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s IR L T o QN D, FHERIMEEEFREIIKETS
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BEEORY FLOIZLDE, HELI-AKE
%6817 DFEEEMEZERFEORERE R DI,
— R PE K R E A 12477 F . 100mg/L LA B
500mg/LA %1827, 500mg/LLA FIF22 7 ¢
boT=[1], ZORRIZES 2B, RIZ
—EPEKEAEE T b SIS, D &
 SEIFRIE DERF Tl & D DO EERKXRIZ
BTN AT H Z LT 5,

ZOXIEESTERX, BAITINET
Tt sl 2295 215 L 7= 22 BRI L 2 B
MATEZ[2~T], BEMEE LT,
Thiobacillus denitrificans 72 & DIMITH
FAIE O—FECh Dl L EHEE 73, M
FASR S T Ot 2 (b L 72 2S O iR
F (NO,-N) CHfifHEsREZESR (NO,-N) #EEH
AR LT 2HE ZFH LD TH D,
2B, WA IR F ORISR HE,
WHEPRESND Z LAl STV 5,
NO; + 1.1 S + 0.4 C0, + 0.76 H0 + 0.08 NH,"
— 0.08 CHON + 0.5 N, + 1.1 S0 + 1.28 H'

CNETORRIE LT, HisEizEHAO U 7
7 B —BLOEMERTIZBF L, 00t
I ONTHH LN L TE T,

Wizg Y 7 7 2 —IZi%, TR AR LW
Btz v Ltk /) v T X7 RS D)
DN Y ThDH Z & 2FEELZ[5], =
DL 7T DT= DR TH Y . H X
> WERIIRREEAR I L Syl s Cnsd Z
D, AKITE FERACRKR T L,
JECTHI 2 FedE U728 AE & 203 Wil X
%o ESEFIRIZHEE LT 5 R A
KAiEE (BREE99%LAE, 200 A w3/ =2 7XR)
LHAAFDLEZSA, EXAMWNE
0. 55kg—N/ton=S * H DZf: TR DFRZE
PERERG O Z EZHLE Lz, I5HIT,
FZSIEMEDMEE T Lo WAz T, 46
SKIRL Y HEOICHERF S TWD Z &%
UNB KB OV FEN OWRIR A, VT 7
2 —ONRIZFIAT 2 Z & TiEFEEZEL T

TEVEAHEHR CX AV AT A2 BHFE L= [5],
EAMCBI LR, R R R
WS S m VR 2 R L2 b 0
D, BKMEEETDZ Eon, FEEHR %
WIN L CHRANZBUK B 2 WL B o
7o ET7. BUETEIEOEATIC R I3 B HR
et A (S07-S) 12 - THELKDpHAME
TT 22 &b, EEREOT VI HlZiE
HAIT 20 E LB Y | fEEAHB LT R
T DD I DRSNS D, — T, R
TRRIRISRI IR V> D DR EIRA L, !
HIFE LA AR U 7o R O hi s v 22 55
BB IR SAVTO D23, Bkt & b
i U C B timED S S < | ETRER T
INTAZ 2 A N2 B4 5 5 EH I TOME
L7po TG, T, T 3RS
IR CHUETEMER & IR V> T D file L
TR IR ARIREM 2B L. 208 EH
Wiz 7 R R T EEAMNE
0. 57kg-N/ton=S « H DTV BREMERED
B/onsZ EERALMNI LT,
ARFFETILZ OFrOFERbE B L T,
o F BT R LT FERREY T 2 —
& BAFE LT EM OFAG T L A%,
RERGEL ., TOEMMEC OV TR ZTT-
7

MR L0k

1. &#

FyRREE (BREESY 99. 5%, 150 A w3/ =%
R) B X— R, RS VYT Bl T
FIZEE L, Rl 5 2 LT 150~
200 A 3 2/ SADIRIROEM ZAER LT
(7], BFEEIOBLABIAIE, AR 48. 5%,
FREETI V7 I 48, 5%, SEHEMER 3% & LT,

