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Use of a new aerated filter with 2-media for tertiary treatment of sewage

O |l #'. REHF. HKRE. HH—H" oERLE™
Susumu-ISHIKAWA?®, Tkuko-BABA*, Tatsuhiko-SUZUKI*, Kazuo-KAKII™, Takashi-SHIRAKASHI™

ABSTRACT; Aerated filters have the dual function of biological oxidation and filtration and are
expected to replace rapid sand filters in tertiary treatment of sewage. Tertiary-treated sewage can have
a high nitrogenous biochemical oxygen demand if there is inadequate nitrification, and it is important to
keep nitrification levels in the treatment system high throughout the year. In an effort to develop an
aerated filter with high nitrification capabilities, we formulated a new filter with two media. This filter
has 2 layers. The upper layer is filled with a plastic medium and the lower with anthracite. We tested
the filter with a pilot-scale apparatus on secondary-treated sewage. In the initial experiment, we filled
the upper layer with a medium that had a small specific surface area (Type A, specific surface area about
500 m?m®), and the medium was fixed with perforated plates. In second experiment, we filled the upper
layer with a medium that had a large specific surface area (Type B, specific surface area about 800
m%m?), and the medium was fluidized by aeration. Higher nitrification performance was achieved in the
second experiment; the nitrification rate was 0.87 kgN/m® per whole bed volume per day, at a water
temperature of 20°C. A comparison between this second experiment and the initial experiment suggests
that this improvement was due to an increase in the specific surface area of the medium.

KEYWORDS:; aerated filter, 2-media filter, fluidized bed, tertiary treatment, nitrification
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THFT L, Type A BIEER T, Kp=22. 5(g-N/m*-AHK/M)
0 =1.026, Type B RENRCrX. Kyp=36. 1(g-N/m*-AKM) .,
§ =1.036 TH-o7z,

pH L. IHbLE~OHEERFERNTFTH D, IFRIEARKIC
Bir5., ol OFECET 28IR NS 53, FEOE
BNV Y RBHB, FIAIX, Hm S 28k, pHe. 2~8.5
OFFET, HMNREEEIRD bR LTHnA L,
Villaverde & %, 7 &7 OBRLIZIBVYT, T pH
X8 AMHETH D, plb. 5 Tk, FHLEI 1/2 18T 5
T EEMLTWAD, T2, R P, HRMAKIL, &
BEASHE LY EWT AN U BT 2 NERS D &
LTV 5, ARERIZBVTHEL N 2FmL., Ao
T EIROEFEERHC. pH 23 6 BitgE T T LT, Mk
BAOBENFRO LN ERHY (2 2T, ZoFERW
FIIEVTWB)  F—LITRLE LB Y, pHIE T FHIE
#L72 Runl0 35 1 OF Run12~Run14 C}3, NaOH A EINL
T, HEMEERCO pll & 7. 0~1.5 [ZHE L, ZoZ &
Wb, K1 IOR Lo 2RI (LD pH (34
6.5 LA ) IZIT, pH OB REEIZ B i/ah o T,
(5) AR R B

IEAIRIADAEEZ DN T, —4~F—T (TRLTE,
SS 33 LUK ATU-BOD {20V YT hE, FIAKIREEDS 2~10ng/1 & 1%
W2 ELH Y, MEKTIT 1~omg/1 E72Y ., {79 Run
T BRIFRABN Tz, UL, EkEES 200n/ B
& U7z, Run6 3 L8 Runl3 i, 40~60% DRk E 720 |
AP 5~15mg-N/1 FEED NHN B3EE LT, o7
¥, N-BODA3E< A2V, BOD X 15~25mg/1 & @V MEIZ /2 o
72, Run7 B L Runl4 (5mWIEERZ MERFT 2 2 LI LY,
N-BOD 2R X 2B L& BAZ, BAKHEEEZ T
(Run7 "Cid 100m/ H ,Run14 TiX 120m/ H ) HEREIM ©& 5,
ZOOFSE., Run6 & Run7 }3 108 Runi3 & Runid & Lh#ed 3

