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Development of Environmental Conservation Technology and Its Transfer to Society
The Report of the Subcommittee on Material Development, the Research Committee for
Frontier Radiation Application

(Ed) Takuji KOJIMA

Environment and Industrial Materials Research Division
Quantum Beam Science Directorate
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 15, 2006)

The prdmotion of the collaboration among industries, government and universities on exchanges of
information and technologies on the environmental conservation is strongly required for the acceleration of
the R & D on environmental conservation technology and its transfer to}society.

The subcommittee on Material Development, the Research Committee for Frontier Radiation
Application of Japan Atomic Energy Research Institute (Japan Atomic Energy Agency, from Oct.2005)
organized subcommittee meetings six times in the four years from 2002. The discussion on the research
plan of the environmental conservation processing using ionizing radiation such as decomposition
technology for pollutants at the solid waste incineration facilities like dioxins, purification technology for
the ventilation gas containing toxic volatile organic compounds, absorbent and removal technology for
toxic metals in water using radiation grafting polymers, decomposition technology for endocrine disruptor
-chemicals in waste water, ‘as well as the information exchange of the present status on R & D on
environmental conservation such as monitoring and puriﬁcatioﬁ treatment technologies for pollutants were
performed in the subcommittee activities. \ '

The. present report on such activities should contribute the acceleration of the R & D on
environmental conservation technology and its transfer to society by the further collaboration among

industries, government and universities.

Keywords: Environmental Conservation, Ionizing Radiations, Electron Beams, Monitoring, Purification
Treatment Technologies, Pollutants
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BIXT VA ) SRS L RBEDEDOEEIX, VR BRO B 2 AHER AT 4L E
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(S-3000, Elyla)ic 1 0 . $7-BEHRINZOHAIL, SR % MR ) SHTEH(TOX- 100, =
%M%)i@*@toﬁ?ﬁi&%;OPTixiﬁﬁ%ﬁoto ~

Ny FREBRTIL, 2 Ly 7 RO A T AEE(50(d)*x200()x50(h) mm*) 2 7 =
mTF (B trans-Y 7 muTF Ly kU smranF Ly, FRIs/mand
L) 4 320 ppm FREE ZPEA L. 2 MV OEFIEE S(Dynamitron, H¥TEM)IZ L B
B 21T 570, BT 2 kGyls DAMET T, WIUEEIL VOC 3 A LIz H T A58 %
B IEAORK ) 72 BB S 5RMHEEZ DI LICLVRE L, JruxT
VL ED N WERM TH BV Y v a7 & F/UCHCLCOC) DL, H R 7 a~
% 75 7(GC8A, BEfERNIC k0 MIE Lie, %7z, CO R CO 72 ¥ @ﬂ%éﬁk% "

AR FEFH(TOC-5000A, EEBEANIC LV JIE LTz,

5. FEREER ’
7o —RERER T 20 O VOCs, EFHF 100

BBy By, VRS, o me, p-

vy, mF SRy BEREA e 80

yaaFPo vruaktr L3vs g o

AAFH I L4V RAFYVIY) S

BB (S 2o, ~E Y ~TE B a0 NS

Y ANFE L trans-2-F Y Vx| trans-3- s ” ;&z’“¥

~FY YT, ZOMTE Y, Vrew

Ay Rl ZaunzFLr AX =) 0 .
 ROVWTEFE LR L, ZOSRED 0 2 4 6 8 10 12 14
W T, AR 72 VOCs 4 FED 43R BARHRE (Gy)

HARER 2 1R, MAEOHELRE 0% @ fARER VOC DR

AR LER 72 KL —1E VOC 12k - T

B2 PIZIERVBr, vranFt s ARt A X )= TIRENT I 18.3,
7.2. 10.8, 83kGy L 2oz, RUB U ONMBMBOILEY & HAEL ooz D
SLNEREE . L A REBEZR LN LB BND, FERILEW T ﬁ’éifgtt%« L
THD L, BREHDOZ L OB EFM LTV LT o7, BEFIERORHRE
%#Bﬁ;%mﬁﬁfzﬁﬁA@X%iDW%’ﬁf?é%giEAﬁﬁﬁ%<@o
7zo 2 BB DRI m AR ORERIL, H‘é‘f"“ibﬂsA%ﬁ% LELNTE,

£1 7 e~ P U BRHAICET 5 REWEIE

RIRE WHRE BERE NTRDE s#izgpE BE 0 00, - 00 #EAX

kay)  (mgC) (mgC) (mgC) (mgC) (mgC). (mg®) (gl o
4 25. 4 15.3 - 3.4 2.8 0.5 2.5 1.2 101.2

8 21.4 9.1 43 - 3.2 1.0 3.3 1.3 103.7

_35_;
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7 aaXrPrORBRTHEL, FTIR AR ITTEE THOMRE RN O A RYE
(X CO.. CO DMl I NVAR AR AT NV ig EORRIIIRBBIL Th 5 Z L 3y h o Tz,
CO, & CO ITRBHH(mgC/m’N) T, ER LIV ARWE DR L% 60%%, Fiz, ¥
BRITENE LIZ VAR BRDB X% 60% % STz, TOMDANRABRIE a-s 7V
4 VER(HOOCCO(CH,),COOH), EEBR(CH3;COOH), 7' U = — VE(HOCH,COOH)7%z &
Tholz, VIR LEWENZOHERNS, & LTHELEZZ nrU B0
BEE SYBHTARYETHLHZ &, WINREICLOT MLz ruX¥ oo
B & F 25%H CO, TH DT & Nsyhpoiz, 3

B RWE R M ST TV h ) ISR ARSI L 0 BB LR R
H SN AR BIZKFERE CRFRE DO DTN 3% b EY T, ZOW a7 7
VE NV BBENE . FBITHRH S ol, £72, FTIR IZ X DR HRY
BHOMM OFER, RIRWE IR O, ABIHEEER-0-NOy)SFH &L
EWEEATNDZ ERGhoTe, EHIT, 4kGy BENC X 0 Ak LI+ IRWE X
SERPRIBED B K% 80 nm T, CpsHyNOuCl DR ZHTHZ L7 B b, Kk
B ORI R SE O B L AMBBTER L =D b | i FEO K X1
BN L. AR LTVt Ex b5,

yunxy DN v FRIBHRBROMERZ X 3 1R T, cis-H N trans-> 7 v x
FlLr, M) zapzFLr FhI7uaxF LAss LTER RN & 8.0,
5.7. 3.5, 2.2 kGy IZ £V 90% D4yl |

B o b ink, BERLAWIELS 100 ///’ "
RENRT WV LB oTe, Eio. & ” |

| T EOSIRREE I D S, trans-
VruuzFLUES Y sanxs S 60
FULORMESE o AL EL M raroe ]
LD, ZurrxT iEfio VOCs [FfR R //// :tTrca):s—DoEE—
OH 5 UMz & W BMLAMR S DB, = 2 AcisDCE |
DRI L 0 /T Te CL T S ANKEE | -

PP AR SRRt U Nl N e
flid VOCs & b KW IRIARE TV RIS E (kGy)

fRENPELND, -

MY ZuooxFLrorEBuni-Es - :
EEMIT TR, P ZauxF Lo | WEBMTH Y7 aulfift T ®F L
(CHCLCOCD)ZS, & HITEL SV TARZRT U (COCL), CO, CO, (2725 Z LBy ho
leo R2WEBFE—LIZED N 7 max=F LU RRICBT 52BN A RT, V7
o u b7 EF AR ORRAT L ORE, BIGREIZST L TC—BRENREL otk
FAE 288 T Uiz, ZHASK LT CO & CO IEmMIREIE CIBENREL o Tz
ZEnD, RIRENE K 25120 T 1 RAERMN S B b S . BEMIZ CO
L COERERLIEEELZLND, |

K3 7unxs o O5RE
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%2 NUZnnTF LU BHMEOBT S HEEWEINE

RINGRE  WMRE  B7EEAE CHCILCOCI  COC, co 0,  WERX
(kGy) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) %)
1.2 650 136 300 57 87 135 85. 5
4.2 650 0.7 400 70 120 154 88. 1.
7.9 650 0 368 . 141 159 189 94. 2
12.9 650 0 354 97 179 183 89.8

6. BE -

BT B — I K D VOC 53RN ORI TIX, A I =X LOfFEH . AR OIF
EOM, BiiZro 2 MRERLICLY ., RO KLERERER SIS N, 5%
1T, EEEEECLFEMEIC LY Tt AOBER T T v b OMARE 2D D L
EbiT, ATPRAULBEEERE 2 BRR LA A N ORI AL L7V,

51 F3CHR
1. BREE4. YRk 13 45 PRTR 7 — % OBEE, URL: hitp://www.prtr-info jp/index.html
2. M tzing, H. In Proceedings of an International Symposium ‘held in Karlsruch,
IAEA-SM-325/186, 1992, pp.115-124.
3. Hirota K.; Hakoda T.; Arai H.; Hashimoto S. Radiat. Phys. Chem. 2000, 57, 63.
. Hakoda T.; Zhang G.; Hashimoto S. Radiat. Phys. Chem. 1999, 54, 541.
5. Hakoda T.; Hashimoto S.; Fujiyama Y.; Mizuno A. 2000. J. Phys. Chem. 2000, A 104, 59.
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BT U — AT L DB LA DS RS
R BAYy LI L THRE DD,
URH) R CTRANC B ZWRE L, M OREBEI D - EEk Cy Z2Rd T
DI, NRBATONWTIEL, ZOHFER D E0T, B IRy BT LTQ‘Z&DKO
G 2 THRD IS BENT B L, 3 FAETINESDIL, -ﬂﬁ7b>< L3 &ETIL
o AT B Oy BIRE LT HITHR TE 5,
(UaH) ZhbDT7T—2 35 EERA LERIGETD B, yIEE 7250, OSeCE b
HIEHRE 727280370 < M7 B D BN e E 2D,
R 7 aaXRB ORI OWT, EROaIEEEDRERIL,
(A H) 7 AR CIEXTEORENRR b < . TNLSMIFERC o -7 N 7V E VERT: 2:
iﬁ_*i%«ﬁiﬁﬁ)ﬁ%’ﬂi a-r 7 11/5’ JVERT R <‘: @ﬁ#&ﬂaﬂﬁﬁa@{}ﬁr DIE,
C(RIE) RU 2L AToONT, HEONEIL,
(RH) ZRERMRE & TRV, FIHNEEE 10 ppm 2 & DJ\/‘IZ/@%A 1 ppm MT*%F*FOD
HC1H LI ChZRAEIZ LV REL T\ 5,
(LR WENSD & EAERT DTV,
(URHE) BREE CH~T-DOTHONTREERD DY, -
(EH) =22 MZOUWT, 10 ppm AT VOC H % 40,000 m¥h 125 LT, Bk &2 50k
7 0%\ ZERAE, 15 SHEAICHIR L= e, BB IEIIEMRIEICHAT 6 52V, 2
| ZOR LTHMERIED 2 A MEIEBRIC AN EA L CO A EIN T 5, TR
iﬁﬁﬁf HOW, BIRELENTRETH D, ¥§r§zr7 TR RADTRICET B —2%
RETHIHELENEOVEOTH D,
OKEF) VOC IO TIIHEIRNE ., & DB OB & 1
(#ox A) PRIR IEOBEHICIE b= /®¢3FHj75>W%§b \
Ekh‘jg@%v DU mm R E U GOT A OB DI A
- OKEF) BN L BEEME LT, MY U SOESMITTE RV DD,
(UAH) 7fEE & % ;*4%7%'(%‘5 BHDT, FHRENREWGEILT A NVEAPKETHY, 2R
rE EMRBD, 10 ppm FRELLTF Tl ‘iﬁi?%ﬁ@’( I, RIEPERL FI3R)s LT3 5
TERD 5,
(NB) EF e — AR AR I/“C BRI OREN T 0 Y )V EEY gD 5\ T
- BT AR LORETCh S, 5% EMEEOF TR Lz,
CBR) HHiR AR TR EAEBEN R D D h,
(AH) BARTO 1 BIOHZTHLM, HEEROE WED SRS NAERN BT,
CBR) BRIICERST 47 MeRT A L b EL OIS,
(EE) 2R MR rEANLEZD & WIIEANZL 220,
CBR) b BBHANIHEZS,
OKEF) PRGET AL, SBRBRE SN TRV S 47 U —O&JR Ty,
(ﬁ%)ﬁiﬁ%@@ﬁw WHRIHE E 9T B0,
UINE) ZA A2 3 3 fREART O BA%E ClE, ELISA ¥EIZ & W BRBERLE /{%ri%pﬁl«ﬂ Do
UL, FIEREREMET S TEREMENE, 72, KO A G OO
- ETDTD, TD ERBHERM L DRRETEIRY, SR OREREE )3 2 <
- FAETERYY, =R TV BIRERD & ELISA V& &l 5 Oz LT %,

