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Fig. 1. Experimental set up.
Table 1. Microbial supported media
; Packing
Lumber Size (mm) votume () HRT (h)
Reactor 1 Cedar 20%20x10 180 12-24
Reactor 2 Cedar 10x10x10 180 12-24
Reactor 3 Arborvitae - 180 12

Table 2. Experimental conditions using the batch expetiments

Exp. No. S1 S2 S3 S4 S4m N1 N2 N3 SNI1 SN2 SN3 TN1 TN2 AS! AS2 AS2m AN1 AN2
Biofilm O O - 6] O (e} O @) O - [@] - - - - - -
Activated sludge - - - - - - - N - e} o) e} O o)
Lumber
Cedar - @] - - - - O (@] - - - - O O - O
Cedar in the
reactor O O O O O - ¢}

Concentrations

(mg/)
sO” 32 32 32 32 32 0 0 0 32 32 32 0 0 32 32 32 0 0
NOy 0 0 0 0. 0 200 200 2006 200 200 200 .200 200 0 0 0 200 200
$,0." 0 0 0 0 0 0 0 0 0 0 0 18 118 0 0 0 0 0
MoO,” 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 62 0 0
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Fig. 2. Course of the sulfate concentrations in Reactor 1. Fig. 3. Change of water characteristics in Reactor 1.
(61 days HRT 24h)
Table 3. 16S rRNA-targeted oligonucleotide probes used in this study
b
Probe Specificity Sequence of probe(5' - 3) Target site” FA (;(;ncn Reference
‘0
660 Desulfobulbus spp. GAATTCCACTTTCCCCTCTG 660-679 30 Deverex et al. 1992%
Desulfovibrio spp. plus
of the genera Geobacter,
687 Desulfomonas, Desulfuromonas, TACGGATTTCACTCCT 687-702 0 Deverex ef 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 ef al. 1992%
DNMAG657 Desulfonema spp. TTCCG(C/T)TTCCCTCTCCCATA 657-676 20 Fukui et al. 19927
TMDNI101  Thiomicrospira denitrificans ~ CTTTGAGGTACATTAACTAT 101-120 10 Yamashita er al. 20057
TBDN1441 Thiobacillus denitrificans = GTCATGAAACCCCGCGTGGT 1441-1460 20 Y ita ef al. 2005

* 168 rRNA position according to E. coli numbering,
® Formamide concentration in the hybridization buffer.
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Fig, 5. Course of the sulfate, nitrate, acetate and inorganic carbon concentrations in Reactor 3.

-172-



—7F, MBKROFEEITFED N, DOCERE LT
R EEIRUNERE3 L HIZDOCOEMEIE & A YRYD
B dol-Z Ehb, KEOBRT L > CHEfREDE
BmFE+ 5 2 LidnwZ LR SN,

—@— Sulfate —8—Nitrate —— Acetate

Effluent 4

SP-2 ¢

SP-1 @

Influent ¢
"0 10 20 30 40. 50 60

Concentrations (mg/1)
Fig, 6. Change of water characteristics in Reactor 2.
(94 days HRT 12h)

—— Sulfate —#—Nitrate -#—Acetate
Effluent.

SP-2

SP-1

Influent
0 10 20 30 40 50 60

Congentrations (mg/1)
Fig. 7. Change of water characteristics in Reactor 3.

(51 days HRT 12h)
Sulfate  Acetate Bicarbonate
AS 1
AS 2 —O—
AS 2m —X—
50
S 40
E
2 30
8
B
..é 20
o
s 10
Q
0 £ &5
0 12 24 36 48
Time (hrs)
(@) Exp. AS 1-2and AS2m

