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Abstract This paper was investigated the research regarding the effects of several factors such as initial ammonium nitrogen

concentration, aeration rate, biomass amount and C/N ratio on nitrification process using synthetic wastewater
and activated sludge obtained from wastewater treatment facility. As a result, in high ammonium nitrogen
concentration above 100 mg/L, the pH of wastewater was dropped to pH 6.8. The increases of initial ammonium
nitrogen concentration, aeration rate and initial biomass amount were linearly enhanced the removal rate of
ammonium nitrogen. In the condition of C/N ratio of 0 to 3, high ammonium nitrogen removal rate was obtained.
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Atz o Aisl whg-2 S3HA Skl oal
o]FolRe AoR dHA glov, YrYol] Ao
oA Aol FER 37 Aiks} ukgol o]
sk= B|AEEE Nitrosomanas sp., Nitrosospira briensis,
Nitrosococcus nitrous, Nitrosolobus multiformis 5] o}
28} mETo] itk T ofAbd|A Aiko g A15}A)
715 YIAEE= Nitrobacter sp., Nitrosospina gracilis$}
Nitrosococcus mobilis 5] B3} v]A8Eo] QT)3, 4, 7, 8).

23} vlAE 23 dmyol] Aio) opdalyg &
A Aag e ouA AAgNkgel, ojd A
He AUAE o183t olilges, Sl e el
22 gads Stk dats) uhge gukzlo g 57
Z7304 7 o, A5 Aol AAEE Faole
= FIAI] S8 FEI SRS FFsleiof itk
A3 MBEES Adl TR, U1 2459Y
AR A tigk 21glee] Yol ke fENAE
273, 4,8,9). £F B tidd] 7y
FEAA wistol] oJzte] wAE] 4w} o] He
ok Ails) whgo] FIRIAZE vk, pH, ¥ZEE,
SEUE, ON Hl, g4 FR Fol Qks-7).

£ droxe HeAelge 458X E olgsk] @
AETE oz AE T me AxE g
IATE T3

ER T
gdaex|
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I PRAAE oA wieksEA A ARRStETh A
Aol ARESH EdE A Aele nyEEe] 28 &
°o1F3 A& etk
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12 g

FAEe] 248 KHPO,, KH,PO,9F kghe] v)ekgd
2 (MgSO0s - TH,0, CaCl, - 2H,0, FeCls - 6H,0, MnCl, -
4H,0, ZnSO; - 7TH,0, CuSO; - 5H,0, CoCl, + 6H,0, NiSO; -
6H,0, H3BO;, (NH4)6M07024 - 4H,0, yeast extract)i :|1A§
slg o, ¢ZE e KHCOSE AME-8te] =43l
Table 19 Al ARE-3F 2} FAgH|4=2] FA1S Vel
Uk N-NH, 4902+ NH( 1L, 283 §4¢Y (COD)
S 2= ITTE ARSI A ue) gzl weE A
o &8s}tk

374 Aol AR vk SRR Y I
o] 7Fs¢ 1 L 7129 AEWS7)E ALgatgr) S
800 mLo} SA&E1X] 200 mLE 38l 2GBTS 1 L

2 g O AENRS T ESs E4EERE
N AAE R VS TFY AN AN E
o]-83l 150 rpm o2 EASIATE AT 2Ew J5EE
o]g3le] 25 + 1 TR FABIHLH, zF a4y 27
pHE HC1# NaOHE ARgsle pH 832 ZA3IHTh
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Table 1. Composition of the synthetic wastewater for nitrification

Compound Synthetic wastewater
Glucose (as COD) variable
NH4Cl (as N) variable (0-500 mg/L)
KoHPO,4 (as P) 5.4 mg/L
KH2PO. (as P) 13.6 mg/L
KHCO; (as HCOy3) 366 mg/L
Nutrient solution’ 2 mL

