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The authors have developed a PCB-contaminated waste treatment process employing plasma melting
technology. For enhanced application of the process, a series of experimental study on (a) treatment
electric capacitor elements which are highly impregnated with PCB oil. And (b) new flue gas cleaning
system for lower Dioxins (DXNs) emission are carried out. First, in electric capacitor element treat-
ment, although its high PCB content of 40 %-weight, PCB and Dioxins concentration in solid residue
and flue gas satisfied Japanese regulations. Next, aiming lower DXNs concentration in flue gas, 2" bag
filter is moved to the end of flue gas cleaning system. As the result of experiment, lower DXNs
concentration in gas is achieved consistently, showing the effectiveness of the configuration of new gas
cleaning system.
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Reductive Heating Process was applied to confirm the reduction of PCB and dioxins contaminated soil
including extraneous substance. It divided soil, the noncombustible and combustible by wet division
process. Using the pilot-scale plant, it was confirmed that 97~99.999 % of initial PCB and dioxins
amount in contaminated soil was removed at 550 “C under an oxygen deficient atmosphere. The content
of PCB and dioxins in the treated water and gas from the reductive heating equipment also met the
Japanese regulations. These results offered a stable operation and discharge of soil to be recyclable.

Key Words :

oo o ik
moo% 1
PCB (DO MEMODODODO)
00o0o0O0O0%
@ )& Na 4y # IR

O o0oo0nd

FEVERAIEYY'E (POPs: Persistent Organic
Pollutants) O B0 000 0000 O 4490 20044
O AD0%¥%0, BEAO00O000 POPsO RE#D O
EAHOHEDOOODOD D, POPs O fAEMO LS
»OODOPCBOODOOOD®EEOABYROOD +1

Reductive heating process
Contaminated soil

PCB (Polychlorinated Biphenyl)
Dioxins

Sodium dispersion oil

O00JEEO DO X0 0230 0 0 @iED 4D
0000, AEED 224l - itk (KREAn, K
000000 8E(CABENTD #0420 0
0. %f:0 POPs VGY: -0 kO 00O, #J
550 “CO Fe#pORIE 40 2220 O &0 AEMEEED
000, DOMEREAMODODOOAEED fJ§E

Vol. 4 No. 1 (2007,/8) MR D DODOD DD EH 7



EOoTIEYED B0, 0000000 &K, KiE
J£PCB O {44 t48, " &R PCB A+ 00,
% £:0 POPs 754 50 %10 O 240 0 MEAL
AHEODOOODO0%EAEOOOO, 00, % =5
O00EMEEDDD, M0 & emEyED PCB %
WA Z B S0 0 PCB /5 Y510 AL
A0 0 0 a0 Bswoooo ™

000, EEEOJFEREED D BP0 8290 R
ADDOO0OO0OO0O0O0%0, 000, E#E0o000
000 %2420 M0 EEAEEND O 0 320 0
00, #E®OEADD PCBEY+O 50O, &
ALEEO ARED O AiiAlEE0 fE0 O R0 3o VLo
FAERBRD EhED , &0 MELABMRED R0 0,
00000, #E%OEADO B %D EEL
A0 0 OE MBI ED A0 00000 fe
WOODOOUTO#wMEDD,

. OO0 O HWME

HOOAODODOOMED RO, AODOOO AT
ALBR, RITINEVILER, 4 Na sy #ukiE (SP k)™
MEOO0DDAHEODO0000RRD,

A0 D0000, #»OIRADO PCB {54
TR0 K¥E - THRAIO OO, LA, "Ik, A,
AE¥E0 O ME0 &R0 0, %Y, RER%O 5%
YOO OO0D@EED 0 0 0 Uik 0 0 0 &2
JEMNBVERR O S50 O #EHEAD #1240 ~Fk0 il
O 0%, LZEOR00 EM0EEEDRA00
AEFHRO 0000, @ 80 500 Hab0 Wi
bretk, HEPFRAD O, /APERRO J8K0, AKROED
0000, N0 FEFAH00, KO TRED %40
OwEen, WA DOOO0ODO, AkOOOO +

i) AT O+ X

0 E50 A0 0 FEoELEo 0O,
BOTMBSLEODOODODO, REHERO O st
S0 MIEMAXD 0 0 F0 @m0 a0, (K
FEMAO 0550 COEyoMEWEO 0D 000
O, PCBOOODOODMEOMERESEEODO 56
O#RD 0D 0 0 Ay EEvo 0, mE
{000 ¥EbFE RS0 0000 RO, EbdE T
OO0 D00REO00000000000, #
SCMBVLEO 40000000000 PCBOO
O0D00FEFEODHEHREKPOZ00000, WmOO
O0DH00%edEE (D00D0D0000) O %E
0 0%, IEVERAERED &0 R0 JEHD O,
SPAVEODODOD, EaoMEEODOD
0000000000000 %E00%EmT0-4E
000 PCBOOODODOOMEO 4JE Na4yicikD
00 P - MEOOD, OO0OOFMEMHDD 4 Na
AYBUARD WBGEED B0 b, 0 ESE0 A mE0 4
¥O O, MkxmD =EHO RO SEO000, @0
O[O B0 O AIRED =0 00, APExigyh
0&000KS0ECMEBSLELERED 280 0 1%,
00000000 0EMD O PeEHm0 —#0 B0
od,
AODODODDOOFOFEOMTFOODOOO,
- BEOTNEVLVERED O O 0 O Mezim#vos X0 A0 O
0000, #E LD /20 &0 #9420 0
0000000000 ®OEREODOO, OO0
00, JE00EO0&NDOO, BREARDIEFD
/Ooooooooo,
AEHFRMEOODODO0DDODODODOOODDOORE
OxZ000,

i) EICMEULE 7 0t X

. ATy TGy o WA 2 :
, S FE P . Y s |
. Cm P WA gy [ RS
| T S Do TIER k] | :
| ER B | i !
o om ] - s W W e e :
: ek Tek P e ;
, Bk A P i) SaECI RN, R RGLECEILEELERY,
| Y ) .
: N ! i) SPRQLEE T O+ X
K A LR el leishisisisistetiel ey
, ; : ™) :
| , ; SP kLI :
lm@m i =TIV GERENLSY)
: ST '

