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ABSTRACT

The Public discharge of kénitra city of Moroccoea®s a around 120 000 tonne / year of waste whéterate a
large volumes of leachate. The objective of thigl\sis to determine the physicochemical and bautagical
characteristics of this leachate so as to evaluhg impact on the environment and water resour¢ég. results
shows a very high levels in terms of mineral maf@wnd = 29 ms / cm) and suspended solids (SS m§84l).
More or less significant levels of organic mattBOD5 = 126 mg / I) were also detected. Concentregicecorded
chlorides are very high relative to other valuesialty reported in the literature (Cl- max = 7323 nigl).
Concerning the heavy metals, the results showgla ¢toncentrations of iron (200 000 mg / 1), Cu (@QXOg / I), Ni
(834 mg /1) and Pb (432 mcg / I). Regarding thaleation of bacteriological characterization, thesults show a
very poor microbiological quality compared to theisting standards. The high toxicity of this tydelaachate
without any prior treatment present a real riskth@ environment and water resources
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INTRODUCTION

In Morocco waste management has become an impastu for the preservation of the environment. Waste
disposal in controlled or uncontrolled landfillsmains the most common way to eliminate its soligteabut the
problem which remains linked to the landfill is theoduction of leachate which can severely detatéreceiving
environment.

However, the amount of municipal solid waste (MSgWrowing in line with recent rapid economic grbwand as
such is a serious environmental problem that reguirgent attention [1,2Jhere are many options available for
handling municipal solid waste, namely via open ging, incineration, gasification, sanitary landfgirinding and
anaerobic digestion, etc [3 morocco]. Originaliige landfill is the most removal techniqoéwaste disposal
used today [4]In terms of its simplicity, as well as the low &ifation and capital costs, accounting approxityate
95% of the total municipal solid waste collectedriwide [5 ].

Nevertheless, landfill leads to pollution problessgh as leachate and landfill gas [6].
However, the production of highly contaminated leste is a major drawback of this method [7,8].

Leachate is liquid formed primarily by the percaatof precipitation water through an open landjilithrough the
cap of a completed site [9].
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Landfill leachate contains a large number of hagasdsubstances [10] resulting in the threateninguofounding
soil, groundwater, and surface water [11]. Manydeinfluence the production and composition atleate[12].
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Figure. 1. Factors influencing leachate compositiom landfills (El-Fadel.M, 2002)

Regardless of the concentration changes and balogidal depending on a complex set of interreldsadors, the
complexity of the landfill leachate can be catepgedi on the basis of four major groups of pollutadissolved
organic matter, inorganic macro-components, heagtals and xenobiotic organic compounds [13].

Typically, the characteristic of the landfill leath can best be represented by chemical oxygenmik(@&OD),
total organic carbon (TOC), biochemical oxygen deth§BOD), BOD/COD ratio, pH, suspended solids (SS),
ammonium nitrogen (NH3-N), total Kjeldahl nitrog€hKN), bacterial count, turbidity or heavy metalsntent
[14,15], Generally, the risks of the leachate oe ttatural environment are determined by compargagHate
quality with standards methods of water and waatexy

Our work focuses on the study of landfill of Oul@rjel of Kénitra area mainly the physico-chemieaid
bacteriological characterization of leachate. Femtiore, comparing the results of characterizatioth wther
international landfill sites was performed and $sess the degree of pollution caused by the landfil

MATERIALS AND METHODS

1.1. Study area

Kénitra, capital of Gharb is located in the nortetvef Morocco, near the Atlantic Ocean (10 km) d&Adkm north

of Rabat, built on the banks of the Oued Sebou. citlyeof Kénitra has the only river port in the cdry, sixth city

of the Kingdom, Population is about 400,000, is $winid climate to semi-arid, influenced by the atethe

average rainfall is about 600 mm the city of Kémits characterized by two major processes: unpested

population growth and rapid expansion of the cliigis results in a pressure on collective socio mmeint and over
production of solid waste[16].

