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Behavior of Nitrogen during Ozonation in an Excess Sludge Removal Process
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by Kiyomi ARAKAWA, & Toshihiro TANAKA

The effects of sludge-reducing ozonation conditions on nitrogen in the effluent of an activated sludge process were studied through
continuous bench-scale tests. The nitrogen concentration in the effluent and that in the produced sludge were monitored under different
ozone injection rates. It was revealed that although ozonation was effective for reducing the amount of excess sludge produced, it
increased the T-N in the effluent. The amount of nitrogen in the reduced sludge was found to be almost identical to amount of T-N
(most of which was NOx-N) in the effluent. The results of this study suggest the possibility of a nitrification-denitrification process
which would enable a large part of effluent nitrogen, produced by sludge reduction, to be removed, also that biological denitrification

was practical for sludge reduction in activated sludge processes.
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Fig. 1 Flow diagram (Activated sludge treatment)
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W(BOD : N :P)iZ, Runl ZU'2Tix100:6: 1, Run3
TIX100: 6 : 3&%BEHITHEL 72,

2-1-3 FEREM

FBr 11, Runl~3THAKBOD K V6 KL%
ZAL S5 2 & TBODHRAM K OV EHRAM 2 ik L
720 Runl L O°Run2 R TERFNIE, ¥ 7 (k)
AVE U THRO LMD < 2 ) AW BLR N 0758 &
MR TE o770, RIIBOFEBIIAWIETH -
720 ZD72%, Run3 DX RIS A ORBIZ10 L
DN % 518 LS — RIS Tls 2 17 o 720 F2BR
FMFER3IRT, FUHET7u—L b, JFKKERE36 L/d
&L, RGN E GG I R EREY . (MLVSS)
232500 ~3000 mg/L &7 5 X)L 720 Run3 DX}
FRFNZ DO W TR R % 48 L/d & L7ze F72, £W
WUPRAE  (IF5H, BRSAE) oKEIZ20CICa Y ba—
W L7ze VL, 4V 0 AREE6S mg/L, HA
FE 200 mL/min T V' ¥ # A % 1K & & 2B i
AL, AV VEARZ03 g-05/d, 08 g-0/d LT'16 g-
Oy/d & L7ze &V VLR, 75 L/d, 79 L/d
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Table 1 Composition of synthetic wastewater

Run 1 P) 3 15
%’FHQ%C%&E: ) (mg/L) | 1240 50 620 620
;Ol’y;e;o;/ (mg/L) | 400 300 200 200
ﬁi’i?s?;t?act (mg/L) 40 30 20 20
il\n?zfgld— PUTs (mg/L) 200 150 100 100
ﬁ?sgf ZZH/g ) (mg/L) | 300 225 150 150
é‘;‘c"ﬁ .}%Z} > oLy | 100 75 306 | 306
%Tg TEETA (mg/L) 0 0 0 2675
I?}'I’;E%?k RH ) ?Hfg ) 2% 1875 625 6255

x2 BURMEIR CEiE)
Table 2 Quality of influent (Average)

Run 1 2 3 4 5
pH (-) 7.3 72 73 7.1 7.1
%\(fcﬁéﬁﬁz’% (mg/L) | 5% | 400 | 250 | 213 | 271
é%%??@%%ﬁ%mg | 20 | 150 | 10 | 85 | 80
%}%@éﬂ@ @ffﬁjg Ly | 950 | 680 | 490 | 490 | 470
G THEE | e | 83 | 37 | 1| o
IXTTIER | e | w7 | w7 | wrs | er
R (mg/L) | 570 | 487 | 201 | %96 | 978
e gy | 94 | 69 | 153 | 159 | 155

K87 L/ATHABZ b, HRIIHT 24V VA
K (LUF, AV UEAERETS) 1215 mg-05/g-VSS,
30 mg-03/g-VSS L 60 mg-05/g-VSS*& %, V'
IS CTORUGKEBIE+ V U IEABH EFAETH S, +
VU HBFEIZBUEETH S,
¥ VSS = gk iT ) B