KO 00000XEAO0O00

8 B D DODOD DD W

Vol. 4 No. 1 (2007,78)



ETTMEKLED DD DO RO —exE0o0a,
JLERIRFESIFD IO 00, 4000000
O,

S ARFEROVEMERD O O IGO0 &L
000 &EE0 ffse0 00,

CEEEAD DDA EMED D00 D FEED, &
{EFrAO0O00D0MEO 000000000
0, «RBRE0 FER L, A TR0 %40 0 KD

FO0OOOOWNOBERAAODOO, BE#EYED
B/ANROOO,

2. A B A&
2.1 HBRE &

ATLEEERERD O O O oo MEVAEEREBRO 0 0 0 &
O, 0020, 00000RBRRED /M0 EED,
000,

AR MO , /AKPEHD O0DOO, JeKEE,

Ve
R
— i> —_ — o
— — JRICINELSEER
T
n] Rk
—> — EITIMEAER
EN /Enw s
—»
AT ]
MmN EH
it 7Kk
— OkBIb) L e
llllll —_—
VA=AV TIAF Y Bt
arsr
kL) D)
5 [E%
S (T 1 NH—TLR) -
—_—
= iR —F
il
(SR8
— =| —= o
T T R AL
KO @FrEEERo 00
V5 1 e LB A

e R+ >

Jut X5 X

— VISR

SP AL 4 i

T R AL B

——0D>— 44
,—bﬁﬁ%‘ibu?&ﬁx

AR T PR ﬁ'— 2%

A

[EeE s

FO ECNELEEERD O O

Vol. 4 No. 1 (2007,/8) ApERER L0 O O

0000 8%k



INEAERAR, ARl ATALBERBH)

JBisE AL B

itifaeli |

HO  SPEAHEEERD OO

BikH (DO0DOO0ODO0O), REMREHDOODDO
HOOODOODOWOEEDO,

MEMEAX0 00 F0, FN0 AEFIED, 235
00 &E#O 0D O KERFESRHKO %0 0, YR
AF0 00000 MEMED OO0 29:0 O 0 5FNE
FEOHE0 0, MesmaXooofFo mEioon
WE%y0, 00000080 BFAkO0 000
O HEmAEEED amD ¥eEEED D0,

AEBRESAD B2RAND #FED, 000ND B
O0AEEHED D, HRPERD BKHTEMERED £
O R0 H<00,

SPERBRO DD O ROO RO, GO OOO0
PCBOOOODOOMEO &0 ¥Eyilo 48 Na 538t
& (BOD0DO0D0MK RO OO #mO o
00000) Owmoomea, pEEbxs00
OPCBOOODDODDMEO EEHDOD, RFEO 4
BOODODODOPfMMAED 00D KD MNOD KD,
FEOODDOOO4sy00, AEymoo0o0o0on

BEOD EoEaABRm0 S8

PRk L

.4
oY
] ﬁ@%%

UgA1 27
LLESTHE B8 SR

et
PEFEFER & U Tl LR

OOo0oOmo00AHEOO,
2. 2 HERAED HAREH
(1) ATALPRERBR
PCB/HE¥:+®OMO OO ADDO, /AKOEO DD
00OWNOK¥EODOODO, ¥eEeK0 0800,
000, FEYWWOOD040mm LA FO 204, 40 mm
O Ak Ok, 000000, FRAEES%), 40 mm
SLEOOOOME, 40mm 0 4&EMED 00 RRY
(000, Mes, 000000 /%) OERO,
O000%ENCOREHEKROODOFAAED D, 40
mmE000D0E000 RO, 0000 M
OO0 D040mm LA FO RO O, Pede/KD SE4EIL
BAHODO00, k00000000000
OMikO, BAkDOOO E®E/AKODOO, 40 mm LA
TOOOOWEOBAKDOODOD, 40mm A RO LR
ORAD, REHFZODODODO, OO, RALHEME
#0000 EERED WED O O EFEMD M0 5
oo,

10 RO D DOOD DD B

Vol. 4 No. 1 (2007,/8)



(2) BEITMBVLBEEER
EOUNBMLEERER M0 RO O ~0, W00 &
ff, Rk, "TER0 450 &0, b0 fIR0 IR
A (L85 %, AIRM15 %) 00 &30,
L EREOSE0 D0 PCBOD OO OO DOMEOO
O0FMED O, OO, ¥{bFRED BeBEmass)
O0000M@EDFEMOO,
BICINESLBERTO G alpt 0 k20, M

RO BTN HEAER S

. m | BEE | o | i |
b = el 1R B i REM | A | &
C h h | kg/h | kg

o | +& 550 | 1 | 5 50 | 250
o | +# 550 | 1 | 4 100 | 400
O | R 550 | 1 | 09 | 50 45
O | /%Y 550 | 1 | 45 | 50 | 225
O | & "k | 550 | 1 | 45 50 | 225
O | &w "k | 550 | 1 | 45 75 | 337
& i 1482

M EA85 %, TIHAMLS %0 RAW

HA000FNOZROD, 000000000 %
OO O, 008D EEREEAED 0000
O AF#%EEE KD D OPEHD O,

FE0 0 00000, MeensXoooro
550 °CO O HR0, #=#£00000 N0 KEEHE IR
RE (BAZRIRED %LLT) OFR%0 0%, pFresdEd
AEHD a0 BARD, EBE(ABED 00000, &
FIREOOOFANEAD —F0 RO O R0, FRNR

700 0.04

<—|

600 1 0.03

3 500 =
e 1002 &
400
iy 001 R
= 300 H
Z 0 iy
% 500 &
100 {1-0.01
0 ‘ ‘ ‘ ‘ ‘ ‘ N (P
000  2:00 400  6:00 800 1000 12:00  14:00
K (h)

RO SEBEoomEdEED Eixky (0000)

BEO WY

BEED #EE

Vol. 4 No. 1 (2007./8)

