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The Mega-Gray-Level Glucose Dosimeter

Using Optical Rotation Change

*
Takuji KOJIMA, Yasuhiro KAMISAWA
Ryuichi TANAKA and Kenzo YOSHIDA

Department of Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic FEnergy Research Institute

Watanuki-cho, Takasagki~shi, Gunma-ken

(Received November 9, 1987)

Dosimetric characteristics of glucose dosimeter based on the radiation
induced change in optical rotation of D-glucose solution was studied for
the high-dose dosimetry at mega-Gray level.

D-glucose solution of 20wt% concentration was used for dosimeter
solution. The optical rotation of solution is independent of the tempera~ -
ture of solution during measurement in the range of 5 to 30°C and stable
for a long period at room temperature before and after irradiation.
Radiation induced optical rotation change also does not depend on the
temperature during irradiation in the range of 25 to 50°C. Glucose dosimeter
was found to be very reproducible in mega~-Gray level and covers high dose
range from 0.0l to 4.30 MGy within the accuracy of t 4%.

As to the radiation chemical mechanism, the optical rotation change
of glucose solution is ascribed to radiation induced decomposition of D-
glucose, and the G value for the decomposition, which is 4.1 to initial

stage of irradiation, decreases with the increase of dose,

Keywords: D-glucose Solution, Optical Rotatiom, Mega-Gray Level Dosimetry,
Gamma-ray, Long-term Stability, Temperature Effects, Accuracy,

Radiation induced Decomposition, G Value
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ﬁ@ﬁ%ﬁgm%ﬂmfaﬁ#%wﬂimﬁ%ﬁ%ﬁ@ﬁﬁﬁmﬂmﬂﬁfﬁao
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RIGEEE LSO IR EINT VAL,
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EEREABCRH L, COLEDRBREORES FARVEREBHOBBRENGRT 5 = &

ﬂ”“%mwTMELtﬁ% %ﬂ%ﬂilg/&0126mfé fo. BRHEEOEELH
~NLERTI, EHEKE (150 X 1507 ><250 mm) EH, 27°C, 35 CERUB0C(£3
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3. % & ¥ M
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3.3 MERIEHR
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BNy F D& o ERI S ABMOBRBIEEDRE 52 & % Table 2KK/RT . 0.01~
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B OREY Ay FROBHBEAZL, I—OEHNE 0TI &ics D 067 MGy BAL
FEOBBREEOEEREME GRELM) 2N/ EEREE Table 3keRT, Lo, WEBIREE
8792 + 0.104 (XFHEZHK 1L.7%) oHicdd, RVHREERL L,

LtedioT, MEFEEEMIZ 001 ~430 MOy &AL EN5,

3.5 BERBECHTLIRHEPOEEORE

B b @B E & 837 X 102 kGy BH Lo tEE/lLE 42 OFFKE Table 4 1T T
BE S ) IS 25 Cp D B0 CE B HAIL LM -T, BBRIGETH 5B AEELESE,
03575 036 EiAicEINT AHMETT. LL, 25 CORMBIGELREEL LTRDIR
BRI 02 %/ CUTFTHIBHDOBRECERBE LT, COREHIICML TR, MR
vy o agEid OVRoEs o ampET D sloRMMIEREBTORERESLTNLH
02%/CTHBLEHRBEINT VD, KIEHK OB HRALERIGICS TSI D & X
CHEAREEEEE S EpmonTwan Y, cib bk ERETOREKEES
ST HCERRETH D, RHBEFHNEERTESLETEH S,

3.6 WEFOBE

ERHOFHEESELT, BEFBRO/ VI - ABEOHVICKDITEES 202 %,
BRI OMERER02%, BAEELBRENMVORABESE+02%, RERLOMEESE
T30 %EENFREBEONS,

0.01 ~ 430 MGy DEB THELEANDETLDEFF+ 2% THLOT, MANTARES £
AFHESD 2RMOEHEELETE, 001 ~ 430 MGy CEHA & 5 5 LE @ OAHEE
X (FE) Rz 4BEEESIN I