2. AERIEE
U772 —2i%, 2 & (B E 100em X fE
200cm X B4T 100cm) @ /7 v F % > 7 (NHE
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U — 2R Sth, B) AV (XD . M——l
V77 2 —NiBiE, B E L IO A P P
AT DIERERIC K0 3 XK (5 1~45 3 X)) = . | 55"
W23 B, 8 1 KESHRA L7oKIiE B FiE to0em
TACHEANE T LSS, 20729,

1 DX & 55 2 KR A el g% = & . _1‘,‘@; .
T, FEAIKE ORIl A TRE & 722 D, ﬁﬁQ, .
WA IRABRBAAARFLZ 200 ke, Z D145 H

H1Z 20 ke, 37 HHIZ 220 ke, 182 HHIZ 40
ke, 327 HEIZ 20 keZBNEA LT, &F
500 kg (A2NTZAFE560L) A LT,
HEADFK & LT, BHREZH O KB
B BHEH SN A TSGR 2 VLT
VT 75— 1 XEICHii A\ & 254~515mL/
5y EMERES T 0 OIKERZARRIRE (UL
FHRT) 0.3~1.5 H CEFAINIIRAIE T,
£, BHEAMEIT 0. 17~1. 20kg/ton—&
¥ HO®H CRBRE 772, 7ok, VT2
Z —N ORI K O SRR Ll 2SI
OREFRIFA T2~ T2,

V70 2 —OiEHAE 2016 426 H 1 B G
2017 45 H 8 HE T 341 HHT-72,

X 1. U7 #—(SPEC-1) DifsE

(B.0.D. Sensor ; VELP SCIENTIFICA,
ITALY) | ¥HFEWE (SS) 13T Ak A%
ETCENETNWIE LT, 7T E=TRESR
(NH,-N) . NO,-N, NO,-N, SO/-S. V . #&
VY (PO -P) X, /AT~ T 7
+ — (SCL-10Avp (&A1 A H: 1C-A3 1 7 A,
B A A L IC-SC1 AT &) BEE R,
FAR) X0 ENENRIE L, Fio, 6
X FARRBRTVE9NCHE L T, AL 0.45um
DT 4 NH—THil LTIy ER
(390 nm)  (CL-720 ; EEBUERT, L&l %
FHNTHIE LT, 7eds, WOLEEDEREE~DZE
HAITINTE OFREHER & I T M BRI K 0 AT

27,

3. ok
pH 1 EH T ZAEREC L > CTHE Ui, %)

BRBIUEELE
(LB SRR (BOD) 3 B BRE LUSER

KB OFAKD No,-N 1% 251.7+
# 1. RERIFE P O JFEK & ALBEK D KE MR

SPEC—1 SPEC-2 SPEC-3

[ IR [F74 ALFBAK [F7 AFPK

(CFih+ ZERS) (CFi+ ZE RS P+ ZEFD
pH 65~74 65~71 §7~78 6§5~70 63~77 59~70
BOD(mg/L) 151125 197+62 1041759 201118 01+04 14128
SS({mg/L) 3550 2621492 221286 224191 7158 305+142
NH:—N 3451756 3451745 ND 02106 ND ND
NO; =N 29111377 2294+851 215441283 1325+521 2446+353 8351+583
NO, =N ND 21142 ND 35x22 ND 01+05
8042_—8 505+41 1667%X1408 422444 2356+1254 539+80 4000%x1153
F'O43_—F' 14851203 1342+354 6531168 533%165 548+245 435+21 8

BE(A=390nm) 2886+242 2749+262 28771205 23501453 3428+554 27041539

pHIZ SEFEPETRT
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43.9mg/L CHFHIEAEHERA) TH Y, NO,-N,
NH,NIF & A ERH S e o7 (FE 1),
F7-. BOD BE SS (I, FEH 6.0
9.6mg/L, 5.1%5.4mg/L TH Y, {EMIGIEL
BRI N T RAFCH B 2 fRE KON
LA TN TV W2 5, LUT, £
V7 05— LR R A m T,

(1) EAWEEY 72 #— (SPEC-1)