X Run2 - Run3 — Run4
+ Rund O Runé —o— F il

AEEEOM{LE
(kg-N/m’/8)

| J
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H—12 B & L RO Rk
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14 —{fie® 80% |r{60% 40% Jr—
12 1009 |/ E: —
wd Pl VM
ag W0 i Ew
Erp 08 — 7%
#E 08 — 2
‘fz 04 -
= 02
00 l I
00 04 08 12 16 20 24 28 32 36 40
AERSHNH,NERE T (ke N/m™ -2 5K/ H)
14 80% |-{60%
iCE Al S <
~ 12 {100% B |
o 4 '4 b 0%
o~ 10
=& .
ﬁ'(‘ 038 N
_\Jm'E 0.6 +, A
o Y A
i 0%
g o4
T o2 - 1=
0.0
00 04 08 12 16 20 24 28 32 36 40
HEME L BENH, NE A B (keN/m’ -5/ B)
14
i 8096 ] i[60% 40%
12 1009
ge 10 g -
*
E% 08 ® a Ao la
e ] LI *
= E 06 A o
4
o1 Xxi| A
) 04 it o )g
02 ‘
0.0
00 04 08 12 16 20 24 28 32 36 40
BB ENHNER A ke-N/m*- 55/ B)
M—11 NN FREAM & b RoBE%
«=Run4 +Runbd 0ORun6 ARun8 ORund
#Runt0 EmRun1l ®Runi2 ARuni3 @Runl4
45 S—
—_ y = -0.030 x + 13.9L
= 2 _
§ 40 R* =042
0
"I
x £
€2
S
"}
2
= |
X

358

10%/T{THE R BREC K]

B—13 kiR & ML ROBEK



&L PHERBER L, BODBREES ER LT3,

#—4 Run6 EHKE F—5 Run7 FEKE
(TypeA FEITELK, SE/KEEE 200m/ H, #GsE 300m/ H, kiR 15. 37C) (TypeA [EELR, /KRR 100m/ H, #5HEE 1500/ B, /KifL 16. 3°C)
RAK | PHEIK | BEXK lﬁ}i&)i RoK | dfsiX | 3K Bﬁ%ﬁf
9% 96

SS mg/t 19 35 54.9 SS mg/1 85 3.7 56.5

BOD mg/| 258 215 16.7 BOD mg/1 206 10.9 47.2
ATU-BOD Img/l 5.5 3.6 345 ATU-BOD {mg/1 6.0 3.6 40.3

NH,-N mg/| 145 88 6.1 579 NH,-N mg/1 120 5.9 29 75.9

NO;-N mg/l 14 8.7 125 NO,-N mg/| 13 99 144

NO,-N mg/1 12 05 04 NO,-N mg/l 28 0.7 0.2

#—6 Runl3 EBKE #—T Runld EHKE
(TypeB FREIER, F/KEEE 200m/ H, BeSUEHE 300w/ B, iR 15.9°C) (TypeB FEREEK, SE/KIHEE 120m/ H, HEUHEE 300m/ H, 7R 15. 2°C)

BK | PRIK | REEK Bﬁ%ﬁ;ﬂ BRK | PRIK | BEK Bﬁ(a&)i
% 9%

53 mg/| 27 1.7 365 SS mg/| 3.2 23 274

BOD mg/| 10.1 188 —86.1 BOD mg/| 15.8 8.1 48.6
ATU-BOD _|mg/I 24 2.1 10.6 ATU-BOD [mg/I 3.3 28 16.6

NHN mg/| 244 164 134 449 NH,;N mg/1 188 17 29 847

NO,;-N mg/| 31 9.2 13.5 NO;-N mg/| 23 13.0 180

NO,-N mg/| 08 1.1 05 NO,-N mg/| 0.7 1.1 04

INHOENLIMEEL BT S L, Runé §X 0.56, Run? i3 0.30, Runl3 X 0.81, Runl4 i 0. 71kgN/w-
AR/ L7720 B IR A Type B IRENAR & L7~ Runl3, Runl4 OFMEEDS X < 28 5TV %, Runé & Runl3
FEEST D b, KBUE, BEBE, KR, MEEREIFSTHAM, FUK NN BEOHANI A VAR
MUz &2 K9 Runl3 bd Runb {28 U CRUERTIIN LA 52725005, kEES T CiibReE
SHERF L7 Run7 & Runld % Lb8ET 5 &, BIREEOEVIH DD, Runld OFEEL Run? OF 2. 4 {272
2TND, REMNTIL, WAGEENL, GRMAROKE X720 Tt ZoRHEEdn e A, s
U, BRI UE) ORE ZICERSTOEELRERE b0, ., BEHERENRICEKTDOILOTHD,
EKEN T Y DB LV D BERTH. BRIEFEMEEL AR TRUZME BEEL 25, TADHLOR
PERTD L, BKBEIZBOTEOBEES R L. Type B HEBIERIL, Type A BEER & B LT, FEFIC
ENTVWDLEXD, F72. Runld [ZBWT, IJEHR TEANBHENRONZZ & BEU, AVRT A
Tik, B CHORE 28T Z il ko> T, RO ERRNLDG Z L #BETH &, FKD NN 2
B 20mg/ 1, FAEUKIR 15°CORMC, H/KEES 1200/ 8 L35 Z ERWEREE E X b, REFIOGFRMAHE