2-2 FER2 ! BIRBMELKEZETOEL

2-2-1 FEREE

2 29BEEO 70— %2RT, FEhR1 & EBR2 DM
JEIE, FEERT OAWALIR ORER I IFAAE30 LTH B D
R L, FEBR2TIIPEM10 L LA 20 L Lz
THbo

2-2-2  #EEEK

B A, BEEEF M)A ERYRT M2 F RS EL
IARTNVER ML 7GR E 7z ZLITRTEIS,
FEBR1 EHERIEMIZIZIER —TH b, 72721, EEr2 T
FEHEBEERNEZIVIEICTS720102, B LDEK TN
DHFZFEGRE LT EB2OKEKDOBOD, EF KV
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Table 1 Average test conditions (Activated sludge treatment)

Run 1 2 3
E | xf He *y pumist NG X HE VAN
Train Reference Ozonation Reference Ozonation Reference Ozonation
A B A B A B
[E)l,j?; ()(E]N/[/ElD)) 2/3-2/13 | 3/4-3/27 | 3/6-3/31 | 2/3-2/23 | 4/7-4/27 4/7-6/1 4/7-5/22 | 6/56/29 | 6/56/29 | 6/5-6/29
Ji KK e
Influent flow rate (L/d) 36.1 322 35.4 35.7 35.6 35.6 47.1 35.6 355
BLETS R AN S
Return sludge flow rate  (L/d) 180 18.0 179 30.1 17.8 179 477 183 185
TR e TR
MLSS (mg/L) 3090 2800 3470 2840 2520 3330 3220 2690 3570 3450
VRS AT BV TR
MLVSS (mg/L) 2820 2640 3170 2590 2340 3080 23880 2150 3240 3110
BOD i ilg it
BOD-SS load (kg/(kg-VSS-d)" 0.39 0.40 0.43 0.35 0.27 0.28 0.25 0.18 0.19
SERIGIRATT
Nitrogen-SS load 0.024 0.024 0.024 0.027 0.018 0.018 0.018 0.015 0.011 0.011
(kg/(kg-VSS-d))
NP uT Ve == N
g JAEA | HEARR () 00 10 25 00 10 25 00 10 25
Ozone Time (min)
mjection 3 =N
FAZVIEH - GF) 60 60 60 60 60 60 60 60 60
Cycle (min)
F T EA R
Amount of ozone (2:0,/d) 0.00 0.30 0.81 0.00 0.31 0.79 0.00 0.31 0.76
F VAR
Ozone injection rate 0.0 154 324 0.0 135 34.6 0.0 12.8 30.8
(mg-04/g-VSS)?
7 BLEGJR T i
Sludge flow rate into ozone 0.0 75 79 0.0 75 79 0.0 75 79
treatment (L/d)

1) BODHRfsw, @EHRGIREAMIE, HFEMOGIRISET 5 EKOMH,

The values of BOD-SS load/nitrogen-SS load are for influent with sludge in the aerobic reactor.

2) AV UEARIL, VY BUSHICIRA LR gl 3 54V v iE AR,

The values of BOD-SS load/nitrogen-SS load are for influent with sludge in the aerobic tank.
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Fig. 2

Flow diagram (Nitrification-denitrification process)

DA®IL (BOD I N:P)1X100:20:3Th2s (F25H),
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8% 21X Rund L O Runb THr o7z, EBShxFR412
R, FMB T O—Ld, BFUKGEE36 L/d &L, &kEGR
daiE, MLVSS2%4000 mg/L 2% % L) I2Him & 4%
L, BOD{HRAM L, 02 kg/ (kg-VSS - d) £ LHR-72,
T7z, AEWpALELA (BLZEAE, AP oKii20TCIC
gy ha—N L7, F VS VBIAME, VN AR
50 mg/L, A AjiE 200 mL/min {Z#%E L 72 Rund T
TV H AR IR S L2360 IEAL, 4V U EAR;S
0.86 g-Oy/d, &V VILBELHJRHE 7.2 L/d, AV Y IEA
#5208 mg-05/g-VSS & L7z Runs T3tV v A%
2R T8N 1440 IEAL, YV iEAR; 1.83 g-05/d,
T VBB R 46 L/dTHY, YV EAE
101 mg-03/g-VSS &L 720 A V' BUSHE T D USRI,
TV EARMERAKTH L. &V VBRI 95% P
Thbo 7272L, RunbdDF V' v ZH|Tix, Rund 2~
THY EAEP2/HELEREVT-OHRBDENKE
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Table 4 Average test conditions (Nitrification-denitrification process)

