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W2e IR ORI, HICRZABTEN-BOEETHL, Ihb50Micd, T3 KEDHES
RABERV2E, BELTVWIHOBEDS L HDLIDELMEEINS, T2, WEDRABKL
Vo lz, WHITEROBRDOREDH 5,

BEEALL TWHOBEDERD DWIC2IRICHELR SN T L E o/, 7272, PCB OMLEER
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Analysis of Microbial Communities in the Biological (H)ﬁﬁj’%l’aﬁ%ﬁﬁjﬂ%%}f%ﬁi
2 VIR = H77
Wastewater Treatment Systems with Molecular Akira Akashi :

Biological Techniques
—Specification of phthalate-degrading anaerobic
bacteria using RT-PCR-DGGE—

DTEYWFHTFEOIZICLY, BEENS TICRAKLBE BN OMEY SRR % BT 52 258
WHEIZ R o 720 AR TIE, RT-PCR-DGGE &% b H\W\T, 77 VE% BT % FIMigRE 75 ~
v MGE (UASB) WO 7 ¥ VEERGIRAIE 2 552 LB RICOWVWTHRET 5, U=V ITH LD
WLV 92— WERLZBEEBERE LT, FLIINVBEA V7Y VEE RER L THEKT
UASB RS2 % 76 FiT72, BB, BI U, BENICY v 7)) v 7 LG ROMAE M EEE DT
Mo, FEHRRLFREED 2 WHRICIIFEST, SREEOD 5HERO AIFRNITHET 54
W, $hbb, 7¥IVESERY 3EREE L.

Recent development of molecular biological techniques provided us new approaches to the analysis
of microbial dynamics in biological wastewater treatment systems. Phthalate-derading anaerobic bacteria
were specified using molecular biological technique, RT-PCR-DGGE. An upflow anaerobic sludge
blanket (UASB) reactor was inoculated with granular sludge from a full-scale UASB reactor treating
brewery wastewater, and was fed with synthetic wastewater containing terephthalate and/or isophthalate
as carbon source. Changes in bacterial diversity during treatment of both compounds were monitored
with DGGE. Three specific bands were observed in the granular sludge which degraded terephthalate
and isophthalate, but not in seed sludge and the sludge which did not degrade the compounds. DGGE
pattern did not change in the granular sludge during the feed of terephthalate-containing wastewater.
After the change of component of the influent to isophthalate, one of these three bands was
disappeared. These results indicate that two kinds of bacteria participated in the degradation of both
terephthalate and isophthalate, and that the other contributed the degradation of terephthalate in an
anaerobic granular sludge system.

FHEESEME 7S v MEE Upflow anaerobic sludge blanket (UASB)

e I Anaerobic bacteria
TV 75 VR Terephthalic acid
4V 7 ¥ Vg Isophthalic acid

RJAF=E¥F2A ) T2¥a”  Polymerase chain reaction (PCR)
EUF LB, )V BKRIKE)  Denaturing gradient gel electrophoresis (DGGE)
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EEHFERES LMRESE TS V7 v Mk
UASB) %045 2HBKME AR, Sv=r
7R NPERET, EREED IBENESTHL
O EBERKOMETEE LTELbBbnosh
Twnb, ARk, HEYPZENNBRETIE, #2i24E-
FAOMAEYIZ L ) BKOELS 2 ENEDITTH A
PG, FNOOWMAEYORRELIBERL 225, Eix
SHBRLEINLRETH DL, LLLEeFbiE, &
10 AR KR B OEERIE, TEABK &L
HRKDKEZEIZ L TH o i HBUGHELE DR &
XRICHEL WA KRTH o7z, 2F 0, EEOMEE
AT AMEWCELTE TSIy 2Ry 2 A0
FERRD R SN T&E 72,

BEKALEREE BN I S TE SRR e I ASFAE L,
TS OMEYORFEERIZ L VBB I hbh
TWAED, ZOL) BEAMENBEE Y BT 58
DRFED D072, HERMEY O - EEIF
FEN TV AERETIE, BAKLBEEE (BE)
EETAMAEYOHENENI0 % LrBRETE 2N
cnhRTENY, BY DI % LEOBEDE, &
$TWVADEFETE 2\ (Viable but nonculturable:
'NC)? Z &2 b, L7zh o T, BEWRELME
DT xS E LR T, ABEEOMRE L
L OBREIELIET 52 L IETRTEETH 5,
R - MRS B CRE L0 TAEWETEN,
REMAYOERICER SND L5112k, s
B TICBRKLBEEE N OMEYRE & BT+ 5

DEDMREIC R 072, T D, Polymerase Chain

eaction (PCR) #*’, Fluorescent in situ Hybridization
FISH) #%, $ X UF, Denaturing Gradient Gel
lectrophoresis (DGGE) #EYOEBIIAE L, 4%
STT v IRy 7 ATH o REEBENOMEYREEIC
99 % PR 2 TREER) ISR D 72,

REETIE, MIBEDI6SIRNA %4 —5 v M& L
> RT-PCR-DGGE £ %5 L T UASB REND 7
POVER AR 2 L 2B oW TERET 5, T
CTYNVEBEEELOET DTS IVERE, R CRE
SN ABLFEWE O EABOMNICA B KRESE M TH
b, JOUECBITHERRTOT LT S VEREES
L, 100077 b VICHETHY, R, RXYHE%
TE T ABKIE, WEEHRESOFREIEKLE
SIS DB IS T Wz, iEE, UASBHEDI AV
T—HBROD L VR 7 Y VEREH B
COILFRZ IR T HBIDEEZ TE TV 5B, 199940
HETIE, MR THIEDOELEEIHE, b LI,

BEFLOZLTHAH", Lt TIE, PANBIC-H %
XU LT AR ELE - R L TBD,
TYNVEEDZENLDOMUIERHRDOVEDIZLYD H B D
DEEZLND, TDXHIT, EHEL NN DEESH
ERHENTHRIZD00bOT, 77 VERZ 5T
% BRI E ISR T 5 1FHRIL E b Th L,

R®IE, Wub®id5 1L 7% I)IVER % MLE ¢ % UASB
FEBLVF L7 =2 - ViGREREFRE LT,
TLI7INEREME—DRFEIRE T HBKTHIZEL,
ZIWCERY AAERREEHO ML, LaL,
Woik, cnLOMEYHEDS L, LOMENT L
75 NVEBEOSRIZES LTV APV TIEE S H
LTy,

AWFFETIE, 75 VBRI 5 Br& A LIRS &
DAY R 2 5 O EERE O * B L L
T, PCR-DGGE # b H W T, TL 77 IVEER AV
7 5 VOGRS A MR AW R e L
WRICOWTHRET 5,

. #%-FB&E

1. 1 7 % JVERALEE UASB R FSas D EEx
$100X1000 mm (B SL) DFUGEEIZY =L

T IVRIMLEY S =2 — ViBREPH2TLIEA

L, L7 % VB (TP) &4 V7% )VEE (IP) @
MRS % RER & T HRKEERENICMBETLZ &
WX Db BT, RIBEOEEE, 35~37 Tl
B X ICHIE L 72, 2R 1 ICBRAKAMLEL & EHE TOD-
SS B &R, EEEZ b EIFIE, TOD-SS &7#0.05
kgkg/d X WBIMEL, 75 VEEO DR B H5
‘AT vy T L7z 0%, BEKME%E TP B,
KNT, P B 28 L7,

1. 2 WEMBE DRI '

79 = a— )\WHRICAERT S MEWEEOMITIL,
DGGE HEIZ X D ERL 72, BRIy Y 7Y v 7
L7279 = a—)ViHRM»5 RNA 2FH L, EXM
B (BApME) RN RS9 14~v—ky hEd

& 1 UASB D4
Tablel Operating condition of UASB reactor

Run Composition of TOD-SS Loading
Influent (kg/kg/d)
1 TP* +1P** 0.05, 0.1, 0.2
2 TP 0.2
3 P 0.1, 0.15, 0.2
4 TP 0.1, 0.15, 0.2

* TP: Terephthalate
**IP: Isophthalate
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£\ 72 RT-PCR 12 & 1) 16SfRNA @ V 3 #HE 2 & T
DNA % HElE L 72, PCR EWiL, 40~45 % DEMH]
BENE D65 %R T2 )T I FIIVESIKE
IZE D 4E L7,

