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[ Abstract] The promotion and application of nuclear fusion is an important national energy
strategy. Tritium emissions into the environment have increased, and its application in many fields has
become extensive. Accordingly, the probability of human exposure to low-dose tritium radiation also
increases. In 2021, International Commission on Radiological Protection (ICRP) Publication 148:
Radiation Weighting for Reference Animals and Plants was officially released. Among the selected
materials, relevant literature from Chinese scholars and results of research on tritium relative biological
efficiency (RBE) are cited. Based on ICRP Publication 148, the author summarizes the RBE values of
the effects of low-energy trittum [ particles on different biological endpoints, as well as the
contributions made by Chinese scholars to tritium research. We further discuss prospects for future
research on tritium to promote its in-depth study and suitably contribute to its radiation protection.

[ Key words ] Tritium; International Commission on Radiological Protection; Beta particles;

Relative biological effectiveness; Biological endpoint
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b i 81 B 3" %% 51 2 International Commission on
ICRP) £ 148 %5 i} Jit % ( ICRP
Publication 148: Radiation Weighting for Reference Animals
and Plants)™ T 2021 AFIER A, HEAUW T SORR(S %
SR B R S A ) B T 2023 4F 4 A i i E T e
L R I R E A LATE 5 A8 (DEER T
FRAXT A #)550BE (relative biological effectiveness, RBE) 5T
Kl , WIERIT BRI o KL RBE i, (2)¥F1/H]1¥Y RBE
EEA BRHBNESR, 5 XLy JLMt, mpk:
FH9 RBE {43910 1.5~2 1 2~2.5. % o BT RBE {8
B, 2000100 ) TR H R, REEHARR, K
A WA SGR) £ Y RBE KU R 46 22 R i 2% h W) Fl
1) (reference animals and plants, RAPs) iHE—{H, LLidEH
T A SRS E Y 5. (4) RBE X RAPs /) RBE
A PR IR AR 2R 7 R FH T A (IRAL HE 26 5% 7 (linear energy
transfer, LET) WJ{E M 1 A9 5T A0 LET FIME N 10 AY o HL
Fit%, DAMES 5% 2% KT (derived consideration
reference level, DCRL) # 47 b4, (5) W Tm B AL T
o HAARRESE | X LET 485078 AE DCRL i F N sk
DCRL, W n fERT 24T # 50 AL 8 2 RBE AL N .
ICRP % 148 S I AL SE T 1957~2021 4F 64 4F i {H: 544
[l GO BB T BUE RN, RBE(E RIS LA, ok
R EFEINRER A RBE {HAF VORISR A b = H R 5Tk, 1%
AR N A5, ASCEHTERRT ICRP 5405, 4140
LAY 2 A LB T T S0, AR SCHE S IR BE I
B AL TR AN A M2 SR B RBE {H

Radiological Protection,

1 ICRP % 148 S HRWM EEZAM 5 RImME XN EH
IR 4R

ICRP 5 148 5t JR W 1 32 221 LR 73 B4 il . I
BRI THY RBE . o ki T RBE . MURLHEHAN . &
FZICHR . 3 ANBSE . ANCR RO . ICRP 56 148 5 )
&1, RBE fEJE R AR K800 A RS FIIE LET 2% 5t
IR, ORI S e 1 . RS AR S
A R AE N AR SEBG A S SR N SE B b, RS N 4%
FA: M) 28 50 RBE (HAFA 700, A5 H AR WRRE 1) KN
e FHRa R . RAVRIRR I, BT, Rl
BRI TR AR 2 B S B FR R N
F MRS, 75 Z% RBE B il B 50, R
A NG D47 1) B A A 3R G A A0 R S ) Bt AL M

M

O R B85 ) B 2, (RS A e A 0 e I 7 = )
T 5EYFREFRE I ML . ICRP 4f 148 51 i
P& A B T AR REAT B KL X AN [ 25 4 ¢ 45 5% 1 1) RBE
fH. 5 X LA, S B KT RBE R 1.5~2; 5y H4k
M, B ALTFHY RBE i N 2~2.5. % THH B HK,
AWUE ] RBEJNEUW IS, AT 224K LET fm bt B A9
FREER) RBE ALEE N Fo0 1o K1, A0SRAGH 58 T B ok
Fo A CAE R . IK LET %844 1957 B 7E DCRL S [l P sl 2
T DCRL, AT REFTEER FH B =511 RBE {EZEA FAR R P4