"Nutrient solution contains per 2 liter: 9 g MgSO, - 7H,0, 6 g CaCl, -
2H20, 1.5 g FeCl; - 6H:0, 6.5 g MnCl; - 4H:0, 1.7 g ZnSO, -
7H20, 0.138g CuSOQ; - 5H.0, 1.9 g CoCl; - 6H20, 5.5 g NiSO; -
6H:0, 0.1 g HsBOs, 0.6 g (NH4)sMo7Ou4 + 4H:0, 1 g yeast extract.
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12 Z9] Zabd Ao TR Cadmium reduction
AT 2o St HS ARSI Cadmium reduction
WS HES e E4dle £33 4 (DR 4000,
Hach, USA)E AM&-st9th &Aoo 2 HachAte] Aok
kit (NITRATE, HR, 0 to 30.0 mg/L NOs-N)S AR&3}]
500 nmollX FEEE 43I AR F9 2AqHd Aa9
S SR B3 Aol FEBEHE AMSke
BN o, FFEAE KNOE AM3le] B30
st Alge F=E ALRIETH

Lok EA (NH:-N)

A8 #9 ol Ao kR AL Nessler WP
S wyste] ARSSIATE A0 Z HachAke] AJeF kit
(NITROGEN, AMMONIA, 0 to 2.50 mg/L NHs-N)& AH&-
dlod B354 (DR 4000, Hach, USA)E 01831 425 nm
M =S A3 AE T GEVM Aie
S 249t dEYM Aie EFEEE NHCS

AMg-sle] AT
OFEIARM E4 (NO.-N)
AR Fo obdibd A4 FEAL Ferrous sulfate

HPHS WEsle] ALESlgiTh WAAIekS HachAke] A]ok
kit (NITRITE, HR, 0 to 150 mg/L NO,-N)< A5}
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E-3334 57 (DR 4000, Hach, USA)S AF&-8}4] 585 nm
A FBEE ZHs AR 9 ofdaty Aro] B
< A3 ol A S0 AL8F) FFEAL

NaNO, & AM-3F4
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Aol vAE dRYoH] Ak TR JTS
Lol 7] ] thE} o] Fiksh vkg- AES Y31
T} Table 13 22 FAHTE ARl YU old A
9] FE NHLCIE ARS8 20, 50, 100, 200, 500 mg/L
2 A AP stk As) uke-g 2% 34
H¢ F ON Hle T=3S A3 12 233,
AZT LA B °F 1,350 mg/L7t HEE sl
500 mL/mind] #&o2 F7|2 FFsPEA A3} vg
< ST

AR7IZ St FPH S T 27] dEY ol A9
&9 Wl wE F3ig npolem 2] T Wik
HEEA Goith dutFoE AV|HEEE Aol
FrEo e HAHQ R G v ¢
QR4 Fo] dEUolA AL ko) we) mgFo= A
NHEE7t F7hetdom, duls 9 7] gryoly
A0 w59 sl 2 33 Ar|HAERe] 5 W
3} 738k AA A gFtti(data not shown). °]E A4S
35 B3l dEUod AAv) ofdiks A A4
2 AHSE YA, HAFR] AU AEEZe] Wahs Vehy
2 & Ao Wyt

Fig. 1(A)°l 2238} 3R X FAslsel d7te d=
Yol da ¥=o] Wil o F3#s 9] pHe) ¥
35 JeRith 3Eg T 27) dEUoMd A
EE7F 20 mg/Lot 50 mg/L9] 790l oMe FAH
%] pH W3k nEidnk a8y wEEe) gryoly
A4 (100 mg/L °PHE FHT A5l doiMe F43H)
T 59 pH7} %7 894 ¥k 100417+ Fil= pH 6.87}
2] 28tk ol ditsl 4 E Tk opgabg A
S} Ay vt A= FAHS S pH ¥EE 7}
AL Aoz wdd