1. 2. 1 RNA OFFH

75 =2 — )ViGJE D RNA X, TRIzol Reagent
(Invitrogen Corp., Carlsbad, CA, USA) &b H W\ T
it L, Bl&HK W T, RNeasy Mini Kit (Qiagen,
Tokyo, Japan) THEHE L7z, T%bbH, /I =a2—
VERK100 mg& 1 mL ® TRIzol Reagent, 7 & OF
2, 02mL o272 RxVA%BEEL, 1mLOF S
AE—Z (BEF0.1mm) 2L 2mLEDAY ) 2—
vy S Fa—T7HT, 3000rpm, 3THIEE
TAHZ LI L 7, HAEHE L2 RNA I,
DNase AL 2 X Y {RTET A DNA % 7f# 1%, RNeasy
Mini Kit &% H\WTHERE L7z,

1. 2. 2 RT-PCR

cDNA DAL, HHERE R ReverTra Ace (REE
) bV, BLEROWRRTIOLEMFICLN B
Zhol, Thbb, 90C, S4EEMEL0.1ug
? RNA 1225 pmoles @ random hexamer, 1 mM @
dNTP, FUSHEW®, BL, 100U OMEEEE %
Tz, 25 CTIs4MLE L 7288, 42 CTASRIGST
HZ LI cDNARER L7,

PCR (%, EMEMIE D 16SIRNA Bz T DV 3 $HiH%
% BEIiE 4 5 GC-PRBA338f & PRUN5S1Sr % 7° 5 4
Y=t LTdbwiz, FUSHIE, 10ngd cDNA, 2
mM @ dNTP, 2mM O MgS04, 05uM D75 A
< —, 1U®DT#E DNA polymerase (KOD-Plus-,
HPERS), B LU, 1 XKOD-Plus-buffer (HE#H)
FVHA, CORIGHEZ9 T, 24008%, 94T
30%5, 65 C30#p, 72 C0MORKISE 100, Fl Xk
&, 94 T30%, 60 C30#, 72 C308 0 It % 10,
X512, 94 T30, 56 C308, 72 CIOHDIL%E

12H B %\, 16SIRNA BZ T2 HBIEL 72, 32
FOBIEKISHE, 2CT7T9OREEZ1RBI %o
72, PCR EYE, ~A 712100 Millipore) T
BiiE - iB#4E L 727% DGGE 12 L 72,

1. 2. 3 DGGE

DGGE 1, 40~45 % D& MFEEAE (100 %
BHFIL, 40%F VLTI FETMREOREY
THhb) 2&L65%BRVTZINVT I RXVELE
B L7z PR - BH#E L 72500ng? PCR W% 7 7
4L, 50V 3057 DikEIHR, 200V 5 K OKE) =
BIRIZEIWCLVER L, REKTR, SV i
SYBR Gold T204r %%, 302 nm DSV % B
LCEg L7,

2. #& R
2. 1 UASBIC & % 7 ZIVBRDINLIE

UASB UB%51, Y — VL UASB Kt gs D
LRSI = a— ViEREzHEBRE LT b L
7 RIWCET LIS, T, 7LV 78 VLA
V7Y IVEBOW S % RFRIR & T 5 BEK % dE I
fEETAI IV EEY L BT Runl),
FITE TOD-SS 77 0.05 kgkg/d & 0 E&Z AL,
FOHBTVIINEREAL VT ENBOGEE RN
5MEXRO0.1 kg/kg/d, 0.2 kgkg/d IZBMZ T v 7 L7,
FlEfE, BAHBRET VT ¥ VERRMEEKICHR 2
Wl1rHAERELZE Run2), 4V 7 ¥ IVEEEM
B cH 2 #ix L7 (Run3),

B, 2i2FnFhFL Iy VEO—HL7-0D
BREE L TASEROWRB ZIRT,, EEFAHH%RT L
TINBEA VT FVEBEOSREESEE LiED 5
FTICHIOHEL L7z, #0O®REGLICHKS O
FEIZEH L, TOD-SS &Afi0.1 kg/kg/d EExliF D T
L7y VEBRORKKRFERIZ106 g/d (RERT8A %),
AV 7y IVEBORKEERIT3 I gd (BREES

Run 1 Run2 Run3 Run4
35 : S 0.4

A]Q\» TP Elimination '
% ¢ IP Elimination X % I %
g %[ | - TOD-SS Loading : ) 2 <
£ Caa-e -1 ar <
é 1 Lo S =~ lo2 °=D
o gs) . > . =20 - 3
o B = e
) ' ~ 2
= T Ty B- 73
g1 ez m S - Foof1g
24 {0200 e =

5

O % L 1 ) 1 1
150 200 250 300 350 400 458
Operation Time (days)

1 7 5 WVERSROREREAL
Fig.1 Change of phthalate degradation

2 Run 1 Run2 Run3 Run4 04
\
O Gas Production ' g
- TOD-SS Loadin !
16 8 ' q
; ‘. Cg @ g) Jozg
&) , : g k)
' T . o1 -
c%’]/lz- X Crseoy -=§ @ o4 of é
g X %@%) o %7 0 02 ®
- - k=]
2 . % é&)’ © o g
A Qn= o = =
24 AT b | - - 4
¢] T 1014
F Z-g.: 8
(OIS | B — 1 | @ L 0
0 50 100 150 200 250 300 350 400 450
Operation Time (days)

2 WARERORREL
Fig.2 Change of gas production

4
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%) Tdholz, TOD-SS EFf0.2 kg/kg/d EERFIE,
FNFN167gd (BREH64%) L64gd (BE
911 %) THo72o 0.2kgke/d 1ZB1F % EEx AR
B, 4V T7 ¥ IVEOREEI, 6gdiifETIEiz—
FER oDz, FLI7 ¥ NVBOKRERTI—EY
T, REETHo72, T2, REEDPHERT B0
Vv, TAFEEE DKL,

FLIINBEEAL V7Y NVBOEES 2 EET 5
BE K D MLER % 280 H BIfkSE L 7225, MRS OREE
OEIMIFRD N holz0T, BEAMEEZTL 7
5 VEREMEE KT UL 2 ke U722 (Run2 ),
BREED EFAIZBD LN o7z,

BlERE, B E A Y 7 ¥ OVERBHC# 2 L
BiEBZhol Rum3), BHOLEFICEL DRV
BREEDEMIZEA L, TOD-SS &i70.25 kg/kg/d
BRI IR AR30.1 g/d (BREZRT %) DFREEN
Z bz,

B, EBRMEAP, EKOFEREEEIZ10 mg/L
KRB TH-o77,

2. 2 RT-PCR-DGGE iE(C & % 7 2 ILEE D RRAAE DIEE

2.2.1 FLI7ZZNEBEA VT VEEEHERKTD
BIEHM A IC BT 2 MEHENENL 75V
B R O HEE

R3CTL 77 VBEEA YT 5 VB S % &4
TARKT 22— VHERELHIELZ-HE
(Runl) 12B1T % MEEHEDOREHEE(L% RT-PCR-
DGGE 2 X VBT L =R * R T, BHE (L—
Y1), BLUD, 79 NVEBOGEEED R WER

Lane 1l2l3lalsl6l7(8Tal10
TP Elimination (g/d)|—1 0 0.1|1.2|4.5]6.7|10]9.5/10 |11
IP Blimination (gid)| — | 0 /0.1/0.8]1.4]2.9]2.8/2.7/5.9]6.1

¥ 3 RunliZBITAMEEEDEL
Fig.3 Changes of bacterial communities in Runl

(L=r2&3) TRAFETAIMEYHEEICEIR
SN olze LL, 77 VEBESEEEOREL
LB, HLwIERONYF (3 LV—r4—10,
KEla, b, c), Thabb, HEIHHAL, 1
LONYE (ME) &, FHRSSBEED WG
RICERONT, SBEEDOD B FERICIFENICE
b, o, RICEYVREICBESIN -2 L0b,
NS 3EOMBENT LT Y NVEEEA V7 7 IVEED
TRIZEBEIIEGE L ThwAdnLEZ NS,
2. 2. 2 BEAKHBROEAICE bR ) BEWBEEDE
1t
FLIINBELY 77 VBOTBRS % &8T5
BEKM D, TLTHVERIZTERTHEEK, RNT,
AV 7 NVEERERRRK, 2612, FL 7Y VEEEE
BEK & BEAROMBE B Z, FhIZk bk ) AUt
£ %A% RT-PCR-DGGE E12 & h L7z (&
4), 7L T7INVEEFZITECERKTH L » HRLEL
7205, ISV RNy — B LR O ol (L—
¥3—5) RWT, 41V 7% VEREABEKIZHEZ
72 ZAhH (L—=r6—8), ak cHONV FIZZEAL