SR TFRAL S 1AM 2 A+, HaEa k4 p ok
THATRAS, MBI 123 45, BRI TS S L
T2 6.0 mm, JVEZEE L IRMAIE . HIk, 5K
AHC I 5 BAE TR AR AR (A WA RGE 5 72 ik
WO IEAE A AR IR L B R o FETE ARSI, R
B T A AL 3 I B AL 2 6 um (LR S 40 M 1Y B AR N 10~
20 pm, ZHAEEAY HAE N 6~15 pm; YA A HIE N
10~100 pm), HFik Bk FRIGARE (R LA 0, Hikk
S BB AR S X H B B v T R AR A BB B0 T
PR B ; LET BhREMES THE.

SR R K FE S i UL, LB S KA Ak 2
PERT, — Bt AZEYRN, TS 5 A YR N K oy
KB EAE, IS S A AR A A b, A LS A
(organically bound tritium, OBT) J& 8 i &5 & 2k K1k &
Y. MRk (SR ML T —FIE R, T S e
AT 24 OBT, Mo F 5%, . Rl 7 & A4 5
A, ARG HK P S, IR A kR T 58 e
OBT. OBT H (1 A] 2 # 5l & B i1 5 S /K AHAL 1K) 20 1 2447
Ho MR T 5AE I TR PG, HAgE T i
RSB, WA A A2 OBT., OBT H1 - A A Al 38 #
BIA LA K OBT 431 1 8l J1 FARIE S HAE AL iR N
[T ER ., TEAV TGRS, 35 OBT #
s bbb s A (B AR H] 388 OBT), Al v] LA
Y OBT ah WA o SiAE LA AN P 18 A 40 HERH
B ZAEALR 1 S gD 3 — 2= B I i AR ] ) ] 38 4
PR 10 d, ARrfsc#et: OBT 4y 40 d, ICRP f{— 5
A ST T AN [RIAE I8 B B AR 1) A ) 2 3 2 R ) k2 A
R, JEATIHSETUK . OBT ML AR AR R ECT, 4
B A DNA H1, A0smbmic (4 M B % e 4% 17 (CH-thymidine,
*H-TdR), #3210 B AR A Gt ) i B - 43 24
WA, SR T R A K Y A M 25 A H-TAR BOABER T K,
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BB AT 2 B S T IR H-TAR 5 189 B A /N ) 200 4
A H-TdR R S/ME L, (AR K . JH A OBT
4 B L4 S ) i A B B AR K B 3 A B B R 2 1Y
ARy ™,

2 J@ B HLF RBE XA EHIIFMITEE

2008 4Ff#% ICRP MUY i B A+ RBE {E 9 AE 28 1
SR RIBET R AR . KR YRR o
HzeAs, Hid HAAET 3 M2 g o S5 AR A 0,
2.1 DIRWIBET RN AR M2 Y RBE A

Yamada &1 WFSE TR BRLTF N y SR AN S /N BUR
Jif [BC3F1(C3H/CSTBL) ] 716G R HIFE M o Athfi] 25 2o Xt 5 A%
WA AN NSRRI TIRSMESE , FEREFRIHIMAGIK
i HF RN 0.2~4.1 Gy/d(3 d J5 BRI 0.6~16.3 Gy);
WG, LiCoy FEEAENSHGL, FEFR 048 Gy/d(3d
Ja BRFER 19.2 Gy), HHE LDy, [ CGRIEH=Z i &
JT TR BRI ) P15 RBE A, JEAZ M . 510 v 44T At 0 0 e
PIAMAEIARRRG I RBE fH43510 1.0, 1.7 1 1.3,

Bz, P B KT RBE {H MAH SR T AR FH
IKAE T EESTIR, BFFERT 4 BC3F1 /NRIRIG AT CF1 R AFE /N
B, RIS AT R FH i ) B R A v R A 18
BRST, $RMPET- W RBE {HoM 1.0~1.7,