3.7 BEHOBHICEITLIILD

0 wtH I T - RAEBFOEBEE LT, UTo WG LML T,
1) BEHmEEgd, ANBE 2 TEELESEL T 2AEORIRMMEETH 5.
(2 REROBBIAKOELER, BHE®R, O RUPBEETH 5,
@ sua-—2BEIORKHEED MGy) iF, BAEELE 40 (BRMEER) KLD
KRTHBZONS,
D= 259x4a® (3.1)
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HEBMEBEEL, 001 ~ 430 MGy TH 5,

@) F=—~y FHOBEHT BRI 3RBEEDE S X RUBRANNRIL L/ F D
MENBHREHOVEEED 06T MCY D RIGEB R B 2 EXAEAEOERMIZE &z +
2HBLUHTH S,

B HHPORECREBIGECSZZEER 25 CHO0CORMMPTIRIZEAEN L, 25
ERBIGEEEEE L EERRIE 02 %, CUTTH 5.

6 MEFOBRANLIBEL+4BERELING,

4. (LFERIGEREIC O T
41 (EFRLHAEEGIE

D=swa -2, KEBRPTHRHBICL-TEBRET TR, KO HSKNETLEEZ

ns 2,

! |
HOCH, HOCH.
2 N
H OH H H
NOH H co N OH OH
HG N , HO
| | | i
H OH 0
'
o-glucenic acid D-glucosone 3-carbon 2-and 4-
(2-0X0-p-arapino- fragments carbon
‘ aldohexose) fragments
i L
J l HCHO
HOCH., formaldehvde
| 2
HOCH, O H OH
H
<" HO HOH N OH COOH
a4 [ HO N
\ 1 |
OH H H O
D-arabinose Z-OXO-ngluconic (4' 1)
aci

The schemeis reprinted fom“An Introduction to Radiation Chemistry ” —I
2nd Edition, Spinks, J.W.T. and Woods, R. J. (1976) B
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WEBHEMER, 001 ~430MGyTdh 3,

4 FE—= FHOBRBHARKE I IRBIEEOE S X RUBRRTARNRIZE S W F O
MEBEBREROIEED 06T MCY O RIE BB 2B XEATOHIMIZE bic +
2HBENNTH 5o |

B) HEPOREOKREBILECSAZEBR25CHO0COMBTIRIZEAENL 25T
FRBISEAEEL LLBEERRIZ02%/ CUTTH 5,

6 MEFOBRANLIBEELL4BERAELING,

4. (EZERIGERE IO T

41 (EZERIEHBELGHE

D=7z -2, KEBRPTHRHBICL-TEBETFT TR, KO HYRLDET L EEE 5

ns 2

} t
HOCH, HOCH,
H —OH H o
|
¢ H I
INNOCH H COOH N\, OH HOH
HO N . HO N\
| | L
H OH o o 1
D-glucenic acid D-glucosone J-carbon 2-and 4-
(2-0X0O-p-arapino- fragments carbon
! aldohexose) fragments
‘ |
' HCHO
; HOCH, formaldehyde
HOCH, O Ili OH
| V' H
S H HO HOH N OH COOH
o [ HO N
| 1 |
OH H H O
D-arabinose 2-OXO-DT§luconic (4.1)
aci

The scheme is reprinted fom"An Introduction to Radiation Chemistry ” }
2nd Edition, Spinks, J.W.T. and Woods, R J. (1976) ' |

—f —
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KOBMFHESBERDOGPIERETH L2 HI VArE, BRRTRAROIGI L H OH 7
VHANEERT b

H+ H 0, — OH+ ILO (4.2)

ORI E S ESYIE . i O3 VAAKC —HEehd HEF 21k ¢ &t BET
BEALABMRIGIC L 0 Ept 5 0,

>%—OH+@1a>éHOH+mo (4.3)
s . E= A
>&-0oH+>C—-0H - >C=0+ > CHOH (4.4)
s . —BHt
St -—oH+>C-0H - >C-C< (4.5)
| 1 '
OH OH
H
® I 1 ]
>C-¢c- - —-C-C —+1I0 (4.6)
| | 1 1
OH OH 0O H

