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Set point of the water treatment apparatus in the paddy
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Table 1

Outline of the Water treatment apparatus

TREEALREE N I L 7oK R

Charcoal volume in the water treatment apparatus

Ko ARSI
R TR G =
[%] (kg] [kg]
1B 50 0.30 0.30
2B 70 0.40 0.42
3By 90 0.54 0.54

e, ZEENTOREIE L. 72, WY 4FLTEE
RIICLY, EE LS OKDBAN RV, HEEI,
EWLRT 70 VTER L7 O (LikIZEHEE & i)

ENERBERVEET 7 ) VTIER L2 b0 (Dt
SedeiE & RKEL) O 2 E LC2KMDT A ¥ A—F (2,
FNFNEHRE L2 2, ALRIE 7 &0 UG
W05 B EOOBEEZ 2T A 2 LB TS
720OTH b,

Table 1 |2/ EALERE ICTH L 2 RROEE 4R T,
AREE= S (2007) 12 & 0 e b HEYIERLEN S E W
& EN721050C THEIL S N2 A X O R E A L 72,
F72, KREEALRE I LRI, KRB (bR ERE
BRI, FE2ORKEOBMK TN T 202 FHidT5
72912, K & D P TR O A e & B L 7214
BRIEHIMEE (30T) 1BV THRIE2bDTHS,
BB DORFIZERFE 6% TH o 720

3 BZEEMERHR

B IR E L Ch L REE LGS, HEORKED
L# 1 Atk (200748 H6, 7H), #24 Ak (2007
£9H2 3H), 3~ H% (200741079, 11 H)
WIEEMI A2 L TV A R A BRI 720 ARIZZEE D
BB, 2B WI3BO3 NI, LIRIL /2 BRI
B, 2l A, S A TEBE OO AIEICB W T
B AR Y O 7w X9 IZERIL 720 $RILL 72K % 3
HRAET 100g %2 HZEZ, IL DK T A=A 75 A3
BAL7z0 KRB AS72Z/7 T A 2 EERBH 0%
B % 300mL N L7z, FEBRPIEEFE L BA L ERES
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P& RFE S, WA 2 i S 7z FERRPIL, SEERRAAA
By, EERBAMGA, S 1, 3, 6, 9RO S MERAKL T,
2 T NOy-N R & HI5E L7z,

I8, 28 0 1 A B AU BR 0] o FEBR U A L 7 A O MLRR L,
FEEILH 7Y CHL0, : 113.3 mg (45 mg-C), KNO, :
101.1 mg (10 mg-N), NH,CI : 10.7 mg, KH,PO, : 1.82
mg, Na,HPO, - 12H,0 : 7.17 mg, MgSO, - 7H,0 : 9.0
mg, CaCl, - 2H,0 : 1.4 mg, KCI : 3.6 mg, EDTA : 0.3 mg,
FeCl, - 6H,0 : 45 ug, H,BO, : 4.5 pg, CuSO, - 5H,0 : 0.9
Mg, KI:0.9 pug, MnCl, - 4H,0 : 3.6 ug, Na,MoO, - 2H,0:1.8
ug, ZnSO, - 7H,0 : 3.6 ug, CoCl, - 6H,0 : 45ug & L7z,

4 KBHHH

IKIEE O DOC, BAFREERIREL, 2TV 74
V% (L% 0.2um, Advantec) TH i L 72D A o
JEFE L L7z, DOC 1E TN #lIZEZRfF & TOC & (TOC-Vepn,
EEEBERNT) TNPOC & LT, NO,-NixAf+ > u~
k25 7 (DX-320, Dionex) G, DN i& TN illl %€ #51) &
TOC &l (TOC-Vepy, BEHERT) THAT L 720

