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CHARACTERISTICS OF NITROGEN REMOVAL IN THE
SEQUENCING BATCH ACTIVATED SLUDGE PROCESS

% B #*, # i
Yutaka TERASHIMA* | Dongkeun PARK*

ABSTRACT; In any sequencing batch activated sludge process, it has become one of the
principal aims to remove nitrogen by utilizing effectively the organic substrate in
raw-waste water. The influence of feeding and aerating conditions and also the
behaviour of the related substrates during operation were studied by the laboratory
experiments characterized by feeding pattern and the ratio of operating times without
and with aerations [At/Ot] in one cycle. The main results are as follows:

1)Nitrogen removal efficiency was higher and more stable in the case of step-feeding
than single-feeding methods.

2)It was effective for denitrification to supply raw wastewater under without
aeration in all experimental conditions.

3)The optimum ratio of At/0Ot was 0.6 in the anaerobic step-feeding methods.

4)Most of the soluble COD and soluble organic nitrogen which accumulated in the
sludge during the feed were decomposed and oxidized during successive aeration. In
the course of next feeding, the oxidized nitrogen was denitrified consuming the
feeded soluble COD.

KEYWORDS; Batch activated sludge process, Denitrification, Operating condition,
At/0t ratio, Step-feeding,
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2. RBRAEE
2.1

BIBBREERORS

ERCERBLEBRABBE OV TAABSOREBREBBR L va —x (HE2VRRERT VS
V), RGP, FHTF AR ERQLULEEBICL > TI1984E11A»H 2021 COERBENTIIERL

LbNOTHDB,

AERICHEAL-EBEIDRBEORBELRE T, T0MEMRIE Table L iK5F LTz, 2hit%s RUND 144 2
NG LERDPEERLEZLNDT, RUN1~12565 RUN2-5 2 CR (N/C)f kO HEH L LTARET

SEBREROHHBE I
2 — R THI# L7, RUN
2-16@A"ANvE 0
P23 & L7z, RUN3
- 1207 ra—zxon
bYAIBEEF R
TARETH2EWRREMHE
Lz,

2.2 ZEBRFE

A ERI

Table 1 Compositon of synthetic sewage and water quality (based on 10.L)

Peptone 0.5
Meat Extract 1
Glucose 0
Starch 0
IN-NH,4HCO; 10
0.5N-NaHCO; 30
BOD Dilution
Sol'n

A 8
B-D each

— 4g ; C and N Source i COD,, ; 330 — 870 mgfl
- 38 ; C and N Source | BOD; 3 190 — 510 mg/i
— 53g ;C Source TN ;27— 220 mght
- 4g  ;C Source [P0’ P ; 83 - 43mgn
— 60ml ; N and Alkalinity Source : Alkalinity ; 180 — 510 mg/l
—100ml ; Alakalinity Source !

|

t
— 40ml : P Source E
10 ml ; Trace Element Source !

ERIT 201 CHEBENTIT AV, EREBIX

Fig. 10X 5B L, B 2RRERLH,
DOREDEHBRAERHRER L Fr~-—icks ABE
BREBEHACABRO 7 7 U A RORIEE (B

BRIXIBL)THD,

vmas, :18 |,
vmin. + 6 |,

Fig. 1 Experimental appratus.

Table 2 Operation conditions

B

1'_?'——-l

-1 o —
-3 8

I P
16‘_2‘5 I_3'2 l730 2[6‘8

LY}

21
1

i

Mo 1 ;,

3—10

2 10 pa)
2] s
30 r % 16 22

) | [o
 Sm——

%

L=
222('

%
13 1

Cycle Time(hr)

L1 ; Anaerobic

~—T :;Aerobic

~§l- : Feedang

Fig. 2 Operating conditionms.

