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Role of sulfate reduction and sulfur oxidation bacteria on denitrification using disposable chopsticks
as organic carbon source

WFAK, MART

Takahiro YAMASHITA", Ryoko YAMAMOTO-IKEMOTO'

ABSTRACT; Denitrification using chopsticks as organic carbon source was examined in an anaerobic-anoxic biological
filter reactor and an anoxic biological filter reactor. In the two phase anaerobic-anoxic reactor, sulfate reduction and
acetate production occurred in the anaerobic bed packed with chopsticks. In the anoxic bed connected to the anagrobic
bed with chopsticks, sulfur denitrification and heterotrophic denitrification occurred. In the single anoxic biological filter
reactor, denitrification and sulfate reduction occurred simultaneously in the anoxic bed packed with chopsticks. The
sulfate reducing activities of the biofilm in both reactors packed with chopsticks were high, meaning that sulfate reduction
played an important role on decomposition of chopsticks. Microbial community of sulfate reducing bacteria and sulfur
oxidation bacteria was examined by a FISH method. Desulfobulbus spp., Desulfobactor spp. and Desulfonema spp. were
most common sulfate reducing bacteria grown in the anaerobic bed of the two phase reactor and the anoxic bed of the
single reactor. Thiobacillus denitrificans was also observed in the anoxic biofilm with the chopsticks of the single reactor.
It was observed that Desulfonema spp. was attached with Thiothrix nivea, and sulfur oxidation-reduction cycle was
established in the biofilm under anoxic condition.
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2.1 ERIERE L EE T

FRAHEOME A Fig. 1 1ORT, HE 11, SEERE A EEL, PR 100mm, &S 260mm OF 7
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Table 1. Artificial wastewater
Substrate Reactor 1
(mg/)  Column 1 Column 2 Reactor 2
NaHCO, 35 0 35
CaCl, 46 0 46
KH,PO, 46 0 46
K,S0, 58 0 58
NaNO, 0 170 85
Column 1 Column 2 conditions anaerobic  anoxic anoxic

Reactor 1 Reactor 2
Fig. 1. Experimental set up.
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HIZ, TN 13 FEFHEE L LT ARBES, E7SFEE L THEBBRZIMLZb0TH D, T3TD
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Table 2. Experimental conditions using the batch experiments

Exp. No. S1 S2 S3 N1 N2 N3 SN1 SN2 SN3 TNI1 TN2 TN3
Lumber

Aspen - O - - O - - @) - - O -
Cedar - - O - - ®) - - 0] - - o

Minerals (mg/1)
NaHCO; 35 35 35 35 35 35 35 35 35 35 35 35
CaCl, 46 46 46 46 46 46 46 46 46 46 46 46
KH,PO, 46 46 46 46 46 46 46 46 46 46 46 46
K,SO, 58 58 58 0 0 0 58 58 58 0 0 0
NaNO, 0 0 0 274 274 274 274 274 274 274 274 274
Nay$,0, 0 0 0 0 0 0 0 0 0 83 83 83

23 BRI

SPEREPN OTRASHE TTANE & RAERA IR & ARSI ZEMIE - D\ C FISH VEIC X ABEET 21T o 70, 3
B2 BV 2 16S IRNA 28 L L= DNA 7o —71d, Table 3 1N TS nMiiEs 4 —7 v b L
o —77 5 f (660, 687, 221, 129, DMNAG657) , Thiothrix spp. & Z —%" » k& LIz 1a—7 4 (G1B, G2M, G3M,
G123T) BLUY, AR THE U ROEBZEME Thiomicrospira denitrificans 13 X (8 Thiobacillus denitrificans %
H—ty N LTz r—7 (TMDNI1061, TBDN1441) OFH 11 ETH D, GI123T D7 2—7 D, FITCIZ L
DHOMEER L, FRLSOT B3 Cy3 Ik R U,

