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Abstract

With decentralized treatment system developmemtewa concern emerges: the future of the
septage. The aim of this paper is to assess tethiltst of septage treatment by SDRB, and to
compare its efficiencies to those of activated gutreatment in same conditions. The study
took place on ten 2m2 pilot-scales SDRB. Differ@@signs and operation conditions have been
tested on sludge treatment efficiency and will bespnted as: (i) the top filtration layer (sand
or compost), (i) the load (from 30 to 50 kgSS/y). After one year and half commissioning
period, we focus on the results obtained at nomioadls presenting: sludge characteristic,
filtration efficiency, percolate quality and sludgeposit behaviour. Although results show
better filtration efficiency for activated sludge8(4%) than for septage (87.5%), the feasibility
of septage treatment with drying reed bed has beernstrated. Sludge accumulation is about
7.9 cmly, when fed at 50 kgSSffy, and dry matter content of the sludge can re&a%h in
summer period. The paper will present sludge clariatics, system efficiency, to finish on
design and operation condition recommendationSRIRB treating septage.
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INTRODUCTION

In developing countries as well as in industriaie® there are many urban and rural areas without
any sewage coverage. These areas rely heavilyaanttalized sanitation system using septic tank
(Valenciaet al., 2009). Nowadays, septic tank facilities have a sjlead distribution, providing a
first treatment to household effluent consistingaafolid/liquid separation. Operation efficiency of
these systems is subject to emptying frequencyallideevery 3-4 years, but usually they are
emptying after 5-10 years of operation and themetdn of the treatment efficiency is registered
(EPA, 1994). This generates a large amount of fadodge so-called septage which has to be
treated. In industrials countries the two main idesions of septage are direct land applicatioa or
co-treatment with wastewater in wastewater treatrpéant larger than 10,000 people equivalent
(P.E). Both of these solutions present some disadgas: direct land application display health
risk and co-treatment with wastewater reveals lighsport and handling cost, also it can generate
biological dysfunctions (EPA, 1994). Currently, samesearchers try to find low-cost and
environmental solution for septage handle and digpbke co-composting with organic waste,
anaerobic digestion, settling ponds, settling/terekg tanks, sludge drying bed, constructed
wetland (Koottategt al., 2001, Kengnet al., 2009, Valenciat al., 2009, Tsalkatidoet al., 2008,
Troeschet al., 2009). SDRB process is the one selected for thigep Since, most of the
knowledge on SDRB comes from activated sludge rreat new researches were necessary.
Process performance is based, on the one handbilty o dewater sludge by two combined
mechanisms (i) percolation through filter mediaygibal effect of reeds) (ii) evapotranspiration of
water from sludge to atmosphere. Reeds play anrtapiorole in both mechanisms, thanks to their



12th IWA International Conference on Wetland Systems for Water Pollution Control, 04/10/2010 - 09/10/2010, Venice, ITA. 10 p.

roots they improve infiltration of free water arieey enhance dewatering due to evapotranspiration
(Koottatep et al., 2005). On the other hand, organic matter mineradinaoccurs thanks to
biological activity (microorganisms, earthworm...)hieéh mean depending on aerobic conditions.
To achieve good performance and long-time operatfianctioning conditions (drying
mineralization) have to prevent sludge residuamfrgrowing too fast (Nielsen, 2005). Several
factors can influence sludge drying reed bed efficy such as sludge quality, climate, number of
units, loading rate and loading strategies (Nigls2003). With regards to septage quality
(heterogeneous and highly concentrated), the fdigsitif its treatment by SDRB had to be defined
and optimised. According to EPA (1999), its chagastics are highly dependent on users’ habits,
climate, septic tank size and emptying frequency.aficonsequence, the few experiences done on
septage differ greatly according to geographicaltext. For example Koottategs al. (2005) in
Thailand suggest once-a-week 250 kgT%mapplication as operational condition. In France
Liénard et al. (2008) apply 50 kgTS/fly loading rate, with a feeding/resting period o5/37.5
days as it is done when treating activated sludge.

This article focus on the feasibility of septageatment and disposal on SDRB, based on
experiments carried out in Andancette (France) em&yrefs’ pilot-scale units fed with septage.
Results deal with : (i) septage quality and deveddidity, (i) performance on sludge drying reed

bed pilot-scale experiments fed with septage (tesill be compared to those fed with activated

sludge), (iii) design and operation conditions ioy@ment in the French context.

