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Abstract
A PVA-immobilized biofilm, attached
to the surface of a silicone tube, was
used as the basis of a bioreactor for
simul taneous nitrification and
denitrification of  water. The
bioreactor was aerated with air to
supply oxygen for nitrification and
pure hydrogen was supplied to the
silicone tube and diffused through
the membrane wall to feed the biofilm
for autotrophic denitrification. The
bioreactor was effective for the
simul taneous nitrification and
denitrification of water after a
short period of acclimation, while
the biofilm exhibited good resistance
to the inhibition of denitrification
by dissolved

denitrification rate decreased by

only 8 % as the dissolved oxygen

increased from 2 mg/1 to saturation.

oxygen; the

By using PVA crosslinked with sodium
nitrate to entrap nitrifying and
denitrifying sludge on the surface of
a silicone tube, a novel bioreactor
for simultaneous nitrification and
denitrification was developed. In
addition to
immobilizing agent to strengthen the

biofilm, PVA protected the
denitrifying
reduce the inhibition by dissolved

performing as an

microorganisms to

oxygen under aerobic condition.
Therefore, nitrification and
denitrification occurred

simultaneously within the biofilm.
Furthermore, the immobilization
technique shortened the acclimation
period of the bioreactor. The
described space saving and simple to
nitrogen

operate bioreactor for

removal performed autotrophic
denitrification to solve the problem
of residual carbon in heterothiphic
denitrification, and thus is suitable
for removing nitrogen from drinking
water.
Keywords: Simultaneous nitrification and
denitrification, biofilm, PVA, silicone membrane
S~ Hd Epemn
B 2 Rk A PR kS K,ért k¥
Ferd N AR EEWFIACE £ R
A RS S F R FR R o
DT 0% i”#ﬁ‘ ERY LR S W R D
BABIAE M ﬁ‘ﬁiﬁ}im& S TR AT
* éi L:,\-/Fdﬁ& Ry B
"4‘//‘3 AR ’}}\g‘lﬁiplﬁi
LY A ARIPY & i
EEﬁ*ﬁiEﬁ?éiig-ﬁéﬁFﬁ c RH R RS F
ForWRLAE THERAITY &g BT
BRI IER 5 — AR d e Tg, I S
AR Z RS BE OB o Rm o A K



B F R FERAZ DG T
I REGE SR o BE o BT TE R & Lk
B Ft o AR R RRP %Ef’fi?]&ﬁééé
Feood WA F R € AL bR 0 Aok T
17 4e i 5 i B 0F B R AN 0 pl
B E o R R T e
AT BRI AT AW B2 PVA
b Xy SIS A REE I H LR
Ll Jr@'%?pﬁd?z\»* R E -V R
AR Y B R R, o
FHESErEF 0 F R Rl RF
T% > Sil- KPER2Z 5% 2 2%k
R 0 T T AT ECE L TRt
Moo G ORA R EFRA T o B AR
FALZFERET P fona B 2 2k
B\ F R R 2 A~ B oo
oA Bt Rl A A R EA R &
WAE FELBF HEN R R
FAFHE Fa D e pEA T a2 P

¢ 0

\\‘1-
1_'1 /‘
(ﬂ}

BLREE O IR TR ];ﬁéf: i
%F%?a”ﬂﬁﬁ%T:

B~ 16g % ¢ %% fi# (Polyvinyl Alcohol, PVA)
21 1. 2g # %% (Alginic Acid Sodium
Salt)4e- k3 100ml - 4c 4473 f2 3 F400 &
By o FREBRBI LEP R R
P Rk A o BOR ERAREE T R
Bohma & 2 FiR 100ml - - f
Bser > @ HR L35S o % L f|-d 1@
L FiReg B D 2% 2B R 4
oo FEFEREHE] CERN0.2045 -
F e s B-HE%%E ~ 5 H0%NaN0s 2
2%CaClziz i ® — [ pF > BPVAHI » =
XS KRR o 7 B2 4 R
> F Ot o2 Iml/min 2 i R g
FF 2 AL ek BEFL P2
Ao BBHE > TRINIR2ZRE 0
fRE WA C 2wl 2t > BF B E
FORPER I A 4 e T ROR R AR