Fig. 1(B)y= #28} 340lA Ao Hrie o
Yol i w54 Wzl nE dREYoly Ax FEY
WSS UepiSIch 27] tEUold A FEE 37 my/l
2 AE} whe-& Fa%E A7 wkg 100417 Folle oF
22.94 mg/Le] R ol HAixrto] Fol it} ol& %7
E=9 39.4%7t ZHAE Folth 7] dEYoM Ax =
£ 67.6 mg/LE A48} vhg-8- =383 du} ukg- 10047
Fol= 9F 242 mg/L o] gRYoM it Hol 1o 64.2%
o} AALS YR 103 mg/Lel kRUold Ais A

ol o

218} Hk8-S =338k A} wk3- 100417 Foll= < 34.7 mg/L
9] ¢kRUol AV ZAESIY 66.3%] AALE JE
Wiich 187 mg/Le] FEUoMd Ais ANE wheS
393 B3 kg 100417 Foll= oF 110 mg/Le] YR o}
4 Aavt JAEIA 40.7%2 AALE YR 27
AR da FEE 488 mg/LE F4Hs} whe-& 43
g A WS 54X Foll= oF 338.5 mg/Le] FEYoM]
Ao ol 30.7%9] AAEES eI

600 + t t t —+—
(B) ——e—— NH,CI20mglL
5004 e Qe NHLCI B0 mg/L
as
s w---- NH,CI 100 mg/L
400 . - 2—— NH,C1200 mg/L
B __.m - NHCI500 mgL
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Fig. 1. Effect of initial ammonium concentration on pH change
(A) and ammonium nitrogen removal (B) in nitrification
process.

Sl Fo 7] R A TR we ¢4
ol Ao AAGEY} vhZ2A Ve, 1FEe] g
Yol HA FEYFE AAE] ZAaTE UEIITh
A%k}t FANA AT FUFE dEYoM] AL T
o] W3lo)] wlE A A4 Fro HIE vehd A
AT T 27 Ry Ai9 Fxo Wl o
g} o}z ib] Ao} i AAZ HEBEHS AR
A4ksl Hhg F obE A wEs A AFolA
5-15 mg/Le] FEE ZEHATHdata not shown).

Table 2. Removal rate of ammonium nitrogen with different
initial ammonium concentration in nitrification process

Ammonium concentration (mg/L) Removal rate (mg/L NH4'/hr)

37.8 0.428 (0-30hr)
67.6 1.441 (0-30hr)
103 2.206 (0-30hr)
187 1.954 (0-30hr)
488 3.930 (0-30hr)

Table 2 2318} FHelA 27] gEoMd Hae) 55
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st AAEE BAE JEIQT. 2% 23 2 HegRos
RUIoMy Wit 2ad 2te] thake] AT Ax
3 A 2] dmiely Ak wid) waEN AP
ANE AAZEI Z7heke A8e Uehhgic

izl | olxls SIS I

238} T4l nixe F71TEEe) JFS dolrr] 95}
o T 28 2HoE Axs uhe AYS S8t
Table 13} 22 U4 FAS 71T 02 Az, gw
Holg HAe] F5= NHCIE AF31 100 mg/LE, T4
FAHTF T ON ¥E I 283l 12 By
a1, HES BEEA L oF 1,350 mgL7t HEE 51
ok 0, 200, 500, 750, 1,000 mL/min®) {&o g Fr7)=
SEIEA F7FFE e Aas) vhe-g A¥sgnt

Fig. 2(A)= &7 W2 A3 34 FoM &
A 9 pHEl W3E JehidTh 3718 39X
F2 At doME FAHSE F9 pH BigE wre 78
ARAAE wnlEide)h a2y 92 giiRe] AdzA
(200-1,000 mL/min)ol| M= A== £¢] pH7}F 27) 89
A ¥h§- 100412 Foll= pH 5.7 AE7A] 7H43k90) o)
© A8 HAS B3t YrUold AA HEL 7AE)
a1, opEAHd Al A A4 AEo] AAF AN
T2 pH WH3}E 7IAL Aoz wogth

