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ABSTRACT

The infiltration of percolation of leachate fromnidfill waste is a source of pollution of groundwatesources.
Threats are going to feel on the six componentghefenvironment (air, soil, groundwater, plant, rmal and
human). This can be compounded at the time of veafcits. The landfill of Ouled Berjal is a stamdamodel of
deterioration of water resources. Leachate is caritated; also water from agricultural practicesthe result is
the deterioration of groundwater quality. The depthihe water table is low (4 to 15m), so the caritetion rate is
fast. The analysis carried out on the samples atHate generated by the landfill show significamerage of
nitrate concentrations (1518.10 mg / I), ammoni&%.87 mg / |), sodium (3577.60 mg / ), BO@1.36 mg / 1)
COD (850.11 mg /), sulfide (1626.71 mg / I) aitbcide (7761.74 mg / 1).

Keywords: landfill, leachate, groundwater infiltration.

INTRODUCTION

In Morocco, the increasing production of househgéibage and industrial wastes cause problems witilcat
pollution. The nature of ever more complex andvilaste heterogeneous involves difficulties for thesatment and
management. A great part of the waste generatéditman activity arrives in a landfill. Inside uncaited landfill,
waste dumped are rarely inert and many physic-ctednaind biological reactions occur between botthefwaste
and the environment in which there is (rock, sgibundwater, leachate ), also within the variotigins waste.
The evolution of waste in landfills and their irgetions with the external environment leads todtspersion of
pollutants stream essentially through the emergerickeachate resulting from the dissolution by pbgk and
biological pathways of pollutants in the percolgtimater. This water loaded of organic and minenbdksances; and
give rise to the leachate [1]. When the Leachatpisg into the basement, resulting in a sharp decih
groundwater [2]. Similarly, the leachate by overfland flowing of liquids may contaminate the suefacater, and
subsequently destroy the water system. This capdmagradually or rapidly depending on the degreprokimity
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of the discharge to aquatic receiving environmdite groundwater pollution is the result of infiticm and
dissemination of leachate in permeable or crackéd Bhe mechanisms of dissolution and chemicatipitation
occurring during infiltration are closely related physic-chemical, biological conditions, and fodlnamic
compartments of the aquifer system, traversed &ghlate (soil, unsaturated zone and the saturatesladfoaquifer).
These regulate the mitigation, the transfer tirhe,level of propagation and the final retentiopolfutant [2].

Our work focuses on the landfill of Ouled Berjelkédnitra area whose waste resulting from humarviggtivhich
can cause multiple violations:

— Human health, by releasing of odors and toxic gase
— Water and ground seepage or stagnation of leachate

We are interested in the leachate. We will perf@mhysicochemical characterization to deduce thengof
possible impacts on the environmental components.

Geological and Geographical Location of Landfil

The landfill of Kenitra " Ouled Berjal " is a unaiwolled dump where the waste is spread randoimign anarchic
way , on a site of 20 hectares; it was opened9r0lto remove the waste of all types, domesticusiral ,

hospitals , slaughterhouses , etc. It is 3 km noftthe town of Kénitra. This closeness associati#t the main

wind direction (East and West) facilitates the sdref smoke, odors and plastic bags to the citi{éfitra. The

waste amount to be stored was estimated accorditigettonnage arriving at the landfill to 329 tgres day and
120,000 tons per year. This amount could rise 5210 tons per day, which means 186,000 tonygsar. The

discharge constituted a potential threat to thérenment, whose the main risk was the contaminatibaquifer

which is found at a few meters off the surface {deg 4 meters). This landfill is located withinethirban perimeter
of Kénitra city in a loop of the Oued Sebu (SebueR) surrounding the sides East, South and Weshanthr from

the port and industrial area. Concerning the saifile, the upper horizon is sandy and the lowetizom is clay.

During the winter season, the rainwater is retaibgdhe clay horizon and the whole area is floodetus water
contaminated by waste conveys all pollutants toQoed Sebu. Per location, where the power of thvelddorizon

is low, the sandy horizon allows direct transfepofiutants to aquifer.

