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DEFHRENEREE T AV, ELBEOERF
RzHEEREL, AT (Table 2 % 200 %25
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ZRy, DERERVESFEMLE. EM&ER
Fe/P T/ ELTO, 120, 110, 1/5, 12, 1, 2
TEREEL, ZNFN% Run7~Runl3 & L. BK
I EBPR AR LLWE ) I0EGEBRSERS L,
2SCOEEBERNIZTH 2 » AMESE L. B (6%
KRB H Table3D LS5 ICERBIXkE, 1~
3 AL ICAEABIUBRRBRAREERLTS
Wil ok, BEROMBITIVENRLELE 10 A
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) BRbBEERDOFEL (Runl~Runb)
a) MLSS3 &k USSRT

Runl~Run6{Z351F AMLSS & SRT (d) %, Table 4
IZ7R L7-. BODATASE vV Run TMLSSAS & U ME R
BHER N, FERunTOEHT/NELSBh—ET
H-o72. SRTILIERS| &th&E BEDE W RunTEL,

Table 1 Operational conditions in Runl~Runé.
Coagulant Influent
Volume ofe e Flow rate nZuen BOD load | Excess sludge SRT
of BOD| P
aeration | Type { Additional method | Amount kgBOD
tank L/d mg/L | mg/L P mL/d d
Runl 100 | 25 0.2 100 29
Run2 FeCl; Instantaneously | 300mgFe 250 | 6.3 0.5 150 19
Run3 addition at the 500 | 12.5 1.0 300 10
29L L 4
Run4 bigining of 100 | 2.5 0.2 100 29
Run5 PAC experiment 150mgAl 250 | 6.3 0.5 150 19
Run6 500 { 12.5 1.0 300 10

Table 2 Concentration of the synthetic wastewater.

Glucose 50
Sodium glutamate 50
(NH,),SO, 50
NaCl 1.0
CaCl, 0.5
MgSO, 0.3

K,;HPO, 6.4
KH,PO, 1.6
NaHCO, 63

unit : g/L
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CM = (AM—DM) /MLSS - 1000 (1
T AM BB RSERTOEERNBE (mg/L) |,
DM 3K P OEFERBEE (mg/L) , MLSS (d8&
KHWIRE SS (mg/L) ThHH. Fe FBLV Al &
CM DZELITFNEN Fig. 2 DEBY T, TITD
Run CHIH I3 ABIC ST ISR Lz,
CM DEL ZHBEE L LT (2) TEML,
BLOEEER k (1/d) #RD/. 72720, CM T
EERRGEERFO CM Th 5.

CM =CM, - exp (—kt) (2)

T, EHHEROLZITOLEMEERE « (1/d;

MEAOBERMBER, BETSTO Run T  =ISRT) 2R 3) KLVRDE. 7L VIZER
Table 3 Operational conditions in Run7~Run13.
Coagulant Influent )
Volume onguan Flow rate e BOD load | Excess sludge SRT
of Additional Amount BOD] P
aeration | Type Molar ratio kgBOD
tank method mg/d L/d mg/L | mg/L Jmid mL/d d
Run7 Fe/P=0 0
Run8 Fe/P=1/20 4
Run9 Continual Fe/P=1/10
Runt0 | 4.0L | Feciy| <™ MEopmyss 16 6 300 [ 75 | 04s 200 20
addition
Runll Fe/P=1/2 41
Runl2 Fe/P=1 81
Runl3 Fe/P=2 162
Table 4 MLSS and SRT in Runl~Run6(Average*SD).
Runl Run2 Run3 Run4 Run5 Runé
MLSS (mg/L) | 1200 = 2102300 + 220|2800 = 240] i400 =+ 3302100 * 250)2300 + 290
SRT (d) 22 = 4 16 = 3 9 + 0 24 £ 5 19 + 1 9 + 0
25
14 |..0---Runl
L. -A---Run2
AIZ --0---Run3 l,:u&] - 2
S0 f Jul 3 2
£ %ﬁ%‘i‘p £ 3 S5
=~ 8} 2 E)
& | o e < £
= 6 L) z 5 < 10
ER m@M@M@P E . ©
g° 1393 = 5
1 R o
l'o
0 ° 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
time (day) time (day) time (day) time (day)
Fig. 1 Effluent T-P in Runl~Run3 (left) Fig.2 CM in Runl~Run3 (left)
and Run4~Run6 (right). and Run4~Runé (right).
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u = (Qw-MLSS+SS-Q) / (MLSS - V) (3)
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Fig. 4 Relationship between CFe and the
effluent T-P in Runl~Run3.
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Fig. 5 Relationship between CFe and
removed T-P per MLSS.