RUN No. I I [H1
Single- Step- Step-
Feeding (Spot) Feeding (Twice) Feeding (Five Times)
Parameters 1-1 1-2  1-3 1-4 2-1 2-2 2-3 24 2-5 3-1 3-2 3-3 3-4
§-CoD ® 83 83 83 4.7 3.5 34 35 33 3.9 8.7 8.7 8.7 8.7
S-TN ® 22 1.8 1.7 0.77 027 034 043 051 080 097 097 0.97 0.97
POS‘_— P (mg) 380 370 430 120 90 94 83 88 110 250 250 250 250
Alkalinity (g) 35 3.6 51 3.9 1.8 1.8 31 31 3.0 3.8 38 33 33
MLSS ®) 15.7 305 4%4 40.1 383 366 313 339 412 426 427 37.7 39.5
SRT (days) 4 29 13 38 36 20 24 29 11 11 10 9
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% RUNDEE&EM4IIFig.2 £ Table2 iR L7z, RUN1I—14»5RUN1-4 xCREE% 1 B#HKE (BEAY
)L, BRBKL7ZLNT, RUN1— 125 RUN1—-3FTiR 1% 272 48R THY, RUN1—4 ik
24BfCHB, RUN2—- 155 RUN2-5 2 Tk (N/CHHEH L BERBRERELFRI LD ERELKRETH
5, EAOHEK IR ( 2ESEMR ), BRBIOAY -, EROHRKRAR, 1y 27 VL EnEE
&fiziEiE—Eic Lz, RUN3S—1»6RUNS— 45Tl 14 A 710 THELS5ERbITITEEDNAEL,
MRBLEICE->-TEBLELDTH D, 52>, Table ZIKIEFRUND 144 7 v Y7 h i L EE O &,
BB (SRT) 2 EnBE&ERGETR L,

B) E&&I1

H#EBYA 7 VPOERLLAPOBREER e, £, BEHFERPCEYE - EHI A EBOBRH,
HUEMBERAL oI, SVoRIERY » 7AERHVT, SV MIEMP» 68V PRELKTT 5 TRIE
BEBEBESY, SVoa RENKRDLD &L LBROYEZER TR, HIERRUFRBRBETRY, REFEE
DR - I BRELEBE L,

2.3 SWFi

SHTIEHE X MLSS, SVa, SVI, # L T#H » COD, Kj—N, NH;—-N, NO;—N, NO;—N, POJ-P, #&rr
HVEE, pH, DO ¢ 3, MLSSOMEIRRUN1— 15 5RUN2— 5 2 Cit FARRBRFEP <, RUN3—1 256
BSHMOBEFAKSREH (EB—280 MOC) it X o THile oo, SV LR T A0 VEE, HHIBER O I -
KEBRTARBRFE®DICLY, NO;—N, NO;—N, PO-Pix D#:# ¢ Ionchromato 2000i £ 9, CODer&
NH;—N, # LTKj—-NOSBREEWB X THR O Auto Analyzer | © X - TfT o7, HE DOZBBHE=%
—iCk-oTR&ELX,
3 ERHERRUEER