MATERIALS AND METHODS

A sampling and analysis was performed on the Ldachiéhe leachate was collected from the flowage tiea
waste. Samples taken refer to the month of Mardh November 2012 and focused on the major ionspgen,
chemical and biological oxygen demand (COD and BO@rganic and inorganic material and some badtagical
analyzes. The physical parameters such as eldatdoductivity, pH were measured directly in skMater samples
were collected in glass jars pre-cleaned accorttintye process [3]. and placed at 4 ° C in a codlbe analyzes
were performed in the lab. The biological oxygemedad (BOD5) was measured using a BOD meter. Teryera
(T), the electrical conductivity (EC), the pH wagasured in situ by means of a conductivity metgrgtConsort
C831) and a pH meter (type CONSORT C831). Sodium{Nand potassium (K +) were measured using aeflam
spectrophotometer. The nitrate (NO3-) and ammon{iitd4 +) were determined by calorimetric method. The
concentrations of chloride (Elsulfates (SO4), calcium (Ca’ *), magnesium (Mg *), and the chemical oxygen
demand (COD) were determined volumetrically [4].

RESULTS AND DISCUSSION

I- Descriptive analysis of separate physical and cheoal parameters:
Table (1) contains the results of some statistiwditators for physic-chemical parameters selected.

It appears from these results that:

1- Electrical Conductivity

The measurement of conductivity brings informativout the total quantity of charged species preseithe
leachate. This parameter allows evaluation of tireeral load pollutant present in an effluent. Dgrihe monthly
monitoring of physicochemical parameters of leagh#tte values of electrical conductivity recordémbvg high
dispersion (CV = 22%). This variation can be expai by a minimum and maximum values which recorded
March and September (17 mS / cm, 29.82 mS / cnpentively. The obtained values in the summer remaiy
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high in comparison with the limit conductivity (2dnd 25 mS.cm-1) values. This is probably due & dtiong
inorganic concentration in the leachate, and tigh bbntent of Chloride. the average value of 24157 ms / cm,
this value is lower than that found in leachateFet (42.4 mS / cm) [5]. and El Hociema (7542.4 /mc&), and
consistent with that of El Jadida[6].

Table 1: Descriptive study of various physic-chemal parameters

Parameter| N Min Max Mean + SE Asym Kurt Normes CV (%)
pH 9 7,43 9,40 8,30 ,20 ,281 -,215 45-9 7 .,49%
CE 9 17,00 29,82 24,51 1,79 -,294 -2,116 2500 - 25@®0m 22%

CL 9 5884,70 9719,00 7761,74 550,81 ,161 -1,858 150 - 4500 mg/| 21%
NA 9 | 2342,00 | 4861,00) 3577,60 354,54 ,219 -1,889 70 - 7700 mg/l 30%

K 9 | 1679,6( | 3530,0( | 2591,6: | 261,2¢ ,30€ | -2,081 50- 3700 mg/ 30%

Ca 9 172,00 680,0( 372,4¢ 54,15 ,63¢ ,067 010/7200 mg. 44%

Mg 9 347,00 1059,00 831,11 85,37 -,88p -,234 0,090TMg/| 31%
NO3 9 11,76 98,20 55,37 12,05 -114 2,112 50 - 1800 mg 65%
NH4 9 778,00 2577,00f 1518,19 223,1B 631 -1,0p4 - 44p%
S04 9 | 1230,00 | 2289,47| 1626,71 123,68 ,59[7 -,760 8-TG0 23%
BOD5 9 18,0( 86,0( 41,3¢ 6,2¢ 1,757 | 4,56 20-57000 mg/ 45%
CoD 9 671,0( 1010,0( | 850,1: 37,61 -,081 -,561 140- 90000 mg: 13%

N: effective; Min: minimum; Max: maximum; SE: stardierror; Asymmetrical asymmetry; Kurt: kurtosBY: coefficient of variation (%).

2- pH:

The pH is an indicator of different phases of ddgteon of waste. During the different phases ofetielution of a
landfill, the pH decreases when the Volatile faityds (VFAs) become dominant (phase acid fermemtatind get
back to the high value controlled by the buffercepacity of the carbonate system when (VFAS) ggsing
methane and carbon dioxide (mechanic fermentati@se). The leachate from the landfill of Kenitrty ¢s very
basic. The pH values oscillate between 7.43 and®= 7.49%). The highest pH values are recordathd the
summer: pH = 8.8 in August and 9.4 in Septembebl@d). The annual average is 8.30 + 0.20. The nvahre
obtained is within the standards that are 4.5 an@/8 are in a phase where the methanogenic pH msaésly

during the release of volatile fatty acids (VFAhig average is higher than that found in leachate fandfill of El

Hoceima [7]., and are consistent with those foun€BOFQI [6]. and [8].