— 38 —
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7.2.3 /J\’*‘%IE%UIF’%%U% LTEBREBERIC BT 2 7 A A% 2 VDO AR ER O fig B
CRSTATBIE A B BRERLTT ZEER)

1. ZC®»IC : -
BRIEY O FEANBEIC IS W TH A AR VEHPERT D2 Z L E< oMb TV D2,
ED XD IR R R O EREAITMD, Lo TLEROMPILLT L b il ik
A TNV, BAEIXE RO AMLEBF OBAC LY . BPATOX A A VHHO
ERBEIRELSBOLTEY, Bl XY=y 7ERIEIR NS RoTz, 2o T
., OEPRERTH o BERLELERE LT oNVBREVTD T LES LR, Th
BRENETBERTH 2D, HEVWIEEZTETHoTZDN, L2 20Tk
FEHBIC > TV RVWEIICRAD,

SRR, FREBBBESEMTDI > TTo TERBEIICR T 544 A%V EO %
EBROBIIZOVT, BELED AR LBET 5, - '

2. RIBEOKE
 BEOHREZOLEL L, ?’E%&fxn‘?%@ﬁ%ﬁﬁ@B&/fz}‘% //lﬁjwbn_}u’c%t_
ERbnb, WRIIKREL, DWEOHREEZRLE LEbD L, AREBECILENZEE O
fEFAZRLMCLELD, ROEHEERREEZRLE LEMRIISTOND, REBIET2E
HOBFIEICE Y MATE, YEHHRESW TS T3V BEROMETIR, FA4FF v
AT EHIERLLAYORENN TR T, BRER COEBE/LD N L XA AT AR L
RV, EVWIRBNEZL AN, FAEBIX, TOEREZFWANIFEH L T Z &% B
BT, BEMRICHEK E FREDOARK K BRI AFE CHOCHBES L 0%, INEEER
FOFORBEEHENTEHHD) THRAIL, JIS | %of&%ﬁ%V/ S EIfT->T2, T
IR LT, DRVDFATX TV UERER L, 207D, MIEEHEZ RIBICEE T
HZ b elhol-, BHHEOBEYELERORER, @ziﬁipﬁ/rﬂ‘ﬂ%//éﬁk@iﬁ%/ﬁ%k LTHE
HAT5Zenmbniliotz, XMMEFHLIFARNDL L, BUOERRT —~# T onis
EhTWER, BEEEZLN, TOBE®RZLEVERL CVWWRRTHoT, '
BB LAA O A B o T RBERBROFE R, BT OB A I3RS 5 % D E R
BETHLZENGDol, TOHAOVEDE, BEEENZV V=V BOEATH-
Fo VU7 == a XU BT 2WEORKT, VB UEEFo TS
EBRERBFEUCH D, | |

RED OGN EBVEREERTND &, FATFVUVEMNER LT VO TR
W, EXERRTIAF v (RV=F Ly RIRF LU RYIT—HRE— b,
RITFLUFLT7EZL—b) CEEEFEMLELOZERNLT, ¥4 v EREr
Tz, TORR, FHEAY, RIZFLUPLEIAATF I VEBPIEEALEER LR IN
=R VN m@u/ﬁ/ﬁ%ﬁ¢577x%/&#%m$@§¢ﬁ%5m'ﬁ%ﬁ#yyﬁ
DAERDPHEIZED b,

3. floo Y @,’&%ﬂ ' ,

BN R EEALZERTH -2, REDSOEY T L S 2oOh, Mo By
BEELESE., FAFFVVHEBERLLT VO, ZRLIZSVOD, L0 ) K&
&koﬁkﬁU?A\ﬁ%ﬁWVWA%%%ﬁk&#@iﬁT%méﬁtﬁ%\Wfﬂ@

COEBEOXAAFVUENER LR, BIERY LY OEREICITZ &Y L L
t#m (D BTz, WAHWD LRET LR, BRBEE TR b & DT O R
LT S LMEBH LI LR ootz (R1BH), '
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F1ERELD L SR SEEFRELER L ZROF A A3 U ARE L BET R X —

CaCl: KC1 NaCl
# DXNs A k& (ng/g) 18.6 28.6 , 149.0
SR -—BROKEZ RNV — 455 429 407
(KJ/mol)

FOMOELEBE P LE U B RN L OB ER (T m R, EIR
MCHERTEA TR U ERBEITINT RO Lz, AOFEEIZFA LT ERELH
RFT L OB — AN 2> THWDIRB, BRETIZBNTIE, BT L 22305720,

4. AHIERILEDHORE

BB AMONREL LT, ML= VBIERBATERLE, A LEEILE =1
MR IXERE > — ¢, EBRICESN DL, AMEEECRBAZ EORMYEZIRY BERWTHD,
A LUic, HEMICHEAAE = VEBIEZHACERLEBS, EXEERNIERCEHEERE
FHEMLRRBEOX A XV VEPREAE L, BREIORRTOLRE LRI/ LONEZ L
No, HILE=AVBERLEBALE LD ZRP2THEAICIE., BEEORENSKET S S
AFXFVRBRLABRETHD LR TEXD, L LB E=AVBIEE T 282075413,
FORBEELNREL NI Z LD, DRVDEDOI AT IV UVENERTEZ LN
Mole, BRBERIEEPRY BIFCE o BAICIE, BESENLTHENI XA 3
FARBELV LT o LDBThol, LALAERD, MELENPLCHEL 2B L, &
A A X UEOERBIIRBOICHERT S0, BHFORBETESEBDO TEETH S,
HALE =V IRl B = U 5 IR B b o 7o BB T kK M LT8R D
REFEEmc2y BHCHFHBARL TN BUBEZERT D Z LB REREBTH
%, ‘

5. HEPEIM O LEANRR _ .
ERICHERLEBEHND T G EN2ERER, BHRMER 2R LE, Sbhick
BEERE LT, FEELYE2ANT, REBICB T 2844 XV HOEREROMRA %
1To e, MR L/ RF IRk L TG RBEE AT 0.27ms, JFARE AL 0.19m?
Thb, MEAZSIIREZONBIRE SN T — L 7L EBIhTEY . /L
TCEEHE R B ST, REREE Y ho—A L, BREST 2 ORERNICET
DA REHIL 8~4 B Th D, MRIERNEEE Otk L > R OUF R O TR Aok T ik, R B
TEIHRERBL T, ARV —ROEELHER L, o XU TAOBRAN—F—%
RBEEME O LBEF O TRICRE Lz, BREREBOE=2—L LT, FRDOEE, T2
) —FR L R SR YL B O\ SR IR B A R E L 72, B0, BRIBESEWNOBREIZ4 VAT (FE
W, L¥., FTEH., FERE) CHELE, ¥A44F TV EOHRERERIICRE LE, ¥
FILE S NI BAM LK AR AMPIZE TN TWVEFI AT T VEBNGHEINTICHED
AFIZRBALTL AABEERNTIEDIC, EAMPIZEETNTVWEE AT XV EHOD
BLAMERRZY - BRI, RMFIEENDI XA LTIV HITER (BEE2ET) M
BOBBESIIC, BEDRMEEREMD LR TRY., X XTORY LITEHICHE
STEBY., FREEERZ -V R -THWEZENS, T AR A T2 TR
MEBEBEISNTWETA XXV EHORBEZ TRV LR L,
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e MR ONE L RS

A W  EEESE (%) BEHEE (kg)  BEHRE
5k —F> (727 V% 100%) * 21 1.648 1EFf 4 04y
Baxh—7y (BY =250 100%) * 0.01 1.139 18 2 54y
o ER (- AR OMEREOR) ¥ 17 0.600 1R 4
v LB 10.6 0.948 1R 4 5
W~Am72/77x%/&wA~A*oo% 0.740 1 BERE 6 43
=AW T Ay FTAFy 7 AN—B* 0.036 1.093 . 5 4%y
R Y R F L x| 0.01 0.446 2K 2 24
BEAR— 5 : ' 0.027 5.071 . 2B 2 5%
IR T T U B ' 0.023 4.339 22 243
HALE = U F T _ 46 6.237 15 74y
BAM (Fars o fHEH) * 0.02 4.025 2 HERE 2 4y
BEARK (PCPHEM) * ©0.08 4.043 1B 3 54
AR e A ' 0.01 4.578 1 ¢ 2 84y
0y I 0.01 6.482 181 8%
R <7 0.01 4.725 2 R4
YN SERNGY i VR 1.8 ©1.999 5 6%y
MR ET AR OAREEA < 1.0 - 2.851 1 IFfE 2 6 4
KBS ' 0.02 4.502. 2 WFfH 8 4
WAEF AR O R &M < $ 1.3 2.356 18R 1 54
W AKIE AR OAREES < 37 - 0.73 2.696 2 WFfE 3 4

*FV@F#%&%S%CHLT@%%

6.%ﬁ%%%®%ﬂ%%%%&%%(%Lﬁ%%hﬁ@%@kOWT)

Fo VEBROBERNTCIEARIEENZ LIS 2EEBMO R @ﬁﬁﬁf%&Wtb
GIMOBEBRAZMIEL-HEHRBEEHE LIEFER, v A BRTIEREDO AR ZFEA LIS
IV N ESVHEHRBRE Th o, $IXEA TV VEAROMESRE L L TL<H Gﬁuf
WAR, RESHICB NI A I VEOERZIH TS A RBER RSN, ZOR%E
CHEND DD, BREESRHRICEAE ZMERMUCER L, REEMEET AR X A
FERVUVEABELEE DA, FIECARMBSESBE S,

SRR T LR, FARMIEENR 800°CLAT OB CILARBEREL NI
BT AEEEEN 2.5~17ng-TEQ/m3 TH o 7228, FHREIEE N 800°CRL LIz 5 &8tk
%iizmemmuT IR SN 2 LN HERTE =,

FEEEEREAE %mwﬁmgHMk@mZMgTMMQUTw%ﬂTj&%m%ﬁmy@)
LM R E PR (ng-TEQ/kg) & OB 0.99 Th Y, —HE{bh b N\HED
A Fx oEENEE MEME) HEHSERFEHENMAEERK 200 FLTKkDOEND,
—F . BMEEREIENAEN 20 ng-TEQ/kg ML EOBER ©IX, PEHEE (ng/kg) &M
CEBEHENRE (ngTEQ/kg) & OMBEREIX 098 ThHY ., —HIbL b NEILDOF A
F U UEPRR GEREE) RENSERRIEHAKEZNTOBLTRD LN,

M1 ICFRBIRE L Z A4 4% VEOPFEHBREOBREZR L, HLMT, FERMIEE
D 800CUL ETRAAAF VU EHOREENOL X OITEBLTWS,

HEH AP DL R B L X 4 4%V U EOBERER R M Lok £, HEERITR
DO MNol, RESRECHE -BILRIRBENMEF T2 L3N TEY, A8
%%tﬁf&%ﬁ%//ﬁéﬁiw%wif%ﬁw
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RY=FLvrFLIHL— K —

0.31

#3 NEBEAFEORBERICBT D XA 4% UEOBEHRE
g A W - PCDDs+PCDFs Co-PC FHMMEE
: o (ng/g) B :
(*1% 800°C LA _E o 45 PR IR BE) Cli~Cls Cli~Cls (ng/g) ng-'TEQ/ ngTEQ/
. o m? .
Bk —7 v (727 VR 100%) 6.4 3.5 0.36  0.067 0.28
* L -
B —5 v (R = RAF )L 32 0.93 0.27 0.016 0.054
, 100%) * ' ) -
BB (VAR THERE D 109 97 1.5 1.6 4.2
By * o .
v LB , 36 24 1.8 0.39 1.7
T AT TG RAFy J TN A* 49 24 1.8 0.54 1.5°
-::7:/77x%/773z\~B* 9.6 - .8.7 0.37  0.072 0.33
BRY ZF L ox 27 4.0 1.2 0.079 0.08"
B AR — Vg 1.9 - 0.35 0.058 0.0054  0.055
DAY S N 1.5 0.28 0.096 0.0044  0.30
Bl =UF Ik 57 37 0.51  0.64 12
BEAM (ZanT o) * 3.4 2.6 0.12.  0.040 0.34
BAM (PCPHER) * 3.4 -8.0 - 0.081  0.044 0.47
AP - A B 0.62 0.24 0.064 0.0035  0.038
R/ % R 2.2 2.1 0.046 - 0.011 0.033
B < : 18 5.3 0.18 0.17 2.9
WK e AR AL D A B 8 F < 97 109 17.9 1.1 0.39 6.7
YIS N NP N G 47 35 0.38 1.1 17 .
B <3 ' 22 5.3 0.19 0.16 2.5
| MK HT AR AL O KR B < @“ 99 19 0:48  0.56 7.6
HEARRFAR AL ORI RS < T 57 25 0.44  0.83 8.9
A 2.1 1.1 0.082  0.021 0.28
R IR BT A 3.2 2.5 - 0.18 0.029 0.16
HALE = — 1 826 356 14 8.3 17
25 1.2 0.032 0.064
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&R 20000 - . ¢
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O