5 X/ 5o
g G AR R B & AR, BRI L 72 KB SRR 22 & F
J R B L. ¥ IR E o SRR
lZz7auaR)Vas - X5 )= )VREW (2:1viv) ZiFRML
T—BpRE ) LTI L2, it o —% 1) —x
ARL—% (RE400, Yamato) |2 CHZ[E SH 7z, W EY %
AFA L THIH L2, B — ) v Y (Sep-Pac
Plus Silica, Waters) 207 S 72, BB S — ~ 1) v
DIWEEEZFX ) ohs, 2%V TF NI =T )b - A
FHOWEHICL ) AFF ) VR, 0% TF VI —F
Vo AFFVEBICE VR ) R AL 225, FEE
O—% 1) —T/)NKRL — % Tl S ¥ 72, ol L72&F )
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250mm), Aglent Technologies) #2%7 L 7z@ ik~ o
< M5 7 14— (SCL-10AVP, B8 i) 12X 1) 48k
LT, 74 M AF—F7 L AME (SPD-M10A, 5
HEBLERT) 12X XFF 2 1F270nm, LEF ) U iE
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L 72 I 22 1 MR AR BRI B W CTREFRAY 22 NOS-N I
BT EZHE L7 RRIENO, 1T AEWAEL R\ E
DOREND 5720 (FIZ2IE, FF - /A (1995)), Ziud
BENOARGRFEN AT L 7B st W20 7 I 2315
BEHLTWAIEZRLTWDEEWVWR D, T2, 95
BBE 7 & e 2558 B3 5 1258V NO,-N i FE %° DOC it
BEOMTHE, 2%, HEHEINKT LT AT
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WSS A B Z2 R & L 72, Table 2 [CRKREEH 72
DOREHEL T L DL, RPTOREEEIIARKROZ
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Influent flow
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7/2 7/17 8/1 8/16 8/31 9/15

b) &WILEE
Transparent apparatus

7/2 1/17 8/1 8/16 8/31 9/15

o) WEELEE
Light shield apparatus

HEEALZEE AN DWAIKE & AR E AR R

Water treatment activities of the water treatment apparatus
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Table2 [A53EERIC X BHEHED T L
Results of denitrificaion batch experiments

1A% 2H % 3H%

1B - 0.43 0.60

B E 52 B - 0.42 0.38
55 3 Bt - 0.74 0.37

% 1B 1.15 0.98 0.81

JESGHE 52 B 1.33 0.44 0.69
3B 0.46 1.03 0.61

BT © [mglg-SS/d]

PRERM) OMEL Lz, EPTOREHEEIIARD
VIRE R M) O L Lz, BHEEORE,S 1H
BoOT— ik, RERICBWTHEE S NO,-NEEOKT
DVHER SN 2o llzdT =% LE Lo KiRERED
7o) SR, EPIREI I L GERREATE
fEITZ 3 > 72

3 X/ HWER
i 22 G P R E B & AL, RSB D S IR L
TeRREEASF 7 YEAHLL, ¥/ v 0EFE%
RiROHAERL ) oaHR (M) TRl 72,
Table 312Kk HHIE - BB Lo EF ) & X5 F
J UV EERRT . —RIIMAEMNIIFSIR 2 T A B
U %, BEENRE T LB A TR Y EFIRT
LEEDLNTWA, X/ VT, EREENOARE
HICIE L C, BHEENORKER > ST S -+
J VEFEWEBNICSH o 7z L VR R$IREE L
THHEENIAFTF ) 28X ) VOEVLKTH D
MK/Q Lt i3 ZEPH3E & C© 1.41 ~ 3.38, 2% 1E CT1.49~5.13
THoTzo 2ODEED MKIQ HLICHHIEZR Z=IZ R VW24
LTho 7. MKIQ ML, —#2M) 72 K BREE Tl 0.14 ~ 0.54,

