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Development and application of control limits of derived air concentration for tritium

WU Youpeng WEN Weiwei CHENG Jinxing WANG Qingbo YU Ai GAO Xin GENG Zhigiang

(Unit 96901 of the PLA, Beijing 100096, China)

Abstract  [Background] Tritium is one of the radionuclides released during the operation of nuclear facilities. The
radiation hazard of tritium to human body is internal exposure, which is not only related to the activity of tritium, but
also closely related to the chemical form and intake route of tritium. In view of the current standards involving
tritium, there is an inconsistency in the control limit of tritiated water (HTO), as well as elemental tritium (HT).
[Purpose] This study aims to derive and standardize the concentration limits of HTO and HT, as well as the discharge
activity concentration limits of HTO. [Methods|] The development of tritium concentration control limits and the
basis for the formulation of relevant standards were analyzed. According to the current radiation protection standards
of China, combined with the latest biodosimetry parameters of tritium in publications of International Atomic Energy
Agency (IAEA) and International Commission on Radiological Protection (ICRP), the control limits of derived air
concentration (DAC) and water activity concentration for tritium were recalculated. When calculating the
recommended limit of air concentration derived from HTO, the skin absorption was converted into the inhalation, and
the complete skin absorption was set to half of the inhalation. [Results] Since the dose conversion coefficient used in
the current standard is close to that in the new international publications, the recommended limits of HTO are slightly
smaller than that specified in the standard, and the corresponding values are basically in the same order of magnitude.
[Conclusions] The derived results can provide reference for the standard formulation of radiation protection
management. The applicable objects of control limits are also clearly exhibited and distinguished. These objects are

only available for people, not for facilities or equipment.
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Table 1 Standards related to tritium control limits
AHIHRE S 23 S FE BRAE Control limits of DAC of tritium / Bq-m™ 7R R
Related standards BNV A B Worker N B Public Control limit of
FIUKHTO SEEHT FIOKHTO SEEAHT tritium in water / Bq-L™
GB4792—84 8.1x10° 2.1x10" 1.9x10* 4.8x10° 3.7x10°
GB8703—88 8.0x10° 2.0x10" - — -
EJ850—94 8.0x10° - - — -
GJB803—90 3.2x10° - 3.8x10° — 7.4x10*
GJB1368A—2015 1.3x10° 8.3x10° 1.5x10* 4.6x10* 7.0x10*
GBZ129—2016 5.0x10° 5.0x10° - — -

FEICRP 2 305 .2 605 . 28 103 5 Hi i) 4
TR EUK T R SR AE 1 HE S
TiFe XTI S SR ERE, B ERA R
& (Annual Limits on Intake, ALD (Bq) [& L &% A
RN SAARRAG 2], S5 NP ALLE T HA
7l & 1 55 & PR 1 (Dose Limits, DL) 55 H [7]— 1]
PSR BN B TS AZ 3R T B A R R

e(OMRE . FIRIHESHIIRFESERNEELRE
42 il BIR AL 5 28 2 VI e 42 1) PR AP AH 5% A v 21 A it
FEHFSHMEUE. 752 TR S HUR &R 2
KR ICRP H KR , 1M 76 5 1 ICRP AR 4 v 35 3%
A4 BT RIMMA XS H, R R 2 F )
SRS R A K

£2 OKEHIRERXRET AN
Table 2 Calculation parameters of HTO control limits

FHOC bR HE DL/ mSv e(g)/ Sv-Bq” TAEAR EAEP S 7 R TR i
Related standards Worker's ALI/ Bq Data resource Consideration