FAMEED ) 77 24— (K1 :SPEC-1) |
L oA 65 HM%EM L7z, Z ORI
PRI 365~515mL/%y, B AFE
H7=V DOHRT 1%0.3~0.9 HThH-o7=, F7=.
EHAMENT 0. 25~1. 20kg/ton—&#t « H.
V77 2 —NOAKIRIE 21. 0~30. 6 COHIPH
THER LT,

SPEC-1 HAFH DALEEAK D NO,-N 1% 229. 4
+85. Img/L CPIFRESR 28, 3%) Tho7z (F&
1), #BRBALG 37 H HIZEAH 220kg ZiBA0H%
AL, RUBZK D NO, N 1357 105. 3mg/L =
TIKF L7z 0D, —fRBEKEEECIT=E L
MoT- (X 2), SPEC-1 THEZEMAREDS L3 5
7o TeBRNZIE, PR AR OEM 8731
TR T2 T28, EMIEDREEN N E T
ELTELT, B &I F L
TLESIZERHD, —J, BHhHBNEIT
EMEED BA U, B E U2 & TK
2aiEm LIZ< <720 B & O+ Takinns
KMiiehoT-lzb B2 bz, FEES, 37
H B LA 1 XK AR FS- L,
BREE 2 GBS ZA HALD KD ’focof:o
JFUK & &M Ao S D 7o lTiT, &
& O _F s paBE R imbl JMD ct 9 _@“
B bz, BMEOEEL 2L < TR,
FLEZ DI,

(2) FBHwERERAMY 72 % —
(SPEC-2)
B OJEEALRCTE AR DT O TR &
Bi< 2 & & HAOIZ, SPEC-1 ORI &R e
HERER A 2 AH T T2V 7 7 2 — B i 1T E

NO;-N{mg/L}

SPEC-1
BNUEFT
220kg

v

SPEC-2

\'\'\J
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o
.3 J77§ (SPEC-2) Ozt

L7z (X3 :SPEC-2), WlZiL, ¢ 6mm
TR FRHET (TR MC BERAt,
B0 AWGAR ) XU, a7 Ly
— CHEIRHZER WS 2 2 & TEMIIC
WeAEAT 17, ) AMTE 1 X &5 2 X
% B C B IBE & JEm ORI (LI, FRiE
BRESE PRI 2) (2 2B, 26 1 XEOREHE R
W22, 552 XEOREAIERIC 2 [MDAFE 6
EERRE LTz, 723, b0 AVhb T
T % [FRH MBS L7, BB
DOEM DR EFUE S NEBRAAE U, FUKIZE
M EBElT 2 2 &7 2 KA T S 2
N ol=Z b, &/ X‘zl/@%ﬁ'ﬁ?% N
ZREMGIR A IR T T, Z A ~ il
NEVHEBEAA T > T, BN IRRERIE Zak
L7z Zu)ab 1 B 1 RIS R OMEE T,
ZD 1% 1 B KON 2 Xl OBHAE T
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\ZRRE LTz ) At 5 a1 177,
ZAUZEY | BHIOWPTCRERITSNIZE
& BREERBEIC R 2R 2 W L7, 7
B SN ULY/ &=y, (e el hab N b/ AWl ¢ % K7 THan Eg
B <7t JRKDFEAZ B DIHEFENE 5 53
A 1 EENEIE L, B AHEOTERE L
TREE CIRAZ BT 6 AT Kk LT,

SPEC-2 HFEIH DJFK AR L 317 ~354mL/
4y BMEFEHT-D DRT 1X1.0~1.1 HT
Hot=, £, EFRAMWMEIL 0.18~
0. 28kg/ton-&#4f - H, VT 7 Z—NDKIk
1% 22.5~28. 5COHIH THER L7z, £ Difk
R, ZOHIEHOMEBEKD NO, N 1% 132. 5+
52. Img/L CTE#IFRZER38.9%) FTIKF L7
ZOMRRC XY | BERBHLAA 112 B B350
KD NO, N 135> 53. bmg/L £ IR FL72%
DD, ke UTHolebriMmes5s 2 &
WTEZRoTe (¥ 2), WL EMOE
BALEBRG S Z EIXRTRE ThH o 72723, WiBETHE
BB 2R AR ST 5 2
EMEEL < BMOSR DRV AT NERE T
WZZERBAE T TLEY, HEICL - T
SPEC-1 £V & MBRIHK T DR & e o7,