Fig. 2(B)dll 3718F %0l W& g=uolyd AL B¢
o] HEE YT whe7)el T8 FEEIR e A
ol 42712 Fo| F 72.7 mg/LY] YRUol A7)
3N 271559 27.3%7)F ZAHYT gukzlos A
A5}t Hhg-2 R2RE ATt FFEH A nAE
9 ojgte PRUold HAE ol s} ArA
AL ANT)E AoE oA oks, 4, 7, 8). B 4
HollMe ARZHE 4o FHA H9dL o
AY 27 AR 20400 ve F ahloz 93
7] F9 4the] 82 Qlale AR AkavL Y §HA
HeE YR 8250 23} uhgo o]fEjo] YK ugo)
dojd o=z Htdn wk3rlo) §Y=E Fr|EFS
< 200 mL/min®.2 Z¥3le] Al vhe-S 433 A}
DA Foll= oF 24.8 mg/LY GEUoly At AE
o Z71EEY 75.2%7F HYHJUTE §R2r)d] SY=E
F71FFHE 500 mL/min 2 Z2AEs}e] AAZ} uke-o
T AT} 2747 Tl 9F 4.96 mg/Lo] gEUolA
ATt ZF3IAIL 94.8% 9] Yol Airt A=)
o} vl SRR T IR dRUol Ao AAdo] 9l
Atk ¥R71e flEE 715 EEHS 750 mL/minl 2
ZAste A3} S FH3 A 4247 FoE oF
9.09 mg/Le] YRl Aiv} ol 31, o= 90.9%
9] dRUoMd A AALES JERAATE ¥-e 6641710
+ 25 93.2%2] AALS YeRIITE 1,000 mL/ming] 7]
TEELE AT Has) whe-S £33 A7) 4247

Folle oF 12.6 mg/Le] fREUoM Hav}t 4= 87.4%
9] hjoly A} ATt kg 66217l <F 88.3%
o] AALES YeRiUth

ZAe} wkg7)e] FFEHE )% BE ol
A9 AAEEE EARL £ A= 500 mL/ming]
T71EH A gRYold Ao AAL] 53Tt
(Fig. 3). ©}x= 750 mL/min} 1,000 mL/min®] 7] 1]
A 28l ke T F7)Ee el 28 845dA
7} k7] A mRel] FatEle] HA| Ads) vheol AMSE
7 Fdhe @S B A} #o] glezls) weke) Ast
3} SN FEF7IH Wl nE A Ak FE
WSS VERARITE 3587159 Wil me} obdaby Aa
S} Ard AR S RIS Aits) wkg- 5 oA
2 AAe] sEe A AT we) 5-30 mg/Le] BE
2 AZ&F%tHdata not shown).

61 O 200 mL/min
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= —L—= 750 mL/min
- -4 -- 1000 mLU/min
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Fig. 2. Effect of aeration rate on pH change (A) and ammonium
nitrogen removal (B) in nitrification process.
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Fig. 3. Comparison of removal yield of ammonium nitrogen with

different aeration rate at 42 hr in nitrification process.
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Table 3. Removal rate of ammonium with different aeration
rate in nitrification process

Aeration rate (mL/min) Removal rate (mg/L. NH,'/hr)

0 0.521
200 1.644
500 1.633
750 1.907

1,000 2.176

Table 3> 2R}t FANN FFF71F7% GEYoHS
Ao AAEES] WAlE eIt A48 29} F 33
2 dEYold davt g 3 (HHSAIRE 3-42 hr)el
el GEUoPd 2a AAESTE AR 27, 35371
ol HlElsia AN E AASET ST

o2 oixle Sdesx] &t J%

Z7] BAEHAge] A4l 36 nRAe dEs &
o}17] $13}] Table 13 22 P¥¢ AL V|IFo R
EEUod A9 T NHCIS A3 100 mg/LE
ZA3HT, TS T ON ¥le TS AHE-Ely
12 A3kt Axe uksol ARk FAd&eix] ke
oF 350, 450, 780, 1,120, 1,850 mg/L7} HEE HEs}d
500 mL/min®] §%°2 F7|5 FFsPEA A3} vk
AAE FRPE5Th

