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Abstract

Knowledge concerning the conversion rate of tritium gas to tritiated water in the
environment is basic data needed for estimating the risk of exposure to tritium gas.
The conversion rate is affected by various factors such as the tritium concentration,

dust and moisture in the atmosphere, bacteria in the soil, and solar rays, etc. How-
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ever, the influence of solar rays on the conversion rate has not been investigated hither-
to. From this viewpoint, we examined the influence of ultra-violet (UV) irradiation on
the conversion rate of room temperature.

The reaction vessel (RV) used in the present study was spherical flask made of
Pyrex or quartz. A given amount of the mixture of oxygen and tritium diluted with
hydrogen was introduced into the RV and then UV-irradiation was carried out. The
partial pressure of the tritium gas was kept constant at 0.6 Torr (5 #Ci/ml) and the
oxygen pressure was varied from 20 to 160 Torr. A high pressure mercury lamp was
used as a light source. The conversion rate was determined by the amount of the tri-
tiated water formed. This was measured by a liquid scintillation counter.

Only tritium gas was introduced to clarify the contribution of the exchange re-
action with the trace amount of water in the RV, however, little tritiated water was
formed. The initial conversion rate of the gas mixture without UV-irradiation was of
an order of magnitude of 0.01%/day, which corresponded to the tritium decay rate.
From these results, it was revealed that the exchange rate of tritium gas with the water
adsorbed on inner wall of the RV was negligibly small in comparison to the conversion
rate, and that most of the tritiated water formed came from the S-radiation-induced
oxidation.

In addition, it was observed that with UV-irradiation the conversion rate was
about 1000 times greater than that of nonirradiation. In particular, wave lengths rang-
ing from 200 to 300nm were effective for converting tritium gas. The primary conclu-

sion was that solar rays would play an important role in the conversion rate of tritium

gas in the environment.
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Fig. 1 Apparatus for evacuating and backfilling the systems.

1. ROTARY PUMP 6 : 0,—CYLINDER 11 : MOLECULAR SIEVES
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AL7, 20955, £B[No.2]1 Tl 3mmg D 54 L v 7 A4 7 A8 — X %4200f6 A
n, EmEEErMoOM3IBIcL7z, ER[No.4]1~[No. 7] Tld b F7 272 LR
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Table 1 Conditions of experiments.

Run [No.1] | [No.2] | [No.3] [No. 4] [No. 5] | [No. 6] | [No.7]
Gases in RV HT HT HT - HT, O, HT,0. |HT,O, |HT, O,
Material Pyrex
of RV Pyrex | +Beads | Quarz Pyrex Quartz | Quartz | Quartz
Initial tritium
gas conc. 4.5 5.0 5.1 4.7 5.2 5.0 52
(uCi/mil)
Pressures | HT | ~0.6 ~0.6 ~0.6 ~0.6 ~0.6 ~0.6 ~0.6
of gases
(Torr) 0, — — e 160 160 80 20
~330days X
UV irradiation X X X 330days~ O O O O
3. BRCEZ

Table 2 3AMEDOERNMBTH S 1) F 7 L7 AINT 5 RV ENEER I RVEE
DIBEBAE KT DHBIZ DWW TR LR TH S, 72, Table 2D F ) F7L7ZAR
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UM F7LKkDEEMEZREE L 2#F % Table3 2787, Table3 £V MY F7 2K
DOWENFEIZ SV K TR— 1 T89~99% TH ), fhF TR— 2 TlatErTh-72, Y F
7 L ADIHENFE TR— 3 TO%ULETH ), TR—4 TIELTH 72, TR,
2D TR ORERND TR TH Y F 74 KZIZTEWTELZ L, FP)VFTLFTREKRED
TWBEIGIIFAE > T wI 2R LTV 3,