(3) Heftmy 72 % — (SPEC-3)

SPEC-1 35 LN SPEC-2 DfE A1, Y
T 7 BB DA R ATRE T,
IOJFOKDEFEICEME 2B TE 5 L9
TeREEDWEL L35 2 b, £ ZC, SPEC-1
OHEEZEAL LT, 61 KmRNICERZ /
S FRICUTZEETR (¢30em, 5 S 200cm)
AN S, RIS RETEM & T 5k
BZ47-7= (M4 :SPEC-3), ZDHERHD I
FBRBE A DIFURZRASED & EMfEN
JE# U CHRNOKN EFH9 5 = & Thle
FITEME 2 miR S5 2 L AAREE 2o
7

SPEC-3 #fEIH DR R & 254~515mL/
4y BMEFEHT-D O HRT 1% 0.7~1.5 HT
bote, Flo, EFRAMEIT 0. 17~

VN —l

<
f—o

200cm

i

K

Ik

/

méé/é ¥

4. U7 H— (SPEC-3) OffE

100 &

[ ]
80 ® . y = -34.25In(x) + 10.699
. R?=0.36099

60

40

NO;-NERZE B (%)

20

0 0.2 0.4 0.6 0.8 1 1.2 1.4
ZHAHE (kg/ton-&EH-H)

5. RERHARIROZER AN & NO, N BR
EROEHS

0. 40kg/ton —&#f « H, U T 7 Z—NDKIZ
5.5~23. 9COHH THER L7z, HIRIF DML
PHAKD NO,—N |3 88.5+58. 3mg/L. (CEHIRE
el 6% FCEFL, BB OFTCRbE
WBREPEREDVR STz, R, #ERBHAG 190
A HIZ N0, -N DBREFRIT 1000 < IZEL, %
D% Hifkfe LT 90%LL_EDmE BREZFRDHERF
i (K2), 7ok, 261 HHLURHL, &4
DIEFEIC O ZEEREDME N3 A AN H
ST, IR OB O N0, N 1 —fi%
PAIELL T 2R L, 2DV T 7 X —HED
BHEIMWEDH G E 72T,

WIZ, EEEVERBI B A 5.2 D R A iR
g~ AR oOZEFRANTRE & NO;-N
PR & ORIRZ 5 IR LT, BAIII5 (7]
X OBM AR L2 7 RilBRIC T, BFA
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i 0. 57kg-N/ton—"&#4 « HLL T DORH-TrE
WBREMRER MRS L TRV, ARIORBRTH
ERAME 0. 40kg-N/ton—&4F « HLL T D%
BN T EDREFEI VRS, 72750,
INTG DX RENT &b, IizEEE
WITEB AW B OER B L TD
T LRSI,

R B ETE R IR R & < A
ENb, KR 15 CLL L TIEERRZ RS
LD &5, 10°CLL T ClaEM e
WK 25 2 EnEbi a6, 10, 11,
AGRBRIZ K D /KIR & liZEhine & DBSR Tl
SPEC-1 #iH DK 25.6°C (21, 0~
30.6°C) THY . ZOHIRIF DAL NO, N B
EFHT 28. 3% T o7z, SPEC-2 WM Tix,
SEAKIR 26. 2°C (22.5~28.5°C) 12Xk L%
DN, N FRFE=RIL 38. 9% T~ 7=, — .
SPEC-3 #iRh o SEgKiEIL 13.8°C (5.5~
23.9C) LIKETHH-ZIZbEDb BT, 20
SN0, N BRERIT 64. 6% T o7, Bl
TIEMEDS B B 7227 T2 BRIV, KR =
R U 7 7 2 —fiE (SPEC-1 B LY
SPEC-2) M@ Crlghnolzl-b B2 b=
(X 6), ZOfEHEMNG, SPEC-3 DY T 7 &
—THIUTAKIR 5~10CTH —EDMHREN S
HILD Z EDER SN,