&0 PBFINERK o g;&.ﬁp@ F Rsth R
EF A somplz 4 0 20 fRB
§oo R PR \ﬁﬁ@ﬁ~§§’
R EF-wG R 2 #L:[?é'%;o_:ﬂ,? K §
B Pﬁﬁé%)ii/] r® 0 AR EF R
JT o Pﬁ/??&ﬁ-‘rsz%;,]“ tEE A RokA R
FHFERZBE P Fr B
ok RR R
o~ B AW
1 F RHA® a4 2375
0 fRFRER Y 22 ;Jf%ﬂ;*f/;a‘fb R 2 R

4’¢Mﬁ%g§ L G R
%\ K ('H A T ] erm‘h) 1E‘.f’r;}"‘l=:'(?'§<
%’F@ﬁﬁi~ TAEmRE AR

2B deB ] o o d BBk
EEBOFF R~ EEF 2418
Bkt & F RRTFIE F A AR
3? MR L T 12 0] ER 100mg/1
3 0mg/l " WAL F P r]ﬁd L ig 2
TR om St 12 ] 7f
30mg/1 > t¢ 12 -] pFF1 & if%ﬁ%“ ]
BRI FIM LR 2B R FPRA (TR
EBE Omg/lo % F B4 > AR
2 AL ERBRIE AR E kR FIRA
T @ iEbR s 0 12 ) d 100mg/1
1 43.4mg/1 ¥ 24 fH?F\ d 100mg/1
200 F BT TG0 LA R
ﬁWWO&%xﬁﬁﬁm’QF@ﬁﬁ%
FERF BRI 2P A E R
ZEF AR A 2 2 A
PIRARBARRSF 4§ DA P ESFP A
PSR S RATERT AL R
Beth o % F Rethie » AR 2 Aok
&%’F@ﬁ?mﬁ%ﬁﬁﬂ(ﬂﬁgg
VoA ) @O L AR R o T
FEt e —Li#"%—ﬁﬁ L3 RREA
F 2 g0 4 o
- HAEIRE R 2 A 2 s pl T
oL XA uber T E FEABEL A
& BB F RS 0 IR LA B
PR A IR T E 23§ 0 BRArE] 2



%ﬁcd?%‘

w
n\!—

B IR @Fﬁ%ﬁ—]"f”
ZEAFLAIEABRRE  FF MERGE
ﬁﬁﬂiﬁmﬁk’;kﬁ%MJ%P
AR E A IR ERRFIE F AR
AU A R AR 0 BT 12 PPN R AR D
93mg/l > {8 12/ PFHERP| &P B2 v’fé
Lot _rﬂ;\%?ps,}rg LERCEPANS Y2 et
ﬁ%ig,ﬁ@ﬁﬁéﬁﬁﬂﬁ%a#
e ARA T > Fa $~k§

WA fEn R RR P RSB 2
ki*“”»é}k&wé BEP Rk
e AL 2 FF TR E A4
APy d °?§%F}%*€|4‘:)‘5Hﬁ3‘-\:—~

Y SR L RS Y
IR A RS 0 R E KT F Y
SIS W R 08 . S
2 oz F NP 2 A B
f’ﬁﬁu | % 3§ KEBEFRBEY o FEFHRT

HPFERHY 2 AP mRE G B
/Ed (RS U W R A Y T S
2F BipA v s omp i F 2 R
PP FEEK 12 s 2B
U2 ER A E 5 K },@’}%Nﬁd vz A

ik Foau s 5.1 g¢-N/m’/d 2 2. 88
g-N/m'/d o P REp o F R E
FRPA R F P T d PN ERE R
FrruppERm (12 p) @
P24 pp) 2 F Y F AR
@R A e LA PiRg 2 %
- B BORT 2 g § R ABA S SR
fad A aapiE- HmARERAIE F o -
HED- ST 5 RICE S £ 0 )
pLRN T A SR 2 P F] S o AR
mo¥RAF B T 0 & F TR AR
ed WRURZ R A Al & F p oy wal
Fletss @ i F 0¥ FTIRRGD ¥
FooRmA R 2 R R Fle o A