T2 BAKHEEE 7Y VERSHE OB
Table2 Influence of influent composition on the presence
of phthalate-degrading bacteria

Composition of Influent

Band }

TP+IP TP P

a + + +

b + + -

c + + +
Lae [1!2]3]4(5]6|7[8]9]10]n

4 FXKMBEOENIZE D %) MEEEOE(L
Fig.4 Changes of bacterial communities following the
changes of influent composition

% The arrows indicate the DNA bands which were observed in the granular sludge

which had phthalate-degrading activity.
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RN o728, THEIWINY FbdERL:
(L—=6), T2, —EWEELZNY Fbid, BK
M Z TV 77 VERICRE L THBIE L o7z (X
41 —r9—11, £2),
SEOERIE, 7 NVBREME—DRFERL T L
JK T UASB Ftgs# b Eif7z, LidsoC, &
B 7 7 VB IER O 2 WIBRIZIGER S d,
SREEE BT AHFRICRENICHET AN
(HiE) 7 4 VEBBOEAL, Thbh, FRICHEE
LTWwadhntEZLNA,
SRIDIERN S, FLIINEBEA )75 VEED
SRIZIE, D &b STEEHOMBEAESLTEY,
ZFOW2HE (akc) &, WYWEDOHTHEIZHEG LT
By, By 18 (b) 37V 7 % VEERZ T DGR
5L TWn5a Z EARIBINIZ,

9 U

B O 5T EWMFERNTFETH 5 RT-PCR-DGGE
2LHb0nAI EICE), SFTCRAUTH-7-T7%

FEALIE UASB EEBHNO 7 ¥ VER W 2 HET 5
ZENTE, SEZSNERIE, EROERE
BRIz, MAEWZENETE 2 O OEREEIEE
TRETEHOTHY, 7 NBNHEHEEBED X D #H
UTRELREGERPRRICLADDLHFEIN
%,

[&E 3]
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BTSSR A L £E Na 95FE
(SPi%) (& % PCB /5%t smiE
PCB Contaminated Soil Treatment

via Hybrid Process of Thermal Dechlorination
Process and Sodium Dispersion Process

(H) B Fe R4 2 iR E
N AE

Masahiro Ogura
mE®R B &
Naoya Kagajo
F W

L
Shoaki Ide
nooH#H o Bk
Takao Kawai

PCB BL V¥ A F % V%D POPs (FTIEOMA L LT, HBARKECULETEETH D,
G A NMLUETRE B OMBS O SL, BIUNEAHIERE+EE Na 5#EE] 47
Ot A2k 1) PCB {E4TIEDMIRERE B o7, NEIERIZ L 2HBORE, BITINRIEE
DERE L HITHRE PCBREIZMET L, AHEANREE27 mgke 123 L, 650 T TI30.0038 mg/kg %
Rz BET ARE I ULEET L PCB 2D 1.3~16 %R I /228, SPEIZL D01
mg/kg RiGICTEDL I LR MR LI, A0y METOEIERBRICL D, PCBIEE26 mgkg D5
Y+ 38 % 5284 PCB 2£0.0038 mg/kg ¥ CALE L, PCB &8 mg/kg DHEN A BEiH120.056 mg/kg
FCMETXL I LR, AT O LR IT LD PCB HHREIL9.9 %ThH -7,

PCBs-contaminated soil treatment were examined applying the hybrid system of reductive thermal
dechlorination and sodium dispersion (SP process) to develop an easy on-site treatment process for
POPs materials such as PCBs and dioxins in polluted soil at a lower temperature. The results of
bench-scale test showed that the residual PCBs content decreased with increasing temperature and
reduced from 27 mg/kg to 0.0038 mg/kg at a temperature of 650 C. The gas cleaning oil of the
scrubber absorbed a range from 1.3 % to 16 % of initial PCBs content of contaminated soil, and also
decontaminated less than 0.1 mg/kg via SP process. The pilot-scale test confirmed the reduction of
PCBs from 26 mg/kg to 0.0038 mg/kg for contaminated soil, and from 9.8 mg/kg to 0.056 mg/kg for
scrubbing oil, and also PCBs decomposition rate of 99.9 %.

PCB V5 4 1+ 3 PCBs contaminated soil
FRTCHNEL IR ik Thermal dechlorination process
& B Na 4 # & Sodium dispersion oil

Vol. 46 No. 2 (2003,/2) i A S 7



) 1

POPs DRER RILEY TH A PCB R T A 4+ F
VEOSREEHEMIZEOFENERL S
CHTWwAEY, HHTELR EONEIZIZPCB, ¥
AFF Y VBERZFOFTETERTAHICIIHRELS
{, BARITEIIOWEZATH S,

PCB, ¥4 4 XV FDbDDOMHMED—D L L
THA R T 20 DM T Wb SPEE,
19974E 12 4 F ¥ Powertech £ & ) AR 2 EA L,
HADEEIEEST L OOHMEBEBI 2w,
PCB JLEEHAT & LCIH3 AT (BRET, EAE,
WREE) OEMEHMEZ 2 7-8frch s, RiEE,
&8 Na iR L ARFZ MG HEEHE L, RONREN
CTHHEBEPCBBLUY S+ ¥ VEHEEEL
WEETH Y, EGNREORIERMZITLEACERL
vy, HEH AEREND R BEEIENRTWE R
EORENRH B,

—J, N=F AV LTRBESY A+ %
3 VBB R HIRIK O 5 R R E F ER O H A EIT
TN BE R, BT LG D BB IRTE R %
BEHIHREOFERTBIIEINL T A4 X VEHOS
FRAEBRIZL DO RULOBFNFEENZONL D
EERFEELTWBY,

FZTC, MEOHEZEN»PLZPCB, ¥4 4%
VUMSERTBONE AL LT, MERENT
BHKIRT, 4 A4 MLUBET R B A EORS
* HiE L, &8 Na oEhiE (SP#E) & Biohms
PR EZHAE DY IEE T O A2 X BRE %
Bz ol, KT PCB BB B
ol RERIIOVWTHET 5,

1. 7O0tX@PE

X112 [BICIZBUIE R + 48 Na 5|
THEADOMELRT, K7L AT PCBiHFHET
BLIE TR L PR AP THLE TR, SR S5,

PCB E§ BB THETIX, HHRIE*EEZSH
KA THZL T PCB iR EE L SBT3 2
ZAh. BICMBEFICEAET AN AL, BEF AP
WEZRER LRk, EER7 1V 5 — %28 L THEH
ENB, HEN ATEIMALEE THE Cld, HEH AP
IZEE Na B L UOKZERGHLZEIML TPCB i
EFEME L 725, BRI AT E LTH
FIH D720 4% D Na B & OF NaCl # g 5 5 7Kk
g LALER B & OLEREEK & § 5,

2. HEBAFE

2.1 £ EHEH

FEFERTED 4mm 55 WEBSICH R 7 a— )b
KC-300D 7 & + YEW AR - RE LERSET
L L 7R I A BRI L7, /1 ICH
BOGHRRERT,

2.2 ABRAE

X2 B EEOERNKE R T, #500g 018
HAEEZ 6 LARORIEFICEAL, SRR/ -
VI T350~650 CIZHIRL 720 ATEIREICEER,
BEANA-JIZYOBZTL ~ 6 BN, 50T
UTETES LB LIEEL 2 70, BEFOBES A1
BRI TSI & W 72, TEMER BB S
& THEH L 72,

BEA AL, 2LBEEDO XTI TN 7T AT
W TEE Na 8k L KBRS A2 3w, #EHL %
590 C, 1M CHER/LRIO®E, KERmL
THRIGEEY TH B NaCl B L OUHRFEOL)E Na %