Fig. 4A)y= A48} 3FdA /g5l Hrke &4
&A= wsll fE FAAHS9] pHY WalE Y
W Aojtk B4&#RY FX7F 350 mg/Le] 5ol o
A 4455 F9 pH WSk vv|3tH. o, 450 mg/L
ANME <F ¥hE 60A1ZE Foll pHYE 7HAEH] AlRksksT)
234} 780 mg/L o] BAEHAE HESH A o
AE FAH 5 pHZF 27] 80l ¥ 80417 Foll=
pH 6.17FA] ZH4313t) ol A3} 348 3l o
g Ao} Zibd Aot AEEA duge] pH Wt
£ 7L Aog woE

Fig. 4B)= &3 BAEHA T2 ©E ¢EUol
A T H3lE Ve Aotk B4E#RAE 350 mg/L
2 AZ3 A3 10247 3ol < 143 mg/Ld] ¢RY
ol Aivto] &SP, 27155 85.7%7F ZAHY
th 450 mg/Le] E4&AE HET 2 vhE 102413
o]Fef 2F 2.13 mg/LY] FEUoM3 Harl AF3 o,
97.8%2} AAEE AUk 780 mg/Le] FHEHAE H
3 23 9k 80AI7E o]Foll= ¢F 7.2 mg/LY] R o}
A Aatro] AEE ] 92.8%7)F At 1,120 mg/L2)
PR E HES A9 vk 852417 Foll= 2F 4.8 my/L
9] gtEUoly Aixto] ol U, 271E=9] 95.2%7}
ZAESTE 1,850 mg/Le] BAAEHRE HES A wks-
54A)7F o1& o= 2F 10.5 mg/LY ¢hEUobd Aivt A&
sl9.om, 89.5%7F AA= ATk

HET BAEHA ol U2 AR Ao AlA

rlo
3
s

6A1Z1NM AES FAEE A gl Bl
FE JeERATKFig. 5). 4% gl oA

2 v F V1 37 sl 24eA
5

rr ol o
N
FIF
i o,

8 —@— MLSS0.32 gt
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Fig. 4. Effect of biomass concentration on pH change (A) and
ammonium nitrogen removal (B) in nitrification process.
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Fig. 5. Removal yield of ammonium nitrogen at 36 hr in
nitrification process.

Table 4. Removal rate of ammonium with different biomass
amount in nitrification process

Biomass amount (mg/L) Removal rate (mg/L NH4'/hr)

320 0.664
450 0.802
780 1.310
1,120 1.689
1,850 2.100
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Table 40l Ziks} FHolM HEF BAEYA =
YEUoM] Ax AAEE BAE Yehiitk 48 2}
T AZHoF AR ol ATt 243 F7te) st
URUoM] dh AAEEE AR 23 =4 &5
A] ol vl AT E AASET} Z7 et
AL 2HIM C/N bl2| s

dekH o8 AETH HulgA4L o83 Akl FAelA
SARle] o] oW A& A9 vAEF A ule}
AN} 2700l E vlAMNS} FFE) Qs gage] Auv)
o}Fo7l ool Halsl FFEd| 23 A} o]
Aar dEA Aok3, 4, 7). A FA v|X)= gha
A A4 F=9] 8] (O/N H)9 H3Fe dolr 7] 3}
& Table 13} 22 FAHTE A)2ste] grjold Aae
TET NHCLE ARSI 100 mg/L2 ZZste] A28}
Aok k8] HkE-S 918 NS 9] ON vlE Iug
S AHEH 0, 1, 3, 5, 1002 A8t 2Asych B4
£HA= < 800 mg/L7} H=2 HE3 ¥ 500 mL/min
o] F&OT FVE FFIEAA AL F3sHch

A3t FANA FAHSE Fo] ON Hle Al ue
T vlolomae] T wWsl Ak BEAER Ptk
ANAEEE FAAE Sl FHE0] e AXH 83t
QRS9 &= HlEEly] wEo O/N Bi7} 27185 27)
A71AEE gho] Elt} Haks) whg = ghmi]old Aa
o] FEo| Wl u}2 F33 A7 we] B wisl A
< EEA g94tidata not shown).