Run 4 5
EY]l X AR A o Hi EVN
Train Reference| Ozonation| Reference| Ozonation
HfF (H/7H)
Date (M/D) 6/9-7/21 | 6/9-7/21 | 9/6-10/16| 9/6-10/16
JE K e
Influent flow rate  (L/d) 350 351 36.1 352
IR TG A
Return sludge flow rate (L/d) 218 579 331 529
8 B e
Return flow rate (L/d) 141.6 142.8 142.1 1414
T T
ﬁfégﬁdﬁ&ﬁ% H (mg/L) 4690 4290 4640 3110
ST T S2 H gy
‘ﬁ%@@mﬁ thiF ﬁ(ﬁfm 3730 | 4000 | 3770 2660
BOD {5 & £ fif
BOD-SS load 0.21 0.20 0.24 0.32
(kg/(kg-VSS-d)"
SERIG AT
Nitrogen-SS load 0.048 0.045 0.049 0.068
(kg/(kg-VSS-d)
TV RN | AR (55)
Ozone Time (min) 0.0 3.6 0.0 144
mjection T -
g;ggﬂ*ﬁéjig 60 60 120 120
AR
Amount of ozone (g-05/d) 000 086 000 1.83
F VAR
Ozone injection rate 0.0 20.8 0.0 101
(mg-0,/g-VSS) ?
I BUSAET R
Sludge flow rate into 0.0 72 0.0 4.6
ozone treatment (L/d)

1) BOD{HIREAMT, SERGIAM L, HFEXMOTHIRIIKT 2 FKOME,
The values of BOD-SS load/nitrogen-SS load are for influent with
sludge in the aerobic reactor.

2) FVEAFE, &V USHICHEALTERL glo 54 Uik
Ao
The values of BOD-SS load/nitrogen-SS load are for influent with
sludge in the aerobic tank.

3. BRRUEE

3-1 EE1 I REFRMWFRETODEGRER

WBLHER 25127 $ o Runl, Run2, Run3 & 124
FRKBEDEE LI OFHETH 5,
FTRTORuUnIZBWT, FUKIZHALHIK pH 255 <
Zolze FIOERTIE, FAKDERIFHERRT M) 724
AL 72720, LY CRERAEE ShF )T A7
TR L, WK pH S B L7- L S SN D, ALK
SSiE, F VY RHTIZTRTI0 mg/LULTFTHo72%8,
Run2 O & HRF) & Y Run3 O & RG] TlE 10 mg/L ML E
Lo fzo AHGRINC TILBUK SSA5E € 73 o 7B HIETS
DO SVI (FRAEREIGE Sludge volume index) #%h
7L Cikiith TO RS EEAARE L 22 D, {HIRAYLELK
N L7272 TH B, &V ¥ RFEIOLILIKS-BOD,
NH N AV P EARICH 2D S TIRZFRETH - 72,
ZHZH L, Run2 & ORun3 OULEIK TOC, S-CODyy,

NOx-N, T-Ni&, *V Y EAROWINIHESTLEATS
MHIAARD STz MFELKT-PiZ, Runl KU Run3 Tl
F T AEAEOMINIAE > TLEA L72e —7F, Run2ix
TV UEAREORINIAE > T T L7z,

HilFEA=R (DT, AXE93) LiFcalmis (UL
T, Xt32%) oz AX/XE L&D, BODKR
& AX/X E OBRERBITRT .