Exhaust Gas slpp|

Thermal
Dechlorination

i PCB
i | Contaminated
L Sl

=1 PCB 155+ D537 R
Table 1 Analytical results of sample used
Parameter Sample
PCBs [mg/kg] (HRGC/HRMS) 27
Moisture Content [%] 8.0
Ignition Loss [%] 1.9
Discharged gas
Gas Cleaning — Contaminated 5 SP
Unit oil [ Process
A
E Recycl i ‘
ycle :
......................... {Treated Oilj (Wastewaterj

Treated Soil

Contaminated Soil Treatment Process

1

Gas Cleaning Oil Treatment Process

DRITIMBBIE R + €K Na O#EE:] 70 2 OBE

Fig.1 Schematic diagram of combined hybrid process of thermal dechlorination and sodium dispersion processes
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Table 2 Result of thermal reduction test
Test No. 1 2 3 4 5 6
Temperature [C] 350 450 550 650 550 550
Heating Time [h] 3 3 3 3 1 6
Initial PCBs Content of Soil [mg/kg] 27 27 - 27 27 27 27
PCBs Content of Treated Soil [mg/kg] 0.17 0.028 0.0066 0.0038 0.014 0.0089
PCBs Extraction [mg/L] < 0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001
PCBs Content of Exhaust Gas Cleaning Oil [mg] 1.51 0.80 0.18 0.87 — —
Decomposition Rate of PCBs in Soil [%] . 99.4 99.9 99.9 99.9 99.9 99.9
1
%
® E
= 0.1
(2
Rotary Electric Furnace Gas Cleaning Unit E CD\
=~ 8
&
g <
[ P——— g
Oil % b\
g
5
g 001
;; 3
- . ISL
3
o] g ©
ggxator
0.001 350 450 550 650

Contaminated Oil

Settler

Reactor

2 ABREEORAKN

Fig.2 Schematic diagram of experimental units

ARFISMH U7k, BRESEE L CALBE & LBk %
272

3. HERERHLUEER

3. 1 ETEHFARER

R2IOBTUMARBHELE T, X3 1BTMEIRE
LAV IER DR PCB IEEOBRERT,

WLE T EE DR PCB B, EBTUMBEED -
HLEHIET Lz, FOBRTRILEEITIKFL,
350~550 TTi R E KT L7248, 550~650 CT
ZNE L B EE R R L7z, BICHNEIR RS0 Tl
BWTEFRE PCB IR E I LT T LR 0%
BERAELER, MELEORYE PCB EEICHE
FBIRBEBNZED SN2,

T4 PCB B 1399.4~99.9 % Td - 7278,
BEA A Bl $12120.18~1.51 mg DS PCB 58
Tz, L7zho T, BITINEFRERIC L % PCB 4

Heating Temperature ["C]

3 BITHIZERE L AL R PCB IR E O BLR
Fig.3 Relation between heating temperature and PCBs
concentration in treated soil

HRER1388.2~98.6 % & 72 o 72,

MHELED PCB A HRBRERIT, @ ThR%E
(0.0001 mg/L - BB Ki) #RL, TIEIRBEAEL
i AR DY AN
3. 2 HEH RiEiEmAIERERIER

= 3HET ARG AL SRR R AR T, HEL A
Pt D BEEH O PCB B E 1L, 0.35~4.53 mg/kg
TH o7z, LB ICHESS L 72 PCB 13 SP IS
LOBEFRIESN, 0lmgkg LT &2 AT L i
AL,

CORER, [RITINZMIE R+ €8 Na 58k
Bl BE 7ot 212X 5 PCB 4 #%1399.6~99.8
% &m0l
4, A 0Oy MEICK B3 EIRAR

INRAEBECORBIERYBEEZ, M0y A7 —
NOEFRBREB I ol
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Table 3 Result of gas cleaning oil treatment

Test No. 1 2 3 4
Initial PCBs Content of Oil [mg/kg] 453 2.42 0.35 2.32
PCBs Content of Treated Oil [mg/kg] <0l <0.1 < 0.1 < 0.1
Decomposition Rate of PCBs Through the Process [%]  99.8 99.8 99.6 99.7

4. 1 EFIFERZEE
%ﬁ?ﬁ@ﬁﬁﬁﬂi, %ﬁﬂﬂﬁ%ﬁ%, FTANVDNT Y 70, *=4 PCB {53z 188 0 4347 st
PEAT AR B, S % 5, BE 1 I5ETINE Table 4 Analytical result of sample used

RE, BE2 ISV AREHLERELRT, BE Parameter Sample
DHBIUTOEBY) TH 5, PCBs [mg/kg] (HRGC/HRMS) 26
1) BITCEEE Moisture Content [%] 2.0
% B B K BEEEREE, 2y leniton Loss (%) 25
i |
) &0 700 mm X 1 000 mm

- 72 [ & R 385L
B 5 ORBREES AT X A REEINE R
2) FANVET VS
- hMT v 7B SUSE20L H, 44K
CHE AP A 20 L
CHER 7 0 7 L 0.3m*min, 550 mmAq
VEMER ST T A ¢500 mm X500 mm
3) HEA A BRI AL R
CREEZB WLAEE, HEE, wHEE
REZRY S, b—%—fF
RIS MI20LBE, HERE v—v—

fiF
KA HAEE 20 LA, PR e —
Junetetsin i el BH 1 RuoiAbEREE
- S BEMEGE, WERT AV Photo 1 Thermal dechlorination equipment

4.2 +ERH

FEERTED 5 mm 55 WEBSICH A7 T — )V
KC-300n 7% s YIBWERN - BELERIET
P L R R I BRI L, R4 TR
BOSHFERE R T
4.3 REBEH &

TiEHAE43 4 kg  BITMBE B ICAN, BRE
BT T30 CECTHIE L2, 530 CHER, &F
FHESICE ) B2 3REMETms L%, 50 T
TETRH LB LEY 2 72, BITIEFES X134
AN STy I TR S 7014, EERZ
EaE S,

P APIPERE, FET ARSI E B W T,
48 Na s & PUMEER 2RI L, 2FFHK
T, 90°C, 60 OBIERIILEL B Z %o 72, ]
SIS T #, BN %40 CUTISHE L7221, K E R 2 %Fﬁwi@%gﬁ

Ead

ML THRREIO Na 7% ARFH L, ﬂf_@‘?ﬂﬂ &AL Photo 2 Gas cleaning oil treatment equipment
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Table 5 Result of pilot-scale test

PCBs Thermal Dechlorination Process SP Process Total
Contaminated Gas D iti
on z;r(r)lillna e Tl:;?a.ted Cleaning Exaust Gas Treated Oil) Wastewater ecolgg::;)osl ion
oil 0il
[mg/kg] 26 0.0038 9.8 0.53 ug/m’N - 0.056 - | 0.0002 mg/L o
B | mgl 1100 015 | 180 0.0093 1.0 | 0.00015 99.9 %
ioxins | P& TEQ/g] 130 0.93 1.7 | 0.038 ng-TEQ/m’N | 0.22 — .
Dioxins| "o TEQL | 5600 36 3 0.67 29 _ 99.3 %

HBEKE 2720 FEFNAEER 74 VI —2@BL T
HEH L 726
4.4 HEBRHER

RBBERERLOICRT, TERDOPCBIREIE
26 mg/kg 2 50.0038 mg/kg 12, ¥ A 4 F T VT
130 pg-TEQ/g #* & 0.93 pg-TEQ/g 12 7R IEZ/L T &

720 HEA A BRWETHIZIZALEERG H18 0 £ PCB &

DBV sTy TEN, 2759 — PCB W

1.7 pg-TEQ/g, PCDDs + PCDFs iZ A TH o 72,

SP ¥£IZ X ) ALEEHIE PCB 0.056 mg/kg, ¥ 1 4 F

~$60.22 pg-TEQ/g \ZHREELT X 72,

AVEE T3 PCB & BB R, A (0.0001
mg/L-RIEAMG) Fon L, TBEBRBEREELN L7z,
v U

EILMBBER S+ &8 Na o8kE] 5467

T+ Z|2& % PCB{ERTIBILERBRLYBI 2V,

ROFERZ 212,

1) BUMBEEO LR L & HICHEOEY PCB
EEEETL, MIEFRE27 mg/ke 20 L TR
FE 650 °CTi20.0038 mg/kg %R L7,

2) HEN ABREIHR I IS ERTLIEH PCB B0 1.3
~16 %SRS 7275, SP L X 1 0.1 mgke K
WIZTEALZ L RRERAL,

3) FICINZL+ SPEIC & A+ PCB BRFE =T

E Wk

99.4 %Ll E, PCB Z3f#31399.6 %L ETH o7z,

4) TEREL34kg 7 b BV KIEFERBROKS
R, PCB &% 26 mg/kg %%0.0038 mg/kg (2K
B ENMER SN, PCBIEREY.S mgkg DHEN
A YEHETH130.056 mg/kg 1ARIR L 72,

