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Denitrification by a Heterotrophic Denitrifier with
an Aid of Slowly Released Molasses
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ABSTRACT

This study was conducted to determine the potential applicability of slowly released molasses (SRM) to treat nitrate-
contaminated groundwater. SRM was made by dispersing molasses in hydroxy propyl methyl cellulose-silica-
microcrystalline cellulose matrix. Column test indicated that SRM could continuously release molasses with slowly
decreasing release rates of 64.6 mg-COD/L+h up to 65 hrs, 12.1 mg-COD/L+h up to 215 hrs, and 4.4 mg-COD/Lh up to
361 hrs. A batch test using an isolated indigenous heterotrophic denitrifier Pseudomonas sp. KY 1 having nitrite reductase
(nirK) and liquid molasses demonstrated that the bacterium decreased 100 mg-N/L of nitrate to less than 10 mg-N/L at the
C/N ratio of 10/1 in 48 hours. In a Pseudomonas sp. KY l-attached Ottawa sand column which continuously received
molasses from a SRM-containing reservoir, the bacterium successfully removed nitrate from 20 mg-N/L to 3 mg-N/L
during the 361 hours of column operation. The results showed the possibility that SRM can be used as a reliable, long-
term extra carbon source for indigenous heterotrophic denitrifiers.
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o] sy =do] HAle] e FES AASlaL 7]
el Ealr e FR7F AlgA ol EeligE wEgt
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AEE AT AHAD AR 1068 08% 2EF 20
mLE AAHEElE S0mL FHol| ¥al 233 B2t wily
2 75 £ = 5 1587 X5t o] F A
mL 1o e fd ehgor sk AR
HE3ITk. A Aen)x]e] 2432 KNO; 4 g/L, KHPO,
04 g/L, KH,PO, 0.15g/L, NH,Cl 0.4 g/L, MgSO, - 7TH,0
0.4 g/L, P]EAE-EH SL-10(DSMZ 320) 10 mL/L, T
2 g/LoIt}. AAHEA] 100 mLE 160 mLe] W& f2] =)
A AgHe Az, o2& 7|AZ 208 F9F HA
(purging)ste] AHAE AAT § FY aFepjel &
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121°C, 15 psiollA] 18§ 21271} Hitslar ALollA
A% 5 rdES HF, widEAT 2F o] 25°C
160 rpm 710 F wjRAIF] widls Y Bl B
Q1 ARl o] eaEeldS vkt

o T S5 gErE TS EAMESH W
HE o83l TSP o, VXS E Burr et al
(1978)4] WHE wgith S35 213l 4 16S tDNAY]
universal primers 27F(5-GAGTTTGATCCTGGCTCAG-3")
9} 1522R(5-AAGGAGGTGATCCANCC RCA-3)E A}
83l DNA ©9s SEAFY. SHaLAHTS-(olet
PCR)2 GeneAmp® PCR System 9700(Applied Biosystem,
USAS AR88lo] FaEflom], Als Whe2 94°CollA 10
B, oS ZF Ao 94°Coll A 45%, 56°COlA] 45%,
72°ColA 45% F<E 71G3)e] 168 DNA F-3AA1S 523}
= RESS 303] ¥iEsar, mpAeko g 72°0Cel|x 7 E1t
HESAIA S5-8 skt Hhg $oll= 10% agarose
gets o]838] 7| FFHEE DNA 55 AF o7 s &
AT TF AT F DNA @7|xgo] SRl 16S
DNA +34R= BLAST(Altschul et al, 1990) 74S 5
) GenBank(NCBI, USA), EMBL(Hinxton, UK), DDBJ
(Mishima, Japan) 5<] ©Hlo]gujo]xe} vluE %,
16SDNA f-872te] 97] ME AZE CLUSTAL X
(Higgins and Sharp, 1988)Y= A1-8-31] JH3193L MEGA2
(Kumar et al., 1993)2 AF8-3}4] neighbor-joining method
(Saitou and Nei, 1987)= A&t /S Al=sth
79 HEAAE 98 1,000019] bootstrap resampling
analysis(Felsenstein, 19858 4=3j3}H.oH °o]E F3j &
e =S AT SRE SR 4 AT

