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This study was performed to isolate bacteria that could control the nitrite levels in a biofloc technology (BFT) culture
tank. Nitrite-eliminating bacteria were isolated from a BFT culture tank rearing goldfish, and the isolated bacterium
exhibiting the most potent nitrite eliminating ability was labeled as the “NOBSB1” strain. Sequencing the 16S rRNA
revealed that NOBSBI is a species in the genera Bosea. NOBSB1 had the following characteristics with regard to
nitrite removal: (1) it removed nitrite by functioning heterotrophically in the presence of a carbon source (sugars); (2)
it eliminated nitrite most effectively within a temperature range of 20-30°C, but its activity decreased at temperatures
above 35°C and below 20°C; (3) it had optimum nitrite removal ability within a pH range of 6.0-8.0; (4) it removed
nitrite more effectively under hypoxic than aerobic conditions. NOBSBI inoculation did not decrease ammonia or
nitrate levels, but eliminated nitrite in a BFT culture tank rearing common carp (Cyprinus carpio). After inoculating
the NOBSBI strain in a BFT culture tank, NOBSB1 controlled and sufficiently reduced the nitrite concentration in

the tank.
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53] =8k o2t AT BFT A2 A AR
8] wekshA| = J—IM A RlolBE A ES] uid
AEo] WA 9l T WS o AbRT dE AT
HolglA ok i =3 At 3HrE frId A ES
et oL AR obltio] ol =12, olefd of 1k
Foll Azt Aejaell & U2 7lck(Jensen, 2003; Kroupova e
al., 2005). 53] TUER PAYRLS 2E5t0] AT 55
L 323 F7bE oPAA SRR ols| oAl Re] e o)Al
7]_ tlcl-/\ﬂ‘o‘l— Eay olr;]. _—j_g-] UE ‘;ﬂJ_HN okxl/\]AEﬂ_,] /\}_q_,_oﬂ
A A479] ob ko] AL QAR A A 4
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o]tH(Avnimelech, 2009).

AulA] O g QFAIZLo| A A= oFRIARS. Al ALBlul A of
A AlFEo] Aoka g HAREE Fof AAHOR YA
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(B2 5H2M) H3lstch(Bothe et al., 2000). wheba] AJ=3H4 21
AoP2Hg S SFAE-2 FAIFO] ARS: ol A ob AL RS
AASH= ofF= Tagt BpAgoln, A2 thE T 59 At
of ©J3 @ 5= 25HA|2 o] 2ol 3 9iek. Z, 3 WA A7k
kAol ¢ obakkAl i (AOB; ammonia-oxidizing bac-
teria)o] G UIo}S o} AARO 2 ksl 7) = B0l 1L, 5 WAy
= ATFISAIEQ] oFAAREIAIFHINOB;  nitrite-oxidizing
bacteria)o| OFAARS: ZAALO 2 AFSIA 7)== THA|tHBock et al.,
1992). =3+ S Akt glar HRs o244l ghaglo]
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o7 P o pH 5] Eelsietd g Sdoke 2
& 5838k THCho et al., 2015), 1 ¢jof] 1 1=
opalihE AVt O 2 AAT 4= Q= E]r7P°q°“ﬂ o 5
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FEOCTNK & YHEesto] #AlE 2& & RNAS =
Skl EAIE] 9]Z]5to] 16S rRNA geneof thet €7]A 4
S BA5ket. o] HAH F-Ax}A E-2 databaseE(GenBank,

E flt



380 olslZ - HEY - WS - Ph -

EMBL, DDBJ, PDB)= ©]-8-5}¢] Align¥} Blast searchS 33}
of A1¥¥] NOBSBl#55 5433

s2axol He

WA NBHi] 30 mL& 100 mL-& AFztZafAdo] Y g
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ZAsto] Hitdt F, ZF A tukct NOBSBl++5 &5t
30T ol A A ] vl eFsEol om, Wi AU o] o} AARS] F = 3AIZE
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S 257 flate] mi ThAghF 54%21 WA ol LR
£21.0 g¥ Yol on, 2 Yo C/Nratio”} oF 100] H =
2 FA87] Yol eHAY o2 glucoseS AbR ¥ o o) 22
g Fo]5=3It}. Aeration o] HZ(HIBLOW HP 80)°] <]
3 A sh= 3715 AHE-5FS 21, aeration®] 7} += DwyerA}
o] F7IHFA(RMA-13-SSV)E o]-8sto] 37] T4 9-12
L/min®. 2 Z&s}4c).