72, M—BOD{HRAM L L7z& X OX BRI &+
VYR E OFEREAER O HRB R (DT, AX;
E¥2) L, AV VIEARL AXOBRERI4ITRT,
B, HRFEERE, RNOTEREZ EHIICEH LK
D7 RN IRE A, WBKSS E LT L 7-{H =
ERIRGREEMA DD TH 5o K4ATIE, HR~ADF
VEAREREST DI VA X IHMLTBY,
YHEARE AXpZIZIZTHAIBIRTH 5720 Runl ~3D
FUAYVVEARTOAXZ TS L RuniZ & ) &
%o T\Ww7zhy, BODIHIREAM & o B 7 BIfRIZEED &
Nhholce AXgld, AP O KRR AW TS

0.2

FVUEAE
Ozone injection rate
o5 b d S N R ® 0 mg0,/g-VSS
o ' ! ' ' O 15 mg-0:/g-VSS
A 30 mg-0,/g-VSS
D % 60 mg-0:/g-VSS
4] I SR R .
= 01 1 ; : i e
A ! ! ! -
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Fig. 3 Correlation between BOD-SS load and A X/X

AXe (g-VSS/d)

VARG (g-0s/d)

Amount of ozone injection

H4 FVriEAmL AXpDBR
Fig. 4 Correlation between amount of ozone injection and A Xp

TN 7R No. 217 (2007-10)



VX DHRBEEAL T O A TOEROBEE T L%

R5 WHEOKE CE¥E) (BEEETEGTeEE)
Table 5 Effluent water quality (Average) (Activated sludge treatment)

Run 1 2 3
Ell K H ES Xt 1 ES polict FV
Train Reference Ozonation Reference Ozonation Reference Ozonation

A B C A B A B

DDjtJe ()?I\Z/DD)) 2/3-2/13 | 3/4-3/27 | 3/6-3/31 | 2/3-2/23 | 4/7-4/27 4/7-6/1 4/7-5/22 | 6/56/29 | 6/56/29 | 6/5-6/29
pH (-) 8.7 8.7 8.6 8.6 87 87 8.6 85 85 8.4
T
s (mg/L) 4.9 27 6.9 6.4 15.2 4.9 4.8 213 2.8 4.6
AR F
TOC (mg/L) 77 9.2 83 34.3 44 6.1 121 29 6.9 12.2
VIR LA W SR SR
S.CODy,. Y (mg/L) 9.8 20.0 15.2 33.1 7.0 89 19.3 44 9.6 173
SRR N] L S S
SBOD (mg/L) 19 1.3 15 29 12 13 2.3 1.1 1.0 18
TR TR
NH,-N (mg/L) 3.30 1.02 0.40 1.62 0.70 0.17 0.16 <0.10 <0.10 <0.10
R N O LA P 1 28 5
NO-N (mg/L) 792 182 23.6 395 9.62 16.0 26.5 2.99 17.1 23.1
VY —IVEEHR
Ki-N (mg/L) 2.3 49 45 7.49 5.4 32 45 270 2.8 6.6
28K
TN (mg/L) 15.2 23.1 288 47.1 15.0 19.2 30.9 5.70 19.8 29.7
ATN? (mg/d) - 260 490 1160 - 150 570 - 170 520
&Y A 453 5.49 6.98 843 475 3.66 294 8.60 153 16.1
T-P (mg/L) ’ ' ) ' ' ) ’ ) ’ )
AX? (g-VSS/d) 10.3 595 498 1.46 5.30 346 1.76 346 - 006 - 284
AXY (g-VSS/d) 0.00 4.35 5.32 8.84 0.00 1.34 3.54 0.00 3.65 6.34

1) CODyy & NO,-N HIZKE D i % B\ 724l CdH %o The values of CODyy, are except for NO,-N.
2) VLB X B ALK T-N O#iiE, The growth of T-N due to ozonation

