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ABSTRACT

A series of experinrent on thc contact-stabil izlt ion process treating municipal waste water
werc conductcd at various sludge ages. sludge recycling rntes, hydraulic retention tiJnes in
contact-stabil ization reactors, ard at constant tempcraturc. A kinetic model of nitrif iers
growth rates in the contact reactor wcrc dcvcloped based on the ca.lculated values ofthe
experimental results, as a lunction ol sludgc agc and fractional biomass in the contact
reac Ior.
'f 'hc 

influencc of thcse parametcrs on thc nitrif ication efticiency were observed during the
experirncnts; the arnnronia renoval rale as a l inction of the VSS and ammonia nitrogen
fonsunlption by the nticroorganisnrs were delcrnrincd cxperimentally.

SARI
'Ielah 

cli lakukan satu seri percobaan pengolahan {rir buangan kota dcngan menggunakan
proses kontak-stabil isasi pada berbatai vlriasi harga urnur sludgc, sludge recycling rate,
waktu retensl di dxlam r%ktor kontak dao reuktor stabil isasi, prda temperatur konstan.
Berdasarkan nilai yang diperhitungkan <lari hirsil percobaan, telah dicoba untuk mengem-
bangkan sebuah model kinetik tentang kecepatan pcrtumbuhan bakteri nitrif i l(asi (nitrif ier)
di dalam reaktor kontak scbagai lungsi dari urnur sludge dan fraksi biomas di dalam kontak
rcaktor-
Selarjutnya, dalanr percobaan ini juga dicnrati pengaruh parameter-parameter tersebut
lerhadap efisiensi nitri l ikasi. Dan dari hasil percobaan juga telah dihitung kecepatan pengii-

langan rrrrnronia scbag&i lunsi dari Volrti lc Suspendcd Solids yang terbentuk dan pernakai-
iu t  r r l  I  r ,  ' ! ! '  r .  i r l r  r  ! t ,  rn i r  o lc l t  t l t i k to , ' tF l r r i s t t t c .
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INTRODUCITON

It has been shown that the degree of nitrification in a contact-stabilization
processis influenced by sludge recycling rate, R and the fractional biomass in
contact reactor a, (Gujer and Jenkins, 1975 a, and Zoltex and Lefebvre, 1976)
in addition to sludge age, ro, for the conventional activated sludge process
(Downing et at, 1964).
This study will demonstrate experimentally the influence of those parameten
on the nitrifiers gowth rates in a contact reaclor(kp6,y2nd on their nitrifica-
tion efficiency (4",,.y.
The values of a rv6ie not chosen but, by varying contact and stabiljzation reac-
tors volumes (V. and Vr), and ro and R valrres, then the a values will alsoauromatrcajy vary. consequently, the actual hydraulic retention time in con-tact and stabilization reactor (tA c and t5 ) will also vary.

THEORITICAL BACK GROUND

The oxidation of ammonia (nitrification) is rnediated by two distjnct genera of
autotrophic aerobic bacteria.
The organisms Nitrosomonqs are responsible for the conversion of NHo+ tonitrite (nitritation) and Nitrobacler subsequently converts mtnte to nitrate(nitratation).
In general, the reaction can be exprcssed as:

NH4 '+o2 N i l , i l t t n !  h r c t c r i a
NOt  +  H2o  +  2H+  ( l )

The overall nitrifier growth rates in the contact_stabilization process (kNT) isgiven by the growth balance within the contact and stabilization reacrors. l e.
. l
K N r  =  - = a k N 6 .  + p k N s  k 2 N  ( d  + p )  e )Tb

where: k2ir  = ni t r i f iers decay rate (day-t)

{nr 
= nitrifiers growth rate in the stabilization reactor (day- I )p = fraction of biomass in the stabilization reactor

l r rC

M1

x l .
nd 6 = ----' l''lr' ( 3 )

syste tn .

thcre Iir

Where M1, M6. and M5 rePrr'sents the total biomass present in the
contact and stabilization reactor.s rest,ectivelv.
Asstrming that the fract ion ol ' t r jomass in the sett l ing tank is negl ig ible.
rea+B=  I ,  equa t i on  (2 )  can  bc  reduced  to :
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^ N C

Using t l re value of
by the ex pcr inrert  ta l

(7)

in the contact reactor (nr!y' I)

(e)

be determined

N N  S

k N r - o ' k 1 6 * k 2 N

Gujcr and Jenkins ( 1975 a) defined a dimensionless group A:

d  k r c
A  =  ' ' t  +  I

P  K N  S

Introducing equation (5) into (4), aftcr arrangement yields:

l(N c
( A  l )  ( k N r  +  k 2 N  )

d . A

In any case, the amnronia nitrogen concentration in the stabilization reactor is

much lower than the oxidized nitrogen concentration (N65), and assumed to

be negligible.