The annual production of household and similar astabout 108,000 tonnes in 2004 to 120 000 tommes
2011. Collection rate is 100.
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Figure 2.Composition of household waste in the cityf Kénitra
2.2. Localization of the landfill of Kénitra
The discharge Ouled Berjal is Located in the Nevitest of the city of Kénitra on secondary road Gaim Kénitra

Sidi Allal Tazi , on the left bank of the estuarfytike Oued Sebou . It covers an area of 20 hectar@seceives an
average of 329 tons per day and 120,000 tons dkveasomina[16].

[Décharge publique|
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.

Figure 3.Kénitra Landfill with 4 storage ponds leahate

(google earth) Figure 4. The discharge Ouled Berjal kénitre

2.2. Analytical parameters and methods

Physicochemical Characterization

The physico-chemical parameters are determined amples taken weekly at the basin leachate. Theeceation

of leachate samples was made according to the ajeyugde for the preservation and handling of s@®jalccording
to ISO 5667/3 [17]and the good practice guide of the National Offi€eDrinking Water [18].Leachate sates,
collected in polyethylene bottles and stored atCG} are transported to the laborataiyh in a period not exceeding
four hours.The parameter measurements were conducted thrigedatg to the Standard Method of Water and
Wastewater [19].

The PH, electrical conductivity, Dissolved sqlS), salinity and dissolved oxygen are determingdg a multi -
parameter analyzer type Consort - Model 652.Théysisaof global parameters such as , BOD5 is detethby
the respiratory method using a BOD meter ( OxiTagmyl COD according to DIN 38409 - H52 [20]. whigh i
determined by the oxidation excess potassium dinhte at a temperature of 148C , in an acid medium and
boiling of the reducing substances under the canditof the test, contained in water, in the preseof silver
sulfate (catalyst) and mercury sulfate ( complexatdoride ions ),calcium (Ca2+),magnesium (Mg2+), were
determined using the volumetric method (AFNOR, J)9&icarbonate (HCO3- ) measured By Acidimetry. The
ammonium (NH4 +) were determined by calorimetrictime. The total Kjeldahl nitrogen by Kjeldhal metho

10
Scholar Research Library



Rajaa Amiyare et al Der Pharmacia Lettre, 2016, 8 (19):8-15

Sodium (Na +) and potassium (K +) were measuredguaiflame spectrophotomet&etermination of chloride (
Cl-) (mg / ) per argentometry. Determination oftalo nitrogen by the Kjeldahl method. Determinatioh
phosphorus total by automated colorimetry and v metals by atomic adsorption.

Bacteriological characterization

Leachate samples are collected for bacteriologinalyzes and kept in glass vials 225 ml, sterilizgcheat in an
autoclave at 120 ° C for 1 houvlicroorganisms including total aerobic plate couatsl pathogens germs were
examined by using Standard Microbiological Methétisalth Protection HPA 2004 a, b, c, d [21,22,23,HRA
2005 [25] and Difco Manual [26JWhile, yeasts and moulds were determined by usk@®0.123-2005 [27]

225 mL of each sample was homogenized. Then, sdifiglons of slain solution (8.5 g NaCl, 1000 métilled
water, pH 7.0) were made and 1ml of mother solutias transferred into 9ml serial dilutions up td b0 slain
solution. 1ml from each dilution was cultured foegence of potential pathogen using the selectedian

RESULTS AND DISCUSSION

3.1. Physico-chemical parameters

The chemical composition of leachate is specifiedoh discharge. In fact, it varies strongly witk hature and age
of the landfill, the waste type and degree of dgmosition, the landfill method, the nature of thadéll site and
climatic conditions [28, 29, 30, and 31].

Leachate Kénitra discharge are blackish in cotat amell fécaloide. Examination of the average emlaf the
physico-chemical parameters calculated on the Hisumionth of the summer season 2015 and are sunemdriz
Table 1 and 2 shows that the leachate studied shaligerse and high pollution load.

