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ABSTRACT KEYWORDS
In Morocco, asin all developing countries, sanitation and sewage treatment Aerated lagoon;
congtitute certainly one of the biggest environmental problems. Thelack of WWTP,
public network, lack of waste water treatment plants, and absence of control COD;
and of environmental awareness contribute to the spread of diseases, the BOD,;
degradation of landscape and the contamination of surface and groundwater. Waste water;
Wastewater is considered the primary sources of pollution for the ground Oujda.

water and surface water. Wastewater treatment by aerated lagoon is
considering one of the important economic with high performance solution
in Morocco.

The purpose of this study is the evaluation of the system treatment in term
of removal efficiency. This study attempts to highlight the factors leading
to the adequate performance of WWTP Oujdain removing organic matter,
solids and nutrients. The efficiency of the different stages of the treatment
process.

Collection and analysis of datarevealed a constantly removal efficiency of
chemica oxygen demand (COD), biochemical oxygen demand (BOD,), total
suspended solids (TSS) and nutrient (NTK).

Analysis of data showed that the combined system removal reached
respectively 88%, 89%, 90% and 29% of theinfluent TSS, COD, BOD, and
TKN, with effluent concentrations of 106 + 22 mg/L of COD, 50+ 6 mg/l of
BODS5, 67 + 21 mg/L of TSSand 52+ 12 mg/L of TKN.

Biological analysis showed that the fecal pollution of this wastewater is
human originate and that the reduction efficiency of fecal germs and
pathogen germsis100%.  © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Morocco, like many M editerranean countries, is
experiencing a seriousimbal ance between demand
and supply of water. It ismainly due to the uneven
digtribution of rainfall, high temperaturesand increased
demand for irrigation water. Thisimbal ance must be
compensated by the recovery and reuse of wastewa-
ter

Actudly Morocco produces about 600 millionm?/
year (900 millionm?/year in 2020), and more than 50%
of thewastewater isused directly for irrigation without
treatment.

Although the construction of trestment plants sew-
age hasstarted in Morocco sincethefiftiesof thiscen-
tury, wastewater treatment still knowsthefurther delay.
Indeed there are 63 stationsin Morocco, only 26 are
gdill inworking, including ten aremanaged by loca com-
munities. Only 20% managed by local stationsareac-
tualy inworking.

Theaerated lagoon isthe process aerobic biologi-
cal treatment, with free culturesof microorganisms, it
differsfrom theactivated sludge by the absence of re-
circulation of the bacteria culture decanted beforedis-
charge of treated water.

Thetreatment capacity of thewastewater treatment
plant of thecity of Oujdaisestimated at 500,000 popu-
lation equivalents, 99% of theme are connected to the
drinking water supply and sanitation, and reject 40,000
m? per day of wastewater. Approximately 10% of the
wastewater comesfrom two industrial areasand the
municipa daughterhouse. Thetechnology usedisthe
aerated lagoon followed by tertiary treatment that is
not yet operational. Thesudgewill bedriedindrying
beds. Thegoal of treatment isto reducethe pollution
caused by wastewater and clarified water reusein agri-
culture.

Inthiswork, we proposeto carry out achemico-
physica and microbiologica characterization andiden-
tification of magjor and global pollution parameters of
wastewater and theanaysis of treatment performance
of aerated lagoons.