Table2 T, EB[No.11~[No.3]1D ) F 7 LS A BEDKEHSEIIFREED - 72,
FUF AKBEITHERERICEIDIELDEIRH 2D, EB([No. 1], [No.3]icZ1t
RS, 72, EBNo.2]1D 5L v 7AFFTRBE—X2ANT ) F 700
2k RV HE E nEgmEEEZ K& LRERICODVTLERBO LN L1 -2, 2D
BHWHRIZ, PIVFTLKRNOEBRICEBL T, BERV MV vy 72772k, HEOEED
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Table 2 Experimental results for runs [No. 1]~  Table 3 Collection efficiencies of traps for runs
[No. 3} [No. 1]~[No. 3].
Time HTO conc. HT conc. R Time HTO HT
Run | (days) | (x107°Ci/ml) | (X10~°Ci/ml) U |(days)| TR-1 | TR2 | TR-3 | TR4
0 4.4 4.5 0 98.2 0.8 99.3 0.7
30 3.6 4.3 30 98.9 1.1 99.5 0.5
No.1l 57 5.0 4.3 INo. 1) 511995 | 0.5 | 99.8 | 0.2
64 4.8 4.4 64 99.6 0.4 99.8 0.2
0 0.8 5.0 0 97.6 2.4 98.6 1.4
14 0.2 5.0 14 93.7 6.3 99.4 0.6
[No.2] |—34 0.3 5.0 [No.2] 34T 889 [ 11.1 [ 9.4 [ 0.6
70 1.1 5.0 70 97.9 2.1 99.6 0.4
0 5.0 5.1 0 98.2 1.8 99.2 0.8
27 1.4 5.0 27 96.6 3.4 99.4 0.6
[No.3] %5 1.4 49 No.3) 105 0 T 50 | 996 | 0.4
64 4.6 5.0 64 99.2 0.8 99.2 0.8
T T T 1
Fig 43 b )V F 77 R EBER T AXER
BT L N)FTLTAREL ) F 7 LK 106 _
BORERELERT, P FT7LTABED % - —
BRI LNV, PUFTL S
KB BRI RSB I P E A O B O :;
2L, 2000 TlA—r—REDLANE §
O
STz, —RICBEKESARITEKERS
AHEFETAEEFEL TH, HiETIEES
FREHET UTEALROGIT#ET L v w
IZEEEZMEB L, ZOKRE YT 0 100 200 300
TALHTADOHAT LRI & DB IEAETT TIME (days)
HZE2mL TS, Fig. 4 Concentration changes of tritium gas and

tritiated water for run [No. 4].

Fig. 513 Fig. 4 i2 813 2 It D #b o 2 O : Concentration of tritium gas
=7, RIGHIEICcBWT, BEE MY F7 4 @ : Concentration of tritiated water
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% Table 41277, Casaletto? (Z#TH F ) F 7 A 7 Z#EH 102~ 1Ci/l, Easterly &

Table 4 Comparison between past experimental results and present experimental result.

. Initial Reaction Rate Rate constant
Investigator range)zn(céi N eq{xitt?on constant (Present experiment)
Casaletto 1072~1 ﬂ%fg: k[T2lo[ T} %&é}ﬁ; ?Jé/lgr;
Bema, | 10707 | e TR R
Belovodskii 107*~600 —d[I_;’tI‘O] =k[T:)""? 10°¢ 1.7x10°°

Bennett” i 107°~103Ci/1, Belovodskii® iz 10*~600Ci/1 D& T, REIIHHF 1)+
VLT ABEIZ DT, ENFN2K, 1K, BRICEKFTDLEL TS, ZHISHL,
AT THE LN IGEEIL 1.4X107%Ci/l-hr TH Y, I L8 L - EEERIIIN
LIFFEENER L 2BEOVTILE L, 3IT—EL 2, ZoOREIL, FFEICBIT 208
FUF T LT ABENRGRENDENTE2HRBETHL L 2E®RL T3,

b ) F7 L R OBALROGIC B L T, Easter-
ly & Bennett 7% y #8023 ¥ B & FHETFHD
NERSF OEEREFLTBY, BEKRED
10007 K LL T A 2B LR MT 2 55,
10007 F2#82 5 & BLRIGIZIMHI E s &
BEL TW3Y, F72, b F 7 LKRDRENK
THERGICBEL T, Yang Sz X o8
BETLTEY, RIGEHEIRBIIC L > TH3
fEicmy 2 LTw3aY, LaL, X FHe
BRI OMET 1T 2HEFIIEND, 2

N w
1

CONC. (x10°8 Ci/ml)

-

DX S BEDI S, R TIZENGEREZ 0 25 S0 75
DWTHE 21T- 72, RV & BEKELTIZ 4L TIME (days)

TN F e "—RIZEE, KEE LI
RV # 2fHEEL 72, XIE & RV MR &
DI 12cm & L7z, ZOBEBICHITAMEEIR, E—27EE 254nm T 3mW/cm? T
Hotz, T, TLIF X —HNOEEIZ, BEMNCHEL 2,

Fig. 6 (3S/MREEH 247> 2 KB [No. 5 ] OSBRI X 1) F 7 27 2R M 1) 577 20k
BENBERETT., £B[No. 4] DRABRBHZITHL LD > LHEOKELHETRLT

