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Abstract

Generally speaking, there are two widely used methods of Nitrogen removal from waste water: 1) nitrification using

autotrophic microorganisms, and 2) denitrification using heterotrophic microorganisms. The C/N ratio is an important factor of

the denitrification process. In this case, if methanol is added to increase the lacking organic matter, a high economic cost is

incurred and methanol is left in the processed water. In an effort to fix these issues, autotrophic denitrification through the use

of Hydrogen, Iron and Sulfur is being studied, and among those Sulfur is cheaper and carries out denitrification effectively, and

therefore is being studied the most. In this study, after cultivating T. denitrificans, the presence of T. denitrificans was

determined and the effectiveness of denitirification via T. denitrificans was studied. In order to find out about the inhibition of T.

denitrificans from the loading of organic matter, this shows that the greater the loading of organic matter, the more the

denitrification ability of T. denitrificans is hindered. In order to research the hindrance of T. denitrificans resulting from the

loading of NO3-N, these results show that concentrations less than 100mg/L per 100mL of gel volume do not hinder T.

denitrificans. In order to research the optimization of denitrification resulting from T. denitrificans, three 500mL samples of

Sulfur granules were prepared: 1) one with only T. denitrificans attached (Mode 1), 2) one with both T. denitrificans and active

sludge attached (Mode Il), and 3) one with only active sludge attached (Mode Ill). The results showed that autotrophic

denitrification using S from Mode | was the most active.
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2.1. T. denitrificans Hi{¥
Solg GAngES] B, 58E flgte] JHd dFko

A MEEGT AEA] I st 55 SR Y
Y sk EAe] LS R|E sulfur/limestones: o851

SAEAR AL Q= EHAE ARt ndE THEES
AR AW} T denitrifican 7340] = A& Uehy &
5%t T.denitrifican’s B55to] vigFsl7] fIsto] =g
ATCC(American Type Culture Collection; www.atce.
org)ollAl Amjsk= =4=%t T denitrificans E4Rto} 35T,
7|27l A wiFstH o T denitrificans & A}
2 A17]7] §48te] 300mle] A2 E=fadef 2
2~5mm?] YA & Fdstglon 35TE GASHA 74
Bl 235 Woll A uiFAIF

=73t T denitrifican®] ¥1%-& 913l NagS20s, NH4C,
KNOs, NaHCO3, KHoPO4, MgCly - 6H20, FeSO4 - TH20Z
5,000, 500, 2,000, 1,000, 2,000, 500, 10mg/LE& Z}Z+
A7rstel wigdE Akt wigFdY] 242 oY
Table 29} 2t}

2.2. 7712 ool = Fg

=578t T denitrifican®l 2J3F 5 o83 S Fgadel
AUOA R7IE Fol wE JFS dotr7] flste] 30T,
pH 7.5~8%4] NO3 -N9| 55 30mg/LE UAsH| &
A8t & glucosed ©|&3t9] BODE 0, 25, 50, 75,
100mg/L= Z7gsto] AES z13gs3ct,

2.3.NO3 -N s=0 m= Fst
pH 7.5~8.0, 30C& =43 & I Yxrlof &3t
T denitrificans F-2A3% A17] Aol Al NOs —-N2J g3k
S AR §J5te] NO3 -N9| =& 50, 100, 150, 200,
250mg/L& 7¥zt 2Astg o, zHzke] NOs -N9| FEof
et FEgH dAE| =S SRs| fJaEA CaCosg 712
29285, 457, 685.5, 914, 1142 5mg/L=E F4sH3ch

