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Successfull experÍ.ence in the operation of a 1ow-loaded activated sludge sys-
tem, in which a combination of nitrogen and phosphorus removal is applíed, will
be reported. Operatíng on domestic sewage the 500 P"E" plant on the experímen-
tal fÍeld of the TNO Research InstÍtute yields even aL l-O'C the following remov-
al ef f Íciencies of COD, N-tot and P-tot resp. 793%n 2 B5%, and 2 857". Nitrogen
removal is achíeved by bie,.1 ogical denÍtrif Ícation, whereas phosphorus reduction
ís ca'i:ried out Ín a si.mul taneous precipitation p::ocedure \^iith Ca(0H), aE slight-
ly elerrated pH values. The latter requires a Ca/p (wt/wt) ratio of à-TresultÍng
in eff luent pH values rangi,ng from 8,4 - B"B

1" INTRODUCTION

The oxydatioir ditch principle which was developed in our Instit.ue in 1-953 
-

by. Pasveer is charaeterized by a number of features which are well-known these

days. The r¡r.'issíon of the pre-setting tank and the sludge digestion step has

been compensated for by the aerobic stabilizat"Lon of the sludge withín the

aeraLj.on basin . The aerobíc stabilizat,ion or minera|ization of the sludge is
achieved by a very low loading of the sludge ioeo 50 g BODrlkg MLSS"day resulL.
íng in a low sludge production of about ¿r0 g sludge1P.E" day,

Correspcrnding wíth the loading 1eve1 of this activated sludge system hydraulic
detentíon times of 2-3 days are obtained.
Nowadays in Europe alone roughly 200CI-3000 planls are in operatietn treating
d.omestic and industrial sewage based on the oxydation ditch principles,
The praclical applicability of biological- denitrificatj"on ín an oxydation dítch
had already been dem.onstrated ín 1964by Pasveer (1i¡" 1)" Based on Lhis
observation a number oË patents have been granted (1ír. 2), describing bíols-
gical denitrifícation which can be obtaíned by alternatÍon of the f,rllowing
proc.essing sLepss - mixíng of influent with nit-ríf ied mixed liquor withoul
oxygen supply - ni.triÍicat.ion with oxygen supply - dj-scharge of treated efflu-
ent etc.
Thís combinatíon of o4y_dat.íon and denítrífication Ís called the oëydenítro Drocess.



2. PRTNCIPLES OE -THFI PRESENT PROCESS

Besides rhe hígh degz:ee of BOD removal (98 - 99"/") and almosc c-,.:;n1:i.etè nitrifi-
cation whi-ch is ot¡tained irr the oxydat.ion ditch, the present process includes

nitrogen removal (> 85%) and phosphorus reduction (; 857") 
"

2. 1 N_il,J r.&:r",,--1.9,1:yj.l.

The nilrogen rernorraS- i s ef f ectuated ín two i¡rays, vizz

- bÍoiogica.l- den-Ítríf:icatinrr based on the- c'xygen requirements of the Ínfluent
(denitr'í.f ic:atÍe¡i: I - rate, rDo,_.,. I)

- bioi-og:ical deni[r:if i.r-:.af-íern based on the endogenous respiration of the micro-

organÍ.sms ( deni"tri-f ication II * rate; rDe' II)
In façt r^re notj,ce here a comt¡ination e¡f principles which have for instance

bee-n reported by trrluirrman (1it" 3) and Lttdzasfr,r.ndEttinger (l,it. 4).fsee fig" 1l

z.z Flsúq:y-q-:ry:4.

The applieatiein of ealcium hydr:oxyde as a means to remove phosphc¡rus is con-

fined Eo pre-precipitation and post-precipitation procedures" l'/hen Lhe require-
ments for P-removal are noL too stríngent i.e. when ;85% P-reduction or

2 mgPll in the effluent are aceeptable then Ca(OH), can rrery well be applíed

in simultaneous precípítation at slightly elevated pH values (1it. 5 and 6).
The calci-r.rrn phc.rsphate compounds are mainly precipitated as Car(PO4)3OH-Calcíum

hydroxyapatiLe and leave t-he sysl--em Logether with che surplus sludge.