-173 -

Q) EEERICEIEHONRIE

Fig. 9i3EBR & LCAWEEEERE AV CESE
BEIT R ol #ERE 7T, Fig 9 @IdMBELEhEE
R4 (Bxp. AS12and AS2m) TITo 7B 5EER
WREBHE L= bOTH D, BHERML TRV E.
AS D& ERI L7=(EBxp. AS 2) TiIV v iU b BB 3
Wb LEFEEDMAERR LTV 2, FRBMEETEEICITIE &
AEERIDNT 2B, LizL, Exp AS 2T,
Exp. AS 11 Y bEHRERENREL 2o TNE T &b,
MM EEEERCIMT 3 2 Ltk b, FMERSh
DI EBbrs, EbiT, Fxp AS 2mTEY I ER
U CREEEET A U C b MR ENE D bz
T Enh, FEMBROMBHLR OB DS X
HERRAERICIZE A FBIE LTV ez Ldbins,
Fig 9 )RR 2 St A E % RV et (Exp. AN 1-2)
ZBWTYS, EHOFEIZETD b HENRET LI2s,
P BTN U T4 Exp. AN DM ML T
TROEEp. AN D& bREEBEOBDBRENI L
5, ¥MHEBRECHAWD Z LOTE SMEIFELTY
oz L Bhhd,

30
® Reactor 2
25 [ o Reactor 3
20 | 3o S
L
15

Increased inorganic carbon(mg/1)

60 80
Decreased nitrate(mg/1)

Fig. 8. Relationship between decreased nitrate and increased

inorganic carbon.

Nitrate  Acetate Bicarbonate
M —O— ——
AN2 O e .-
300

.
)
E
2
.2
S
[
]
3
g
[=]
[¢]

0 12 24 36 48
Time (hrs)

(b)Exp. AN 1.2
Fig, 9. Typical results of the batch experiments using activated studge.
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Fig, 10. Typical resuilts of the batch experiments using biofilm in Reactor 1. (125 days)
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WL L 5 ICERERE N CORBNE TR IIE V£
RWEBEOESMEEP-To, T, B8ERW
7235481, BInEERAVWESEI b, AEERNOREK
DFPERBRE R D), ERERNEL ko
&b, EMEONERPIEM R WIEE A OB
ST ZENFREELZONS, EPEOMNEREHEKX
B LR TEIIBEE LT D Z LBHRETH
BLEZLND,

HEIRERAA202 H H OEE2 TR, BRI DICHE L
T AR AR T, MBS, B
REMEAIAE LTV e85, BIVEEZTHEL
T2 AERNO GBI 2 50N U T2 356 ORISR
13087 mgCOD/ESSIrTH D, FIVFEELHMLBEETY
115 mgCOD/eSShr Ch o7z L HEENTEY, RERD
EEOORETEEOFRAEVEZ R LT, HKHEA
PR & D, EBORRIZ LTI EERHELTS
ZEBTEDRREMERH D B LD, T, BiE
AW RBER TSR EB 1O AYIERONRE T
Y, FAMEOBREEN: L 25 L3HHEVMETH - T,
HHREDOINHE U YT, HOSickoTit
RENTEEME ROV RERFTHET L Qe LB 2
bha, B EREESMERERERED18THY
TREDETIEE & BT 5 L V2 O VMR TR L OV D
DI, Bt DIREPERO YN ORISR TR

LV ERENTHFIHEFHL B LEZXL LD D,
MERLEEE T AMEBNEIC X2 bOTHE EEL
FBRRYETHS I,

—7F, HEB20OHRKNEOEYE OB S TR,
HEREOEBI L FRETHY, BEANTICHEMEGS
TEHBEASIE L TN D Z L dsbind, i, AL
HE L7 & il 5 L RPN A IO R 5T
TEVERSRE, BB EERTLSEDEER L TV D,
EYBEOTE AR BARER ST VECH D
2L, ZHAPSROMISREROBEIRERY - O
BECHY, HIEFOLEDESD Y OEHETIE S MNE
VETHD LHEESND, Loz Lnb, BENET
FRESEE TS & BN SRS L, KEOHRIC
PES FRRRHEIRT &, BB TRIC X 0 AR LRt
RO BEREIT L OV LHEE C& 5, BRI
8 BOSERO%ZIC, HHEEDLZEEICH E LT
HERERRE LTz, FORER, BIORUIEL S g
U728, HEONN AYIEOHETHIL X b T,
HEERRLA4190 BICIXHBAEYE 255 = LR CE e
S70DC, ZHREOHTEGEREIT>T, LiL, #
RAERAEYEOEN 2 RIE U R, 220 B OHEAE
PRS2 < THE LR L 0 b\ O BRBIE R TIE %2 R
LT, SRR EOEROMEIC L BN TO
PR rMRE S h, BEICEEREEZH -V
EHEIND,