HE 2AvEY] TARES 2d5S ERIE]
al, oFdrka AT (nirK, nirS)E L= DNA K-
5 F T primers ©]83l SH3ILE nirkEs S
Z3517] 9151 AF&3F primer= FlaCu(5-ATCATGGTSC
TGCCGCG-3)2} R3Cu(5-GCCTCGATCAGRTTGTGGTT-
AL, nirSe cd3aF(5-GTSAACGTSAAGGARACS-3")
9} R3cd(5-GASTTCGGRTGSGTCTTGA-37} A2}
THHanllin and Lindgren, 1999, Throbick et al, 2004).
opdike SIAA0 FEL AE 94°CollA 22, T
ZF HEEGA oA 94°Col|lA] 30%, 51°CAlA] 1, 72°Cell
A 1 2H0E 353] HRESI o, viAleke g 72°Cq]
Al 103 RESGAIA S35 st 5354 2
Zto] el = gloJg|o]2 7422 RCSB PDB(Protein
Data Bank, http://www.rcsb.org/pdb/home/home.do)s Z-&
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e rAE] E5S BRIk St sl AY
< ArJEnt. 312 Al ARSE HiR]e] 23L& KNO;
0.722 gL, K,HPO, 0.4 g/L, KH,PO, 0.15g/L, NH,Cl 0.4
g/L, MgSO, + TH,0 0.4 g/L, F]Z/3E-8H SL-10(DSMZ
320) 10mL/L 2 2 2375 gLtk A7) FEujA|
%Z7] A% BEE 100mgNL, 27] 39 F&&
2,400 mg-COD/L, C/N B2 10/10]0t}. 7] 92 #
A 100mLE 160 mL &< W f& Ad AlF5Hel
1932, of2x 7IAZ 208 B HAs AAE AA
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gk & Ho ujuplel GRulE FA0E Bobd g2
73S A% 5 121°C, 15 psiollA] 1887F Bialdtt.
o] & 25°CollAq 160 rppme2 WHISFH 10 CFU/mL ©]

ol & wi7kA] 128 (288417 hyE<t vidstAnt. vk &
AnBE-E 7] EauiAle] fEtd FElE 2 mL HES
3L 0, 30, 36, 48, 96, 144, 192, 240, 288A|7tel HiF
FAPIE o83l 2mLY A8E AFS H, olea=w}
E213)(DX-80, Dionex, U.S.A)S} #3333 %7 (DR-
2800, HACH, US.A)E ol83slo] 2k ¥ 3 5=
£ #4819

2.3. X S M=

TA FEHSAE FEARCRE W ZdEGEEF
25%, Hydex Co. Ltd., Korea) 49%¢%} HARo=w 3}3}
okE 579 v AHAEZ -~ (Microcrystalline Cellulose,
Sigma-Aldrich, U.S.A.) 28%, 7=1FAKSamchun chemical,
Korea) 9% % 3|=E A2 |eAEZ-9-2~(Hydroxy-
propyl Methylcellulose, Sigma-Aldrich, U.S.A., H%= 50
cps) 14%5 T8l ATt 94, W 9LS #
elsle AFAIQ vARAER 27 g} B 24
< BolaA sk= FAE 9 g2 41, of7]el B 48
gs SIS 7] e riA e g g W&
= Alefek= F7HIQ] SlESA T2 And SR 14
= S8l 70°C ol ol 24A3E o} e Al
3 7 Bolg] Fde] 1A FEASHE Azt
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2.4, 0¥ SUHSIHE 0|28 Fited MA

A FAFSAE o83 A SEATS flsk
ol=d A AHE|ASHRS: Zo] x W =14emx2
em)S AZEIdth 28 Welle dA=7] 0.4 ume] QE}
9} ¥FAK20-30 mesh; Fisher Scientific, U.S.A)S 5
Aslon 1 2L 0360100 ZY W e} %
TARI B ATollA gk gAn|AES ] 98t
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of, A LRl AT g4
(ie., >10°CFUMLYS F+HZEHEE o|83le] /3 6
mLhHS 1.3 m/d)E 24403 B2 Aol FU417]