Tablel: Averge chemical composition of the leachatf the kénitra, landfill (of June to September)

CE CL° Ca" Mg* HCO3- NH,S Na K* NTK SS  SAL Odissous
(ms/cm) (mg/l) mg/ll mg/l  (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (gl (mg/l)
29 7323 219 250 900 6200 1997 1956 2109 548 13.7 0.1

3.1.1.Conductivity

The average conductivity is about 29 [ms/cm],dating the mineralization of the leachate of thecdarge, this
mineralization is due to the presence of a greahbar of salts and mainly due to the presence ofga h
concentration of chlorides which is abd®23mg/l. this value exceeds the standard Moroccaasels 2.7 [ms/cm].
the study of the seasonal variation of electricalduictivity; shows that there is variation in seasbhese results
could be related to both the mineralization of oiganatter and also the phenomenon of evaporaboning the
winter season. We are witnessing low conductivijues which may be due to the phenomenon of dilutieder
the influence of due to rainfall in this périod2]3

3.1.2. Chloride
Chloride ions are anions of chlorine. This elemsntery abundant in the environment. It is presenvater, soil,
rocks, in many different foods [33]. the averageloloride concentration is about 7323 mg/l. Itigher than that
found in El-Kerma Oran (Algeria) 3379mg/I [34] inufda (Morocco) 5798 mg/l, and in AlHoceima (Morogc
3000 mg/l [35].

These high concentrations coincide with high valoéselectrical conductivity. This indicates thatié largely
determined by the chloride ions. As compared withterms of standards of grid quality of surfaceewat seems
that our results exceed the standards (> 1000Imng /

3.1.3. Calcium, Magnesium and Sodium

The average value in term of calcium is 219 mg/l s thalue is similar than that found in leachate libsge of El
Jadida 202.82mg/I[31] and low then that found inn@h Tunisia and in Turkey with respectively 525339mg/I
[36], 370.8 mg/l [37] and 250-900 mg/I [38]

For magnesium the average value is 250 mg/l .theke is similar than that found in Tunisia 258/hig7] .It is
low than that found in china 311-670 mg/I[36]AmdTiurkey 420-600 mg/I[38].Then it is higher thaattfiound in
Iran 1.432 mg/l [39].

The sodium is one of the major constituents of téreestrial crust and is 2.83% in all of the watgnce the
solubility of these salts is very high. The Leaehttat generated by the landfill is rich in sodiuwmith an average

11
Scholar Research Library



Rajaa Amiyare et al Der Pharmacia Lettre, 2016, 8 (19):8-15

grade of 1997 mg/l (Table 1).Furthermore, the cotre¢ion of Na + ions is greater in the leachategxceeds
Moroccan standard of water quality intended foigation. A large amount of sodium ions in watereaff in soil
permeability and poses problems of infiltrationeTalues found are slightly higher than those efdfscharge in
Jadida 2823.71 mg/I [31].

As most of inorganic elements, the evolution of tmncentrations of calcium, magnesium and sodiunthén
leachate is related to the content of dissolve@mimysubstance [40]In fact the maximum concentnatiof these
three elements are recorded during the summer. mhis be due to the fact that, during this peribe, drganic
material responsible for their complexes ionsils\ary low [33].

3.1.4. Potassium

The potassium is an alkaline metal that is fountina#ly associated with other elements in the satewand in
many minerals. It oxidizes rapidly in contact wétin and reacts violently with water. the avergaueabk 1956 mg/l ,
this value is consistent with those found by EL Mhr [32] and Houria abed [33]. These concentratigneatly
exceed the values of discharges of waste watemme@mded by the Moroccan standards 12 mg/l [41].

3.1.5. Ammonium
The ammonium ion, NH4+, is the reduced form ofagen. It comes mainly from the decomposition of iagural
proteins contained in microorganisms and phytoptamk

It can also be derived from the supply of refindfiluents urban, domestic waste, industrial or agtizal. The
average value of the concentration of NH4 + in hede recorded during the study period is to 62@@ nthis
value is less than that found in the leachate ettty of El Jadida [3[land El Hociema [35].