The nitrification efficiency (4nit) can then be written as:

N o c
, r n r  

N o s

where N6g = oxidized nitrogen concentration
ant l  accord ing to Cujer  and Jenkins (  1975 a) :

1 (8 )
, lt - 

:\R-

lf c<luation (8) is used to elinlinate A from equation (6), kn c bccontes :

k r , r r + k z N  . ,  ^  R
=  '  '  

l l + R
a  n n i r

k2p g iven in  the l i teraturc,  kxq can then
v a l u e s  o f  k p 1 .  R  a n d  4 n 1 q .

1 q

( 4 )

(s)

(6)

MATERIALS AND METHOD

ThL' exper;mel)ts ',vc rc' carried out in two small pilot con tact-stabilization pro-

ccss plants, which were operated in parallel. Figure I represent its process

flowshcct. The contact and stabilization reactors were made from double
cnvelope plexiglass to maintain thcrm oregulaticn, and the settling tanks were

conf  pyrcx g lasscs o1 3.5 and 2.5 l .
(' laril led raw sewate from Toulouse city conserved at 4'C were fed into the

eont l i t  reactor  r t  a  constant  rate of  1 .25 fh or  36 (day by nteans of  a  sr r ta l l
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Figure 1. Flowsheet oI the Contact-Sta bill ization Process.

peristaltic punrp. Tlre avcrage cllarlteristics of raw sewage are givcn in table l.

Thc tenrpcraturc of  thc cxper in lcnts  wc.  re nra inta ined constant  x t  2 l ' ( l  ( !2 'C)
and thc volumes of the contact and stabilization reactors vrried according to
the operational t46 and t5. Various ro, IL, taC arld ts were performed during
the experiments. Data wcre taken only after steady state condition was achiev-
ed which was identified by rnonitoring the ammonia and nitrate concentration
in the effluent and waiting until tl lesc becanre relativcly constant. The average
value of three sanrples for a specific condition was used as the representative
data.
Ammonia concentration was detcnninerl by Nessler's method according to
Norme NFT 90 015 August ,  1975,  and n i t ra te by the phenol  d isu lphonic
method accord ing to Nonne NFT 90 012 February,  1952.

Table 1. The Average Characteristic ot tne Raw Sewage Untilized tor Feeding the
Pilot Plan.

Disrclved N-NHitb 
coD S S  p H

(ms/1)(Davs) 
1n'n711 (mg/ l )  {me/ l }  (m9/1)  (mg/ l }

N-NOf N-NO3- Soluble
Organic N

2
5

1 0
1 5
30

r69
1 7 7
182

209

24,9
28,5
3 1 . 3
34,3
32.6

0,6
o,4
0,4
o,1
o.2

1 , 1
0,5
o,1
o,3
0.3

6,0
12,6

o , l

4, )
7 , 2

123
126
158
220
1 4 9

7.98
7,77
1 ,94
_t o_t

1,74

RESULTS AND DISCUSSIONS

NitriJicrs growtlt t '(tl( in tlre contact reactor ( kN c )
Downing,  Painter  ant l  I (nowles (1964)  showed that
directly dependent upon the nitrifiers growth rate. As

the nitrification ratc is
there were not any nitn-
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te accumulatiort in the reactors, the nitrification process was thus controllcd by
the nitritation rate.

Nitntsontonas growth rate in ihe contact reactor can bc detcrnrined b1, the
equat ion (9) .