TEAFATE, o] & widel] tigh gErAEe] FAA
o|7] #l3l A€ Y - FETE BT Bal 48~

N S H-Ilo
ol

A LFFE Fash] sk, 32 L &3] FElAE
Zol| 20 mg-N/L =2] A2 9G5S Ax3)e] 3814]
b & oF 23 LE FHsIth AiE 299 += KNO;
145 mg/L, K-HPO, 14.5mgL, KH.PO, 54mg/LL, NH,CI
14.5 mg/L, MgSO, * 7H,0 14.5 mg/L¥} m]ERAiE-go8 gL-
10(DSMZ 320) 0.38 mL/LeZ AJZE] 121°C, 15 psi
oAl 18%XF BHAIX] F ARSI HHAlRl EA
LAT] 0dS WHs] flet] WA A 2=
70% olgdsigoll G AH3FAIL, oF T2l AZEA
71 F71520le Ha7o] 02 um?] AUALEE L9k
o 2 2 Frolle A7 T 22 AT EC] A%
sio] ZAUZ AYE & 2AES &4ske A W
Z&}7] 23k 200 mg/L =9 AEZFHArle]=(cyclo-
hexamide) 3.2mLE 7Pt o|HA Alzd Ak
28l 7] 1A FLAIA|(82 9)F WHAH TS |
cmx 1 em)Q 2 Folx| Fxo| T Faio] Hsith o]
S 1A FAFA A EEHE FES sk Aat
LATE FEREEEE o]83sl] % 6 mL/h(E
13m/d)e 2 Ay W2 F3tt. AR el w4
A FE AhS ART] fsle] Y fErelA AY
2+ Z 20, 27, 65, 95, 143, 167, 215, 236, 336,
361217t 4 ARE Afgsie] ZHlE o] AZrET
3] (DX-80, Dionex, USA)Z Z2FI(NO; ) o}
(NOY S #A8tant. 18jar 9] ATkl e w5
sk= Ao fYgolA 27, 73, 361, 381ARE, fE
X AF A F 27, 65, 73, 95, 143, 167, 215, 236,
336, 361, 381X 7l FHARE AlG SA] BFE=A
(DR-2800, HACH, USA)E COD ¥%2 EA3l¢ch
(Boaventura et al., 1997; Canter, 1997; Lee et al., 2001;
Cunningham et al.,2003; Dutta et al., 2005; Quan et
al,, 2005). == W Ak 085 FIHoE REH
om, BE AYL AF2ox FEE U
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sz @ Psavdomonas sp. KY1 (AB3E2313) I
L pesudemanas cannabing CFBP 23417 (A1432827)

290 | pegudomonas fluarescens ATCC 13525 {AF034725)
Preudomonas aeruginoss DSM 500717 (Z76672)

55 |

- Prteabuchen’s

|4 Thicthrx nivea JFZ (L40993) !
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100 Achromabaster xylasexidans DEM 103487 (Y14008)

——Alcaligenes faecalis SPO3 (EF42TEET)

Nitrosomonas europaea ATCC 25978 (ABD709E2)

F-Proteabuwetoria

wal Burkhalderia cepacia ATCC 25416 (US6927)

50 ‘j
‘ 57 Burktolderia haspita LMG 205987 (AY040385)

Cauwlobacter vibricides CB51 (A1327754)
‘ Asticcacaulis biprosthecium DEM 4723 (81247193)
100
]

- Fratealactinke

Asticcacaulis axcentricus DSM 47247 (A1247194)

,—De-su.'furccoccus farmentans Z-1312 (AYZ264344)
11l peeylfurococcus mobilis (M36474)
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Fig. 1. Phylogenetic tree of Pseudomonas sp. KY1 and closely related bacteria. Desulfirococcus fermentans 7-1312 (AY264344) and
Desulfurococcus mobilis (M35474) in the Archaea domain were selected as the outgroup species. The scale bar represents 0.05
substitutions per nucleotide position. Numbers at the nodes are the bootstrap values.

2} 999% FAYSE BAEO|ATE. Pseudomonas fluorescens
£ y-Proteobacteria®l] &3P, BN EAfjsk= 7Y &3
SANNE 5 shE IeA AT Tiedje et al., 1989;
Zumft, 1992). F2¥ T5Y9Y 22rAES DDBIO
Pseudomonas sp. KY1(Accession number: AB362313)
o2 =231901 16S rDNA G7AgEA 0z e
AESA BAE Fig. 13 2t

T VAR gd5s g s SRklal] <sh
A oldLE-E dAIEACIANE FHAT)=(Zumf,
1997) o} B G4 (Nitrite reductase)s FAISI=
AR nirSe} nirkyg SR18IA oAt Slaie o
A we] T8 a4, Zias 7| (a4, NO)
2 A= A WA DAlol| doshs &4xo)7] wiZel
ole] &R ARZHE] HAAA| AW AYE (nirate-reducing
bacteria)?} ©Av|AYE(denitrifier)S T A2 = ATH
(Zumft, 1997). SAVNESS nirset nirk 34+ &
Z 3= 7AYo 7RIt Zumft, 1997; Hallin
and Lindgren, 1999; Throbick et al., 2004). 2343},
Pseudomonas sp. KY1-2 nirK FAAE 7143 = A
o7 IRIFAL. LubHOZ pirsE 71 EYH|AIE]
nirks 71 vAE] Hlste] WHARIET} =& Holu, A
Al 7152 Zfel= gk, A71sE 34 R AdE &
A AR AR @AmBEC] ofEdAhs diks
A2 AN F v SETAIELS RIS o]
12010)0 2JahH, £ Aol ARgS GARKE 9
FE o83l Zildo] HAaTAA] 3] gdAF

