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Abstract: Problem statement: The current work study the efficiency of biologicalastewater
treatment by an aerobic reactor which could be usedmall agglomerations. RBC reduced
physicochemical and microbiological load of wastmrdut values remain above Tunisian standard.
Approach: Experiments were conducted on a sand filled PVI@roo fed with wastewater treated by
Rotating Biological Contactor (RBC) at a pulsedthmy of 8 sequences per day. For performances
study process, physicochemical and bacterial aealgffluent at inlet and outlet of column were
realized.Results: The results showed that through filter mass (D10.55 mm, D60 = 1.3 mm and
coefficient uniformity = 2.36) 96% of suspendedidsl 99% of NH™-N (during first phase), 92% of
COD, 91% of BOR and 46% of phosphorus are retained by surfaceatfdh. The microbial
abatement results is <1.6 Log units of indicatoegaf contamination (fecal coliforms, fecal
streptococci andt. coli). The microbial water quality is slightly highdrain Tunisian standards. The
removal of microbial indicators in the considerezhator depends on the depth of the filter and
negatively correlated with NON (r = -0.99, with E. coli at 3rd OPD).
Conclusion/Recommendation: Results confirmed that the reactor tested is peroras an advanced
treatment system for DBO, COD, SS, NHN and NQ-N. Despite that 96% of SS efficiency
reduction, clogging is not achieved quickly thaéda biofilm detachment phenomena. The removal of
microbial indicators in the considered reactor deiseon the depth of the filter and negatively
correlated with N@-N. Disinfection performances for the consideredcter reduce microbial load,
however chlore, ozone or UV disinfection shouldcbasidered.

Key words: Aerobic reactor, pulsed rhythm, bacterial analy§sgating Biological Contactor (RBC),
physicochemical parameters, Chemical Oxygen Denf@@D), Suspended Solids (SS),
Biological Oxygen Demand (BQJ) Scanning Electron Microscope (SEM), wastewater
treated, microbial caracteristics

INTRODUCTION plant (Boller, 1997). It combines aeration and
clarification in one unit by using an inert support
Tunisia is in water deficiency country becausis it material for both biofilm attachment and filtration
quite low availability compared to international Removal rates become independent of clarificatinsh a
standards (Mediterranean Water Scarcity and Drougltgludge settles ability limit§Doan and Lohi, 2009),
Report, 2006). This situation will become moreicait  whereas concentration of biomass is increased. The
in the coming decades, with expand water demand. Fgerformance of the aerated biofilter process hanbe
this, politic Tunisian turned in recycling and reus proven to be an effective process for treating dsiime
treated wastewater. The estimated quantity of éckat effluent. By using granular media, the aerated ilbéof
wastewater reused for irrigated areas is 21 milidin ~ can be operated at high organic loading rate.
2009 estimate to 73 million min 2014 (National In general, rotating biological contactor decrease
Sanitation Utility, 2009). However, the reuse afaied physicochemical (Doan and Lohi, 2009) and
water is accompanied by sanitary and environmentaiicrobiological load with important efficiency.
risks (Guidelines for managed aquifer recharge9200 Although wastewater treated by RBC have BOD
The aerated biofilter process appears to be wikdu COD, suspended solids, NONO,, phosphorus and
to the requirements of small wastewater treatmenfecal pollution indicators bacteria remains above
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Tunisian standard for irrigation or discharge. eyt
treatment is necessary for that we installed antaer
reactor in output of RBC. This work goal is to stuble
efficiency of aerobic treatment and to correlation
between  microbiological and  physic-chemical
parameters.