I

2.4. T.denttirificanstl| 2lst B&s H|mH7}
T.denitrifican, T denitrifican®} sludge®] &3,

Table 1. Metabolic types of denitrification bacteria using sulfur o -
! T denitrifican’} S sludge?he 0|3t} 3744 270
Me@tfﬁc Represelntative Respiratory Electron donor . Spécial t X T.denitrifican® €32 %% BHrtstn A} Tk
definition T;pzae; type equiremen Samphngg 27] 19hre EokS A3} 7|7ko. & wetkat
iobacillus >
02/NO 32, S, S0 - o
Obligate denitrifcans A S 20, 12hr o] %75 0, 1, 2 8’ 12, 24, 36, 48hro.=
chemolitfiotroph REEEEERIE 02/NOs 2. S $05° micro= Table 2. Compositions of nutrient media
denitrificans Y aerophilic
2 Denitrfies Concentration Concentration
52, S, 805, Constituent Constituent
T. versutus  02/NO3 organic hetero— (mg/L) (mg/L)
Facultative compounds trophically Na25203 013mg/LasS KH2PO4 2000
chemolithotroph & NH4CI 500 MgClz - 6H20 500
P o, %, S, 05", H . gCl2 2
o 2/NO3 organic - KNO3 277mg/LasNOs =N | FeS04 - 7H20 10
denitrificans
compounds NaHCO3 1000

% Knut Yngve Bgrsheim et. al.,(1985)
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Fig. 1. Schematic diagram of denitrification ability test.

Table 3. Experimental conditions for denitrification ability test

Factor Mode Conditions
I Only T. denitrificans Temp. 30T
Only Sludge without NOz -N 50mg/L
T. denitrificans| 1T you gw Y ¢ of
T. denitrificans pH  7.5-8.0
Il | Sludge with T, denitrificans | CaCOs 2285

A 220 ek AR, A s e
50mg/Le] NO3 -N& F=¢3}9ow vhEA17t 53tol| F&
3t A= E BHB17| Y5le] oF 250mg/L as CaCOs5
hetsic,

2.5, BMEX| H &=

pH, Temp, DO= A A3 Aol ofsf EA4lekglaL
CODcr, Alkalinity®= Standard Methods®l| $3}0] A1A]
stglon] EAA mE §E4 FE-L2 0.45/m MF/COA 2
of it & ARg-SFGITE

3.1. {712 Esiof| = Fet

ARbAQl Bi/d nEE o83 e WhgRolAe=
n A& o] A F AlAE NO3 -N A& 7|20 2 A4
Algh= SDNR(spemflc denitrification rate)y2 7|&o&
. SHAIRE 2 Aqts 2710 FolE
granule—l %Ekg 7]—r 2 AAE NOs -N9| 2k} A
AEl S047 0] AL 7208 TaS APYEtAT) $d27)

Table 4. Analytical methods and instruments

Parameter Analytical method Instrument
pH pH Meter YSI Model 63
Temp. DO Meter YSI Model 55
DO DO Meter YSI Model 55
CODcr K2Cr207 Closed Reflux Method
NOz -N lon Chromatography HIC-20A, Shimadzu
NO2 —N lon Chromatography HIC-20A, Shimadzu
SOAZ’ lon Chromatography HIC-20A, Shimadzu
Alkalinity Titrimetric Method

NO3 —-N9| s&+= 30~35mg/LE FY3taoH, AFAIZ
& 27] 12hr2 T, denitrificans®] #718& FUSHA] &
A5 A Ystale A AL o]Fo| X R] g}, o] =
A 2719 T denitrificans?t 7180l &gl ©&
71=2] A XHic’ﬂ 2-g37) Q1 s} 7|7k 2 *PE‘L%
ot =3 57153 0, 25, 50, 75, 100mg/LZ FU5F%
A9 ALAAREL 9F 90.4%, T1%, 56.6%, 37.9%,
20.7%= bt of9] Fig. 2= 77159 Y =l
T2 NO3 -N9| A=

rlo
o r] 5

_mh

l

o Vb glet,

NO;-Nremoval effi.(%)

Time (hr)

NOy N cone, (mgfl )

Time (hr)
Fig. 2. The variation of NOs —N in according to organic substrate
concentration.

AR7)7E Bete] S0,7 FEHSHE Tasly] 9lste] &
71&& 0, 25, 50, 75, 100mg/Le] HE2 W30 U3t
Az} z}zbo] WkS-zojA 108,51, 92.5, 68.48, 50.21,
40.21mg/Lo] SO;” 7+ 27k A EQle), gk W2:9] A7
AEE 7PdA o R Best 4 9l A SO~ /NOs —N9J
e AmEE G788 FlehA] ok Aol of 6,28
Uehliglon, 47189 29 s=2 Fax oz Z7pA7o)
wjeba] Zkze] uhg2 oAl e) ZHE0) 5.7, 4.8, 4.4 3.6°&
UERGTE o= T denitrificanst= 771&2] F317F okl
we} AsAgoz Qlste] ekl AtEL Row T
Hr}. the 9] Fig. 32 #7189] Halo] B 504" = ¥
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Fig. 3. The change of 804" concentration by organic substrate

concentration.
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Fig. 4. SOAZ’/NO;{—N ratio by organic substrate concentration.

