefinery’s chimneys. The concentrations of the major
indicators of pollution were generally less than the limits prescribed by the
Moroccan guidelines as well as recent European standards. With regard to
sulphur dioxide, we recorded low annual average value at the refinery. But
in July 2007 we noticed aconsiderabl e excess of adaily averagevaue. The
limit values stem from current scientific knowledge and take into account
the effects on the environment. The results of this study could be used for
the prevention and control of ambient air pollution of the refinery. Thuswe
can conclude that no adverse effect on public health is to be feared.
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Faced with the social pressures exerted and
governmental standards, the polluting odorant hasno
choice but to havethe pollution it generatesreduced if
it iswanted to be harmless in the environment that
surroundsit. Air for humans constitutes anecessary,
vita environment. A norma person breatheson average
15 m3 of air per day and exposes him/herself to
pollution caused by theimpurearways. Theamosphere

isamixtureof nitrogen, oxygen and tracesof raregases,
moreovey, it containswater vapour, carbon dioxideand
tracesof 40 other gases. Thus, no absolute composition
can bedetermined. Theatmosphereisalwaysmore or
lesspalluted. Therefore, the standardsof air quality can
only be relative and therefore define a set of
concentrationsof pollutantsthat are acceptabletoagiven
community™. The main sources of air pollution in
volumes of emissions are industry and means of
transport. All major industriesusefossil fues2. Inan
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Oil Refinery, odorous compounds can be organic or
inorganic. There are three main families®: Sulphur
compounds (hydrogen sulphide, mercaptan, and
sulphides), nitrogen compounds (ammonia, amines,
heterocycles...) and oxygenated compounds (organic
acids, adehydes, ketones, a cohols). The broadcasts
(emissions, issues) of SO, ail refineriesdepend mainly
on the content in sulphur of raw productsand on the
debits(flows) of trestment by fluid catal ytic cracking.
Hydrogen sulphide is one of the malodorous
compounds most frequently encountered. In addition
to having a very unpleasant smell, its perception
threshold isvery low (0.00047 ppm(. Itisalsotoxic
and corrosive, resulting in some facilities, the
deterioration or |oss of equipment!®. However many
refineries fuelled by heavy crude are aso corrosive
Hydro-treatment, reducing their sul phur contents, and
thus the emission of SO,. NO, projections of the
refineriescomeespecially from thefuel sfurnacesand
boilers. Whilethe catalytic cracking fluidisthemain
sourceof particlessuspended in an Oil Refinery, these
emissionsresult from devices of regeneration of the
catayst of thecata ytic cracking®. However, today there
isnot anationd or internationa standard setting vaues
that limit CO, emissions. Inlight of current developing
technologies, specificemissonslessthan 100kgof CO,
per tonneof crude processed oil areconsdered asgood
practice”. Theintensive processes of petrochemical
industries require sophisticated environmental
management to protect weater, soil andar from pollution.
Odours, and more particularly bad smells, asthe dust
nuisance are certainly the strongest and most
immediately fdtintermsof qudity of theatmosphere®.
In this perspective, aquality monitoring network of
ambientarintheOil Refinery SAMIR Sidi Kacem has
been established. Theaimisto determinethe degree
and red ratesof certainindicatorsof air pollutionand
monitor itsdevelopment. Theresultsof thesetestshelp
to determinewhat measuresto take.

MATERIALAND METHODS

Themonitoring of air quality inthissiteisprovided
by the quality control laboratory of the SAMIR
(Moroccan Limited Company of Industriesof Refining),
Sidi Kacem and the mobilelaboratory LPEE (Public

Laboratory of Tests and Studies), which measures
pollution by stationary sensors. These sensorsdlow the
continuous measurement of pollutants according to
which monitoring isregul ated: sulphur oxides(SO,),
nitrogen (NOx) and dust suspensions. Thismonitoring
processisensured at astation within close proximity to
therefinery.