MATERIAL AND METHODS

Experimental setup: A PVC column of 40 cm
diameter and 220 cm height, filled with 150 cm sand

(3): 254-262, 2011
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Fig. 1: Schematic of the experimental facility. S,
S3, S4 water samples located at 30, 60, 90 and
120 cm of depth respectively

RESULTS

Physicochemical parameters:

water samples (S1-S4) at 30, 60, 90 and 120 Cm?uspgnded solids removal: The 1SQ cm thickness of
respectively. The column was continuously fed at gonsidered reactor ensures a significant suspended

hydraulic loading rate of 50 cm daysupplied in 8

solids reduction in treated wastewater reached 96%,

sequences which corresponds to 63 liters per ddy arfompared to those recorded on outlet of secondary

around 8 liters by pulse. The column has been tgera
until it cannot infiltrate the daily hydraulic loadle to
total clogging.

settling tank. The results obtained show SS
concentrations fluctuations of effluent at outlet o
column (Fig. 2a), which varies from 40 and 110 my L
on 17th and 97th operating day (OPD) respectively.

Methods. Performances of the aerobic reactor haverhese fluctuations are generally due to dysfunctibn

been investigated during a period of 111 days. $&snp
were analyzed for Chemical Oxygen Demand (COD)
Suspended Solids (SS), Biological Oxygen Deman
(BODs), Total Kjeldhal Nitrogen (TKN), ammonium
(NH,™-N), Nitrate (NQ™-N) and total phosphorus (TP)
according to the methods prescribed in AFNOR (1992
handbook.

Fecal pollution indicator s bacteria enumeration: The
microbial soil contents is assessed by enumeraifon
faecal pollution indicators bacteria (faecal catifs,
faecal streptococci ariekscherichia coli) using the most
probable number method (Rodier, 1978).

Biofilm expansion observation by SEM: The soll
matrix microbial biomass evolution has (SEM) been

observed by scanning electron microscope and phot

sequences in order to detect the biofilm progrédtes a
wastewater supply (Ibrahiet al., 2010; Mutlu, 2009).

Statistical  procedures.  Pearson’s  correlation
coefficient (r) was used to show correlation betwde
all parameters data using Statistical Package Her t

secondary settler and SS fluctuation in raw wastemwa
t station outlet. Curve showed two phases based on
logging apparition.

During the first phase (ranging between 0-66th
pPD), the SS retention is positively influenced by
depth of filter bed. At 30, 60, 90, 120 and 150 am
depth SS has a value of 38.3, 45.6, 50, 59 and 73%
respectively on 10th OPD. SS removal is proporfiona
to depth with sand coarse (U = 2.36).

During the second phase, the SS removakatdd
wastewater at outlet of first sample (located 30fim
solid surface) was much higher (96%) than that
obtained at outlet of column (62.5%).

COD removal: At 150 cm of depth, COD removal
8uring OPD varies between 35 and 65% (Fig. 3a) in
first phase (0-66th OPD) and exceeds 92% during
second phase (66-111th OPD). Following biofilm
installation (installed from 66th OPD and obsenrisd
Screening Electron Microscope), COD residual range
between 7.2 and 57 mg,O.™ (Fig. 2b) and

Social Sciences (SPSS) software (SPSS for Windowsorresponds to low biodegradable fractigtezaeeet

SPSS Inc., Chicago, Il, USA).
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COD decreases even more as depth increases (Figmoval is higher than 90 cm (10 mg'ICOD at 83rd

2b). At 30, 60, 90, 120 and 150 cm of depth CODehav OPD with 81% of reduction) has 150 cm depth (9 mg
a value of 29, 40, 46, 70 and 74% respectively@h 8 L™ COD at 83rd OPD with 83% of reduction) than that
OPD.
effectiveness of purifying considered reactor, CODOPD with 67% of reduction). However 90 cm of filter