3) {554 H Amount of sludge production

4) HRWARE GHRERY E ORI R D) The amount of sludge reduction (Difference of sludge production of reference)

XY RRDZEPMOEBRTHESN TN S, SHDE
BrCl3E s kA 20CIcay b= LTHY,
KEDEEIIE Z 5NBVI LM 5, Run T LITEWE
AR o> TOZW RN E Z 5D,

FVUEINC X BMEK T-NO#mE (UTF, ATN
LT5) LXDIEATN/XE L72E &®, BOD{HRA
WEATN/X L OBRERSICRT. %238, Run3 DX E
SHNEBEAAE 2 3B LT /z720, Run3 O A5 0O

16
A AERH
14 Ozone injection rate
@ 0 mg-0,/g-VSS
12 O 15 mg-0:/g-VSS
Z A 30 mg-0,/g-VSS
;’ 10 % 60 mg-0s/g-VSS
&
Z 8
o0
g .
M
~
E 4
<
2
0
-2
0 0.1 02 03 04 05
BOD#H AN (kg/ (kg-VSS+d))
BOD-SS load
5 BODHIER & A TN/X O Btk
Fig. 5 Correlation between BOD-SS load and A TN/X

BRT— 5 3EN P BRI L 72,

BOD#HRAMEKE L LTH ATNXZK AV ViEA
RTIRIITETHoTze T2, TV VEARE ATNX
ZTIFHBIBR T D 5 72

FRRIC, + YV LB X ZBK T-P OB = (LUF,
ATPET %) EXDILE ATP/XE L72E &D, BOD
HiRAM & ATP/X L OBBRERI6IIRT, 4V ViEA
L ATP/XDOMHBIEFED BN d o 72,

IR

Ozone injection rate

@® 0 mg-0;/g-VSS
O 15 mg-0:/g-VSS
A 30 mg-0:/g-VSS
X 60 mg-0:/g-VSS

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ATP/X (mg-P/g-VSS)

0.1 02 03 04 05
BODH s (kg/ (kg-VSS+d))

BOD-SS load

6 BODGIEFN & A TP/X OBk
Fig. 6 Correlation between BOD-SS load and A TP/X
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K4TIX, FVVUVEARIZIY AXDSHT 5 2 EAUR
ENTWD, F72, MSTRLAZEBYF Y VEARLE
ATNZFIZHHIEBRTH L DD, AXgE ATNIC
LR E DB LML INL, £2T, AXRgEDTOH
HiZoWT, BfREZEEL 72, BRZR7ITRT,

(1) ATN

(2) &V VLI X 2 WLELK R o A5 B RE A2 KB
(LT, AOgNk+$5)

(3) YV VB X 2 HIK O NH N = (BT,
ANH, & ¥ 5%)

(4) &V RLIRIZ X B ALEEK P O NO-N & (BUF,
ANOx k¥ %)

AXpZ KEL LTS AOrgN K ANH, Z8NL 7%
Molzo ANOYBRUATNIE, AXgZPKE L 7 BI2HEN
— RN L 720 SNOSOFERIY, F L% E
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Fig. 7 Correlation between A Xy and the concentration of each
nitrogen component in effluent

A LTHRFE R Z WA SO LRI T S,
1LIZIZIT100%H#EATT 5o F 72, HIRFEA RO I
W, JHER O T-NIZNOx-N A E R THINT 5. g
PR A BINT % & TRIK NOx-N OB % #ill] ¢ &
LEEZLND,

EAEEVEE REOW S, AXg® KELTHIHVATN
EHIMLTEY, AXR1 gH720DATNIZ0.1 g THo720
AREBRTOWEMEGROEHREAHFIIA01 g N/g-VSST
HY, HRICHFFN TV EROITITEE AL IKEA
BITLTWBEWVR D,