M eteor ological parameter s

Theloca andregiond weather conditionsareessentid
toexplanthequdity of theair. They areimplicatedinthe
trangport, distribution and transformation of air pollutants.
Thecity of Sdi Kacemislocatedinaregionformed by a
seriesof low hillswithlittle hillshollow in the centre.
Accordingtotheregiona meteorologica centrein Sidi
Kacem, theannua averagerainfdl for 2007is450 mm
(£ 75); 90% of the rainfall is concentrated between
October andApril. Theprevailingwinter windsfromthe
west arecold and tepid, whilethosefromtheeast are, in
summer, warm and dry, with an annual average
temperatureof 27°C (+3.8) and have oscillated between
aminimum of 1° C recorded in January 2007 and a
maximum of 45°C recorded in August 2007. The periods
of sampling and measurementsof ambient air quaity at
thesiteof therefinery during the months of February,
May, July and November of 2007 have coincided with
generdly moderatewesgther. Indeed thesky wasusually
clearinMay and it wasrdatively cool in February. The
annud averagerddivehumidity was66% and theannua
averageair pressurewas 101 KPa(+ 15). In addition,
thisyear was characterized by windsblowinginamost
al directionswithtwo maincomponents thefird isoriented
towardsthe South West (SW) and thesecond isoriented
towards the North West (NW). These winds blew at
very low speedsranging between 0 and 3.6 m/sand an
average speed does not exceed 0.3m/ s(+ 0.08).

Samplingand measur ements

Sampling and analyses are conducted two days per
month. The companion measuresfocused onasingle
sample point located within therefinery, whose polar
coordinates are (North 34 © 13’858, 42°826 ° 05
West). During themonitoring of ambient air quality of
therefinery, themethodol ogy used to conduct sampling
testsand anaysesisasfollows. Themeasurementsare
continuously made during the day from 8:30to 17:30;
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the concentrations of gaseous pollutants (SO,, NO.,
NO,, NO ) are given in semi hourly averages (30
minutes) and concentrati ons of suspended particul ate
matter (MPs) arequitegivenindaily averages.

M ethodsand measuring equipment

Themohilelabisequippedwithdl facilitiesrequired
to characterize the quality of ambient air (weather
gtation, sampling device, automatic anayzer of gaseous
pollutants, station acquisition and data processing).
Nitrogen oxides(NO,) are measured by an automatic
andyzer using theprincipleof chemiluminescenceand
according to NFX 43-018 Standard.

Infact:

Measurement of NO (nitric oxide): A sampleis
placed in the presence of ozoneto oxidizeNOto NO,
(nitrogen dioxide) to the excited state (denoted * NO,).
NO,* ThisNO,* isgoingtoemit aninfrared radiation
through returning to thefundamenta state. Theanayzer
measuresthisradiation with regard to the quantity of
NO presentinthesample.

Measurement of NO_ (nitrogen oxides) and NO,;:
Before performing the previous measure, NO, is
reduced to NOinamolybdenum furnace. Thisgivesus
the measurement of NO, (NO + NO,).

The measurement of NO, is calculated by the
difference between the concentrations of NO,_and NO.

Sulphur dioxide (SO,) ismeasured by an automatic
andyzer usngtheprindpleof theultraviolet fluorescence,
accordingto NFX43-019 Standard: Theair sampleis
illuminated by anultraviolet lamp. Sulphur dioxidepasses
to the excited state (* SO,) by absorbing a part of
radiation and by returning to theground state, emitting
afluorescent radiation of adifferent wavelength. The
analyzer measures the quantity of radiation of
fluorescence, which is proportional to the SO,
concentration.

Regarding diffused dust, messurementsarecarried out
according to NFX43-023 standard, with high volume
samplers. Eachsampler cons stsof asuction pump, aflow-
meter, a port filter and a filter of glass fibers. The
messurement of theconcentration of sugpended particulate
meatter intheambient air isdoneby gravimetric method,
which consstsof aweighing of dust onamicrobadance.
Knowingthevolumeof air ssmpled, thedifferenceinwaght
correspondstotheparticlesintheair.

RESULTS

Regulatory aspect

TABLE 1 shows a summary of the Moroccan
legidlation onthequality of ambient air. Thesearethe
values of the parameters measured as part of this
companion. They arefixed by thedecreeimplementing
theLaw No. 13-03 onthefight against air pollution.

TABLE 1: Summary of Moroccan legidation: Law No. 13-03.

Annual  Limit value

arameters limit semi | mperative
P Unit value®  schedule@ limit value ®
Nitrogen 3
dioxide (NO) (ng/Nm®) 100 200 400
Sulphur 3
dioxide (SO;) (ng/Nm®) 100 200 400
Diffuse dusts 3
(MPs) (4) (ng/Nm>) 200 300 400

(1) Arithmetic average of the values semi schedule measured
during one year.