YFERERRE (°C)

B1 JFREREL & XA A v O PR RE (GEAERBAL) OB

%4 MEZRNICBITAEERY EAYHOEREE 100%E LT)

B H HET Ad(%)  BEHIERIR(%) WALV AR R (%)
v =B 97 0 0.2 2.8
Bl =0FMIMK 90 g2 0.1 1.79
BEAKE (PCP ) 80 15 0.04 4.96
RIEEIRBHME (<800} 30 : 68 0.02 1.98 -
KR MK {800<) 37 58 0.01 S 4.99

T} BRI O I IR S R

PEH A DAL RIRE L 24 4% VEHOBHAREOMICHEEBRE SR o7,
(L2 BRI, REDICE TN AEERTF OB ~+FEIC 1 ERF A 4% VT
RADT, REETIEIRY, BREENICBITA2BEBNETE2F£4IT- LI, ALV THIZ
YA NTELIA F o ORERES TIHERVEDI . BADELVENEHER IS,
FHERZZRILAEDM R I RrHSCE TN D, -

7. BEHM TP ORBE R LRERIEAT AT O LA A F v R E ORGR

BHMPOERE R E XA X EOPEHRROBERZ BT Lz, Mattila 513 A 5K,
AMEFERRBY ~—5H 2 VIIHEZRRY) ~— LBARESEZER T, RIBEEAYF
DEBEBE LT APOT A XLV EBHESERE L OMCHARLABESRID 5 & #
1L T\W5, —F. Rigo & Chandler iX 1900 PL LD F — % ZfENT LIz R, BB O
HEGRBLHBENATOL A A XV BRELOBICHBEIXZVERFR LTS, LALARR
b. Wikstrom SITFERSHBEOLEHF CHMAEREITV., BHYHOHEREEZEN 1%
UTOBIEESRELAA TV AREORCAEEE R, BEREEN 1 %LU EDORIZ
AN B A LA L C\WA, &IT. Hatanaka & IXFEIK TIEKIE (700°C) BREE X735
BT, BHYTOBEEGEBICHA LEZFA LRV U EHRERT D EEHE LTS,
IRBHUAMCY, HAIBEREEET M. BT HMANLHERINTND,
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AFRTHLNEZT —ZIZOVWTHEERETo7, HEIRE LT, EREIY L AEE
{EEWIT 3T T Te, EBEIEAHICOWTIX, FRIEED 800CL FOHAICB VT
BERL XA A F L UEIEHREOBIC 0.85 &\ 5 5 W BRI A D & T, I R IE
25 800 CUL ECiktEBENBE STz, AHIERILEWII WX, FRIEEL ¥4
A% CHEPEHABORMIC, BEREADO X O RBERBEIBERIN o, LU,
IFRIBE 238 1080 CEMR D L XA XXV EIRIZEAEER L 2L 2d Z Enb, BHiff
HECHBZRNZRER, HESEL (1080 fFERIRE) OFMNF A 4% v EEHEK
EEWHBIBRICH B Z k%ﬁwtuto;®%%m%%%@ﬁﬁbtmmmﬂm IZERIE
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HMEMY WX TRRXEZBHRAT IV,

T. Katami, N. Ohno, A. Yasuhara, and T. Shibamoto; Formation of dioxins from sodium
chloride-impregnated newspapers by combustion. Bull. Environ. Contam. Toxicol., 64
(2000) 372-376. ,

2. Akio Yasuhara, Takeo Katami, Toshikazu Okuda, Noriko Ohno, and Takayuki
Shibamoto; Formation of dioxins during the combustion of newspapers in the presence
of sodium chloride and poly(vinyl chloride). Environ. Sei. Technol., 35 (2001) 1373-1378.
3. Takeo Katami, Akio Yasuhara, Toshikazu Okuda, and Takayuki Shibamoto;
Formation of PCDDs, PCDFs, and coplanar PCBs from polyvinyl chloride during
combustion in an incinerator. Environ. Sci. Technol., 36 (2002) 1320-1324

4. Akio Yasuhara, Takeo Katami, Toshikazu Okuda, and Takayuki Shibamoto; A role
of inorganic chlorides in formation of PCDDs, PCDFs, and coplanar PCBs from
combustion of plastics, newspaper, and pulp in an incinerator. Environ. Sci. Technol.,
36 (2002) 3924-3927 , ,

5. Akio Yasuhara, Takeo Katami, and Takayuki Shibamoto; Formation of PCDDs,
PCDFs, and coplanar PCBs from incineration of various woods in the presence of
chlorides.  Environ, Sci. Technol., 37 (2003) 1563-1567 '
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2) Seko, N., et al., Aquaculture of uranium in seawater by fabric-adsorbent submerged
system, Nuclear Technology, 144, 274-278(2003).

3) Nishiyama, 4S., et al, Concentration of 17 3 —estfadiol usingvan immunoaffinity

porous hollow—fiber membrane, Anal. Chem., T4, 4933-4936(2002).
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PCP Masunaga et al. (2001) »
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w5t BRI (2001)
Co-PCBs f BED (1995) 9,
Boonyathunanondh et al. (1995) 9,
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PCBR Kannan ef al. (1998)9 ,
Kim et al. (in press) ”

1) IMED (2003) FKIREESLEE 26, 655-662.  2) Masunaga et al. (2001) Chemosphere 44, 873-885
3) AR 2001) FRREE 4 1A%V ERATHEBEE] 9 5ED (1995 BiE{E, 647-675.
5) Boonyathunanondh et al. (1995) Fresenius J. Anal. Chem. 352, 561-567.
6) Kannan et al. (1998) Bull. Environ. Contam. Toxicol. 41, 267-276
7) Kim et al. (in press) Chemeosphere.
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ERTERUA A4 E R E (TEQAR—2R)
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( g ) ?/
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7.3.4 BRESBIISHTOEFINES — t/J\’F“aé¥E~A%$” EEEDIGH
(RfEHRY BIFREaRry— BRH—)

introduction
~ sHigh-Tec

» Reseafch Cemer Preject at Was&da i}mv

',&%ﬁgh Quality Beam Generation System

*RF-gun System
*Nd:YLF laser system
, »&%m &g}piimﬁgms

*Soft X-ray generation by iﬁverse Cem;}taﬁ Ssaﬁwﬁg
»Pf{:{}-semm Pz.szse Radgaiyszs System

1999~

Purpose

2000/8
2001~

200214

200311
2003/10

New Research Project was approved.
“High-Tech Research Center Project”

{Ministry of Education, Culture, Sports, Science and

Technology & Waseda University)

High quality electron beam generation
and Application Experiments

{pudee radiolysis and solt Xoray genwration)
Construction of new building completed
Manufacturing of Accelerator

Main components instalied

An rf-gun facility was approval for
operation

Beam Expariments started

Soft X-ray generation
Pico-second Pulse Radiolysis started
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faster Dsciiater
MHz)

k4
recuanty divider
124

Profife monitor

I
sokd 3% wag.

Pulse Modulater
{(NISSIN Blectde)

Profle g oniter

Guedrupol Wagriets
L

Phwston getector
Profiis svenitor

PULRISEN
% NdYLF

Jitter compansstion system

Laser system : Nd:YLF
Pulse Width (FWHM) : 10 ps
Energy per Puise
UV (262 nm) for RF-gun : 0.15mJ
Green(524nm) Probe light - 0.4 mJ
IR(1047 nm) Collision and Probe 1 mJ
Repetition ‘ : 1-25 Hz

*Timing stabilizer
{119MHz seed light)
JIntensity stabilizer
(25 Hz UV light)




X ray at Water Window |

Lingar absorplion coetlicient { »m™ )
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S

2.3~4.2nm (200~800eV)
K Edge Absorption for C. N, O

S oY

oON C

Water is almost transparent at
this Energy Ran

_ Living DNA measurement is
available

7 4 3 o
Wavelength [ me } -

%

Soft X-Ray Microscope |




JAEA-Review 2006-019

oo e e e g PhataaEnergyvs Scattered Angle 5.0MeV
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0 100 200 300 400 500
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(1+ Bcos¢)E E, "EB Energy

¥ = - : “Wavelength of Laser Light
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SismShor
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IRLaser »
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|

Outlook of setup

Qmags | NG
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é%f@mm@ i?%&%ﬁ?

Beam energy 4.2 MeV Wave length 1047 nm
Bunch charge/bunch 80.28 nC Energy/pulse 4.2 md
Bunch length (FWHM) - {0ps Pulse length (FWHM) 10 ps
Beam size {oxloy} 28011580 am Beam size (ox/oy) SOB0 um

{using knife edge method)

Between £ k-shell absorption edge

Theoretical Expected X-ray | 210 N k-shell absorption edge
Collision angle (¢} Ave. photon enefgy feVl] Number of Photons [/ pulse]
59
: 307 (0.14% band width) (within 11 mrad of detected angle)
20 . _
{4.03 nm) 52xX40%
: {total photon number)
200 .
. { e B350y whgNRE {MOP R l ’ - - - f
. /§\ 100 for A ]
150 ] ¥ =-8.9933 + 27.945% R=0.98008 J
E, | s Y
g o= Tos é 80 :
£ 3 : /E/
5 100 2 60
& = / i
K= z
I3 = i
) | B 40 /] -
s 50 b funcd - g /
1 ; 20 1y -
0 i { 3
D 10 20 30 40 50 60 % 1 2 3 4 5
IR detay time [ps] - Laser pulse energy [mJ]
X-ray signal as a function of ‘X-ray signal as a function of

IR delay time IR Laser Energy
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Probe light

o9 S

‘Views of Experimental Setup |
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0.D. {720nm)

0.05 . E : : :
0.03 ’ o et 2o Time resolution :
0.02 L Liaod Ops is achieved!
o 0.01 | e
oL Lk o o, A
Y
.01 .Mz ......... %
002 Lo S 1*
0,03 " i i

, ; i i I
=100 g 100 200 300 400 500
Optical Delay [ps]
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‘*’”Sx if}?’ ?hﬁiﬁ{}ﬂsf pﬁlge

3 Fﬁf&ﬁ i%a{im!?gg ,,:_}3’%333
*ps Pulse Rmiﬁiygzs ‘s‘%"‘iiﬁ& by St

Technique
- ”Tm}g E@ggixzigm :~3§§§ o

Excellent Collaborators

R. Kuroda, Y. Hama, H. K&w&:, M. Kobayashi, F. Nagasawa, K. Maeﬁa,ﬁ Knda,
T. Kuribayashi, D. Ueyama, M. Kawaguchi, K. Hizume, K. Sakaue, T, Hirose:
Advanced Research Institute for Science & Engineering, Waseda University

S. Kashiwagi: Osaka Universify, H. Hayano, J. Urakawa: KEK, K. Ushida: RIKEN
X. J. Wang: Brook Haven National Lab.
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BR80T LT, ‘

OKBF) BT R > TV B0,
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FTUTEEEL < 720,

(JEH) X BOBRTRF—L450eV 720D, ,

(BR) EED ALy 7 2 LT, 500eV ETHES, UL, 0 mﬂw 72< 72&1/\0)“( 4506V
LM E 720,

UINE)  Z DV ADREY IR LI,

(IR 25Hz T 5. 1KHz FTIIED = L AHSES, éﬂzf—{alﬂ% LT TRV D T,
F 2 FETOB R LEGTHER N,

(NIB) VOC DM % % & BHEEOMERSE 72708, IS TIEASA 35D,
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VINIE) A= —DMED Z L3k D DD,

CER) SRR BIED 2 EBNHKS,

OKEF) ARTRNF—DPZEIRF/ 2D T, R CHEMRA ST,
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7.3.5 HEKHEEROMETMEIEOER:

—— ST NEGTATNZ LD K P DS « = A OWFEREEDRZE —-
(BAFF 78R BIRATIEAT BREMEEM BHIFTEY v —7" EHIEE)

HRER |
WMk TS 7 FESHEHEM
- IREEIRMES S L
ABEREOSBEIHETAE
- JHEIEEAEL
Fe, Mnf& =&

A vFEETCOBREOR L
- EEOBEREE
- O ER OB L

PeFkiE
Feib+ (BRI +F) 53R iE

BREREIZRASHD

F EREEENAKRELLTELRL s KBEE

0. 1ppm

TS FEEICEVBEMEZERL.