3. DESCRlPTICINCIF THE 5OO P.E. PLANT OF TNO DELFT

The schemat.ic lay*cut of the plant is given in fig. 1. fn basin 1 which is
mil-d1y stÍrred without oxygen supply influent is mixed wíth nitrified míxed

liquor frcm basin 3 and reLurn sludge" Nitrification and oxydation of the car-

br.,.r,a,,..:.,i-,s compounds of the influenÍ take place in basín 2 ar:d 3 at a control-
led oxygen co:orjenl:ration of 2 mgl l" fn basin 4 denllrification based on

erndogenc:-'.s resp j-ralion i.s realized due lo mi1dly sllrr:ing withc¡ut oxygen

supply" Post-aeration is ca::ried oul in t,asin 5 in whích alss Ca(OH), is
supplied to the system" The conLent of the plant without settling tank is
4 x 31.8 *3 + 7,-7 m3 : 158o9 *3" Hence an influent f low of 4 *3 /h meâns a

hydraul.ic. de[.ention t j.rne of 40 h.



4" RtrSULTS AI{D DISCUSSTON

The planL was seL Í"rrLo elperaf.íon in June 1974. The resulL.s of the period
July 197 4 - Januar"v 1-9 75 w j.ll be discussedo

4 . 1 0f_ug.!jg't_c_¡.r_p Éi,!_iqtg

The plai:t i.s supplied ¡¿ith dc¡meslie sel¡rêge r¡f wtr:Lch the relaLÍ-ve c'omposj.Lion

of the rna:ir: c,3m¡;(laent-s COII:N:P: 1CI0 : 10 : 315. The incoming sewage has an

average str,'en-gt-h of 5ûû mg COD/1- (tabel X),

The mean str-ttd-ge l<lading arnouní:ed 95 g COD/kg MLSS-day or 150 g CODlkg MLVSS,

dalf" The e.slr coi:ieni- varied between 30 - 4'8% dependÍ.ng on Lhe temperature and

the amr:unl of calci"umhydr:oxyde which was supplied to the system. The latter l'¡as

varied ín vÍ.ew of c}:e P-renioval invesL.igalion
The influerrt- flow wa-s kept aL 3 n,3/h ti1l September 1g14e afterwards the averaile

flow amou.nLed 4 *3ulh. Th,e recirr:ula,tion flow was varied between 9 - 15 r3/h"
Since Ì{oveml¡ey: '1914 a e{)nsr,ant flow of tZ 

^3 lt', 
was maintained.

A typ.í-co-l exampi-e of etre operalion of t.hi.s plant, ín whic"h 93% of. COD reductíon
is obt.aine.<i i s gíriern in f ig" 3.

4.2 N1l¡_s-ægt3rlg.v._el

The m..icroorganísin poprrlatic¡n whích Ís present in a sevrage treatment depend on

the chemíca.1 cc-.mpositir:n of the influer¡t, the temperaLure ancl the operat.í.on

con.diLj.err:s of LLre svsLem" A"{-se¡ the abil:ity Lo nÍLrify a.nd deni"trify which is
reflecied by r:he räfes of nitríficaLion and denitrifi¿atíon is dependent on the
composÍ.Li.on r¡f Lhe mj"r--.r:o-or:gani.sms populatíon and the afore mentioned factors.
The m.ain purpose of the ':¡rer,"ation of the pi-ant. at our Instilute is to establish
reliable f:',gures fc¡r ni.trifieai'-j"oc and denirrificati.on rates which can be expected
j-rr lh.e or:ganic fractÍoi'r of thc.. míxed tiquor r¡ol-at-íle suspended solids (MLVSS)

which j.s obt,ai.ned wi.th cl,:r¡esric sewage at the exist ing operation cond.Ítions
aL r¡aríous t-emperåf,ures. To Lhis end we carry out-- batch, experiments with t.he

activated. siudge f.rr:r'.r Lhe system at the actual sysLem ¡emperaLuree apart from

Lhe or,.e::a11 e¡1¡servaf.io¡r r¡f ¡l;e niirogen::emr¡va1 i.n. ihe 500 P.E. p1anL. Once

mclre in.sight is ¡'bT,:a:lned. "in ihe kinetics of nii::ification and denínrificatíon
the operalÍor: of Lhi.s system or analngous Lay-ouf. uan be optimized. Tlie main

process parämeLers which can be trsed lo mini.mize the niL::ogen conL.ent in the

ef f luent are ( i) the re]-a,ui','erat j.o of the conl,ent. of the d.ernitrif icatlon and ni-
Ër:if icafi,*rn i¡asins ( li) reci.:rcula"t:ion ratio ( iii) slu.dge concentration,



4"2"7 OvêTatI niT.roEclt bãTarce

Tn the period July 1974 - January 1,9-/5 tlne average N-reduction amounted B7%"