5) MEE 8O PCB i HI BB RI1Z, £ TR
(0.0001 mg/L-#R¥ i) 2R L, TEBBEHEL
W7z L7z,

[ 8] _

1) (H) EEFEEYLIEFEREME | PCB LS
4 F7 vz (1999), p.321, p.340~343

2) JRHEE  EREY A& Y VBB SRR
v= 27V (1999), p.18-20, p.36-38, p.43-49

3) (W) EXEBREREYNEEERAYF ;| PCB BN E
FHEREMER (2000), p.3-5, p.5-2~5-3

4) kSR, KERE, NEEE, VEHBA . 28 Na
BARLTF I X A AR, 1B, JEKERS 1432 V8
DHRIEE, MAETHEEFE, Vol37, Nob (2000,
p.442~448 '

5) #HHFH, MNEERH, NIEFR: " SPE (FiE
B PCB LE) BT 2 REMSEDOIERRE, ~a4
YF A VY —, Vol7, No9 (2002), p.50~55

6) INMEERE, SR, BEK . BHEKB X UHERS
DFAFFT VEENE, RN, Vold8, No.2
(2001), p.133~137

B OIE 8 BT FASE AR
FSERE 5640

52 HfFE

TEL 078 -992 - 6525
FAX 078 - 992 - 6504
E-mail m.ogura@pantec.co.jp
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Advanced Treatment of Surplus Wastewater

from a Sea Area Landfill (BB B AR B S R AS 2 BHE 2
B ® # K
Toshiyasu Oya
H ® B %
Akihiro Toji
(BR) e AR HHATER 56 3 Beafy =
BB PN
Dai Kojima

(R B R E TS =
VU S
Tetsuo Kobayashi

T ST AL 2 BT B 4K DB L EFRBT % B MBI R & U7 B i EZR Y B ko
720 EEROMB Y A7 NIWZBEREZER L2 DT YV 2 — VLS 25 4 8 X O EER AR
it - BB X700 2 FAE Uiz DT BV 2 — WALEE S 2 5 A TITBIMLEE & | Clei gy
TRzHET L2 TEE L 2ERERESBI 2 X, BODS 2~ 5mg/L, CODwW< 3 ~ 5mg/L,
T-N< 1~ 2mg/L, TS<50mg/L &FHAHKE~NDEFBTREZKEREENZ S, BiEkEtE
WAL - BRELEL Y 2 7 AT, BBRICEERBELHEZ2BZ%29 2125, BOD< 2mg/L,
CODw<10mg/L ZEW L7z, $72, BMBEOBRERED-ODLEE L EBlE k2L,
ZOBEEI LY TN<IOmg/L ATTEETH 2 = LASES NIz, KEBRIZED, TUAFALE D
FIRIVERAN D D] BEMEASFER T & 77,

Continuous treatment of surplus wastewater from a sea area landfill was performed for removal of
mainly organic matter and ‘nitrogen with two systems; a DT-module system with reverse osmosis
membrane, and a submerged membrane bioreactor system for nitrogen removal. The former was
operated successfully by adding coagulation method as pretreatment, producing water reusable in the
landfill or plant, namely BOD< 2 - 5mg/L, CODw< 3 - 5mg/L, T-N< 1 - 2mg/L and TS<50 mg/L.
The latter achieved BOD< 2mg/L and CODw.<10 mg/L by adding activated carbon adsorption at the
end. Controlling factors for stable removal of high nitrogen content was confirmed, by which T-N<10
mg/L. would be attained. This experiment proved the effectiveness of the two systems in the treatment
of surplus wastewater from a sea area landfill.

i T 37 AL 45 Sea area landfill

B OE K Reverse osomosis membrane
DT & ¥V = — )b DT-module

wE A @A K Microfiltration membrane

= & i Submerged membrane

TS Ty 7 FiR Vol. 46 No. 2 (2008,2)
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FRR124E, TERBALSIERIEERREDSHIE S,
01D [REALE, KEHE, KEREFELOMHE]
o [TEREME ] ~OBITNEREHRELD A
DT o7, EBEEFSOBEIZETTIE, VY
A7 VO] & &I [BEEYOBIEME]| 799
WICEETH ), BREY OIS~ DY) %
B X UG H 5 ORK O FY) 7 L & 2
BARTRTH B, HAASHIZEL TE, 2005
BHABOWRIEERED 12THY), FOLI 7%
BIEPORBEOE AR % TR T & % T 7 AL
ST ONLIFEIRELL Lo TETNS,

YETAE ST AL 5 © ORI K T B 5 Kk,
BOICBEEYOWEHHEANIC L AEEKT, o,
FHIMIBREEY) & kM L, & 72K OBEZEYH
BESAREECHBEARZ DIz Wi &, EARHIC
e b3 ST AL 2 © DALIERF SR Td BRI & ik
By, LACEBRYSERRAS P EBREL D
EDSnEENRD Y

Fo—F T, BEHENS  OBEHER L 2 bk
R LG5, BRIOTRETHS CODIEd b
AADZE, SLLRIEEREE L CEFRBLORE
HWE &%) 9 AERRTOBIE LR LE RO S
20H N, PEHEELREME~NOELOFED &
I L 2 AEED»D 5,

PDED &) REENHAHH, BEEESTIGEDR
HAKELORTHEKOBEROEEFELE T THO/M
P ICBE T AMREIEDO L 2A T4 L iId v
Vi, FZTARBFFETIE, WEEZAG 0 6 D &K
22T, BHICABRYE L UOBERRS % LR
LU ERERY 2HEOME Y AT A, Thbb
HEBEELEHL-DT EY 2 — VILE S AT A B
L UBREEAEDREL - RELE AT 255 B0
TER LT, FITRAONTWLDOHhDOHA 2 HE
5,

1. EEEERBE
L1 EBRBH

REFERIT (B) MILBRRBREFERIES
ERT D KEEEBEEDLSHNTB I v, RN
TED D DK WHENFERKE LTBI kol &L
SO EIZ OV TUTIZRT,

MR RTE RS . 962580 m?

-3 A B 12651 000 m?

- YT BEFEWE | 17 600 000 t
1. 2 EIEREM

20014E 5 A 16 H ~20024¢ 2 H15H

1. 3 MIBENHRKEIEE

REFERTIE, BdRWENSKEHEE L LT
BOD, CODy,, T-N %z, #h 2N BENRBEKE
UTO L5 ke L7z,

BOD 1 <10 mg/L
T-N : <10 mg/L

%8B, CODw<10 mg/L i3k B HEBEEW L5512
BIFHPENEE (HHFHMHE) Thb,
2. WNIEI T L
2.1 DTEY 12— NWIBY X T L
2.1.1 DTEVa—JV

DT &V 2 — Vi, PREMOHERZERE (RO )
ET AR EMENE TITAFy 7 WAR—F—%
HMALGDEET 22—V ThHD, —BEHROE (UL
T, I1stRO) BLXUZEHROME (LT, 2ndRO)
12X B 2 BRIEDOESHE X ) B, EEESOE
FUEIZDHbAADT L, EBHRIEMHE, ¥4 52
¥, ESBESOGHNTRETHY, RBKIEOM
HRENZ 6N, LT, BEROWEIE M
DICIREET HAR=F =T 4 A7 DEEIZL Y,
JEOBHFEE W REW 7 7o) V7 EZIFIZND,
BERDOROPEER D B W2V AT ATEHARYRTH o
72 RO JROFIERIC BT B IR A8, &M
WEREDOEEMIE S B WL, FHELELED
IO H CEETEE L W) LD 5, DTICARE
HEBRTHEHLZDT EY 2 — VOABEEFET,
O KEERE ST

+ IstRO : 12 MPa

- 2ndRO : 6.5 MPa
@F Y 2 — VA

-IstRO © 2AKX 2780w

« 2ndRO : 2K
@1 #E MEXEZ) 1 200mmX1 200 mm
@O " (Fa Az HME)