LR

P88 (200k0y)

TSI MRB 40°C 3h

wiv-1 WAL ORAIIIL—1) 10%
CHzchﬂa
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0 e}

-
737E U0

se | DMSO 2 2 mnbr s 1) 009

. SRIEEIN 80T 20h
wers! 1 3/BBoF MDA
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& e | oF A R

RLT—CFEHREFTEL, ROT2HAVCERAREER .
M AnBHYLAS, Fe

Fe, Mn
pagepr |0.192m1 (3%, 50mg)
1.66mol /kg | (B 7mm, & S5mm)
BEERE | 0.32ml /min
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5L % B Ui, BB Bifffid, B h CRBF A IE LRGELEKRTICEF 2 AR SE 57120,
 RREEST I ER A E L TET AR S U A MERIFIC IR, BFEMADOE
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B&A 7 LB
ELDHLESGHRDRE

o BT NI-ZnJB IR BRI 13Se(IV), As(VIIZ T A ISR B

« Ni-ZnBWRKERLY « Ni-CuBR/KER L IR E LTz As(V) OVEAREE 1K< |
MDA A L LT W _

TSR DBIRKERALY T I3 E VS

HERA A VREM & L TOREENE
BARKESEMIE— B BEENT
R ERRETOBRENZ

— 132 —

©




JAEA-Review 2006-019

745 BHE i@®ﬁ$&ﬁ%%®L%_wam_ﬁﬂmﬁﬁm¢®ﬁ%éﬁ%f—_
- (ARETFTITE % AT SERT BRESHEREA I 522 v —7 EMIER)

3 e - N O s 3 L Gl DI B N

2EBIZH+BE
FRIEEAR Y 4 4 % L VBRI

FRLTAE12R LR
BeRIF CKRERERE 0.5miklL., BEkNBES 50Kg/h  LLE)
BHBEE AT HFL AEOHE

| SHTERERNE | e GEREE  HE

Gakpmmnm

NEZEE DN et
L BE oo s

{;\‘:{ 73;%% > :/ig%a@ ' . BFESL0 70:; = Fﬁ%iﬁ
fi<%%$k“’ 2 0 Okg/hDIBINET

- 40t OFHEIK

'_?_j

1 hobhizY 5HH

200 FMEE

v 5 7 b i % 2]

BEOBESFEAM

57+ EE
| ISk B EREE ,
\ DEA e

N L UsE

®
e
o6

. R
$m%%%ﬁ s

Vi o ON
(RUTaELr> )
\ tro—=z J =
- ; AR

s

BaeOopRoB FEMIC2BERERBEETEATS

— 133 —



JAEA-Review 2006-019

MEEMIICEZ ST P REMNOEH

MEHRIBE (B¥HR. Ao7—#)

£ 7—
Q ; 56%3)1, e éo

CEMARY v ° "0
o | [K o % K X e [K % 8 % e
E R T/ X 757k LI
BEe 557 MED

e &
Y73 RFS
LEZEA

/)@,v %E‘Z@% - 5?1:$j]|]
B ’

w,\éﬁ": S .
iig*l—lm ERBEBRLEE/

ETEMABIC LRy T RAOBE

T#EAZEEMELETSTLRHEM

557 FEAW - U5 T MERR

RUTZFL REHEM) (757 ~E 150%)

— 134 —




JAEA-Review 2006-019

h o2 bLbzRBRWVWVEEBRBRERZEH B

&N FETVLDEERBEOH B

o+ " wlertetTes et eee
08 # Cd 100ppb
: &
°0.6 - °
© &
S o : BEOPH 5~7
A WHRE 25°C
027 f ~Pb 100ppb
72 R4 LEHEH ﬁ y e NPT
4 mmo | /g-ad 5000 10000 15000 20000 - 25000
0.35 omd BV
(B Tmn ¢ x 335) BVHN)27gMMgmj
BREE ‘ kg-ad
6.0 ml/min : - 20ppm:
. pm:559g-Pb/kg-ad
( SV31OOQ h=1) :
SV(Space Velocity) : ZERSEE :%%ﬁﬁ%ﬁ Cd :2'7 X 104
R 71
Pb:4.3x10°

: sEkEY . S1AFLVE BE
%ok O M B ABERELTBHATACLICE

Y. ERETER

o

EERRT
K

°
"
{ I
a
»

%ﬁﬁ74»9+|

2 HAT XL YR e ?;

BEKE :
ME | wegs | #EeEs

— 135 —




JAEA-Review 2006-019

7 AR S | R <A A 2 | R

2 £

L

ShiKIEBIRAE (— 5 PA35L)

Tl
=
g
B
5
i
H

=

o 4 B

| ko

g 4% F o e
SEERDVZEBRR = ! /8;§§;§§Q - 10pg-
T L TEQ/UYE
: 1= ' ILGED

CHREDLRIE

ZOIEM T (<001

ma/YYbIL)

BTN BB

SED BEMRNFERAFRIIEIA IV RIKBHLREES
3. BRERLREVIBT BB IOT O BERE~OHRB IO LYSIR

B4V 1.7120(00. 1% BEEEE FHoC

— 136 —



JAEA-Review -2006-019

Voo

B WM F B E= A O K E B

FHRIVGFERRREFEESEMHERYE EREVEBRIREEOTER
Ik YRR

M, BEI Cmerea | ST |
C kBkOREEEER | 40%0FF o |
k ;s PN ,

— 137 —




JAEA-Review 2006-019

HEEEOMERIRTFE ORI W C—BERFR kB ORES B

(FEI) & A AX L BHOBEL, 1.8pgTEQL L EN TV, Z0H 7= 0 hELERD
BRI 22D,

(EH) JEHEREND L0 A~RT o VE—DIRRCH D, KA EERIER 2,

GKE) Z oL, b9 HEINTWBON, ST 50,

C(EH) BBV HENTWS, BIEAWVRELtED S,

(AH) CdLAMOBEERE WA TE D00, '

(EH) Hg. Zn b +HHRETE D,

CIMIB) JEMEER T 4 B %o CND D, EHBD T 4 W H—THINEDRNDD,

(EH) #oEBYThs,

UINIB) WEERE L, pHIZIIEE SN2V D0,

(EA) ¥@IpHIXT ThbH, WEITITEELEY,

TUNEY T4 VB —TH ST BD A T LAEOHNI L ED L HIZ L TN D Dh,

(EM) BB OWTIHL, B DHUERD D, ,

OKEF) BEEEIT. KITET TS BT LAMETE RV O,

(EH) KIGET 72D LHFTARTWROO T, R+ FICHFEET D L0, Db,

UINIE) 3 L— NLFR & FE_7 A ORI,

CER) LB SO D TEYY,

(RER) = ORIEMNILY B A 2 V54T TN D DM,

(EH) VA7 MIFRETH D, 272, VA 70 L7 Tha X Moy, FEFIC
ZEHEMDMENTZ LWV S DT Tide < AR TARIZD R D OBADRDDB T8,
FIUZHEARD &7 VBT,

VINIB) 7 4 V=D ED L HIZ L THDB DD,

() E@opeLTLED,

AR BREEVDS LWL, BRI/ 5 2 X ATRED,

(EM) ®HRETH D, 7272, 1To7- & LTCHIME TX AEASRNIER I,

OKEF) JEHEDFEE OBERH 5,

— 138 —



JAEA-Review 2006-019

7.5 % 5 EIFMES
75.1 BTV —AREIC LR LT AT R EEHTICONT
(AABET OB SIS B e oA/ v—"" BHEZ)

SR FRILLT LT ER (HCHO) & 4%/ — L (EEBHILH]) DKBR
ALK HCHO35%. A48/ — L5%IREE ST ED TR
(AL3ERT ) MEAREEBLTHR LSS, REIHEB

ISHRIVLT ILFER  HCHOAE&LI-BEEE ‘
#50°CLLE TMBALBESSEHIEIZEY.
%CHEQ% N oHOR S

<:&%&§é”€u MicER

{HCHO?}%@HOOppmVEE

CEIEIMEE R TP REAEE
BEETE

{EREE (B ~ BB +ppmy) T
M EE~OREDRET

£ EES A ELE
2 {6 R S TR I T ]

4 | 2~ 38, EEMEET

| ¥ — (FMFEER LET)

Y

AR G BfE] / h

thCER L S R B TS HOHO & AR /— VBB o8
PEFEEMDEBEE E~NLEE
Q> M S A S L IR

-4;%@@&%% o Q e E M A AL

— 139 —



JAEA-Review 2006-019

l }____ _Lf %_ | MEShEEE

RVRYHA —— ] .
SER EBRRATIS TR7—
| s
e | £
g | pe
~ .Hls
] :
__ = — 4 b
ALIEBAE AT/ BAHE/Gy | JIEBEIAEERE/

.fgjﬁﬂ,ﬁ 100. 300. 500. 750. 1000, 1500ppmv@DHCHO. &UHCHO
EEOHIS%DAR/—ILEET TR ~DEBREST

DRIRGEIH T ZHFT HHCHO, 25/ — L OFE R D4 0E
@RI EIZHT HHOHOR BERMORE. BE

GHCHOMD 7 RS

[2]HCHO ., A%/ —IL DB RIZHBE1RINIR B
r:_> ERSEE B DM, LY H AR EMEDRE

EBEBSTEM IR

— 140 —




JAEA-Review 2006-019

2k H5T i
;5;2&}(}%;: M (CONER)
e | ol
Zk‘:ﬁ% A ﬂ

(FeKEE1%) |

(coy—) ] EB
BIRE 200Gy L ) conE®
ABI— (kGy=1kJ/kg) ~ (HCHO, A%/—)
DEE)
\ - AN \ AN ~ /
AR EBIATED i

1600 " : 3005
1400EZ HCHO: 1500ppmv HCHO: 300ppmv
1200 A8/ — )b :250ppmy A3 /— )b 50ppmv
Z 1000 Pl
E 800 3
i & -
%E 600 % 100
400
200} A5
i o e /=) i
0 100 200 300 100 150
R Bk Gy) ' BATHRE (KGy)
HOCHO - 80kGy . HOHO: 32kGy
AR /—iL :350kGy AR J—}L TOGy

— 141 —



JAEA-Review 2006-019

(=12 %HCHO%}JEﬁ REICSH
| (1:}1/1;7)&-7-“!:14‘&:}
. MRICLRELIRINRE

ﬁﬁapf yj\%ﬁ%&ﬁ&%‘ﬁ;@; SRRIC Z\%&ﬁﬁi&ﬁ%

H({)HO,%\JE AR = (kGy) A —ILIRE RARER 2
[aYaTealVi Loanmav). (LOn)
1500 90 250 350
1000 72 170 255
750 65 125 180
500 47 83 17
300 32 50 70
100 8 17 20

T 400; %}1% W%X %
500 BELRIEEE T,
200 N
100 L AR S >
Y=1.4X

0 100 200

1-2
5009
> HO
% 400f
1 300 :
by HCHO HCOOH
i 200! \
8 \ 1
{ co CO2

— 142 —



JAEA-Review 2006-019

1-3
_ HCHO(#I AR EHIE(OHTUHIL)
1600@ | 300~1500ppmv) ERE
~ 1400 25~ 75ppmv/kGy
E 1200 - (A — )L DTFELEIZ > 10ppmv/kGy
B IRKEET)
| 25~7 5818

EHE RSO REESY
o - e  FR— A

50

" 100
RUnERE (KGy)

HOHOM 9 RRIC
EREEEIR I E

Sk EREZEFRSELEREORTE

HCHOL A%/ — LB EREEBRAL.
1-1

S[HFHCHO, A4/ — )L DS R ELIRIGES
1500ppmv@DHCHO : QOkGy 250ppmv®D A3 /—JL: 350kGy
1-2.