MATERIALAND METHODS

Description of thetreatment system

Presentation of wastewater treatment plant in
Oujda

Thewastewater trestment plant of thecity of Oujda
(eastern Morocco) islocated in seven kilometersnorth
of thecity. It containsatotal of 28tanksin series, 12 of
them are aerated lagoons, 8 anaerobic lagoonsand 8
lagoons of maturation (see Figure 1). Thedimensions
of these basins are 100 meterslong, 66 meterswide
and 3.2 meters deep, that correspond to 21,120 m? in
volume, the agration basinsaredeeper (5mand 3.5m
depth withauseful volume of 23,100 ). Depending
on theflow rate, the aerated basins have aretention
timeof 15.4 days. 12 aeration tanksare equipped with
surfaceturbines.
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1: Anaerobic basins; 2: Aerated basins; 3: M aturation basins; 4:
Aerated Bassins; 5: Drying beds

Figurel : Synoptic scheme of WWTP of Oujda

Thisstationisintended to treat domestic and in-
dustrid wastewater of thecity of Oujda Parametersand
andytic methods During the study period, which lasted
one year, it was adopted a composite sample with
weekly measurementsfor biochemical oxygen demand
in 5 days (BOD,) and daily measurements for other
parameters : temperature, pH, O,, chemical oxygen
demand (COD), suspended solids (TSS) and total
Kjeldahl nitrogen (TKN ). Samples are taken at the
entrance and the exit of each treatment phases.

Thechemic-physica parameters (temperature, pH,
dissolved O,) weremeasured in situ using amulti-pa-
rameter probe on grab samplestaken regularly three
timesduring the day. The parametersof organic pollu-
tion (TSS, BOD,, COD) were measured daily com-
posite samples during theday. BOD, was measured by
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the manometric method based on the principle of
Warburg. COD wasanayzed by oxidationwith excess
potass um dichromatehot (150 ° C) for 2 hours in acidic
medium (AFNOR method). For suspended solids, the
method used wasthedifferential weighingwith direct
separation by filtration on GFC filtersand drying the
residuefor 1h30at 105°C in an oven (AFNOR T90-
105). Thetota Kjeldahl nitrogen ismeasured on bulk
sampl es by the col orimetric method using spectropho-
tometer HACH DR/2010.

The study of bacteriologica parametersfocused on
the quantification of fecal parameters: fecal coliform
(FC). Totd coliforms(TC) and feca streptococci (FS).
The sampleswere collected onceamonthly. Counting
CF and SF was performed according to the indirect
method of multipletubefermentationinlactose broth,
the number wasthen subtracted statistically using the
method of the most probable number (Rodier, 1984).
Regarding pathogens, only Samonellaand Staphylo-
coccusweredetermined, given theepidemiological risk
associated withthelr presenceinwater for reuse.

RESULTSAND DISCUSSION

Theevauationof pollutionfromraw wastewater is
based on determining anumber of chemico-physical
parameters characterizing thiswastewater. Thevaria
tion of mgor and globd parametersof wastewater from
the city of Oujdaduring the year is shown below in
Figures3-10.

Temperature

A differenceof 15 degreeswasobserved between
summer and winter values. Thereisno difference be-
tween theinput and output values. The averagetem-
peraturesrecorded (Figure 2) islessthan 30°C which
isconsidered asthelimit valuefor direct discharges
into thereceiving water and wastewater using for irri-
gation of crops. Thisrangeshould be considered op-
timal for theconduct of biological processes.

pH

The pH of the raw wastewater to theinlet of the
treatment station varies between 7.5 and 8.3 (Figure
3). Thesevaues aredightly dkdineand dmost Smi-
lar tothosefoundinthecity of Kenitraand city Mechraa

Belksiri (Morocco)®? and®, they arein the range of
M oroccan standards of water quality for irrigation and
theintervd limitsdirect discharges, whichisbetween
6.5 and 8.5, The passage through the station tendsto
stabilizethepH in the bicarbonate buffer. Thediurna
photosynthetic cyclea sotendsto raisethepH, but as
long asit isnot too much morethan the optimal value
for the bacteria (about 8) no negative consequenceis
to befeared. Wewill seelater that ahigh pH inthefinal
against tanks is very favorable for the remova of
coliforms.
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Figure4: M ean valuesof dissolved oxygen respectively at the
inlet aer ation tanks, aer ation tanksoutput 1% and 2" floor
and out of theWWTP Oujda.