22 DABBRAEFE IR M AE Y2 S 1Y RBE B

H W5 E A 250 kvp (19 X ST /E WS 454, Bt
FE T, B AT HAE /N BL(CBA/H) S2 U BSR40 . /N
FAYR I I 1 S K GRS 0R 0.14~0.43 Gy/d, SEURI &N
1.43~4.34 Gy), 10 d J5WE AL X SErE it 10d
(FIEFH 0.13~0.33 Gy/d, BEFIEH 1.33~3.36 Gy), M
FEEHR I E IR, SRR, N ERUSEALRT R FRAR
RBE {4 1.07~1.40",

Carr A1 Nolan™ W 5¢ T jii. K F1*H-TdR Xt 5 4F /N i
(CBA/M) ZALBTRASZN , IR LN 5%Co v 1442
MISEIHEAT T IR, AMATRAT y S BIRRES 15 ¥k, DI
PURBE B 0.578 Gy)o  BLAFE/IN BRI i 1 S
KBPH-TdR, “F34 2 &5 5120 0.145~0.58 Gy F1 0.03~
0.50 Gy, HFSLER2H/NRUTE RS FFAR IS 24 JEII 5 52
o AR AE R R0 - AR AR R BRI
RBE {8 (B3 s BUR L R AR TR B S 10 RS2 AL
W = 4 PR, IR IR MUK Y RBE {4 1.4340.19,
H-TdR 1 RBE {8 Jy 2.07+0.25, {HASE &M, #5h R
BEH TR —FIEMCCo y 514, UL H 1Y RBE (1Y
TR .

Lambert"" #f5¢ T B K F (/K FAPH-TAR) 5 X 52k
AH L AR FE AR /N BL(DBA2) #5 B 0T PO £k 241 il i) RBE 1A .

— 2] /I BB RN S R S UK, R %N 0.04~0.06 Gy/d
(B H &4 0.05~0.12 Gy); *H-TdR B #| & F 4 0.06~
0.11 Gy/d (BFHFIHE-N 0.084~0.19 Gy), [FRF, %—2H/NE
# 0.02 ~0.16 Gy/d PFI R ZREE R, LU A =R X 4
Zetg R 72 h( R BGRIESN 0.05~0.50 Gy)o fESm S (i
KECH-TAR) 2% X SHERIEGE 19, 72 h, X/ RERSRIHHE
BLZHMY) RBE (HH#FfTE =, R B AF19 RBE {H4r 510 2.3
M12.4, Ti*H-TdR (¥ RBE {43514 1.3 1 1.6,

Zhou 25" ST T AW, R TAI y B Xt 4h A/ N R (LACA
) 098 G- 4 B FORG R A BLAE T R e . AR OR
2 FORTRI B 7 A /NG . (1) SRR s v 1 K (8 B30 s
FIEHR); (2) M i E UK G, 78/ BAKK R4 2
(EREFESR), R0 10 d WIRK B oKL Tz r B
IR 0.2~1.0 Gy, B —4H/NRFCo v ST LIFE S vk
F k2R B A ) R 2 IR 10 dC R BRI i 0.7~
2.8 Gy)o FEFIEFREIRECF BTN T, HRE - R
LR RRERIA R BRI THY RBE {8, #0200 40715 R
%) RBE fH°~ 1.4~2.0, HilR4MLf7% %0 RBE {H4 2.1~2.8,
ER AT LA E R AR A TR, RIS IR B AN 1Y RBE {EoK
1.65, AHIRAHARAAS 1) RBE {H2h 2.3~2.5,