However, following the biofilm installation obtained at 30 cm of depth (18 mg'LCOD at 83rd
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bed is necessary for COD reduce. At outlet of caium filter bed depth. . At 10 OPD with 30, 60, 90, 120 and
COD value does not exceed 90 m@ Iduring the 150 cm of depth orthophosphates have a value of 19,
second phase (66-111th OPD) and is conformed t82, 35, 41 and 46% respectively.
standards Tunisian NT.106.02 rejection. During the second phase (25-89th OPD), leaching
phosphorus within filter bed is realized. Then@éncy
BOD removal: The purifying performance of Of phosphorus removal does not exceed 13% of
considered reactor in terms of BQEemoval during reduction at 60th OPD.
operating days (Fig. 3b) showed a high performarice During the third phase (starting at 89th OPD),
outlet of column. At 150 cm of depth, 91% of the®0 organic phosphorus fixed in first operation weegs i
to be removed following biomass installation andthrow back outlet column by delivering phosphorus
clogging apparition during the second phase of OPDaccumulated in bacteria. For example at 97th OPD
BODs decreases even more as depth increases, f@hosphorus concentration is 28 mg" lin onset of
example at 104th OPD with 30, 60, 90, 120 and 180 ¢ column increased to 33 mg™Lin outlet of column.
of depth BOR have a value of 29, 46, 64, 71 and 86%This phenomena is due to the pH decrease and redox
respectively. potential associated with nitrates and oxygen

. ) consumption by bacteria.
Nitrogen removal: The results obtained showed that

TKN concentrations fluctuations at outlet of column 100
(Fig. 2c), which varying from 2.5 and 36 mg'lduring 90
OPD. At outlet of column (150 cm of depth), TKN 50 4
obtained during the first phase of OPD was 89% of
nitrate transformation. Then TKN does not exceet 71
of nitrate transformation during the second phake o
OPD. At 111" OPD with 30, 60, 90, 120 and 150 c¢m of
depth TKN have a value of 7, 32, 46, 60 and 64%
respectively.

At 54th OPD, an important Nf+N reduction (Fig.
2d) observed reach 0.23 mg'Lvalue conformed to
standards Tunisian NT.106.02 rejection (1 md.L X ‘10 ‘ 17|-< 'y‘#_l‘u'éo '66 . ‘83 '89 '9-. '104‘111

Biofilm installation and biomass developmeait 7 operatingDay (GED) '
89th OPD decreases nitrification by preventing @tyg (aJ) '
diffusion inside filter bed; this produces N®I
concentrations drop of treated wastewater, pagsea f
1.5-26 mg " at 10th-75th OPD respectively (Fig. 2e).
At 75th OPD with 30, 60, 90, 120 and 150 cm of Hept 0
NO;-N have a value of 0.6, 8, 25, 25 and 26 m§ L ]
respectivelyThis agrees with results found by Céa
al. (2005) which indicates a significant fraction of
ammonia nitrogen is fixed in first centimeters dérf
bed. Nevertheless, at outlet of column, treated 30

COD removal (%)
n
=

DIROS removal (%)

wastewater does not exceed 26 mg it's conformed 20 .
to standards Tunisian NT.106.02 rejection (50 ry.L 10 { &

0 T T T T T T T T T T T T T T T |
Phosphorus removal: Phosphorus removal from 310 17 25 32 47 54 60 66 75 83 89 97 104111117
wastewater is attributed to various phenomena sisch Operating Day (OFD)
adsorption, precipitation and/or assimilation by o Rlonsetoutey e RlonserSL) - & - Rlonset 52
microorganisms. Orthophosphate concentrations in S ﬂfRE;mm

treated wastewater from the different sampler’sicwi
were shown in Fig. 2f. Three phases were observed. Fig. 3: Evolution of filter bed performance in tesm

During the first phase (0-25th OPD), the results COD (a) and DB® (b) reduction (%) between
showed the most important decrease of orthophosphat onset and outlet of column and between onset of
during OPD with 46% of reduction. Phosphorus column and four water samplers respectively S1,
removal from treated wastewater is proportionathi® S2,S3 and S4
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Fig. 5: lllustration (400x) of the sand grain seda
sampled at 25 cm (@) before operation and (b)
111 OPDs

100%
00% | |
80% | |
70% . At 47th OPD and on 30 cm of depth, the values of
faecal streptococci reduction increased compared to