7} ezt & WSS AlRfste] o AE 40941 FE =E
o] QH3te] o] Q] ofe} ob AL =7} ZH2E 0.1 mg/Lolof
2 fAE e, o]% YJo(C. carpio)s 85+ S0UZE AL
S AES skt YA dole TR WA
ATANE o A EFRIeE o, HHFA -2 3.09 cm, Hd Al F-2
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© & 59t AR = T e o AFR (T AT 44%) 5 AA ol F
&2 5% gt o, 27|0ll= 2t BFT =20 55
AR 10 g, glucose 4 g FoI3}3itt. o A)| 2] A4 ol ule} Al
FAFE S7tstelon, AbrfEleke] #iste] uet C/N ratio
10°] = =5 glucose®] Fold e F715tieh 2t BFT 430
F A== AR 4 glucose ] - of A &f A&l A6l
o] U Folatgon, AEgo| 7MY £ BFT39 =2
5 71302 391tk BFT 4F4] A|2810] 4 +-2}3+5 NOBSBI
(Boseasp.)2 o} A 55 A A7) =] 88 Q=R 5
ZAFeE7] $19l BFT & THE71E 3 =200 Yol& AR of
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2 BIOXYTECH® Nitric Oxide Assay Kit (Cat. No. 22110)
2 Ageiglon, olu NaNO,g AMg 7 EERAlOR ofd
AV A20) SIS AHEstolth. BFT 2 wHE7] 747 o]
S Ab 590 BFT Aladlold 0] shs A4s)
3171 918l YSIALY] YSI Professional Plus =224 77| 2 4=
2. DO (Dissolved oxygen) 2121 pHE w]d SA3}% 2,
MerckAFe] Ammonium Test Kit (HC442704), Nitrite Test Kit
(HC431549) ~12] T Nitrate Test Kit (HC674983)2 AL&-3]
38] o] A Mg o] kL lob4] A, obaAkg A 183
A Qo) SEE ZAS A,
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GTGGTCGCCTGCCTCCTTGCGGTTAGCGCGACGCCTTCGGGTARACCCAACTCCCAT
GGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGTGGCATGCTGAT

CCACGATTACTAGCGATTCCACCTTCATGTACTCGAGTTGCAGAGTACAATCTGAAC
TGAGACGGCTTTTTGGGATTAGCTCCAGGTCACCCCTTCGCTGCCCATTGTCACCGC
CATTGTAGCACGTGTGTAGCCCAGCCTGTAAGGGCCATGAGGACTTGACGTCATCC

CCACCTTCCTCGCGGCTTATCACCGGCAGTCCCCCTAGAGTTCCCAACTGAATGATG
GCAACTAGGGGCGAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACA

CGAGCTGACGACAGCCATGCAGCACCTGTGTTCCGGCCAGCCGAACTGAAGAAAGG

CATCTCTGCCGATCAAACCGGACATGTCAAAAGCTGGTAAGGTTCTGCGCGTTGCTT
CGA ATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTT
TAATCTTGCGACCGTACTCCCCCAGGCGGAATGCTTAAAGCGTTAGCTGCGCCACTG
AAGAGCAAGCTCCCCAACGGCTGGCATTCATCGTTTACGGCGTGGACTACCAGGGT