THEBREI T 25 ~34 LOHENH L (Ff, 1992),
KRIRFHOBESE, THEESIGIVWERETHLEEZDS
b,

X UM oORE, 3HEBEO X v LD
AT X VAWM - ERm SNz, Figd IR S b E
FZBRORFEPSEIL72F )~ OSREREERT. &
PHEEE 2D 3 AR TOBELE: ) V28 Q-10 725722
LRI, BHEELELEEL QICELY ) Vi
MK-6 TdH o> 720 F72, ZHEETIX, 2% Vi
Q-10 > Q-8 > Q-9 & 7 ZfHIMAY, #ILFEE TIE, Q-10
L Q8 AMAMEIZE {, KWT Q-8 & 4D MHIANS
N7ze XF% 7 2Tl MK-6, MK-7, MK-8, MK-8(H,)
DEH R ENEANZ D o 720 GRS E2FH L
T2HBTH T 7K 70 & OIFRILERIZ A 5 N b — i 2 EIf] & L
T, 2EF ) OS54 EERIZ Q-8 > Q-10 > Q-9 DIHT
HY, AFF U TIEMK-T R MK-8 OF HHE AT W
EENTBY (FA, 1992), MEXEFE L EHREZ T
S 2 SHEGEENEEHRO X ) S REEIEWE VR
%o

Vv £ g

1 KEHMEEBRAOMENBHEBRSOEL
EY OREE, BT, RRMIGENDTH D Z LA
EZOND, ¥ YR LMA WL SR C
1, FREEE L v RE A AR L CED B EOEN %
ERMICFHIT SN D 2 0%\, 22T, F 7 Vo0Hks
Fxd L IIHEMEZEM L. JEEME (D) 13X (1)
W25 2 A O —F / Y 3 FREIZ DOV TEL % D
ARE & L TR, & FHiIC B 5 2 OO G
FromKMEE 100 £ 57202 TEHB)THY, 7u7 7

Table3 RREHDOF / > DEHE
Quinone content on the Charcoal

a) EHIEE T
Transparent apparatus

1B

53 B

1A% 2Htk 3k

IH#% 20tk 3AMk IH# 20tk 3[R

2EE 7 [mmolikg] 202 252 169 346 287 191 136 497 59
AF % [mmollkg] 466 560 516 1139 970 269 251 1429 191
EX ) v [mmol/kg] 668 812 685 1485 1256 460 386 1926 250
MK/QIt [-] 231 2.22 3.06 3.29 3.38 1.41 1.84 2.88 3.25
b) st iE
Light shield apparatus
1B 82 B 53 B

1A%  2A#% 3H# 1A% 2HA#% 3H# 1A% 2H#% 3H#
2EF 7 [mmolikgl 124 230 98 170 85 74 100 53 69
AFx v [mmollkg] 185 671 328 426 434 255 176 144 147
X v [mmol/kg] 308 901 426 596 518 329 276 197 215
MK/QLt [-] 1.49 291 3.34 251 5.13 3.45 1.77 2.74 2.14
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Light shield apparatus
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Quinone content in the water treatment apparatus

AN DENZERICEHETE 5,
Ylor-oi

D= i=1
2

SIT, Q-Q X/ Ui oWmERE [EV%], n:
X v OHEH.

Table 4 |2 K B b2 BN O AWk E O IREME %
Yo Table da IZIIKEFLEEDOSE 1B, H2E, #
3B O OIEFLEE %, Table 4b 1213 KBS LEEEH O
MR ZE LI & 2 A B o 2 bioxh§ 2 JEEEEE % ok
L7 DEIZ0~ 100 DfEiz & 1), /NS VI EHL
AT <, HATR E VI EFEPPED MR V. D AT 20%
R 7Y A I RS AR R ENH D L S
M, DAY 10% LT O3 &3 A W SR s 12 2R
RIEWDRWE IS,

R BT 2 KBS LR E N OME Y LR O JE
FUEII/NS L, 3HBROEHEEDSE 2 B E 1B
55 3B L MUEM TR IS B R EN A S N DAL,
AR OB N T OMA Y TEEREE L & 2T HUEDS
L, EHEOENILTWEEZSND,, HENOFN
BIZBT BRI LT, EEEOR 2 B
T 231 LW HENA SN DAL, Mo IEEME o8
NS, EE PR ERE I ECDS R W EER S
Nb, 2F D, EREE, EXEEL LIS, Th2ho