- 1stRO : ABS #fig/SUS

- 2ndRO : ABS #JE/FRP
GO ™ % : 7.65~7.78 m¥module
©F # & . XY 7 3 FREST
DEERIRREE © 5~35C

LAk ClIBE LS A B DR AR~ OB E
BYH B,
2.1.2 VAFAT7UO— |

DT EY 2 — VLY A7 5O AT L 71—
2R T, B CIIBEEE BLS IR 72 1B
R[EBIR\V, BELEEMBTIIBDITSS DBRE
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© HCI HCl Dispersant

PAC
Neutralization
I Tank
& ™
3 Feed Tank
= =
- ld - —_“ﬂ—‘—'\ |
o O (T
®)|L2(®)|  Mixing Cosgulating

Treated
Water

Permeate Tank

Aeration Tank Tank Tank
Sedimentation

P

Wastewater from

Sand Filter

a Sea Area Landfill

K 1 DTEV2— VALY AF A 70—
Fig.1 Flow diagrams of DT-module system

v

HCI HCI
NaOH NaOH
[PAC_ | Phosphoric Acid
Methanol
® ® @
N | Treated
— — |5 gl — Water
O | o
Mixing  Coagulating Neutralization Treated
Tank Tank ank Water Tank
Sedimentation
Tank
Denitrification Nitrification Permeate Activated
-~ Tank Tank Tank Carbon
P
‘Wastewater from
a Sea Area Landfill
2 REEXEWHL - HELEI AT 5 710— 0
Fig.2 Flow diagrams of the submerged membrane bioreactor system for nitrogen removal v

EBIh), FOH, DTEVa—VIIBXEER,
Iy 740VE—, IstRO, 7% 6 NTZ2ndRO IZ &
D ZDOMDEENE L VEBRRGTOBRELBI %,
2. 2 REBESXEMHEEL  RELES X7 4
2. 2. 1 REEXAYHL - RELEEE
REENXAEYH - B0l R E R -
R3O I ERB ORHE A/ (MF) R%R
HIEHDOTHY, BOBEBICLYVRELZE
BABERBI b B2T TR, HROBRET
DFEFFDTRE 2 72O BEM TOERIZ D X HE &
W FBDSH B, T REREIIAEAREIC BT AR
ERICL BDRMRE LFAWICL D, HEREIEEIRE L
hhl:0, HROEWREDT 77 ¥ 7 HHR/NRIZ

Wz ons, TS, KPR THA L 2REERA
YAt - REEEEOMAREL T,

O H #& . 0.11 m*/module

QFBEEY 22—V . 10K

@F Y 22— VT 226 mm X316 mmX 6 mm

)3 A B.R)FL T4
O] 7L £ 0.4 um
2.2.2 VAFATUO—

REENXEDHL - MBRHES X T LDV AT A
Tu—%B2 IR Y, BELBZRMTIZBLITSS
L, BEEXAEYHL - HELEEEICBY
THEHRYHEE L OCBERSOWML - BEuEr B
9. RIEEEEKICES L EYHESRIEDE

14 L AN ARV & ¢
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B IR RBEL I L VR s D,
3. Z®KKkHE

FHEBRPB R ORKOB Y ZAREZR1ITRT,
%3, 20014F 5 H16H~20014E 9 H18HIZ DT £ 2. —
VALY 27 A DJEKAE L DERK L T iz/205F 1
R EO Lol HEFH O BOD, CODw % H
2 T-N OFHEIZ 221, 280 mg/L, 145 mg/L
HWNZ122mg/L Th Y, wAMEERMEDZED
KEWE W) BRI D o 7z, AREITALSH SHT R
HBREIFRY D CESHBIICHEL L, BKIZES
ARSI RDPD RN OWEORR LMK E  BE
ERIZLZZEDZD—REZZOLNS, /- pH
Z1I0~13DFET7 VIV HETH o7, FRREZYW (UL
T, TS) 1&8260~13500mg/L TH Y, —fDugEK
Wi & BT 5 L 13~ 12 ETH o 72,

4. ERIERER
4.1 DTEV 2 —NWAEY X F L
4. 1.1 EEF—%

X 3 (Z1stRO, B & U2ndRO DEEKE D ElzE T —
T RIRT, VAT LAERE L TOEIEDGCS % B
KUBRELD L) LEGTEREB IR 5720,
& % 12 1stRO A%75 L/h/module, 2ndRO 7% 100 L/h/
module DEXET, F/21~2:8812 1 BOEER

‘ + Ist Stage Permeate Flow Rate & 2nd Stage Permeate Flow Rate ‘

Recovery Rate 68 %
e

Recovery Rate 75 %
a——

ISOJ

v

100 ‘" LT
h’*‘. reum e min g

50 —.

Q*aOO*'Q—
+

1
500

1
1500

=}

I | ] 1
1 000 2000 2 500 3000 3500

Permeate Flow Rate (L/hr/module)

Operating Time (h)
3 BEKEERT— Y
Fig.3 Operating data about permeate flow rate

Raw Water Conductivity
—— 2nd Stage Permeate Conductivity

1st Stage Permeate Conductivity

10 000

<
1S3
>
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>

=

500 1000

1500
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H 4 BREETET- 5
Fig.4 Operating data about conductivity

Bl i) Il INRELLEBKEVSZ LR
77
4. 1. 2 BR(EZERE

X 4 124K, IstRO EEIK, 7 5 UNi22ndRO &1l
KOBRIGERD T~ 28T ENFNOFEE
EENFN, 1670 mS/m, 89.3mS/m 7% & UNI211.6
mS/m TH o7z, —MHICERBEIBVE W)
A HBEKICE LTI, BRIZERE TS I2IXE
WAHBEDSH 1, REEBRTHER L72R/KIZBWTYH,

[TS (mg/L)]=[BREEER (mS/m)]Xx6.14
TREINAHBEBABRIED LN, Thbb, K4
L0, REBRYIB A TS %% L2HIEETRES
NTWzZ edthhl), ZoZehbd DT EY 2—
WALER S 2 5 b DRE L7 B Ml s iz,

® 1 FAKE
Tablel Analysis of wastewater from a sea area landfill
Parameter {Units| Max. Min. ‘ Ave.
pH — 12.7 11.6 12.2
Water Temperature; C 23.3 7.7 145
CODwa mg/L| 160 120 145
BOD mg/L| 405 194 280
Total Nitrogen ‘mg/L| 167 57.3 122
Ammonium Nitrogen: mg/L, | 137 31.3 83.2
Nitrate Nitrogen mg/L |  <2.25 <2.25 <2.25
Nitrite Nitrogen:mg/L| <0.050| <0.050| <0.050
TS i mg/L |13 500 8 260 10 600
x® 2 KESHHER (PHE)
Table2 Water analysis (average)
— 2nd Stage | Removal
Parameter iUmts Raw Water Permeate [Ratio (%)
pH = 12.2 6.4 —
CODw, img/L 145 33 97.7
BOD img/L 280 4.6 98.4
Total Nitrogen | mg/L 122 1.3 98.9
TS img/L| 10600 42 99.6

nd Stage Permeate

| [t Stage Concentrate §

[nfluent to DT-Modules ?