SPEC- 3 DU 7 7 #—HEdElL, HERIC+
mitE S waklt, BMENSEEL L THKE
IRV EGEmER T L ULz &R
RELFHACTH D, BILOBIEZE TR, e
WNOIKENLEDS 7T D IRV EMEREDS
m_ B3 AEHmNA BN, 2T, ZOKE
gD BAE Uk, B8 ORIOKIA & PR
L cm THRIT D) AR L, NO, N FRERLE
DEWREH T IR LT, ZORER, EMED
HIAKEAN KR E VT EBRERITE L 2D H
AR SAVc, ZOfEMIE, HRKEED
& ETEIETROER SN TB 5T, B LR
EINE AT AT OIETH D EE X

NO;-N(mg/L)

2 (%)

NO;-NBRZE
(F+ EERE)

FZEHE (mg/L)

259 SPEC1 _ SPEC2 SPEC-3 s
—o—LIEK  —x—IKiE
300 Z\Ij\ 30
250 % '\‘f‘i 3 O
E’E
200 ,\ 20 ‘:
€
150 5]
100 10 [r_
50 5
0 0
0 50 100 150 200 250 300 350
EZBa#H
B 6. R OLEKD No,-N L
VT 7 B —NOKIEOHTS
100
80 { l
40
20
0
20555 20— 39 a0kl k
B BOEEKEE(cm)
BA7. BB OEMEOBRKKER
NO, N BRZEFRDOEH R
00
250 y=0.3972x + 19.177 . ¢
R? = 0.8246, P<0.01 . .
0 100 200 300 400 500 600
TES A R E (mg/)
(8. FREHIRIROREEA AR e =
SR E DR
LI,

ARERH D 2= BN E & e A
(S0/-S) EpkE: & ORIREKI8 IR L=,
W IEE OB R Sy (R™=0. 8246,
P<0.01) . ZEHREA I U CThitlRA A4 4=
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RS BTS2 EAVRENTZ, ZORERE
0 ARBRCOR NSRRI LITER T2 2
EITALTH D, 7ok, ARBRONEEA 4
VHERE TR 5T0mg/L FREEE T LA LT
73, BRI OBIK O pH (X5, 9~7. 1 D
FPHIZd 0 | KEIGERG IEEOHEKIEYE (5. 8
~8.6, MHEAFRS) INTH-72 G 1),
BRNCELA LT IREE T V2 7 NSRRGSR
ERELIZEEZ DD,

T, FIERPEK TIEE i g 240 < 3
K& LCRIER S TV 5, ARz T
1% NO; N BRESR & iR RIAHRE N 2 5
. BRERO_ BRI O EER Y ER-9 D
mAvREN (X 9) . Kelly H[12JI2k 5
& WA L 2GR b O
TR T, MR SO TPRA L L
TETDHZ EHESN TS, £/, difi
FRHEITE DB T & > TR DOE AR &
LTSN TCWA[13, 14], L7EE23-TC
Jii 22 RE AR U 7= BB A3 i 8 2 2 -
L7 FTREMED 8 % Bt ZE OGO R &
U CAERR S 2 BERREARIE 23 35 Ca Rk 53 D53 i
WZBE5 o mEetlE, BEATI5]Ic k- T
LIEEMINTND, SHIT, ZOmEHZEIC
PES BT pHe. O L E TR EE D Z L
R L Q15 AGRBRCIIEKD pH 1344
126.0 LI ETH 703, Bitase & O
WTE oz (X10)  Fio, BRI
Ko THREEMIRT 5 2 &b 16], B
IZHLE L= v o ISy & S Ry Dk
ERUSH PRI B G- LT FTREME D & 5,
Migo 5[1711%, AL AlXpHI2 LG
EED—DLEBEZLNTNAEAT AV
VEEEISEL L EHE LTV D, ZOH
REY ., vy AOGIENHEI R T
ORI LD ATREMEMER XD,

VD X 912, ARl ClamiEhizEc
K DEHRBREEN 100, LGS, A =X
LIHERTE TN DODECK 36%Dfi

NO;-NERZEE (%)