METHODSAND MATERIALS

Pilot-scale beds

Experimental site. Experiments took place in Andancette (France) acivated sludge wastewater
treatment plant (13,000 PE). 10 experimental cetecbeds, 2 have been built and planted by
Phragmites Australis (reed) in May 2006. Detailplaint set-up and media arrangement are given
by Troesch et al. (2009). Note that all of bedsl&td have the same filtration layer charactesstic
except on the top where sand or vegetal composassessed as substrate. Both pilots conception
have been evaluated according to the sludge guabftage, activated sludge) and the annual load
(30, 50 kgSS/riy). To a better comparison SS has been prefeligntised than TS to not take into
account the dissolved salts that pass throughytters.

Operating conditions. Pilots were fed directly from the aeration tank dativated sludge, and from
a storage tank, daily filled, for septage. Afteb ¥ear of commissioning period (Troesch et al.,
2009), pilots started their nominal load during §ears, simulating a 6 beds configuration: 5 days
feeding/24 days resting.

Pilots monitoring

Regular analysis were done (see table 1) accotdifgench standard methods (AFNOR, 2005) to
follow the system efficiency. Besides, biosolidewth accumulation was measured, at the end of
the resting period. Statistic data analysis waedpnR statistic program.
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Table 1. Chemical analysis

Frequency Analysis (AFNOR 2005)
Each DM*  SS* VS* VSS* COD NH,-N NO;-N KN TP PO,/-P Cond
(mg/L) (%DM) (%SS)(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (uS/cm)
X
Sludge Load (mg/L) X X X X X X X X X X
Effluent 2 load X X X X X X X X X
L X
Biosolid cycle X
YE  (glg)

*DM dry matter; SS suspended solids; VS volatilédsy VSS volatile suspended solids.

Influent characteristics

On top of the chemical analysis presented in tdhlespecific measurements were done to
characterize sludge dewaterability. Sludge fronfiedgint WWTP or septic tanks were collected to
measure CST, particle size distribution (laser gi@metry with a CILAS 1190 instrument) as well
as analysis of fats, proteins and polysaccharidesteat, which are implied in sludge
dewaterability.

Fats were determined by a gravimetric method aftddoroform extraction (solvent
evaporation/drying and weight) when sample conegioin were higher than 20 mg/L (Canksr
al., 2001), and using COD measure when concentratomple is between 20 mg/L and 1 mg/L.
Polysaccharides were determined by measuring siygeolorimetric method (Dubokt al., 1956);
results are expressed in glucose equivalent. Poteieasurement was done by a Micro BSA
method +(Avellaet al., 2010) and by measuring nitrogen forms and suppgdsiat[ protein] = [KN-
N]-[NH4"-N].

Recirculation test

Recirculation test has been implemented to definghat extent effluent quality can be improved.
It has been done on a pilot fed at 50 kgS8/niMay 2010). During feeding period effluent is
stored, and recirculation occurred during restieggal time using a mixing pump to homogenise
effluent. Effluent were recirculated by batch aedrigerated samples were collected each batch.
Infiltration rate as well as drainage flow wereamting continuously. SS and NHN content are
analysed for each sample.

RESULTSAND DISCUSSION

Influent ludge quality and characterization

Table 2 summarises septage and activated sluddayqudne first comment refers to the high
pollutants content of septage compared to activatedge. Moreover, septage exhibits highest
standard deviation for all parameters. This is tlueseptage production which is dependant on
users’ habits, dimension and type of septic tarkemnptying frequency. On the contrary, activated
sludge is more stable due to the control of opegatondition in wastewater treatment plant.
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Table 2. Septage and activated sludge physico-chemicabcteatistics over all the feeding cycle
(June 2007 - May 2010)

Septage Activated sludge
mean Std min max nbvaluesmean Std min max nbvalues
CST (s) 360 142 151 842 134 7 1 4 13 139
DM (g/L) 30 106 7.5 99 155 24 06 13 8.8 171
SS (g/L) 23 86 25 64 172 17 03 11 238 187
VS (%DM) 71% 7% 51% 81% 84 5% 7% 44% 86% 96
COD (g/L) 42 13 13 87 38 24 24 15 15 31
KN (mg/L) 1423 435 522 2462 24 19 31 00 13 30
NH,-N (mg/L) | 287 76 24 441 39 117 14 93 139 17
NOs3-N (mg/L) 0 0 0 11 10 0.2 33 7
POF-P (mg/L)| 49 199 25 98 10 128 44 6.3 20 8
TP (mg/L) 517 438 27 1894 14 45 11 21 59 12