3- The Chloride

Chloride ions are anions of chlorine. This elemisntery abundant in the environment. It is presenvater, soil,
rocks, in many different foods. During our folloy;uthese levels of chlorides founded in leachatawsthat the
percolate is very loaded by chloride. Indeed, thedaes vary between 6000 and 9719 mg / | (Tablevith an
average of 7761.74 + 550.81 mg / |. The study efdispersion of the concentration of chloridesstasvn that this
element has a marked seasonal variation (CV = 24f #teterogeneity) (Table 1), with maximum concelitres
during the summer season (9713 mg / | July 9719 fdgn September. These high concentrations cdmaiith
high values of electrical conductivity. This indiea that it is largely determined by the chlorides. In winter, we
found a decrease in chlorine concentrations. Aspewad with the terms of standards of grid qualitysorface
water, it seems that our results exceed the stdadar 1000 mg / I). The values belong to the veamd lolass.
Otherwise, our results are consistent with thos€ldOFQI [6] at the El-Jadida landfill, and also slyronize with
the results found by ELMARKHI MINA [9]. but they ahigher than those found in El Hociema's landfills

4- The Sulphur

Sulfate ions (SO%) are sulfated compounds whose presence in conmmmater, resulting in a contamination,
mainly related to the discharge of domestic andistidal effluents or natural phenomenon of sulfisgduction.
These ions exist heavily in the leachate [10]. sEhelements are derived from waste -rich in suidfiah as wood
and plaster. The presence of sulfates and sulfidesd be proving a problem of methanation and floeee
stabilization of the solid waste, in so far as aéfreducing bacteria are competitive methanodesmteria. Sulfides
may, in the pH range, precipitate the heavy metdlsse majority is trapped in the funds of the désge. Table 1
show that the annual average of sulfate is 1626.723.68 mg / I. The values in their globality dste between
1230 and 2289.47 mg / |, which corresponds to dfic@nt of variation of 23%. Unlike chloride, thsulfate
maximum values recorded during the winter 2289.4j7/ in(November). Our results are consistent wlibse found
by CHOFQI [6]. According to the quality of grid veat the leachate greatly exceeds the standardactinthey are
very low class. The lower levels of sulfates areorded in summer, where the phenomena of bacterial
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biodegradation are very intense (warming of leaghahd where environmental conditions are very cédel THE
sulfates are then reduced to sulfidegHwhich are among the gases responsible for bads agknerated by the
landfill [2]; [11].

5- Calcium, Magnesium and Sodium

The calcium has the same seasonal variation ofrideland sodium (the maximum levels in summer dred t
minimum in winter (Table 2)). The values are, nbedtss, low compared to those of these two elemdiis
average value is 372.4 + 54.17 mg / |, this vatukigher than that found in leachate dischargel daHida (202.82
mg /1) [6].

The same for magnesium, the maximum values wergded during the summer (1045mg / | in July, 1056rim
August and 1059mg / | in September), and the mininvalues are recorded in winter (347mg / 1) . Thierage
value is 831.1 £+ 85.32 mg/ I.

The sodium is one of the major constituents of téreestrial crust and is 2.83% in all of the watgince the
solubility of these salts is very high. The Leaehtitat generated by the landfill is rich in sodiwith an average
grade of 3577.6 + 354.54 mg / | (Table 1). The bighconcentrations are recorded during summer A8p11 in
September, 4850 mg / | in August 4827 mg / | iryJBurthermore, the concentration of Na + ionsregsatgr in the
leachate, it exceeds Moroccan standard of watditgirtended for irrigation. A large amount of sodh ions in
water affects in soil permeability and poses proldef infiltration. The values found are slightligher than those
of the discharge in Jadida (2823.71 mg / I) [6].