HCHOO)/%EEX%&LT:’FE’K CO. com\iﬁk
1-3. HCHOMHfEILE %ﬁ}iﬂ:éﬂ*"

— 143 —



JAEA-Review 2006-019

< ERBEHE2000m3, HCHO#HAE FEE1500ppmy., A4/ — L) BAEE 250ppmvDIEE >
<EBM{1#k1%300kV. 80mA>

<TB7—EEH1E3000m3/h, 2000m3/h , 1000m3/hMD3I&EY >

3500 3500 200 = 3000m3/h

0 w0 e 2000m?3/h §
g 2500 E— R, é ;
& B 100 INC---- —1000m%/h | - |
#2000 - L, 2000 P[\ E
£ — {
% 1500 j 1500 =
& 1000 — 1000 o
é‘% 500 o, 12 14 16 E 18

0 0 13,285 16.98%H
0 5 10 15 20
MIBBAIE DREH/h 14,0858

ek (-t aamspn N ERIEST AMREED
1/3T8 & 55 HAEIEN

MR DAL 2F AR/ & , ,
(it FREE#154F) b FHIFAHDAXE
ST aRMIFER/&

L ERERIEER A~ D ER

EBREHRETD E>f BERASEETBICBTS

— 144 —



JAEA-Review 2006-019

1. HCHOL A%/ —LEEL RS EEBIRETL.
-1 ZEEHHCHO, A4/ —)LOSRICHELRINGE
 1500ppmvHCHO: 90kGy  250ppmv) *4./— L : 350kGy
1-2.  HCHOMD 7 fR&ERMELTHER, CO. CO2hVER
1-3.  HCHOMD 7RI EH R IEE R

2. 300kV. 80mAMEBFAZEZ LY. 2000m*DEEA D

1500ppmvDHCHOZ LB G 2 M| = B RS
07 —8EH3000m3/ h DB - 449132055
3. EBEEIEO IR E£B#5300075 M

— 145 —




JAEA-Review 2006-019 -

BT U — ARFHC L ARV AT VT Rz oW

WexR) RNVLT VT v RBGIRSTc & EIZ, CO 23 300ppmy FREAR L THE A, &

()

GNT=))
(KB
(INE)

(KB
(% F)
PNio))

(&)

(INIR)

()

(k)

()

BITIRE AP LT & CO Mo TV Dy, EIREED CO DMERR LTV A28
IR X2 VD, ,

L, DIERME AT EZRIL, AVAT AT e REEMEEERIRD LA
F TR, 7272, FRLIEOMEEREZ 5L, &5I2CO2 i3EIN+ 5
DT, CORHML TN EBEZLND,

FESERCIL. A VR FWT, CO BLT A L AEZTNA,

COBAY U THLLE D &FD L, DR EREDA Y VRMERE LS,

T AP 72 o T LE D8, MEECIRIMIR A A L CIEHERELC IR LI~

LT 5 HEZTND,

FUSDHERAF T CO 2RI L TREDIRETT 5 Z LIXTE 20,

CO 2Nt 5 LA TEE, B bRE k@mﬁ%@;%gﬁﬁiiﬂﬁwﬁ

BWTEB LS,

TWATWTEF&%&/~WT\%kzgtﬁgbﬁﬁéb Py A MDA =R S5
NG ﬁéiok\TWATWTEb&%&/~W®%V%ﬁ%¢é LixTx
foal, \0)753

AE%%%ﬁotT»ATwrtk&%&/~w®ﬁfmm TR R L
TWDHFN~ Y VIKDBHGDERAREEE S W, ZORBELEZR S 2 O

IR A U T2 Z LI TE 5,

FERTIL, FIVAT AT REAF ) —)VOREIIIEZ HZ E N TEDH, FE
DOITIFTIE, FIVLAT AT REAK ) )VORRTOWRE > THNAER/N< Y

KEHANDZ ENRZNOT, ERH R EEZ A W) Z EIFHED RN EE
Do

BERAHIN R < U KBRS DR, T/VATJI/T E REAH ) —N % ZDE|
B LTWADIL, RVATIIT e ROEAPRIMICOZ>TRZ 5L I

THFEDTHY ., BABTIHEALTLE D &) Z & 2RISR 2 U,
HODULAF ) —NDEEEZTTFTHLHLH)Z LT TED LR, .
RIVLTIVT B REXE ) —)UNHTREN B a7 5 E T RHETo THD 3,
FIVLT VT & RiZh0sn B AZ ) =V bR L iiudie Hanons,

FELE—ABHAToTLES &, RLATATE RIETHET D LD Z EET
X RILLTATE REAZ ) —)VUTWHELTLE D, ‘
FIVLT T RERAZ ) —)VHNRIE LR T 90k Gy I L7258, FSALLT

NTE RiE., R LENRODD, :

90kGy HGT92 &, ANVAT AT E NREIHNZEE 2l d, LA, AE )=
LHEEWE THHDT, FNLTNAVTE REAZ ) —VOREZIFTERITTD &
IAFETHBEEE LT, BEBRELZRE LT,

FERE L TRV AT AT RIS 90k Gy METH Y, A X/ —/WE350kG y

M%T%é UL, EENC Z OEMMER SN2 5813, FlIziE, A%/ —%

2Tz T AN bbb &, BEIT Lo Td, PEHEMEEDITIC UTHRE L

— 146 —



(5 H)

ER)
()

(BR)
()

(BR)
()
(N
()
(R

(R

(L)

(5 H)

JAEA-Review 2006019

TLEIHEEbTRHDHEED,

AH )= ThIUR, KL TEF @%*L@@ﬁ&f@ﬁ#ﬂ wwk%o
=T, ZOLH7EME L,

AH ) —)VOGIRIERD, BIVLT VT e RINRL 255720 T, HE RSN
IR TCNBD, RIVET VT & RiN7e Ip B LA Z 7 —NOGfENHE SIS DD,
B CHE BELNIAR DO, AVLTATE R Rolemb Tl 7
AN EEET B RERW) R E ORDOBER MW TS EERX BbIND, AF ) —

. /V@&%Eﬁﬁi’(ﬂ@%ﬂ‘é c‘: CIREDERAZ /~/V@ﬂ\ﬁ¢@f?®{lﬁ% b EET

b5,

x&/—w%ﬁmfﬁﬁbt%A by ZOX )RR THE DR &éﬁ%
TR BND DD, ‘

B L CWNRDD, AF ) —)VECHLZOBRBIRLND EB X HiLD,
BAVLT VT Rid, SB35 00, 20 & & O5D G E,
TR 5, BROR LIS T 7 it 3 CEXE LZEAI, B
WL RBHN, OB D LTORARY | FHIRESE L X 0I5 BMHE AT
&5uﬂﬂ3m‘wﬂ%waﬁv%%ﬁif®$uwWﬁgbﬁkbfw&<T
{EIX. 70ppmv, kG yBRETH D, :

%M&Ei Gﬁi%ﬁ%%%éo;@%%%Tméh*‘%ﬁ@@%ﬁk%

CED LD BRI B DD,

AP ETR Y BN R Tl FREFT > TR LT, &@;oﬁﬁm BN Y 3
L CWeoTz,

Ny ZaazF LG, KoV ELOREBLRNEZ ERHLN, BEIIK %
B BR Z 213 T edoT,

SHEBRIEME DNV D I EEBREE TRV LIV, OH 7 UL

PSDT VNN IGELTND EWVWH ZEHEZ B,

FIVLT AT ROBEE, P 7 anxd L Pl BTk OBFERHE 5 & L
DO CEME ToT2, KBRTEATD &, WAART EH3bhs LB, |
vrun AR RN VRS DK | DOHFER Iz/\%éi RN D & SRR
E2B, IRE—DDEFERMEEMITIR> T TH DN, BEFOINMZ LT, 51iE
NEEZ D, KD &, &*%&(n%m#97x&)/ﬁ%£ 7=z, HiR
RMEEY~DEGEFOMEPEIND, _
RIVLET AT RSB E X, AZ ) — b UafRL T \6@7b> E/ N
AR ) —IHBHE L THRIVATIVT B RINVERRT 5 2 L1370 o0y, £, RBIL
FIEE BA LT TNDDD, RVLT VT E RO

FIVLAT VT E RBRLTND L EIZ, 7 /kATﬂﬁﬂingﬁééﬁﬂﬁﬂ9ﬁ
VIS A H )L R LTS, AR ) —)UBGEE LT & Z12, 10%FRRER/VAT
VT RBVAER L CTUWB, #IHAREE 500ppmy CTHEERZIT o725, ot & LT
450~520ppmy FREEIN TETND, VLT AVTE ROGHNL, A X FA P —%
i€, GC-FID T4 ﬁ%ﬁofmé

— 147 —



JAEA-Review 2006-019

7.5.9 MK T 1 AT BIT D PEEFEEDICOWT |
’ (AARFFRTEH KE—)

R T PR EREMBIEE O X ) BRI, RE, Sk, BEETHY . EEN
BEEHThHHZ b, %ﬁ#%%ﬁ%mk%é%%@é\ﬁfﬁbn1m5,¥§W$¥®ﬁ
MRHIMER BB BICHFET VY arThy, FNEIMT U CEWA MGG 2 17 Cpb 5 %t
B L) ERERERE RBESE S 2 L1k, PEEEO A & > TEERERE LCE
b TEl, SOICHMMTHERTIFEORAS LB VI ARAOMKICbEE L, —
R R— O EREYBY . BEOKEETVDbNAETICERE L, £/, 7V —rx b
F—DEHFE L UTKBBEMROEEIZBNTHHAFEDOEE 2 o7,

SOXHCEEERTHERAEORERELTHY . OB E IT 2L > TUERAK
DEFHTH DM, Tz HET2BRICBN T, FEFICKEOLHEREZHE T2 & RIRHIESE
BEEMEZHEHT ZE bR TR b, }

SENREEEREFRYE 0 2 TCED X 5 ICELREY S SN, O X5 B Eh 5

PHE L, ' '

NEIL. LN TH D,

1. 5

2. PREERET TR X

3. BEZEALEE
1. 5 | |

2002 4 3 A O IR EfRE G S ChE S e TBREEE > & R 728K - FmREE)
VURDTMCRBWNT, VY arFy FoOREE TR, TEEIC U TR O 10 HRELL EOBEFEY )
CREL, 7/7h/7PC@;o&w%@&f%4moﬁﬁm%$%ﬁ%$¢é ¥, 2803
2MB DRAM F v 7 & i3 554, K IN T LAREL 1,640 g & 728 DILEWEBMER T 5
EHERI X A, %ml&fﬁmféﬁﬁﬂwginMg BRI AL T00gIZET D] LV HEE
ﬁ%oii?f%é ) _

Lol PEERERRICRBWCHRH S A BEEY (BEK - BEIK - $EVR) OLBIZOWTH
EEISERTRBZEINTND '

2. HMEGLET 1Y 2 . |
PEAERTEEDEBRIL ) 2 VEERND, v 7y~ A U TRRIZR 2 E TIEIEE
WWEL DTRERRTNIEZRSL2, LOLKELKRD 3DIFITTEZAZLNTED,

I Bt anids TR '

Ny=7y—HTH

WHAANZ T - R TR
RIZZhbDTREZEZ Tﬁbﬂé%%&Lf&@;v&%@#%é#%ﬂﬁ?é

[ BRERIGETRE

IR S  DPEDE L BT s DRI SRS P
L) A ORRChH AR R AR Y & bICBAFIC AN TRESE, &RV 20 EES, K

— 148 —



JAEA-Review 2006-019
VO SGH CHEAERR & RS S RS T UL L S D ICARE CEME= Sy e L,
BIRISIFCAZEZMA TCREILL, BREVY 2V 2B, ZRM T Y a2 U iXEm SRR R
J o CE i B RS 54(99.999 « « + « 99%NZT B,

0 v=7y—ETRE

UL 7 - V) aVBEERE-R P LY R MUl 27 S BBy F
TR B—T - ) a VBLEREASRS BRI
() a @R, CVD, £ 4 ThiAA, BdLE)

LSI 37 1+ 2 ik 8i0z2 < SisNy (SiN) EH 2 W ix&Es v =7 7 —wimEc B L TidV
VTG T ALY BERRE = ERLT, Ty T RETHEVITREMGVIRIND, £
7o Z O TR Ttk A RIERWE R U =7 7 — RITE LT, o T IREARICEW T,
X7 7 — EOBAEEMEERY B BARD D, Y77 — EOBERWEE LTIIRT, A
B, BB DY, TEEFELZL AN, BRAFHREREIIANLN TS, |

Rz L <MBN TV D BRI IEL LT, RCA WE03H 2, RCA UeOBIGITRD & 51278
TW5, : ‘ : ,

BfbrE - KB VE =7 (NH.OH)—i@fe{t/kFEK (H202 (APM: Ammonium
k Hydroxide, Hydrogen Peroxide Mix)
HHEEE  Fil(H.S0.) — B k/kEAK (SPM: Sulfuric Acid, Hydrogen Peroxide

Mix)
& B () LR HEER(HCD) — @R bk B/ (HPM: Hydrochloric Acid, Hydrogen Peroxide
| Mix) | '
TyFr (T ) '
SiOq - HF—NH4F
PSG HF—NH:.F— (NHs) H:PO.
SisNs ‘HsPO4
Si - HF—HNO3—CHsCHOOH
Al H3PO:—~CHsCOOH—HNOs
TaeAFOH A
{25 BREE(CVD @ Chemical Vapor Deposition)
Si0g fis SiHs—O02, SiCls—CO:2:—Hz, SiCls—NO—H2, SiBr:s—H:20
Ry K—7 8102 SiH4—PHs3—O0z, SiH+—B:2Hs— 02
SisN4 SiHs—NHs -SiH:Cle—NHs
RGAZFU T
Si o Clz, SFs—SiCls
Si02 CFs—Hs. CsFs
VYA B

Al Al %2&4 Clg, BCls, SiCls
M MAYTILE _
NRE—VRBEHR T T 77— T LT 7 —REDAT TA T >F T N>R T

g YT E Lo —F TS RRE

— 149 —



JAEA-Review 2006-019

3. BEIEALH

3.1 PEiRALEL ,

AR T 0 AP OYIKOE IR 1 KO 1 0 L5 ICHBEICW 5, BFEE TR -
et (CMP : Chemical Mechanical Polishing) Tik, HiE®E (SS: Suspended Solid) 23
ERS CTh D, Bl CEA VDB TND 7 v BROMII T WMAEK 2 ¥ O Cali% N LT CaFs

L UCHBET A FENRE bR TWDS, W7 o —0f %2 2-6 1R,

£1 LRIPKOZEL Z2ES CFEATEOSE)

ERRG i %

7oBRPA | HR. NHF &Y
B - 7o) FHK | HCL HNO,, HSO, H,PO, CH,COOH. H,0, NH,OH %Y

FRRHK | IPA. 7R b RERETEAL (TMAH) %2& A TMAH XI55
EEsRIEA Ty asmE

.. U(I?EZ?‘) GFEERE, LA, ROLET Y | SHEHI 2 8) HH 2§ W,
CME R A Yuay, BEARE A E R

(7 V=277 /mP—] vol.13 No.1 (20034E1 A5) P29 =% 1 LY #HH)

R T RIS
7 BRI > Comoti + 5 |
R P
AT FiRY R LEWMIE | SSTHER
ARRIA —— G g [T e - B (] ERL l
l—> P

B 7 MAYFRBEK —>{ - BRI

E WKl }—* e

ST SSHTHEEER |
OMPHEK) T BULEL BRI
.