Fig. 5 Concentration change of tritiated water
for run [No. 4].
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BB, FORBHEICEY b Y F 7 2KBEIIEREBICHE-TmML 72, £B[No.4]n
M F T LKIBEDTEM & OB S BEIMEY ) F 7 LKADEIRERET B T & AT
Lzl 572,

£ [No.5 ] mENHBHRH L b ) F
LIKIBE & OBFR WL ) ——w LA —
T7awy b L, Fig. 712/ 72, RIGAIHIC
BWUmMEICILZITERRBEFRIZS LN, 05— —
FriZ, BUCHIEIFIS0RER £ TolMmoskE <, B 7
ZDBADORICHEEL 2.0x107°Ci/l*hr ¢ &
a3 N, BERICBWTEBRICLZNVFY
LA ADBACRIE DR R DO D EHET
TRHLENT B, HREQPOEREL
WL ) F 7L R BEA10°~10*Ci/1 D 108 —

CONC. {Ci/mt)

HPT0.02%/day TH 0, AHETH Y -

FILTANDHT B MOADEEIZ L bk
EHET 5729, FEB[No.4] RU%EEk [No.
5] oA % Table5 ik, FYF
T ADEERLHEL L, TRED Y FY
LA ADECR BT & D EBRDONIRE )

0 100 * 200 300
UV IRRADIATION TIME (hrs)

Fig. 6 Concentration changes of tritium gas and

tritiated water with UV irradiation time

for run [No. 5]
O : Concentration of tritium gas

b ) F ADEBAEFEZITIF—EL T, £90.01%
/day & o 7zmicxi L, BABRBEH 2T 2
BHAOMERIREIIH 10.0%/day &k -7z,
b, EAEERETLIZ 0L, EBR
A 1000f5RREREENE Z LIk D, T2, HOCAHBICI S M) F 74 KEBROWHE
PEPEERIINT L2283, PIFILTAOEERICL2EFIEICDEFYF
TLKGFHSIEERENDEZ EZ2EKEL T3,

B2, F)FTLKANDEBEOEDREINRICHNT 2 HREFEERF T 200, EB
[No.4] T#330 B 8B % & 0 A ERHEH £1T- 72, Fig. 813 2 D&ELRY, #3086 R
FHET-2205 P )F7LKERDEEHRITED LN h 72, 400W BEKEITNOA
HEBERHIL 200~600nm TH Y, 24 L v 7 24T A EBERBEBIE 300~600nm
Thd, F-7T, FYFT7LKANDEHRKIGIE 200~300nm DFEOERIC & » TRER
N2 ERWTE D, KEoaitE'” 2 R254, KRB T 300nm LUF 0 #E0 #
B EVzd, FUFT LA KRAFICHB E 2R, KRBT F T LKICER
L, BKFICE D HRICEET AWMLV H S LRSI NG,

FUF T LAKAOEBRICEL, BREKFEARFTIENTH ) F 7L RAERY—E

@ : Concentration of tritiated water
----- : Concentration of tritiated water for run
[No. 4].
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Table 5 Decay rate of tritium and initial con-
-3 version rates of tritium gas to tritiated
§ water for runs [No. 4], [No. 5].
;Iou (%/day)
i‘f_z Decay rate 0.015
g Initial conversion rate _
8 (INo. 4D 0.01
1
Initial conversion rate
(INo. 5)) ~10.0
& | | ! 1 :
0 100 200 300
UV IRRADIATION TIME (hrs}
Fig.7 Concentration change of tritiated water
with UV irradiation time for run [No. 5.
| | ! ] 1 l
L, Ee#%ARIE% 80Torr, 20Torr & %Ak ]
E47:%EE ([No.6],[No.7]1%24T- 72, Table 10-5 -
612%E B [No.5 ]~[No. 7] iz 2w T nfiiiEE — < ]
= —O0—O0—0—o0-
Mg R, BRES 16020 Torr & oy E
brmmERELRS L, ZofRis, b 29 6 .
N F LKDEBSERE KT B O — -
FLTwd, Lol, ERF— IR O
. - -7 -]
LTs), SosmspiregEcss, 3 10 7]
72, SN ) F LT BEREESED
BETL TV FETH B, S Y S T
0 10 20 30

UV IRRADIATION TIME(hrs)

Fig. 8 Concentration changes of tritium gas and
tritiated water with UV irradiation time
for run [No. 4].

Table 6 Relationship between initial conversion rates and pressures of oxygen gas in

reaction vessels for runs [No. 5]~[No. 7].

Pressure of oxygen 160 80 20
gas in RV (Torr) ([No. 5D {[No. 6]) ([No. 7
Initial conversion rate
(%/day) 10.0 3.5 0.5
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