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Characteristics of Microbial Distribution of Nitrifiers and Nitrogen Removal in Membrane Bioreactor
by Fluorescence in situ Hybridization, Lim, Kyoung-Jo, Sun-Hee Kim', Dong-Jin Kim', Gi-Cheol Cha?,
Ik-Keun Yoo*. School of Chemical Engineering & Bioengineering, University of Ulsan, Ulsan 680-749, Korea,
"Department of Environmental Sciences & Biotechnology, Hallym University, Kangwon 200-702, Korea,
“Division of Environmental Engineering, Yonsei University, Kangwon 220-710, Korea — An aerobic submerged
membrane bioreactor (MBR) treating ammonium wastewater was studied in respect of nitrification character-
istics and distribution of nitrification bacteria over a period of 350 days. MBR was fed with ammonium con-
centration of 500-1000 mg NH,4-N/L at a nitrogen load of 1-2 kg N/m>- d. Overall ammonium oxidation rate
increased with dissolved oxygen (DO) concentration, temperature, and sludge retention time (SRT). Under a
higher concentration of free ammonia (NH3-N) due to the decrease of ammonium oxidation rate, the nitrite
ratio (NO2-N/NO-N) in the effluent increased. The sudden collapse of nitrification efficiency accompanied
by sludge foaming and the increase of sludge volume index (SVI) was observed unexpectedly during the oper-
ation. At the later stage of operation, additional carbon source was fed to the MBR and resulted in twice higher
value of SVI and the decrease of ammonium oxidation rate. In fluorescence in situ hybridization (FISH) anal-
ysis, genus Nitrosomonas which is specifically hybridized with probe NSM156 was initially the dominant
ammonia oxidizing bacteria and the amount of Nitrosospira gradually increased. Nitrospira was the dominant
nitrite oxidizing bacteria during whole operational period. Significant amount of Nitrobacter was also
detected which might due to the high concentration of nitrite maintained in the reactor.
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Fig. 1. Schematic diagram of submerged membrane bioreac-
tor system.
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Table 1. Oligonucleotide probes used in this study.

Probe Specificity Probe sequence (5'-3") % FA*  NaCl (mM)®

EUBMIX

EUB3381 Bacteria GCTGCCTCCCGTAGGAGT 20 25

EUB338II bacteria group not covered by EUB3381 and EUB338IIT GCAGCACCCGTAGGIGT

EUB338IIl  bacteria group not covered by EUB3381 and EUB338II GCTGCCACCCGTAGGTGT
NSO1225 Ammonia-oxidizing B-Proteobacteria CGCCATTGTATTACGTGTIGA 35 80
NSM156 Nitrosomonas spp. TATTAGCACATCTTTCGAT 5 636
NTSPA662 Genus Nitrospira GGAATTCCGCGCTCCTCT 40 56
NIT3 Genus Nitrobacter CCTGTGCTCCATGCTCCG 40 56
NSV443 Nitrosospira spp. CCGTGACCGTTTCGITCCG 30 112
?Percentage formamide in the hybridization buffer.
® Millimolar concentration of sodium chloride in the washing buffer.
method 8507 kit)2 = W3 BAMsigdv}, 4244 5% 24 Ha o pH

