Nitrification of faecal sludgediquor
usingipilot scale intermittént sand™

= filters.in Dakar, Senegal

Rresen o vy Dr: Elisabeth von Muench (UNESCO-IHE)

Publishers:

Aly TOUNKARA, Msc Sanitary Engineering(UNESCO IHE, ONAS)
Dr. Elisabeth von Muench (UNESCO-IHE)

Dr Mbaye MBEGUERE (EAWAG/SANDEC)

Dr. Doulaye Kone (EAWAG/SANDEC)

May 20th, 2008

20/07/2007







Definitionlofifaecal sludge, concepts
ludge (or Septage):

S Of variable consistency collected:

SO aIIed on- S|te sanitation systems

AN Frine alele a\YV/=alg2Ya

oilets, and aqua privies;

;'—- 'I'sludge liquor :
uent of FS settling tank
T.'-—’ Iy solid-liquid separation

ﬂrﬁeess applied with FS);

- =sIntermittent Sand filter:
aerobic process consisting of passing intermittently
decanted wastewater through a sand bed ;

=Nitrification : Biochemical process of oxidizing ammonia
nitrogen to nitrite and nitrate 2
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Background- FS Management 1]

am——

O estimated in 2004 that 1.8 million of people dach year

arbhorne disease =Wa .,_..-

of the death are related to unsafe water syupplyitation

ygiene (WHO, 2004). That justifies a bit thBGE (Target
ind 11).

T

- _".1-—-"'

J.F:%’equlrement to shift “End-pipe solution” t

to “adecgighnitation
~systems”

=Adequate sanitation : decentralised sanitationesnaibgical
systems) for physical environment improvement
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derground- ES Management, 2, —

Se negal 92% of the population are serwced by

Sc dation, B—— g |

akar at least 60% of the | &
pulation are serviced by on-site g . [

|

== reasmg production of FS

= FS is "only” a problem of developing countries;

I\\

o Faecal sludge is seen as temporary and wil

go
away”’ with sewer (assumption is flawed).
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statement

.

sieoftadeguate and affordable

LIENEC

J'JEF‘

sludge liguor : belongs on category of hlgh strength

2 rﬂ_ COD COD, NH;-N, SS contents

e
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= =it knowledge on how best to treat the faecal sludge liquor
to remoye specially ammonia

= Challenges is to find adequate treatment option for

nitrification of faecal sludge liquor (before further processing,
discharge or reuse)




b Researchigoalland objectives

_| G(" . _,-- I

flo) contribute “to' enhance knowledge in
UoPICalL COLIRTIHE! PN thes  feasibility. . of
IriEs mittent sand! filters: for the treatment of
'fa'f. sltidge; liguor.

- C - ]ectlves

r 1 i@ analyse the FS production in Dakar,
Senegal

2. To characterize the FS liguor from the settling
tank:;

3. To evaluate the intermittent sand filters
performances for treating the FS

-
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Methodology: Overview of the Pilot scale
plont >
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Mettioroelogy: Details of the Pilot.scalérplants

Soil infiltration
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x “alwe RF Roughing Filter i fiker fquor
ISF Intemittent sand filter An Tr 2naerobic unit
TF Trckling ilter

e rec rculEton

St TK Storsge tank e Effluent
SP Sampling point=

wewmer Foopehimental set un



Details of the ISF

L Distnibution
Swstam

thin grawel

F o zand media
= [0 m

caoarse sand

n

i SUpp ort




Sand calibration

oravel

Sieve diameter {mmj)

Coarge gand

— = = Lower limit

= = =Upper limit

Calibrated sand

Pourcentage curmulé (%)
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Methodology: Operatmg —
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- | Phase2
3 R2 R1 R2
ulic load (L/day) 17 17 17

3/7 6/7 6/7

- -
=

b

_'”FlircTraullc loading rate
~(cm/m?/day)

Maximum hydraulic load
(cm/day)

19 38 19

8.7 8.7 8.7
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MEWoHoIogy: Organics and'Ammonia Loading rate

- T
e

—

8 Phase2
- Parameter

R2 Rl R2

o (M/L) 12500 12500 12500

-.__.-._h-a dlssolved (mg/L) 3000 3000

= "COD . loading rate (kg/m?day) : 1.3 0.6 1.0

~COD .4 loading rate
issolve i 0.3 0.3 0.3
(kg/m?/day)

NH;-N (mg/L) 270 270 270
NH;-N loading rate (kg/m?/day) . 0.022 0.015 0.026

14




reEtal Siudge,Vs Municipal VWAV

SS COD COD COD/B

unfiltered  Filtered S oD NH3-N  TKN

mg/l mg/l mg/l mgl/l mg/l mg/l

4250 - 2100 34 . 730

: FSIi_quor 2000 12500 3150 950 33 2/0 440

Municipal

1230 800 350 2.3 45 70
wastewater
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ESNIEUOr Characterization®
s b DTG/ L) = 2500