3-2 FER2 ! BREMLKBETOESR

JLBIAERZ R 6 1R T o + V¥R, SR E B,
WELARAKE D E L 7= OFMETH 5 o

ALK SS, S-BODIIZDWTIE, F Vv R51 & MR R
FITIZIZR L THorzo WHAKTOC, S-CODy, lE 4
¥ RFN DR BRI L N EEZ R L 720 ALBIK NH,-N 1
%450 EH 1 mg/LULFTH Y ALIZIZIZ100%:E1T LT
W7z MLFEKNOy-N, Kj-N LU T-NIZ2WTid+ Vv
RO AR I HE TR AMETHo720 LA L,

£R6 WHAOKE CEAE) (FBREUMALEI %)
Table 6 Effluent water quality (Average)
(Nitrification-denitrification process)

Run 4 5
Y] pogict * o HE ERVA
Train Reference| Ozonation| Reference| Ozonation
HAY (H/H)
Date (M/D) 6/9-7/21 | 6/9-7/21 | 9/6-10/16 | 9/6-10/16
pH (-) 8.3 79 7.8 75
ss (mg/L) 13.2 7.7 20.6 139
LATHEIE R R
TOC (mg/L) 58 19.7 41 28.2
IRV IR TR HE R
S-CODy,,Y (mg/L) 7.3 21 5.1 34.1
VBRI A A I R TR SR e
S-BOD (mg/L) 43 6.6 17 33
7 yEoTHER .
NH, N (mg/L) 0.12 0.30 0.17 1.63
BRI J ST A e 2 5%
NOLN (mg/L) 13.7 15.0 117 14.8
TV — V&
KiN (mg/L) 1.0 36 16 7.2
TN (mg/L) 14.7 18.6 133 22.1
ATN? (mg/d) - 140 - 310
ENY
Tp (mg/L) 1.33 174 5.1 219
AXY (g-VSS/d) 571 —0.62 487 - 222
AXR? (g-VSS/d) | 0.00 6.33 0.00 7.09

1) CODyy i ENONH KD mEZ RN/ TH 5o
The values of CODyy, exclude NO,-N.
2) 4V VBRI X B ALK T-N OB,
The growth of T-N due to ozonation
3) (B R
Amount of sludge production
4) TGREA R o IRE & DGR R )
The amount of sludge reduction (Difference between sludge produc-
tion of reference)
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E8 TOC & ZHEOWHEIEL (Run2 : FHEG G IR
Fig. 8 Material balance of TOC and nitrogen (Run 2 : Activated sludge treatment)
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B9 TOC & Z#FOWHISL (Rund © MEBRIURALI 28 5)
Fig. 9 Material balance of TOC and nitrogen
(Run 4 : Nitrification-denitrification process)

X, F VBB OHRF O S TOC K USKI-NTH S,
IS, BB To 24 Y VB O RS EBRTRD 72 F
VEARDZ) OWALEL D FEHLAMETH 5,

B3R OB H i 13 ORI R TA v v R HIT
ML Tz, AV RFITOMINE GRS & 4
VYR ) IEEEG TG RY: (Run2) © ASRYIT
006 g/d, BR¥IT027 g/d, TEERBIANILHEED: (Rund)
DF VT VRFNIT049 g/dThHoTze THITA Y LHL
TOWLEDT~22%TH Y, +V VLHIZ XY LBk
ENDRFEROKES (78 ~93%) 1ZHEWRISIZ L > T
SRS N Tz, T OHUKGE I E ORI E, HIRWK
TR IT D WA IIRENGIRE L TAEDRHERINIHE
SN HEOHEY TH S LHEEIN D,

FEHROMAUKF MRS, FRRINETEH VY RS
TREMLTEY, Y RYIToRME R
FV YR OE) &, BEEEEGRE (Run2) @ A%
517C0.14 g/d, BRHITO056 g/d, fEBREIAEILIESE:
(Run4) OF V'V ZHITO14 g/dTH o 720 BEHETEVETG
R AV VT OWALE & & Vv 5T ORI
HEMEIZIZIZFE L TH Y, + v VB X 2 A
ik, TOF FRIAMABITLTCVSE LV 5, —H,
PEERAIML STt VY VLB T oM bR I Y b 4
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