FEO P OMAMBEEE L, WP, BRI ZEL
TBYEHI/NE W, 72, Figd X EREETHL
X/ vyoEaFIZ1ARICEBREw OO, 2 A%,
3HBICIRL Za s o Nz, —F, EREET
F) LEMA RSN DIEEIEOATH o720 TD
b, ERELEEE T, MAEMTEERMED
EBIIFEVEH 72 VR Do

2 BRERICEWMEMBHERE

Ples s & % 7 VAR & i3 2 54, Table 2 127K
L7-igssfiE L Table 312k Lo RKpH7- ) OF ) v &
HELY, ¥ b)) OREREICERS 20T 055
%o Table5 2%/ U&7 ) OEHREEZ RS, 714 ¥
A =5 TOREGEFLHERTIL, AR LI G S
NTWBH STl DN BrERIGEEE S o722 &
75 (Fig3), KEEEEORT ¥ ¥ v v & LTI,
ENEEOB VRN S L. KRSV DOF ) O
HHEIS BB D EIIZH > 72 b D (Table 2),
Table 5 (2R L72F /7 v &7z 1) ONLEEHE 1385
WA S 0, EEREAN T E US55
S L Tzt E2z 65, LLAds
5, ZEWNICTHAKITEARETS, KIMEHT L L) 2B
BiCld, EWHEETO DN BREERESEHWET S o/
ZEDDL, TOL)BKRRTTIETIA T A—FIZEHEL
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Table 4 /KB AL PN O 57 5 O IR
Dissimilarity of quinone profiles in the water treatment apparatus

a) ZEHEN T ORI DEN I & 5 HLE
Comparison between differences of place

& WO E Wb OE

. 1B 552 Bt 953 B 51 B 552 B %3 Bt
H B 1B 0.0 1B 0.0
w H2E 12.8 0.0 52 B 14.3 0.0

%3 10.1 135 0.0 83 B 10.7 12.1 0.0
, B 1B 52 Bt 3B 51 B 052 B 53 B
A B 1B 0.0 1B 0.0
w2k 10.8 0.0 52 B 13.0 0.0

%3 B 9.1 7.4 0.0 B3 B 10.3 135 0.0

B 1B 82 B %3 B 1B %2 Bt 53 Bt

3
H HLE 0.0 1B 0.0
n M2k 214 0.0 2B 42 0.0

%3 B 8.8 22.6 0.0 3B 138 1.1 0.0

b) #EEE 1 & A 2L
Change by time
P I e @

n 1Rt 2 H# 3H#% 1 H# 2 Atk 3H#%
%
. 1A% 0.0 1H# 0.0
w2 Atk 115 0.0 2 At 18.7 0.0

3A% 11.6 13.0 0.0 3 A% 18.9 11.1 0.0
" B 1B B2 Bt 3B 1 Ht 2 Atk 3H#%
o 1HE 0.0 1H# 0.0
g 2R 11.4 0.0 2 At 16.2 0.0

3A#% 23.1 19.2 0.0 3 A% 12.2 8.4 0.0
» 1B 92 B B3 B 1At 2 Rtk 3HA#%
3 1h 0.0 1Atk 0.0
B 2 At 19.5 0.0 2 At 15.0 0.0

3A#% 14.9 14.5 0.0 3 A% 10.0 12.0 0.0

Table5 /> M7 Ofig R
Denitrification rate per unit quinone

EXFETIZ, MHOREDOHREZLLOTLEY D
T ELTHW/ 1y b7 —% & LT L7z
PN, TR EN TR 5 Y s I OKH R T

1 A# 2 Htk 3%

851 B - 1.69 3.58 LTl FENICHA L CTEEN TS 0EY
EWRE B2 - 146 2.00 ORFIIFA L TH Y, 205 OMAEMBEOWRE (K
LN 49 62 HE) DTS LIS ) BB (2o TEE
1B 9.33 4.26 8.21 e o e i A . N .
T, Sa1 61 0.37 J M) OREERENZILLTWALEEZONDLD