, .  -  k * t  + k : N  , ,  .  R
^ N C  _  _  _ _  { t  1 _ ^ - .  . - '

0  ? n  i t

A study conducted by Prince Agbodjan (1977) on thc same raw sewage,
demonstrated a k2N value of = 0.05 day 1. By using thjs value, kNC can be
calculated based on the experimental values, with the exception ofrs = 2 days
as the r ln i t  obta ined were to feeble.  A model  of  kx6 as a funct ion of  aand
rb was developed from the calculated values of ky6. Figure 2 shows the
calculated kNc values from the experiment results for differents values of
16 (5,  10,  15 and 30 days) ,  as a funct ion of  o .  A genera l  corre lat ion of  kx, ;
can be drawn from these figures, namely:

(knc)n  =  an  (a )  bn

n= 1 ,2 ,3 , . . .
for  16 = 5 days kNc = 0.474 1a1-0,2?3 6ut t

16  =  10  days  k16  =  0 .310  (o )  0 ,286  day -  I

16  =  l 5  days  kpg  =  0 .206  (q ) -0 ,3e7  day  1

tb = 30 days kr,r  c = 0.133 (c)-  0,581 day- t

In order to express kp6 as a function of rb, it should follow the evolution of
an and bn as a function of rg, as shown in fig. 3. The relations can be describe
as follows:

(  l 0 )

( i l )

(12 )

(  13 )

an  =  1 .544  (16 )n  0 . r z+  w i th  12  =  0 .992
bn = 0.228 eo.3 2 ( 'b )n with r? = 0.959

Introducing the equat ions ( l l )  and (  l2)  into (  l0) .  y ields:

ks6  =  1 .544 ( ro ) -0  724  (d )  0 .228  eo .o32 ( tb )
Expression (13) shows the dependency of the nitrifien grow r rates in the
contact reactor on sludge age and fraction of biomass a. For low values of
sludge age, the variation in kx 6. is not as important as higlr values (|ig. 4).
As the quantity of nitrifiers vary directly to sludge age, kx6, can bc lirnitcd
by s'bstrate concentration while a is increased. This limit is casier achieved by
higJr vaLres of sludge age. When a is small. kp 6. achieves thc lraxir.rrurr:
values of ko" , and isn't dependent anynlorc on the amrnonia nitrogen
concentralion. Prince Agbodjan (l9i?) found a value of kn11 in tJre orcler of
1.2 day I which is more or less related to the value given by Knowlcss et al
(  1965) ,  i . e .  1  .5  day -  I  .
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rb = 5 days

kNc  -  o  474 (d )  o273dav  1

12  =  o . t ]

=  1 0  d a y s

= o.3t o(olo 286 oay-1

= 0 .81

1

N c ( d a y  
)

kNc {day  )

1 2

0 .8

o .4

k t'tc
2

o-fract ion of  b iornass (%)

o-f ract ion ot  b iorr€ss (%)
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Figur 3. Evolut ion of an and bn as function of sludge age,

,\ i trificatb n c lJ icie ncy
Nitrification el'ficiency can be defined as the ration of oxidized nitrogen
conccntration and total nitrogen concentration in thc contact reactor.

No t '
4 n r r  =  

1 - -  - ,  -  { l + l
N o a  + ( N \ I 4 r ) (

Whcrc (N 
" , ,  

+  ) . -  = mntonia n i t rogcn concentrat ion in  the contact

rcactor  ( rng/ l ) .

As the nitritlers growtlt artes are slowcr than thc heterotrophs a high degree
of nitrification would be attained at a relatively high sludge age 16.

a-a an= 1.54411i4.724

O- O bn = 0.228 e0 032(7b )

O; a experimental points
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k"" = 1.S44(ro ){.724(ol-0.228 e (rb) day-l

o 1tt

a .rb

0 r .

l ,
b

25

= 5 days

= 10 days

= 15 days

= 30 days

o
a

o-fraction of b iornass (%l

Figure 4. Calculated nitrif iers groMh rate according to equation (13) as function of fraction
of biomass in the contact reactor (d-

The experimental results show that significant nitrification were obtained at a
fb equal to or higher than 5 days, and it achieve a value near to 100% for
16 ) 10 days (figure 5, the relations between V6 ,Vs and R with ta 6 and t5 is
shown in table 2).

With regard to the parametcr R, a low valuc of R results in only a small fraction
of the influent ammonia being recycled into the stabilization reactor, and con-
sequently this results in a low proccss nitrification efficiency. In contrast a
high vaiue of R gives a relatively srnallcr difference bctween the concentration of
biomass in the contact and stabilization reacton which will give approximately
Ure same effect as a conventional activated sludge process. Figure 6 shows the
influence of R on nitrification efficiency for a given condition (rt = l0 days,
and Vs = 3.75 I ). At this condition, R = 200% gavc considerable result in nitri-
fication cfficiency.