AEMEREODDOOOD £H 11



RO &RBEHEO KSR

RO ABEUKD DR R

sy | H v R vk % sy M B EA | K%
PCB JRJE mg/kg 0.090 <0.0014 DXNs pg-TEQ/L| 0.97 10
DXNs 2 | pg-TEQ/g 40 0 PCB mg/L | <0.0005 0.003

0000000000A% | mg/L <0.001 0.1
OO0OfeeEw mg/L 0.11 1
A0 OLAW mg/L | <0.01 1
;MOO000{Ew mg/L 0.018 0.1
AME0 0 01A mg/L | <0.02 0.5
WHEOODOO{LAEY| mg/L 0.006 0.1
ARELOOOOO/EY| mg/l <0.0005 0.005
0000 KEEY mg/L | <0.0005 |RHO00000
ooooooooféa® | mgll <0.001 0.1
O0%00O0O0O04Aa% | mg/ll 0.90 10
O0%OOOOOA% | mg/ll 0.2 8
pH — 16.2(22.8°C)| 5.8~8.6
BOD mg/L 83.5 160
COD Mn mg/L 15.8 160
SS mg/L 10 200
O00ooooOHEY | mgL | <1 5
KIS fE/em® | 20 3000
— X EFREAE mg/L 49.7 120
FRO BiAkDOO 00 &A& mg/L 0.20 16
FEO 550 ‘CUL RO ZERFFD , JFNED iaaE
O#F0000000000d, RO VEEBRETIE 5
¥ By . e e
(3) S IRALERER syrEn | || e | 2D B D R
RUBEIREED 90 °C, ALELFFEIO 60430 s%ED O SP . ~0.0008 -
EAEOODDOOO, 000000 3ymoO OO0 PAE <0.0008
¥ =
Dqgmmmmmmmmmmgmmmmﬁmumo c@“%wmw o i%%gammomm%D
3. HERfAR0DOEFH &0 | ’ | <0.0008
(1) FALFERBRA 5 B '
R adis ) O <0.0008
ByOREAODD PCBHEY MO O0000DDOO B i <0.0008| — —
0480 =0 A0, ¥EREO2123kg0000, OO . g | 0.72
YRR RO AUERI0 00 A, A, b, 00 g‘?‘j
GIRE00MED A B0 RO 00, B0 o Wig] P |o5 | g5 | 19 | 077 |up
OSHO~0070, D0M, £, fm, s O (o] 0o 062
w0 RED O 0 O BIehnEVasE0 %50 O, f L0 0.61
. N I = _ _—
B0 0 4RE00000, 00A$D &EAD DRI L0
MO0, 40 REDD &SERSD 00, ol AlD] 0.04
fELWORED A +4000000, 000 Fik 10| 0.05
. . L il s 0.14 | 005 |,
#0000 RMEROREDD. M# w0 s 0| 3, mom |04 008 w0
0 4@3k0 PCB, 00000 OMOSHHRED 5| o o
RO OO, M3 LW0 PEiF%0 4JE#H0 PCB R B 026 | — | —

F£0 0.0014 mg/kg A0 O O, HEEJL#ER (0.01
mg/kg LAF) D00, @@8E0000, 44w
000 0@ EDBREDDD O D MEO
OWBE000000#MRO0,

w0 A0DEAKODDO, 00000
000000 ®maFREADRMO0D D00 %
REOO0D00000000000000 BAKLERD
O, BAEDODOORAKDODO#SE0 BED

OO0, BikOD OO EOIRED O ECmEVLEL
0 %0 0, EEEARED BAD D _EEKD iEERK
ANHODDODO AR, PEEEREBD MED O
O0O0mMREO0O (RO),
ATALEREZE TR O prl BB BRE M0 O O O NO 7B
BREEMIED M0 O F55%, PCB, 00D 00O,
MOODODDODODOHODEHRXHLOOOD (FRO),

12 MR D DODNDDOD B

Vol. 4 No. 1 (2007,/8)



&0 ofER—%% (D000, 0)
N 0000 + ®» | 0000 T ®
| MU EE | AR EEOL oy BT [BREER| oy BT (BRSEE
$H AEOR D (%) | ORI (%)
BT 110 120
DXN 47| 1 -TE . .
) G150 1P TEQIG e T 0.00089 | 222 [ 0.00007 | 9%%°
ILBERT| 0.90 0.71
& 1 K . .
. At D 1 mokg e 00060 | 023 [<o003s| 00
gy BHOO | ALERRT | <0.0005] <0005
Thinpon | M Dz [ <0.0005 <0.0005
JLFH i
oo 0| B0 | muke ifi; ;;8 494 Zég B
&
OO0fé&aw ALERTFT | <0.005 <0.005
j: VR . . _ . _
w001 | mall e < 0.005 <0.005
AEO0D |2 mEmii| <o1 | | <ol |
Sooox| 7 B | MK Dime T <o1 <01
RO OO | ALPRET | <0.0005 <0.0005
oy | T | O, L ' — ' —
ARkt | 0.0005 | maiL a2 0005 <0.0005
| 10 9
e .
W0 00 4| 150 mg/kg G 7 30.0 10
oofewy| . LBERT| <0.002 <0.002
T | 001 | moL LSRRI <0002 ] <0002
LB | <0.002 0.013
. . uEE | <1 <1
* O 0O O @) 501 mglkg PR <1 - <1 -
ft & 9 vy | RO /L JPEi| <01 | <01 |
0000 PR | <01 <01
e
0 O % &f| 4000 mgkg zﬁg 18220 317 18430 —
0O O O
e
OOALEY gt 08 | mgll gﬁ?ﬁi 22 — gg —
| |wmo| _ [memi| w0 | | m0 | _
7 4000 mEps | mo w0
x®0O HfER—%#% (0000 ~0)
ol o om g 0000 A#% | 0000 % (0000 RE+EE 0000 Retw
| g | | g B REE| & W [REE| oy b |REE| 2 W |REFR
e B R %) | R (%) | OER] (% | R (%)
WLBE Fif 43 110 110 77
A~ -
DXNs 47| 3000 |pg-TEQIg |yt o 996 o7 999 o 999 — oo 998
_ WUERRT | 0.41 1.9 0.74 0.43
P
oce A 0D mokg e 0010 | 7 [To0077 | %% o009 | %80 [ oom | 7
5 et 0008 | moL |/LPEAT<0.0005| | <00005| [ <00005| |<00005|
il e 9% T | <0.0005 <0.0005 <0.0005 <0.0005
WwERNi| 76 600 820 980
L~ _ _ _ _ _
w x oloP MOkI s | 660 2 200 1400 1800
ODOfeew| . LBRRT | <O0. <0. <0. <0.
” |t 0s | mgL (AP <0005 0005 | 0005 | 0005 |
LB | <0.005 <0.005 <0.005 <0.005
KR Ol HLBRR | <0.0005 <0.0005 <0.0005 <0.0005
NS . L P P P P
OO fb oy | 0005 | mo/L T 0,000 <0.0005 <0.0005 <0.0005
W% 0|, AUFENT| <0002 | | <0002 | | <0002 | | <0002|
W1\ 00 | B 031 Mol T 0008 <0.002 0.012 0.010
O O Oy JLEiR) <01 - <0.1 - <0.1 - <0.1 -
t & Al 1 ML i | <o4 <01 <01 <01
\ ILBERT| <05 <05 <05 <05
A I\ _ 0, P P P P
w 7 > © Tams| <o0s <05 <05 <05
Vol. 4 No. 1 (2007,/8) FEREREO OO DOODO DO W 13