Table 5 MLSS and SRT in Run7~Runl3 (Average+SD).

60

Run7

Run8

Run9

RuniQ

Runll

Runl2

Runl3

MLSS (mg/L)

2200 = 420

2800 + 490

2700 £ 470

2600 + 480

2700 = 430

2800 + 280

3200 + 440

SRT (d)

17 = 2

19 = 1

19 = 1

18 = 1

17 = 1

17 = 1

18 = 1
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BRicRY, FEEIZEB%ZRT & Fig 9D EBY THo
7o. EEOKRE % Run bAH b, SRICHESH
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Fig. 6 Relationship between the molar ratio
of the added Fe to the influent P and
the effluent T-P (average and SD).
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Fig. 7 Change of CFe.
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Fig. 10 Relationship between the molar ratio of
the added Fe to the influent P and the
molar ratio of AFe/AP.
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HIEDEHFHE%E FeP (mgFe/gSS) , BHEDERE
% FeA (mgFe/gSS) & L, MEHEDEEHD CFe TH
5 (X ©5)) .

CFe = FeP + FeA (5)

Fel ®EMBY Y a TEAFEELT (a i 1LL)
BERPICBITEEDLDETS. FeA LixThbb,
Vo BELTEOTY VEERNEF T HKEHE
BREIIEETH D, KBS (Stumm,
Morgan'31E & A A FeOOH THEET B L LT
%) 2% a -FEOOH ( geothite ) , B -FeOOH

(akaganeite) , vy -FeOOH (lepidocrocite) 72 &' 43,
F /- B L 8% 121X o -Fe,0; (hematite) , v -Fe,05

(maghemite) , Fe;0, (magnetite) 2 &M HB L &
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FeP L IXFeA & U U NREL-METHD.

Trre D 2 % FeP / CFe DEIGDEHD Fe R Y v %
BELTWSHZ L, BEREIZLD U VBITERIX Tre -
T CHAEZ b aidX (6) TRENS.

a=1/ (Trre- (FeP/CFe) / (Tre—Trp7) ) (6)

K @) 2ANVT, «ilEbiK () TRELD.



a =1/ (AFe/ AP+ FeP/CFe)
=1/ (AFe/ AP- (1—FeA/CFe) ) (D)
L7=doT, K (8) #55.

FeA/CFe=1—1/ (a - AFe/ AP) (8)
Run8~Runl3 ® AFe/AP GE&EHIFFOEHME) %
AWT, R (8) OBIMFE#RRT S L Fig 11 &725.
aMKREVWZY, F£7213 Fe FMBEODOH W Run 13X,
FeA / CFe Ak X<, UV HEHET S Fe &2 D20
Wz B,

Run8 i2BWTait 2 BAETHY, Fe | ENMIX
LT 2®AMUEDY U 2EBELTVWS. LAL,
Runli3 238\ Tit FeA/CFe 28 0.6 LA ETH Y, FIN
L= Fe BEOXALLENY U HEEL TWLAR.
DESICBREROTMEHERRNE, BT O
Fe DFEL R D Z LD 5.