As most of inorganic elements, the evolution of tmcentrations of calcium, magnesium and sodiunthén
leachate is related to the content of dissolvedmigsubstance [12]. In fact the maximum concéiotra of these
three elements are recorded during the summer. Mbkig be due to the fact that, during this peribe, drganic
material responsible for their complexes ionsilk sry low.

6- The Potassium

The potassium is an alkaline metal that is fountinadly associated with other elements in the satemwand in
many minerals. It oxidizes rapidly in contact wétin and reacts violently with water. The obtainediie is between
1679.6 mg /| and 3530mg / |. The large increasexewecorded during the summer and the low valtesiaticed
during the winter. The same thing for sodium anthgsium, the average value is to 2591.6 + 261.26 mthis

value is consistent with those found by ELMARKHI INA [9]. These concentrations greatly exceed theleslof
discharges of waste water recommended by the Marostandards 12 mg /1 [13].

7- Ammonium

The ammonium ion, NH4 is the reduced form of nitrogen. It comes mainyn the decomposition of the natural
proteins contained in microorganisms and phytogtamkit can also be derived from the supply ofrreéi effluents
urban, domestic waste, industrial or agricultuithe average value of the concentration of NHi# leachate
recorded during the study period is to 1518.1 +.223ng / |, this value is less than that foundhia keachate of the
city of El Jadida and EI Hociema.

8- The Nitrates

Nitrate (NO3 -) and nitrite (NO2 -) ions are natlyrgresent in the environment. They are the itesuhitrification
of the ammonium ion (NH4) in the water and soil, which is oxidized to niriby bacteria of the genus
Nitrosomonasand then to nitrate by bacteria of the geNitsobacter[14]. Nitrates are highly soluble in water; So
they easily migrate into groundwater when the lewetceed from the needs of vegetation [14]. Nittatécity
resulting firstly from their reduction to nitritend formation of methemoglobin, and, on the othendhaheir
possible contribution of synthesis of endogergugtroso compounds. The results found vary betwEei6 mg /

I and 98.2 mg / | in March, this gap results inceféicient of variation of 65% dispersion. The age value of
(NO3-) is 55.37 £ 12.05 mg / |, this value is gezathan that found in leachate from El Jadida &edRez (average
35.64 mg / I) [5].. The evolution of the nitratencentration average in leachate exceeds the staidianoccan of
waters of irrigation [13].
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9- The Organic Matter

The Biological Oxygen Demand BQDevaluates the biodegradability of leachate. Thacentrations of
biodegradable organic matter (Bg)Dn the leachate are correspondingly low. In féogy vary between 18 and 86
mg / | (Table 1), with an average value of 41.36.28 mg / |. The value obtained is less than tbanhd in the
discharge of El Hoceima (38 200mg / 1) [7]. Theued of BOR decreased during the summer of 34 mg / | in July
to 28 mg /| in September. In winter, there hasrban increase in this parameter (Table 1): 86 IntgNovember
(2012).

Unlike BODs, Chemical Oxygen Demand, COD measures the oxitatiate of the substances present in the
leachate. The contents of oxidizable organic md@€D) are significant, with an average equal t6.85 37.67
mg / |, this value is less than that found in thedfill from Fez (4260 mg/ I) by CHTIOUI [5]. antat found in the
El-Hociema landfill (76 450mg / I) [7]. These contmations vary between 671 and 1010 mg / | (200Bximum
values are recorded in March (998mg / I) and Novar{tt010 mg / I). In contrast to B@Dthere has been an
increase in this parameter during the summer (Thble

For the landfill of Kenitra, it is an old landfilhat currently crosses the methanogenic stage ¢BAIDD equal to
0.04). The basic pH (8.30 on average), measur@lécte the phase of biological evolution. This eip$ the low
values founded of BO) which continue to decline during the time. We canclude that the Landfill leachate of
Kenitra is an old and stabilized leachate, chareeté by low biodegradability and complex organdiad. The
decrease of BODS5, after biodegradation, resultec irelatively large Production in nitrogen and amiom.
According to [15], [16] reported by [17], the congiiton of leachate is not constant during the timheshanges
according to the state of degradation of waste.

[I- CONJOINT ANALYSIS OF PHYSICAL AND CHEMICAL PARAME TERS
The principal component analysis of the variousspdgchemical parameters and their correspondiniyithehls
shows that the two factorial designs 1 and 2 ab88rb3% of the total variation.