ATCTAATCCTGTTTGCTCCCCACGCTTTCGCGCCTCAGCGTCAGTATCGGACCAGTT
GGCCGCCTTCGCCACCGGTGTTCTTGCGAATATCTACGAATTTCACCTCTACACTCG
CAGTTCCACCAACCTCTTCCGAACTCAAGACTCCCAGTATCGAAGGCAATTCCAGGG
TTGAGCCCTGGGCTTTCACCCCCGACTTAAGAGTCCGCCTACGCGCCCTTTACGCCC
AGTGATTCCGAGCAACGCTAGCCCCCTTCGTATTACCGCGGCTGCTGGCACGAAGTT
AGCCGGGGCTTATTCTTCCGGTACAGTCATTATCTTCCCGGACAAAAGAGCTTTACA
ACC CTAAGGCCTTCATCACTCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTC
CAATATTCCCCACTGCTGCCTCCCGTAGGAGTTTGGGCCGTGTCTCAGTCCCAATGT
GGCTGATCATCCTCTCAGACCAGCTACTGATCGTCGCCTTGGTGAGCCATTACCTCA
CCAACTAGCTAATCAGACGCGGGCCGATCTTTCGGCGATAAATCTTTCCCCCGAAGG
GCGTATCCGGTATTAGTTCAAGTTTCCCTGAGTTATTCCGAACCGAAAGGCACGTTC
CCACGCGTTACTCACCCGTCTGCCACTAGCTCCGAAGAGCCCGTTCGACTGCATG

Fig. 1. 16S rRNA gene sequence of the isolated strain NOBSB1
(bosea sp.).

Methylobacterium organophilum(reflNR_115551.1)

Chelatococcus daeguensis(ref[NR_044297.1)
Microvirga guangxiensis(ref[NR_044563.1)
Methylocystis parvus OBBP(ref[NR_044946.1)

Methylosinus trichosporium OB3b(ref|[NR_112024.1)
alpha p k ium SK200a-9(ref|[NR_125447.1)
Bosea minatitlanensis(ref|[NR_028787.1)

Bosea sp. LMG 26381(ref|[NR_108516.1)

Bosea vestrisii 34635(ref|[NR_028799.1)

Bosea eneae 34614(ref[NR_028798.1)

Bosea vaviloviae(ref[NR_136423.1)

NOBSB1

Bosea thiooxidans(ref[NR_041994.1)

I 0.02 l

Fig. 2. Phylogenetic dendrogram showing the position of isolate
NOBSBI (bosea sp.) among closely related species. Bar represents
0.02 substitution per site.

< 9|3k At Fig. 13} o] & 1361709] 714 DS vrich
o] A7|A Lol i3 YEAE databaseS(GenBank, EMBL,
DDBJ)& ©|-83}o] Align¥} Blast SearchE 4:3)35}o] 7%
a1 BAE 2AF 2 Fig. 20 ekl AXT, o] #7e)
16S rRNA A= Bosea thiooxidans (NR114668.1)2] 16S
IRNA 8712} 99.0%2] 447 AA =S epygion, 7|
SHkystA o & 714 77k A 0 & UEltth. Bosea minatit-
lanensis strain AMXS51 (NR028787.1), Bosea vestrisii strain
34635 (NR028799.1) Z1.2] 3% Bosea vaviloviae (NR136423.1)
0] 16S rRNA - HALLI= 719] 99.0%2] 734} DA =5 LiE}

150

100 —@— sucrose 0%
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50| —dh— sucrose 0.1%
—— sucrose 0.5 %
— sucrose 10 %

Remaining NO,-N (uM)

o 2 4 6 8 10 12 14 16 18

Rearing times (h)

Fig. 3. Effects of sucrose concentration on NO,-N removal by the
isolate NOBSB1 (Bosea sp.) cultured at pH 6 and 307C. Values
represent mean+standard error of five replicates.

Uit whA 11 9] 9] Microvirga quangxiensis strain 25B (NR
044563.1)2} Chelatococcus daeguensis (NR044297.1)2] 16S
TRNA -3 2104= 94%9] Y2 =5 e glom, A g g5t
o2 e tha Wojxi= A0 Leheh. teba & Aol
25 NOBSBI w5 Bosea 49l 4oh= #5992 & 4
A3t
NOBSB1 #32| OF&IMe| HH 5
g sko| mE &1

SucroseE NBHlj 2|0l 0% 4 1.0%712] s E2 7}t 5
ol AwE ARk, 2 AR} A ) obaAby A
9] FEE 5745}, sucrose 5o w2 NOBSBI +5-2] o}
AR A 5L AR 434S Fig. 300 Lehigick. 48 A
A3t ] 300 pMolE obRAkY ] ik vjok F 4X17b7
A= BT 520 Aol HolA] ghgkoLt, veF F TAIZE
A58 sucrose =7t 1.0%7} H= A7 o2 AR TS