A—kb FoFy7Tudri darolit (44) & (4.5) dERRIEENES, (4.6) T
AR LicFtF ooy i, ok, fEl, ZTBERERGELC L THY v —
EERT B, —F, C—OREGPC—-CHEER, F-BRECLIVIUNIINIHELL 5,

CORR, 2hhbidrn G RUADTNXTIROHS YALEREL, D—7 o Vg,
D—#nay R rsrvrsaov@giresnesn G, G kU G Mg N Bk &
EZONB, T/, 2,3, ABOREETHAONLEANF=LELENRTLO LD 2RGEE
HamE LT, Aasar7aFe F (HCHO) , 77U x %+ (OHC—CHO), 723 v 77w
Fe F (OHC— CH,0H) , YeFo&v 7+t ¥y (HOCH: —CO — CH:OH) RU D— 7Y
e 7AFE F (OHC—CHOH- CH,OH) MEESATL S, Chod, 1XRIERILCICE
T G /03 Cy 2REBEINLEREEL SN S,
ISR RIS EETHD, X5 =707 774 PRIV =4
sy, sEREABRYELZPELAC LTS L EBBETH D,

20wt %7 v - ADFYEAMGHER, KRizL-THHIE SN S,
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6.02 X 102 x 4C x 100
a = (4.7)
6.24 X 10" xoxDx 10%x 10°

20T, DRNESE (MGy) , 4C 1703 —2BEELE (mol,/£), 0:20wt% 7o — R i
DikE (1072g/em®) TH B, GG BIRBECEMICKH L TRDT 245, 2 i3T50 %
UKLkﬂoffwﬂPzﬁﬁiﬁ%ﬁiém%ﬁmﬁﬁiDﬁ%ﬁﬁﬁ@(ﬁ%kb&%i
bl b,

(47)ﬂm%&w4MhzﬁﬁéGE%QKMEGE&LfﬁmbtofWB*Z%E
ZiLE, 0024 £ 0024 MGy KB B ERELES D (2.3) XEHF LT RDI, ¢ DO
HGEER4LLERDSNT,

Efe, S -RGMGER, (41) RRLARERP S, SAMERYOERKC ED
McHEL»EELONE, 0025 MGy DRBICB T IMBETO L HEIRERMD GEE,
TNV, 2-FAFV TN VE, Sy Y RUFAEVILANE (2, 3EORER
FollshvR=vb&PWEEDL) 20T, TAZFH02~03, 06, 04K 1.65 TH
52“0cn5®mm5,fw:—zﬁﬁG@uzgaﬁménéocm@u,mm%“),
Phillips ) © Gl 3.5 RUAEBRTE AL /0D — ZBMGBAL EDEFIE OIS 5 -
oo TR, V3 —Z20RMERYOBEFEEICE, LEDADERMOSE525 5
BLEAONL, LHEL, CHOSDERMGHEEFAEOLrIc SN TE B¢, i 2 oy EE
BMHEDEERCZOEKGECHELSKEL LI LN S,

4.2 DBREBRYOERELEANORS

MEFAEOREAECRBINSDSBERYOCHENBEANSE LTI CLEMHELILNS, ¢
NEHEDLI-DIUTOEREIT 72,

Fua - ZBWOBERER RIS VAT F T4 — (BRSER, 2 )=hrrra— x3t
CGA=-1018) £\ A3 -2, Va3 —R4Fv 45—+ (GOD) DAETFICE L
T, RADEHIBRLEET I Lk rra v sttt 5,

GOD
Fwa—-—AZA+0, — I3 r@g+ HO, (4.8)

FNATFIAF - B CORIEOBICHEBINEMEOEBEEFAET I 1Ly, 7
NI —AREEERTAEBETH S,

Zova — RAEHEAHERT BICHFRL, pH=5 ~8 DIHNKAKL /v 2 FF 54 ¥ =T
RE L. 0~440 MGy ORBEHICOVTRINGEREBE S VD ~ 2 BECKEELE Fig. 10
TRTo 703 —ARECEDI, Fig. 8ORALERD E & BAMAE RS2, Fig, 10 T
FAOMGY IETHRE I va — AREHIBEAL L BB DL, Fig. 8ic 1) aEHEi
K20 RS 5. COERR, MESNBEAENBEI V2 - ABWOKEEL T TH L,