e F @2 3By 2 " F]F o BEL

(fﬂm-

R o
3AF HF RHAN S ma vy 2 P
B3 57 th2is § 4 ulidle e - 4

mg/1l % 2mg/1 pF > 4> 2 100mg/1 % %
AT ERREK F FERZ I
BARET O B FENZGF aE e
4mg/l % 2mg/1 P% > 5 § ER 12 /] pF
NAEED (003.3% 54.6mg/1 0 ikt
IR - S A AR TN |
g-N/m*/d ~ 4.9 g-N/m’/d 2 2. 31
g-N/m'/de F it % BT 0 F Y 2%
FHAPRZ A R T P RE2ZR —*gx‘" %
2y F RN 2%F M g%
B La Bt B EA 2 i
Bl4er Ri2ps ~ulidceefe 4
mg/l % 2 mg/1 > 4~ 7 100mg/1 A fiz
2 AL Lk o REBRFERZ R
Fra, e %M1 % F B33 A5
iff*f‘é’*fr‘4 mg/l % 2 mg/1 P¥ > p s
2 )RR 12 PER A w% T 4700
42.5{\?38.5mg/1 s w3 Rt e > H
wp i F A wu A 2.7 g¢-N/m'/d~ 2.9
g-N/m’/d % 3.1 g-N/m*/d - * it % &
IR % AP T e A o B Y R
B2F2 LT 2 R o A Y 2
ﬁﬂ'?ﬁ}d"‘i }aﬁuix,\,;\" » R F BT,
VoA g ,&#:,%'\ég»—)f‘r, 4 Feogin B 7; 7 4
2R R A o JERIH RS VoA Fle B
3 pFmAREIIRE L 2
LU SRS TE N IR BV
rﬁ]l\}é]ﬂ HR/E;JF—]”P%/EJ IL];—]V IF,—_\E}_'
R4 F o R F A A
2oy e
432% % § 3 ',fii%ifgﬁ
Blo =7 B 2ZBF & 5ulipdtefe 4
mg/l % 2mg/1 pFF > 4> 2 100mg/1 % %
2 AL E Ak R BE RRZ AN
o FBW B F A NaE e 4
mg/l 2 2mg/l P> WpedE 2 BB 12
PR S R 38.3029.40 % 14.8
mg/l - %587 FF BRH2Z3F H4
=i RSN T R I RLESE N S
'ﬂ;‘gi PR R IY R R A A g F
SRS TR SR AN BRI AR

cy

:‘\T‘.

«s>

N



WM AR R Pt 2 o
FPERF 2GR (4K 245
ER) — (F f%g;;ig 4 ;%}i.gtﬁg'ﬁ,ﬁﬁg
ER) ZH 12 P ER 2R AN
61.7°67.3 i 30.6mg/1 > ptiEERP g
FRAZE S M € e 4 2 glit
ol AL R T
¥osmal (v g 4 InA
24kt @
4

rRFE TR

a4mg/l‘ ’%r'sz“%’ﬁ?zi&go
o Fﬁiifﬁoy‘f"‘ SHEFRRA S smA
2 R

SRTRG M L B F R B
R 2 fl‘ﬁ’s \”‘JiﬂﬁrﬁP\aﬁg‘C@E&%
o Bk 2t gk 4 2 NalCOs & f&
Faleka o R HRL A e Bk (CO:
2 HCOs ) ¥ ac € ¥opl ivh &2 4 25
LR T /EH”"T&F'T v E}‘\/}}E‘lﬂl‘ﬁ
RHE R P R o T
P R RS e W B ¢ sl ~ 20%2 CO
Bt A 2 & S Bk P 4o~ 1g NaHCOs iF 3
BRO TLARRT R 2 ﬁ#‘i‘&‘{?)ﬁﬂw S
A ~mmplier g4 2 2
Yol 6 T o d F RS F IR Pﬁlﬁ‘»\/)i‘l/,lw
b N R @ﬁﬁawu % 2 F A7 B
FoRBWT 2ZE F EVI2 QR
fer i H R FF a0 Flp g RL K
FEBHRRLF AR 5 FR o E
B ok iﬁ-‘wﬁli;a’ﬂﬁd L@ F| €
= 3B ?"Ko;\m s A P‘,:-;ﬁi\,}gzﬁ]‘ﬁ—s —Q%L};
Rt v e % 2. BN s PR T BOK
PAer ke RORRE R BREEAS
PR B EFIOMNETE 6 LT BH 4
I mg/l BiEBTEfRe @ R R YA
» 20%2 CO: 5 AR ¥ > RAPLRF 2 %
e AR Bk Y Ao r B AR 5 R
FoORARBE LAHMENL P AL
fo k2 "RfR R oM LF B LR

