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Development of a granule type denitrification system (No. 1)

Denitrification System Using Granules

(B) BRbARE
LI

Shinichi Nonaka

A granule type denitrification system has been developed to remove nitrate in wastewater. This is
an application of PANBIC-G, a UASB type anaerobic treatment system. Denitrifying granules can
be formed out of methane granules within two weeks. A bench-scale test proved that the system
had NO«N treating capacity of 20kg/m *d and could reduce NO;-N concentration down to 2 mg/L

from 2500mg/L.
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Table 1 Comparison of conventional method and granule method.
Granule method Activated sludge method| Fixed bed method
NOs-N
Roading rate (kg/mi+d) 20 2.1 4.2
VSS concentration (mg/1) 50 000 3000 25000
Sludge control Non Sludge return Periodical backwashing
Treated quality NO;-N(ng/L) <1 <10 <10
(M NO;-N Bk 2R & LAY ER T - 5)
= —= CH30H tank L @ Gas
gﬁo‘ Seal pot Gas meter
— = B
x /\/Z # Heated water tank
| (P) l ¥

Granule type

fluent tank NULE LD
Influen denitrification reactor

BN 7/7=a-VIREER7o—v—
Fig. 2 Flow sheet of granule type column test

Effluent tank

1 i < 7 7 Bl

Vol. 40 No. 1 (1996./9)




8} 2 & EBRFUKOHK

Table 2 Composition of artificial wastewater

Concentration Concentration
Substance Substance

ng/L ng/L
*« NaNO; 50 ~2500(asN) * MnSQO: * H:0 0.08~0.48
+ KH.PO. 45 ~ 200(asP) * NaMoO: * 2H:0 0.06~0.36
* MgSO, « TH:0 6 ~ 36 « ZnCl, 0.2 ~1.2
* CaCl. * 2H:0 2 ~ 12(asCa) * FeCl: 0.12~0.72
+ CuSO0; * 5H:0 0.4~ 24 » CoCl: * 6H:0 0.01~0.06
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Table 3 Test results of denitrification granule formation

Activated Granule NO:-N Reactor perfor-
studge content concentration reduction rate |mance of NOs-N
in seed sludge mgVSS/L mgN/ g VSS+h reduction

100 % 1780 22.1 39.3
80 % 6170 6.99 43.1
50 % 11 360 4.6 52.3
20 % 17 550 3.59 63.0

0% 18 040 2.48 44.7
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Fig. 3 Change of NO:-N loading rate and removal
efficiency with time (Examination of denitrifi-
cation granule formation)
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THRMERC V5 = 2 — VAR 2 E 22 2,
(4H)F L
ok, FH12b2 5 v 5 = — vERBERICH
WRE 7 5 =2 — VIEREREZIT-> 2, wind
NO:;-N AR &M% 2 :BBLINIC1.3kg/nd+d £ T LAH
Kto TDTEDS, BMES 5 =2 — VI3 HER R IR
TR S EER %, K OEVIRERITE S - 12BiE
7o =a—NVEEKL, K02V T8 —-RkRET S
1o DI BIROBEZMDSHEYIEEZ SN 5,
HEROIBEMW . 2 ¥ v 75 = 2 —VIKIEHHBERERS
GEHTB R OB &20 %FEE)
BEALV: 1 m/hi2E (2m/h LI
3. 2 MIBMREICRITERRE
3. 2. 1 NO:-N BEHpE
(1)NOs-N BFE#E O _ -k
i wiisr s B e b L, REAREGEALET R
ATV, 75 =2— LD NO:-N BREHE O FAEE%
B Lo MALVIE1 m/h, JFE/KNO;-N B 12200
mg/L & Utco BRI ZHNL VSS &Y/ © OBRE NOs-
N8 (kgN/kgVSSed) THL, NO;-N BFEE M & B
FucEEnd % L EEsic, EHMIY 727 7 -HNOER
VSSEAFAET 2 &0k > TR 2o NOs-N R
FEDRBEZ LA 6 B /RT D8, RESE I N ORE
> T ER Ly A7 v 275 =2 — 0D NOs-N gk
TR (3%70.01 kg/kged LIEF /NS VA, 0HRITIIH

16 g 7y 7 B

Vol. 40 No. 1 (19969



0.35kg/kgediciE L 7o A NO:-N BREHE 3 HED N EWOELUERZWVETH B, TNRARE S S =2 —
X 51c#90.8kg/kged TH-1h, BEEEH S22 » LNEMEROEREENS VWD EEZL ONE, NO;-N
TIRAMEICET 2 EFRlENE, RES 5 =2 — VO AHEAM20ke/ndd DS, VT 9—ICsF5=a—N
HOBREIBE, 21RTEIIC, YA VI F=a— H%24 400 mgVSS/L L EREF 3 1131313100 % D NO;-
NVOREITHAFNCHERESNET %, 2L T, 1 » NBERKEER L EBHR S,
HB®ICRSENERL L 5 F v IRWE Tltbh, bl 3. 2. 2 75 =2 — VIEFHICHd 3 LV s
WWHREDA ¥ v 75 =2 —VHBBATRAZBX I 5, BES 7 =2 — VOEKEYILIE, HAKLVIZ2m/hL
ALY VTS =2 — VAT A ESVER IR IS - Ficd 2008 LWWEWS 3, 1(2)IHDERERTH -
L3260 EEZ SN, SOICMBEBAREL, 1313 724, LVAKEZLERBOWEABKELEIRaN S Z &
REETEDONELSICEEEBEIIRT LS oy, EEEHKTCEIAEOBRETH 2 SAMNE|