8.90 5TH b, Table6 12K F / ¥ DV, e/, IeREH=R,
BEH IS 2 %%/ » EHROMBREE R T, 4
I, RO F ) v EHRIPPIERE & O HE

93 Bt 4.62 19.48

HifiZ : g-N/mmol-quinone/d

7o BN TOREERINE L, RimrTag e LTw
B EEENIE S L ZBIOBROFEG IR ENT L8
RIEEND,

WIZ, Table 512/R L7z 7 ¥ &7z ) OPLEEHE kT
THE&F /v OMBBREEREFICEVH#EELT, M
BIAREL A ST L 72 MRAT ORI, B & e

IRE o7 ZDOHR TS, FLEME & IEOMBE 2 -
72012 Q-8, ADMHMAMNE 2> 7-DIE MK-7 & MK-11
Th o7,

S50, SRR L VAEIE Lo HaEdE %
HRELT, ¥/ vOEFFEEHMEKELTK (2
VZHEEE AN HT 2 A B IS X 0 FEHE L 72,
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Table 6 LEHE 2R T 5 %/ » OMHBEREK
Correlation coefficients

FUERE (%]

FHES AR5
oo (R - R )

Q-8 100 ( 51 - 140 ) 0.49
Q-9 63 ( 36 — 139 ) -0.17
Q-10 1.7 ( 41 - 280 ) -0.33
MK-6 249 (181 - 301 ) 0.08
MK-7 93 ( 66 - 110 ) -0.64
MK-7(H,) 1.0 ( 03 - 27 ) 0.21
MK-8 126 ( 77 - 177 ) 0.02
MK-8(H,) 112 ( 74 - 163 ) -0.13
MK-9 30 (17 - 42 ) 0.26
MK-9(H,) 16 ( 00 - 34 ) -0.16
MK-10 10 ( 04 - 20 ) 0.29
MK-9(H,) 33 ( 14 - 62 ) 0.12
MK-11 36 ( 10 - 62 ) -0.48
MK-11(H,) 05 ( 02 - 13 ) 0.05

DNR=B, +B,0, +B,0, +...+B, 0, * = = = + + - (2)

ZCZ°C, DNR: i&HE, B, @ EEFRE, m: HH%E
e LT LY 2 v o, BERUFSITOE, 5
2R L OMBAE & SEIEEIEE 7 b, £
I, BF ) v OEHRERFELOME TR, R
DOHXHEAS 0.5 UL OB 1B ATE W L W L ¢, &
R DA OB ZDOW DX 7 2 HHHERE 7 5 5w
Il M EVWF oL 5 BHEKE T
LR EABEIE, TPHERREZLERLTL)ENE
VRSB E Lz, E51, T ORECHBSE L
BB OB 55 L 2 WA, BEoEEIC
MDD 5 L LT, B2 SHU) v CTRERT
kA D BRI AR &) PSR A3 5 S
BUE LTze AT 280 8 Lom 8, 3L % Q-8,
MK-6, MK-7 (H,), MK-8 ® 42 & L T F &A% 5172,

DNR = 2786 +1.100,, +0.400, 1 ¢
35700700 07500 = 7 7 7 T (3)

Fig5 IS N7z EREFRIZ L ) Pl S b g &
Bl S N 7-MERE O LA, Table 7 |2FE [\JF 547 O
EREFIR T, MIER 27051 TH Y, Figh 2w L7
e PHEEOKIZIEFTETO—HTH D, tHIZE
R 2 R EAE TR LMETH 279, CEiTVTh
L2 U EOEIE SN MK-6 & MK-8 I2%F§ % P- 8
250.15 £ 0.06 & RREHWEE R L7228, ZNLAHE 0.05
DR CTHholzo BELESRR/NE 020 7228, TR
F& L7727 — Y HSHAZERIC I L CENERE LS
WEEHHEEEZ HND, ERRGIIC LY HHEK
ELTHRIREN 4 FEED ¥ 7 VRO E )RR T 4T
EDETH o720 TNSDF ) AHIIMENTEOR %
WEICKECHRT L EEZOND, SAERE L7