Table 3 Operating results of each RUN and references

N —— ﬁgfl"‘ Ij? (N/OE(%)* Ttnfitt  Altn/ltn  At/Ot  Ct :}EN(%'?W"’“
X 2 ERBEREDFM 1-1 27 (46) 1.0 1.0 1.2 48 50( 76)
1-2 22 (37) 1.0 1.0 1.2 48 61( 78)
# #
FREEBIAL 5T 1-3 21 (36) 1.0 1.0 1.2 48 59( 75)
WaESRIEEHHRERE 1-4 16 (27) 1.0 1.0 1.4 24 65( 73)
= g 2-1 7.7(13) 0.75 0.67 1.4 24 96( 87)
7 oERBREEHMET 5 2-2 10 (17) 0.75 0.67 1.4 24 91( 87)
HREEOEEKRREN T~ EH 2-3 12 (20) 0.75 0.67 1.4 24 88( 89)
a1 2-4 16 (27) 0.75 0.67 1.4 24 82( 89)
LTRRILE. 1947 N 2-5 21 (36) 0.75 0.67 1.4 24 66( 85)
B (Crt) oo BB Ef 3-1 11 (19) 0.29 1.0 0.47 24 91( 89)
3-2 11 (19 0.45 1.0 0.83 24 92( 90)
#FFE (Iin ), 1CROER 3-3 11 (19) 0.29 1.0 033 24 91( 89)
O LA D o BES 3-4 11 (19) 0.38 1.0 0.52 24 94( 92)
'4) (23) 0.29 1.0 1.5 8 89( 90)
Ept#akeM (Alnm), 1Ct 's) (32) 1.0 1.0 0.27 6 60( 76)
DR CEBORRNET T (35) 1.0 0.5 0.27 6 63( 81)
(29) 1.0 0.5 0.27 6 51( 62)
B E TORM (Bia# TH (32) 1.0 1.0 0.43 8 65( 79)
[, Itt), 1Ct P OHKE (35) i.0 1.0 0.50 8 78( 96)
(29) 1.0 1.0 1.3 12 67( 78)
RRERRE (AL) L HFRE "12) (18) 1.0 0 0 8 24( 18)
# '16) (44) 1.0 1.0 0.5 12 61( 90)
RAEFFR(O1), (N/C)f b (44) 1.0 1.0 0.38 8 51( 80)
LEBRFEB L L, A (44) 1.0 1.0 0.5 6 54( 83)
4= (44) 018 - 1.0 0.6 12 82(100)
T f -
RHCHT 2 > R RBRR LI '9) (15) 1.0 0 0 24 -
BREE I & 5 ERDD 0,19 (15) 1.0 0 0 24 -
)4 372 o (15) 1.0 0.56 45 24 87( 80)
ZIR LT Table 3 7 (15) 1.0 0.60 4.5 24 94( 88)
TIHoRBELE, B, ] ]
Column * ; Figures in parentheses are based on BODjs.
AEBRTIEHRREELE Column ** ; Figures in parentheses are based on 20%(N/C)f by BODs.
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ECODat LTHIELTRY, T8 &BODs & L THE (CODa/BODs=1.7) L% o ZNlcKRD LTz,

(&) (N/Of ht ERBRE 100 oou

Table3 IC ST, EHRE L 4 M0 EF OBRE R %o,
#4 5. BODsiKE S 7 (N/Of b & BRBREROBIR & € ol o o
EbLEONFIg.3Th3, chHIZHEBEOHRE, BE ¥ “ ®;At =0 ° 8o
L ORTEEALCHRBBEEL OBBORERELOT “ 20 .

H50, HEIBREOHEEEAZD NS, —F, REO T o ® i 4
i e — v, BEAY— L LEZRERLLOHBBZIZ (N/C )¢ (2), based on BODs

Fig.3 Relationship between (N/C)¢ ratio
and S-TN removal efficiency.

BrAYsohlehott, 2hdBREBERCLBET 2%
CORFORTHO (N/CHIHOEENELART WD & ERL
TWb, Th s BT EERFCHEST2HOEF

=R E L, (N/C o EBE € THi - ERORE 100
B Pig.4lciT, 2ORREI(NCITHEAE ks HE 60
BB ERRERAFRET 52 & 2B L, 2HEM R £ cober _ 4
BETRI O ABRETE ) % (RRT 52 L 2E Heol BOs
%fﬁ)é:k&ﬁ_\‘bf‘/\éa 01’ i A4 1 i
. . X 0 10 20 30 40

—F, o EERATFE2 BT devicr ERn X iC based on BOD5 ,(N/C)¢(%)
(N/O e AEBEET 2D, (NCIRE—FIZLTE 0 588 18 176 235

. . based on CODcr
BTOXENRDHD, LrL, —BTFAKEFRICL LERK Fig.4 Effects of (N/C)¢ ratio and