2 DO meter(YSI 55)% °]-8-35ic}.

FISH

€217 Heo] MAES HF A 8 Akl 4%
paraformaldehyde Sofof] Yol 4°CollA 247 53t A3}
odv}. 314 F- phosphate-buffered saline(PBS) 4422 33]
M A sl DAA LGS A A FH gelatin(0.1% gelatin +
0.01% chromium potassium sulfate)®. 2. F& ¥ £alo]=
off §-2A)Zcl, 2L Fol| ethanol 3]A 24 (50, 80, 98%)2>. %
Z4z} 384 " A S AT 14]. $l9F 22 A=
Z 73 A]R¥ hybridization buffer(0.9 M NaCl, 20 mM
Tris-HCI, 0.01% SDS, formamide)$} probeE hybridization
chamberell A 48°C, 120% &<t ¥H-g-A15 v} #7138t probe
FEE 25 nglLE dAIA AH7sle] F40. & FISH A
o] AFE-3F oligonucleotide probeg} o] E9] Ay,
specificity Z8]3. hybridization conditions Table o] t}e}
Y9t} o] & probex fluorescein isothiocyanate(FITC),
hydrophilic sulfoindocyanine dye(Cy3, Cy5)2. 3% EA)H
o} FAFHUTHMWG Blotech., Germany). Hybridization©)
Ed Foll= n|E] 9" washing buffer(20 mM Tris-HC],
0.01% SDS, NaCD&E 46°CellA 1554 23]9] AlH 34
psgleh, Mol Bt ARE ERAZ A BTl
washing bufferg A)7]3] & %—7] ZFof| A ARAZ F 10
uL2] mounting mediums F7}5L3 cover slide= H o]
slide A1 22 2WA sl In situ hybridizationo] #xt
aggregate slides:= Zeiss Axiovert 333 #u|Z=} Kr/Ar ion
laser(excitation wave length 494, 550, 650 nm)7} #-2-=
confocal laser scanning microscope (MRS-1024, Bio-Rad)
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FISH A#3E M 10970 o)ike] o|u|AE wikes
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3.0).
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Fig. 2. Nitrification characteristics and dissolved oxygen (DO)
concentration in membrane bioreactor.
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Al A E whev) 7|E Aol 2w shRvo} Ak
8-124 mgNH3;-N/L W $lol| A, oA A Abzl-2 0.1-0.8
mgNH;-N/Lel| A A A8l 7F Lol de2]. WA free
ammonia ‘g5 ZAHG WA 2HEH oAt A3
S Aoz AaE 5 gle] AegellA] oA Aa 5
EE Z7MAA 4 94%iE). Free ammonia®] %% pH, &
=, NH{-Ne) ol 2jE8km2 4], 32 A7A Aelse)
NH{-N 557} Z715p5 opalAl Akslqtol it s &3
7} ARA et ey 9A 7)7be] ApubE obEAE Abst
o] free ammoniadl] H-Z& 7FsAl 0] 9lo] o= A =
9] free ammoniaZ} HHE-7]el|A F-R|Hoof kM o2 o}
At ABERRS AEEE = Aol Hairds oAe] el 21].

gHH, gfRujo} AbZlR-E o}AlAl Abzlitol| w]s|| Abiel] o
g A3 o] EolA Alk FEE I A opzAk A
el A4S A 4= UTH9, 15]. Free ammoniael] ¥]
g} 2 Ak w5l dis] opaAl Abshde] H-Esl A
< ofx] Hargl w} gict. e Akk FEE A 243
™ free ammonia 9 -3 Tl H[s|A E-2 free
ammonia #] 3| <} W aYsle] o}AAL Ab-S A 38)7] $i5k
Feto] & 4 glch B AFME o9} 22 F 7FA| <olAt
off oJsl} o}AAY A} SXEE o2 Bl 554 o
Fo| DO =5 | mg/L W2 ST/M7IH o728 =
YelrF A=A (7] 9] free ammonia T2t A
shH ) ofHARY A 40| ulgo] AL, 92 o] Fof

A

DO ¥EZ 0.3 mg/L vRke 2 714A)7)e trvo} Hx7}
100-300 mg/L M2 F718PAA ofd A A n]ge]
ZF7ksk= 7S gelsladrh 110 o] Fol= uks7]e] &
5 25°CelA 15°CE M 2ATE dolls dhEvel 5
X U5 Sk AL, obARd AlAe) wlg2 90% W<l
7H] F7Fsldet. 1509 o ol vl 255 25°CE Al
A5k

Table 2014 7+ 24 71708 F8 A F4ES A
Arsldnt. 18-559 717k} 58-92¢ 7174S wlma|Ed DO
o mE AAks BAe] WEE setst 4= ol £3A
o] v kR u]e} Ab3}E(specific ammonium oxidation
rate)> DO 557} 555 5718192H, free ammonia
EEx 58-929 7] A% 0.04 mgNH;-N/L WoZ vi$-
A RN webr] ofAAbg AAe] vE2 0.122 ¢
A vEPTH DO =71 0.6 mg/L o|&}ZE. B} AL free
ammonia’} 8.4 mgNH;-N/LE 7] FA]H 3L He|olA
9] opAARA A A9 Blgo] 0.85 WR FA Yepdot 2
7} koAl 113-1489 7749 Z-+-= w53 ghEu]e}
Arz}l gAlol 7449t 3 free ammonia 7}, oA A