3.1.6. Bicarbonate

The average value in term of bicarbonate is 900 mifpése concentrations greatly exceed the limitsmenended
by Moroccan standard in water for irrigation 518/iristry of the Environment., 2002). our resulte alightly
consistent with that found by Elmarkhi mina [32]

3.1.7. Salinity

The averge salinity is about 13, 7g/l. These tesulere correlated with results of conductivity &&/cm.
Increasing salinity is controlled by a temperatimerease, the decrease is due to occasional daiifating
medium. Salinity could be attributed to the contitibn of urban waste.

3.1.8. Suspended solid

SS, are all inorganic and organic particles coetim the leachate. Their effects on the physical ehemical
characteristics of water are very harmful (changeurbidity, reducing light penetration thus phgtohesis).
Analysis of the results shows that the leachatmftioe city of keintra have an average concentratio®84 mg/l.
This result is often linked to heavy load in orgaand inorganic materials generated by the poulati

3.1.9. Dissolved oxygen
The dissolved oxygen concentrations measured ihetiehate of the locker are lower and vary fromlQd 0.19
mg/ |, that is likely due to the use of bacteridh® oxygen during the degradation of organic matte

3.1.10. Total Kjeldahl nitrogen
The content of NTK raw sewage from kénitra is ab®l®9 mg /. These values are extremely higher thase
found in Jebel Chékir Tunisia 991 mg /| [ 42] ancljadida (Morocco) 140 mg/ | [43] and lesanhthat found in
fez (morocco) 4000 mg /I [44].

Table 2 : Temporal evolution of the pH, COD and BODB of leachate of kénitra

Parameter | June| July | August| September
pH 8.5 8.7 8.8 8.7
COD 6400 | 5015 5510 4900
BOD5 136 116 134 118
BOD5/COD | 0.02 | 0.02 0.02 0.02

3.1.11.hydrogen potential

The pH is an indicator of different phases of ddgteon of waste. The leachate from the landfilKéhitra city is
very basic. The pH averge is 8.6, This averadga@gher than that found in leachate from landfillEif Hoceima
[35], and are consistent with those found by CHOME3l MEZOUARI and ABED [33].
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3.1.12.Chemical Oxygen Demand COD

COD represents the amount of oxygen consumed bghbmically oxidizable materials contained in wateiis
representative of the bulk of the organics and iaalile inorganic saltsThe recorded contents are between 4900
and 6400 [mg d'O2/L].

It is lower than those found in EL-Kerma Oran (veestAlgeria) 19333 [mgd'O2 / L|34]. in Djebel chékir
(Tunisia) 14400 [mg d’O2/L] [42] and higher tharole found in Oujda (Morocco) in 1000 [mgd'O2 /4B]. This
difference may be related to age, the nature amadtiy of waste and the various climatic factorshsas rainfall,
humidity and temperature. Indeed, according to sténisen and al [44ihese factors are the basis of variability in
pollutant loads.

3.1.13.Biological Oxygen Demand BOD5

The Biological Oxygen Demand BODS5 evaluates thedégpadability of leachate. The concentrations of
biodegradable organic matter (BOD5) in the leaclkatecorrespondingly low. In fact, they vary betwdd 6 and
136 [mg / I]. (Table 2), with an average value @1mg / I]. The value obtained is less than tlatnd in the
discharge of El Hoceima (Morocco) 38 200 mg / [][8Bd in Ivory Coast 576 mg / | [46].

For one of the most representative parameters toiaipal solid waste leachate, the BOD/COD ratio akhis
directly related to the biodegradability of orgasighstances, freach leachate first possesses biglemtrations of
easily biode-gradable matters, whereas the raficdetrease with the ageing time [47]. The matesehate is thus
usually characterized by relatively lower COD (<@0@g/l), lower biodegradability (BOD/ COD<0.1), asliyhtly
more basic pH (>7.9%8].