High CST values measured for septage indicate allmaterability, compared to activated sludge.
In the literature, particle size, SS concentrataomd sludge composition number among factors
which are supposed to influence CST measure €fial., 2004). Figure 1 shows the fine
characteristics of septage particle size as wethaswide spread of the curve. Thg/dy, ratios,
representing the homogeneity of the particle sis&idution, are 21.& 2.86 and 7.64 0.09 for
septage and activated sludge respectively. Low r@atid standard deviation for activated sludge
confirms its homogeneity in terms of particle siadhereas septage is more heterogeneous. Indeed,
fine particles (1 to 100 um) present in septage egslain high CST values, these particles are
supposed to retain more water due to their higkipeurface (Nellenschult&ayser, 1997).

4’j - m- Septage —— Activated sludge = N Septage # Activated sludge ‘
{.i 20 A “é*
35
; A
PN =y
zo, 2 ﬁ- (] 8 10
S [ ]
s R m .
, SN 5 s
; / \

‘ ‘ 0 5 10 15 20 25 30
0,01 0,1 .10 100 1000 10000
Particle size (um) d10 (um)
Figure 1. Influents size distribution. Figure 2. Influents CST measure versug.d

Parallel CST test and,glmeasure have been done on several sludge sarapkpjal SS content,
to only assess particle size impact onto CST mea@dtigure 2). The results outline the impact of
fine particles on CST measure: as it can be se&1, @lues raise withg decrease. But, in
septage case, at equab dCST measures can be very different; these difteagrcan be due to
septage composition variability. Fat, protein aotlygaccharide contents acting a part in ability of
sludge to dewater (Shabal., 2009); these contents have been quantified inthirk (Table 3).
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Table 3. Influent sludge characterization

Septage Activated sludge
mean std min max nbvalues mean std min max nbvalues
Fats (mg/L) 81890 3169 548 10192 8 93 47 49 142 3
Polysaccharides (mg/L)) 2421 2578 221 5259 3 538 479 199 876 2
Proteins (mg/L) 4699 2206 788 7525 8 876 495 584 1448 3

One more time septage exhibits highest standardatimv. To compare the results, COD
equivalents have been calculated for each fracti@ODiys=[fats]|*2.3, CODpyy =

[ polysaccharides] *1.067, CODpo= [proteing *1.2). For septage, the most important part of COD
is represented by fats whereas, in activated sluggeeins are predominant: fats COD equivalent
represent 46% 6% and 9.5% 2.8% of total COD for septage and activated sludgpectively.
This large part of fats can contribute to large G&lUe in septage.

Nevertheless, to interrelate sludge characterizatith CST measures, complementary values are
needed; our further works will focus on sludge dnability according to its quality.

Septage effluent and biosolids quality
Results presented here focus on septage feedmig;did discuss them activated sludge pilots result
will be given as comparison.

Substrate selection. Before presenting results on SDRB efficiency, dsston about substrate
selection has to be done, within statistical teé$tluent SS and biosolid DM content have been
chosen as they represent good criteria to evathatS§ DBRs’ performance. As the two populations
are not under normal law, an un-parametric test l@sn used to compare both substrates
(wilcoxon.test).

Table 4. Wilcoxon test results, and mean value of septafjeesit SS content and biosolid DM
content for both substrate (May 2008 - May 2010).

30 kgSS/m‘ly 50 kgSS/m‘ly
Compost Sand Wilcoxon test CompoStand Wilcoxon test
Effluent SS (mg/L) 2678 2105 p-value=0.813 W=8662970 2139p-value=0.1162 W=1010
Biosolid DM (%) | 34.6% 33.50%-value=0.8122 W=49834.3% 33.9%p-value=0.6588 W=217

Table 4 exhibits p-value > 0.05 which indicatest tha significant difference between sand and
compost is observed in terms of effluent and bidsguality. These results are in accordance with
those of Troesclet al. (2009) who studied same system during commissiopgrpd. Vegetal
compost is recommended due to their positive impacthe speed growth of reeds. The lower
effluent quality observed during commissioning pdr(Troesclel al., 2009) when using compost
is next improved with the bed maturing processeéd] sludge deposit acts as a new filtration
media (Nielsen, 2005). Based on these observafiolisving part will only present compost
substrate beds results.

