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Nitrogen removal by a pilot-scale treatment plant. Kipa, K., K. Sex1, T. Mmzo, Y.
Maensa,* K. Svea,** and K. Icmxawa** (Hitachi Shipbuilding and Engineering
Company Limited, Technical Research Institule, 3-22, Sakurajima 1-chome,
Konohana-ku, Osaka 554 ; *Department of Applied Chemistry Himeji Institute of
Technology, 2167 Shosha, Himeji 671-22 ; **Department of Fermeniation Technol-
0gy, Faculty of Engineering, Osaka University, Yamada-kami, Suita-shi, Osaka
565) Hakkokogaku 59 : 153-159. 1981.

Wastewater from NOx and SOx removal facilities was treated with pilot-scale
submerged biofilters to reduce the concentration of the nitrogen compounds-N (NS-N),
NH4*-N and NOs;~-N to less than 3 mg/!/ as total nitrogen. Phosphate was added as a
nutrient. Unused phosphate was removed to a concentration of less than 0.1 mg/!/
by combined treatment by aluminum sulfate coaqulation and sand filtration.

CODun of the treated water by the combined processes was around 10 mg/!/.

Biological nitrification and denitrification rates were found to depend on the
surface areal loading rate in the biofilter. From Lineweaver-Burk plots, the maximum
reaction rates were 4.8 g/m?-day for nitrification and 8.6 g/m?-day for denitrification.

Biological nitrification in the biofilter was markedly effected by the physical
mixing of water by aeration. The relation between NH:«-N removal rate »: and air
velocity G was represented by v1=0.87 G 88,
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removal facilities (I)
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ROMEROEER L XUERNBAROBRICEINTHE
RULEBRBREY R T A X 3ERPKDP S 0ERKRS
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ZOMBREBL LTSI EEDIC, BERREVRT
LI LD AP O LB KEE £ERICONVT 3 mg/l
LF, YviconT0.1mg/l LTFET 22 L0t
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KBMB B L UHE

BEEK H2HY TR &S, BREAYEK
1 NH-N & LT 330 mg/l i 123 & 5 i NHCl %
MA T d OEPHEREBRMPEK & U TERICHN .
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H, BERILRNE, BrBRENDD, BEBIEEDNL
BABEBERENP S BAEDLRYD, BEPIBAED
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IKSFRRIC KD NS-NBrEER BV v BLABEO7-
DO 1EBTHIEROBREENS STV «—RY
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RSHR 3. 9 Bl O 4&AF T, HRNBR%E NO:-N & LT
60 g/m® F 7213 120 g/m® iT 78 3 X 5 i EEINAK SR
WicEA L. MAKSRERA DS X URRERHD
OFEKFD NS-NBREZHEL, EELEIC & 3k
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SRk D NH-N, HBXU NOs N 5l 7 #
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Table 1. Scale of experimental equipment
in pilot test.
Packed
Scale (mm) volume
(m*)

Hydrolysis tank 800 X1, 000 X 800H

Nitrification tank 3,000 1,200¢ 2.3
NS removal tank 600 X 950X 750H

Denitrification tank 3,000xX1,200¢ 2.5
Reaeration tank 500x800%x2,300H 0.3

Coagulation tank 700X 400 X 480H
Clarifier 1,200%1,200¢
Sand filter 1,800%250 ¢

27— VBEZEHBL, REECHGL. BHLERO
NH&A-N BSBREINTHIO0EHERUIHE, BRI
NH#-N 2807, PHERMEMIEKCEEN S &F
Maxn 3 NHo#-N & NHCl 2 T 330 g/mP iT 755 &
S5 ICBHE Lo, NHo-N 25+aREksh e
Nk, WEE T BKEIC 2.5 mY/day OFtGE
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F9°, KSR L LB % 2.5mt/day OWETH
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PH 3 2 5T Ne H# R & U7k, pH5.0 iCFREL,
BN E K L. REBHCBOTEFT S NO: -

NS
removal Denitrification Reaeration Coagula- Clalifler Sand

tank tion tank Filter

Flow sheet of pilot-scale treatment system.
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W, kSR ENRARMNL, SR O
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TR « Bagshic 54 LU, NH -N, NOs; -N, NO:"-N
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BB ICHRBIN - BENE, WEE, DAREK
JOBRETIH0THS. BERAIMBRT VI =T 4,
B BhAE 25 v AP-30 2, pH7 T, &L
QI3 Al 300 rpm, 1053, #EH < EA i 100 rpm,
2053 OEBTHRIEL . WKHE, BABEEERR
HINSWN I HBIL Wk, SlticERLUK.
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TEHEICE o, 2L, A&/ —wB XU total-
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Vi (dSn1/dt) = QSno — QSn1 — ViekiSuSm
. (1) .
FROFERETE, EL=0 LT IHLRANE
>h 5. ' L
ki = (Q/Vs) » (1/Sr) « (Sxo—Sn1)/Sn1 (2)