Table 3. 16S rRNA-targeted oligonucleotide probes used in this study

b
Probe Specificity Sequence of probe(5' - 3") Target site® Fa ( ; c;ncn Reference
(3
660 Desulfobulbus spp. GAATTCCACTTTCCCCTCTG 660-679 30 Deverex ef al. 1992
Desulfovibrio spp. plus members
of the genera Geobacter,
687 Desulfomonas, Desulfuromonas, TACGGATTTCACTCCT 687-702 0 Deverex et al. 1992
Desulfomicrobium, Bilophila, and
Pelobacter
221 Desulfobacterium spp. TGCGCGGACTCATCTTCAAA 221-240 20 Deverex et al. 1992
129 Desulfobacter spp. CAGGCTTGAAGGCAGATT 129-149 10 Deverex et al. 1992
DMNA657 Desulfonema spp. TTCCG(C/T)TTCCCTCTCCCATA 657-676 20 Fukui e al. 1992
. e . Kanagawa et al. 2000
GI1B Thiothrix disciformis TGTGTTCGATTCCTTGC 1029-1046 30 Aruga et al. 2002
GaM Thiothrix eikelboomii GCACCACCGACCCCTTAG 842-859 35 Kanagawaeral 2000
Aruga et al. 2002
G3M Thiothrix flexilis CTCAGGGATTCCTGCCAT 996-1013 30 Kanagawaeral 2000
Aruga et al. 2002
Thiothrix nivea group, Thiothrix
? K . 2000
GI23T  disciformis, Thiothrix eikelboomii CCTTCCGATCTCTATGCA 697-714 49 anagawa et al. 200
- " Aruga et al. 2002
and Thiothrix flexilis
TMDNI101 Thiomicrospira denitrificans ~ CTTTGAGGTACATTAACTAT 101-120 10 This study
TBDN1441 Thiobacillus denitrificans GTCATGAAACCCCGCGTGGT 1441-1460 20 This study

* 168 rRNA position according to E. coli numbering.
® Formamide concentration in the hybridization buffer.
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—O— Suifate in influent
~#s— Nitrate in influent
~B— Nitrite in effluent
—t+— Propionate in effluent

~@— Sulfate in effluent
—A— Nitrate in effluent
—X~- Acetate in effluent
~<O—Inorganic carbon in influent

—o—Inorganic carbon in effluent

HRT 24 s | HRT 12 brs | HRT 6 hrs

80

70
60 |
50 |
40 |
30 |
20
10 |

Concentrations (mg/1)

Period {days)

(a) Column 1 (anaerobic condition)

Concentrations (mg/1)

Period (days)

(b) Column 2 (anoxic condition)

Fig. 2. Course of the sulfate, nitrate, nitrite, acetate and propionate

concentrations through the columns in reactor 1.
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Effluent >1T

SP1-4 X

Column 2

sp1-3 X
Influent
Effluent

SP1-2

Column 1

SPi-t

Influent /

] 20 40
Concentrations (mg/1)

(a) After 26 days

60 0 20 40 60
Concentrations (mg/!)

(b) After 94 days

(HRT : Column 1 12hrs, Column 2 6hrs) (HRT : Column 1 6hrs, Column 2 3hrs)

Fig. 3. Change of water characteristics in the reactor 1.
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Fig. 5 (CHEE 2 OFAKB &
UMK D/KE DR BB L%,
Fig. 6 |ZALEMHEAMOREE
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FHRSE ST LT, BeR RS
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7, EEEFROBEM T, 018
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5 Remained NO,~N
Denitrified by heterotrofic denitrification

Nitrogen (mgN/I)

Concentrations (mg/1)

H Remained NO,—N
& Denitrified by sulfur denitrification

HRT 12 hrsi HRT 6 hrs HRT 3 hrs

20

[]
1
k
i
1
1
|

9 15 22 26 37 44 50 57 64 71 83 90 94 100
Period (days)
Fig. 4. Nitrogen balance in the column 2 of reactor 1.

—O— Sulfate in influent

—/— Nitrate in influent

—&— Nitrite in effluent

—t- Propionate in effluent
——Inorganic carbon in effluent

—o— Sulfate in effluent

—A— Nitrate in effluent

-X- Acetate in effluent
——Inorganic carbon in influent

HRT 12 hrs HRT 6 hrs

HRT 24 hrs!
gy

0 20 40 60 80 100

Period (days)
Fig. 5. Course of the sulfate, nitrate, nitrite, acetate and propionate

concentrations through the column in reactor 2.