Effluent quality for different loads. Average of effluent quality coming from septagisi with
compost substrate are summarized on table 5. Resifér to nominal period which starts at the
end of Springer 2008 after 1.5 year of commissignperiod. Compared to the commissioning
period effluent, quality improvement of about 6 %S) and 15 % (NI-N) is observed. This
phenomenon can be explained by: (i) the sludge siejpacrease, (ii) limitation of the sludge
deposit cracking due to drying.
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Table5. Effluent quality for both testing load (June 2609ay 2010)

30 kgSS/m‘ly 50 kgSS/m‘ly
mean std min  max nbvaluesmean std min max nbvalues
COD (g/L) 45 6.3 0.1 31 23 5.9 40 0.3 15 23
SS (g/L) 2.7 42 005 21 42 3.0 25 0.2 14 42
NH,-N (mg/L) | 25 223 048 68.2 23 53 41 3.2 140 23
NOs;-N (mg/L) | 207 294.0 4.05 904.4 8 199 231 05 520 5
NK-N(mgL) 258 371.7 47.3 1092 7 229 73 88 294 7
TP (mg/L) 69 1255 5.8 353 7 48 26 8.3 72 7
POF-P(mg/L)| 14 131 19 384 7 15 16.2 3.6 43 5
cond 4003 1680 1720 6760 7 3271 1093 1680 4630 7

If pollutant contents are still high, good remoeéficiency are obtained. Removal rates are 92.9%
+ 7.1% for SS and 90.5% 14.3% for NH*-N at 30 kgSS/ffy. When loaded at 50 kgSSim
removals are 87%11.3% (SS) and 81#45.6% (NH" -N). It can be specified that these values are
obtained at pilot-scale (Znwith some shortcuts; these shortcuts can be additlarge scale and
so higher removal efficiency are expected.

The results obtained argue in favour of this systechnology to treat septage. The question of the
design load to be applied is of importance. No ingu differences are observed on effluent
quality between the two loads tested (Wilcoxon :tgstvalue > 0.05) but, in both cases, a
complementary treatment is needed to enhance effpgality. Let's note that if SDRB systems
are not affected by the organic load increase, doganic load (30 kgSS/m2/y) can induce water
stress during summer.

Biosolids quality. Figure 3 presents dry matter content at the enthefresting period (before
feeding) during a whole season. Results displayomapt DM values with equal evolution
whatever the load tested. DM content is still alsvapper than 23% in winter and can reach up to
70% in summer after only 24 days of rest. Thankdoteer hydraulic load, about 3.48 0.9
cm/nf/load (against 35.2 8.2 cm/ni/load for activated sludge) sludge can dry integlsito reach
higher value than the one obtained with activatedge in same conditions. Comparison, between
septage and activated sludge, are presented in ¢oérrmean DM content according to the
absence/presence of reeds. They are of 33/53%8&i469%, respectively for 30 and 50 kgS&jm

for septage and 20/31% and 15/22% respectivelg@oand 50 kgSS/fly for activated sludgef
septage treatment by SDRB appears to be veryattian term of DM of residual biosolid, sludge
accumulation rate allow a septage storage timeeloigan the one of activated sludge. At 50
kgSS/nfly septage biosolid accumulation rate is aboutch®y against 12.2 cm/y with activated
sludge. At equal load Nielsen (2003) get growthugalabout 11 cm/y. This low biosolid
accumulation can be referred to high loss of drgsma septage.
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Figure 3. Biosolid final DM content evolution. Figure 4. Apparent solid density vs DM.

Figure 4 represents the apparent solid densitio(salid mass on total volume) versus DM (ratio
solid mass on total mass). We observe first a fieaf the apparent solid density with DM, which
demonstrates that the apparent total density (tated mass on total volume) is constant until a
DM value of approximately 0.16 g/g. This constapparent density is closed to 1000 kg/amd
corresponds to a saturated deposit.