ERRERE LXEROERL, 81C Kk 3 ks
AR EERREC ki (/molesec) 2 FELET A, 0.25
mol/l-sec DIEA BT, T OEIIENRBOREL 13
B—& Uk, )

%72, NS-N SRS 2 ERBRHEEEZRD
% &, 1mg ® NS-N Ofr*ic 1.85mg @ NO:™-N %
BL, COERENARD 1.3mgDEXD $#750%
bRTH3. EREBRTIE, MAIREOTENRE D
BILRISREZER TfT» DI, 748y FFX b
TR RS CERENRE NI BR RS S
DT, HEHRO—BRILER~NODENIVELHETL
fefcd LHEEI NI,

NH:*-N, NO:-N, NO:-N D% e = eRY
b+ RERBD/ <40y bFRMTELT, =0/
BRORYE, BAAKRFROBIL - BB IIBIE
ERBEIEZON. Ch o OREEERRT S
b, LUFiczoRBEERNS. _

DAEHFERRL - RERISEE A CTARSEE
BTHELI /M0y b ¥R P TO NHAN BLU
NO:"-N OREFEEBEIERRARTHE 51 2 HE I iR
LT/ WMEARR L. Williamson & McCarty? |3
BAAIREIC X 2WEEBRICEBNT, BERISHEE
BLIN 2B BT 2 REREEA T E LT
5. ZFECEDIRTAMORERRERRI /40y b F
AP EERT R FTRE ST RLDEEZEZ DR,
ERRRB LU M0y FF R MTHONIEREE
B, BCAMBEENM D OXEROBREEE TR
Ufe. ERRBICET 2RLETOPENT X H KRR
-

v1 = (Qo/As) (Sa0—Sa1) 1)

FRERAOTERERELEEL, FUSHEE vt X0,
COfEED LI RRECKIZTRERFOEE D
WTHETL, Lineweaver-Burk plot % & b, Fig. 2
KREL:. RIikiRd &S5, ENBERE Moy b
T AP ORERZ IS —FKL, RIDEERIRERELT
REINB EDbhotz. CORBR, WIERBELT
RERCORARIGEE R ZHEN v1n=4.76 g/m?.
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Fig. 2. Lineweaver-Burk plot of biological nitri-

fication and denitrification reaction in labor-
atory and pilot test.
O, reciprocal of nitrification rate in laboratory
test ; @, reciprocal of nitrification rate in
pilot test; /\, reciprocal of denitrification
rate in laboratory test; A, reciprocal of
denitrification rate in pilot test.

day BXU v2e=8.55g/miday, AFSOEBEEM
E¥ #heh Ki.=0.81 g/m?, Ka=1.15g/m? ®
fExR7-.

DWLESIC R TERBOKE  MLEECK
BIESEEOEELTFH I LR, Sv=vrazx
FOFROR» S B EETHS. 2 TE, NHH-N
330 mg/!, g 2.5~3.5 m*/day O&H4 T CEEEHE
E% 4.7~7.0cm/sec @ I THE(L S8 T NHo-N
BREHEC R TESEFEOEELRF L. o
R, EZBR&H40 GHNTER BEREIH 5ppm &3
EAERMLIZ VDI 53, NHt-N RIEHEE
FEKHEEE 7.0 cm/sec it BT A fHICEHEB LT, 4.7
cm/sec ICBVTRM 77% KET L. CORRE
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Fig. 3. Effect of air flow velocity on
nitrification.
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BBEIREEICEKEL, RRNOBRTRENT.
(dSa1/dt), = 0.87G%% (1)

o kiR, BREEZETIRLHBA, BTAHOD
HEYBEREIC BT 2 BRENEL B L-TR
ROBEHEEMETL, NHA-N REREEBIE S
LdlkboLEZI M.

DMERE, NaOH, 2 &2/ —n &Y VHEER
BB DT E 2.5 m?/day, BT T 5 Bis LB
O E~DIERH 3.5 B LU 5.5 D&M TREBRE,
NaOH, * #/~w, ) VIFERBOKRHNET- 1.

ERIEA 3.5 BXU5.5 I LRATE, RERR
JSETOMBRRERIC LY, RLEROBBRER
Blehzh18mg/l HXU30mg/! L7120, Z DK
D T ) BEEG O NaOH FRinE it 100% #
BTImt Kk H20 2 T 400g B XU 350 g 12
BELizh, BENRBROEEL X {—KLk.