_.8_
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Foua—ZNRERYOREEDHRSEEATVWAEIEELTRE LTS,

5. ffE{bic > TOKEH

TR, LOEEL SV —RBRBEHOMRBEOLY, TRO VI - RBEBRDIERA, ft
EREEEOKE, BAEFNECLs /v —RBEOFEREICHEL TZ O REECRIER
Zh B,

() B, BRAELTT v 7 b En20W/ VB I/ va —RBHRBTRINTNDSZ
NEAVEEZOREREHES Fig. 1112Rd, Fig. 11 @ Fig. 9 &R ¢HEEREBR
LE SO XOEBAT—HLTED, ChHroHEOERGEENE L THHTE 5988
MAaH-oT &b otc, LbL, HEEATALH I MGy U LOSGRETIE, BEN
AL BEROFERENI L EEZONF P ES ) it MR ERT AN EDEED
BBETHD,

2 AEBTRELEDRAER N FROAMT AL 2R VLY, BREDH TRAHFLT S
Jo—vaFarHntoBEERlEcLD, EOCHBEO N L& REREOEME L
EAOoNB, 2/, BELIEALESLBOMBRERD TR LIS, BETEZAMAT
52 LBUETHD.

3 AkRETFEBY, 2605nm AFKBTE S 2 —AORNEEANEL REERCHAT
52 ELAEETH BN, FBCLHGVWEROBREALBELTERMER-TED, F 43—
ZEBICHATAICERERNTANEELZ NS,

6. » & H 3

Fra—ABRBHERARIRVRAEORECENEBERETSD, A XS4 ASOE
AMEBe LTHREEERAB~OIEHESEETH LT EVHELLEL -, BRITCAL
BRELENEE DB ARA KBRS EL T ARAURIGEEAO PARNBREE KD 55
LHECFATS S, S0, KATHIZCEAFRAL TKLABEORER O REH 7o £ 2
DHEBATCHHVELENFGETHS I, VD -~ ZDHEESHEERD O FERTEDE
B, B BESREBCETARICHBEEOEROTEL SR SORED TV LEBHH 5,

) L2

AT ATH2RELD, T AT TFI5AF LBV —-AFESICEL THBAZTHOL
BAREFAWENSZRHER, $SEREEAERWEECE{HLBL L ET,
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Faa—ZRBERYOBEXREORSTEEATVAEILETRELTL S,

5. fifE{bic >\ TO RS

TR, FOEERS VI —RBBEHOMBEORLY, TROC S Va - REBROIGAE, it
EREREEOKE, BAEFANECLE /v —RBEOERRICEL TEZOAREECKRIER
IR~ 5,

) B, BEHELTT v 7L an/z20W/ VB va —RBBRPTHREN TS, T
NAERAVEEEZORERESES Fig. 11t d, Fig. 113 Fig, 9 R dHRERIEMR
LSO XOEMATRLTED, ChroMOERGBRETE LT TE 398
MAFHDLEDBDP T, LL, HEIN TV A1 IMGy M FOSRETI, BEN
AL AEROBREN S HEELZONFT v ES ) — L 2MRAERT B L EDFES
WETH S5,

2 AEBTREEEOHMER v FROMEVZROLY, BREDHTRASLET S
Jo—vRFLEROCEEEHEICELD, HEOCEREOR L &RIER B OKRE HEL
EZioNbB, 7, BELIRLEEZLBOMEE RO TH Lk, BRiTZAMAT
5T EHUBETH S,

3 SRREHAEBY, 265nm kBB v —RORAEAIES BEERBICHAT
572 & bHEEETHIN, FECHVEROFREALELTERAERTED, Jv3 —
ZREBIECFATAICERERNTHEVWEEAZ LN S,