£
SSHHE SRR »
e b BRAIIY

1 RIS O PR LA R R R
(ITr7y—rs27 7u—) vol.13 No.1 (200341 HE) P30 E2 £V R

Ca(Of)z pH%E o
Bk : L YRR =2 S

AFY—

e oA

ALK
F=10~15mg/ ¢

B SUGH

M2 vy AEEREITEBEAEE T o —
TV —2F2 Jud—] vol.13 No.1 (2003@1)%77) P39 X1 XV iiz#)

— 150 —



JAEA-Review 2006-019

(AR " BORA
AR

—

7 S IRUK

” l& _
!
7 vk PR K
Yo b [
, FIO
LS P ' P p O
S Y
C) T = S Y V. . 1.
s £y e 8 £y =" O LS s = I {\
= KHHH M . '1 5!
i | s Il é}
P =T P -E2F =
[ well L i ] L _fbeT
7 BB Nol No.2 No.3 . j
RN L REANY T L k&ﬁwféA
Fels FEHERE A

X3 7 vERPEKAEOE r7n LB S
(T7V)—>F27 7av— vol.13 No.1 (20034F1 A5) P37 X1 L i)

SRA T Y — B CMP )
I L 100m3¢ AEA (B0

) K
20~40mgs £
T

AN T

7

B
=
o
&

= e

n A s
CMPHEK -
) AR v i
LADO~2.000mes £ Y 73;?)2%1 :
;.O()Omg ¢

4 CMP HEAKLEER i DIMBLES L OV 1 —
(I v—rv527 /u—] vol13 No.1 (200341 A=) P38 I3 X v HEE)
BUGH (TMAH) LRI B S

BURW #luk%i’ﬂ (LB )
(TMAH) K ) wvzr&ﬁxmﬁjMAH>

¥
v i !
B : HigHHRL=y } i
REREEG (ER: A4 Y5 | |
T—— Ll OEMFI 74N ) !
hnepsneyepgspod ey y

Bl > g TR > TEH s

sy v g I Wiy v o

X5 BEBEEERE Y AT 5Ok
(T7 V=527 /m—) vol.13 No.1 (200341 A 5) P32 X4 LV i#z#k)

— 151 —



JAEA-Review 2006-019

e RABE

Boacids SN AURBOSH

@
%

FIAY [@ -

T “ —to| | T mmmm
A s || ok L RETTES
~ BN A .
| o

v 1
vvLt P E— S e
T e<lzma]
BRR Bk

gy 7 A PYYEYTE

M6 TrE=7AN) vy IEELALER T v—
(170 =252 7uv—] vol13 Nod (200341 B%5) P35 X2 XV ER)

3.2 HEU AR _

PER T 0B A TIECVD R NV =y F 0 TERSHERLENEDO T R B3 b, £,
HERIRREL DO BIRIZ 72 D5 PFC(Perfluoro Component)7s E2MEHL, PS5, s
To T AR ERE PRSI END AT I N—TUE IN 5, K 7ICHET AN T a—Z2mR7,

(OIAYPAVE: -1
A

2O

,,,,,,,,

5_:“"‘—’ ik

B

4

o j ' ATTITR
i il F7 ‘ T
v ek o D g‘£®

FWHYATFE L T KIGRY v 7L =h

EEERO
w
o
S
a

ES | 7VL—Aky¥— LS . BN A EHRmE

PU LEEJy e v ¥ - GS [ e v -
TS DHREE V- pH [ pHE ¥ —

K7 PR T v — .
(T7 V=527 /7uv—]) vol.13 No.8 (200348 AZ) P49 [ 1 LV H&#HL)

— 162 —



JAEA-Review 2006-019

SiO: & VEAELAI & LT NOz . NO. N2O oAl ERe 7 5L (CHsCOOH), #+2 %
> (CsHis) %% ALBE4 5 72 DIZ NO LB RIEE AR STV D, X 8 13 NO« fil AN
SRR 7 u—Th D, .

$7-. PFC # X OFRITINEE S, AR LT- A 2 Bl s Ok d 5 H1EIC K- C PFC

HAD 8% ERETE B L EPNTVS, M9 3L OMBEBOBARTh 5,

|EaEs>

AT PAV.S & IV

COHER ¥ 1

Q
o
&

D]

A 8 NOx B RaEE T o —
(I7y—r527/uY—] vol.13 No.8 (2003 48 A5) P41 3 kv isE)

HEE ki)

> )34 7R AHER,
I e 7
I [ > WLERA A
ik — |
# % E
|
HE R ﬂI t
©— |
@ —1—% |
ﬁﬂij i
| ' |
| |
I
| !
U masn {
I -1 — | :
| T A — ik
L

9 BRI X A E RA-SHINE BSS-211 O4F&[X
T2V —2527ad—] vol.13 No.8 (200348 HE P45 2 L viEH)

4. e -

KK TITRRERIC L o TUER L 2o TEY ., 5% b IS4 BIMEIRES, B LUVEELS
BEHNTHETWS, Gl iTEHERME L LT HIO: LMFB BRI PZT, F 7= ICHH a6
FEE LT Cu R EMRMEDA TS, LvL, Thé & bICHRRRLIZ bEEL 52 5, HR
H RSB AL & LV — B OENEF N LETH D,

BFRIZOWTIE, AARLEHBRASH L VFFREZ W& B L E Lie, B2 LETS

— 153 —



JAEA-Review 2006-019

MeE AR 2 BEE U 72 BEEEMI SO TC

(@bﬁ)%ﬁ@@ﬂ BRI k@&fﬁbﬂf“é@#

(KPE) EUCCRFITEE LY, —B, ERRBAHEREOT T, B, MR L TEne
' 9 & UTEnErdZ ik otz, 16> T, M amitdaZ Lizk v, B
EIToT O EHARATADOITE LW E 2 B, '

OKE) AKEEMAEDIRFC, =R AF—ILEN BUVLED>, :

ORPE) 2V v ZERHHE, =X —DIFE AL RS, BRREELRAIER. 220
DITRNF—ZNEET 5 75> Lt EOmaE, HEVTRLF—ZNEL L
fotb N .

(m%)#%w%L@%@%ﬁzmﬁfﬁﬁwﬁm%ﬁo kim%&#

(OKE) 7 AT ADIERT, BFHROEZ D & BV,

(UAH) ST ADONBRZRE L TiE, FERREIT> TWBE0, 7 vt Az DWW T T
TORY, 7 AT 2, mﬁm@M®ﬁlk%ﬁofw5@T IR T RIES
mELES,

(%ﬁ)WIA_@M%LﬁI&T%@ﬂuﬁi@é@#ﬂé#\;@AE%WU@< &
XIS D,

OR7E) BT Lixh 28, L IThhbR,

VINIB) 7 A Y S CHSEIRDOBREEDOBIA A 2 TRTV D DI,

(KTE) —HE, 72 Uik, HRONERRS D o7 2 AL, RSO R ol

BIHEN TR, 7 U — A —LOBAC LY, BUEREER 7 ) — AL, (Bl

A LIV L, oo TAVIRBERIIEZNTTZZEIZEY, TAV D

BUEEIEMEZ TE T2, BRI, FDI A, TA Y INBIEEEREE W, REdlo

THD TV LW EELH D, T A U UDMES T EEIRDOEREMER M E Lz Z 212

L0, T AV IOREEOFR DN U, Eho, T AU B A VT NVERA S
a2 EV IR, T A Y B OER T,

UINE) 27— —APNDY @zm%¢0m¢kba\mﬁﬁ%ﬁizkmm%@wmg

(CKPE) HEEORE IRFBEICRL -,

(EH) BT, AEORLHA T BT ZRERICER Y BRNTN S, RS T
i 2 720D,

(kﬁf?/%%Ti}%E@#mw®fﬁbﬁ%twgm KIS SHEAZ EITED,
T RS T RRELTUER, B LKL o TWEZ Elb o7,

OKEF) KERT=Z —2/EDHHIZ, BREKEITONENDD, ik, ﬁﬁﬂﬂfﬁﬁf
T TWBN, ﬁﬁ%ﬁ%éﬁékwﬁﬁﬁbhéy_WW%%m&ﬁét

BB —LDME 2D D TR,

(INIE) faEEt L7zuy,

Ok TH»D @ﬁiﬁﬂ%ﬁk%@%tﬁjm SN féﬁ”rba W9 ZEITOWTE, HEAA—
I —OBNIE, BREIFOPEHIC OV TR, Y ar A — TR L T
VW5, : :

— 154 —



JAEA-Review 2006-019

7.5.3 BB L2 KF pr /) =T = ) — )V OER{LSR
(RARRF IR BIHHRT BRAe T u¥ A% A —7 W OKE)

[Fean] 4R, RSB 2 NOWBEILSEWE. Wb A BB RLE VI L HAKAE
et~ DA L 725 TN D, 7SV EIC 5 B LOREEET 5T L%
VT e ) —VEEIE, Bp MO BB CREBMICEELEZ 5 Z L RMBN TN, K
& pr /) =AT = ) —NP)IZAS W ELIEA 2SR | BRTEHIOE Ch 5 7 1%
N7 ) =B Y I ¥ L— N OBREM SRR Th B 1 BB KTIZIE <
HENTVBIZ b BT, £ fER LU BICHT 2 RN R A
IRABSH IR S EE - TR, T, B ROABEORRRENRD LN TEY,
BB & R E TR OH 5 U H 2RI LI KLBRENTER 28T 5,
LinL7R23 5, NPs & OH 5 VWL & ORIGHBIIREZEH b2 2o TROP, 4
R D LA D IR STV B, AT, v IS CART 5 OH 7 VA MIC
L BKH D NPs ORLy g0 fMAE BRI L LiTo T,

[528]) 3EHI, NPs 725 QNCHEHEME & LT NPs O/ =)VEER A FLEB LU=
FLRCEBRLUIACENTHD p/ VY — VRBP4 F AT = ) — & AV,
IS ORENE., FRENAUKICHEIR L%, 28R, ~U 7 A, EREERELIIR
FaffiL, =il 25°CIZI T 60Co-y BIEZ AV, 10~5000 Gy/h (Gy = J/kg) D}
BT, 5~10000 Gy O vy #RH 21T o7z, v SBIIC L D OH 7 VU VD ARE,
0.29 . M/Gy ThH 5, DEERMOEMN « EEZHTITIE HPLC, IC, 2AKKHEFT.
LC-MS %V, T A b v = ORI B Y — g T Y » NV,

[f550: & 2] NPs NEEEAHRICH
WCHN DR ELER 2 8B 2 R E
THHH 1M D 20 Th D 20 uM
CEENLUTORERE Ty MoR%E
Tolm, K12, y OB T D
NPs O LR POT A b=
EEDO L ERT, NPs ORfEIC
$F L, oA baYe AAEEORFEITE
R L IS SRR E R b
BV EEEALTVD Z EBD 1000
D, | Dose / Gy

NPs D4y A ik o LC-MS 75 ¥k Figure 1 y #BHEIZL S5 NPs BEDED &
B 2157, LC-MS OA Ak NPsHEEOT X bu = AEHEORD
EIZIX APCI % W, sco{ba ¥ ok

e

| - 1
[0 Estrogen activity

A p-Nonylphenols

10.5

Concentration / pumol L1
<

Normalized estrogen activity

<
()

— 1565 —



JAEA-Review 2006-019

FNIIT=T T 7 R b A AL BIR RH S IUD B A Ao R TR LTz, (R
M 6.7 3L 1010.1 23255 F & 236 (235+1) ONRAERYMO ©—7 R &, =
NoONRERB DY —7 =Y 7

(a) HPLC at 280 nm

M. & HIT 200 Gy FREEE CHEAN L, 0.02 |- ]
ZO®WD LT, . NP
wic, M2@TR5Ns HPLC &
su<w /I akofe—sgsy 3 00
<

SEUBEREY — A 7 U v Rk
TR ha vz AEHEHAT, B 0 o S\
\ﬁ.ﬂL’CEﬁ(ﬁfJéﬂt >FE 236 ' (b) LC-MS at m/z =235
: ®/\ﬁ¢éﬁk% WA fr Yo 0.02
AR Z A3, NSO
P RAPEDT A hr Yy

EHERBRH IR o T2, :
ZD 2 FEEOSRERYE L]

%@i&%%%%%# T HeH 0 \

Iz 7@%&&%’%{ % v n@ \ﬁtpb FDH Retention time / min

xS Uiz, p7 VY —n~n  Figure 2 v BIRHE D NPs KIFRDO 7 m~< b7

RS I AL M SERE LT 75 (a) UV iR, OEESHRHEE
4-AF N T a— & T Hk
D a3 @b L 4- I\Hﬂ‘r‘//\//ﬂ/?’/l/:f—/wbliﬁ}ﬂ‘é EBRbholz, F
7oy A FINT = ) —NDy BEIRETIE, ANV MIB LN fLOABER{L L, BALIT
BAL L72NZ ERH BN E o Tz,

N TFOBFHEEEZZER LGS, OH 7 Vi L5 NPs OB bEIX
BREMEERRTH D LEEZDND T END, wﬁ%%kioTE&Té2@ﬁ@I
A kY EME R oS TR 236 DML, NPs 024V Mizic OH 233 L7z pr

BT a— e e OHBRILE 1-(pe Ruexy 7 o=))-1-/F ) —)v
ThHIEPEZLND (AF—11),

) CoH1g
— -
HO'

OH

0.01

Intensity

4-Nonylcatechol

CoHyg : OH ' OH ‘
/O/ OH —» Nom-aromatic Inorganic carbon
HO : compounds

p-Nonylphenol OH

HO

1-(p-Hydroxylphenyl)
-1-nonanol

AF¥—h1 yBRBEICED ) 2T = ) — VOB .