FGE S F e gt b R R EARTRE
IF R 2 pH E *“’éﬁﬁ}féﬁg 4 1%
BT RE D IS EBr L o gt D FR S A P
F Rt 2B 1 pORA 5 L R 2 R
ivit* A4 2 e (7.14 mg CaCls/ mg
NH-N)* sml 5% & 4 2 & & (3.57Tmg
CaCOs / mg NO:-=N) % > F]pt i & i ¢
2 pH BET > F Aok 2§ Ak
TiE RV IER Bk > AT A4 2 4k
BE®FE Y 2 pl @R H o
rp g e il o~ 2002 CO: 5 AR E 0 #
pH &2 ‘f"ii SPER O A MR E 195
R K i HpHE2 ™ "7 A Flap
L R 3O S AR X P
WAL 24 2 R > F pl
[N 3 8 L R R I P O] ,iEi‘»\‘//}?lﬂ )
F1C0: & ¥ 5 33 fa % 3 2 ® fopd it AT
AA 2R FLpHEZ TERLIP
Mo RN A pHET A ET 6
fgg&ﬂ WA i F o 1}L SRR N <~ a}irg ERT PN
Co g mpd® & 52 kR BPIL
F I 2 i@ e "’SE“ LR T
ﬁ%7 SRR iE o pLIRER L AN R Y B
Fate » BRELE 19 5 BRI E g P i
> 20%2. CO: 5 BLiRt 5 & o
6 7 P?'!ié)i/,] EHFREHLESE
RIS PN -y RUE DR
Tl L op-o P 3 b & 5 NN
plivie® g i 2 NOs -N enfe pF & 4=
7.14 5.4k & (as CaC0:) > @ = 5 NOs -N
T rma A2 3.57 sk & (as
CaC0s) » FJpt i Bk ? 2% 7 de K 592 4k
BROELF BREFIFHEES ZARF
2 pHET S m PEmE &5 FP A
- AR RN i G I N S 3 - T~
By N F R G ﬁéé)i/”]‘ﬁ ’
F5F Bt BHkivz 44 o
@7p%k%&¢ﬁ%ﬁﬁ%ﬁfﬁ
Fod FREETUFRFRAFHER
P F R Y 2 pll B g Flig R A A
BT R A0 EA BEF L 2 Gi



FoFRREIRY iRy 2R R
FrEfR2ZpHE > @ F%eE T T
BRZARR 7 HF L g & 5 R
fletod FREFVRARZBRG L
9 % 23.8 mg CaCOs/mg NHi-N
THBERHF B2 BE
IR B A AL RTRZF R
Forp 29 F B 7 H_u‘_%ﬂ]‘% i B2
BApLB o R o R 2B BT SR E R
AR T - Fp G % B SR Rk
B F R \HR/Ed Arid oA 2 ;{ﬁ,fg{i%c 2
F3 iﬁfiﬂ]‘ iR AR Y -5
_/4, °
F % 4o 8 T o W AL B E B N
FREME & 55 LHFPE H 2 giik
BERARZ W F # FARE Ra LpEY
ZIR SRRt A l__/,] 4 I‘Q/F}nkﬁ’x E R (lmg/l)
T,F@ﬁﬂi’ﬁﬂﬂ$isb¥ o H B F¥
wEAE B 2 A FE R R S
PEFRFRANY L R TR R
YHRpe @27 foo Tt F@ﬁé?%¢
ek S BERAE o
FF LAHFERLIEE
?lQ;?Pﬁé“ FAVER S/ 08 | 90 TS
Hod FHREET UFER @@w~§§
HBAEF o F il 2 i o e
W 2 FIF B 2m it TP 55
otk s iC SRR Flm Ak BH
PR ERER A A BB~ b
C=l g PN NS R TR
foo (FlAT 2 R % SHETF Bt s
ik sl R M 2 0 F Rt 2
WA G KO ]S ) o
9 2ok RTERFHEFRHZEE
[ 20 £3 7 [l 1< g TS TS I gl
R P ) SRR AT
I TSR g g PR R R ok
ST RING S R £ TP e Km0
G PR 1= [N AR VA R 22
TR ALY SR T hy B R - [
EEIIEING 72 it