Wk 2% A BA LN TA for skin

Worker Public Inhalation Ingestion Inhalation Ingestion absorption
GB4792—84 50 5 1.7x10™" 1.7x107"  2.9x10° 2.9x10°  ICRP30 Publication JZ Yes
GB8703—88 50 1 1.7x10™" 1.7x10"  3.0x10° 3.0x10°  ICRP30 Publication & Yes
EJ850—9%4 50 1 1.7x10™" 1.7x10"  3.0x10° 3.0x10° ICRP30 Publication & Yes
GJB803—90 20 1 1.8x10™" 1.8x10"  1.2x10° 1.2x10°  ICRP60 Publication /& Yes
GJB1368A—2015 20 1 6.2x10"%  1.8x10™"  3.2x10° 1.2x10°  ICRP60 Publication ¥ No
GBZ129—2016 20 1 1.8x10™" 1.8x10™"  1.2x10° 1.2x10°  ICRP60 Publication ¥ No
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GB18871—2002 45 H [N AN FI B NS B &, T

GBZ129—2016 1 GIB803—90 # /& 1%t B 1 it fi o8
FRBASEIIE . LR EARE S T2 155 Rk
W SR B G — , 5 AR AR B 4 A b e 5 R
TR RS S R AL 5 T T B R A R A B i R R
BRI o 3 R 2 3 B A 2% 1 4 | BRABLHE DA G —
(P JER IR
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NFIE N BRAE A 3% 10° Bq LA b, #E S 45 H TAE
Yy P AR K AR S TR B DAC CTAE 2 000 h-a™) 73l
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10° Bq-m™, iZbriET 2015 FEEHEFHEIT 5 KA -

1.3  ETICRP 60 = AR4IEY mIZHIPR{E

2002 4F , 4 Him €1 s H 20 5 S5 975 4 R 4 S IR 2
SRR 22 AR UE) AT ICRP 60 5 H R, 759 % TE 3,
] I it ALAT % S5 977 4 JR A s 7 1) 48 36 R0 S B AR 400
ST R AT T (GB18871—2002 H B3 48 5 7 47 5 i 45
TR AFEARFRAEY , HE AR N AR IR E PR briE
SN, bR E R A TG A B EUAR GB4792—84 i
GB8703—88. GBI18871—2002 It B4 H T T
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BN AN G AT BN N CIN X 2 TAEN AT A
OB R B R &, X K R 1.8
10" Sv - Bq', X H Hl &5 & i (OBT) A 4.2x
10" Sv-Bq'e AARBABANIRA K BLALTEN B 1
R #GR &, X F 208 6.2x1072 Sv-Bq™', X M 26
4.5x107" Sv-Bq ', X SFKN2.6x107° Sv-Bq . 1%
P R HAAR LS oo AR R RN T B e R
#, (HARYE ICRP 68 5 HH 4 , N FRALER N &
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TN EE AR S RO FENE
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Table 3 Dose conversion coefficient due to intake of inhalation and ingestion by worker and public e(g) (Sv-Bq™)

1% 2 Nuclide TAE A 5 Worker XK 2 Public Ui
W% A Inhalation 1 X\ Ingestion W% A Inhalation £ A Ingestion Deposition / %
JLEIRHT 1.8x107% — 1.8x107% — 0.01
ALK HTO 1.8x107" 1.8x107™ 6.2x1072(F) 1.8x10™ 100
4510 (M)
2.6x107°(S)
HHLE A OBT 4.1x10™" 4.2x10™" 4.1x10™ 42x107™" 100
STALE %58 CH,T 1.8x107" — 1.8x107" — 1

TE  JE F MRS J3 5] 2 /1 it R | v o A o i e

Notes: Types F, M and S correspond to fast, moderate and slow absorption rates

1T GB18871—2002 K HELA B M ETR T
W R, A br N T R EZ ANME . 2016 4,

[ 6 52 & A5 7 CGBZ129—2016 BRIl 4 Py BB 54N A
WEIERIE Y , iZ b v R HR N 53 e A5 IR P BR
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R RN RIS 2R B A ] BRAEL A e B HL I P 7