Loy

— 156 —



JAEA-Review 2006-019

/2N /—)JLITDONT

W
SAFEICN T AN BREEREET
* AT E O hThiEEARL
TSR FH D RN (BRIE R L&)
EREFIOBEMOMEDIRERY

CgHyg

HO

p-Nonyiphenol (NPs : MW = 228}

OHS < AILIZDINT

 REWGERTR
AT AR
| BRMLKE M|
| Sk (RRILF 5 %)
| R (BT, 78

- KB~ DR

y RIS HEILEER |
* ‘
Hy0 “W— OH . ¢ H.H;0' OH

— 157 —




JAEA—Review 2006019

REREH

-
BE p-Nonylphenols (NPs, mixture of compounds with branched sidechain)
AN Milli-Q water

HPLC-MS Agilent 1100 series (LC) JEOL LCmate (MS)
IC Metrohm, 761 Compact IC
TOC TOC-V WP (Shimadzu)

-y IREBAT S
HiR Cobalt-60
REE 10 5000 Gy/h
BE ~ 10000 Gy (1 GyH&t — #30.3 uMd)OHﬁ‘/ﬁ)l,;b\fEm)

N5 iR ELVE FAEEMEABER : Yeast two-hybrid assay
BRL*OFEHITELE :

* F. Shiraishi et al, Chemosphere, 52, 33-42 (2003).

Nmmrﬁﬁﬁt%wzxur&p%ﬁwﬂﬁ

20
£ | [ Estrogen activity
~ >
) '§ 2\ p-Nonylphenols
S g
g 3
2
~ 10 &
g 3
E g
: 3
g g
Q )
&) Z
0

. | ; A
0 1000 2000

Dose / Gy }
Fig.l v SBEHZ K ANPSEELNPSER PO TR O T E DA

‘NPs&FDIAMOD U EMEIX2000 Gy TIEIFEX
CBEELEEORENT B — S£EPICER

—. 158 —




JAEA-Review 2006-019

p-Nonylphenol® v & 2 fEE M D 77

+p] @ HPLC at280 nm [x107] 3 '
-1 NPs O Product at 10.1 min |
3 . 4 Product at 6.7 min
i 5 y
S 001} <
N
%‘ ' «
. g
0 : < i
(b) LC-MS at m/z =235 =
0.02 1 & 1F
g 0.01 b #)\&g
‘Ev 0! £ L8 W
, 2, 0 1000 2000
B . .
0 5 10 is Dose / Gy

Retention time / min

. pa =, 0_
Fig.2 v @& & ONPsOIOTRT S 4 Fig3 A FEB6DARERMOE—I LT O

' REKREFHE
280 nmIZRINA BB | .
L S FEHNPLYI6KEN — v Oﬂﬁmw(?}@im]

RAMBERMOIANOS T EM O

100Gy ETL=NPs/KiBiRED VAN AL THIH - IR HE
i A
HPLC# & U Fraction Collector T4 HY

l
& IS 3 % Yeast two-hybrid assay T 4T

NPsEIH 1L 2EED 5 F B 236D REFIND TS
LavhbEENTARO DTV E S '

FISOEBELIZICEN D LT NPsé - FE236M27F 58
DEBERYLUNOPMEISOIA Oz ERIEREH

— 159 —




JAEA-Review 2006-019

Concentration / pM

p-Nonylphenol® vy #8537 47

15 T T
[ -©- Formic acid
I (a) -/A- Oxalic acid-
10
5 -

&

i
1000

3001

- (b)

Concentration of carbon / uM

2000

HO

2000
Dose / Gy » Dose / Gy
Figd NPs®) ¥ RO BICHE T 2 FRBO LM ()L FREREDHE(D)
*TOCOFD SV EEERBDERM
XL ATIEEDAER
Jx/—IVEEOHSTHIL D RIGHEE
4 I N/
@ ﬂ’ VHO/Q‘ HO/©\OH Ho/©/ )
Phenol >

Cresol

o
HO

4-Ethylphenol

~ OH,

AT

OH

o IMDER L
J

mf D EE

AN

i OEIE

HO -

TFILEFIIEDORIE

o




JAEA-Review 2006-019

CoH1g
A e
HO

p-Nonylphenol

OH, - H,0

NPsEOHS U HIL D R IGHEE

- HO.
CoHig CgH1g - 102 HO/Q/
0, *O2 OH
= HO — HO —_ 4-Nonyicatechol
. OH

OH “H,0
peroxyl

CoH1g

Non-aromatic
compounds

Dihydroxyeyclo-
hexadienyl-type

CgHy _ OH

H,0 N
— S, CgH17. Catar
HO OH
> HO HO

benzyl-type I-(p-Hydroxylphenyl)

-t-nonanol

R
NPsD &

NPsDOHS U HILER L Rttt

2000 GyEg4t
ZRUBEOERY
IAMODzUEEOESL

50-400 GyH 5
—RERYHEYE

on FRIEED

— 161 —




JAEA-Review 2006-019°

o am

sy B> TERLIZKPOHS D HILIZEUNPsH BRI S EL 1=,

OHfHMAEEZ OIS, TRMOS IV ESE T AN B—RERMNE
L=, ’

Y REBSC R YL R RERMMIEIOITERIE S RRL, BECHERE R
%%i[:fgo'fto : -

OH . OH
R Non-aromatic > Tno

rganic carbon
compounds - .

TAMICTUERTL

— 162 —




JAEA-Review 2006-019

BRI L Bk p- /) =V T = ) — VOB R

(ZR) ek & LT/ %/1/737:%/1/75@52 LT3 &“292%(1{\2.’)75)\ SEANT[RIE
HIe TV B D, :

(HH) SKNRREORRXHSR T, FUOMSEEEL LY, LC—MS ZHAWT,
BEEMNIERENLEZ T, B2LL )=V Ta—vTha,

(ExAR) FARUIREEFTCiE, T/ARUWERT BRI, /=4 T7x/)— L by b— %

Oy ERFRT L BRI LN E W RVO T, '

(A £3589,

UIMB) =7 x )b bR b— Rk, RGBS THD D, '

(P22 A) THIHEAI & L TIRFES T Do W < ODREIN B 2 23, HBEDENT ctof
LEME, FEMTIERR D, '

Wer A) BATHE., /=AT7=/)—ME, IC VT, REFHEL TS, UL,
GCMS 12 &, R 9:0)/\79?75:7 ‘ |

(AH) o, BERNVEVRHE VEHEICOIES R Rol-&N T 5, FOEREIX
EZLNT, =i, <RI IBEY LFRL Roreh b, b H—0id, H @@
ATET, FHiL BEFALVEVRHEY Afﬂib*ﬁ’@%&ﬁéfxb%% EnH o
NEZ Ezhé EH 560,

(xR FARNCIL, %EZLEEbNS, iz, ﬁ%ﬁrﬁd\év\kv@:&rﬁib
%OT%TTkKﬁOKO

(Z2JF) WHO TEBHER/E T AR IY £ LD TWD, BAEEMITIE, /BN
DHADS, BIRERTIL, MRIEICIE. BRRAVEICKT D88 iﬁt‘ohiﬁb\
72720, T REDORREE L H 5D, o T, HADEERTIL, EERITTENX
B2 SHIF LD, Fox O E UL, B COBPED A 11 = X A0
DBIRNOT, RN L TOEE R0,

- (WeaK) ATEOIMHEE LT, BRI L0 DR, —BERY LT ORERTH D,
UNE) ARl =T = ) — BB UTDE, 7 = /) — VORI 25708
BRI LNTWENRSLTH D, :
e K) 7 w4/1/7:1:/~—/I/:£ R L— M AR B ST \ZDZ’P Tz ER<

T2 DI, FIEHEE DD DT, IR ITIEI DAV,
(AH) T7k%/\ifﬁ@“é &L BEFRNVENL, EARLOREDERETTL 200,
e R) 9T 2L, 1FEAEN, 1TBTZRNT VA —NTHD, 2L, =LA Tx )
—bBREND, BEFRLVEVY AT DIZEALIE 1TBTA T VAT X
HHOTHD, T, BERNVEVPBRESI, FROMITHEREESRAEL T
WA, FORKL, BESLE TR, MOIEWE CH LR L B D,

— 163 —



JAEA-Review 2006-019

7.5.4 BRBRNVELDE=FIT EIEHRGHE — EAT7 =/ — /v A 2T ——
(BEEE BB AT BERSI NV—7 TFAFEE K- 2)

o~ OH

EX7z/—ILA

RUH—RRA BT RF 4 -
DR

i3l pl
BILEZ LD REH

0.1
0.08
% 0.06
=
i 0.04
i .
0.02 1
0 b i
[«}] [{=] ~ (] (=] ~ [+23 e <¥ [20] o ©
— o N = = N e v N0 N
~ ~ had ~ ~N < ~ ~ ~ 0 (o>} o
- & o~ <) 0w o~ —
oy =]

B/ARINZBITE/ 2T/ =B LUBER T/ —ILAERE

e J=NVTIz/—IW(E)

ERT/—IVA(E)

— 164 —



JAEA-Review 2006-019

BREFRIVEVIZEDHRICLTR D Fonf=h

JZNJxz/—Ib
A.Soto, C.Sonnenschein
A BBEORREN TSR Fv o8
REBEMBHL-/ZLI/—LIZH
HEwRWLELE,

EX7xz/—ILA
A.Krishnan o
RYBILRR—RE IS ZahbETHEL
f=-EXT7z/—IJLAIZZAROS U#ER
NHHEER ML,

A JI1K (= & BBPAM 43 &

C BHERRNOMANK2IBRGERE

ST 117K 100mII=BPA 30mg/I% %M. 25°CC1
AR E LS

29 A p 27 (A TBPARE MR LT,

(FA—FIL—T TREL-RETIHRERD
[FERHLNT )

— 165 —




JAEA-Review 2006-019

BPAEFE (mg/1)

SANKIZBPAZ RML RO EEHDOEL

L4
I/\\X
20 — S
4 N\
. e— : \
A\(” N
15 A’ \A/ N
/I D\\
10 |~ : N
A X \\ 70\
(4 X. ~
5 o7 X LSO T
0 1 I L 1
0 1 2 3 4
—e—BPA/DMSO  --O--BPA/#& - —A— £E%K/DMSO

- EEYU/ER ox EEB/BPABL

H£EH (log/ml)

MV1#&°FJ-4%%(Z & 5 4BPAD 7 fE B4 1R

(85% Ho (15%)

H3 (o)
,%‘
cH3 . crz0H
._55 53)

Emmmmmm=gp=  CO2 + Cell Growth
on (VD)

— 166 —




JAEA-Review 2006-019

DHMS&DESD g & £E Bl

HO
44-OERFOX - -AF LEFZARF LA (DHMS)

OH

HO
DIFIILAFILARX bO—)L (DES)

- 8.7

DHMS
77 BPA

¥

) 2.0 40 Y
minutes

MO6#E1= & BBPAD & HHRE I OHPLCY OV R S5 4

— 167 —




JAEA-Review 2006-019

100,000

E—%

ERI7T/—IABLURFILRADOE—IEREOEELEL

1 BRNERER TEMEREAR  CBMINEREE 1 BNITEREE

8 28
: :
6 i 5
4 B% |
2 é:
3\
0 ;kﬁ—*' 1] -

€ EXT7z/—)LA

EERE (B) 8 RFARY

& RFARY

BB Two-hybridiZ IZ LSRRIV EVRE O AN X L

? BEORILED (R ACELDE)