30

exper imental  poinrs:
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t r n i t  =
Noc

r'ioa ' tr.'r n:Hlt

t ' uOt ' l  I  D I^ ( ;S  l7D t  r t .  1 .5 . , \ , , , .2 ,  t9B2

v C =  1 . 2 5  |

r f l  = s ludge age {day)

Fi0ure 5, NitriJicalion efticiency as a tunction of sludg€ age for different votumes of contactreactors and recycling rates.

On the. other hand, for 16 ) 5 days, the amntonia nitrogen conccntration in
thc stabilization reactor gavc low values (< 1.0 nr/l) conrpared to the oxidized
nitrogen concentration in the sa,tle reactor (Nos ), this valire can be nelCected.
I iowever ,  N6g in  concidered as the maximum concentrat ion that  can be
oridized. Furthcrrnore, tlie nit.ification efficicncy 4nit can be expressed by thc
cqLration ( I )

l ' \ o c
? n i t  =

Nr,r s

[ '-igLrrc 7 represents thc evolutions of njtritjcation el.ficiency calculated by the
ct l r ta t ion (7)  as a l i rnct ion ofG,  for  rb e( lna l  to  5,  10,  l5  and 30 days respec_
tively. The cLrrves describcrl arc givcn dLre to equation (g).
4ni t  a t ta lns mrx i lnL lm (near ly  1007)  va lue when a and R are s igni f icants.  In
contrast. if these two paramclers wcre to decrease, ?nit also tjecreases. As the
ovcrall efficiency depends at thc same tine on the partial efficiency in thc

A/

a,o
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Table 2 Relations between volumes of contact reador (Vc) stabil ization reactor (Va)and
jludge recycle rate (R) with the actual hydraulic retention times in contact (tcR ) and stabi-
l ization (ts) (tc =nominal hydraulic retention time in contact reactor = Vc/O).

27

CONTACT REACTOR

vc  (L ) tc  (MN) rAc (MN)

STABIL IZATION REACTOR

vs  (L ) ts  (MN)

R

t % l

3.75
3.15
3.15

r80
180
180

200
1 5 0
1 0 0

3.15
3.15
3.75

90
120
180

bU

72
90

2.50
2.50
2 5 0
2.50

120
120
120
120

40
48

1 2

200
1 5 0
100

7.50
7.50
7.50
7.50

180
240
360
540

1 .25
't.25

t . z a

l . z a

200
1 5 0
100

6 7

60
60

60

2D

30
36

two reactors, then if a tended to become zero, the nitnfication etliciency iir
the contact reactor would also tend to become zero. Moreover, the overall
efficiency arose from the stabilization reactor efficiency alone.
If 16 is high enough to rnaintain autotroph growth then the nitrification
khetic is quite independent from the kinetics of the hydrocarboll matter.
It was observed that, even if the substrate utilisation rate in the coDtact reactor
attained a high vaiue, i.e. i 7.3 g C'OD/g. VSS day or eclu:rl to 1.7 g COD/g
VSS. day for the overall systcln, tllc nitrification process was established.
On the other hand. a very high rr (i.e. 30 days), caused the nticroorgaltisms to
go into thc respiration etrdogenous phase, especially in the stabilization reactor.
The rcsulting cellslysc caused thc releasc of their nitrogen ntatter in to the
reactor. This will resrilt in a calculated 1,,,, that is lower than expected.

Arnntonia rennval rate as a liutction of VSS
It is difficult to detennine the nilrifiers concentration in a mixed culture. ,,,
lltis cxperinrent it was not nteasured. Scveral authors expressed the antmonia
removal rate as a lunct ion of  VSS (Er ickson, 1975. Adan)s & F.ckcnfelder.
1() l l .Zol tex & Lct 'cbvrc,  1976 and Wild et  ai . .  I970).
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' ln i t