Dissolved oxygen

Theaveragelevesof dissolved oxygen concentra-
tionsat theoutput of thetreatment plant systemandthe
entranceto thetreatment planisabout 0.01 mg/L, as
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can beexpected because of thetemperatures. Themea:
sured values at the output of the aeration basinsisvar-
ied between 7,5 and 8,3 mgO,/L, whichisafavorable
beach for economic use of aerators. The concentra-
tionsof oxygen at theexit of thetreatment plant vary
between 6 mg/L and 8 mg/L (Figure4). The concen-
tration of saturation oxygen depends strongly on the
temperature. It wasfound that thewater at theexit fa-
cilitiesissaturated with +/ - 80% and even 100% of
oxygenfor threemonths.

The aeration tanksare equipped with floating aera-
torsworkingfor 14 h/d. Thechosen moded guarantees
atransfer of 0.9kg O,/kWhandamixing energy of 2.6
W/m.

Suspended solids

Thesuspended solid (TSS) representsthe minera
and organic particlesintheeffluent. Theaveragevaue
of theTSSat theentranceto thetreatment plantisabout
655 mg/L (Figure5), theseresultsarelower thanthose
found in Sanaa (Yemen) (813 mg/L)™, moreor less
similar tothosefoundin Kenitra(Morocco)? and above
those encountered in Marrakech (Morocco) (194 mg/
L)® and (167 mg/L)® and Souk Elarba Gharb (Mo-
rocco) (224 mg/L).

Themean concentration of TSSat theoutlet of the
treatment plant isvery stableinthevalueof 67 mg/L,
thisvaueisbe ow theMoroccan standardsindirect dis-
charge (600 mg/L) and standardswater for irrigation
(2000 mg/L), in contrary, thisvaueisdlightly higher
than the concentration of Moroccan direct discharge
standards (50 mg/L ). However, itisknownthat it is
difficult to obtain lower values by the method of
lagoons, especially if the output basinsarethe seat of
intense photosynthesis.
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Figure5: Mean valuesof concentrationsand treatment effi-
ciency of suspended solids

Thetreatment efficiency of thetreatment basinsin
TSSis88%.

CODTheaveragevalue of the COD concentra-
tionintheinlet registeredin WWTPis1091mg O,/L
(Figure7). They arelower than thosefound in Sanaa
(Yemen) (1888 mg/ L) and Marrakech (Morocco)
(2983 mg/L)®. However, thisvaueishigher than those
obtained in Ouarzazate (571 mg/L)®, Kenitra(Mo-
rocco) (501 mg/L)!, and Souk Elarba Gharb (Mo-
rocco) (235 mg/L)!.
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Figure 7 : Mean values of concentrations and treatment
efficiency of BOD,

Theconcentration of clarified water in COD isabout
106 mg/L, whichisbel ow the M oroccan standards of
water reusefor irrigation and direct discharge standards
(500 mg/L)™. Thereduction efficiency of COD was
89%, thisva ueishigher thanthat recorded inthewaste-
water treatment plant of the city of Ouarzazate (M o-
rocco).

Theaverage concentration of COD of theclarified
water outlet of WWTP Oujdaisabout 106 mg/L, this
concentration isbelow the M oroccan standardsindi-
rect discharge, direct dischargeand normsfor irriga
tion™, It isthus consistent with the expected value of
aerated lagoon treatment val ue. We can indeed cal cu-
late the mean | oad received at the treatment plan in tek-
ing in consideration the monthly average flow (see
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TABLE 1). Thus correspond to 38,688 kg COD per
day. 12 aeration tanksgives additionaly atota volume
of 277,200 cubic meters, thisgivesan averagevolume
load of 139.56 ~ 140 g COD/m?. d. For this load and
German facilities Schleypen (1985) providesalower
valueof 150 mg/L COD.