Dobson Al Kwan"" 6 “Co vy § e 4E &% 4F 4k, T3
S B RLF Y RBE A, BF5E T % FEAKHH 1 -Webster /)N
KON BN A TG R R, — 4 /NELLL 2.20~19.80 mGy/d
HIFI R (BN 0.07~0.65 Gy) 587 Tk h (28R 33 d,
MZZEEH AR 14 d). 7 —H/NRLL 10.08~31.92 mGy/d
IR BARFR N 0.33~1.05 Gy) [ Co y S48 1 IR 5
(Mt 33d, NZZENAE 14d), fEHAE)E 14d, X4
A S22 /N BRI S AR AT 0 % B B 400 B A i Y Ak
S BRLF1Y RBE {E B & /NG K, 5% Coy 4t
&FEHN 04, 02GyRf, RBEMHA N 1.8, 2.5, W5,
Dobson Fl Kwan!"” % 3% T — 3 T 58 3 ) JF S 55 R 5 . b
ATV AR TR] 4 5 58 3h 0 (JE T 52 9 Fifi = -Webster /N B 17
BEOWNRZZEB AR 14 d, SRk Co v £k 33 d),
THF R, K BIFHE RN 24.96~51.52 mGy/d( ZFH5]
w4 0.57~0.83 Gy), “Coy HHZk By E=%N 8.0~38.0 mGy/d
(BN 0.26~1.25 Gy), S8, 1EARE S0 &0
T, BRERAHMLAETE AT B AT RBE {2 2.5,

Satow &¢ "SUF5E TR BT/ BR B RE 40 M AR R Y
MiE) RBE fH. fb{I145F 14 H 2 EICR) Bk B SR
K CEBIFE 0.04~0.25 Gy, 42 14 d) 5 Cs y L LIZE
PR AR ) 790 2 2R v R USSR K R R (I 3o 0.03~
0.09 Gy/d, #EZ:14d, BFFEN 0.06~0.2 Gy), HERHIA
R AT IS TS 250 B KT 19 RBE fH R 1.1~3.5, X5
SCHERUCT B —%, R RBE AR B R 7 ko i
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s (HAEARH) 5 (0.04 Gy) i RBE {iifs i, M 3.519,

Satow V5T TR B AT A1 Cs y S 2R N K R
(Donryu) FEGIER . E3L5 T, EALARR TR 8 K
AR 9 R LR s S oK (R &R 0.14~1.06 Gy/d, 2
RGN 1.75~6.80 Gy)o X HRZH K R T UL IRES 9~18 d %
ICs y B L8k R (Rl R S aUKAEE, BREFEN
1.75~6.80 Gy)o HE G 2 AR B ILIE S B & 28 EbFn

GILIBHE I 2 A 4R . G BB IE AL P P24 50% FT 20%
SEHEY) RBE B 209 1.8 Fl 2.4, 50% Fl 20% 73 6 )L
A= 5% 1) RBE {H43 714 2.0 #l 2.6,

Zhou ZEP WF 5T T S B RLF R y 5 2k XoF AT P N B
(LACA) BB B b P BOOE T AR IR A 520 . —ZH/INERERIR
I J T S K (R BUGR] 4 39~912 mGy). 53— 41/ U
“Co y HH Lk LG M B AR I 77) 508 1 IR 10 d (R AR iy
0.53~2.70 Gy), MRSHE 21 d, MEE/DNBL5 R IR SR B /N
BUACHE, ACHJE PR 3R 18 d, e MEdk /N BRLOI &1 b 0 5 4
B, WEIRRREL R B A R R AL T R, DRI &
BB AR, 2 i - ROV R APR TR
15305 B R+ 1 RBE fH>4 2.5,

VLG, Zhou S5 AT T —IUHE SEMBIGE, /T TII
BRI y SR X AR /N B 3 AL 550 (R BEAT A . A B4
MR BB SEAE , RS DR AN M Y S P EOAE 2878 ). — 4/
FORME SRS K, Rl R R AR HGE, B AT 10d 1Y
HRGIRN 0.2~1.0 Gy, H—4/NRAHYCo v SHELIFERGE
B E S P R S 10 d, BRI 0.7~2.8 Gy, R
PR - By iR AR TR B KT A RBE {H, BR-R-40H &
PEELBE A8 ) RBE {H-h 2.8~3.4, K5 B4 W 1 B 58 5 A%
i) RBE {H 4 3.5~3.9, fHH:41E 8 HEOIERA Y RBE {H-M
1.6~3.9,

gi b, REBOCT LA DIRER MR B B RBE A
IR BIXT G 3 R /NI L 3h 9, BEGE N AT T S5 AR A
FEUIREA B LA AL R mbERE . SRR
VR L A R AN A OHEPE ) 773 A0 B SO 2R 7R