é 60% : 2

E _ 3 J0EShs values obtained at the beginning of OPD (7.230C

Z 40% ) ¥ MPN/100 mL). This bacterial reduction is strengten

£ N N 3 by adsorption fecal streptococci on organic madieal
N  B.A N 7.30E203 submersion appeared an increased value with fiker
- N- - Lae 7.40E+03 depth purifying quality, the relative abundanessed
1% from 40-20% of total fecal streptococcigH4a).
0% Fecal coliforms are eliminated as fecal streptococ

3 17 32 47 66 83 97 111

(Fig. 4b). Faecal coliforms effective removal was
observed after submersion at 66th OPD with a rkaati
M 30cm M60cm MSOcm W 120cm .
© abundance of 50% of total fecal coliforms.
Then oxygen supply decreases towards 83rd OPD,
Fig. 4: Abundance and enumeration of (a) faecakffectiveness of fecal coliforms reduction decrease
streptococci, (b) faecal -coliforms and (c) with an abundance of 25% of total fecal coliforms.
Escherichia coli in four water samples (S1-S4) atEscherichia coli are similar to fecal coliforms reduction
30, 60, 90 and 120 cm, respectively (Fig. 4 c). The treatment is more efficient at"8BPD
. ) . ) and outlet of column (0.56 log unit). At outlet of
Disinfection performances: Disinfection performances  column with 150 cm of depth 1.36 log unit reduction
mean the indicators of fecal contamination (fecalfor fecal coliforms ancE. coli is registered. Although
coliforms, fecal streptococci andEscherichia coli)  aeration provided to our system with hydraulic ioad
in different depths (30, 60, 90 and 120 cm) andrate applied in 8 pulses, may eliminated fecaldattirs
increasing time of the filters are showéd Fig. 4.  bacteria.
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Biomass detaching obtained (Rajkal., 2009) at Correlation between physicochemical and microbial
111th OPD when biofilm was observed by Scanningearacteristics: The statistical SPSS software was used
Electron Microscope (SEM), this detaching has beeRq getermine correlations between physicochemicd! a
boosted by the coarse sand used (Fig. 5). At té11l \icronial characteristics. Table 2 indicates (r)

OPD, the soil matrix observgtlon at_25 cm revealedcoef'ficients estimated by Pearson correlation §icant
detachment of the biomass with crevices reappearanGest for several different physicochemical paramsete

on the sand grain surface. and indicators of fecal contamination (fecal catifs,
Wastewater qualities We choose some representativefecal streptococci anf. coli).
time during OPD (3rd, 66th and 111th) showed inldab Generally positive correlations between the
The process has a high performance in terms of SS  microbiological and physicochemical parameters were
(80%), BOLy (91.6%) at 111th OPD, bu€OD and observed, with the exception of nitrate which shdwse
NOs;-N, NH,-N present an average performancenegative correlation. At 3rd OPD, a statistical
respectively 43, 49 and 62.4%. Nevertheless, debut significance was showed at p<0.01 for the consitlere
of column, treated wastewater it's conformed toreactor. We obtained a highly significant, positjve
standards Tunisian NT.106.02 rejection. correlated (r = 0.94, 0.98, 0.94, 0.96, 0.96 ar@).

In_ltreated_wastewat_er phosphpr.us content (34-6%Iationship between SS, COD, BQD'KN, NH,"N,
T096 |62) Frg;nﬁqlgﬁ: a?gfser('ff)rféga|Tng{?rﬂinséf}ggargg ';TP and fecal streptococci. Whereas negatively cated!
fecél éoliforms and 81 2%Escherichia coli \;vere. relationships were obtained between N® and fecal

j streptococci (r = -0.98). At 111th OPD, we obsermed

removed. Despite the significant efficiency obtalirs Lo , ) )
outlet of column the microbial water quality isgsitly ~ Significant  difference  between  physicochemical

higher than Tunisian standards. Tertiary treatmenParameters (COD, TKN, NftN, NO;-N and P) and
application must be envisaged. fecal streptococci ¢p0.05).