BUTHEREZCE->T (NCOIHOMD 73;,1:‘/\9),12),14),15), S~TN removal efficiency.
© 0, Fig dARESWT (N/OHE20%: 423 L9 CBELELDL, FEGAFOBRMETL -1,
B EHo#tgHIR, BRAIALERRBRER
ESREERBRECEERECHEML LT, BHEOHEBLCBINEDLO TEKLFATITebh TR Y,
EXRBECHT IEBEN LA EGBERIRYIL TV EVORBARTSH S, 20y, HELEZAETEHY L
BERFTEART L, DR EERFEER -,
(1) BEOHBKFIALERBREOER
EAREEBFRECRSTAIEEOHB IR E LTRBHEFEIBOERE 1Ly 7 8z 1FER
RS T o5 ( 1EH/AREER) 22, 3 nEHCHT THRIET2HFE(FEMRBRLER) LiTKFS
o, 201 HBEER L SE/HER BT 2720 Fig.5 TERDLLTAE, Itn/ltt=1 2 1 FAHEEREE
BkL, Itn/Itt <1 3o BEHEBAXEZE®R LTV, Fig. 5 »
LA EFEBBRRACBWTRBLCRARLBRERERL

pry

*

1 o

THY, W/ TuANS IRBEERREE G o [ 00 S g 8
NABERICHD, ChIEFEMRICE VT HEEKEES - O; Singlefeeding i?
S, ARG O SEBLEME R T 5 LI o TH Ew © ¢ Step-feeding Lo
BRERBRENBOLBILERELTVWS, —F, 1[E 0 ) . . N
0 02 0.4 06 0.8 10

BRI THREROEGHLRE (, MORERT Ita/Itt
HELTWALEZOND, UENLOKROBERT KT Fig. 5 R_elaticnship between Itn/Itt
° ratio and S-TN removal efficiency

FTobEToafeRe 1E#BRCIT TERL,
(2) HREHBIHRICETIHES - FRAEE

EERRBICR T 2ANER BRREBRRER S ET4) LTEEL A5, TRALY, BRERERCIEK
SHRELAFBRERELELT 520, ARRFREVBEL Lo EHARKBHITE S LT HKM LIRE
EROZLEDPEELVLNEERX S, Fig.6 IDBHBRECBIT 2 AIn/Itnt DEFEELLLOTH S, Z
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L_J " n 1 " 4
(6 06 07 08 09 1.0
Altn/Itn

Fig. 6 Relationship between AItn/Itn
ratio and S-TN removal efficiency.

NDEIZbTFEIRB Lo, BEOEBEHR D IC T 2RERH%
SMKBnd (Alin/Itn=1 )RV BBMHTHB - L

Bohotk, Tihbb, BEOHEHHATICIBAEELTIBEIEELLE

®
L J
[ ]
4
Itn/Itt =1

06 0.7 10
Altn/Itn
Fig. 7 Relationship between Altn/Itn

ratio and S-TN removal efficiency.

%*o5

LESRBRLTWS, —EHfH

-

RICBWTbFig. TRRT LI, FHBBHFLEAKOBRL 27,

3 SEHELACRTIBIEFR

gl TRE/KE L VRIS LEBCHEBET 5
FBRHBETHLIZ b oTeh, BBREEEBOLHE
£ BHE v+ 2T 5ICIZBLEEM (0t) & B KE L
M (At) EIE (At/OL) PEEL 237®, Fig.8 kKRt
IorBELIRMNLE., chadafigRcro, BR
EIERCEBEL TS LRR>WT ey hLELOTH
5, TOEEDVAL/Ot=06fETE—27 Lo T3S,

10
e —
~ Itn/Ite< 1
w8 Altn/Itn = 1
w [o] BV 1 1 1 agp
0 03 05 o7 09 15
At/Ot

Fig. 8 Relationship between At/Ot
ratio and S-TN removal efficiency.