3.2.NO3 -

T. denitrificans®] B350l A3 28-S do7
NO3 -N9| §H| g5 Lol 7| $Jste] 4] AdS A
AlsFL), Whg-2o] NOs —N-& zH2} 50, 100, 150, 200,
250mg/L& St F A7to] w2 NOs -N9| A|AZES
AHE A3 ZF7E0] 2Ao|A Y] ALAARES 99.4%,
91.6%, 51.4%, 41.6%, 21.7%= LFERSITh o]2 Eaja] 2
Aol A= YA 3 100ml #3195 100mg/L7HA] 2] NO3 -N
TRt = a5 AsAES doT|X] groer,
150mg/Lolde] NO3 -NollAl«= T, denitrificans?} 32
NO3 -N9| & Hal2 lste] &5 Az8-S do
7|= Ao Uehgt} Fig, 5= NOs -N FEHs8l] o
T denitrificans®] ZA4&A A 2%t NOs —-N9| &= s}
9 AAREES el ot

Fig, 6041 NO3 ~N¢] H3}o] whz S0,” 9] w0 W
3= Yehiia glek NOs -N9o| %2 72} 50, 100, 150,
200, 250mg/L& Z71A1Z10) webd AR SOs” 9] B =

N =0 mE gt

L zpzbe] A3 zAA oF 279.8, 252.8, 241.2, 234.3,
184.7mg/Lel 2t} o2l SO4°/NOs -N9| ZHe 6.3,
6.1, 3.47, 3.3, 2.8°]31t}. Fig. 4%} Fig. 7 v|wslo] 77]
=7 NOs —N9| 5 =0] w2 T denitrificans®] B3
Lol t)at Aaag AES A E Avl NOs -N2| S=7}
100mg/Lu|7ke] srofAE #7180 NOs—Noi| H|3|A]
A ALS o doy= AOoR AR EH NOsi—N7]'
100~150mg/Le] kol A= NOs —Noj| &Jgt A sfjzkg-o]

t] @wo] 2t 150mg/Loldol A= f71&E0] Ed5o
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3.3. T. denitrificans0i| 2fet $#&s2| H|wHI}
T denitrificans, T. denitrificans®} sludgeS E33t
&8, T denitrificans’} & sludges o83t 3714

Mode®llAl T! denitrificans®ll &3t B35S H71st3ch,

3.3.1. T. denitrificans2tg &0 FEMZE A7l B2
473t T! denitrificanse YA ol F24 A

sttt 2719 Y= oF 250mg/L as CaCOs=
Ao, AY TRA] T 48X KT F0] PR = oF T0mg/L
as CaCOz%tt, o]&s &zte| w9 WSl= T denitrificans
of oJsl| ZHFFEA gt Ao =E AlRHTY,

ol 9] Fig, 82 <=8t T! denitrificansE ¥ Aol H
2P 3 Ao A2l NOs —N A|AREE, NOs N =
wslel SO47 S el gink okgst 7|zte s B
ket 19hrof| A19] AR AELL oF 22.7% 4 13hroll A=
45.4%% AaAATE] F7F8kTt. 24hrelA1e] NOs -
N AAEEL 93.8%92™, 36hrollAl 98%, 48hrojlAl
99.6%% UElst o, o] FallA] =% T. denitrificans
THE o] 43 790 o FEe] HANES-S 24hrol o] &
Ao getec)

oafgt AAAA TR GARE Heko] SO AT E
waEgon 12holAe) SO 9 FEE 73 41mg/LY
ow 24hrofl A 277.78mg/Lth 123 48hrofl A=
311.15 mg/Leldeh, 12hrofl 9] SO4* /NOs -N9| Zhe
6.230191.9 14hro]l SO, /NOs -N2] gko] 8.35% Ztf
e Yet 9o 24hrolA= 4.655 YERTE ESE
2 wkgo] 71 2his] XY= A 12hrFE 24hr Abe]o]
A} Z 100mLel|l et NO3 ~N(mg/L)/hrgk-2 oF 2.082
i3k e S