A a0 BB R0 O @051 0 FURH0 Bk ee0 B
WOOOOEEEDDDD0RE0AHGEDDO,
By A0 RO 00 A200000 0 MR
goo,

(2) RITINEVLEL GRS J

R INBVLER R O AEERTEEID B b /& D 4y
PO RO, OO, Hewdl M0 BE0 D
a0, AEETFENH O PCB0.41~19mgkg, OO
000 0% 43~120 pg-TEQ/g O 0 O, ¥k sE
A0 PCB0.011mg/kg AT, 00O D0 DD ¥0.18
pg-TEQ/g LL F, BRZEHRD 97~99.999 %Ll O OO,
B A TR0 X0 00 @0 8EERED ED O
ooo-s000,
AMEEEED ESBRED ¥H0 000, 0 &84
B, 000 H0EHED Sy R ED B0 0,
MeemOoOoo0, MEAREDKDOOO (kD

FEO HLFRE

F0O  EUNBVAEEPED O O ks 5

Oo0&®HF020#%00000%#0000, MHE
00000%X00000, EomEEED 0o EE
0000 aIEED 20 00 0 &0 #in0
000030000, AR0RBRSERDD, Fum
000 O#emESLER% O b 7RED 0 KO B
O0@¥EEOXLEODOD, 00000 K HAEERD
00000000000 @EYI000, 0000 %K
{00000, MEOO00D0 P04 EeAED HiE
Y RED RO 00 EEE0OEH0 00000 &
MOOOODO, WEDAZFAOOD,

T NEGLERD YEHDO 0 0 $:0 0 0 HEKD 0T ks
ROKROD, D070, EMERMEH DD &KKHEDOO0D
00 PCB 0.00033~0.00067 mg/m*y, OO OO00%H
0.025~0.069 ng-TEQ/m*’x 0 00O, HiZEML#EME (PCB
0.1mg/m’n LAF, 000000 0.1 ng-TEQ/m*n LA
T) O a0 0, EEfEAKO M RAED O %0 dkk
0000, PCBO0.0005mg/L A, 000000%E
00.0016 pg-TEQ/L LA FO OO, HEAZAL¥EE (PCB
0.003mg/L LA F, 000000 %E 10 pg-TEQ/L LA TF)
O+20men0,

(3)  SP MEALEERERGE H

000000 %m0 SP AL BRGS0 RO
Ox~0, 000000 #HEMm+FOD PCBO0.78~1.9
mg/kg, 00000 0% 72~190 pg-TEQ/g U &0 O
00, SPEALHEO PCB 0.05 mg/kg Adi, 000
0000 ~0.010pg-TEQ/g O O O, H %I HE(
(0000000 ng-TEQ/G LAT) O -+4y0 a0
O, BOODODOO, PCBO0.0005mg/L A, 00O
0000 ~0.0096 pg-TEQ/L 0 O O, H K=
(0D O0000%E 100 pg-TEQ/L LAF) O +40 diije
oo,

RO AFRBERNE KD 430G

gooo gooo gooo gooo+o gooo+o
5 W TE 4y A T
AATEB T T | oy At HH t W LR+ TR
PCB mg/m’y 0.00033 0.00067 0.00042 PCB mg/L <0.0005 <0.0005
DXNs ng-TEQ/msN 0.048 0.069 0.025 DXNs| pg-TEQ/L 0.00051 0.0016

XOOOOARBYO, REVEDOOH-AWOO0O,

#O 000000 PEF M0 SPIEALBLRE 5

xO0000AHOODO0O000 /ARYO, e E0D0O %
WAROODOO,

s M I OH 000000 B AL ER BEOOOO
PCB mg/kg 0.78~1.9 <0.05 <0.0005 mg/L
DXNs| pg-TEQ/g 72~190 0~0.010 0~0.0096 pg-TEQ/L

14 HMEEEO D DODOD DD EH

Vol. 4 No. 1 (2007,/8)