Table 1: Different parameter efficiency during 38éth and 111th

3rd OPD 68 OPD 11¥ oPD

Onset of Outlet of Onset of Outlet of (%) Ongskt Outlet of Standards

column column (%) column column column column %) ( Tunisian
SS (mgll) 86+1 20.60.57 76.0 26%1 7.660.6 70.5 .6681.5 20+1 80.0 30
COD(mg Q)  199+1.15 95.6+0.57 52.0 87+1 40.33+0.57 53.6 .6%0.57 57+1 43.0 90
DBOs(mg O/l)  53.6+1.52 3141 422 82+l 33:1 61 31.60.57 2067 91.6 30
NH,*-N (mg/l) ~ 4.620.01 0.510.01 89.0 30.3+0.657 17.064 43.7  21.35:0.13 8.030.057 62.4 30
NOs-N (mg/l) 0 0.76+0.05 76.0  0.2+0.01 10.5+0.1 98 +#0.01 2.13+0.057 49.0 90
TP (mg/l) 35.3:0.57 20.60.57 415 36£0.57 3411 5.5 31.60.57 34.6620.57 0.1
F.C(B/100 ml) 1.11®1.610 3.116+3.41¢ 97.0 1.31+4.61G 6.67 16+8.081G 84.6 1.4 1(x0 3 16+0 78.5 2000
F.S(B/100 m)  1.1180 3106+0 727 15160 3.216+3.4616 78.6 816:1.041G¢ 3.210+3.461G 60.0 1000
E. coli (B/100 ml) 2.47 134 1¢ 3.61G+0 85.4 45117160 210+0 955  1.6183.461¢ 3.21G+3.461G 81.2 -

*Values present the average of three replicatgs;indicate efficiency of different parameters c#dted by (onset parameter-outlet
parameter/onset parametef)00; F.C: fecal coliforms; F.S: fecal streptocodeicoli: Escherichia coli; SS: Suspended Solid; COD: chemical
oxygen demand; BOPbiological oxygen demand; TKN: Total Kjeldhal Nigen; NH*-N: ammonium; N@ -N: Nitrate; TP: Total Phosphorus

Table 2: Correlation (r) coefficients between phgshemical and microbial characteristics
Pearson correlation

3rd 47th 111th

F.C F.S E. coli F.C F.S E. coli F.C F.S E. coli
SS 0.854 0.940 0.953" 0.687 0.927 0.648 0.856 0.977 0.975
COD 0.946 0.985" 0.978" 0.894 0.808 0.872 0.923 0.553 0.694
BODs 0.823 0.947 0.974 0.71 0.869 0.684 0.833 0.946" 0.970
TKN 0.934" 0.967" 0.945 0.937 0.712 0.921 0.964" 0.716 0.890
NH4*-N 0.947 0.967" 0.939 0.917 0.702 0.897 0.957" 0.751 0.918
NO3 -N -0.869 -0.980" -0.991" -0.529 -0.988 -0.492 -0.666 -0.122 -0.416
TP 0.896 0.941" 0.931" 0.874 0.857 0.896 -0.627 -0.489 -0.447

": Pearson correlation significant at p<0.05highly significant at p<0.01; F.C: fecal colifosFS: Fecal Streptococ; coli: Escherichia coli;
SS: Suspended Solid; COD: Chemical Oxygen Demar@psB Biological Oxygen Demand; TKN: Total Kjeldhal thigen; NH4-N:
ammonium; NO3-N: Nitrate; TP: Total Phosphorus
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The correlation matrix revealed that KNO At outlet of column, BOD value did not exceed 30 mg
concentrations were negatively correlated viithcoli L™ and is conformed to standards Tunisian NT.106.02
and the SS were found to positively correlate igital  rejection.
coliform concentration in dairy wastewater using an  During the first phase, we observed an ingort
ecological treatment system (Morga al., 2008). efficiency of NH,"-N reduction (99%). This important
Previous studies have also found positively coteefat  elimination can be attributed to nitrifying
111th OPD) with fecal coliform and SS%r0.85), but microorganism's phenomenon, seeing as nitrate