—(— Sulfate —Zv Nitrate {7~ Nitrite —X-Acetate —O— Inorganic carbon

Effluent Effluent <

Sp2-2 SP2-2

SP2-1 [>,< sP2-1 / <
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(a) HRT 12 hrs (After 26 days) (b) HRT 6 hrs (After 94 days)

Fig. 6. Change of water characteristics in the reactor 2.
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—@— Sulfate (Wihtout lumber) —&— Sulfate (Aspen) —— Sulfate (Cedar)
—O— Nitrate (Without lumber) -~y Nitrate (Aspen) —{— Nitrate (Cedar)
50 50 200 100 200
o 4 =M z -~ 80
=~ =~ 150 F 3 150 ;E
£ 30 E 30 = Ee &
© ° 100 2, 100 2
é 20 ® 20 3 ‘2 40 E)
5 £ @ = ®
) ] 50 = @ 50 <
10 10 20
0 : ’ : 0 . 0 0 : . : 0
o] 12 24 36 48 [ 12 24 36 48 0 12 24 36 48
Time (hrs) Time (hrs) Time (hrs)
(@ Exp.S 13 () Exp. N 1-3 (c) Exp.SN 1-3

Fig. 7. Typical results of the batch experiments using biofilm in the column 1 of reactor 1.

50 'ﬁ §%
E >
~ 40 < N
- =1
© =N
E 30 ] 5
Z 3
3 5
& 20 b 2
= © S
7] ® 5 "
10 + & -—@— Sulfate (Without lumber)
5 3 —— Sulfate (Aspen)
0 » "é —@— Sulfate (Cedar)
D 12 24 36 48 0 12 4 36 48 —o0— Nitrate (Without lumber)
Time (hrs) Time (hrs) —/— Nitrate (Aspen)
(a) Exp. S 1-3 (b) Exp.N 1-3 —{— Nitrate (Cedar)
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Fig. 8. Typical results of the batch experiments using biofilm in the column of reactor 2.
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&2 ELLEDHEETHITLIE Z & 0D, FiEETEIIAREOSMRICEE L QW e B BILD, £,
KRB T ORI & O T b RS EEN FRECH 5 L FHREND, HEE 2 OV SREEESFET
DEMTCE RSN TWRIC bbb, MR IIER 1 © 12 UL EOEERL QN D, FlREE
TORHE At M ZE A & Bl U TSI TRAICH DI bR 5T, BV RBESE TS EE R
LIz b, MEORICEEOBRABIRIEE L Qo EHEETH I LN TE B, —7, fhsk
RZEHE b, ANEZRIN LI 2 U EDEERLTEY, AEOSFREEIREBEITL TV EE R
BB, EBIT, EE 2 OEMEOMERESEE IO CGELS, MEOK 13 2o TV, TR
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Table 4. Summary of denitrification and sulfate reduction rates

Reactor 1 Reactor 2
Rates Anaerobic bed biofilm Anoxic bed biofilm
(mgCOD/gSShr) Without Aspen Cedar Without Aspen Cedar
lumber lumber
S1-3 sulfate reducing rate 0.32 0.83 0.72 0.22 0.49 0.47
N 13 denitrification rate 0.34 1.15 0.87 1.39 2.16 2.04
sulfur denitrification 0.11 0.13 0.13 0.85 0.75 0.81
heterotrophic
denitiification rate 0.23 1.02 0.74 0.54 1.41 1.23
SN 1-3  denitrification rate 0.26 1.50 0.99 1.62 2.41 1.83
sulfur denitrification 0.08 0.13 0.13 0.95 0.71 0.67
heterotrophic
denitrification rate 0.18 1.37 0.86 0.67 1.70 1.16
TN 1-3  sulfur denitrification rate - - - 2.42 2.43 2.17
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FIHESNTEY, 2EROEFRRED 5 b, FEMEN - CO R b o EREDS T T LR SN D,

33 BREEHDESTMBREE L OB L R O BEEATYT
1 DAY AYIEN R EIESBIR S h T, 0, Bl I, 2ROMERZERL, »

Py MR LT RINERE B VAR Thiothrix spp. S KEIZEED O, & 2T, BlHEE oM & okt
WEABR(LARE Thiothrix spp.3 & OB EFRAEE ORMEIC OV T FISHEIZ X W BRAT L7Z, Table 51, €41
FOREDEMENOGHERIE 2R LT 5, BARIEE b1, RESEETHE B E TRH S,
B 1 OERSRIEYIE T, 660 70— 7 CRERMR A 7T Desulfobulbus spp. & #EE SV DA, 129 7
0 — 7 CRRARE N T Desulfobacter spp. & HEE SN HHIE, X UTDMNA6ST 7' —7 TRERMIH
SeE Y Desulfonema spp. & HEE S AR <Mt & 3T, Desulfobulbus sppd 7 v &7 BR% 2 Wi S
THfRL, Desulfobacter spp.X°> Desulfonema spp. | 3Bk %E EIRIFT5 Z L BB THWD Z &b, H1Hl