[CURE EnE e ) OmEstgF8 A 2) G VE RS HE T Z)
JUBLS=s O = AR RIS )4 = IR S O = R R
PCB | 165kgdry |074mgkg| 122mg | 100 % PCB| 104m' | 036mgm'| 37mg | 31% PCB| 104m' |0.00042 mg/m'x | 0.043mg | 0.036 %
Gk 60k L L
AR £ (sP HEALFE )
! = = wmE | B | R | RRLE
| |—>|7“utxﬁx>‘5|| 1 v 2y 5 n— |t ] g > "|pcB] 186k | <0.037mghg| Omg | 0%
! .
: Rt T BTLAY)
< BETIVH Y >----- pUBLIET R = MR
&&Efl&i@ e N MK . PCB| 18L |<0.0005mg/L| Omg 0%
I N Sso
! ; 3 . wmk
Ciul it ? LN SN Tmms | m o | B | sEmE
LB "o 2 WBRILE I 7‘(5%@"? — _— |pcB] 8L | <0.0005mgL| Omg | 0%
PCB | 143kg-dry | 0.0079 mgkg | llmg | 093 % ! MR | % | REILE
KR Oke | PCB| 185kg |0.78 mg/kg | 144mg | 118 %
GBE i 7K)
JLEE i3 B REER

PCB| 31L

<0.0005 mg/L | Omg 0%

KO PCBIVZ (DODOO +ab+wrkw)

£10 FEABREENER S

5 M H®|OH 38 TN BB
PCB ug /m? 0.00056
DXNs pg-TEQ/M® 0.028
oo g/m® 0.000037
B — <10
R R E IR — <10
(4) PCB UL

0 A0 IR SR (D00D00) O PCB
WO EO0®RO, AptFitel0 PCB &0 A
(100%) 00O, ¥{b#FFEED 0093 %, [MEm
ALODDO0FHODMEMERAEDDDO3L %00
O, @ECIEWLED OO PCB O K70 %0 40 0.,
mE%REAODOSO PCBOODOODOODOODOORK
£00, {EERAEZD &&PE00008M000
PCBOOOO0036%0000, 000, H&EYEO
O L0 #4A0 P00 O SP yEALER M, FEO OO
O, K000 E&TREULTOOO, EWiE
ATWOx000&mD EE MO D O000000
<000,

(5) JA i B BE

RITINALELERER 0 B ERBE0 JED O f5 R0
100 7”0, JAEREE A0 000 PCB0.00056 1g/m?,
O00000%0.028pg-TEQmM OOODO, OO0,
BRBEALVEME (PCBOSwg/m® LT, DOOOO0OME
0.6 pg-TEQ/m* LA'F) O-+4y0 FHEIDRD EDOD,
T MBGLED 22D S0 A0 00000
<000,

o o 0O

BRSO 000 HEMAN0 EmORAD D
O0%E0EE00, prleio 0 0 kO &zl
LD FEAFABRO EhE0 0, MBS0 00 B
OJRADO PCB O FEGH MO MHD, SFEAED
D 000 0 00000 %, #E%
AEID 0D O&omBVUEED 00 0 O A 530 0
0, Z20 80 &EE (st 0nonoonoosE
A0 0,

00000, ®EwoRADDEREES0 x00
OETmEEED 20000002000, A&
EffOODO PCBOOOODOOME, OO MAKE
FREKODDHERODO HE - KED DO L2420
EADRED, REFCD RO 00000,

00 ARRED, FAISHEE, [E A3 miiil)l|
FHATO 0 %0, HEEg T¥®H 000 KFE
0000 (B D0KFEDFEMO O EER)I1ZEBE
KHE IR VALEE SRR ) O R0 —H0 0000
ooooo,

(& xx#k]

0) BREEA, POPs 4490 K50 O FEPN F2h Gt

http://www.env.go.jp/chemi/pops/plan/all.pdf

O) /NEIER, MESES, HEAW, JIFHMER &=L
TNEAI M SR VE + 428 Na 0 HuAE0 0 0 PCB {54 148
AVERERANY, TEEERBEOO0O0O0fIRO0O0O0O0, No.b, p.25
-28 (2003)

0) /AT, NFFER  ETMEGED D O S PCB
1Y g, EE5[nIBESEY P Fe R R T i
4, E1-8, p.1328-1330 (2004)

0) (W) BRI HEREME] © PCB AR EFO
00000 (&RTHR), p.477, p.584-585 (2005)

O0) (W) IR W HEREME : PCB AR EFO
00000 (&RTHR), p.449, p.498-503 (2005)

Vol. 4 No. 1 (2007./8)

MR D DODOD DD EH 15



otdbouobogod

j000o0oo® o000 = g G (.

Field Test of High Efficiency Thermal Energy e L =

Transport System "ThermoWay™
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Kazuo Takahashi
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OFFADD S0 2WEX0 00000000, 00000000, EEAEEW (000
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Pilot-scale field tests of high efficiency heat transportation system "ThermoWay™" is carried out. This
system uses phase change material (Erythlitol) as heat storage media for high storage density. Heat
storage cassette can be mounted on truck so that heat can be transported from waste heat emitting site
to heat consumption site. A 4-ton cassette is designed and manufactured and used in the test series.
In the field test, after transportation of 35 km on road, constant heat retrieval and hot water supply at
90 °C for more than 8 hours are achieved. Heat retrieval efficiency is calculated to be more than 90 %,
showing high performance. A load change test is also examined to simulate actual heat consumption.
A changing heat load, which is a combination of constant air condition load and intermittent 60 °C
hot water supply, is connected to heat retrieval unit. A PID-control loop installed in the heat retrieval
unit responded successfully, matching the heat supply to the varying heat demand.

Key Words :
k000D Thermal energy transport system
= ] Phase change material
gooogoa Erythlitol
/AT TR Public road transportation
#How A B Load change

16

FEREREO OO DOODO DO W Vol. 4 No. 1 (2007,/8)



0000

000000000 430 FESEw LB 5% 25
OFEAFBARD O HEHD OO OO FIKIEBE 2L
(200~250 ‘CLAF) O, #RFMIO B0 0O B\,
FAD#EMOODO0D00, MACDOYHDOODO
00%HA0%0, 0000, 200060 000400
0000000000000 0D0OM@&EY 0O0O0O,
THEZ00HEHO 00250 CLL IO FEAAED H AL
RO #1805 TI4EO O O, BEEVEA{AD 80 %Ll E
04500, 00250 CEAFO BEEED EilED 4
MK24mH0000000 KO, #66m 000 C
0, HEHHED M40 O,