6. & & M 3z

S — BB ERHATIRV R RO RERESEBMEETHD, A H U4 RROE
B LTHREEERBE~OLRAENETH L EPHLLLE -1, REBFHICHL
EREHENLMIE LD RBIBRERBCLAELTIRAUNEEHNOFHRINREZ KD 55
SGHECHATED, 851, BATHAECEEFIHL TKABECREXCHMRT 22
DHBAIEICSHOALENARETHAH, Va3 - AORHEEFBELERDCHERTZ DE
B, BrHESHERCE I AREEBSOEBIRELSRIORED T BEDLDH L,

4 ¥

KA ToRBLD, FAITFIAF— LB va—AERICEAL THBARTEHNK
HARERE AW BHET, SR EIHERFEECE(HLBL L E T,
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Fua—ZANBEREORLEEORGFEEATVALEZ2RELTL S,

5. ffE{Liz > TOKEH

TR, LVEEN S v —RABBIHOMBEORYD, HEO VI - RBEEDIEH, gt
HREEEORE, BREFMNECLs /v —RBEOTEREICH L TEOARRECKRINER
A5,

) B, BEHELTT v I b anm20W,/ VS 7/ va—RBHERITRIN TS T

hiEfAokEX0RBEREHES Fig. 111277, Fig. 11 & Fig. 9 R ¢ HEERIEHR
L oo X0EHMET-RLTED, ChrotifloBRbMET L LTRFIHTE 58
HaHor &b otc, LbL, HESATVWAELD IMGy U LOGRETIE, BEN
AL BEROEREL L EEZONF P ES ) itk MR ERT BN EDEEDN
BETHD,

2 AEBTRENEOMER A FROBELLERCLY, BREFAHTRALHLT S
Jou—vRFaEAOEEGHIEIELD, REOERED R L &GRSR OKR HEL
EAoND, 3/, BECIEALAELLBOMBBEERD THE LRI, BEITZAMAT
BT ELARETH S,

(3 SHRE ARG, 265nmfFicBTE S v - ROENERES B EERICHAT
A2 ELEHETHEY, FECHGVEROFERELELTEIREER -TED, 72—
2EBCHHATIERERBHTANEELZ N S,

6. » & A 3

S — ABRBHERARNRUBHEOGRICESEBSERETHD, A XS4 EROE
AmBse LTHREEERB~OIEHEHNEETHE L ENBHOonEE -1, BRITCHEL
BRELENEME S D BB ARAABCSLEL T ARAUREERNDO PARBRAEEZ KD 55
LRERFATES., S0, KATHECEAFIHL TRKLE%EOFER O BER 7o 42
DHBATECHHEVELENAETHA I, VD - ZADKREESHERD D BERT € DE
B, BILBSRERCEIRIEEBEOERNFREL SR SORCED TN LB 5,

1 ¥

AT ATH IR G, T AT TFI5AF QLB VI -AERBICELTHEDEZTEWE
BARRTAHWENSEHET, ESERETAEEWEEcE{#HLBL L E T,
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v — ASRERBORNEEDFSEEATVLAILERRLTV S,

5 fEFELic 20 TORE

LT, LVEERS VT —RBBEHOMRBOLS, RO SV - REROIER, ek
ERTEEOKE, BWLERECLs /v —AEEOEREICHML TEonEEORABR
IR B,

1) BHE, BEBELTT v 7 albantc 20W/ V703 - AEBRPHAREINT ST
nNAEAVEXORERERBES Fig. 11 1eR$ . Fig. 11 & Fig. QIR TEEBR bR
FELOXOHBMAT-HRLTED, ChhoHRCERGBRETE LTHATE 214
MAEEHEDST ERbpoat. LL, #HE XNTVWEEH IMGY R EOERE T, BEN
2 L BRROEEESHLEEAONE » YT — KL HARAERTHLEDEEN
PDETH 5.