S13) 904 §oleb @asl] Apstalch e 10420
+ sucrose= B> = A4 sucroses EA| > AE
ol w]s k44l Ao] 517 folaiA)] Aashe a% £
% 9)glek. whe 13412 ol obAbY 0] (527} 50

o|s}E 7rA8k5 o m, 16417 ol sucroseE H-2 H= AE —_,L

oll 4] oFkA 47} 285) A E| ek, et sucrose®
7h5hH) ehe ARTOIA L ok 16X12A7} Hol obAky
A2 AT .
ecol e 53

2% NOBSBI w57} ob&Aibs Al A=t &= vA|
£ 2k H9E A Y8l 10Tl E 35C7HA] 5Tt
Aoz 67119 A5 AT Ml 2o whE Hi A U 2
opEAg Haxo Frrsto] tiek Ah= Fig. 4o Yehf it
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200

150

100

Remaining NO,-N (uM)

0 2 4 6 8 10 12

Rearing times (h)

Fig. 4. Effects of temperature on NO,-N removal by the isolate
NOBSBI (Bosea sp.) cultured at pH 6. Values represent mean +
standard error of five replicates.

BE APTEY oA A Fo] 2 RS HolA] 4t
O, ul g SAITPARE AR obdAMY A ax0] s o]
£ Ho|7] Akttt 10TollA 30TAte] o] AR tEollAl=
20| ol et obEAMY AaE AlA e £ we2
& 4= o}, 35T AR FolAE 15T AP obdibg A
2 A|A LE7h Hsestal o wijof 12417 oll= 28] 15T
AtET opdAd ] A sEo] HolAl= AL 1t
ERsteh whebA 2 Aol Eelwto oA A Al A
gk 24 2= 25T 30C = ek

pHo| E St

pHo| w2 EejH NOBSBI o2] ofd4t AA 58& =
AFsl7] 915to] pH 4ol x] 8742] 5702 A5 A sto] v A
ol opEald A0 s SHE AR A3k Fig. 59 29%
o} vk TAA 7R = AR 1 23t Aol & HolA] gk
obdibg Aaxof FIevt BF 250 pM o) Horgljl e, 10
A EE pH 49} pH 5 AE 5 A €JeE Ui A] pH 6 )4
O] Addtoll A fefstA obdAabg o] Fr=7t st Al
AFsheiet.

HiF 13417 oll= pH 6 o)/d9] B= A3olA oFdA
An0| Tt gAsHA kgl on, ek 16A7 o= of
A A7t A AA = SIek T2y pH 49} pH 5 A o]l
Az Hi%F 16AIZEA| & opAto] AIAE]R] ¢rot o1 23] 250
uM o|/e] oAl F =7k 32| =] Slrt.

b AlO)| 2 St

Hljofz7dol w2 NOBSBI 9] op2At A7 58& 24
5t7] flsto] Relt5 247 AR Agu S stgle
o, ofuff 2| o] op i A0 Fe WSS AR A=
Fig. 63} ZrQleh viof 27| 5e] Z g ofrt A9 to] vl 42|

-

Remaining NO,-N (uM)

0 2 4 6 & 10 12 14 . 1
Rearing times (h)
Fig. 5. Effects of pH on NO,-N removal by the isolate NOBSBI

(Bosea sp.) cultured at 307C. Values represent mean + standard
error of five replicates.

350
300 H —— shacking
—+ standing
= 250
2
z
o 200
o
z
o 150 +
£
£
T 100
£
4
50
ol

0 2 4 6 8 10 12 14 16 18 20

Rearing times (h)

Fig. 6. Changes in the pattern of NO, -N removal by the isolate
NOBSBI1(Bosea sp.) cultured in shaking and standing culture sys-
tems at pH 6 and 30C. Values represent mean + standard error of
five replicates.
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£ ARSS 5 obaAl o] 29] Frvt FTek Al vl F
QI NOBSBI#& HEotoich ARAY 717t 54t =4 w3}
+ Fig. 72} 8¢l Uepfiglom, ¢Joj o] AE&2] ¥+ Fig. 8
of Lrebi Sict.