& g S7PF $RE

SRT ®alol| e Fits 54

1909 o] i W2 24 2719 W3} ddsol= o
Eu]o} Abshgo] FA3] At &8iA] Abe] g4 oF
7ke] A Wz} #xgt AE 2§ uRAE el Aelr) 3
FEo] o] FHE|:= SRTE 2042 A8 v-371E <A
A7) FHakdt. Fig. 2004 200-2309 Ake] 74+
datal= BAIEA] oistet. w771 o3k o] F e
555 800 mgNH4-N/L7FR] £71A)A Hkor} ekrje}
AbZHgo] o] oA} F7IBIA] kol 250 o] Foll:= ghEM
o} HT& 500 mg/LeE FA3k5dth. 290-305Y Alolol=
2lge] ghEo} X7} 10 mg/L o|FE WA fAHH
A AL AAd Az A AAks) o] Fo e} &
SRT 20Y ZAsIAE free ammonia =7} HH-27]el A
A FA1E 735 opAAL Abslarel gt A3l &) ofst

Table 2. Effect of operating conditions on nitrification characteristics.

Period

Sp. ammonium oxidation

Free ammonia

0 - - \J¢

DO (mg/L) Temp (°C)  SRT (d) rate (eN/gMLSS - d)* (mgNH3-N/L)? NO;-N/NO;-N
Days 18 to 55 <0.6 25 60 0.29+0.05 8.4+4.6 0.85+0.15
Days 58 to 92 0.8-2.7 25 60 0.33+0.04 0.04+0.06 0.12+0.06
Days 113 to 148 <0.8 15 60 0.24+0.04 7.5+4.7 0.89+0.04
Days 261 to 305 <0.7 25 20 0.43£0.04 0.8£0.7 0.23+0.17

2 (Influent NH4-N - Effluent NH;-N)/(sludge concentration in reactor)(hydraulic retention time)

NH,—Nx 10PH

exp 344
Pas+r
ENO7-N/(NO7-N+NO3-N) in effluent

bNHy-N =
+10pH
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Table 3. Effect of organics addition in a nitrifying membrane bioreactor.

(temp=25°C, SRT=20d)

. MLSS Sp. ammonium oxidation  Free ammonia - -
Period Influent (mg/L) SVI rate (zN/gMLSS - d)* (mgNH3-N/L)? NO3-N/NO;-N
Days 261 to 305 500 mgN/L 2100 67 0.43+0.04 0.840.7 0.23+£0.17
Days 306 to 354 500 mgN/L + 50 mgBOD/L 2350 117 0.34+0.04 3.5£2.2 0.67+0.09
2 (Influent NH7-N - Effluent NHf-N)/(sludge concentration in reactor)(hydraulic retention time)
NN = NH,-Nx 10pH
T B e
Pas+T
*NO; -N/(NO7-N+NO3-N) in effluent
o2 Wit} Table 2o1A4 SRT 2042 X4 261-305 8000 400
d 717kell gt BFE Hd SRT 60 314l 18-55% g O wss
Tzl wlsf v] skEujo} AbshE Fhel 04322 F7)sd 6000 | Q & E% 5% @ - 300
o i SRT 2000045 #e7] Wl SoiA Bk T | g% oS S8 |
2000 gl Aol o} 9H87] ¥9) o] 2% Friel £ gl LR te 3
ASEENL-del Zastee, b deel Ases 22 G o g g gt _
Euol AbEE-S T2gh A - SRTE Zholof & 712 ool ¥ OO f% @g% 100
2 Halg}, % &
'” ]
0 L A 1 O
®718 330l 2Ish FiE 4 Hst 0 100 200 300

Fig. 204 f718¢] 355 3064FE= DO %7} 7
A3bA 22)4e] ¢gRYel % % free ammonia FX7}
Az F7FF L, o1 2 Q13 ofzlabgd o] mlge] Ft
33}, Table 30 f715o] F4)€l o] 52 Azl B4 W
35 v et f71Ee] F7bE € A3 MLSSE
2100914 2350 mg/L WL E 10% AE Z7tslgl B3
SVI kel 679141 1172 F718lsdvt. &, 718 Al ¥l
&o] F7Hgel| vt AAkst 41 ERiAle vl HAAd el v}
W= Bpom BAMAQl w4 Aelake] SVI ghell 233l
71 ZA3olvt, v] bR o} AsHE HA] ZFAdle] free
ammonia”} 3.5 mgN/LE Z7}38}3131 o] 2 alsf] op&Al H]
T 0672 Z7H1T f718 F4 o)l v $A4 £
71& TS FABK7] wiEell, ol#jg A Fig. 20l
A B 5ol DO FE AR g gRye} AbakEe
74 oz Aukgin
s geiX|el ©E #Y