CHIFA/Ot=06 £ T HIUFHI ST EBHE

ERPEESNDZEERLTEY, At/Ot=06 kb X 22 L SHREBN L v L, MEKEEOET 3

EHICAEOCBRRERLTE2b0EEZLN S,
) 1EfEERICsT2BREFR

1HBERR S TLFEEER L FEORF LT -7,
CHIIBREELF 1 EE L ERoBRR IR > TRE
LizbDTFRig. 9eRT X5 RN E o, At/Ot=05
R WT EefMoRAyr—Te#ivwTns, ohid 1 E#
BAPSEHRBRXE LR TBERBECRE(EET DL
Ezxzohb, AfO1=05 %X CRERCERRERNEE 525,
ZThih bz ie 5 L SEKAREL T 7o, RELIER 2 ml
SNTEFRERLBETI 200 EEbI S,
5) BIARERBRECTIIERERERC

100,
Sot A g
“
Yy
= Itn/Itt = 1
Altn/Itn = 1
X 7 i5
00 05At/Ot 0

Fig. 9 Relationship between At/Ot ratio
and S-TN removal efficiency.

Table 4 Relationship between operation condition and S-TN

B 5 B0 REFM

removal efficiency

Uk, BAXEEBRECZRBTSZELLD

Average S-TN

HEREET 2 BB L CRM LR, ¢ | ccding Patterns At/ot Removal Eff.(%)
PEREBRERFICOCTHREERMIC Step-Feeding(Itn/Itt <1) >0 90
BT B LN TER, Tabled KEDOH Altn/Itn< 1 >0 87
REFT, HEERRS S 1 AR A0S <o o
CEWTHLIBT2BREEBIR L), BLR S >0.6 90
AeBWT, HiLERzDH L 2VWEBED Single-Feeding(Itn/Itt =1) >0 80
Altn/Itn< 1 >0 78
BRARHLBIAELARREE L 0BG 2L Altn/Itn = 1 0.5 90
HThd, 2), EEHRHEHEO 26 TR <05 78
>0.5 76

KQEEBLEL, BBR0oL BT BENHR
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RWThs,

—%, FEEEX»P IBE/ERXOE Lo B EALRBIEL 2208225 L, Fig.8 L Pig. 9 b Esh 3
IO 1IEHBERIXA/OtHEE L RE(EEBESADLIHCABHROLEHHLALEY, Zhiaml - RER
RICHLELRR - FRREBEZ 1AEBERCI VW THBREBRELZEFLR T30 L, SEHBRACY TR
BRI EBIBEOTMBELOERR - FIREBLZRABAL TV 3D, IV EELEABEHELBOR D Z
LERLTWS,

3.2 ZEFRILADOEH

BISRERBRED LS RAEEERBTCOERILENOEGHEL DI LD, 141 7 VvHEOERLLAYOR
HE{E zh Th Fig. 10,11, 12 iZ7R L 7=, Pig. 13 1 RUN3 -3 L RUN3—4 0L FBIRIC I 5 kKA 2 ERF

&
o ?
L ® ; Measured
5 O ; Calculated
EEZ
(}) '~
—~ c i n i J
%20 [ 3H NOS - N
8 b4
= 4; NOy - N
' 10
1%
2
0 i A s 1 1 A i
~10 ® ;Measured S-XjN
:13 P O ;Calculated §—KJN
0 4 2 18 20 2 ?20 4 ;Measured NH; - N
— r lTime(?r) . = & ;Calculated NHI -N
T — T J I :
Fig. 10 Transition of nitrogen species Al

during SBR operation of RUN 1 - 4,

o e 1 el N 1 4 " 4
Z{L&7 L, Fig. 1412 RUN3—3 & RUN3—~ 404 Wl ln b 0% kWD 2%
BRIZLID2FIN2BHRELERLEZLNOTH S, Time (hr)

AF ZEELEHORYE - EHRSK
Fig. 10 6, BROBBHEBZ S 1HHOobV 0

Fig. 11 Transition of nitrogen species during
SBR operation of RUN 3 - 1,

HEMBRIC, NO;-NoRE:  bicmmo2E 3%y
Hy! d
H(S-TN) bBPL TS, ol REsar & b4 o cateulated
N~ N 7mg/l Thoreti, S— INOMDER 5
mg/licEL, BECEINO;~-NOBRPIELY 13 ~0 )
o ,
mg/¢ (195 mg ) BARCRESLTWE, ZNL5 R Ew o ;NO -N ® ;NO3 -N
BRI Fig. 11, 2BV TLAKEBO LG, T 3 o ge-q e
1. 4 s
mbb, 1TEOKKMEERER 1BMosvEe  2olMe o W N
2NT, S—-TNOYAEELNG-NOBEZ L 5% 30 p @ ;Measured S-KjN
g O ;Calculated S-KjN
PRLICESVTBRCKRES N S— TN # |/ +
E Y28 T2 S0 ! p & ;Measured NH; -N
EHET 5L, Fig. 11O O KK 2 ERHHER 5 s jCalculated NH, -N