OO0 RFMHDEAOBWm>Z0 000000020
O00O0oOAxMIA0ODO, baRen fHE
OHKO O, CO,0 3480 Hli, HMERIERZLE;IE
OF®MOO0,

WH-0 (k) e A RUERAD O 4Em0, EEEEWIO

iy

0O @hei119 °C, FAFEN340 ki/kg O s, L

BEO #0000

BOEAMOO0O00DD0D000D0O0Y 0000, 00
00, Bl v30 000 SgEkD TRel mEie
Pl 7 AT EVE BEAND B0 B0 EhED 000,
PRS0 00, DO00D0D0ODO0FEBOOOD (B
EHEIS500) 0000, O EODDODOO —&F
H 71090 CO R/KD ZE0 0 460, [RIIXELVE90
%A EOEKODOOO®REODO,

AHEDD, O0DOOOOOEROOODOOO
0000000000000 00000%¥A000
0 MEEDOOD), FEOODO, 2RROOO
OO0 -84E00, OO0, ODODODOODOORE
s BR D O 20 AED O SRS 0 B EIN 326k
00000, EeletEsEd #EimrEED O 0 0 3D
00000, DOf&R, EAMDODBLAOODOOO,
Ooo®wEDD,

. 000000000F# - #EIRO000
00 &4k

BHMOO0FME00, D00D0000FEAO0O000
(15004 OMA.O0 X000, DOOODOOO
OFAOO0D0 (00D OFEMEE0 Eiao,
#E0D0 (EEO), OO0, DO0O0O0O0O0O0O0O0#
00000 REHEERD A ATe0 2VitkaHE0 O
000D, FE - 2EMO 0000 %5, 8UYE
00, §EMI0 wO R0,

1.1 FE80000
000000000FACOOODMBMEDLLFO
RO,

- B W AR

- ~f 1% 1025 mmx1800mX1 346 mmH
¥ E B 00D

- NEWEE H1.0G)

1.2 Em0000 (BED, ®O)
LEHO00000, B0 150 CRED MED O FE

AODODDWOMEROO, DO0O00D000 RO
O¥A00000MEEDOD, AROAEO OO0

BN > T

" > | e —%
#RAE Y b T Gookw

N

HO #F#HO0000 000K

Vol. 4 No. 1 (2007./8)

MR D DODOD DD EH 17



%ﬁ?’% r ——————————— _>
4—
=% C%:>
K » o--» %
%‘M%ﬂ’i‘/f I "
|
! iy
I ~
|
< 1 7K
: 7 % 7y P d-—-- 1
@ Cra2 D st Q

KO #mEO0O0O0O00D0

O#O000,

FEOODODO0ESODOOMEAODODO, HAE
BWFHED O R0 O 0 56, WAEMEEED £1.0
GIO00D0D000DO0OFADODDDOFRD &
EOHAHOM0kW OO0, O0O00%0, O0%ER
MOOFEEARHMOMIEOODOD, OODRHOMFEO SR
wOODO100kwO HADBAODODMAODO,
00, uhhd/#0 00000000 RO 0, O
O00000000FAOODOODDO PO RO D
O000#EEOOD,

1.3 BEWRO0O00 (BEED, EO)

A0 D000, FAOODOFEAO 00D OB
BOfEERO D, 20RO OEEDOO, 2O (0]
INO O 20 Bssgn 0 O BB Ee0 240 4430
O,

ROOARNODDOOAMOODDO =570
%0, DOBEDRAKEE (T 000 PID #|#
O00D0D00MEDFEHOODD O, BUE—IEAKE
g0 it O 2V &0 A 8RO O,

AEINO 0000, fdgEasEixD 000 %I
WIEABERED D00 @RO D ERD OO, HEA
FEEO0 0D 00, E/KD BE—E /K250 15
AK—wHK B #agR0 WO AEERO O, wmAEKO DO
0Aa#D 500 &ERD OO, WAEKREED #%0 D
000, ARPURED HEH 0 403 E00,
AR ARESERO 0000, EAD WiImiE
AEOPWEODOOMRO0000, BEEKRD DD
mEEERO0 D000,

FBEO ARNOOOO

2. EEEER
2. 1 HEB& A&

EERMEODDODOOOODDEHOOOOO,
00000000 mEDFEKD O35 kmO BHEED
NEWXOO%, FAO00D0D00AEIRODODO00
PO O B EIEROODOODOD,

ZEGRBROD, FAOODOODFERAODOOD B
e, E|A0 0000160 °COMED O 20 5B
O00000FEAOODODOERERODODOD
O, AFIEROD, 2ENOODD00DFEAODO
00 80 O 2D 1880 O, 2R /KBS HAZS
0RO MACOODOOARIRODOODOO,

18 AEMEREODDDOOOD £H

Vol. 4 No. 1 (2007,/8)



2.2 B aHER

A ED 120 Umin 00 0 FAEBRO OO OO
OFMROROO RO, A0 EA0000 HA0 24
SORED EARND ERO00%, BOREOODDO
O000@MEEO0DDI9CO®MO00n0nn &
FEEOZOODDD, EEVD FEGERED AD,
OO0#0FACOODOOHOOASEEEDROOD |k
HO, FEA000000FAO0EO DO DO AED
HAO0KTO0, O00FEAROETOO, PrEmsHE
OMOKRMOoOoO,

2. 3 Xk B
LHO0D00D000000000 /KD, R
HEOODODOODOO HEfewprsesr PRHEX) 00,
[ FRERERT (BRI EREE) 000 KO
O -x0000000%35km #@t0 0, ArErEfD
ORMOD0O0, O0OM, 00000 ET - %1k,
EROEAOODODOANODEARAOOODODODOD
00, ##@0000 2RO MEOODO0DD0000
oooo,