5 1 7 5 ICRP 30 5 H i A A ] 5 1
HSH WA 2, XA TR G E e () o
TH A A3 B [ 2 w3 ) R AE , R A KR
5x10° Bq-m™, VB R SMN 5%10° B m™, H
HLEE &R 2x10° Bq-m™. i%brifiS % IAEA 37 5
ZARE I DACANE T R BRI B oL R,
AR T RS R R AT R A e

TR BARR R B A0 FHRE e, W2 TR AR TE
WAT M H W b 4 B GIB803—90 F
GJB1368A—2015. 1990 4F, {245 ICRP 25 60 5 Hi kit
VIR E S AR N 53 4 B 35 50 B 20 mSv 2
R 53 4 B HR A 1 mSv FIBRAE , B i) 5 kA B R
7 H bR #E GIB803—90, 25 Hi T A TAE N 5 43R
NSRRI TAEZ A () 5 s SR, AR LR 1,
FA AT BN & FRAE ALLES 9 1.2x10° Bg s
N FI N B AL N B R & R e R B 1.7
10" Sv-Bq e iZAn i E BUE I 25 & T 5™ 4% 1
IR

I T GB18871—2002, 2015 4 , & EH Xt
GIB1368—92 H#t4T 1 1&1T , fix B & 1 22 B 75 T 5 ik
S TN A ROGR 2 BRAE 50 mSv-a &7
A 20 mSv - a’', WM AR #E ALI=0.02 Sv/(6.2x
1072 Sv-Bq)=3.23x10° Bq, #4574 TAEA
B AR K SR SN B IR AR, B 77 S 55 1k R B0 %k
A A T M s TN T AR N 51, TG 3R A DAC W& 5
FH 1 GIB1368-92 71 (1) £ i 28 I 8] 4 46 J5 15 21, PR
HiE S HA A 8. BAREHRELE 2, T
I HR IR FEE (4 ) T AR A A% 1 4 A R4 i PR
{1 mSv-a' K.

[H %% 5 #E GBZ129—2016 M1 [H 5% % FH #5 1
GJIB803-90 #f /& % T ICRP 60 5 tH 4% L 5 1 i
TAEN G4 5 2 5] HE S 20 mSv FRAE , #E S TAE
FIam A K I 5 2 SOR B, XT LA DAC BRAE . &
LRI 29 )5 5 11.5 1%, JE R ] g /& GBZ129—2016
TEAE S HRME A AR A /K B DAC BRAELIS A 2% R i i
R SRR T A HE TCRP 30 5 H i 47 4 15

R R R RS P B N R e R ) RN B
Z HAB 2 5 0.5, K75 FE8 Rz IR W isE & H i DAC I
U N 2 R R B 3 ) DAC 1 1.5 £ .
GJB1368A—2015 5 GBZ129—2016 P 4 b i 7E i1
2R AR A 7K s BRARL IS, 240 9% A5 2% R A i B ik
B BRI .

2 IESIPR1EARAER R AR

21 UEHIRENES

MRS Hr e DUE Y PR R R AR
PEEFN B R ARG G 5 50 5 T 18U B 9 1 52 b
SE it 48 0% B L, AR T A 3 A5 R S AR Bl
J12F AR B F ICRP 103 5 H A4y 8 57 58 B 1) B
VA AR A R 5 7 B R A T AE ) . 2015
fE, ICRP #E 1 € i % 4% & Bl 3 N )
(Occupational Intakes of Radionuclides, OIR) % #1| t
A S T B B AE Bl ) AR ) R A
J7VER AR TR . 1% R 5 H RS 5 130
S R4 (OIR = Part 1), %04 1% 2 BROMY Y B8 5
AW 2RO AT AN NN A3 i M
TR VPA B [B] P 751 VAR 1 — M g T HEAT T A
& ;55 134 5 U (OIR : Part 2) F1E5 137 5 Y
(OIR: Part 3) UL A RHHE H 1 Z 51 H A (OIR : Part 4
FTOIR : Part 5) , $2& HEAMA IC 28 S H [F AL 2 I AH A5
B BHE: TAERES b T IR A5 B 2R
P FR T o B Y FE A A AR AR T . S5 A 3l
1R S50 UL AR B WA IR 7 25 F
MEARG L, FN R T RZ BT EIRAE
N R G A B F1 5 E I E 72 1% R 5
WK HUAR ICRP 30 5 5 41 H Wi ) A1 56 54,68 A1 78
SHRY) . {EICRP 1345 H RV Pt o R A F
AT FiR{fE R, ICRP 68 SAIICRP 134 5 1% T
TR P TR 7R AR BT L L 4, T 5k N R A AR
AR