Xolz, (5RFPDY % Fe LEBELTWVWLHHO
LEEBIIERENTHDLOIIHTTERETS.
HIEDESELE%Y PFe (mgP/gSS) , BEDERE:
BioP (mgP/gSS) & L, MEDEFN CP THD

& o).

—

CP = PFe + BioP )
CP ORIEE% AV, CP » 5 BioP % U T PFe
FRDODBIEMNTE, E5ITFeA %K (10) ITTXR
DBHIELMTED., TITC, 5585BLT03097 X%
NENFeBLIRY VOS5 FEERT.

FeA =CFe— (CP—BioP) - (55.85/3097) / «
=CFe— 1.80* PFe/ a (10)

—— = = Rung
08 I
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Fig. 11 Relationship between a and

FeA/CFe.
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Fig. 12 iZ =1 & L7358 ® Runl3 @ FeA, FeP,
CFe DEALASE LR THS. T2 T, BioP it
Fe #EHIND Run? B 0> CP FHIE 9.5me/g & L
T3, EEERRIATZIE FeA, FeP @i & LR~ IIIM
Lids, ZO#HBICIIZERNBR LN FeP DIZF 15
~2{ED FeADBTEIELT-. £ %i# L T FeA / CFeid
1206 THY, THFFig. 11 L b—ELTWS.
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N, SEOERTE, EERORNEHICL > TR
e I HEICRDZELHBALE. ZhbDZ M
b, BER 1 EALTY VESBIIBETEDLOK
kB L, EBERNORRONY VEEETD
LOIC FeA ZIBEL T EILY, BERBNED
HIEAFREE E X bID.

(3) BREPEEFOER
BEXOBR~OERERICEWT 1 AHTZYD
Fe BiME#% u (mg/d) , BRENOEEHESL S
() = MLSS - V/1000 &3 5&, Fe ICEB LD
HmFE XX (11) 23EYLo.
CFe * S+u * dt= (CFe + dCFe) (s+ds) (mn
B MLSS X, Fe OEMIZ X » THMT S
ZEMEZ LA, Table 4 X 5T Runl3 TR
REWMhITRER AN PoTL. £2T, ZZT

AEREMIC S E—EE L TR (11) 2L &,

K (12) OEFBEBLILBTED.

CFe=u-SRT/S+ (CFe;— u -+ SRT/S)

+exp (—t/SRT) (12)
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Table 6 Components and parameters of

P removal model.

Components in the activated sludge Unit
Total Fe content CFe | mg/g
Fe content combined with P FeP | mg/g
Fe content without P FeA | mg/g
Total P content Cp mg/g
P content combined with Fe PFe | mg/g
Biological P content BioP | mg/g
Other components Unit
Flow rate Q L/d
Influent P concentration Pi mg/L
Effluent P concentration Pe mg/L
Fe addition u mg/d
Weight of excess sludge Es g/d
Volume of aeration tank \ L
MLSS MLSS| mg/L
Total solids in aeration tank S g
Parameters Unit
Molar amount of P combined with 1 molar Fe a
Reaction rate from FeA to FeP B L/mg/d
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CHARACTERISTICS OF PHOSPHORUS REMOVAL
IN ACTIVATED SLUDGE PROCESS WITH COAGULANT ADDITION

Tori MISHIMA and Jun NAKAJIMA

In order to remove phosphorus from domestic wastewater it is useful to add coagulants to activated sludge process. The amount of
coagulant addition is usually determined by the molar ratio of coagulant to phosphorus. The precise mechanism of the coagulation
process of phosphorus removal in activated sludge has not been clarified yet. So coagulant reduction and accumulation experiments
using activated sludge were conducted in order to reduce the amount of coagulant addition. From the results, the coagulation process
was discussed using a new phosphorus removal model, in which the coagulant in activated sludge was divided into two fractions.
The coagulant contents in the accumulation process as well as the effluent phosphorus concentration were effectively computed
" using the model. The model is suggested for application in the determination of the amount of coagulant addition.
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