2. 4 90 CHAiZAER

EEIND O 000 A mmEes0 0 0 0 #EisD O,
90 ‘CO R/KD 430 O ZAEIN FEERD Efi0 O, 24
IE—IR K B A MR 0 D JE/KIRE T10 90 °CO & E
O, FA0000 00 0 245 &0 100 L/min O
SREODDARINOOOODEROODOOO RO
MOO-r0, 00000 WEHI27kw O —EH
00 KM E, 90 COEKDLZEHA/OODOD
OfEROOD, BINAED84OMIO, 150°CO 098
COODHEBEAEDN %L EODOD, 00O
O000¥EAODODOD RED SO MRED #iE0 O
0, 000, FAOOODODO0O®MOHKOOD&2000
0000 4D 090 CiikD Wi iR KD
BREVEURO D00 0000, $BEWMO 00 %
ERE0ODOFMMADO O DO, ”

2.5 BE AR

E\B)IY0 O 00 0 WIGARKEESRD 0 D O &
#20 0 60—70 kW O BEFEHERD FEMi0 O, 2E—R
KREAZ gt O O E/KIRE T10 60 °CO 32 ED, i
KO WA EIRABED G0, WRIEmIEARBED 12
FEODODO#EEOO=N (75m) ORERE00000
0, ROOrO0000, 60 CiR/AKO%Z &0 0 44
O0EEEHRDODODDMR0 0,

2. 6 BRZEEHER (BBEE+60°CiE)

EEIYO 0000 WIAE K ERD 00 0 =
0, —EAf (20kw) OEEEE0DOODD
00, EHAO0 60 Chads (60 kW) O £afif A Ehalik

200 200
FRA Ly P ACONEEEE A

150 1 150

FEIE O AEAEE EE

5 B
£ 100 | 100 =4
9 i
= EHHt Yy b AN #®

50 1 50

IR [h]
RO HFERBRO0OD0O AHRED RE

TR S
B L
WP GRS |

> (R Rl 1 6 )

il

%@m; é§:>

< H > -
BT ) 1 —2 a3 > /
1 5 TR

(FR SR 3 16 T

200

FERA Y O AEGER

150 BRIy b AD B

3 Z
~ 100 100
iid \ i
= F®
A KR EE (RS HER )
50 50
o FEAE Y M EE o
0 2 4 6 8
Ef (]
MO ZREINGRBRO 000 HAREDBE (90 ‘CEURK
Ha)
200 200
LRy S OREE
Lah Yy N ADRREE
150 150
FRAL Y NEHBE

Z
100 =
o
#

/KIREE (BASCHARR H 1)

0 0.5 1 1.5 2 2.5 3

KR [h] IEHEHHIIIHIEI

KO HAENNEBROOOODHEABREDRE (EEFH
(IE/KIEEE60 °C))

Vol. 4 No. 1 (2007./8)

MR D DODOD DD EH 19



000000, A-—EKBLZHLED 60 CIRAKD
ARRD, 000 WI@EEAKED 560 O B2 EExR
00000000, 7880060 ClEAD —EO 24
PR KBAZHAZRO O ALED K155 M40 HO &
0 0 015y RI0 #4050 0, 60 ‘CiR/AKD $k0
HO 0430 AKED WIRSR /KRS0 #5650 0 O #AK
00000 BASMOMHKO00, ROoO0-rO0000,
255 & 60 CHatr0 AmZ®H) (20~80kwW) O xf0
O+4BR0 0L eEi0 00000 /ME0000
O, mO0FEAKED ROOO,

2. 7 NEEZEDDOREL

INERERD HA0 000 R0 O A0 0 248
KOM2MIO0000, O00AREED2.6 %k
FEOMYN0, xR0 A 0000000

200 200

B¢
B

277t S OERR
FEEIty F}\D{E i

150

HAODIEFO/OODE00, (®O)

3. ERAAMODDD —BiRZRHKED
B2

3.1 BB, H#GK0EE
O00REO0D0D0D00000R4A000000

00000 4s#fEx0 270 0 0, k0 mbE OR

PEI2000F) DEAMRXO 00000000000 4

OO, OO0D0AERERD DO D ZE kR EHIT

BOFMROOODO, OO0, 00000 4D
ORMO00AME2t, 000000 AR

0150 miu/t O O, BT S % DrﬁﬂmWﬂf%n
O#E00, ROOKRFED O DO fEax0 FEASHD
w0,
3.2 D000 DOKA

OO, 2YR0 gae0 20 0 0 K0 R0, 2l

P

KBEEK 2.6 %

= =
£ 100 24
# ]
| #
50
0
0 30 60 90
BER) [min]
O BAEIRRODODOESBEDRE (BE—EE
5+ E1 /60 ‘CHES) RO @0 00 2$8560 84
®O REDOOO RO EARSE
%0 TR A i HfAED O 0 2V &
ALFR 20 t/d Kk A EE81.6 GJd
Mt | 00000 RAEMR | 00000 %4ER 3000 m/d 000000000 AR 37G6Id
00000FRAEFREA 150 mi/t
- R 2005F M ARD #0055 Gld
BNETEHE | £
RN |\ B 4R ) 25 GY/d O B0 %0000
. (WA 79 kW 78 179 kW
A A H 2 l HOWME ‘ JCER .
NAFTR] INA A A FE236kW
20h>/d FEEEE | 3000 moyd 5z :
— |z |
whoy — !
81.6 GJ/d 5

i HCIE#E5GIM | #ii% 25 GI/d

B %
BRM S Owlke)
MO AJRO OO ERMED 20 00X

____________ > BTG

20~ EBREEFE X 2 3

5 Gl/& &M E
1 H 5 [ml%

20

HMEEEO D DODOD DD EHW

Vol. 4 No. 1 (2007,78)



| Ok 160 | 2415

O bl ||| || &80 || | |58 || Dl

O bl || B || || 20 | ||| =580

ES (P e BES

aL
o
3

00000 RO MRED ik
F10 ZEumoc0 000 #es0 00 o

ROFEHAOODO0O0DDO0O, 2000 MK GEEvED
Gl ODfwE00, ®AEODODDOOOAEITGIO
00, BCO0MEMOODDDD OO mES000,
G0 EFIREOMXO00D0D000, 2FM%L
O0#ExO00000000000MoOoOoooo
0, FAOOD0D0D0DA0000WmEEDDGIOO
00, 00000 FA025GH 00 /fRE0 0O,
3.3 ZEIERFHIBED RE