The effluent contaíned 13% N, which was maínly N as nítrate. The nitr:lfcatíon
appeared tsl be atmost complete, erien at l-0oc the N-kj amounted <í 7"5-2 mg N/l
in the non-.filtered effluent. The N-reduction of 81% consisted af 23% for
assimílation in the sludge and of 64% ¡s overall reqult of denjlrjficatj-o¡-t anri

II N

4 " 2 . 2 I*5 g : - : 5 -':i I: i 5 i:* 5 ie - - *: I - 9es i.t: i I i :3 ! i 9r

Duríng the in-vesfigaticn the temperature went down from 20 to 10oC (see table 1).
The raLes of denitrífication and nitrifieation were sli.ghtly influenced by the

deereasing temperatx-lree which was probably caused by the change in micro-orga-
nisms papulation" The decrease i.n rate due to the temperature drop had apparent-

1y been ccunlel:baiarrced by a relaLíve increase irr denítríf ication abíl ity of
the sludge" ThÍs aspec.f- ís al.so shown in rable 1, Ín which only a reduction from

92 to 84% ín N-r:emova-l efficj,ency is observed going from 20oc - 1-0oc. In the

course of the eomin.g year i^re shall gain more information about the temperature
influence of the reactÍon rates., Assuming zero kinetics we obtained between

December t974 : January L975 ar 10oC

rDen r
tN itr 

"

r-Uen 11

: 1-o 1 me N-Norrg Mlvss"h
: ru6 ms N*Norrg Mlvss"h
: o' 5 rne N-Nor¡g Mlvss.h

Indicalínns are fE¡unc1 lhaf. nitrificat.ion rates strongj-y decr:ease when the N*kj
concentråLion drr:ps betr.e¡w t-2 mg N-kjl1" The same effect was observed with
denítríf ication when the n:'-trale coritent- went down below L-2 mg N-NO3/1,

The minimum amount of recircula.tion flow should be _just high enough to maintaín
a nitrate concentration of å 2 mg N-NOr/1 ín basin 1" Then the conversion oË

nítrate to ni,trogen wil1. nqrl be hind.ered to a Ia-rge exr.end by the nitrate concen-

t.raL Íon"

It c.an be calcul-aled that feir the mentioned rates at 10oC a minimu¡n recirculation
flow of about g"l m3lh (influent : recirculation :1 3 2r2) sh.ould be applied
resulting in a 85% N:reductír¡n. fn the same r¡/ay the performan.ce of other lay -
outs can be predíctedo For instance when basín L and 2 are used for denÍtrifi-



cation I and denitrification fI is omitted a recirculation flow of 31

(ínfluent ¡ recirculation: l- z 7.7) will also yield 85% N-reducrion
In the case of niLrifícation in basins L and 2 and denítrífícation IT
basin 3 and 4 (hence no recÍrculation) the N-reduction at l-oo can be

aL 63%.

^3 
/t',

at 10oc.

in
comp ute d

Ca(OH)2 \^Ias supplied to the plant in basin 5 at varying amounts" In table L

the weight ratio, of Ca-added as Ca(OU), and P-tot. (in influent) Ca/P (wt1wt)

is given in conjunction with Lhe obtained P-reduction and corresponding pH-

values of the effluent. Moreover in fÍg. 3 the CalP ratio has been plotted agaínst
the effluent phosphorus concentration" It appears that. with simultaneous pre-
cipitat.ion P-reductic¡n of 85-90% or effluent values of ca,, 2 ^g 

p-tot/l can

be obtaÍned at Ca/p values Þ7. Then the effluent will have pH values varyíng
from 8"4 - 8,8.
Per P"E" or about 3"5 gP/day is required a quantity of 24.5 g Ca or 45 g Ca(OH)r.

Taking into account a priceof f 0 rTOlkg Ca(OH), the phosphorous removal costs as

far as the chemical dose Ís concerned amounts to only f I.65lpnE. year.

4" 4 q!q4g" p¡gd,rtliqrt

The sludge which Ís obtained ín thÍs method has good dewat.ering propertíes as

for i-nstance is noticed on drying beds, The sludge production will increase due

to the formation of Car(P04)30H calcium hydroxy apatite and other calcÍum
compounds" In this process we have measured in the first. 6 months of operation
an average sludge producr,ion of 53 g sludge1 100 g COD with 40% ash" In
comparison wit-h the normal oxydatíon ditch sludge production rlre st.ate tenËa-
tively that an increase of about f,o% should be taken Ínto account.