BFT | =20 A= ARS: - oF 30 o] $5H oAb &
o] F&7t Z7Vel7] Al&kato] 33444 30 mg/L7tA] R
Z71 3k oM (Fig. 7), ol o] &L 234%= F23}
7l "ol h(Fig. 9). 7L o] % opag A0 FETt A
A&l 37UR o= 0.1 mg/LE -2 AFej7h |45 9o
Jolo] HEEE 192%E A& ¢Irh. BFT2 =204 % A
5 T F 30UAIRE obHAMY Aao] wETt S| AR
5tof 33U ol 20 mg/L7HA] F7} 8F5l 2w, o] AJof vl Z-
I NOBSBIw#75 HEoHIth(Fig. 7). 1 & opdAbd H49
EEv 18.0 mg/LE Bojx]7] AJZksto] 379 Aol = 2.4 mg/L
2 gojFr}. Jojo] =L of A F A FE7F 20 mg/L
Q1 33UA ol 43.8%E F4 3] Wol5 om, 71 0] F=39.5%=
SUR AEES YEIUh(Fig. 8). BFT3 =20l A= 33
Aol obAAM] A w7} 1.7 mg/LE Al AlRsEC.

Az

383

o, o]uf Hjok 29l NOBSBI#5S A Z£a}9]thFig. 7). 7L o
T opEigY HA0] FE= THA 0.2 mg/LE HolF o o]
ot 2 2 A SRARVIA] A&E] o, HEEA
T 87.6%= A 45 9 thFig. 9). ¢ Uobd Ao AAMY &
29] Freof et Mt A1 2 Aol Kol A] okt

o1, DO%t pHell thgh ke 71t Solgh Zfol= Ho|X]
A 2hcH(Fig. 8).

o E

B Qo)A HelE NOBSBI #3L EolZ AMgals

FT 4 Al2dloflA £25k31 e, 16S rRNAS ¥7]=
B8 AT} thiosulfateS AHglsl= =22 X Bosea thio-
oxidans (NR114668.1)(Das et al., 1996)2] 16S rRNA 34 A}
2} 71 AV W, Bosea minatitlanensis strain AMX51
(NR028787.1), Bosea vestrisii strain 34635 (NR028799.1)
I} Bosea vaviloviae (NR136423.1)2] 16S rRNA -2}k
T 9] 99.0%2] FAAF A =5 UEfo] 2 AtollA] &
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Fig. 7. Changes in NO,-N NO,-N and NH,*-N concentrations in BFT culture tanks(BFT1, BFT2 and BFT3) rearing Cyprinus carpio. BFT2
and BFT3 were inoculated with the isolate NOBSB1 (Bosea sp.) when the concentration of nitrite was high, but BFT1 was not inoculated.
BFT2 was inoculated with the isolate when nitrite was high on day 32, and BFT3 was inoculated with the isolate when nitrite concentration
started increasing on day 33. Arrows indicate when the isolate was inoculated into the BFT2 and BFT3 culture tanks.
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Fig. 9. Changes in the survival rate (%) of Cyprinus carpio reared
in BFT aquaculture tanks (BFT1, BFT2 and BFT3). BFT2 and
BFT3 were inoculated with the isolate NOBSB1 (Bosea sp.), but
BFT1 was not inoculated. Arrow A and B indicate the day when
the isolate was inoculated into the BFT2 and BFT3 tanks, respec-
tively.

2] ¥l 5= NOBSBI1%= Bosea <5t 3F Folefal & 4= QI3
t}. Bosea &2 AlZE535H4 0 2 g-Proteobacteria®l <45},
o-methylserine aldolaseE AJ4d3}7]%= 3}al(Thomas et al.,
2007), €] 2.34F9-& AFSls}# L N-acyl homoserine lactones

