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Current Status and Research Trend on Ecological Migration

of Radionuclides and Radiation Dose Assessment
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Abstract: The transport and transfer of radionuclides in the ecological environment (referred to
migration) have long been of a particular concern in the field of radiological environmental protection.
This paper systematically reviews the current relevant research statuses on mechanisms, models and
parameters of radionuclide migration in the ecological environment, and the methods for assessing
doses of humans and non-human species, as well as the non-equilibrium migration models and
parameters of radionuclide migration in case of accident at a nuclear facility. From multi-dimensional
perspectives, such as computational models, evaluation methods, and parameters, etc., this paper
explores the transport and transfer behaviors of radionuclides in the ecological environment. In terms of
radionuclide migration, this paper systematically reviews the transport processes and migration models
of radionuclides from source term release to atmospheric, terrestrial, surface water (rivers, lakes, etc.),
groundwater, and marine environments. It elaborates on the basic theories of radionuclide transport and

transfer in the ecological environment, compares the characteristics of different transport modes, and
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summarizes the transport and transfer behaviors of radionuclides in the ecological environment. In
terms of environmental radiation exposure assessment, this paper summarizes both individual-related
and source-related evaluation methods, describing the basic methods of environmental radiation
exposure assessment. It presents a schematic diagram of the main steps and dose estimation models for
assessing the impact of radionuclides released into the environment, and sorts out the methods,
evaluation models, and dose assessment software for exposure assessment from the perspectives of both
the human and non-human species, domestically and internationally. Moreover, for environmental
radiation exposure assessment in case of accidents, this paper takes tritium and “C as examples to
provide an overview of short-term migration, accident exposure assessment, and real-time consequence
evaluation and decision support for nuclear accidents. It proposes suggestions for further research in the
aspects of radionuclide marine transport, dose assessment models for non-human species, short-term
accidental release, and the application of artificial intelligence, to provide scientific basis and technical
support for nuclear and radiation emergency response, environmental monitoring, and risk assessment.
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Fig. 1 Transport and transfer behavior of radionuclide in environment
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Fig. 2 River cross section model
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Table 1 Characteristic of different transport methods
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Table 2 Characteristic of surface water transport calculation software
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Table 3 Characteristic of groundwater transport calculation software
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Fig. 3 Main step and dose estimation model for assessing impact of radionuclides released into environment

R4 CH MCBKePHENER B RS

Table 4 Characteristic of *H , *C , **Kr, '®I evaluation model

LZES P

LS

*H Evans IIRERL RBASRCEHLTT-5WE0 B 508Ri0, RAfkPH #7150 24

NCRPCEEEZARMPI BSH ATk 3 Lid, A3 AALE B ECH SRR R0 L. F X POK Fp s B (C,) &
S8 oK BTEE EEWRE (Ch) o th T BT A A A ALK BT BE VR BE (Cr) - KUK R AR BEVR I (C,)

HEATLE

1c L HERE SEBRIAEC F i, S5 SEPRBEA BT S A5 IR 7] i

SKr XU 2 AR BB — BB B BR e R BR AR, A S I Y SR A

129 9 Rz LBk ERBORECRIFREE P A 2T P55 RARAFTE A RS E BLAH 7]

P S TT (B 4), 5T 2003 4F H R T2
91 5 Hi R KR Al A2 o L g A S5 532 iy A2
QUL iy T A SRS P AR My ORI 100 U7,
TCHETT AR A AE MY R R AT A . O T RERERL

SRS RN R DU N7 R Ul R A
2008 4 ICRP 7EH 4 108 St 7 5%
2 NN B 2% B4 Y RAP (reference animal or
plant) UL & ¥R 2% 2 2% Hi#8 ¥ (secondary reference an-



1998 FETREREHAR 58k
imals and plants) FYHEE ), 275 A W) B4 1) 7 Je E ABRGER DI RS, LA
— D IT S AR YR PPN B SR, BB E LS AR YRR R SRR I 2 I B A S R G

JUDIBAR . AR Bl AR M SRR S 805
AN TR H DX R R85 Th ) 2 %5 LR AR B R 25 =, A
WA ] A 7] s B AR v i 3 Y 275 AR W) A AR —
EMZES . WA, B TES SR X ES
2% 7K - (derived consideration reference level,
DCRL)KAER LI 2% . X570 2% S i ) 5
A 7 5E ) DCRL Ju [#, 75 DCRL 5 [ 4 1 0] 2 82
A RES P A R AT A MR R . TCRP B 75 AR
FREICT 12 Bk s AUOK AR STE YR S S % A,
I 45 T MR B9 DCRL A . 7F H Bl 5 1946
124 5 AU, 5 136 5 RIS KA 148 5
B RRAUOY e 435 AN ] BRI O . 391 i DT p A A
16 1E DL K 22 Sl AE ) (%) 58 SR AN i 25 5 T X lE AR
A YRR I AT T R AR SR