(4) BEMEETHIE DBERT
Table 5 {22 1 & HEB 200 HBEAE DR ORISR TR
B E RS ORI R AR T, BEBITH,

Table 4 Summary of denitrification and sulfate reduction rates

Rates (mgCOD/gSShr)

S14 N1-3 SN 1-3 TN 12
sulfate reducing rate _ denitrification rate denitrification rate sulfur denitrification rate
= Attached biofilm 0.13 - - C
b=
— 8 " Biofilm inside wood 0.25
o P
3 23 .
§ o & Attached biofilm + 0.51
o 8= Cedar ~
g Attached biofilm + 034
~ Biofilm inside wood )
Attached biofilm 0.04 0.38 0.35 0.86
" Biofilm inside wood 0.19 0.84 0.86 1.16
g 2 .
= © Attached biofilm +
(.g é g Cedar 0.06 279 231
§ 2 Attached biofilm + 015
~ 'g Biofilm inside wood :
g w
>
2 Biofilm inside wood 026 093 0.74
5
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1207 v — 7 CHEAREOEI R H X3 B Desulfobacter spp.
L HEE SNUAHIE & DNMAGST 11— 7 CHRERAG 72808
B S 4D Desulfornema spp. & HEE & N D HIEME /S
LTV, B0 ERHAWEERTH, RS
PREHENTRBY, BEEGFTOREOSETHE, =0
FBADREEHR AN B SRNCERET 5 L e Xh
7oo UL, BV Z% AV ERRTIL6607 11— 7 Tl
B 8% TS Desulfobulbus spp. L HEE S HHIE S
B EN TR, AEECIHIZE A LRI
D7, Desulfobacter spp. B U\Desulfonema sppt35e5ik
FIDORHBIEBTAE THh Y, Desulfobulbus sppdd 7 o A
VR E RS E CHRT A RSB B OMBMEDE
T TH D Z LRI TWEY , REETRELER
(PR ORBIESETAESRE S h ol Z Lid,
REPICEER S SN0 o 2 &, RO ERORE
B CHERERTIC A D BHROARAFR0 bR o Te T
LL—HLTVWe, LaL, ZOFEREIIEVEEZA
WIERA LY BANEWERRLTED, ZOMMoEEE
BTAE LIFE L TEREREENDS, —F, BED
043, ISR ORBER TR OW TR L
FER, Desulfobulbus spp. 1 U'Desulfonema spp. L HEE 21D
SRR ENZ Z L 2HE L Tn5, KREEZTTELUHK
REMCEELTR Y 2 L2k, EHBERPCEEL
-SSR TS OBENZ L L, e B OREEE
BTHEMELEREL o bD B BND,

—75, EE2TIE, EEREAeH B (RESMENOE
BRIV ELTORR) i3, EEILREC
Desulfobacter spp. & HEXE S BHIEE & Desulfonema spp. & H#E
TEENBMESE SR &Nkt L, EiERRE
2928 B (23 Desulfonema spp. & HEFE S5 SR o
DHHRRH Sz, BRGMTHEE L = Desulfobacter spp.
& Desdfonema spp.0> 5 b SRS Tl Desulfonema spp. 3
HEOIMNR -T2 b O L HEE SN D, HENEBObE