o M A1 o

Rl nf 9o},

3.2. 8|24 AEE 0|88t 22| 0[dEe HEs &l

B A7l AR o g A F8) 65%7}
F7IEAR ol FoA gloH, f71ES] o] T A%
olt}. o]F A (sucrose, CoHy0,,)°0] 60% HEE 2HA|
Sh=dl, T80 AdS A A R ke gERkee
25 YehH oS Eq. 13 ZTtHBoaventura et al.,
1997).

C]gHng][ + 48NO37 i 24N2(g) + 60C02(g) +480H
(M

9 AellA Alake o]24Q0 ON HIE-S 0.2140]A|3F,
ol wAEo] gL wiAlElaL wAEe] gt 4=3)s)
Fs "] HA &S ofnjgitt. AAZ Her and Huang
(19952 olHT} AR O £ vlgolA g gdo]
WGl B gk vl Qlrk, A7) Al W2 opAE
2HCH,0,)S o2 o83 79 ON HIE 1.9, ¥
ELS(CH,0)2] 735 0.9~10.0914 gHAgE &do] o]Fo]
Adar Bysleoh. tEo], Lorrain et al.(2004)yS Bk
o] 27t EFSESE g @4 8%= ON
HIE-2 Folzitkal gk v) Qlr}, 2 sl A3 |
ol E&3t Pseudomonas sp. KY12] B85S 9l
she Zlo] HARIVE Fe 9ES FHI9lEiA ¢
N HIE 10/1& ARSSITE 23849, 27155 100 mg-
NS A3k 8ol A3 AR £ 3081l ~30%,

J. Soil & Groundwater Env. Vol. 15(4), p. 30~38, 2010



3 oPgA - ol - Al
SOOGS 2200
. @ Nitrate
- % O Molasses | 2000
400 1 - t =
5 - 4 1800 =
) s =
g ® ¢ r 1600 é
~ 300 1 S
£ 1400 £
s : S
o L
& 200 H O 1200 §
g ] . F 1000 &
E S
100 A } “~O [ 800 =
é r 600
0 . , S & @] 400
0 50 100 150 200 250 300

Elapsed time (hr)

Fig. 2. Changes in nitrate and molasses concentrations by
Pseudomonas sp. KY1 at the C/N ratio of 10/1 (batch experi-
ment). Molasses concentrations were expressed as molasses-
COD.

367100 ~70%, 48717kl ~90% o AAEAL, AF
TEAIOE ~96%S] AAGES BEATHFig. 2).
L 2IJEE 2,400 mg-COD/LAA A8 A2 & 36
A7kl 1,964 mg-COD/L, 48*17%l 1,530 mg-COD/LE
Azts]o], 27] FhE= divl Z7] 13%, 25%7F ARE
a1, AHFT (28847 Aloll= 788 mg-COD/LE 62%
7} AREACHFig. 2). Al e Zikd w58 bl
o2 HgEe o8 AREE A S 1xF Bk
o7 7Hsie] 1 ghs ARtk A T AR VI
o7 MATE T3 olfie AF A, vdEe] Ho A
7} 2]l (exponential growth phase)d wjol] 2Fol| AL
H7] wiEolm AF ol 48rtelglE - &R A)RE
BT AFEA7] welt). ol ez Alkkd, Aik
o] MEH o7 ZFojui= 48A)7F o] FAL 13} whe<:
% ZF(pseudo Ist order reaction coefficienty= 0.0033
h™'o]lt}. Sold A2, 487t o]$HE 283X X7HA] A
AE AEE 271FE oMl oF 6%(27 mg/L)Seol H
dl, 22 AE B9 AvE PEe oF 742 mg-COD/L
. C|EAH0F 27 mg/le] EiAE AlASR= Hlell
o3 g oF 35mg-COD/LOItHEq. 1). &y &
R FEY S o]EF ARFHT} of 2168 o)do]

ek ol @dn FasH vlEe] 9 T3 B¥E
o]

3.3. X SUHESINE 0|26 ZHEAMY Zo}
3.3.1. 34 FEAsA Y] FEE A7
APAHS o83 1A FEAsA ] FHUE
Az}, 1A FEASAE AE FIARK 3811774
A&H oz G WEsh= Aoz Yepdth A3 2]

o)