YA R 2B TRARAEFE DI RE SR B KT/ RBE {HHF
FEEREH v SRR A S G, TR, mMiS%
FHERIILL 2~1 700 mGy/d BRI IR GT . BRALA 5 6E
R BT G AE R K 8C°H-TdR #E A& N) /Y RBE &
A 1.0~3.9, 23 4k B KiFH9 RBE fHH HA 5 KT 3.0,
23 DIRIRHRENAEYZ S K RBE (H

BT F AR T B WL A6 R B/ U P9 175 & S e
19 RBE {H. Gragtmans %5 P A5 1w B R T F X BTN
S it A B (Sprague Dawley) FLIRIMR ORI . AlATT45 KRR
JE P TR S AR (TR 2 d PRST 1ok, SRt 4 ), DhgiRie
E R CEFH A 0.49~4.10 Gy)o 18 3 71 4 -5 i it 2%

IR A A3 (e AR L& 2o M 56 52D 1T B R F 19 RBE {H.
HEHRTOK A R AR BT, 4 100 HORK B R LR I
P8 R ZE XTI 19 RBE (B4 1.0240.13; 4HER S ¥ 3.85
Gy i, RBE {E4 1.17+0.18,

Johnson %5 #f5¥ T4 B RFHI X SRS/ N (CBA/H)
HE R MR IRLAE . — 2/ BRI s 1 6 ok (R AR i
4 0.85~3.04 Gy)., 73 —2H/NERH 150~200 kVp 1Y X 218
RS 10 d, FEF A 0.24~0.72 Gy/d( B2FEF| &N 1.06~
2.64 Gy). 8T B KL T RBE {HAY, % EH|4 197 Hib
F XU A /0N BR R A 8 AR AL B 70 o S Y R R B
, H.RBE i} 1.1~1.24, HfE RBE {HM 1.2+0.3,

Seyama 2™ AT T B AR FH1Cs y BN AT M
/B (C57BL/6N H1 BCF1) AN [R]85 B i & A= & J (52 i
— /N R I TR (B FRFIEN 0.27 Gy 5 2.7 Gy).
T3 —H/NRIEZCs v SHEAS MR (BTN 0.27 Gy
5 2.7 Gy, FHEFHIN 0.08 Gy/d #10.76 Gy/d), 2.7 Gy
RIS 500 d (R AR FEITAR, G BRI RBE {H l 2.5,

M, fE/NEFLEN R G, TR AR N EURI
KB i SRAERS CREAL A ZR L 470N BRI E28 48 B 1 a5
MM ER L5178Y s b 4 i V79B) AIFFE K 9w, B kLT I8
SR BORRUMAY RBE {H, ¥ HCs. “Co 5™Ra y 4
LA RS H SR, 1 RBE AT, 207 75 KL
HJLA S FRZLIRME . B8R O s . S sh
SRR A5 (0 MO R R 245 ) L B &5 B RN B A A T R
“Fe HRIUMGI FHALAA R P AIAATE2 . 25 1, Rk
RERET, R ZHUW B RLF 7 AEBUR AN A RBE {624 1.0~
25, MEHAMBE ARV AL SR, 58N RBEH N
1.7~4.4, B RBE (EI RS A& . BRI 40 MR 1Y
B V) 3 FH A 2 2
2.4 DA R sl B R 28 AR S A W4 a5 % RBE {H

Kozlowski %5 P4l T 4w B R T A1 X S1415 % /N ERA
BEAA Y R A A I Dl —H/NRNZ 2558 1 R BI5
20 R4 BE] 45T oK BURAR K T, Al AR 2 1 BRRRR
A4 0.6 Gy 1 0.3 Gy, ZMiffE 4 AN, oK FALK T4
NERE BT 2SN 0.1 Gy, B —4H/N R TIE IR
7 REES 14 K 250 kvp 19 X S48 SCME IR, BR=H
0.5 Gyo 30Xk . AL AT 1R X 54k BG4 /N B
B BRI B B e AR R A AT 8 =40 . M il
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