Tk 12mg/¢ (B4mg), 4RME» 6 0BT
Tmg/€ (63mg) £ %Y, Fig. 120 K& H O HKH &2
ERBALFHETIX 13 meg/l (9Img ), 5EHEFB»5I1X 8
mg/l(88mg) L Rol, ZNk5i, RANHKE
BLEPERBRPCBEHOEROMYENHRMB TR

S-K

0.
0 2 4 6 8 1012 % 16 182 22 2%

Time(hr)
Fig. 12 Transition of nitrogen species
during SBR operation of RUN 3 - 2,
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Table 5 Excess removal rates by adsorption or accumulation of S-Org.N

R Excess Removal Rate Load of S-Org.N
RUN No. Time(hr) ¢ g 0rg N (mg) MLISS(®)  (mgN/gMLSS.hr) (mgN/hr)
1-4 0-1 195 42.2 4.6 376
3-1 0-1 84 42,0 2.0 172
4-5 63 42.4 L5 170
3-2 0-1 91 43.5 2.1 187
5-6 88 44.8 2.0 170

E-EHMT s LpHBHIALE, BHPOLBRCBRESA EERITRTHEHEOEHBEER (S~0rg-N)
ThHHN, TORE - - EHLEE OFEBEEEM I Table5 KR L7, S—Org* NO®E - HHHEE 3S~0rg-N
DAFIREFIL, ZORFI-BULEBIORBERICLAKRCEEOE, BRAOHRFHR, BRPOHR]
RAEBRRECBERTZILNOEEALR S,

S—Org* NOBRRBRECHR» X T, —BHCHBRIBICIITS 7Y a—% 2 L PHB 0 EREE &Y
DHETERZL, JOBBCI-> THABRECEELBRESALTVWEZLAHENEND, CHEREORE -
EWMBERL LT, UTOOMHIEL - BERIKEZHEIH L.

B EREoOBMH
RUN3—3 LRUN3—4 D 1% A

64 RUN 3-3
FIVORIERTHRERWT, HR® o 12h
oo RROBHRRERILE. Fig. £ o g
13 R BHAKREFL 1 3 ) o o
[]
EboThBH, RECEZLTY = £ =) =
. e g % 2 4202 =9 ®
INO—NOBEL #TTH—FT 'EA 8 = l
[}
NH;—N & S—COD #: ¥ H L, #m *55‘ m§
- RSN 0
LTWa, S~COD DEHi <5 — > 073 3 &
HNO;-NOFER L NO;-N»® # 9% 0
ELECRLCBYTREY, iE 3 a T
~
ERCTHBEMMADMEL T =4 440 £
~ =
2, BEECBVTIIFCEENE g 5 1% “L
mLTwsd, ZhixNO—N DFHE =2 J20° = %
. h 8 0 £
BFICIXEH L 72 S—COD » — ¥R 23 fiE = © = g
SRHMASNBbTHS, —%NH, o = 3
“-NOBHEER—-ETh oI, 0 Ti:‘me(}?r)s ¢
. o ) e 01 2 3
Fie. L4 BEKRIG O B HAR e lgazgggiégosllggnga:h Fig. 14 Trzizzggzz of each
ERLEbOTHSB, NHE-N iz 8 Sgggggb;‘iuﬁ’géf“" ° g parargetergxgg;ing
N aerobic m
BEEmMM/NE L, gy LT of wasted sludge.