RERED BLHTH S » 2/ — v EEER, B
WY ORI T & McCarty 5% O 2 2/ — VS
REIVEHULBEON LIRS X5 IcHEE~
PRS2 C LIt X - TN 100% DBLERER .

Y UHEHBBOBERKIE, 4mg/l ) YBREICR
L5 VEREMLIE A LR, FRRLE
KDY VEEEL 0.3~0.5mg/! 150, BRABROKE
REXL—FKLI.

PEDESIT, 7940y bFR FOREWERBIZE
NRBROBRE L —FK L. COER, BRRRT
Bon-BRiE, Moy bFRMNCOERTEBT
HAHS.

LBFREOKRE 7, 4 I FEINS-N onkofR
BISic kb £ U7 7 3 FEINS-N % SRR & O

LR C &K OBRE U188, AR - BRERISIC
X b NH*-N, NOz:-N, NOs-N OILEHEHRE {T-
7c. BREKOEAKOKE X, NHH-N 3#0.2mg/l,
NO:™-N & NOs-N i\ 3" d 0.1mg/! LUF, NS-N
3K 4mg/l L5 5 7.

Wi, MKSFMBICED T I FEIE L 57 NS-N
ERMEESIC & O EER U 7- EERgER 2 NS BB TG
IHERNRETHC LEKHET S Fig. 1iK/RL
1BRBREY AT LIKY, HRAPEKICEThELE
FEREORE RS 1o, WEFEOBRIILEKROKE
%, NH-N i 0.2mg/! BLF, NO:-N & NOs—-N
FoFhd 0.1mg/l BL'F, NS-N 14 2.6 mg/l L
TOPFEERD, CZTERINERHRERN > R
FAREREBRIRINY A7 L E—B& Ui, 88, O
DETRDOKEA Table 2 ITRLIz.

F 7 NS (LAMERISUTHRE SN 2 BRERE IR,
NS BREHOAD, HOIKCBT 3 WENZH» S NS-N
1mg ¥47:0 1.8mg THAZ ENbhot. TOE
RERBRICHEBELUBNMETH 25, RERSIKLS
NO:-NRERICET S A 2/ —VEISHIRINZC &
HOoEF LUWMEABRTHS.

Pk, TRBRERINIC X 3EREREY 2T AR, K
KRTHEERES > T 5E.1M

(4 3 FRINS-N (1 3 FY Rk VBREER %
ARSI LD 7 3 FBEINS-N (73 FE/ RV
R VBEER) £75. QWA LRSI ERER
BTHBDT, TVYE=ThoHEMBREERTS.
(3FHILIE & RO B i RE S 7z NS-N REiET
i, 73 FEINS-N 3HEMRIFIGL Ne R ELS.
(4INS-N [RAICET 2 ERBROGRO A1 59, HE

Table 2. Results of continuous treatment in pilot test of 2.5 m® wastewater per day.

Wastewater Nitrification NS-removal Denitrification Reaeration Coagulation Sandfilter

NH#-N  330% 1.7 -
NOz"-N 2.2 151.0 120
NOs-N  79.0 34.1 —
NS-N 42.0 22.1 2.5
PO#--P 3.6%* 1.0 —
CODua 41.8 28.1 14.5
S2046t 332.0 330 -

(mg/?)
<0.2 <0.2 <0.2 <0.2
<0.1 <0.1 <0.1 <0.1
ND ND ND ND
— 2.6 - 2.1
0.3 0.4 0.03 0.01
- 13.3 — 10.7
—_ 331 328 —

* NH.*-N (as NH(Cl) was added to the wastewater from wet SOx removal facilities.

** Phosphate was added as a nutrient.
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ERHOBRE LU A 2 /) —VOHREDERNH 5.

KEBROY YV OBREIBRCLDIEE  BLEICKH
5mg/l DY VERMUTEKY AT L Z2EET2 L, B
BEMLEAICIZY Vit 0.8~1. 0mg/l BRI & hiz. ©
DEHT, 40 mg/! DRBRREZUHRIULEK
RO Y VERED 1D OEFHLEERET - 2. BRI
Fig. 4 IK7RT & 5 KELLE LB ) VREZ 0.1
mg/l PLFicd 372913, AP & LT 6mg/l LLER
M BNREID -7z —FH, BRREEZETROIEK
RO Y vid, 2.4mg/l © A BTHARELS BT
Edtbprotz. COFRREE, AlY 3 HCOs™ ERISUL
BEINZDTHL, BRILEKTIIRERISIC
X o THERTIRBREPETNECE XD, Pk
OB FBELER L EEATERORENNE
ThHdC EPRgIhi.