BOD,

Anaysisof the concentrations of BOD, wastewa-
ter at the entrance of the station leadsto an average of
511 mg/L (Figure 7). Thisishigher thanthat foundin
Marrakech (240 mg/L)®¥, at Souk ElarbaGharb (Mo-
rocco) (162 mg/L) and Kenitra(Morocco) (335 mg/
L), However, it is less than that found in Sanaa
(Yemen) (1137 mg/L ).

Themean concentration of BOD, clarified waste-
water at theexit of WWTP Oujdaisabout 50 mg/L,
thisvalueisbe ow theMoroccan standardsindirect dis-
charge, direct discharge and the normsfor irrigationtY.
It correspond to wewould expect in atreatment with
aerated lagoon. We can indeed cal culatethe meanload
received at thetreatment plant, intaking in consider-
ation themonthly averageflow (see TABLE 1). Thus
correspond to 19,358 kg BOD, per day, gives addi-
tionally atotal volume of 277,200 cubic meters, this
givesan averagevolumeload of 69.83~70gBOD,/
m?. J. For this load and German facilities Schleypen
(1985) providesarange of 30to 75 mg/L BOD,: our
averageresultisexactly inthe center of thisrange.

Therateof reduction of BOD, is90%. Thistreat-
ment efficiency vaueishigher than that recordedinthe
treatment plant Ouarzazate (M orocco).

TKN

Theconcentration averagevaueof TKNinWWTP
Oujdaisgpproximatdy 72.8mg/L. Thisvdueissignifi-
cantly higher than that found in Kenitra (M orocco)™!.
TKN concentration recorded at the exit of the WWTP
1s51.74 mg/L Theaveragegradeisdightly higher than
the Moroccan standard direct discharges?. Thetreat-
ment efficiency for TKN doesnot exceed 30 %, which
islow compared to the performance at the WWTP of
Ben Slimane (M orocco)*®. The agrated lagoon pro-
cesscannot itsaf removenitrogen: it can at most miner-
alizeorganicnitrogeninto ammonia, and possibly oxi-
dizeaportionof itinto nitrate. However, thisisnot a
problemif thetrested water isused for irrigation, since
thisnitrogenisthen used asfertilizer. Inthiscaseit would
be useful to refine the knowledge of the nitrogen bal-
ance, determining systematically anmoniaand nitrate
nitrogenin the effluent becausethe TKN providesonly
the sum of thereduced formsof nitrogen.

Fecal germs

Thebacteriologicd resultstotheinput of the WWTP
reveal the presence of indicators of fecal contamina
tion, aswell as certain pathogens. Theaverageload of
total coliform (TC) isabout 2.9 10° organismsper 100
ml. Themean concentration of feca coliform (FC) are
3107 organismsper 100 ml. Fecal staphylococci (SF)
represent 4.3 10° cellsper 100 ml. The CF/ SFratiois
greater than 1, meaning that fecal pollution of waste-
water of thecity of Oujdaisof human origin. For patho-
gens, biochemical analysishasidentified five Samo-

TABLE 1: Chemico-physical parameter sof WWT P of Oujda measured monthly

Lesmois Flow Te pH EC COD TSS O,dis. BODs NTK
January 35450,4 17,04 8,1 2,57 1285,0 988,17 0,09 639,79 79,08
February 33714,3 14,98 8,15 2,6 1089,52 720,08 0,09 510,26 72,80
March 30050,2 20,65 8,02 2,59 1020,20 670,76 0,08 567,89 80,54
April 14880,6 22,43 8,26 2,67 970,43 467,35 0,02 625,19 88,22
Mai 29602,6 25,51 8,33 2,58 1020,54 445,54 0,07 611,82 94,40
June 40748 29,33 7,7 2,50 961,78 403,08 0,00 603,40 92,07
July 45119 29,91 7,78 2,59 1010,61 404,37 0,01 520,27 86,83
August 44697 28,36 7,73 2,57 955,57 405,35 0,01 423,23 91,65
September 33744 28,06 7,77 2,50 963,93 408,15 0,01 424,92 98,13
October 40256,6 20,87 7,92 2,49 1145,3 512,67 0,06 509,42 98,07
November 35296,3 18,9 7,81 2,50 1470,44 523,91 0,30 543,89 98,20
December 32713,8 17,78 8 2,52 1354 871,7 0,06 500,59 76,25
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nella. Furthermore, the presence of staphylococci was
detected with afrequency of 75%.