T

L+ SE AP TS - A7) PYAHR T
e IENF ’F_E] Eg[b%‘ﬁ%lgiﬂ/\ /%F?/%

rﬂwl ﬁi?@WPQ%%ﬁﬁLJEmﬁﬁ\
BT TR R B R g

W

2w E@ﬁf%ﬂ%%aﬁwwwﬁmv%ﬁ
ﬁ i D e 2 R R
s YEETER I/}f?:) o
2> EﬁﬁllWﬁ%#E@%'/ﬁ‘ HIE W
R i 2mg B e
-¢*%megyuww » 8 mg/l ~ 4 mg/l [y ﬁ
TR AR s
‘TﬂW@wVi%ﬁﬁ¥%%Wﬁ%@i
VAR R VR 2 = Pt et
TP TEER S R S 5 Ta ]~ et
Iqﬁxlgéu:' Vﬁ@i I/Jé%ﬁg
4\Ewéﬁﬂwﬁﬁidﬁ;¥# Amg/l =7
ﬁm#@ﬁﬁmﬁwiﬁéijﬂv%go
S VIR RS e R o PR
AT o HELY R R RIS EL 23.8 mg
CaCOs/mg NH4-N -
5. ﬁ?}g‘@gﬁg‘w{ JD ‘q:j‘@l“@ﬁ% ViRE lﬁ‘i}
FRUS 7= BB NIl W@ﬁw@@@yﬁﬁﬁil
mg/l ) PR SR BV
6‘5%ﬁﬁﬁ%%@@%wwﬁﬁ} ZiE
"ITHE?E ’f’fg’ﬁé' V5 SR R o
7 A e 1M§MW$W$@’ﬁ
J@WﬁE@@’R%BﬁM§%wE@@
ﬁyé%%ﬁ*ﬂﬁ@ﬁﬁ%ﬁ@ﬁﬁmﬂﬁ%wg
B -

/N

7
e
N

#*

&E

A NP F XK
j\};ﬂi‘v B dizp ? R4 B e R
B ? 2w g sed 4r‘7}<;}§z:‘ 2% % %
AR T 3kiTF 5 EEM FILRLR
LAESY: - AN UE Y i G S F LS
*+ SCI 2= W% & s 7] (Letters in
Applied Microbiology) ® » #% = % &
iz r pie > s ERH2my Pk
=~ % é)ﬁF‘Je
APHA, AWWA, and WEF (1995).
Standard Methods for the



Examination of Water and
Wastewater, 19" edn. Washington, D.

C. American Public Health
Association.
Bertanza, G. (1997). Simultaneous

nitrification-denitrification process in
extended aeration plants: pilot and
real scale experience, Water Science
and technology, 35, 53-61.

Chang, C. C. and Tseng, S. K. (1998).

Immobilization of Alcaligenes
eutrophus using PVA crosslinked with
sodium nitrate. Biotechnology

Techniques, 12, 865-868

Chang, Y. J., and Tseng, S. K. (1999). A
novel double-membrane system for
simultaneous nitrification and
denitrification in a single tank. Letters
in Applied Microbiology, 28, 453-456.

Ho, C. M., Tseng, S. K. and Chang, Y. J.
(2001). Autotrophic denitrification ia
a novel membrane-attached biofilm
reactor. Letters in Applied
Microbiology, 35

Lee, H. J., Bae, J. H. and Cho, K. M.
(2001). Simultaneous nitrification and
denitrification in a mixed

methanotrophic culture,

Biotechnology. Letters, 23, 935-941.
Mirvish, S. S., 1985, nature, 315, 461-462.

Oh, J. and Silverstein, J. (1999).
Oxygen inhibition of activated sludge
denitrification. Water research, 33
1925-1937.

Timberlake D. L., Strand S.E. and
Williamson, K. J. (1988). Combined
aerobic  heterotrophic  oxidation,
nitrification and denitrification
permeable-support  biofilm,
Research, 22, 1513-1517.
Hsieh, Y. L., Tseng, S. K. and Chang Y.
J. (2002). Nitrification using polyvinyl
alcohol-immobilized nitrifying biofilm
on an Og-enriching membrane,
Biotechnology Letters, 24,315-319.

Uemoto H., and Saiki, H. (2000). Distribution of
Nitrosomonas europaea and Paracoccus

in a
Water

denitrificansimmobilized in tubular polymeric
gel for nitrogen removal, Applied and
Environmental microbiology, 66(2), 816-819.
Zhao, H. W., Mavnic, D. S., Oldham, W. K., and
Koch, FA. (1999). Controlling factors for
simultaneous nitrification and denitrification in
two stage intermittent aeration process treating
domestic sweage, Water Research,
133(4),961-970.