5. CONCLUSTONS

After the first half year of operation of this low loaded activated sludge

system the fbllowing conclusions can be drawn"

Apart from a high COD reduction Nitrogen elimínation to a high degree can

easÍly be obt.ained" At 10oC a N-reduction of 85% and at higher temperar.ure

even much better effíciencies turn out te be realísLic values for this sysLem.

The processes of d.enítrificatíon and nitrifícatíon can approximately be described
with zero-order,kinetics"However it is observed that the rate of deniLríficatíon

1.

2u



sLrrngly slor,rrs down below L-2 mg N.NO,/10 Al-so the raÇe of nitrifícatÍon
drops quickly below L-2 mg N-KJ11-"

3. Phosphorus removaL with Ca(OH), in a simulËaneous precipitation step is a

simple and cheap method te elimínated >857" P. To thís end a Ca/P (wt/r^rt)

ratio of Þ 7 should be applíed resultíng Ín effluent pH values rangÍng
from 8"4 - 8"8" The corresponding Íncrease Ín sludge productíon amounLs abouÈ

1n
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TABLE 1

\

ûvenall Resuïts sf the 500 P"[" Plant (Period ,hìy i97,{-Febn. 1975) 
+ci

Ðate

1974

ïemp.
ot

eû0 mcfi Itl.toi mg/T P-tot mg/'[ *lo

ut/ ,
ffi

pll

tffluent
lr¡f,| uent

Jr
ln/,'tl

Rmireu-

ì 4ti on

ñ In

lnfiuent Eff,luent fl
' Reduction

trnfluent Effluent f"

Reduct í on

lnfluent tffluent fl
Reduct i on

107

12.'8
'xg"g

26"8

2.9
0û

16"9
??0

30.9

7.10

14.10

?1.10

28.10

4.11

11J1
'x8.'1i

?.12

9.12

16,12

6,1.75
t< I

2û"1

2g

9'

21

n
18

1B

18

1B

17

16

tb

16

t.1

4n
IL

t¿

lt
14¡¡

10
'11

I
10

10

10

48 89

37 97

40 90

36 92

?8 93

35 91

21 96

30 94

31 92

28 92

32 92

t? 0å

?1 gi*

35 90

26 95

36 93

28 94

?3 95
?q 0R
L¿ JJ

36 95

aE 07

38 93

42 93

436

457

l{05

448

375

373

476

495

365
{ht I

¡frJ

53¡

367

5ûl+

&95

488
En''1

+74

748

1321

J¿3

ffiB

41.0 3"2 92

39.2 8"0 m
39.3 4.0 90

38"7 4.7 B8

a"? 5.'1 BB

#l.5 5.û 89

51.4 4.2 92

6?.9 5.1 92

35"2 2"9 92

36.8 3"6 g0

4.3 3"8 9X

49.0 6.2 87

35.8 6.2 B3

39.8 6.8 B3

49.6 7.û f6
43"6 4,7 89

43"1 5.7 B7

43,4 7.8 B2

50"6 B,0 84

46.5 10.5 1î
60.1 5.1 92

54"9 8.9 84

5?.3 9"3 84

81

83

90

60

4.1 67

50

5B

82

89

83

B3

B9

OE
UJ

14.7

12"4
o1

3.7
17
4n

{"o
¡u

4.1

4.8
'x.B

4"8
ç?

5.4

2.0

1.6

¿.u

5.1
1R

1,8

24"'l

10.0

20.1

19"0
ry1 )
¿ toJ

18.3

18.7

15"3

20"0

10.3
1l¡ ?

1û.7

12,3

1T.¡

13.0

11,0

1!+"7

11,7
?ån

15.7

18.0

"'
6-5

5.5

B"'1

8.4

3.5

6"9

5"',]

6.2

5-B

6.2
t9

10.4

7"7

11"2

4"5

8.1
0l

7.70
-t 7ñ

7.70

B.m

B"m

8.65

8.90

8"50

8"2q

8.40

8,30

8"85

8.60

8.24

8.1î
8,30

8.65

8.6û

8"4E

8.40

8.45

8"50

3"0

3.'tr

3r0

,o
3"0

3,1
20
?¡

3"8

3.7

4.1

3"8

?0

4.U

4.1

4.4
1Q

1?

3.9

4.6

v

9

I
'1)

12

t3

15

IJ

15

15

1f,

15

15

12

12

12

1?

12

12

12

17

12

* tfflueni sampies were analysed vithout pníor fiìtration

*+¡14.8"?I Ca(0H)Z suppiy stants



FIG. 1: 500 P.E. Plant of TNO Delfr
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FIG. 3. RelaIion betrrreen Cal P Ratio and p-Conc. in
non- f il tereid ef f luent
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