A%
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Fig. 3. Change in molasses concentration (expressed as molasses-
COD) from effluent in the column.

of 3} HEF 1A FUHIAE FIAR] Sl=FA =
ZANGAEZLHPMC)S] FHE-02 UL vjoks

=319t HPMCE BlolA] B4, vk w9 &
olM= & galElo] FAdo] = FRolE §AS Bt
= Edon Egewolx Ag Wlsh= 445 7HHE
W 9], 2007) FEEAVT AelrAR FEEsH 8=

= A& "okett &g, HPMC o3k 83
Alell= pHell #AIglo] A3 88ll&=E 7=
g 9], 2007), A3lre] Aol BAIGle] LrgstA
WA ¢ Itk 43S 7HAAL Sdok o] ol
o 3] WEEH xslEko] ol28 el
5] £ Aol AMSE AR SA e
8 AEHS, FEo] "oz =] A SH
Z(COD)E viEo = ARt 248 A& £ 654]
A G &8-S 64.6 mg-COD/L - h, 2157ZW7HA] 12.1
mg-COD/L - h, °|$% A% F5 A7 4.4 mg-COD/L -
he]Ach(Fig 3). eyt 7] &L AskE 849 5
ZB.2Lpl B 295l yAFEEsAT FdE 24
oM A=E AapEolug, sl 5o g tad
WAl FEt s HellMe] WEs-5 rleile &
=0 wEA, @ e @3S AFS tieelx] A
FLASA ] T gl Ui At Dasith
ARoR 498 B TEE AT 1278-6,744
mg-COD/L, 24 1,169~3,406 mg-COD/L *H$IS1
ThFig. 3). AE F2HA APA FEY 2,720 mg-
COD/LY] HoRRl= 8-S At QEN} HFAE 3
B Ao 0% AE AvEd, FE8Re Bl
(Dispersion coefficient)’} 1.272 em*hrZ BIRFAY B2
I} Ak wBE] o) EalEA] v S BRI
FHAEAY AAF R BaHA] Fe Ao weixct
(Fig 4). TtA 27§45t 25 A8E A58t
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Table 1. Changes in molasses concentration by Pseudomonas sp. KY 1 in the column

Elapsed Time

Molasses conc. expressed as COD (mg/L)

Uptake by Pseudomonas sp. KY 1

(hr) Influent” Effluent (mg/L)”
27 1,278 1,169 109
73 5,706 3,819 1,888

361 6,131 3306 2,825

381 6,744 3,406 3338

*Molasses concentration released from the molasses-releasing test reservoir with time.
“The difference of COD between influent and effluent concentrations

1.0 r ,‘;‘e..
0.8 1

0.6

9]

-

Q
0.4 1
0.2 1 D, ; 1.272 cm’/hr

V, ;3.972 cm/hr

0.0 & 2 ; : .

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Pore volume

Fig. 4. Breakthrough curve using molasses as a tracer (D,
Dispersion coefficient; Vy, seepage velocity).

ulazsie @Adml gl ol Azhy
9 208 ST 4 0 2 A7 A8 Aol
7} BRI 208k AR o

1508022 %—8— ]Zl Aoz fodrst T MRS
Ag=8ted COD =5 57 - BInSPA Pseudomonas sp.

o

KY1o] &gk A)7hE 3 AREgS 248 ¢ o 2

Aol FUFS fEF AR BY A A
Q7] Wl e B 2w A& oA
9, WA AE7IRe] 22,8608 (81 TEidch

15049 ZJol= FAJEISH 7k HAolng FYU Al
At Fdret fET AlES B FEE Bl
Y AREES ARESITE Table 12 7 ARt SAg
29 Fdret 25572 CoDE K FE FEE H)
wgk sEolvh. 274 A3 Al ZY 7] COD &

£ 1,278 mg-COD/L, &5+ 1,169 mg-COD/LE &
7t frdgeell BIgl ©F 109 mg-COD/L B A&t
aglar 7} 73, 336, 381AIZE A Al BHE FY5Y]
COD &%+ 7} 5,706, 6,131, 6,744 mg-COD/LO|1L,
259 COD F%& 717 3,818, 3,306, 3,406 mg-COD/

Fig. 5. Scanning electron microscopy image of Pseudomonas sp.
KY1 on Ottawa sand granules (x 10,000).
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Fig. 6. Changes in nitrate and nitrite concentrations during
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