00000 M&ODAREODDO?25GH O 2
¥OOOVWEAOODODOODOMREDDRFEOODOO,
4E0D0000 0 fiz%2000 FrfeED 25 GJ/d BL O
BEEO A0 0 figk0 £000,
25 GJ/d fiti 3% X 365 d/4FE X 2000 FT =183 7 GJ/4E
JFaO #5000
18375 GJ/4F % 0.0258 kL/GJ

R IM#RAR %L 1G) 240 0 0.0258 kL) =#94.775 KL/4E

000 CO, 0O #% D0 £9126 000 t — CO./4F
0 “Ebxz=FD HIEATRED OO,
o o 0O

000000000 FBOO0O0D (Ot OfED
O A0 MmO 0 2E#EERRD 50 0, £H0
FHED O 240 BMHE0 SF0 AARNNEEBRD 00 O
O, EERMERED EisttRED D0 0RMEO 0000,
mOEAMD RO00,

ARFZE0, HOOD0O00 - EEHIR O BRI
O0#FAEMZESEE (D000000000 &SRRk
FefBAZE, /00000000 0 S s B8R %E
O0000&ROADAAODDD Z2EX0000
OwP%ERz) D00 MO 0000R@O000,

[Z& k]

0) (MH&AD0D0000000 [TE#D g ERERHE
WFITEEFILE ] http://www.eccj.or.jp/wasteheat/index.html
0) H&EFA, [LEiEd, HEWNEAT, Erwin P.ONA, /)
B#aL, MBI, (bR SE 30% H0 5,

p.552-555 (2004)

O) HEERKRE, FHiEMR, K L&A, ST, SEagE o
MBREEOO0D0DODDOHE®, Vol2, No2, pp.36-41
(2006)

O0) mfafmE, HEER, HAE, PEE—, AT®00
00000 w4, p.53-54 (2006)

O) mfEfnke, AR, HUERkEE, & L5, Fi6nsR
REIL¥RAD00000 R, p.184-185 (2006)

Vol. 4 No. 1 (2007./8)

MR D DODOD DD EH 21



odouogbn

—oooooooodddooooonin— 1.:._;--._..‘
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Precious metal recovery system/heavy metal removal system from wastewater is developing by utilizing
cementation technology. Indium recovery experiments from the waste LCD panel have been carrying
out as a precious metal recovery application. Concerning the indium recovery application, approxi-
mately 90 % indium elution ratio has been obtained from an elution test using crashed waste LCD
panel at low temperature (between room temperature and 40 C). As a result, 90 % or more indium
recovery ratio has been obtained. Furthermore, high indium content of 90 % or more has been con-
firmed about those recovery indium alloys by the energy dispersion x-ray spectroscopy.
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Numerical Analysis for Method of Mixing Sludge Tank @
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Yoshiaki Murakami
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In treatment of sludge, performance to prevent of subsidence is required. PABIO MIX that driving in
low power is possible is used as a means for that. In the method to agitate by using the inclination
paddle wing in case of the case to stir the generated sludge by using PABIO MIX in this report, the
sludge subsidence prevention performance and each stir power was requested by the numerical
analysis. It was confirmed to be able to drive PABIO MIX by comparing the stir power even in low
power compared with the paddle wing.
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Applications of Molecular Biological Techniques
for the Analysis of Microbial Community
in Biological Wastewater Treatment Plants
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Biological wastewater treatment processes such as activated sludge process have been widely used. But
our understanding of those organisms was limited. Recent molecular biological techniques provided us
new approaches to understand the population dynamics of microbial communities in biological waste-
water treatment plants. In this report, we describe the overview of molecular biological techniques, and
the application to the Analysis of Microbial Community in Biological Wastewater Treatment Plants.
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Hita city biomass recycling center is the integrated recycling facility that consists of the methane
fermentation, the biogas power generation, wastewater treatment, and composting. This facility has
begun operating since April, 2006. At first, the biogas was generated by methane fermentation of pig
excreta, garbage, and sludge from public wastewater treatment facilities. Since last October, shochu lees
have been accepted additionally to increase power generation, and the electric power rate of self-
sufficiency of facility reaches almost 100 %. This report is operation results over one year of this
biomass recycling center.
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Thickening Performance of Excess Sludge and
Continuous Running for Primary Sludge
by the Belt Thickener
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Recently, the belt thickener becomes popular. It doesnt need high maintenance and running cost and
large space for setting. The test of belt thickener was carried out using the actual excess sludge. And
the belt thickener showed the thickening performance over the target (thickened concentration is over
4 %, recapture rate is over 95 %, polymer consumption is about 0.3 %-DS). In addition, it was
confirmed that the combination of the inline mixer and the mixing tank shows high performance for
belt thickener mixing. The inline mixer makes strong mixing, and the mixing tank makes soft mixing.
The belt thickener for primary sludge is running over 5000 hours without trouble in actual plant.

Key Words :

OO0 0O ¥ H Belt thickener

mooJe RO Sludge thickening
& R Ok Excess sludge
A 5 e Primary sludge
®OM 1E e Thickened sludge
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Conventionally we must install two separately machines for washing and dewatering of screening.
Therefore we needed large space and big power for each machines. And, it is necessary to dewater
screening for keeping water content regulation, and to improve appearance and smell for easy handling.
Then we developed "SHINKO-Wash-Press" that can wash and dewater by one machine. We proved by
demonstration for the same washing and dewatering ability as conventional separated system that has
both a washing machine and a dewatering machine. In this thesis, we report on the outline of the
demonstrarion, optimum washing program and performance of washing and dewatering for "SHINKO-
Wash-Press".
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The drying performance of Filter Dryer is influenced largely by the mixing performance of mixing
blades and how large the effective heat transfer area is adopted. At present, high performance mixing
blades excellent in mixing are employed as standard, and additionally by improving the structure of
mixing blades such that the blades can be heated, shorter drying time has been realized. Drying time
is shortened by about 40 % compared with the conventional mixing blades. Furthermore, compared
with the conventional quick closure device of the lower cover, a closure device has been developed

that is compact and insures less contamination.
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