F4 TEARBRAMENRH AR TIERHEEX(Sv-Bq")

Table 4 Internal radiation dose coefficient of tritium inhaled and ingested by worker in different publications (Sv-Bq™)

%% Nuclide ICRP 68 5 H! iz ¥ ICRP 68 Publication ICRP 134 5 H 4 ICRP 134 Publication
Wz X\ Inhalation & A Ingestion M Inhalation & N Ingestion

TLEMHT 1.8x107™" — 2.0x107" —

SRR HTO 1.8x107" 1.8x10™" 2.0x10™" 1.9x10™"

HHLEAMOBT 4.1x10™" 4.2x10™ 3.5x10™" 5.1x10™"

AL e CH,T 1.8x107" — 5.9x10™ —

TE: DA - OBT M0 F 3 X NE-OBT, WK 5104 S, 2.6x107° Sv-Bq 5 2) B A MER IR, 2.0x10™ Sv+Bq ™!
Notes: 1) Absorption rate of OBT is type F. Absorption rate of of NE-OBT is types S, and e(g)=2.6x107"" Sv-Bq". 2) For relatively

insoluble forms of tritium, e(g)=2.0x10"* Sv-Bq
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E f) 78 AN FH A AR R S N B3R £ 75 R
{8 A RS ) R B SR AR R R . R T
BUAT A v 1 R AE A RS 7 AR 8 W R R A
KEESHE AR, T 245 2 O fH REA — B

RSP 722 )5 AR RIRE . T H
FFIREST R, 25 FR AT A /KO 1 B R IR AL [T A
MR IR A LU ACIRAS 17 1E -

RS BREWEHRESIBIREITLL

Table S Comparison of modified tritium control limits with corresponding values in existing standards

P 73]

S 2 SR B R Control limits of DAC of tritium / Bq-m™

IRHR A R J5E

Related standards B A B Worker AN B Public Control limit of tritium in
JifLKHTO GEEMHT  ILKHTO  secgmar  Water/Bql

GIB803—90 3.2x10° — 3.8x10° — 7.4x10°

GIB1368A—2015 1.3x10° 8.3x10° 1.5x10* 4.6x10* 7.0x10*

GBZ129—2016 5%10° 5%10° — —

A ) BRAE 2.7x10° 4.0x10° 1.4x10° 2.1x107 6.5%10*

Recommended control limits

0 DL A SR e(2)=2.0x10™" Sv+Bq™;2) 2 AR BRI e(g)=4.5%x10™" Sv+Bq™
Notes: 1) For occupational inhalation, e(g)=2.0x10"" Sv+Bq™'; 2) For public inhalation, e(g)=4.5x10"" Sv-Bq™

X225 H U i PR A T S B 4

DFEHHE LA 51 HTO A1t % /i i) DAC PR{A
i, %8 F () /2 ICRP 134 5t R P AH 56 10 751 2 e 46
AB(FED,

DWF AR I N R EE T4 HTO V5 1 K<
HR, HTO £ 38 i N R R 2 i e N AR P o R 4
B A B A% 48 3 20N B % 2% i 23 (United Nations
Scientific Committee on the Effects of Atomic
Radiation, UNSCEAR)2016 £ 4l 75 .ICRP 30 5 H it
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