for fecal streptococci r = 0.97. concentrations increase in different samplers.
Nitrification efficiency is represented by high &s of
DISCUSSION nitrate  (NQ-N) in treated wastewater. Nitrogen

removal is independent of infiltration depth, N®
The aerated biofilter process appears to bB# w concentrations increased with depth. This effeciss
suited to the requirements of small wastewateiS maintained than conditions are favorable: no
treatment plant. The performance of the aerate@logging, neutral pH to slightly alkaline and
biofilter process has been proven to be an effectiviemperature ranged between 30 and 35°C. Nitribeati

process for treating domestic effluent. By usingOccurs gradually during rest phase. It results in a
granular media, the aerated biofilter can be opérat significant nitrate leaching with the first wastdema

. . . éaulse whose concentration may well exceed the geera
high organic loading rate. In the present study, wi . ,
int ted to effici f bic treat ¢ a0d trate of nitrogen reduced in wastewater. At the ehd
interested “fo €fliciency ot aerobic treatment a feeding phase, denitrification can occur simultarshp
correlation between microbiological and physic-cleai ;. filter bed become anoxic (Shabeatfal., 2010).

parameters with 50 cm per day of organic loadirtg ra During the first phase orthophosphates weoee
applied in 8 sequences per day (pulsed rhythm). adsorbed at particles mineral surface than organic
The SS infiltrate deeper into this filter b@this particles by Van der Waals forces. But with thefiliio
infiltration was result delaying surface clogginkgdidi, development efficiency of phosphorus removal was
and Abdennaceur, 1991). Suspended Solids reductiamegatively affected. Indeed biofilm reduced thetaon
relatively high can be explained by clogging layerand interaction between particles mineral and wiester
installation at 30 cm from surface filter bed. Tées (Arias and Brix, 2005). Phosphorus removal is often
improve performance purification of filter bed. The Py filter sand; phosphorus concentration does not
major of particulate pollution is retained at 30dz60 conform to_lstandards Tun.|.S|an NT.106.02 rejection
cm of depth (position of first and second sampl€kg (0_'05 mg L )- Generally, _3|I|ceous sand (over 90%
reduction of SS in filtering mass varied betweeradd 5'0221 did not Shg\/N effect_lv_en_ess r(J;hosphoru_s regéoval
96%, similar results also were found by Al-Turki y adsorption and/or precipitation (Gougoussis,2)

. . . . With submersion and clogging installation,
(2010). The SS is more efficient following b'omasspurification performance  is  improved. Indeed,

installation. At outlet of column, treated wasteatl gecontamination evolution trend was not observed
does not exceed 24 mg-lLof SS during OPD. Value gyuring OPD and may result to organic matter oxafati
conformed to standards Tunisian NT.106.02 rejectiofLeverenz et al., 2009). Microorganism’s removal
(30 mg LY. improving gradually as oxygen demand can be satisfi

The biomass developed in filter bed increash  reaching 2 19 MPN/100 mL in treated wastewater in
wastewater passage and favorite the contact witB0 cm of depth; with this condition treated wastwa
purifying microflora expressed by improvement characteristic is conformed to standards Tunisian
performance  purification  COD  from  66th NT.106.02 rejection (2000 fecal coliforms/100 mL).
OPD. Therefore, COD removal is improved by Torrenset al. (2009) showed the filters sands with a
mechanical filtration expressed per SS reductiod andepth of 65 cm presented significant (p<0.05) highe
increased wastewater passage. removal of bacterial indicators than those of 25 cm