WaAD, HiRrbOBEHS IELAHN
RETTHLENZLHCBEEME L TRBEN RV, S-CODLEHSIBILENEN, 2hikEdb
HZEMAELTVARRELTREMEMLTVWS, —HNO-NIZ2OWTE, HOKBERT V7 LER
(S—KjN) Z# 2mg/t Th ok, 1EMUE (CLEKHRE)ICSVTIIhae bbb BEL LTEAE
CERGIZEML TV, BHLANG-NOMESLE IR, W Thc e L EREAWOBRHBEL
Tw3,

WL, FRVThOBBBLCEWILELDZZ 0L AREAOTFHEAKE, ATRLELERE - EREED
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MADBCIHELRBOBRTECLLIEBH, MEYDP T VAT I3 2KRHEBOBEHLEE L LTHEE
LTWwWaLEZLN, RRCRFBROHCBIL (SR CHEIBELHAIZLI S, BRO I A v 2REICHE
THOREMBR (RKBR)KIhd, LEBRERLEYOBEHD I B 54 v 2L 5B Mz 420~ 34%
Thh, BE - EHERLEYOBRHIL6~80%TH5, 2nrH B EBEORHHAKE, LBV TH
BEBETEE¢HEN—2THY, FEIFSNERFBRETR, 1y 7 2rhic0BRRLE 25X B2 THE
LI bDRIEHENBEL, SRIBAKEL RS L, L RERD, 20T CODDPBRERVETT 5,

(C MR =R

Fig. 10 ~Fig. 14 ic i+ 5 EB» Table 6 Nitrification rates in the various aerobic condition
SHELERLICE S TRYILERE, B RUN No Nitrification Rate S-KN Time
I &Rl B I L7 (Table6 : (meN/eMLSS ) (me/h (o
- [ anie o,
1-4 1.6 29.5 2— 6
7). WILHEEEZRS LEMET O S— 0.65 55 10-14
. . 3-1 0.80 17 1- 4
KINR+5S 5 5RBC W THEE 0.81 13 5- 8
i 0.59~1.6 mgNgMLSS. hr & 72 5 T 39 088 R
. 9 . — 1.2 15 6— 1.5
BY, XM OB LTLRELE 0.59 10 13-18
ERLTWS, LaL, b0 S— Wasted swdge 0.47 20 1- 45
KiNPiREAY R 2>TcBTORL Wasted sludge
J = " from RUN 3—4 0.27 20 1- 45
HWE I 0.27 ~ 0.47 mgN/g MLSS.hr T
b5, BEIMEE BEPO S
KNIKET L v 5 — B E 2 H Table 7 Denitrification rates in the various anoxic conditions
Denitri. Rate S-COD NO,—-N Time
POHBT L) bRELEERST RUN No. (mgN/gMLSS.hr)  (mg/)  (mg/D  (hr)
BY, ThRBERERPOKN BEHL, 1-4 above 2.6 52 7.1 0- 1
N b 0.26 15 18 6—10
?&*EK‘PGCEHTTIE!Mé‘hf:%V)c‘:%X_& :bgz: 0.10 15 21 14-21
n3 3-1 above 1.1 75 6.8 0— 1
° above 3.1 48 14.5 4— 3
s 2417 i 3-2 above 1.0 73 6.3 0-1
BERHER, EREMELRINO-N above 2.0 47 6.0 5- 6
FHRT OO EMERBETE 2D b Fivas o8 0.55 18 59 0-2
2728, wTh b 1.0mgNgMLSS. hr }Z::;et;{[s}gldge_4 0.36 19 43 o 2

UbThol, —F, REHGEE, B
BINrEA LA TOREEREL 23

b, Pig 15 FFE 5 CRAICEL o T B, L )

AU, Z B2 EE i BIC I T O COD ik KFE gw 0 ; S-COD
BEVSERFTREFALICWY, $hbb, Ric %20 ® ; Denitri. Rate

FENS LS KBMTOCODIE BEEBEDL b % g ° ° w:
DGR LTV A, BLEEE R4 ICET I ° ° wE
LTRY, REFEOWRMEP O CODKEHIBHEE . @
W THIENO,-N 0 REC SR ELFHPELL L g 0 \:}\LT_*T, roé
TERPICRE - BHL T 5 HHE RO B IC K s 0 S ey ®
ERHOGEHEORY T 5o BEEE IR 2D