Noc + {N,NH4+)C

o
I

Vc = 3.75

vc = 2.60

Vc =  1 .25

Figure 6. Influence of recycling rate on nitrif ication efficiency,

i  J ( N _ N H 4 +  )
U N - N H A 'Md t

wnere M = Total biomass in the reactor (mg)

mg N-NH4 r removal

mg VSS day
( ls)

lht as the nitrifiers fraction in VSS in reality is not corrstant, this relation ( I 5)
is applicable only for welI detennined operation conditions.
In obscrving the cvolution of the ammonia removal rate (function of total VSS
total in the contact reactor) as a function of the hydraulic retention timc in the
contact reactor, not any good correlation could be drawn out during the
3xperiments. BU in any cas€, tle ammonia lelnoval mte varbd between
0.04-0.2 g N-Nlt"+/g VSS day, which is comparable to the values given by
othe( authors ( table 3.)
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Table 3, Ammonia Removal Rate given by seveel authors.

l l  r
" N  N H 4 Operational Conditions Authols

0 . 1 8
o.o72
0.053
0.01 ' ,1
0.04 -  0 .2

pH = 8.5 domestic sewage
18-C domestic sewage
12-C domestic sewage
Batch system, domestic sewage
21 

-, 
Municipal Wastewater

W i l d  e t  a l .  1 9 7 0

Erickson, 1975

Zoltek & Le{ebvre 1976
This study

tq

.lmnnnia nttrogen consumptiotl by tlrc microorganistns
Thc' quantity of ammonia nitrogen consunled by tlie nticroorganisnl s depend
on its growth and physiologival conditions. In municipal wastewater treatment,
the mixed culture consists of heterotrophs which oxidize the organic llatter,
arrd aLrtotrophs which transfonr thc. major fraction of iurlmorria nitrog,en to
nitrates. The remaining fraction of ammonia nitrogen is consunred fbr cells
synthesis. As the concentration of the autotrophs and thcir conversion coeffi-
cient are relatively feeble conrpared to the heterotrophs it is then assumed that
ammonia nitrogcn are exclusively consunled by the heterotrophs. Several
authors proPosed an emphirical formula for the microorganisms, as follows:
CsH?02N (Hoover & Porgres, 1952, and Christensen & Mc.Carty,  1975),
and others as: CrFIt0rNPo.,  (WPCF, ASCE, 1977).  According to thc above
formula. ll.8 12.4% of the microbial mass consists of nitrogen matter.
Observing the total wasted sludge per day tbr a given sludge age (?b) and tlle
quantity of nitrogen losses (between influent and effluent) during the experi-
ments, the percentage of nitrogen consumed lor microorganisln synthesis can
be calculated. Thc experimental results (taLrel 4) show that tllis percentage is
relat ively constant ( ! l4 l l . in averagc) for any value of  11,.  Var iat ions in the
order of 5% was probably caused by experinrental error (dcnitri lication proc(-ss
and in deternrina tion ).

fable 4. Percentage of N in the VSS.

b (days) Nitrogen Comsumed by the VSS Produced (%)

2
5

t 0
t 5

30

13.1 4
1 5 . 8 6
1 2 . 1 7
1 1 . 9 5
' t6 .50

Average 1 4 . 0 4
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rb = 5 days
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A
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Figure 7. Evolution of nitrif ication
+^r . l i f {o rah+ .1 , ' .1^ -  . ^ -

qJraction o{ biomass (%}

7b = 30 days

t F1 = ?alar

A R=rsoz

( ,  H = 1 O O %

qJract ion o{  b iomass (%)

20 30 40

eff iciency calculated by equation (7) in {unction oi c,

,o

a
o

= 15 days

a = 200y.

R - 1 0070
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CONCLUSION

At a constant tcttt|erature. the growth rate of nitrifien in the contact re:rctor
(kNq) was in f luct rccd by the s ludgc.  age and f ract ional  b iomass in  the contact
reactor  a.  I l  c r  is  snta l l ,  the n kx 6 achieve a maxin lu l11 value of  k6 p .  The min i -
murrr sludge agc required irr a con tact-stabilization process to obtxin a signifi-
cant nitrificatlon ct'ficiency was 5 days. At a constant tcmperaturc, this ellicien-
cy ls  in f lucnccd by 16,  I l ,  t41.  and t .  .  For  z6 = l0  days,  conrp let  n i t r i f icat ion
( 100',,1) can bc achieved by performing R = 200%, ta 6 = 60 minutes and
ts = 90 nr inutes.
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