(N-AHLs)& 3ol 5 Solat 24t S48 41 gtk
(Das et al., 1996; Stubner et al., 1998). 0] 5= X% & 5734
E ¥ A] B. thiooxidansE ¥HA35F% 2™ (Das et al., 1996), 1
S 57|14 wa 29| £ A o\|A B. minatitlanensisS L7t
H}7} 2TH(Ouattara et al., 2003). ZL&] 31 cjokst 4= 2743} 7}
2l ER] 5ol A = A E o] (Thomas et al., 2007; Park et al.,
2013), Bosea %) &5l= S5 EYOIU A 5 e
SHgof| #3251l Q= A o= Helr

w2l5t NOBSB1-2 o] EA5HA] b= el A= A3
P RS AASHA ¢ha G wkeol TAIgle] T AR A
HolA= T A2 obdARE AASHE A= YEkith
(Fig. 4). o]2|3t Ail= 2 Eelat 37 f7 a2 e A=
Aol opAAke AASHE 548 7H B ARt A 9]
SRS o = AT UHEA S & bioflocS &Hg-5f0] A4S =4
Sli= BFT 4] Al2loAl= 72 e7 9 FAlt=ol ol
ABFEES A7I5}o] 28§18k 3ol H(Hari ctal,
2006), & E2atT= =8k o b4 oFAF oL BFT 4] Al
RlollA] 7] s s e 248 8 Wask 18 o) #ed
7h54jo] ot welc.

£2]5 NOBSBI1 9] opal4t AjA 4ol 71 Esl 2
of 912 B 20004 30T Aol 2 LR 9lom, 15T
ofs}L} 35T ol4Fe] £E O] M 4ol ol AL B 49
ATh(Fig. 5). 1831 20T} 30T Afolof A= 4280] &34
= AABL7F = debseh gerd o8 A3} 28k Alat
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S 2529 v A oloj A 10T ol8te] A oA=&
/go] AA| Efm I 22 -0 He7} 15T oA 25T7HA]
2 424 lth(Antoniou et al., 1990; Ilies and Mavinic, 2001;
Kim et al., 2006; Sundaresan and Philip, 2008; Rodriguez-
Caballero et al., 2012). £ 22|F=29] 2 H 7} LdubzQl &
SHHEET T =2 25 HYE HolAHh A& ez o
WA Q1 AStAltE2] A2 919k A eyttt B.
minatitlanensis= 37 C ] 4| (Ouattara et al., 2003), B. thiooxi-
dansi= 30-32Col|A 7Hg Ad7o] Frhal A4 Slth(Das et
al., 1996). ¥ Lol A] E |3 NOBSB19] A% tigh 2%
Zof| tsl 2AHAl= et oA Al A 2 A -2of tf
g AvtR e 2 felto 24 A% 2% B. thiooxidans
o} A1 A o2 2gE oA,

pHol| T2 £-2]5= NOBSB19] o} 24t A A 2H/dof| tigt A
oA pH 42} 59| 270 A= Ag opaAsl AA A7} e
UHA] 289k oLt, pH 6-80l| 4= oA Al A & b7} FARSE 4
© 2 UEythFig. 6). Yukd o= A3} 285l vAEE
22 pHO ¥z} o WAgsA| Aol okl eeA 9l
th(Shammas, 1986; Groeneweg et al., 1994). 23} 2--g-of| T
S Alto] 24 pHO| ¥ 9= 7ol et ch2 A9k, diba o
2 pH 7.09]14 9.0A0]| 2 & A ItH(Chen et al., 2006; Van
Wyk and Scarpa, 1999). u}2ba] & E2]15= NOBSB1-2 45t
291 AsA|lH=9] B H LI FrAletE Ao m AztE, A
A Brhs S04 B opdAl Al A of gt gyt Ackar &
= Qlch.