Fig. 6(A)= 243} 300 4994 2] /N 19
W3l ME FAdH=e] pHEl W3l vERd Aotk 34
He 39 27] ON ¥7} 03} 19] 359l loixe A4
Hg 5] pH WP}t whe FukilolN =4 veldt) 18
U C/N HIZ7} 3914 1091 Z-$0llM= 24A1771A) pH7} 27}
sith Aashe AERe Ve, 2aksl dhe Sukie)s
T H3E VERIA] ol oleid dAES Akl B
B3l oA Aol AN ATt AAE Y] FAduEg
o] pH ¥3lE /ity Aases 7gao= ON vy}
WETE At 2 dohus Aog wdkdth

Fig. 6(B)= 2413} 3404 Aulgol 27t gagd
9] & (CN H)9] Hglol] w& gdrvolyd Ak FE
HIE JERIICE ON RIE 008 243 A} vk 544]7F
Folle 9F 7.4 mg/Le] R Yol Ahuto] ol 27|15 %
9] 89.5%7F ZAHILE ON HIE 12 243 A} vk
54A)17F o] o= <F 8.06 mg/LY] ¢FEUold AU} A
Hol 271859 89.6%7F AAHUTE /N HIE 302
ZA% A7} 9k 48417 Foll= F 9.92 mg/Lo] FH3tA
86.2%°] AL JERISIL ON HIZ 58 2838 39S
M= BhE- 48A12F o] Fol)i= oF 8.06 mg/Lo] o]
AA7) I, oF 88.8%9) AAL-S JERYTE /N
HIE 1002 2331 W3-8 £33 A7} ke 73A7F

o] %ol = oF 90.2%2] YR A AALE JERIRL
ok k¥ o g Qtmujold HAvl ¥3E UG A<
o glojd Hike} FAHAME e e©Aae fU0) 48
siohar 4 A o3, 4, 7), B 7] AdrEs 94
C/N H] Hjdxes ghgo] SAYTE 279 dEUo}
A Az AL FREE A0E FHEH) o) 4
goF Aasle] o3 Fe = HdEh} E u A3
A77F Fld=ofof 3 Hojrt

I, £ - .
5
61 o
5 B
100
®) -~ @ CiNratio0

Qe GIN ratio 1
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Fig. 6. Effect of initial C/N ratio on pH change (A) and
ammonium nitrogen removal in nitrification process.
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Axksl VB2 AT digd] F1zsie Ralks)
FEAAte] Wl ot mAEe] A BFo] FHg-
a1, ol o) Aikel T AFarsl Heug A
Azlo] GEFS mX)= AAEE Wi E, pH, §5404
7147, O/NH), HAEF Fo] ok B AFeMe H
Ao SAEHAE o83t FAHAF Hast T4
of vX= AAEd et AFE FIe g2 go
AL Atk 1FEY Yol AA(100 mg/L ©]
ZHE T3 Aol dolxle HFY pHIE 27] 89
A pH 68714 723ttt ol Axs 3L Ealo
oAb Aot Hi] Havh AAEY FAAHSG Fe
pH H31E 714 ZAeog Hugn) Aaksl AN 2
7y 27) R HA FE, FFEFH, HES A
A o vlEsIA AR FINME dEYoH] A9
AA&ETT) Z7Fstac 2aksl 40l O/N Hle) g3k
& 94 /N H HYdME gihdo] EATER 279
FEUoHg Fae] AAEe] SHEHE 29E AUk
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