LEZOLNB,

4 ® W

PAE, EISRERHFBFREVERBRELSVWT, 0 EBEGHRELRKEHNCRIT I2ERNVEGHIT OV TER
LR, UTrBTFsr>agm1IESh T,
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1) BARGEEBRECERLZEGRELZEHEAHELIAN ( 1HSHR»2EHER ), SEHFOHERN oK
R FREME (Altn/Itn ), HAOKR - FIFHELL (A/O1) AT TRFET2 2 Lic X VR L BERH
aeRkETHILBTES,
2) 1E#RR, 2EMBERXOEFRE BALRKHT, BAOCBRIKIEFELL TRET IRIHAREBETHS
ZEREELWY, ThRbbL, Altn/Itn=1 2B BE&RME L 5,
3) 1E#HER, SESERRELEHLA/OL LSBT LERLTHEY, FEMRRTIZA/OL=06, 1[H
AR TIHA/Ot=05 R olc, 2hid, -7 EETCREKHBHIAETERERERIEEST 25, £
AU EHRAREM AT LHERES I EARBRL LTERBRERLET T2,
4) SEHERRAY 1 ESEERCESRTR U TABREPLEL TS, Zhid 1l MERRIPRGHEROBRE-.
FEREE T, MRBRCKEL TV oML, 2ERRRNISEHRG L BXREOTRENCHI -
W, HRDENLER» CREELES - FRRBE LY, LERBELLET S bOLELLN S,
5) AIARERFREFOERIEYOENBRBERER, 1% 1 7 1LOF TS8-COD, S-0rg.N 0%
EHoERMLLLCEBORHB &SRB LN, ChBRESRNERBRELA L OXEERAROBTCEE
Lhd, Thbh, HEOH#BHRIZS—CODE L LIZS—Org. Ni3lks - EFLaroERbah, FREMH
ToWibahth, HEEGTHESLS, RIEOETLE L RBHOBRER A2 25 LHRMERKEE -
BHINWTVWERBERL I A VARI 3 2KRHEENEMICBEHL, FRBMELE i COD BILE KN » Bk
RIEHEZ 2, —F, RIFHETEB THERECFIA SN 5 CODRBEHBPAOCOD DA TR, HiE
HOCODNEHESDRVWEBRPATERY, DL H5KS-COD, S~Org. Nk - EMBE FIBMAPIc
BEXOP B B tROBREREOBBLERAT 200 EBL LR RTH S5,
6) BIAREHBRECETIERBRELBVW T (N/COIRRZORERCFIAELBETIHTFTHS,
2Dy, BEBER EOLAEFTETIBIL T (N/OH{RHE-ECLTRMTILELDH S,
5. &bHOHIC
AHRETREASREUEFRECBIIERRELS VT, EERECERVEHCHLTETOARNE
bhk, Lal, Vo RESALX V7T 5 BBRMISHEORMBELLTIAELTIV S, §%E, &
BEHEREARNERFREC 1Y A 7 VBV 0 BBOFERRKL L QIBROLBEL YV o DEE), 2L
TEEORE - EFR LW TLRAWLTFENSLETDH S,
BB, AFEORITCH-T, BE, BHEEVE, ABRXZEIYBAHZHNBERE, AIISEHE,
REBHABDFICRCBHBELET.

[EE5%]

Altn 144 7 AVEERROER O EHGRED OKEY 2 ZEUERERH (hr)

At LA oy AR OBRRY 2 BRERERRE (hr)

Ct ¢ 1A 7 nBER Chrl

Itn @ 1A AEEPOEBEOEEHEEFM (hr)

Itt ¢ 1A 7 AREPCEROMEBIET 45 £ TorE (MR THRME ) (hr)
(N/C)f : HHEEEPOFRRFEEEE (CODer, BOD: %) ¥V DERSHER (%)
Ot : 1A 7 AR OFRA 2R (hrl
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