(2) 95 % of the semi schedule averages of one year must be
lower than this value.

(3) Absolute limit value for health protection, semi Schedule
to not exceed.

(4) Values based on averages of 24 hours.

Theannua averagemeasurement results, composed
of theaccompanying e ements of quality control of the
ambient air of thisrefinery, carried out during May,
February, July and November 2007, arepresented in
TABLESNP°2,N°3, and N°4, respectively relative to
the parametersNO,, SO, and MPs.

TABLE 2: Monthly aver agemeasurement resultsof NO,

NO (ug/Nm°)

Period
Maximum Minimum Average Standard-deviation

February 138 0 35 14,6
May 47,8 0 57 35
July 49,7 41 18,3 2,6
November 48,6 0,7 20,3 15

Moroccan
Standard 200 o

TABLE 3: Monthly aver agesmeasur ement resultsof SO,

: SO, (ng/Nm’)
Period
Maximum Minimum Average Standard-deviation
February 66,1 0 9 25
May 38,2 04 7,8 54
July 214 14 48 26,2
November 98 19 243 11,4
Moroccan rrw
Standard 200
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TABLE 4: Monthly aver agesmeasur ement resultsof Dust
Sream M Ps.

Diffuse Dust M Ps (ug/Nm®)

Period
Maximum Minimum Average Standard-deviation
February 147 52 100 21
May 160 73 117 54
July 101 91 96 14
November 73 58 66 9
pids)

Theresultsof air quality monitoring for the period
from February to November 2007 are presented above
for themain pollutantsemitted by therefinery, including
sulphur oxides, nitrogen oxides and particul ate matter.

Sulphur dioxide (SO,)

Sulphur dioxideisan acid gas solublein water. It
turnslittleby littleto sulphuricacid; itisapowerful, little
volatileliquid, andit can persist withinthe materials
practically indefinitel®!, The maximum annual
concentration averageof (SO,) measuredis24 (+17.8)
ug/Nm3, much lower than the value limits to be
respected (200 ug/Nm?) (TABLE5). But daily value,
that exceeded thislimit were observed, including the
highest concentrationsthat was recorded during the
summer period. Indeed, (Figure 1) and (TABLE 3)
show significant peak concentrations of SO, in July
2007. Thesepeaksindicate pollution by sulphur dioxide
emissions generated by air from the chimney of the
refinery. A “peak” of SO, hasbeen demonstrated up to
214 ug/Nm?. Theselevelsvary significantly depending
ontheoriginof crudeoil. Moreitisrichin sulphides,
and sulphur removal from refinery workswell, more
smoked refinery emit SO,. Moreover thesevauesvary
remarkably depending onwesther conditionsprevailing
inthedtation. In summer theaccumulation of pollutants
dueto poor atmospheric digpersion: high concentrations
can be accumulated when the plumeistrapped in a
mixed layer developedinastablelayer («smoking”)t,
Theoreticaly, thear temperature decreaseswith dtitude.
However, when acold layer of air isbelow alayer of
warmair, thereisathermal inverson. Thesedelaysthe
ar mixtures, thusleaving the pollutantsaccumul ate near
the surface. Indeed when the wind passing over the
hillssurrounding thetown of Sidi Kacem, withwarmer
ar doft by themorning sunand cool night air in bottom

of valey shdtering therefinery, theair containing fumes
cannot mount, so that air pollution isconcentrated at
thebottom. Eventudly, clear skieswith alight wind and
strong sunshine promotetheaccumulation of pollutants.

TABLE 5: Monthly aver agesof variationsof thereviewed
parameters; SO,, NO, and M Psduringtheperiod of thestudy:
year 2007.

Period NO, SO, M Ps
February 35 9 100
M ay 57 7,8 117
July 18,3 48 96
November 20,3 24,3 66
Minimum 5,7 7,8 66
maximum 35 48 117
Average 20 24,15 93,7
Standard-deviation 12 17,8 21,21

Max Min

Average Max Min Average | Max Min Average

NOX s02 MPS

= February = May B July == November

—#¥—Norme NOX ©—Norm SO2 Norm MPS

Figurel: Monitoring the quality of ambient air from the
refinery in 2007.