K, 1stRO iE#EK, 2ndRO ZiE7K

B 1
Photo 1 Influents to DT-modules, lst stage concen-

trate and 2nd stage permeate
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4. 1.3 I KH

2ndRO EBKDB D HAKEIZDOVWTR2 TR T,
BOD 13 A7k KB 194~405 mg/L IZx L T< 2 ~5
mg/L, CODw, I&AR7KIKE120~160 mg/L 120 L T<
3 ~ 5mg/L, T-NIZ&HRKKES7.3~167 mg/L IZxF L
T<1~2mg/L #EH L7z, T2, TSOFHEL
T99.6 % DEREEEZRL, TS ICH L TIERAKIE
ADOMEKEE o7z, LEXD, DTEV 2~V
MLEE S A5 WC X A AUEDKE, FERTTEERKE TH
DK% 5T, BAFKE~NOBFIHES B KE
THHIEPRENT 2T, DTEYV 2 — V3
BAOHAKS X U2ndRO BBKDIERZBE 1
b:ﬂ‘*a“o

,maﬂﬁ-tifmﬁ{ b BRERALIE S X7 A

4 z 1 &7

(xﬁﬂﬁ%émm b - BiES LR E ) S OB EKE
ik, RN L DRNE BEBICHPLENER
To), HROMERPERE, BOEBEOIRRE, %56

PWKBEDEEELZTLIDTHE, 2IT, K

S5ICEBKEZEER Im*24720, £J71kPa47:
b , 72 5 UNCKIE2S CICE L - fIEERKE Y,
F-E6 ICEEF DO MLSS, MLVSS % & Ui
MLVSS/MLSS It %2R 7, EED L OMIEEEKE

L
wy
N
S 400 |
<
g 2001
2
RS
=
0

5/1 8}1 11‘/[ 2)1
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5 WIEERKEDEHEL

Fig.5 Change of modified flux with elapsed days

N
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A
\ 4
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Wastewater Treatment System for a Large TFT LCD
Manufacturing Plant in Taiwan

BEOKE TRT W5 T35 (S WEFHEK UL R 2 A L 72, & DRRED B A1
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i} & i Z
Akihiko Nishizawa
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Masahiro Akiyoshi
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A wastewater treatment system was delivered to a large TFT LCD manufacturing plant in Taiwan. The
objective of the system was high water recovery rate based on the municipal guideline to cope with
the short supply of industrial water. The system features separate treatments depending on the content
and concentration of different wastewaters. The highly concentrated organic wastewater was treated

with evaporators for minimum installation area against the increasing land price there. The system has

been operating successfully achieving recovery rate of 80 % since the start of operation in 2001.
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Wastwater recovery system for TFT LCD
manufacturing plant

Water recovery rate of 80 % or more
Separate treatments depending on concentration
and content of wastewater
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Photo 4 Low pressure UV oxidation unit
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Fig.1 Flow diagram for treatment of low-concentration organic wastewater
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Fig.2 Schematic diagram for evaporation unit
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Nitrogen and Phosphorus Removal Technique

with PABIO DENI

(B TIFERS R4S 6 HIRE
s {

Jum Kawashima

By H g —

Shinichi Nonaka

JHRZEFERRFE 7T A PABIO DENI &, A7 v FHRARSEMLKSESHASLELTKE

MBSO 2040y b A M RERL,

2AEMICESLAR TR ADERLERICB VT, HRT 6h LT OLMAT, ABEK T-N<10 mg/L,
T-P<05 mg/L DEEUIELSTRETH S Z L 2 EFEL 72,

A report was made previously on development of a sewage treatment process combined with the
fluidized bed biofilm treatment process (PABIO DENI) and step feeding system for nitrogen and

phosphorus removal.

The pilot test for the process conducted for two years achieved the high quality

performance of T-N=10mg/L. and T-P=<0.5 mg/L. with hydraulic retention time less than 6 hours,

proving practical application.
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Phosphorus removal
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Tablel Specification of test equipment

Anoxic Reactor } Aerobic Reactor

Diffuser (Fine and
Rough Bubble)

No. of Steps 1 2 3 1 2 3
Reactor Volume (m®) | 2.63 | 3.68 | 4.73 | 2.63 | 3.68 | 4.73

Mixer/Aerator Vertical Paddle Mixer

Ratio of Reactor Volume| 1 : 14 : 18| 1 : 14 : 18
Filling Volume of

Carrier Elements (m®) 0.71 1.42
Filling Ratio of 07 | 19 | 15 | 54 | 39 | 30

Carrier Elements (%)

MLSS [Plan] (mg/L) {3 150|2 250|2 0003 150|2 2502 000

Coagulant Tank
—
B

BELY

Excess
Sludge

Flocculation
Tank

Q- >

[Reactor Tank] —.—N—J Circulatjon of
Reactor Tank Q > Nitrified Liquor

M 2 N4ay FFAFTE-Y—} Retum Sludge DNI~DN3 :Denitrification
Fig.2 Flow diagram of pilot test NI~N3  Nitrification
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Fig.3 Fluctuating flow pattern assuming large sewage
treatment plant

4 6 8 10

RUNO~®F CREZREZOADEERERL L, VU
= 2 EBREM
TableZ Operating condition
vlolelo|e|e|lo/e|/o/o[o]|®
Method Activated Activated Sludge + Carrier Elements
Sludge
12
HRT (bl o] 5 5 6 5 6 5
Loading Pattern |  Fixed Fixed Fluctuated
ASRT [d]| 4 | 25|19 |28!24|35|35|2731|35(33!29
M“ﬂﬁ;jww 20901 650(1 58011 270(1 840|1 870(2 510[2 520(2 330(2 380|2 230[2 530
Temperatwre Mean| 24.7 | 27.0 | 30.0 | 27.4 | 19.6 1 18.0 | 23.2| 28.8 | 25.0 | 17.0 | 21.7 | 284
(mme 3.1 [256 1201 235 [156 [158 [185 1259 181 (156 [184 [25.1
[T] [R4"88| 95 5|~ 28 6|~ 30.8/~30.91~ 23.3~22.6~ 26.6|~ 315/~ 29.5/~ 19.7|~25.1~31.2
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xR 3 FEABIULBKKE (FiE)

Table3 Comparison of water quality of pilot test (Mean value)

EERNEIENEIGG ® 0 0|
N Influent [mg/L]| 31.7 1 27.8 | 29.0 | 29.8 | 31.0 | 31.4 | 29.1 | 31.0 | 29.2 | 34.5|32.3 | 27.7
Effluent [mg/L]l 9.8 |10.1| 9.0|156|12.7|13.1| 74| 7.8|10.2|15.0|10.1| 85
NHN Influent [mg/L) 21.7 1 20.5 1 23.7 1 21.5123.3]22.721.3]18.1121.0]24.6|25.9]23.1
Efftuent [mglL] 0.6| 3.8| 09| 56| 28| 07| 03| 04| 08| 92| 04| 02
NO-N Effluent [mgL] 7.6| 44| 64| 84| 81(102| 6.1| 55| 7.2| 42| 83| 7.0
T-B0D Influent [mg/L] 87.2 | 80.0 | 79.3 | 64.0 | 74.0 | 96.2 | 77.0 | 71.7 | 73.1 {100.1| 94.0 | 81.3
Effluent [mg/L]| 13.8 | 20.7 | 11.8 | 16.7 | 19.8 | 13.3| 7.2| 86| 8.9| 37.0/12.2| 8.2
C-BOD Effluent [mgL] 7.6| 87| 6.2| 57| 54| 59| 5.1| 55| 50| 50| 50| 5.0
BODN ratio of influent| 2.8 | 2.9| 2.7 2.1| 24| 31| 26 23| 25| 29| 29| 29
Influent [mg/L) 72 |63 |76 |57 |52 |54 |62 |65 |59 |74 |64 |82
Efftuent [mg/L]] 11.0 | 125| 6.8| 96| 6.6 89| 57| 55| 6.1]12.0|105] 3.9
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New Trend of Water Purification Technology
— From sand to membrane —
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Modern water purification system has developed from slow filtration to rapid filtration in terms of
technology since the one in Yokohama City in 1887. The filtration media began to shift from sand to
membrane at the start of MAC 21 in 1991, a national project for development of membrane
technologies. Shinko Pantec participated in the commercialization of the membrane purification system
as a part of the project. In the subsequent ACT 21, achievements were made in submerged membrane
systems for large-scale plants, and rapid membrane filtration at doubled filtration velocity. In the new
project, e-WATER just started in 2002, a demonstration test is scheduled for development of
large-scale purification plants.