LR LT, mB COMENFREIZ R o7 T 2 5,
KR8 AHIKHEREEERR Runl EEIKE

3.2 AKREEHERER Ral  ERE A ;* g;é

THKEER 8, B9 TR LI, BER L IR s DA RO SIAREA OO 1 &8
184 | -404 | -42.7

DIIEZ LY B &L TR TOGIHRRICINT, i?l[J)-BOD ?.if: 1§:g 35 12:1 30 24| 218| 218
HERS L E X bk, M- 14 10, NN 255 e [N Jmetlise| 07| 73] tos 12.2 61.2| 653

NO;,-N mg/ll 28| 105] 137 8.6

MEEOBHRE R Ui, AREEKRTHD LIRENIRDS  [No,N_ |men] 06] 03] 03] 03] o4
D LEEREVRER L 72 o723, 0 R bR #—9 AKRIBIELBEEER Run2 EEIKE
I CHRASTHY . TeLA, HENRUTHS Ri| mmR | RmEETEANE

HBBACENCBOTEVER Th o, R, TR | as] e AR

CORunl & Run? & HBRT % & IMERSORMURT Ao S 7T 7T o6

mg/|
AN =3 7oy - NH,-N mg/l{ 191} 115 10| 122 68| 632] 645
HY | BB FRERIC LD AR ot B NooN Tl 2o o a0 571 as

— 15 ICBSHERE E LR L ZOBED D0 %R [No,N  |me/t] 06| 06| 05| 05] 06
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X—14 NH-N ZRAN & bR (crmesesm

T U7, BEEERHNSES LR LML, DO &
FEVE. BOHE 50m/ B D & &5 2. 5mg/1, 100w/ H D & &#
dmg/1 THY ., DO OFBLEZONDAS, UL, mg/1 DL
FTHY ., FTE, ERAHOBINAIHEEOHRINI RN -
EEZDND, ZORNLYH, EERK L REKIC L 50
{LEOEIIFRO LI, o, ZORROBEMM OMNEL
PRI, BEEE, FEIR S bIC, FEEY Y OZEE|C
%45 MLSS EREEIZHAE U CHI 4000mg/1 T o772,
Pl s, My NP9 MBI AR GEED

114
(ke-N/m*-25/8)

DO(mg/1)

PRAARA{LAE

113
(kg-N/m’-BEE/B)
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X—15 HEHELBHEEBLTD
(AEAMEEHBERR, 2000473 A 23 A, ifi/kEE 200m/H,
IR 15. 5°C, NH4-N ZHBEAHRT 1. 5ke-N/nt- A5/ R)

1 TypeB,Lv= 50m/B

A TypeB.Lv= 150m/H
~TypeB,Lv= 300m/8
& TypeALv= 100m/B
® TypeA,Lv= 200m/B

< TypeB,Lv= 100m/B
O TypeB.Lv= 200m/H
aTypeAlv=50m/H
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B--16 SRS CERERIEE)
(2000 4.5 53, KR 20°C, NN ZPRRETHD 2ke-N/uP- S0/ )

DY, FEOFAC L DR TR, S ORBEE, Bib, HREFESHENLIZZ LM R Tho

rEEZDND,

3.3 AT TAZAWEERER

R 16 IR LT, EEREEOKE Type B OFPMULEIIRE S oo, F, TOEBRTIL
EARBER JOBMSHERZ B8, TRETERRR, SKEEOEME & bItbR&oEmLz, L



L. NHN BREAMEK ZkeN/ud- A/ BC—EL L2 &b, BKBECKE IR T, Fm, E
BRA& T RSO O BRI, TN Y OZEER BTN MLSS IBEEICHAE U T, Type A i3 2300mg/1,
Type B 14 3900mg/1 77, Type A & FEHEC LT, Type Bid. HEEBTH 1.6 5. MHLETH L4145,
EEMBRTHLTETH T,