B E <, AERE VB ER T HOEmROAE
BAFD ot Z &b, HENEHOSERIRIC
Desulfobacter spp. R L TV Z BT END,
7, HERZAE TIE, TMDNIOI Y o —7 CREE
7R E % RS Thiomicrospira denitrificans & TBDN1441 7 11—
7R R 78N % TR Thiobacillus denitrificans DR &
TeoTedd, WMRSEMHDOEBIDOEMENIZHLTINTH
LOVEE R S, EENCITMEBEOEHRIT b
STREERCEEBRRIEEN WD, Zhbo
NIRRT LT (b s> QO LR
ahd, —7F, EE2THE, ThLABEORENZEHE
gL A SR SRR ST, BRR LIz X D1, FIEE
WIS OTRRELR TG MEME o 1o o, B EME D
BERIERIC ol b2 bNE, EVEEZRN
-4 1& X, Thiomicrospira denitrificans B O Thiobacillus
denitrificanstZINZ., Thiothrix nivea groupSHiBAER ORI
OB B ENTD, AEE T, Thotricspp.b
Folo B &N ehol, THOOMAEDIEDEN
2, BEFEEOZERICHEN - bOEEZILND, NEH
% FV - ISy ERCIIE SR R L QD &
2, {EEPE AR EME S E < FHEN T
WiEEEZLNBH, BANETICHEEE U /-5 OFISH
ETORE L CHBRAEANEAEDED 5 ODNARH %3
BI=h, BHEETHoT-Z &b, 5%, DNAMIH IR
WZOWTIRETETT 5 WENH D,

PLEDRERMNS, EBENOMAEH OB E 2Fg 120 X
HSHEETZZ N TE D, FHEEMIRIZY, REAEE
TENIES CldDesulforema spp. & HISRFRAENL SR 23 A K B
SROBEHEBRA L, WEEEREREIMES LT
oL HEEND, —)F, HEVFRICIY, Desdfobacter spp.
72 ¥ OWMBEHSE TR I 2LV v — X OS> Tk
ABEARL, TOITGEETERINEFILKE LR
HREEIRRET 5 L & BITRHERIT LWV SO

Table 5. Community structure of sulfate reduction and sulfirr oxidation bacteria in the analysis of composite DAPI and FISH images

Reactor 1 Reactor 2

Probe Specificity 125days 96days 292days
Anaerobic bed Anoxic bed Anoxic bed
biofilm biofilm biofilm
660 Desulfobulbus spp. 0.6 0.0 0.1
Desulfovibrio spp. plus members of
687 the genera Geobacter, Desu{fomo.nas, 0.0 0.0
Desulfuromonas, Desulfomicrobium,
Bilophila, and Pelobacter
221 Desulfobacterium spp. 03 0.0 04
129 Desulfobacter spp. 1.7 1.4 0.1
DNMAG657 Desulfonema spp. 2.1 1.8 27
TMDN101 Thiomicrospira denitrificans 0.4 0.0 ) 0.0 '
TBDN1441 Thiobacillus denitrificans 03 0.0 0.0

Probe hybridized area / DAPI stained area (96)
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Fig. 12. Microbial reaction model in the biofilm of the anoxic biological filter reactor packed with cedar.
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Role of sulfate reduction and sulfur oxidation bacteria on denitrification using of cedar
as organic carbon source

Takahiro YAMASHITA!, Ryoko YAMAMOTO-IKEMOTO'

!Graduate School of Natural Science & Technology, Kanazawa University

Sulfate reduction and denitrification using cedar as organic carbon source were examined in an
anaerobic biological filter reactor and an anoxic biological filter reactor. In the anaerobic reactor packed
with cedar chips, sulfate reduction occurred and bicarbonate was produced. It was estimated that sulfate
reducing bacteria utilized cellulose. In the anoxic biological filter reactor packed with ceder chips, nitrate
decreased and bicarbonate increased. It was estimated that heterotrophic denitrification mainly occurred
in the attached biofilms, although sulfate reducing bacteria coexisted with sulfur denitrification bacteria
inside of wood. Microbial community of suifate reducing bacteria and sulfur denitrification bacteria was
examined by a FISH method. Desulfobacter spp. and Desulfonema spp. were most common sulfate
reducing bacteria detected in the anaerobic biological filter reactor. In the anoxic biological filter reactor,
only Desulfonema spp. was detected in the attached biofilm. Sulfur denitrification bacteria such as
Thiomicrospira denitrificans and Thiobacillus denitrificans weren’t observed in the attached biofilm.
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