For the landfill of Kénitra, it is an old landfilhat currently crosses the methanogenic stage (BODBD equal to
0.02). The basic pH (8.6 on average), measureléctefthe phase of biological evolution. This ekpathe low
values founded of BOD5, which continue to declineiry the time. We can conclude that the Landéiidhate of
Kénitra is an old and stabilized leachate, charieé by low biodegradability and complex orgamiad.

3.2. Heavy metals

The analysis of the composition for heavy metaldeichate (Table 3) showed the large metal loadinthese
percolates. Iron is the most abundant metal (20Q@P@ I), which is not the case for leachate gendrdtg a
discharge phase anaerobic digestion.

This is likely due to the fact that the dischargatmues to receive waste containing iron.

Leachate of Kénitra also have relatively high geafie copper = 110Qg / |
nickel = 834ug /land lead =432 mg/ |.

The metallic composition of the leachate from tedfill Kénitra is typical of a domestic natureaharge dominant
[52,53,54,40].

Classification of heavy metal concentrations okthéeachates in ascending order is as follows:Gig> Ni> Mn>
Zn> Pb> Cd. Therefore, the presence of heavy matalandfill leachate inhibit microbial growth aridterfere
representative results of BODS5.

Table 3: Comparaison of metal concentration of kéria landfill leachates in relation to others natioral and in maghreb landfills

Landfill of Landfill of

Concentration of heavy Landfill of  Landfill of  Landfill of Djebel chékir  El kerma

metals in leachate |(g/l) Kénitra Oujda El jadida

Tunisia Algeria
Cu 1100 93.9 187 _ 600
Mn 825 1763 5800 _ 140
zn 750 1506 _ 440 330
Cd 25 <0.5 12 _ 400
Pb 432 102.7 297 480 170
Fe 200 000 89 900 23 000 7400 7770
Ni 834 115.6 134 1280

The metal charge, however, a huge risk to grouretwde to the shallow groundwater flowing in thectiarge
area and the moderate permeability of the soilutexbf the landfill that favor phenomena of infition and
percolation of leachate and their metallic charge.
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3.3. Bacteriological parameter

Examination of bacteriological characterizationutes of leachate discharge of Kénitra (tab. 4) slkeowery poor
microbiological quality of existing standards fages high levels of coliforms, streptococcus, stémtoccus,
clostridiums and the presence of salmonella. Whaltes these highly toxic leachate and thus prespetraanent
danger to the environment and the underground egaifd therefore require treatment.

Despite such high levels of pathogenic microorgasishese results are less than those found inténature in the
case of landfill leachate, this is explained by tiresence of high concentration in heavy metalslifp that
previously mentioned.

Table 4 : Results of microbiological analysis of the leachatef kénitra samples

APC TC FC SF STF CL VC SAL (mg/l)
(UFC/ml)  (mg/l) mg/| mg/| (mg/l)  (mg/l) (mg/l)
96.10 95.1¢ 77.16 3,110 15.1G + - +

APC: Aerobic Plate Count, TC: total coliforms, Ffecal coliforms,
STF: Staphylococcus aureus., SF: StreptococcusliaeSal: Salmonella,
VC. Vibiro Choleric CL: Clostridium.

CONCLUSION

The characterization of leachate generated by dhefill of Kénitra (Morocco) showed that it is ahdoand

stabilized leachate, conveying an important minpalutant load, organic, metallic and microorgamss(total and
faecal germs). These leachates high pollution lo@add contaminate groundwater and surface wateausecthe
discharge is near the sebou river and also presenig& of contamination of bathing waters acréssgroundwater
flow toward the ocean.

The basic character of the leachate (pH = 8.6)th@datio of BOD5 / COD = 0.02 shows that thisnsodd landfill
currently passing through the stage of fermentati@mihane from anaerobic degradation. The resuligirad in
kénitra discharge level were compared with thoskected at other discharges, and showed that thalime
composition of the leachate discharge kénitrapgcgt of a discharge Household dominant.

The results of physicochemical analyzes, bactegiodd and heavy metals revealed that these efffuareg highly
toxic and thus present a constant danger and alteealth and the surrounding environment.
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