-|
3
"oz
-|
-|
-|
-|
~~ -I)
) \.w
\H|
ARl
fo
I
\l ’ll
T T+ T T T T
S2898° $88¢98°

(I/N-Bw) uonenusouo)

12 14 16 18 20 22 24

Time (h)

10

L 3

f74+=x

2=

kit



Concentration (mg-N/I)

100 m

o

100 4

N n [*2] [e]
o o o o
| | | |

o
L

W2 %k 2w g g e

(@)

Nitrate
—HE—Ammonia

(b)

Ammonia

o

2 4 6 8 10 12 14 16 18 20 22 24

Time (h)

)\Q;F ’A\?ql]"n)\giilﬂ'pﬁﬁi&lg*%"]\

%o FRMYAF CLAMPIIABRBF LR
—a—Saturated
100 4 . —e—D0O=4
= DO=2
(@]
£ 80
[
o 60 |
c \
3
§ 40
< l\
é 20 \:
£ \
< 0 \;
T T T T T T T
0 2 4 6 8 10 12
Time(hr)
W3 5F W23 F Auldptafr-4mg/l 2 2mg/1 P> 4 3 %
F2 163Kk 5 FERZBET



Nitate concentration (mg/l)

Nitrate concentration (mg/l)

100

- —u— Saturated
50 - —e— DO=4
~4 DO=2
\n\
[ )
60 - \\
r_\\”
40 '§= .
\.\.
\ \.
20 4 O\.\
\:\-
\.
0_
r~ T 1717117717717 T17r 77T 7717 7717
2 0 2 4 6 8 10 12 14 16 18 20 22 24 26

Wl4iF mif2nd Auidltaio-dng/l 2 2mg/l /> e 40

Time (hr)

3 PR SO 13 FEY TR IO 5

—a—Saturated

—e—DO=4
50 DO=2
40 ././-\I
30 / -
o/
20 -
o/
10 ‘/
ol 8
0 2 4 6 8 10 12
Time (hr)
W5iFR23% At aefc-4ng/l 2 2mg/1 P> 4 r 3§
FZAL ek AEBTRRL M



80 —v—CO,
1 hé HCO,
60 - \\v 3
J \V
40+ Y —w
_ ——o
20 v v\v
= 04 ¥
o
E rr 1 r——Trrrr1rrrrrrrr1rTTrrTrrTTrTT T
-2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
100 x
80
60 <
20 \
O_ h d 2 - x
T T T T T T T T T T T T T !
0 2 4 6 8 10 12
Time (h)
W6 # kRG4S SHF R 2R EF LT
g runl run 2 run 3
216+
214 u ]
§121
= 1.0
5 0.8 o
§0.6
= 0.4 4 L
N T 1
£ 60 2 4
= 7_- H-m g u g8 -/.~I*I‘I*I*I‘.
3 BN
] —m—E
4—_ .\-‘-
B S B B B B LA s e e e e e
Z .
& 50 00000049 90000009 o0 000 O NHN(
€ 404 NH_-N
= 304 —w¥—NO,-N
2 20 NO,-N
S 10
80— VVVvVVvVVV V-V VvV vVe V-V VvV VvV VvVvVe
8 LI L LA L LI LI L L L L L L L L L e e
S 1234567 123456712345¢67

day

B 7 R R B T By



runl

run 2

run 3

Nitrogen removal rate (g-NZI/rd)

~
|

(o))

I/.-\/\./-

,I\._-\././.\-/I

Concentration (mg-N/I) pH

o
|

n-0-p-—n-A-N-N-A-A-A-A-N-N-N-E-0-—N

N7 — N —Nf— .

@
= —
P L .\./.\',|

o—o @
A —0—0—
b @ .\./.

1234567 1234561712345%¢67

day

8 T [IREFRERF Bl S TtV B0

ey
o
|

run 1

run2

run3

Nitrogen removal rate (g-N/mzlday)

7.0

pH

6.8 -

./.~I\./.\./.k.\l/.\l/./

n
T —-———
[} L}

Y,

6.6 +—

50
40
30
20
10

o

—e— NH_N(l)

NH,-N

—v—NO,-N

VVvvVvVvyevye

NO,-N

Concentration (mg-N/L)

NS

LRI L N B B B
1234567

bt

p

VBT [ B TRl R




i

Nitrogen removal rate (g-N/mzlday)

T 7.01
o

Concentration (mg-N/L)

2.04
1.8
1.6
1.4
1.2

run 1 run2

run3

10

7.2

6.8

6.6 +—

50
40
30
20
10

o0 0000 ° NHND
¢ NH,-N
—v—NO,-N
NO,-N

VY99V 9 9V ¢V VIV V9V V9V YV VvV VvV VYV

1234567123456712345617

day

10 [l BRI Tl By



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14