* According to the factorial plan 1, we could dmgjuish two groups moving in the opposite directiangroup
composed of only the parameter S®cated on the positive side and a second grompatong the remaining
parameters, located on the negative side.

* Based on 2 factorial plans, two groups of cotielaare formed, a group consisting of the follogvjparameters:
K*, Cl, N&, EC, Mg and the second includes the remainingrpeters.
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Projection des variables sur le plan factoriel ( 1 x 2)
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Figure (1) shows the Principal Component Analysisfahe different physicochemical parameters and theorresponding individuals.

The IDs projection "month" on the factorial plarx2], distinguishes two groups evolving in opposlieections.

The first group consists of the months of summely(JAugust and September) and the second grousistsrof the
months of spring (March, April and May).

The conjoint analysis of the two projections alldearning that the hot months are characterizehligly rates of all
physicochemical parameters and a low rate of &@ inversely for the months forming the secoraligr

Strong correlations between different parametersabo determined:
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When the pH is low, the organic load of the leaehiathigh, as well as the high concentration ofilsiel salts
(chloride), whereas the organic load, the salt @atntlecreases, and the concentration of nitratesalfidte ions is
increased, resulting in a return to higher redoteptial in the landfill. The monitoring of the pld consequently
indicator of biological and biochemical decompasit{18]. The high contents of chlorides are recdrdering the
summer and coincide with the maxima temperaturbis dan be explained, firstly, by the fact thatidgrthis time
of year (summer), there is an almost total lackretipitation phenomena that can lead to dilutibthe percolate,
whence the leachates become increasingly rich liorides. On the other hand, the increasing of #mperature
seems to stimulate the oxidation reactions, hydislgnd waste remineralisation by bacteria (badtstimulation
of enzymatic activity), where the leachate is fichminerals such as chlorides [19] and [2]; [11heTevolution of
chloride concentrations appears to influence thetetal conductivity of which is determined maifdy these ions.
Indeed, they have the same seasonal variations. dlbge relationship between the chloride contamd the
conductivity was demonstrated by KHATTABI [2] oretlEtueffont site. The organic matter content ofldaehate
from the landfill, expressed as B@Bnd COD are relatively low. The seasonal variatbBODs shows that it has
the lowest values during the summer. KHATTABI shdvtieat there was a clear correlation between tbease in
the temperature and decrease of BOMdeed during this period, there is a warmingwafter leachate and
this allows for increases in microbial activity. 8de will allow for the degradation of biodegradatiganic matter
exist in the percolate. In winter, the temperatfréhe juice of landfill start to decrease, thusigtitutes a limiting
factor of the bacteria which become increasinglghle to transform the biodegradable organic ma#ed, this
leads to increase of BQalues during this period. On contrast to BQtbere is an increase of COD probably due
to the products of incomplete biodegradation compisiby bacteria [2]. Whenever this ratio increasieel leachate
became more biodegradable. This ratio is genecaltyelated with the age of leachate and therefoeedegree of
completion of the stabilization of massive [16]0Bs / COD the ratio decreases with the age of theavast

CONCLUSION

The landfill of Ouled Berjal forms part of the urbarea of the city of Kenitra. It is uncontrollegpe. Due to the
permeability of the soil, lack of drainage, lackretuperation device and the purification, the thede can cause
serious environmental problems.

The leachate constitutes a potential threat toethéronment; the main risk is the contaminationgofundwater,
which is a few meters from the surface. Indeed,gbecolate accumulates at the bottom of waste afiltrate
through the soil to reach the bottom layer thuglileg to its contamination and the degradation sfphysico-
chemical quality.

The landfill which exists since 1973 covers areas€20 ha and receives on average 329 tons pearthy 20,000
tons per year of waste of all kinds: domestic, Btdal, hospital, slaughterhouses, trade and roakis. amount
could rise in 2015, 510 tons per day or 186,008 fwar year.

The analytical results show that all parameterdyard values are in fairly significant levels, indiing the
importance of risks associated with this type afduction. The leachate is then a potential souf@®otamination
to the environment and especially to the groundmwate

The landfill has classified the city of Kenitratime category of the producing towns of old staed leachate.
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