2 AEBRTREXECHEI Ny FROBEzVERCLL, "’ﬁ%@%’]’f‘@ikﬁhﬁﬁé
o vRFLABVEESAFECLD, @IEC BB M L& REER R O @8 b
Eib0 5, 72, ﬁﬁ&ﬁtﬁﬁmgwﬁ%éim73<cam;©,ﬁxﬁ%ﬂm¢
BZELTAETD D,

3 NI AR, 265nm kI A/ v —XOBREENEE BEERCALT
27 L bEETHEY, FELECEEORRELBEL TEIRMAER-THBY, 707~
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6. H & B I
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Table 1
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High-dose dosimetry systems for mega-Gray level

Dosimeter

Radiation effect

and analysis

Approx.useful

dose range (Gy)

References

Hydrogen Increase of 1) Sheldon (1970)
pressure hydrogen pressure 10° — 107 2) Yamaguchi (1978)
system inside ampcule
Plastic Degradation and 3) McLaughlin et al.
film bleaching of dyes 10 —10° (1983}
measured by 4) R.Tanaka et al.
spectrophotometry (1977
Alkali Color-center 5) McLaughlin et al,
halide formation 10% — 10*® (1979)
crystals measured by 6) McLaughlin et al.
spectrophotometry (1980)
Bi-Pb-Borate Color-center 7} Bishay et al.
glass formation 10° —10°® (1971)
Mn-As-B measured by 8) Bishay et al.
glass spectrophotometry (1967)
Sugar Decrease in
solution optical rotation 104 — 10°® 9) Suschny et al.

measured by
polarimetry

(1967
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Table 2 Coefficients of variations®’

Dose Dose
a’X X 100 &) X X 100 %

[kGy ] (MGy ]
7.4 1.00 1.35 1.10
29.4 1.10 2.02 1.01
73.5 1.11 2.69 1.93
140.7 1.12 4.07 2.12
673.0 1.20 4.28 1.61

*) Variation for 5 samples taken from the same hatch
of dosimeter salution.

X . Average

¢ . Standard deviation

Table 3 Variation of Dose response®’

Sm?gt@h{ 1 2 3 4 5
i 8662 8776 8641 8.944 9.038
2 8.749 8.769 8.709 8.614 8.655
3 8.951 8.951 8.857 8.392 8.426
4 8.917 8.924 8.823 8.702 8.742
5 8836 | 8857 | 8783 8715 8.776
) 8.768
ot 0.15

a/Xx100 %) 1.73

*) Normalized to the optical rotation readings
at 6.23 X 10% kGy
+x) Average value of optical rotation.

*+x) Standard deviation.
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Table 4 Effect of Irradiation Temperature
on Optical Rotation « and Optical Rotation

Change 4a7%°

35C 500C

Sample No. 2 4 4% a® 44%
1 8.005 0.3735 8.154 0.3551
2 8.150 0.3556 8.055 0.3673
3 8.150 0.3556 8.071 0.3653
4 8.178 0.3521 8.085 0.3636
5 8.261 0.3420 8.193 0.3503

A"e@gle 8.140 0.3558 8.112 0.3603
aiue

a, da (irradiation at 25C) is 8150, 0.350 respectively.
Dose : 837 x 10% kGy
Glucose concentration [ 20wi %

measurement at 25T

pencil type
60 test tube

Qﬂi@%e -

A .

\)\;5@ j ] %%ég ﬁ:ﬁ:se solution
o

o ek u’.‘" test tube stand
I'Cf)) ™ q <] .a;‘qi /

358 e S < QiR

o] H’v

S p

d L
L

Fig.1 Irradiation Geometry of Glucose Dosimeter



Optical rotation, a,,

JAERI-M 87-201

7 . 50 1 [ I ] i 1 l I
/.45 ¢ i
7.40 o o o o o © o o o 0.2% rangg]
/.35 r -
7 30 i ] I | A I 1 I 1
0 c 4 6 8 10
Time (h)
Fig.2 Stability of spectrometer reading at 25 C
ap g - optical rotation of purified water
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Fig.3 Effects of measuring temperature on optical rotation of

dosimeter solution glucose: 20w, V%
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Fig. 8 The relation of optical rotation vs. absorbed dose.