( B (mg/L) = 950

e TKN (mg/L) = 450
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Evolution of COD with time from faecal sludge liguor to nitrified effluent
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Evolution of NH3-N with time from faecal sludge liquor to nitrified effluent
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NEoMparson of two loading raté

removal eficiency

- 20% 4

0%

a0% -

B0% -

40% -

T E i E THM
Turbicit RH3-M
I coD urbichity
M3 TH
T TP
* Reactor 1 ( HLE =10 Liday)
1 B Reactor 2 [ HLR =17 Liday)
: BOD
1 2 3 5 b 7 8

¢ No significant difference




20%

+ Seriesl
——Log. (Seriest)

y=0.12 Ln(x) +0.9
RE=p.00

CODunf kg/m2/day
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SNEESN iemoval efficiency with INNeg|

y=TF42 %% + 28 x + 0.7
R = 0.91

92%

90%

88 %

NH3-N removal efficiency

86 %

34% 1

82% T T T T T T
0.006 0.00s5 0.010 ooz 0.014 0.016 0015 0.0z20 0022 0.024
MH3-H Loading rate (kg/m2/day)
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Eomparison of two feeding frequencies

120%

100%, - EIT:) coD Turbidity 3o THM
S S I

a0% -
Al N I

E“:Il:'.l'rl:l 7] N TN

removal efficiency

40% A il

,Ii I

- 20% 4 -
- #reactar 1 (I15F1) W reactar 2 (I5F2)

I:II::"I-':' ‘ 1 1 1 1 1 1 1
0 1 2 3 4 5 b i i 9

* Higher feeding frequency performed better




sompanative NH3-N removall efficiency. in the tWerreaetors

MithREspective feedingl ftequency. of: 6/7_ aﬁdq§/7 days

—e— R1 (f = 6/7 days)
—m— R2 (f=3/7 days)




ter Type

)n rate (m/h)
: ' lameter

A
11 ]
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rmity coefficient

=

Turk Ellty (NTU)
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__—"Depth (m)
: Run_days CEVS))

Cleaning
Mechanisms

Oxidation

ISF versus RSE and/SSF

Slow sand Rapid Intermittent
sand sand

filtration . filtration
0.1-0.5 5-15 0.2-3

0.2-0.5 0.5-2 0.3-2.5

<2 <3 <4

<0.1 <0.3 -
(25 mg/L) (75 mg/L) (< 800mg/L)

0.6-1 0.6-1 0.60-2
20-100 1-3 -

skimmin Backwash )
9 + air

Physical, Physical,

Biological chemical

Fe, Mn,
NH,

Physical,
Biological

NH, COD, NH,

—




" Coneltsion
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pok like to be successiilillyzapplicable treating ES liguor despite
MhIgh SS) content and natural oxygenation;

AisiclassifiediasowistiengthES:H S5 (2:8) NHB-N (6);

aracterlstlcs depends on the performances of the settling tank
rr s0/IG=lIqUId separation process)

ESHIgUer 1N Dakar consist mainly of NH3-N

sRemovall efficiency of the pilot scale plant: Turbidity (93%), COD
== _89%), NH3-N (91%), TKN (93%), Nitrification 40%

J-—Statlstlcally there was no significant effect of the increased HLR
== Pecause of their slight difference of the HLR

iHigher feeding frequency (of 6/7 days seems to provide better
~removal efficiency) but High organic load may lead to limitation of
oxygen restoration in the filter while small feedin frequency
required more land for the FSTP.

Main process for COD removal is the filtration.




R ecom'-mﬂdations

N ESEGlidlidcterization: check reliabilibyasampling
ethods try CODfractioning, Inert material
vaIuatlon for albetter characterisation (apply

| vestlgate Ritrogen mass balance further and
Revaltiate how much denitrification Is occurring;

._i%g\léestlgate further the oxygenation process in the
" [imiting factor: check maximum operating SS and

—

== relation to clogging risk;
Effiect of daily load fractioning and higher HLR
Residence distribution is ISF with a more stable
tracer;
Microbial and helminths removal on ISF.
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etch of possible design of ISF

Sdﬂmg
Feceptior,. T Seends T Orit
charite 1 Tethimr 1 D@cgal
(0 Te1158

Araerohic
—* dizestion

’.De5|gn for nitrification:
oNH;-N load = 0.020 kg/m?/day

—"
_‘
.—-
i i

e

eCOD load = 1500 kg/m?/day

eCost estimation = 0.45 euro / EH
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