(BRXHE) CTOBPEOAR L WO TV EHEEIND, —T, B2 OAWIRTIE, R n
— 7 TR B ST, AT, BSEDETTEESE 1 O 1L 2 U DA L L b
LTRY, BRI EEE AR R TIREL Q2 L HET S415, TR 12 IR T
TREEHDRTTARED LN OV AAREDIEA SR L=k, N4 6 IFICE R L, HBE OB 2338
DB 22T 40 ALLERSE L7 b O Th 5, BlEHR Tl S FERE R 217 > TAEMBPIZTHEL T
W, b LAY THRBEBHDE TTAEST LT 508, BB Lo THBMb SR, BiRREOR
NRDO LN EPHEE SN D, & 61T, Desulfobulbus spp.3 &2 O Desulfobacter spp. & #EE S 614
MIOESCTAEPIEPNIE S BRSNS, Desulfonema spp. & HEE XL HME D% %, SIRMEME Thiothrix
spp. DO b ORI E L THEEL TV D Z L BRI,

Thiothrix spp. %Rt $ 3
Tua—T BRI SIZIE,  Table 5. Community structure of sulfate reduction and sulfur oxidation bacteria
G E A - HICTEEL in the analysis of composite DAPI and FISH images
ToRRMEEE T G123T 7

Reactor 1 Reactor 2
TS Bt a 2o —
BT TR A Probe Specificity Anaerobic bed Anoxic bed
L, G1B,G2M, G3M Tl biofilm biofilm
Seokt E Nt o 660 Desulfobulbus spp. 3s 43
Ty O T=UT O Desulfovibrio spp. plus members of
ﬁ‘:ﬁk T 8D Thiothrix nivea 687 the genera Geobacter, Desu{fomO(tas, 0.0 0.0
s 3 Desulfuromonas, Desulfomicrobium,
OB L —B LT Bilophila, and Pelobacter
TeZ Enh, AR 221 Desulfobacterium spp. 0.0 0.0
13X Thiothrix nivea group | 129 Desulfobacter spp. 6.7 7.3
Wi = LR TE D o DMNA657 Desulfonema spp. 8.6 5.3
- 3 .=
Thiothrix nivea group I3, fit GIB Thiothrix disciformis 0.0 0.0
V¥ % Wl T T
X270, WP SR A G2M Thiothrix eikelboomii 0.0 0.0
A (Y
KEIZERET 5 T E K G3M Thiothrix flexilis 0.0 0.0
ThdD, Fl, BFZHE Thiothrix nivea group, Thiothrix
N G123T disciformis, Thiothrix eikelboomii 27.0 48.0
| ,
& LCRRERITT S ‘7))’_ and Thiothrix flexilis
THR 2 TANERE £ TR
THIERTESL, HE TMDN101 Thiomicrospira denitrificans 1.0 1.8
° TBDN1441 Thiobacillus denitrificans 0.8 69

T, REITAEL 2 Probe hybridized area / DAPI stained area (96)
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DS, BEBERIEE L0010, TR mllEc X » TR SN RO —E 28 L = b o L
EEND, —7, EE 2 OEMIEIL Thiothrix nivea group 75 & 0 2 fFEL Q2 HANBREEOARNFED
LT T D, YR TH Thiothrix nivea group VHETERESR DIHE DM IHBIE OBREBIE~DOF L b -
TV EHEEESND, Al Lk 512, Zh s OfIFED 2 < B CRRFEEE TOMIE Desulfonema spp. 3% < 7
EL W Ehs, WENITE UAPBEN CRECEBLETY A 7 AP IS Tt b BEZ 6D,

FREREHIE B Uiy, AR CElg L7 o —T7 2 E VTR AT o7, BB 1 T, @i m—
7 TR RA R EOE & R T I3 T e o 7S, SEE 2 T, TBDNI1441 ([ZRFRIZRFOEERT
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