irradiation temperature :25 C glucose : 20 wt %
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meter solution
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Residual glucose concentration vs, absorbed dose
measuring instrument : Glucoanalyzer
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v P B, LONY I VU VFEARBEC SCEHELTEE, I oRBEICOA
LA DIEEREREZF 2 v 7§75, TELLESBLABCBEIRIEC L+ O& » T
4 YV ORAGRUVAEeVvPO[BOERELTF = v 7T 5o

(b) REHEUBHEO/ VI - 2ABEBREWE L/ KEGEOALARL D LREBEEZE A

ETH. BHROTER S > TRETABEREZDVEAVTAE . VE2EBT 5o
) mXEAERGIEULETHTVEREERD 5,

8) WULHRE D FFM

FERRUCBHED S Vv — ABEROZFNENORLEMEE ay AU a® » 5, Fra—2

BROBIHEED (MGy) i, KRALL-TEH SN D,
D= 259 X 4 a®

LT, da¥=—1na®a;) THbH.
CDBRHAHBEILL-THONIABMEDRKENR 4B THS,

Foa—ABEROBNERD, »OENEOBWRED, ~OBRBREIKRAICL->TITHL I
(Juen/P)material
Citen”"0)glucose
(ten0) 1, PCo y BROVWTOEINFHOPNEDHEE T 2 V¥ — RIUFEE (Ref.15)5R]
Thd.

Dy = XD,

(,&en/ﬂ) glucose — 0.02948 sz/g (SDCO - 7’%7%)
(Hea /10) water — 0.02960 sz/g (**Co — Iy
(Men/p) air = (0.02661 sz/g (?OCO - r?f‘%)
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(1.72)

Sample Dose [kGy] a?  *1) a?  *2) Average  +%) da? =

No. n value

1 7.4 11.485 11.409

2 7.4 11.366 11.366

3 7.2 11.430 11.668 11.504 0.011

4 73 11.439 11.597 (7.3kGy )

5 7.4 11.478 11.478

1 29.6 11.379 11.302

2 29.4 11.420 11.420

3 29.8 11.422 11.660 11.478 0.013

4 29.0 11.417 11.575 (29.2kGy)

5 29.4 11.431 11.431

1 74.0 11.192 11.116

2 73.5 11.224 11.223

3 72.0 11.235 11.469 11.287 0.031

4 72.5 11.228 11.384 (73.14Gy)

5 73.5 11.244 11.244

1 148.0 10.866 10.793

2 147.0 10.886 10.886

3 144.0 10.903 11.131 10.950 0.060

4 145.0 10.896 11.046 (146.0kGy)

5 147.0 10.912 10.912

1 0.68 8.761 8.656

2 0.68 8.794 8.749

3 0.66 8.816 8.944 8.818 0.277

1 0.66 8.842 8.911 (0.67 MGY)

5 0.68 8.880 8.830

1 1.36 6.750 6.671

2 1.35 6.722 6.687

3 1.33 6.728 6.825 6.770 0.541

4 1.33 6.780 6.835 (1.34 MGy)

5 1.35 6.869 5.833

1 2.04 5.364 5.301

2 203 5.231 5.204

3 1.99 5.252 5.332 5.302 0.786

4 2.00 5.272 5.313 (2.02 MGy)

5 2.03 5.389 5.362

.._20 —
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Sample Dose (MGy) PRy " «2) Average *3 P

No. value

1 2.72 4.235 4.186

2 2.71 4.035 4013

3 2.65 4.073 4132 4.116 1.039

4 2.61 4.086 4.213 (2.68 MGy)

5 2.71 4.195 4.035

1 4.11 2.402 2.374

2 4.09 2.387 2.374

3 4.01 2.423 2.455 2.432 1.565

4 4.03 2.428 2.447 (4.07 MGy)

5 4.09 2.522 2.508

1 4.34 2.180 2.115

2 4.31 2.181 2.168

3 4.22 2.184 2.215 2.203 1.664

4 4.25 2.214 2.232 (4,28 MGy )

5 4.31 2.257 2.245

#1) Optical rotation are measured at 25¢C.

*2) &% was optical
samples.

*3) Average value

rotation normalized te the

of

5
a

n

value at average dose of 5

at average dose written in parentheses.

“4) Optical rotation change calculated using «> , 11.630.