2 el Ao v Rl oF L op A Aol &
7} S1qlom, AR ueFe] -7 HRaFE e o we ofd
A AAAZ I B HAAthFig. 7). o]23t Zite & &
2 7F 27 A Eet Akt AR AEjol A B 22 &
d& Holil 9SS HojFal gtk o= NOBSBlw= At
2FFE 5= o = oPAARE A AT 4= AN AGHE o
2 Ak A| 2 Fo| A= obHA A AV mgA o
& o] T U5 Hojo] Higtofl= B2 bioflocs°] 3
Aeo] A7 27E0] A F4d%= BFT A|2H9] 4%
of| &-&-st7]fl A gretrial Azt o]t obast Al A 54
< 7121 NOBSBI+#5+5 BFTOFA] A| 28 of 4] A== ob4
Aol FEE AAZ e 8 ¢ ASAE AR S8k
BFTOFA] A28 203 5 ol & ARSSHLL, ARS7I7te] 9F
Hujofe} op2ske] F a7t St b= Al 7] o Q1914 O = vkt
NOBSBI+& FEAIZE W BFT Al 2/ =% Wol| A 7713
23HEE9] HE0| HIE 2ASIITHFig. 8). Adol AN
%l BFTA|AE 2504 dmyobd Aoyt dAd da9
Fe MM e R sUe P Bolon, opEat
4 A28 Tt S ke A7 A9 HISSHA eyl o]
2R A2 Aol AR-E 3709 BFTSA] Al 2:/llof| &3t
+ A3} 9 2zt #olsl= nAEE9] 2/d0] HS5HA o

d
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FoA = A& & 4= 9lth. NOBSBlw-+5 HE314] ¢
BFT1 %0 A= AR 3094 obdiby A4 5=t &2
7] AlAFsto] 3370 2t 30 mg/L7HA] A= glen, Jof
O] A Z &1 23 4%% F4517 "ol HTh(Fig. 9). 71231 BFT2
TR AR 30UARE obEAd A4 FE7F 20 mg/
L7} =912 of NOBSBl1#+5 &3t A3t opdabg A49]
FEE T ol FTIeHA] ¢haL AsskGiTt. o] ejgt Aik= obd
AP Hax0] 57k 20 m/L = =& Aol 4= NOBSBI
TFE JETTORA oA 5L o] A5 Aol 4= 9SS
HolFal gt}

AR AN YoM A9 Fre A St
AFS 409 0] Fof| %= 60-80 mg/LE =S 4227 epgrA| vt
Jolo] AEgo] & FFS vAA gL qiet. ol Avf=
ARSATR Al 20 §I917F 28C, pH BI9I7F6 A2 4]
w3 QlojA] BAdo] Q= H] o] 23hE YEUOKNH,)9]
£ 0.04-0.06 mg/L F = uf9- w7] wjZel Zlo g AYzHETt,
Emerson et al. (1975)2 &4)of Qli= tyolb] AL s
/o] gl v] o] 23t FEUOHNH,)9t H40] ¢l o
Shel AR YOoKNH, )2 = 7HA] A7} Q1o o] & =5
&> 23} pHell whef oh=A] Urehdehar 2 arstar Qlo)
o] Hi1xof 93 =2 28°C, pH 69l 4= EA4Jo] Q)= 1] o]
23} NH, &= 5790] §li= NH, "ol 1|3} 0.07% "fol] E2j5}4]
geth 0] Sl Bl ol 28k NH,ofl gk ¢Jo19] 96hLC,,
=A% 5 g?l ofAIQ] 47 0.34 mg/L2 R 150 QltH(Abbas,
2006). whebA E Ao A o yolAl A 47} 100 mg/L7HA|
EA St Aojso] A& JAE A2 ] o] 23k NH,
O] FL7t AAFEHA o]ste] fEol7] Wit o= Azt Th T
Al opEbg s FE7F 20 mg/L o HE wf JolEY
AEgo] G235 7rA4dt 22 Kroupova et al. (2010)2] 1
119} Zro] QJo] AjEof| gt obAAMY A O] T A
(LOEC=28 mg/L)°]| 7}7to] o] 27] w1 21 0.2 AYZHect,

HH BFT30 A= AR 32U E obdiby A4 5=7)
Q27| AJArste] 33UAo] oAk FE7h 1.2 mg/LY
NOBSBIw55 53t A3} BFT3 AR T o)A ofdl
A A 40] S ETFARSEHA] 431 0.1-0.2 mg/Lo] W ALE)
7R E o H, oJof o] AEgo] 87%= THE BFT 4230| H]
3l ¥z 5kA Urebstth. o] 23t Auli= NOBSB1wH9] &2
2 BFT OFA] A AFI9 opaal A& 248 4= Q52 Kol
11 9lom], BFTA|AElo A NOBSB1#5:2] &0 & o} dAl
TS At o7 243517| Qe A= obdAte] A = 27
of HEdh= Aol 25 Aoz 7=
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