100

80

60
40
L]
20
. y=2.1023x + 14.398
R? = 0.40021
0
0 5 10 15 20 25 30 35 40
st B3 (%)
=p 2 - sz
B49. FEBRHIRIROMAIRE No,-N FRrER
5
DR
40
35 © .
[+]
30 o ® hd
L] L] L]
5 o * o0
° o .,
20 ° o
° .
- e
Y L]
L] o ®
10 . *
o &3 (pH6.0<)
5 o f# ®.32(pH6.0>)
0
5.0 5.5 6.0 6.5 7.0
MLEAHD pH

[410. AWK pH & i fasROBR

THPGOLNT-Z LD, FitEEOENIX
BB D EaERERO—BICH 725
ATREMEAN S 0 | BREHEKICE L7 25 RbR A
ThdZ eI,

B, ERICHTZ>TUIY 77 X —D%H
| KHEOBER A5 < LT, IKIXEZ AT TR
PEATARS T AREEIC T2 2 LT EHITH
EREDDVNEIHE S D D &b
Bo SRITIZDOX IRV T 7 2 —EREL,
ZDOERMECOW TR EED T,

AR RERES L LT, B O
BRI NER T O TR/ B [E A
AT HETHD, ZOEERETE HEM
HERIZOWTA B S LITHETT 2 FETH
Do
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S

ARIORERTIL, B L7o& & OfAE
PHEITINT SPEC-3 DV 7 7 Z—HEidEh
HNRAETIET D Z BB E I oTe, 72
B, BFONZHRIILLTO 3 >ThH D,

1. BEF/ v F 2o 7 e REEAT 5
Z & TTREMERES R E LT, VT X —2E
SEFRITT-Z & T UK EEMIE OREFE B
fils BTz,

2. KR 5~10C T MEEMREDHERF S
Teo ZAUL, IERR(HEE L CHAEMAB® LT
JRESPERED SRR S D FTREME 2R T,

3. ZEHRRE LB L ORI B
72o Lo, WisiEIIMEILGE T H IR
WFcx 5,

X O’
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Demonstration experiments for sulfur-denitrification of swine wastewater
in a notch tank commerecially available for construction filled
with novel agents consisted of fine sulfur powder and CaCQOs particles
coated with surfactant

Hasegawa Teruaki' * Tanaka Yasuo® * Kasahara Kazuhisa® * Osada Takashi®
! Chiba Prefectural Livestock Research Center, Yachimata 289-1113, Japan
2Institute of Livestock Industry’s Environmental Technology, Nishishirakawa 961-8061, Japan
3Kato Sansho CO,LTD,, Tokyo 103-8228, Japan
4National Institute of Livestock and Grassland Science, Tsukuba 305-0901, Japan

A demonstration experiments of a novel sulfur-denitrification method was performed for about one year to
develop a high performance denitrification process for swine wastewater. The novel agents consisted of fine sulfur
powder coated with a surfactant and CaCOj; particles. A commercially available baffled tank, so called a notch tank,
for clarifying sand and mud from discharged water was used as a reactor. The reactor was separated into three
parts by two baffle boards.  About 500 kg of the agent was placed in a 2 m’ reactor installed in a swine wastewater
treatment facility. The swine wastewater was continuously fed into the reactor with a hydraulic retention time of 0.3
to 1.5 days. Nitrogen loading rates ranged from 0.2 to 1.2 kg-N/ton-agent/day, and water temperature in the reactor
fluctuated from 5.5°C to 30.6°C. Three types of reactors including a fundamental structure reactor (SPEC-1), a
reactor having a backwashing function (SPEC-2) and a reactor incorporated with a polyvinyl cylinder (SPEC-3)
were tested. The SPEC-3 showed the highest nitrogen removal rate during the experimental period. The average
nitrate nitrogen concentration was 244.6 mg/L in the influent and 88.5 mg/L in the effluent of the SPEC-3 (average
removal rate of 64.6%). The nitrogen removal was specifically affected by the nitrogen loading rate, water
temperature and the head loss of the material layer. Under optimal conditions of the three factors, high removal
efficiency exceeding 90% was obtained by the SPEC-3 despite a low water temperature less than 10°C. The results
suggest that the SPEC-3 reactor filled with novel agents effectively denitrificate swine wastewater throughout the
year without an external heat supply.
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