Fig. 39 €8x FEMLSS)$ sludge volume index
(SVDE] #M3lE YepRATh SRT 609 -7t A= MLSS &
%7} 5,500-7,000 mg/L AlolollA] FA]=|$13 SRT 20¢Ul|A
= 2,000-2,500 mg/L 2 FAI=E . 110d F22 F
A% MLSS s w7 4 Ale s8R} 5= &
23 AAZ o|F HA IEshs BHg Belvh DO 5%
7F 23w 600 Y o] F 7oA SVI Fhol Aab 100 ©]
a7hA] kst ot AAksl Ggeo] A 110Y o F¢]
T A= £8A 27 el = SVI Zhel 200 9

I

Time (d)

Fig. 3. Variation of sludge concentration (MLSS) and sludge
volume index (SVI).
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E UAS BAV} ol AloE Relw, AAkSE F8o] of3}
HAW 160-2002 FrNAE SVE= 2k 150014 3007}%]
Z71s18dck. ol MLSS == ZA Halx] galr] wEl
£elx)9] B4 Aot 9] vAEF vjakek 8 (specific
ammonium oxidation rate, g/gMLSS-d)®] Z+4zly § 4
AUt oF- 3 2hS- o] 83 MBRS| A4 A7 oA
= B Ao s 9edS & o &8 Al o
oJite}(7]. oluf AALS} T8O ZhA B foam FHAJo| W
Hglom, ole} e B A3}t dojuie fleloz &9
28] TN EjtelS oo 2 o§AE 3 AR &
HR|of| H-2= = shear stressS A H3IACE 2t £
AN A g ARE7] wiiol] Lejgt Aol AAX
oot ARHL AeARAAN SVPE STkshe delege
&3 A= 714 ¥, $2 DO T 55 AFsley), B
Aol M A Fal7} 2 kg/m’-dOE v 297 DO ¥
T AAkE deA Al o] 4 2719] 2 mg/L o] Aol
obd 0.5 mg/L &9 wi-¢ & hez A7)zt fR)% A
o] ol Fo shtx Azbdo} SRT7F 208 2 FA1€ 230-
3109 Aol F7lellAl= SRTZ}F 90 )81 vl Wokir, A
Moz Aart vhe F3bl vl £t
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Fig. 4. Ratios of nitrifying bacteria relative to eubacteria and
nitrogen concentrations during whole operational period.
NSM156 (Nitrosomonas spp.), NSV443  (Nitrosospira spp.),
NTSPA662 (Genus Nitrospira), NIT3 (Nitrobacter spp.).

FISHO| oigt Ztst OjYE 2F &Y

AL dofulT gl MBROA FISHe ]3] dAks}
u| B E BEZ Fsigdr}. Fig 4= EAT Il AFHH
MBR &&R|o|A2] §tEv] o} Abshts} oAl Absre] £
T ulg WEE Jepd Zlojvh. AA we|EelE Rl
FISH probe2+F EUBMIX(EUB338] + EUB338Il +
EUB338INE- A& 5}g] o, gkEu]ol A3 probeZ i
Nitrosomonas spp.2l 5°]* Q] NSM156, Nitrosospira spp.
of BolAql NSV443E o83}, o}adAl ALt probes
genus Nitrospira®l] 5|8 NTSPA662, genus Nitrobacter
off Eolx oz A= NIT3E Aslsict. afelA viet
W ¥)£-2 EUBMIX probed] 23 A4 wlelg]o} Ay,
AAkEE probedt] AgEHe oA HA2] AddE]] vjER
A el Zlold), A4 X FISH #4118 Sl €845
AHFG F AFZ 33 o] Mg FE(Fig. 2o A3t
BEGHE FE Aolvth. &4 AR 8YA|, dveot AbEE
2 Nitrosospira®l| 8|3l Nitrosomonas Bl-&°] 712 2 A=
=9k, opAlAl Aldlrell A= Nitrobacterd B18| Nitrospira
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2 Q7elMe) AASHE FF Ak bl Abshire] A4
7% AT AAE S Sk Aate welr)E 9
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A A2 ElZlE ols] Held a-e® 5 Ak
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SE7L BT A Aol oA e Wl
oo $4 10 % Qe A e A B8
2} AT At AAHGEH, ol £8A| WA 9 SV
SEECE R ENEREREES PR EREEN
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