[LFRIBER 0L, o BGOSR O

| SRR |

(2590, 3%ak. 35| | 2%, 2% |

[FIRIRE. FIRLORIE. %000 | SHaEzB0r |

FEAR RN BREE FR ST B SHE UL T, Bt 2 AR G FRFNFR S5 D)
TRHAE AR NFNRE A RE
4 AESTREE T AL S NE YR
Bi 39 5 P J7 ]
Fig.4 Methods of protection and evaluation of human and
75]

non-human species in radiation environment!

] PN A 2 35 A 0 AN [ A 0 A A DA R 4
L MR A DT T T R T A e Y . rh R
REBL A AF 52 Be 7 20 T 20 A B X A WV V25 ¥Ag 3k 14 Vi
TEAE W L R /Bt b A 0 1 i S ) A R A W e RS
ZHOT e THOCSE IR B, BES, Wk LB X
F ) GRADED Jy i MR ¥ () FASSET i1 %] i
FEWFFE 50 BT, FE45 4 38 00 ELACIS D FRe £, #1240
15 G TR E AR AR A Y AR S 0 0 T AR
SR 2 o R, DAFR I T 78 % h A B 45
FER T 25 RS 1 70) e PEAN B R, I JR TR A B
FVEAL o DAk, 25 b 45152 i il MCNP 4C 2
¥ 5%F9°Co FI5'Cr & 5 B ASTA] y SR A8 A= MR N 1
by iz T DU HEAT AL, THER T 00Co FISCr X Hr AR
B 70 R 8, RS ERICA R R A7 xF e, —
FITE R AR E R —3

{H2 H AT OC T B 5 S R W 2 s v i o, K&
BORA 0BG AU B AT R ANEE, B TS A
RETEARAT R R AR R ACE EA5 w451 . T
I FH S 56 2 S0 TT e A S 2E e 1) 6 55 5
F 5% M B 4 K, B oA R AR 2 0 0F T R .
Alonzo %5131 38 3f S 56 b 9% - 45 & U1 R i DL R =
AR XA A 9 2 5 O 500, A 5 T & BRI
i ) (10 o P £ ) 2 2 A B o 7 4 e /N AT R S 7
R, GEREH, 1R & R ARE KRR 2
R 10% M EAIK y 5545 3108 140 uGy/h il
340 pGy/h; 5 | B e 5] A A R FNFIE BEIH T
R 10% By e A% v 37 & 2653 5 2 3 800 pGy/h il
3810 uGy/h, M TREMWHERZ, L EAEE
SRR AR TE R A, DESE TR ARG
WIEAHAT i 2 X ik R G b 5 %2 e
FEBE (IRSN) 5T T 8 HE S 2% 14 T 0Co %o i 15]
2 Am XK 2 A FPEERG A A B, ST T RO Y
K TN A AR AR 54 5 LR it 5 A R 0 T
o, PR R K A 3R B[R] R, 7E0Co y R R
FIRF] 11 mGy/h B, e 85 R 88 4 1) SE 3R B[] Ry
0.6 f8; 762 Am o BRI 71| F 35 5] 15 mGy/h B, 7K
B BRI I Y SE R B IR] A 0.8 AR o A K T B A
JK 28 PR A T b A K R 11 i 05| B 7R 5 27 B
FRATSZ o R T A YRR S0 R N IR G A R
f 2 4, S ) 2S00 A= i o) el 8 4 B A S e I
A DAA 22 6 B S, X UL AR 4 KT
AR 2 R A K ST 1 FL 8 4 SR 2 ) AR
BLH R B G R T B HE T IR A G52 .

B 5 5 1] 2 2 O F o A G AR S R G5
WFFE AR A, 224 [ B 20 2RI 2 R 5% ity 5 7
SET AW R DA AR R LT R F S A S AR L
YRR R R PEA . Q3% S FTEI, ICRP #2 1 T
2% A )7 I RESL; NRC 7675 18 AR ) 1 A
JAMA AR I IR AE R R LA TR T RES-
RAD-BIOTA P15 R BB HE T T 2 F = i i
77 ¥ 19 ERICA #2J%; IRSN #5377 EDEN P4 75
%, 38 I A AR F A S R R R A2 A )
IARINPIRTIPIZ NS S S SR Y P 2 O G ]
A5 1) 5 o008 3T S o RS B 0 Al AR R R
T, X INIRLEG R T A R A TR