Oxidesof nitrogen

TABLE 2 presents the monthly average
concentrations of nitrogen dioxide (NOx). The
maximum concentration of NO, measured in February
2007 isrepresented by apeak of upto 138 g/ Nm?; it
remainsremarkableevenif itislessthan the maximum
daily averagefixed by the M oroccan standard (200ug/
Nm3). However, inthesamemonth, themonthly average
vaueof NO, hasnot exceeded 35 (= 14.6) g/ Nm?®. In
fact, the oxides of nitrogen are gasesthat form when
the air is raised to high temperatures. NO, (+ 1V)
dioxideor (peroxide) nitrogen gas can befoundinthe
liquid state at temperatures below 21.4 ° C at
atmospheric pressure, whiletheNO (+ 11) nitric oxide
or nitric oxide was perceived in the gaseous state.
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Nitratesa so emit such gases. They aresolubleinwater
andformnitricacid (HNO,) and nitrousacid (HNO,).
Sunshinetriggerschemical reactionsbetween various
pollutants, through theultraviol et rays. Asindicated by
TABLE 5above, theaverage vaueof four companies
of theclimate control of therefinery, NOx is20 (+12)
o/Nm?2. Beyond the month of February 2007, withits
highest monthly average (35 (+ 14.6) g /Nm?), this
seasonal phenomenon disappears, oxides of nitrogen
are trained at atitude and therefore reduce their
concentration in water . The decrease of observed
concentrations(Figure2) islinked toweather conditions
During winter, thevertical circulation of air isgreatly
reduced by the layer of temperature inversion*2,
Pollutantsemitted at low dtitudeare““prisoners” of the
plain. Thecolder air whichisnearer totheground than
thedtitude can bemaintained severa daysand blocked
between the boundary layer and thefree atmosphere.
Thisphenomenon can play theroleof alid. Thisprobably
explainsthewinter maximumdaily valueinambient air
compared to therest of the year.

pg/Nm?
140

et MPs = Dust g
96
100 100 7 93?

60 48
.. s0>

40

_275#

—
20

i,

20 + po
20,30

o]

November
—d— MPs

February May July
——NOx bd—502

Average

Figure2: Spatiotemporal Evolution of the measur ementsof
themonthly aver agesof parameters: SO, NOX and M Psof
theAmbient Air of therefinery in 2007

Dust suspended intheair

TABLE 4 givesthe summary resultsof themonthly
mean measurements obtai ned for suspended dust for
periodsof sampling of four accompanying measuringtests
intheyear 2007. Thedaily maximum pesk was 160 g/
Nm? registered in May 2007. In that same month, we
noted amaxi mum monthly average onthefour control
campaigns a the level of 117 (£54) ug/Nm?. Thisis
illustrated in Figure 3) whichisbe ow thelimit value of
300 pug/Nméd. Suspended particlesarean air pollutant

congsting of acomplex mixtureof organicandinorganic
substances suspended in theair in solid and/or liquid
form*3. Thefogmakesthe pollutantsinsolutioninwater
dropletsand kegpsthem suspendedintheair. By contradt,
therainwashestheair by precipitating the pollutantson
theground. A dight pollutionismainly duetotheactivity
of therefinery and particularly the catalytic cracking
process. Particle size also determines the time of
suspensionintheamosphere. Infact, these suspended
particleseventualy disappear fromtheair withinafew
hours after their issuance under the influence of
sedimentation and precipitation, asthey canremainin
theair for days, therefore, these particlescantravel long
distances. Dry wesather in the city of Sidi Kacem
encourages flying dust, and the wind transports and
disperses it. This explains the meagre changes in
concentrationsof finedust intheair. Findly, wemust not
ignorethe pollution caused by motor traffic on theroad
Sidi Kacem/ Tangier invicinity totherefinery.

CONCLUSION

Itiscertainthat theimprovement of thequality of
the air of an industria unit, in particular in urban
environment, beyond respecting the guiding values,
would alow animportant environmental/ hedlthy gain
taking into account the popul ation exposed to such an
environmentd danger. Inthelight of theresultsobtained,
themeasured average concentrationsthusdo not have
anythingexceptiond onthisindudtrid refinery that treats
approximately 1, 5 million tonsof crudeoil per year.
Evenif theaveragevauesarereassuring.
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