Attheexit of thetreatment plant, the mean concen-
trations of (CT) of (CF) and (SF) are 300 organisms
per 100 ml. Pethogensaretotally absent intheoutl et of
the plant. Thesevalues  are comparable to those
found inwastewater treatment plantsof Drarguaand
Ben Slimane (Morocco)*™ and theseva uesdo not ex-
ceed theM oroccan standard wetersfor irrigation™. The
treatment efficiency iscloseto 100%, but thisshould
not bemided becausejust afew germsaresufficient to
contaminate water. Theelimination of CFtakesplace
by photo-oxidation (Curtis& Mara, 1994) andishighly
favored by the presence of oxygen and high pH. The
effect of pH isfor thevaluesbetween 7.5t0 9.0 net, it
acceeratesmorestrongly at pH 9.5 but thispH isnor-
mally never metinthelagoons.
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Figure8: M ean valuesof concentrationsand tr eatment effi-
ciency of TKN

SYNTHES S

Thevolumetricload discharged in aeration basins
iseasily ca culated asthefollowing: 19,358 kgBOD/d
sent toavolumeof ~277.200 69,8 m? give 70 g/m3.d.
Thisvaueiscertainly very high when compared with
European practices. 15in Franceand 20to 30in Ger-
many. Correct performanceisneverthel ess obtained,
giventheguarantiesthat they benefitsconstantly from
hightemperatures.

Aerated |agoons have an undefined hydraulic con-
figuration and it forbiddento offer arigorousmodding.
Assumingthesmplest model (that of aperfectly mixed
reactor and akinetics 1% order) and knowing that the
averageretentiontimeintheaerationtanksis7.72d,
wecan cd culatetheremoval global constant K, which
isequa to 1.27 d™.

Finally, we can try to determine the value of the

population-equivaent. Theofficid vdues are150L/
d-30gBOD,/d- 759 COD/d- 409 TSSd. Since
wedo not havethe exact number of people connected,
itwill bebased on thevaue of project, 500,000 popu-
lation-equiva ents. Althoughthisvaueisprobably greater
thantheredity, wefind for Oujdavery different values
of the standard, 72 L/d instead of 150, and 38.7 g
BOD,/L instead of 30. Itislogica that the BOD, in-
creasesif thewater consumption per person decreases,
however thismay increasethe value of the popul ation
equivaent. If weadopt thisofficia vaue, wecanfind
rather than cal culating theload received by the WWTP
correspondsto a population of 500,000 x 30/38,7 =
388.000 peoplereally connected with adaily water
consumption of 72 x 38, 7/30=93 L/d. Theseresults
seem more comparable.

CONCLUSION

Evaluation of chemico-physica parametersof the
wastewater treatment plant of the city of Oujdashows
that TSS, COD and BOD located thiswastewater in
therange of high concentration*®. Thisduetothelow
dilution of organic matter duetothemoreor lesslim-
ited consumption of water per person in comparison
with developed countries.

Thetreatment efficiency of globd parametersismore
than 88% and those of mgjor parametersare 29%. The
reduction of bacteriaindicator of fecal contamination
and fecal germsisabout 100%.

Theseva uesshow agood performanceof thetrest-
ment plant, dueto the good dimensioning of tanks of
treatment, ventil ation systems and the adaptation of
microorgani sms responsible of treatment of organic
meatter. Thequality of theeffluent after treetment makes
them suitablefor reusefor irrigation purposes.
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