3.3.2. T. denitrificans®t sludgeS &oi| £xHE AlZI 42
Fig. 9= &€8A2} T. denitrificanss T3t 3 A}

F2A A7 9ol Yebhs A2t A NOs -N AlA
&, NO3 -N9} SO;” 9] F=wslE vhehil ol

ZF Z3 Ao NOs —N A|ALS 12, 14, 16, 24, 36,
48hr& 71207 7¥7} 35.6%, 41.7%, 55.3%, 59.3%,
78.9%, 96.4%, 99.5%= LFERTE 27] 12hro] T.
denitrificans?& A2 A¥3s AvtEct NOs-N9
AAZL] A Ueht Ze &R Yol £3Eo] Je g
An|YEo] gul-gof 7|93 Aoz AlgEr), E3F it
Fo| SAuES-2 oF 24hr o|Ujof|A dofitom oF 36hro]
L gzukgo] 9 E Ao g wotenh ghnkgo] Xgido
wfebA] A TS 8047 & Zk2ke] 2 AIZIA 60,34,
89.91, 105.24, 156.84, 179.66, 191.54mg/LJom, T
denitrificansite F2HA|Z1 73-9-of vlal AJAd=e] & 20|
= Yehgilnt. SO4%/NOs ~N9| ghe- 12hro] 3,480
o 18hrof 7.012 HUZES E¥om, 24hro A 3.989]
At 12hrol Al 24hr Abololl Y=+ & 100mLell thgt
NO3 —N(mg/L)/hr+= 1.76°] it}

Only T. denitrificans

a
EMficyency(®)

]

ALl - . — 0
o 5 10 18 20 23 a0 = &1 &5 a0

Fig. 8. The change of NO3 —N removal efficiency, NOs =N and
S04° concentration by only T. denitrificans.
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Fig. 9. The change of NO3 =N removal efficiency, NOz =N and
S04°” concentration by sludge with T.denitrificans.
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3.3.3. T. denitrificans7t ZXHatX| Y= &2{X|2t2 2o

SAE AlZI Z2

Fig. 102 T, denitrificans”’} §l= &3A TS 0]-83}
o dRpell FaA AlA ARt dakg BolFar Qi) 7t
Zrol 24 A7kl 12, 14, 16, 18, 24, 36, 48hrofA 2]
NO3 -N A|A&LS AHRW 37 3%, 47.1%, 52.6%,
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FERHIE AR Zhzke] SHAkA] 30.3, 39.2,
517, 58.7, 73.6, 92.2, 101.7mg/LL}. 12, 24, 36hrol A 2]
SO4”7/NOs -N9| g 72} 1,66, 1.75, 2.680]%10.0, o]
22 16hroll 4.692 FHtigkS ot 100mLe] YA =
7|Eo 2 gdgkgo] 7P &dshA 13 12hroll A 24hr
Ato]9] NOs —N(mg/L)/hre] Zr2 <F 0.85 el o]
e 7IE0E dEA ol EHIYEE nYEY T
denitrificans §loU T2 SHISZE v|¥=o] Qg
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Fig. 10. The change of NOz =N removal efficiency, NO3 =N and
S04 concentration by sludge without T. denitrificans.
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IR S o=

1. <2578t T. denitrificanse ©]8-3+9 #71&& Omg/L,
256mg/L, 50mg/L, 75mg/L, 100mg/LZ FUst¥S
Ao ALAATEL F 90.4%, T1%, 56.6%,
37.9%, 20.7%= Yebgom, SO.” /NOs -N ZHE=
Z¥Zy 6.2, 5.7, 4.8, 4.4 3.6°.2 YeRT} o]& F3lA
T. denitrificanse 719 s%=7} S715el whebA
AB2rg-0 = Qlsto] EAFol A5t A o= weheEct

2. T. denitrificans®ll 91t NOs -N&| Ha}of up2 &zl
T BHAALE dotE ZI NO3 -N& z+zh
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7R 9] AaAATES oF 99.4%, 91.6%,

51.4%, 41.6%, 21.7%=2 A2 AT,
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S gFed njEe ofal o] dojt Ao &
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