UEoz et bR, Sk ofEE, b EEEC L DFEPREV T LS., MMy
NFZ 2 N COREREA OWSETL, B OLEERISEMN U 2 LI L AR L HEE SN,

4. &%

TR ZHRAERIE UTERHERE I DV, 2 BREEFRIEE AR (HERZ 7T 2 o Bt TEICT VR 5
FA P EFE UL TSR O BV L U EEO TAK RGO ZFK E Ui 1y MUEOE
BEIToTn, FRI. Bisf OER L O OFHFEOBEOC L BHEEDEWZ OWTRE Lz, #1Ho
FZERHM] (Runl~Run9) TrIBEAE LS OREE % LER I 500n”/n® (OBAS (Type A) ZFHVTEIER E L,
WOFEBREAR (Run10~Runl4) ThIEFRHIFEK 800m”/n® (OHEHES (Type B) % AV THREIC L DIREIEE L Lz,
Z LT, ERFROONEMEL B LT, SS, ATU-BOD ORFEMIRIETH 7205, WERIZBWTiL, %
EOFBEEE R L,

Fio, M ay NG PORBEERRIET A7, ARKEENERERR, BLUOERBEREIT o7, AK
HEELLRR R Cld., BRI Type B OB 2 FIH L, 1 RITEER, 2 RIFIKRE LT, Moy

F7Z v R ERIUEKRE AWT, BT 2 BYELERZ 1T o7z, ZORE. 1 R E 2 RITFHFOUL
B Ch o, F7n. EREERICIVYTIL, Type A OFHES & Type B OEFHSIC L 5RHEEDE N EF
TR, B OH In FBE U EERD 7 5% A, ALTKEREAS UTHE Lz, FORER, &
TFREOHIMISHE LT, AR LUREESEN L, ZhbDEBNE, My P70 Mk
v BRMEEE I Dm Y, BRI OFIEFIE (BB & BIR) (2 L2 boTidiz | Bt ofEE, b, b
FEESEN UL Z S LR TH-T B LN,

fay b7 MERZ L o TRLNEERREREE LD L UTDEEY THD,

1) FERERIIRR D, ALY, HREER 500n°/n° OBFS (Type A) ZHWTEERE LIRS
& LEERIERER 800w’ /m® (OEEATET (Type B) & AIVBKUC LD FEIR & U7o 58 OEER Hilt L7z, SS,
ATU-BOD OBRZEMEIIFIZE TH o703, RISV I, BEOHBEVEE R LT,

2)  AWERK ATU-BOD b3  dug/1 LLFCTH Y . A3 N-BOD 13K D NH,-N B 2~3ng/1 LTFCT52 &
kv, smg/l LATFIZT B2 ERAEETH o, LizdsioC, LAEKD BOD IBE% 10mg/1 LT & 35720
WIE ALK NHN BB R 2~3ng/1 LTS B6ENH B EHEESh,

3) Type BRBIRIZEI) AR REERBE O ARNEBESA ORIERERN O BRI IS 2RIV R
ETHY . AEREERIR LH LFISEV IREE S B X bz,

4) FHLERE, EAGHEE, BRGEE, NH N FEAN. KEOEBEZIT, £ LT, ZhbDEPKRE VW,
WALBIIRE S Apote, Tz, AREBROEH (ARt pH 234842 6. 5 BLE 7.5 EUF) CikpH IZ L B Y
{EEA~DA L AR EEIRR0 bR T,

5)  HRSUEEE 150~300n/ F . A{LEEA3 40~80% LRI 31T ARALE DR OV TR Lz, t°CIZ
B ARHEEIL, K=K 0 “PDBTHRT L. BEERTIL. Ky (Q0CIZRIT 28 =22, 5(g-N/m*- 55K
/). 0=1.026, FHERTIAL. Kp=236.1(g-N/m*~5H/M). 8=1.036 ThHoT,

6) E/KIRHA (B9 15°C) DALERMEZ-DWT, Type A BEFER L Type B fBIR & 2 L0B U7z, SS. ATU-BOD DBR
FHRFESETH o700, ERICBW T, BHEOFREVEE 1 Uiz, BBV T, EKEE 120m/



B, UKL 300m/ B D4HC, REFRAERE2REFR U7 Runld), ZDZ &b AR AT 5% Type B it
KL T8 LT, IEROBERRGFEMEAR S B LT, L@ COMBR A EEL 720 HR—2R
i, B —REhLs LD B LA,

BRI, ARFFREAT) BT o T, ERZTE LA, e RFBERIDE RSN OB %
%a‘éo
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