COD removal is higher than 90 cm has 150 cm The microbial activity is affected by attacent
depth than that obtained at 30 cm of depth at 83rdnd detachment processes due to the bacterial cells
OPD. The organic pollution elimination by the agcob exchange between the suspended and attached biomass
tested reactor with fixed biomass process is redliz phases. Attachment processes include adsorption and
through mechanical filtration of SS in the first physical straining on the soil matrix (Taylor araff,
centimeters of filter bed and mineralization dissol 1990). Detachment is the removal of attached-phase
fraction by biological actioRollandet al., 2009). biomass and subsequent re-entrainment in soil xnatri
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(Peyton and Characklis, 1993). The

biofilms
detachment did not affect effectiveness of treatmen

http://www.afnor.org/content/download/15083/101
755

This detachment may be beneficial because it clayde Al-Turki, A.l.,, 2010. Assessment of effluent quglibf

the clogging phenomenon.
With the progress of treatment considerexter

during OPD shows a decrease correlation between

tertiary wastewater treatment plant at buraidap cit
and its reuse in irrigation. J. Applied Sci., 10:
1723-1731. DOI: 10.3923/jas.2010.1723.1731

physicochemical and microbial characteristics. ThisArias, C.A. and H. Brix, 2005. Phosphorus removal i

agrees with results found by Surendratajl., 2009. At

the beginning of OPD physicochemical parameter
values are relatively high which causes microbial

constructed wetlands: can suitable alternative
media be identified? Water Sci. Technol., 51: 267-
273. PMID: 16042267

biomass development in particular increase fecaBoller, M., 1997. Small wastewater treatment pant

coliform, fecal streptococcus ané. coli. During
treatment SS, COD, BOQDTKN, NH,"-N, NO;-N and
P decreases. This reduction has certainly an effiect
indicators of fecal contamination growth. The rethrc

of BOD can result in the simultaneous reduction of

coliform populations (Der Steenet al., 2000).

Yathavamoorthiet al. (2010) measured a positive
correlation of fecal coliform with BOD than with
suspended solids and suggested that adsorpticacalf
coliforms may be more important than sedimentation.

CONCLUSION

COD, SS, NH'-N and NQ-N. Treated water analyzed

showed an oxidation activity and an SS elimination
mainly located in upper sand layers (30 cm of depth

Despite that 96% of SS efficiency reduction, cloggi
is not achieved quickly that due to biofilm detagmn

phenomena. The siliceous sand does not show Applied Sci., 2:
removal. The

effectiveness vis-a-vis phosphorus

A challenge to wastewater engineers. Wat. Sci.
Technol., 35: 1-12.
http://cat.inist.fr/?7aModele=afficheN&cpsidt=2732
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Cha, W., H. Choi, J. Kin and J. Cho, 2005. Water

quality dependence on the depth of the vadose zone
in SAT-simulated soil columns. Water Sci.

Technol., 5: 17-24. http://www.environmental-

expert.com/Files%5C5302%5Carticles%5C9781%

5CWaterqualitydependenceonthedepthofthevadose.
pdf

Der Steen, P.V., A. Brenner, Y. Shabtai and G. Qron

Results confirmed that the reactor tested is
performed as an advanced treatment system for DBO,

2000. The effect of environmental conditions on
faecal coliform decay in post-treatment of UASB
reactor effluent. Water Sci. Technol., 42: 111-118.
http://www.iwaponline.com/wst/04210/wst042100
111.htm

Doan, H. and A. Lohi, 2009. Intermittent aeration i

biological treatment of wastewater. Am. J. Eng.
260-267. DOI:
10.3844/ajeassp.2009.260.267

removal of microbial indicators in the consideredGougoussis, C., 1982. Assainissement Individuel et

reactor depends on the depth of the filter and thexjg
correlated with N@-N. Disinfection performances for
the considered reactor are slightly higher thanigian

standards. Tertiary treatment reduce microbial Jload

Aptitude des Sols, a L'épuration des Effluents
Domestiques. Editions du Bureau de recherches
geologiques et minieres, Service geologique
national, ISBN-10: 2715960204, pp: 354.

however chlore, ozone or UV disinfection should beGuidelines for Managed Aquifer Recharge, 2009.

considered.
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