BRENC ) v EUT 4mg/l IRINUTER
BEOY vBEARA . WEHIERO—F% Table 2
KRLi. Eho BHobiXdikk, BAELEKOD
4% & LT NH#-N i3 0.2mg/! LR, NO:™-N &
NOs-N it Wi d 0.1 mg/l BIF, NS-N i3#72.1
mg/l, POS-P 349 0.01mg/l Lzt BLE, K
¥ 2T KT & O BHERRHRPEKOER B LT ) ViR
EOWEEEAZRT 2 C LM TE, ERRARICLY
Bohi-Res M0y P F X MTERTERLN, K
Bk ABLEKICIE CODBATH BV FAVER
A4 320 mg/! &% h, RO HHEEEBELD L,
RBBRTEXZHDOTIRIBL. T DERHE CODma B2
BREL2FARIECAYFIVBTHY, BREBEV R

POZ-P (mg/1)

~~—

PR RN TR TN DR SN TR SUNE T |
5 10
A*(mg/1)

Fig. 4. Effect of Al** on orthophosphate-
removal in continuous treatment.
O, in pilot test; @, in laboratory test and
in jar tester.

WIS $59%
FAR LD AL BREINTORVC EDBEREN, &
BOWRORIBHWE L1 - .
= #

1. ERER i X 3 kS AR BEREK ki DEH%E
AT HER, ki=0.25//mol-sec £730, BRRARD
WERE KBNS, BB, T I FE NS {LE&HE
BFETBICET 3 HMNRITERI, 1mg O NS-N X
720 1.85mg ® NO:™-N &720, ERRROBEERX
DHREVEERLI.

2. MLBRERISHEER, BTAMERERERY-DO
EXRBRERFETETCEICLD, BRNRROBELEL X
{—B Ui WERISE L UBRERISORARIGEE
BENEFN vin=4.8g/m? day B LT v2n=8.65g/m?
day &120, FRISOEERMERIZhEH K=
0.81 g/m?® B LU Ki=1.15 g/m® OfEREE7-.

NH-N BREHEE 0r 13, BRIEA ZREE G(em/
sec) IKEFEL, WKRXTEREIh.

(aSa1/dt), = 0.87 G5

3. fEREK%E 2.5 mY/day OIE T LIEIC HAE
L, EER%E, NaOH, » 2 /—wvEXTY vOHE
BICOWTHE L4 By b7 2 b OREFRIIERNR
BOBRE XKL

4. 4 3 FEI NS-N O ARSI > THEL
727 3 FEINS-N I, EMZHRRLRINC X » TER
Xh3HMEE pH3 OB TRIGI®B T EICE-
T Ne FTHRTBC ENTE. 5B, CORSTR
F XN 3 NO:*-N {3 NS-N 1mg 47:9 1.8mg TH
a7z

5. ) vEEicET3 AP 3ERLT Al/P=6 &
Y, MBKRELEELROBAOE2.4 THBRLT
Kigic BRIz, chid BREKOLEKC &3h?
HCOs” kBT 2bDTH 5.

6. ARYZFAIID, BRBLVY YOREEZR
Bl A, BA®AEE LT NHS-N 0.2mg/l LA
F, (NO:~+NOs™)-N 0.1mg/! LL'F, NS-N 2. 1mg/!,
PO«+P 0.03mg/l Db DAXHB1-.

& B & %

4, : BTAMEER, m?
G : BRMHE, cm/sec
K @ BtRESoEERfEK, g/md
K : BMERBOEBRERER, g/m?
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ki KSR EEERK, {/mol-sec

Q : MKAEERARE, m®/day

Q0 : WHLEHRAR, m®/day

Soo : BYLIGA D NH(-N BEF, g/md

Sa1 : BH{LREN NH.-N BE, g/md

Sa : JKSFENR HY REE, mol/!

Swo @ IASRMEMAIL NS-N JEF, mol/!

Swv1 @ kA RIEN NS-N EBE, mol/!

n  BTAM RER M0 O BLRISHEE, g/m?

day

v2  BTAM RER YD O REFUSHEE, g/m?
day

Vin . BTAMEERY D OBKMMLEIEE, g/
m? day

vam . BTAMEEEY:- D OB AXRERGHEE, g/
m? day

Vi @ IKSEERER, m?

FH AR EFHRHRAR L L OXARRO—RTHD.
FF oo KRB BS54 3 148, BA LHEAAHE
[ ERARERS] KB THEL .
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