PRl ~2mOMNERD 75 = 2 — V& LT 5, ST E NI,
(285K NO;-N [T 5 HUIENEABME L KRES 5 =2 - VEHOVT,

WEEE S » AP S L, BIEBMERETHERINEE LV OEELHE L, EEBO NO,-N 5REEAMIZ10 ke/nf-
EZIONBMESS=a—VEHOWT, BANO:-NE d—EEL, LVIE3m/h»S5BBL T, #0%4, 8m/h
FHEAFR L fo FEBRIINO-N ZHEAM%220kg/ o EERAKEL Lk, ELVOMBBHIBEMEL, #h %
d—EELT, V725 —HO5=a—VEAEEE NWERTRIZZSS =2 — VORRSAEAEL TR L 726

T 1o 75 = a - VORBENMG AR T BUT/RY A, RFR0.25
85 6 Bl NOs-N /HBE & NOs-N REROBFZEEZ /R mlEDr 5 =2 —LoE&GRILVSm/hTbidbd 5
- T0%, THIRARO.6 ke/kged AP T %6 EDBrER L, GLAMNLTY 2, AERICED, TR

BigoNt, MES S =2 - VOFERKNO-NREEE IhARES 522 -LVELVBRELTEITI=a -0
ZTEIREFT0.95 kg /kgod 1T B 1) BREHEE Wh SR EAEEEICREERE CEMBHO M EL S,
5L082kg/ked BEONB, TOMIITREHNREL  8.2.3 £5/ — VIERIEROFPE

e ERRERBORGFHE TR HYONEHE S 2. 1IHIC/R Lick ST, EYRERISIC LB ER A

T T T T —T
100F P I i
— 1 A L L L N IR N LS LI B UL UL IR IR I —_ \
5 S -
o2
4 08 = 80F b
e . =
k) L
= S
o 06 £ 60~ i
= o
.§ 0.4 / % 40r |
=t a =
= <
= 02 S 2 .
S Z.
= 0 1 1 iy 1 L [ 1 L 1 L L
0 5 10 15 20 25 30 35 40 45 50 55 60 0 L L ! ; n
) 0 0.2 0.4 0.6 0.8 1 1.2
Time  [days] NOs-N sludge loading rate [kg/kgVSS-d]
/ ) NO:-N ErEHRE DREHZEL £6 NO;-N /BREM & NOs-N BRIEORE&R
> Fig. 5§ Change of NO;-N reduction rate with time of Fig. 6 Relation between NO;-N sludge loading rate and
granule removal efficiency

%

EE 1 BREZI=a—n GEEHED BEE 2 BME/s75=a—n (17 A& EE 3 REr/rs=a—1 (57RHE

[x40] i) bFSE) [%<40]
Photo. 1 Denitrification granule Photo. 2 Denitrification granule Photo. 3 Denitrification granule
(Start up) (After 1 month) (After 5 monthes)

Vol. 40 No. 1 (19969 L A SRS T 17




[%]

B 2 mm and over
B 1.0~20m
3 05~ 1.0 nn
0025~ 0.5 mn
Under 0.25 mn

Particle size distribution

T IV=8m/h
LV=4m/h

Start up LV=3 m/h
LV=2m/h

57 75 =a—Licktd 3 LV o
(NOs-N Ef7 =10 kg/ i +d)

Fig. 7 Influence of linear velocity on granulation
(NO;-N loading rate = 10 kg/mi+d)

100F E 1
= e
[ 14 !
* t
P | 4
N :
g ot
S 60+ P b
= /'
=
§ 40F X i N
e b
S 20 |
Z H
0 1 L L 1'9|
0 0.5 1 15 2 25
Methanol injection ratio [g/g NO3-N]

B8R # 5/ —iEM#EE NO;,-N RELOMER
Fig. 8 Effect of methanol injection on NO;-N remov-
al efficiency

® 4 X FKNO:-N EBK NO,-N B
Table 4 Water quality (NOs;-N) of influent and effluent

Influent Effluent™’ Test conditions
Loading rate |Retention time
ng/L mng/L kg/m-d hr
200 <0.2 7 0.7
1000 <0.5 12 2.0
1500 {1 20 1.8
2500 2 14 4.3
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