Water Purification

Membrane
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Fig.1 Particle counts in treated water
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£ Media A (Efective Dia. 0.74 mm, Uniform Particle Coefficient 1.42)
O Media B (Efective Dia. 0.74 mm, Uniform Particle Coefficient 1.41)
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Fig. 2 Particle distribution of filter media
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Fig.3 Comparison of particle counts in treated water

Submerged Menbrane Tank
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Fig.5 Test flow for submerged membrane filtration
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Gas Treatment Facilities of Industrial Waste Incinerator

(R)OGHEI TRV —T
AN gk
Tetsukazu Koide

WAL IT HELERIE (W) MU EESEBE R R AN s OBE T A MBI A L, OS5 X MEE
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w5,

A waste gas treating system was delivered to Nikko Environmental Services Co., Ltd. for the industrial
wastes incinerator to achieve outlet dust concentration of 0.02 g/m’N-dry or less. The gas treating
system is composed of three main units; a quenching tower for cooling exhaust gases, an atomizing
wet scrubber for roughing dust and noxious gases (HCI and SOx) and an ionizing wet scrubber for
high removal efficiency of 99.9 %. The system has been in successful operation, attaining the target

concentration since the delivery in March 2001.
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Wastewater Treatment System for
Suntory Takasago Plant

%
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Mamoru Mizuguchi
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Takeshi Miyamoto

BHOBEFESFRTHETHEH Y M) — () BB IHBRTHREH L T iL { DEEREICHIETE
DHEKMHERERBOEBIOVTHNT 5, REMIZHEAL b b FRAMNERME (PABIO
MOVER) &, Z0D#HOMBEHEARDEAIZ & D 2200145 I RTALIRERAE & L TEA L 72 HS I ALEL
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Wb ZERER L,
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L7

A wastewater treatment system was delivered to Suntory's Takasago plant that produces a variety of
soft drinks. The system is composed of an aerobic system (PABIO MOVER) using carrier elements,
and anaerobic system (PANBIC-H) added as pretreatment in 2001 to comply with the subsequent
change of wastewater. About one-year operation has proved stable treatment despite the fluctuated
quality of raw water, achieving the Suntory's voluntary discharge quality that is much stricter than the
municipal regulations. The introduction of the system also enabled decrease of excess sludge generation
to one third.
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B 1EE2RBTAEISCEERENEL 2D, 4 Raw Water | Treated Water
O B2 CREME - REREEHCHK T 5T Quantity (m'/d) 1200
FRBEK DMBRASPEE & T o 72, Thak§ 2 BERERE D pH 5-8 5.8-8.6
MEHT I A BICR SNz, EERBEOERIC SS (mg/L) 148 5

&b %) AR OMRILEE &GO R S 5 BOD (mg/L) 587 5
BEWFHEINT, COD (mg/L) 587 8
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Table3 Actual quality of discharge water
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SS (mg/L) 30 7(average 5) 1.3
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"CLEAN FLUSH VALVE", "CLAMPLESS MANHOLE" {'Zkahil:fj Nakg%‘nura Z
& "SUPER SIGHT MANHOLE" AL
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Many glasslined reactors used in pharmaceutical and fine-chemical fields need improved operability and
cleanability of the accessories in addition to the performance of reactors themselves. Three new
products of the glasslined accessories "CLEAN FLUSH VALVE", "CLAMPLESS MANHOLE" and
"SUPER SIGHT MANHOLE" have been developed to meet these needs. CLEAN FLUSH VALVE and
SUPER SIGHT MANHOLE offers high cleanability. The former is easy to assemble and disassemble,
having improved bellows to prevent contamination. The latter, a cover with an embedded sight glass,
is of simple construction without conventional gaskets and riser nozzles. CLAMPLESS MANHOLE,
withstanding the pressure of 0.2MPa, can be opened and closed quickly by only operating a handle
instead of many clamps.

TIATAZ Y TET 7)) —  Glasslined accessory
#® i T Operability
Ve e g Cleanability
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A New Series of HHOG-Package Type yphing Uemaa
Hydrogen Servers
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£
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BN DIEEICHS CEEEVB VW EMEKERREREEE (HHOG) &, RO TFa A4

AFABIZT TR R BHMAOKREN AFAEFHEL LTHHFETH D, B3I 0LD, Zhbo
IREEER 2 BN, ANABD/Sy r— VB HHOG [KEHF—N—] 2@t L7z, KEF -/ —
i, 7ERD HHOG DR 7 HES, EMEHR, WEEE*UBTAIL T, NEEIITEHRH I,
BB, A v FEMT PRI CREPRET DLV IFVG S EHOBEMTH S, TOKEREE
X1, 5, 10m’h (normal) ® 3MEEHTH Y, WL L T4 BEIHi-> T 5B,

Easy handling and high safety High-purity Hydrogen Oxygen Generator (HHOG) serves as hydrogen
generator for not only process gases but also fuel cells. A small package-type HHOG, hydrogen server,
was recently put on the market for wide applications. The server has been miniaturized by improving
gas/liquid separator, DC power supply and dryer of the HHOG. Only a pres of a button can generate

hydrogen. Four models are available, having hydrogen generation capacity of 1, 5, and 10 m*%h (normal).
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Tablel Hydrogen server .2 EXRER
Model BL-1, CLH-1| CL-5 | CL-10 WEROEFRERIIT A ) A7 it & BREEE
H; Flow Rate |m’h (Normal)| 1 5 10 DEFEBRZFEHL TV E, BEEEDICKE
Size  Width] mm 650 900 | 1500 KNy =V ARD L L) BB DTE Rdo
hi‘ﬁiﬁ mm lggg }ggg fggg 2 if:%\zﬁ@%ﬂ%ﬁﬁiw& h % DA,
Approx. Weight| kg 300 750 | 1100 TEHONICHIR S NERD 7 A YO HHES Do

Hydrogen Dryer: Standard (Membrane Dryer) A
Option (Thermal Swing Adsorption Dryer) INEHETADCL Y A 7 TIIKRGROEE
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Fig.1 Separation tank
3¢ AC2I0V ‘_ Nonfuse Electro Magnetic| | EMI Filter Three Phase | | Passive | | Switching Stage | | High Frequency| |High Frequency| |Passive | | DCCument | | Output
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Fig.2 DC power supply block diagram
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TECHNICAL NOTE
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(a) Wastewater
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Food & Fruit
O Sugar
. Others (Related Food
& Pulp
B Chemical
Sewage
B Others (Non Food)
total: 1 330 plants
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Fig.1 Applications of full-scale anaerobic reactor built
the world; (a) type of wastewater, and (b) reac
configurations
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Tablel Classification of anaerobic wastewater/waste treatment systems

Wastewater and Waste Reactor Configurations Principles SP Tradename
Organic Wastewater —
Easy-degradable Anaerobic Pond Biomass Separation
‘Wastewater Anaerobic Contact Process (AC) (Lamella Separators and Flotation)
(ex; Brewery, Food Industrial Wastewater) Anaerobic Sequencing Batch Reactor (ASBR)
Suspended Solids Low .
Inhibitory and/or Toxicity None Anaerobic Fixed-bed (AF) Biofilms PANBIC-F (Fixed-bed)
(Upflow, Downflow) Adhesion on Fixed Packing 26 Users
Anaerobic Fluidized Bed (AFB) Adhesion on Fluidized Media (GAC)
Refractory Wastewater
(ex; Leachates, Chemical Wastewater) Upflow Anaerobic Sludge Blanket (UASB) Self-immobilization PANBIC-G (Granule)
Suspended Solids High Anaerobic Baffled Reactor (ABR) Granule 12 Users
Inhibitory and/or Toxicity High Levels "
High-rate, Advanced Reactor System
Expanded Granular Sludge Bed (EGSB)
Hybrid UASB PANBIC-H (High-rate)
L Internal Circulation (IC) 12 Users
Organic Solid Waste Excess Sludge Continuous Stirred Tank Reactor (CSTR) Complete-Mix PAMEDIS

Municipal Solid Waste (MSW)
Livestock
Night Soil
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MEED

B 2 [ BERERBE T (S BT A A o E e & B

55 B HAEWRIZOVTR LY, IR &

with Post Treatment
Sludge Decomposition Process (S-TE process)

Activated Sludge, Biological Nutrient Removal

Plus Sedimentation, Dewatering
PANBIC-BIGADAN

Organic Waste
(Protein, Carbohydrate, Lipid....)

Hydrolysis

Monomers Primary-fermenting

(Amino Acid, Sugar, Long-chain Fatty Acid) Bacteria
Acidgenesis

Intermediates
(Fatty Acids, Alcohols, Lactate..etc.)

Sccondary-fermenting

Acetogenesis Syntrophic Bacteria
\ 4 v
Hydrogen < P! Acetate
C1 Compounds Homoacetogenic Bacteria
(Acetate-oxidizing Bacteria) Methanogens

Hydrogen-utilizing
Methanogens

Acetate-utilizing
Methanogens

2 BRI T ICB 258 0E G
Fig.2 Pathway of anacrobic biodegradation through the
various trophic groups of microbes
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