Beyond this value, the deposit becomes triphasid(swvater and air) and so is unsaturated. In this
condition of unsaturation, experimental evolutican doe perfectly described by the theoretical
model developed by Rondeital. (2010) for unsaturated granular media, where:

. . soliddensity .
= - - Equation 1
Apparentoliddensity L sollddensnyx 1-DM e x(l_DM)n guation
waterdensity = DM noqt DM

With solid density = 1439 kg/fn(Ruiz et al., 2006), water density = 1000 kg/mDMynsa;= 0.16
and n = 0.856.

Let’s note that at high DM values, apparent soédsity tends to a value closed to 250 k/m

Stored biosolid mass was calculated knowing thesiepolume (bed surface x deposit height) and
its solid density. Equation 2 permits to balanadhy mass fluxes (kgiedm?) into the system:

SOIid%tored = SOIidSnlet - SOIid%utlet + SO”dSeeds
Equation 2

Figure 5 and 6 present theoretical (calculated fregquation 2) and measured biosolids
accumulation according to the organic load. Reemmbis (i.e.So0lidSeqs IN €quation 2) is
supposed equal to 2 &gi/m? for young reeds (Tanner, 1996) and S.kgm? for mature vegetal
fed with primary sludge (Meulemast al., 2002). The figures underline sludge reduction;hbot
curves come off. In fact, after six month of accletion, reduction occurs at any load.
Experimental curves have several slopes, whereawdtical ones increase gradually. Changing
slope matches with season: in winter the slopeeas®s, whereas in spring it decreases. Then,
sludge reduction appears in spring when biologalivity starts, whereas only accumulation
occurs in winter. Accumulation time depends alsothie organic load, higher it is longer
accumulation is. Volatile matter ratio also reveiflerent mineralization rate according to the Ipad
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it's about 18.6%+ 8.7%, 14.3%t 6.3% for 30 and 50 kgSS#y respectively. While activated
sludge results in same conditions, display fewtgstal3.1%t+ 8.7%, 9.7+ 11.7%. Thus, for both
sludge types mineralization rate decreases fromutaldo units, as organic load increases.
Nevertheless, these rates are fewer than thosgume 6 and 6:48.0% and 43.4% respectively.
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Figure 5. Evolution of biosolid accumulation at Figure 6. Evolution of biosolid accumulation at
30 kgSS/mly. 50 kgSS/My .

Recirculation test

Effluent had been recirculated 26 times throughibet resting period. Results reveal a quality
enhancement, NF-N as well as SS measure decrease gradually from/B.® @.3 g/L and from
60.5 mg/L to 0.7 mg/L, for SS and IWHN respectively. These quality improvements calibe to
the infiltration rate reduction, which drops awagori 2.4.1¢ m/s to 5.6.10 m/s. Thus,
recirculation allows higher effluent retention timathin the bed, and generates better quality
effluent as classic system. This way can be annatize to solve septage effluent issue.

CONCLUSION

With the development of decentralized sanitatiostesyis in rural area and developing countries, a
growing involvement in septage treatment is obskn&ince the successful advances of SDRB
system for activated sludge treatment, these 20/&8's, question of septage treatment onto those
system have to be asked. This work focuses onethsHility of septage treatment and disposal on
SDRB, based on experiments carried out in pilot.

This study first focuses onto septage compositwith regards to its ability to dewater. Results
show important CST values, fine particles and faistent; typical of low dewaterering sludge.
Next, this paper summarizes 1.5 year of operatanvio specific loads: 30 and 50 kgSS/m2/y.
According to system performance, feasibility of tege treatment is demonstrated. In fact, no
clogging phenomena is observed, sludge deposieptesigh DM content for both loads with
values upper than 20% all over the year. Howevercgate quality has to be improved, even if
good filtration efficiencies (> 80%) are registerdor SS and N -N. From this point,
complementary treatment is needed. Recirculatigpement results announce effluent quality
improvement, but more experience is needed tahiexrtumber and the volume of the recirculation
batches. Through this experiment on septage tredtmigh SDRB some design and operation
condition recommendations can be gave: (i) vegetabimpost layer can be used with success, (ii)
50 kgSS/Miy can be recommended as specific load after a dssiwning period at 30 kgSSty,

(iii) effluent recirculation is possible, to ameiae its quality.
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