Table 7 i 58 L | 2% 5 2 TEIAG S0 4T D A
Result of multiple linear regression analysis

B EPESa
FR¥L ti P-fili
Q-8 1.10 2.99 0.01
Q-9
Q-10
MK-6 0.40 1.56 0.15
MK-7
MK-7(H,) 357 2.64 0.02
MK-8 0.75 2.10 0.06
MK-8(H,)
MK-9
MK-9(H,)
MK-10
MK-9(H,)
MK-11
MK-11(H,)
il -27.86 -2.98 0.01
R? 0.65
#iIER? 0.51
— 20 ~
~ 2 .
m o
§§15 3
E?’ 10 0
W £ (ﬁ@@
ME 5 x
8=z g
o)
0 5 10 15 20
Rt 22 & EGRIE ()

[e-N/mmol-quinone/d]

Fig.5 [hiZs ol fE & BlIAE & E R4 I X 2 FHlfE O HiE
Comparisons between observed denitrification rate and
values predicted by multiple linear regression analysis

¥/ 095 Q-8 MK-6, MK-8 ® 3D FI&Ait
10%%BZTBY X VHBICBWTEELRF ) VT
H o7z, MK-7(H,) OFIHEHHEIL 1.0% & IFFIT/NS
Polz. WMEMOX ) v EFREIHIM TR E 2D
LTwkThE, MAEMHEDLRPTOERRNLY) EmK
FOUN, MEFREICIDKRECHBLTNDEEZS
NB7z0, FNERE»S Q-8, MK-6, MK-8 ® 3flimD ¥
J UDEREEHNTOREREE REEBRTLEEZD
n, Inoox ) AAliEFIHT MUK E S
HENTOREREIZH G L TWwE I LERLTW
5o

[l

V &

ARpe MR L 72K E i LR E O B T R E EH i 1k
MEREIEER L, BN T OB REMEFERIC L D, KEE
LR E DT 5T 2 & 12, HKENOBEWTEER
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Ea ) VHIKTIEME L 720 TS DORREE IS S
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1) ¥ rdHizh) OPLEMEILEREE IR L GE
FWFEEPENZ L,

2) KEHEALZEBO T OMAEMBEN &I, BTN,
BFRIAICZE L TB D EFHHIVI I T &,

3) Q-8, MK-6, MK-8 % & & fit A= W A3 /K BL i AL 3 i
NTOREREICRE ST 5 RBESEWC
L

RS NIz ARWFZEIC K 0 BT & O\ BILRASTE T

AN HEFIN T LA AT S

WZB5-5 2 uReEATE , EFEOF AR L 45
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Comparison between Denitrification Activity and Quinone Content
in the Water Treatment Apparatus for Paddy Drainage Treatment

HAMADA Koji, FUJITA Masafumi, HITOMI Tadayoshi,
KUBOTA Tomijiro and SHIRATANI Eisaku

Summary

Two apparatuses, a transparent apparatus and a light shield apparatus, for water conservation that uses charcoal
media were adapted to remove nutrients from paddy field drainage. Quinone contents of microorganisms on the charcoal
media in the water treatment apparatus were analyzed to compare the denitrification activity and quinone profiles. Q-8
content, the highest ubiquinone, had the strongest correlation coefficient between the denitrification rate and the detected
ubiquinone. Three results as follows were obtained in this study.

i ) Denirtification rate per quinone in the transparent apparatus was higher than that in light shield apparatus,

ii) Microorganisms community structure was stable toward time and place,

iii) Ubiquinone Q-8, menaquinone MK-6 and/or menaquinone MK-8 containing microorganisms acted the important
roll in the denitrification rate in the water treatment apparatus.

Keywords : nitrogen removal, quinone profiling, biomarker, light condition, paddy drainage