7] N\

IRFRF VLTS~

AP VFR—HE—

LeTds—kED || JRE—8 { 550N A—UEET |—
DNA

~ T Y
mEE 2% se

Eitur

— 168 —




JAEA-Review 2006-019

BPAMLERE (mg/)

DHMSHE EICERLI-BADIALOT VFEHEDOEL

2000

1600

1200

800

400 T,

0
0 05 1 15 2 25 3 35
EERR ()

AIMBPAMRE 30mg/|

160

BPAMLELRE (mg/1)

DHMSH hFHLABHLALMEA DT ALY EHO T

120 lf\//‘\\

80 - \\

40 OO O === ——
\“ﬂl~_~

T T-T—-—-D

o L - 1] i - 1

0 10 20 30 40 50
’ EEERE (hr) -

SRIBPARE 50mg/l, O1:HPLCTHIEL/-BPAREE

— 169 —




JAEA-Review 2006-019

BPAMIEREE

FIIKIZ & BBPAD & 4 BB chI= 851 BT R OS L D EAE

110

YA
‘ /N

EERE(H)

AMBPAEE 50mg/l, O:HPLCTRIELI-BPARE

SAIIKIZEDBPAD £ REPIZHIHFATANIS VEMEDEL

< 50 '
R N
€ \
i 40 ‘\
1
i 3o
&
o 20 J ) ;
N X
10 : : \\J—&-—D—

0 2 4 6 8
BEEE(B)

AR INBPAR B 50mg/l, O:HPLCTAIEL-BPAREE

— 170 —




JAEA-Review 2006-019

F LD

O BPAIEZLDTFNIATREINS,

O BPAD &4 R&E B TDHMSEWLWASTAROSFVEED
B ERBBENERT S,

O HELT1-9RE CBPARNESH LN HEHT
DHMSA'ETEL . —BMIc TR FES Y E At N

%,

O ENIKIZEBBPAD 432 TlL. DHMSO EREIT 4 73<,
TRROS VESEAEEIMT 21D,

— 171 —




JAEA-Review 2006-019

%ﬁf»%/@%%ﬁ)/7&%ﬁﬂﬁ—tx7m/fWA%kaT—

(ZR) MO 0w A%, EMOREE R

KRB BRT = /=L AL, AR CIREOBN I T 20— L 285 DT, wé%@%A
' TIHES,

Ok#F) ©2A7x/—)L Ak EAKPIZ %@ihﬂ%m

R BRI EEIRL TV, F2, TR TIEE A CQHERTE 5,

(R H) RS DS ®—ﬁ%>TmbEMT<6kw9ﬁiﬁ%5#-%@ivﬁ%w

BH SN TWADH,

(ea R) HoKkO—ETITE ENTWS, TARUIRDOEIZIE, Eimﬁﬁi Bz, 9—n
DZAN 2L7/5'T:t RN Z (T8 ot7k7b)ﬂﬁﬁéh(b\é@fcl:<ﬁ/\%ﬁ’b’(
W5,

(URH) fRIZKIZ tx7m/~wA%%M?ék4BEK\Ex7i/—WAﬁ%%ﬁ%2
525, 3HAETIE, EAT =/ =V AWES TORODIZ, MIEREZ T2,
ZAUTRE D, :

R Ziux, 3 BEHETIL, M®-#ﬂmm¢®*%%ﬁﬁbf L CW AL T
H5,

() KR OSEBEEBRLT, ﬁl@%ﬁbfhé@tkTék KA & B0
L7Z2VEEIZ, MBI L2V OIREE TH 5, '

UNIE) BREERAE L, TEATEAMGEIR E SN/ 2o TETWHAR, Kk, EH0n)H
HDOPFFERRE ZIND EFHELTNDD,

(M) BEFEMPIEZ BNAN, EFEMOBRITIEIZEZD770,

(Her AR) BRESELMONBNIHH 2 A NSEND T, FERBELEDFE %%&ki&@ﬁ%

» W72 0T VD TRV E 2D,

(E#*)ﬁﬁﬂfi\%@7m%x%wm %<Lf\y<@%&:%ﬂﬁéﬁ WH Z
EEREELTWS, '

UINIE) BREERNE LT, ERRA AT H LN Z LX< BIK A, AT 5E0nH 2
IO,

(&ﬁﬁ)ﬁ%ZXLE%%ﬁXMéﬁéﬁéﬂ&bﬁém RSN N ERS,

CRVE) N AR ) —Ch D03, T 5 Y8, $ha ATu & SHEmAs
ETFT 5720, $hx AN TND, %ﬁ%tﬁi NUBEREESTHRWZ &I
2o TN B, %6%6%%&%6%£@A7/11&i5k%90b#b &iﬁ
KITEETH B,

— 172 —



EERBEAMNFR (SI)

#1.8 BifT
[ EEAREN 2. BAMMATRS DB EA O
BAR S1 EABNL o STEFER #5. SI WEE
= e PR A BN e — _
= AF | Y 40 B # | B | E | R | BEGE | R5
= SA =+ Al = BM¥Y 5 2 — b+ | o2 0|3 # Y 10" |7 o d
g Bldxo /7 Al Kk ia M B oA — b MY 3 107 ¥ s Z 107 |+
e 5] 5 g X, & ExX — b+ A & P m'}s 102 f= 2 % B | 10® |3 - ,? N
o G s m 2 Ex — b B EY 2 BPSER DR R 1R Yyl m
& W7 v 7| A P wE 2 o . /1// m{s 02 15 z 10_9 A7 n u
RAEBE v e K B (REBE) |Tu/TAmEA— 0| O O I I A I
w8 BT A mol giﬁkf (tgxsﬁ?# SEA— M AEFE ST A m§/l‘:g O I B }g_ls vooal op
ND Ve = B #%w OE|lT T EE — 7= A
bie Elh v 7 I ed B OR oo m & ;{/&7'?2;7)7(7‘_ b A/ P e e e :: z
BEED) BET LB HF A — b " Al//ms 0% |~ 7 BMoho 108 b
i BE|h > F I @mEH A — B 100 |7 A da | 10 |3
& ¥ = % o) A b cd/w 7 b y
1 1
£3. BEHEOAHLEOWME OFHE TR SNBSS BT 6. EIREAIR L O S0 2 S EBEALRICE & 72V B
ey SL A3 Bif : L3 R ST BRI L 51
P e DSTRATIC X5 | SIEABRAIC X B 5y min |1 min=60s
qj i) B> o 7 v @ rad ELY _ ®LF IR h [lh =60 min=3600 s
= i | F S S e izZI(b) JE’ ed 10 d=24 h=86400 s
J& W i~ n v Hz mﬁl- 2= ® ;; 5 1° =(n/180) rad
. 5 == — bk W s . 4 o =§1;6°§° =(7 /10800) rad
E | Y : m-kg s =(1/60)" =(x /648000) rad
YT - R I A S BN PR T -
I %, kB 5 ®v > b ;{ Nem n kg s l\/.. t [1t=10% ke
B, B & Ks - n ] c Vs o kees” D N (1p=1
%{ﬁ% _(éé:lf) . mEHR A MV W/A % A 5 4 i B [1B=(1/2) 1n10(Np)
= % = B v 7 K F c/v m‘2 kg:lS ;A 2
5 ;‘ ' HmpE - A Q V/A o .lkg oA
N N > N u s s %
o VAR SRV S g A v R S A/V ‘Z‘QZ'ls sA , R — _
% wWy = — A w v ke st A - EREACR &G SR I RICB S VBT
‘E{d ® & EF 2 I T ot W kg es AT STHAICE Sh S REAEROIBLND LD
M a N . /m DY n E=E=] AL
A AL . O & S o 2h _ TEe | SRl ChEbENEEE
VU ox R EervyzEY T mckegesT oA B F R N bV l1ev=1.60217733( 19
S 3 K Yi— T B BT 49) X107°J
@ war — A ¥ Im ed » 52 2. o, = j: B br) w lu=1. 6605402(10) X10"kg
o v 7 o2 I " w' e - cd=ed ] ua |1ue=1. 49597870691 (30) X 10"m
(D) B~ 2 v .o B m/m m oem - e cd=m cd
R E, BRI, 1 s
géﬁé‘g" s 77 v g Gy J/kg nes?
L, EDREY . N
B, mRENE, e — <4 N s RE. ERBARICRE 2 FEREAH L
NGRS B SR A v J/kg w? - 52 — A END T OMOBE{L
s - ; %22 SI Hfichob 3
@I VT RARAFIZIIF L OFEH — e v — i S ShHHfE
77 . RCKRTThoTHER-T- - & 1 #EHE=1852
BIY % & & DM EMOR LY & LTHARD S ;ﬂﬁf’,%;’iﬁ—ﬁg%bcti%ﬁ 7 v L 17 b:1§g 5
(b)ggmgﬂkméhﬂ\éo 0 BT 2TIED & DWW D00 > - oo 1 /d . Z%ﬁﬂ#f(mz/ssoo)m/s
. P2 b . T BRI S s . . a=1 dam’=10'm
oy L o i radk Vst BB R, B E LR L L AR Bl Ll
<Z;@J£§§g‘ RTTIT S ORBER S EMLOK LS DRI EOE KL TS roraa—s A 1lj&afzoiIMPT;}‘%%PFIOOOhPFIOSPa
~ N N 2 o - . i o . =0. lnw=
TAL T AEMCOD L D ICSHEEER M- THOTH R, AN - A b |3 b=100fm2=10'23:12
4. B OTICEE DL L Z OME ORE % AT E OF)
FSTE ST #ASZHA(L
% we—2p ] EF 1S EARACISELE RO [EA DK E ETCOSHT BT
B o oE - 2 v Neacroas Bl Pars folokges! L B [ Sl B ChoDbENBR
# & G A== : YATEAM Nem e kg s - n 7] erg |1 erg=107 J i
. (=a2—hrEA—bA N ) 3 S -~ -
2 # Els v 7 v & B raﬁ'}‘s ﬁg S a4 i ; ¥| dyn 1 dyn=10"N
O 75711] & BZ 7 E8EFY rads’ [m- R D Al P |1 P=I dyn - s/cn’=0.1Pa * s
iy ,;\l'“;f' Ly N it BE BTy MEFH AP Wi |k ,m—s. s s 7 7 Al St |1 St =len’/s=10"n/s
REE, x> bob—VaaBrrey| JK L v_o_% & hewm
RABER (LMER) ,|7a-nfi¥ar7s mokeret K = b A2 7 v K| Oe |l 0e (1000/47)a/m
ol 1; /z‘b o ﬂ: Jlgravy W kg K o s2- K} ;’ 7;‘ v oz | Mx (1 Mx "10%b
I SN N 1 N
(W= % a % — ) |VaAMEXEsIAl Tk 57K x MR e
=10%1x
£ — N w7 b L H v _
& # E }Vé\/’ﬁw PBY | 4 e kg e 57 - K0 M Gal |1 Gal =lem/s’=107%m/s’
T B = %x A X __/‘j]/::z‘_j/l/ﬁ:ﬁji)“_}\ I/ms S »
= g m *Kg*s
£ 5 D [ slErrmr—tral Vi |nrke-sSeoat .
t % & w7 P EIE A b s | e #10. ERHAICE S RV E OO EMOP]
n o/’ s 2L Es ST B Th bb & DEf
& £ 7 {ﬁi—n‘/ﬁqzjy‘}—}\ ot i U . U/f —| Ci |1 €i=3.7x10"Bq
- . mmtescA 2 “I R 1 R=258x10"
g & #H77rI FEA—IY F/m |wd-kel-stea? 7 ‘ Kl rad |1 rad=lc(}y:1(1)“02(;§/kg
= £ N B~ Y—@FA— I Hm In-k g 5° qA v A) rem |1 rem=1 cSv=10"%Sv
Mo R A X Y a e LT ks A X oom B 1X unit= -
T A2 Y hB - |[Ca-rEBEAESA J/mol iu’ + kg s - mol™ b v < Enlt 1.0992><10 m
oM OB E EEY M3/ mol + K - kg - 52 K+ mol™ Sy A x| Jy iyjfilgg:s‘to_ L.
e e e I s AP B R I
% ”ﬂg‘f # & ®J Vv A & B Gy mg. S-;S A A—bARAT v b 1 metric carat = I;00 mg = 2X107
- B By bVERTFIOT Wer ot en? ke s=n? R ; N M Torr |1 Torr = (101 325/760)“gP; 10 ke
" 5t . 7 FETEHA— b g s =n -kg-s B ¥ Kk & [ atm |1 atm= 101 325 P
BRTIIT W/ - sr)|m’ - m? kg s =kg e s %7 = Yy —| cal @
: S 7z v oo 1w =lwe10Tn

CGE TR, 19984EHET)