5103

XU BRPRAE O A R AL A IE 78 5 R 0 BT 4 BT 5T IR B A

1999

x5 FEEYHEFNREHES

Table S Characteristic of different biological dose assessment softwares

£F [EPaeE F i
BiotaDCI™ ICRP  EHHI [ SCREE A R B it | TR AL B AR, RERE TS AR A i) PO SIS DAL ICRP 56 107 511 AR
P TR AL R R A R A
RESRAD- EgE] PRAL T A R S B R AR AR N AR R A AR
BIOTABS!
FASSETI®6] WK pEAR AR R TAGAE LS, AR K B 31 SR
ERICA®” BB HIRAER RS QR WK RS R G0 AL AE YRR IERT AL T 74328, WT DASS LR S 2% A M A i ) B Ak
FREG R, BT ARG R EILS AT HAHE RS2 A i 5. 2021 4F & 4ii ERICA2.0 AR
EPIC Doses3D  BRM  AWHBRUR AT ILATIA, WIS A A ip X 5 T3 S S a8 B
R&D128158! BeE CRERRGERISRIRK K, BEHAESRG, WKESRELZET 12 00 16 MR, SRS
ZRT 13 B 16 FUHPER R, BiAE S REHIE T 18 JEWM 17 Mtttz % . BEF 2023 424 AfF1E
i FH)
EDEN/ RE E A A R A SRR B AR AR B LT T AR L B B AR S B (AR S O O TS . AT LAALFR A P FIER
BEA R AARXH O B, T2 H R i o 2R A
AECLPY g DU RRIFSE SCk 8 B 0 A e B2 R - DRy S+ ST A W A D )3 VR
LIETDOS- SERASE LA P A AR O P R R IR B, 45 5 S R D O T R AR AR (4 05 vk, T RIS AT AT R Rtk
BIOW A AR 39 e 4 2R 5
DosDimEco®™ LRI fiff O A% R h A AL AR, 3 3k SCikAS 1 A= VR B LU (CRO SR EATIHEE, 343 A 90 v 140 198 e o 2 ek 4B A
Fl ARG SAR I, FTRAR TR A S RS
ECOMODM k& (i FHshAHAL, & T T A a2 o R s A YiE A 2 o R WL R A R
K-BIOTAL?! i K H T 5 RESRAD-BIOTA 2B/ AT T7 1

PRSI PR AR 2R, LA B T A 4 1
T 0 T IR R S S BRI 10 o

H i Br 5 2 19 31 & ERICA,
ZHR AR TE ERICA HEZRI H 1) Atk T & 1, 7T
DU 158 7K Az A Rt £ 28 9 i 52 380 1 s 25 741
i, ERICA R T =0k 9 77 s — U0 i 2 Xof
Ll PR H T P A R R 5 R A v R B
{E (EMCL), DT Br A= ) 02 5 AEAE W TE s —
0 1 D 5 B2 45 e Sk v B AR W B O R
BB HORTT ALY 2 B0 8 57 % =%
0 32 D) 2 7 Ok ) B L 5 I A SRy kS
KA EA G E LR F R . ERICA if
HETE T AR L AR WO B PR TR B AR AL T
PR BABARA, 2021 F10 HEAT
ERICA P4 T.H 2.0 hR), % Wi A< K FH ICRP %6
136 5 H 4 1 9 BiotaDC 7 W FI i 28K, fiE
G VAl VP AR R &R P9 B 3R, D BT A 5
A EE T AT R AEIT e . AN, AR T
FEREPEAE S 808 PR L e EMCL b4 7 3858 .

3 BHRATHEES RN
3.1 EHE®

AT AF R, A SRR T 18] T3 S PR A% 2R A0 e 4
15 7 A 1 R 5C VA B e, A v 7R T
FEHA R SR T I R R AR P BN 25 B 2
O3 BAT R . CH R M C AR R SOt R S
A W R A R, DR O TR A% B A A N s B
AR 25 (8] A ER S5 A0 50 A e sl PR, T s
FTNEMEE S . AR AR, fAE IR
B HIRI AT 5 LS . TAEA BSR4 42 B0
55157 (environmental modelling for radiation safety,
EMRAS) i3 TAEAIT & 1 8 Ry AT Ak 5e, 42
75— ZRHNVEE XS TH FI14C L85 HLHE R S SORE S
18 PR A58 AT SR R AR 3R BE X A G 708, e 0B
B S SO T ARAE PREE b (I RS A 5 4
AR, ZIT RIS TARZH ) — T 2 T AR 2R
A HUTRAE K A B W BE i sh 282 e AT P 5T, 4R i
—FOH B B S M BB AQUATRIT, iR A
R T 1 A A HLIT (DOT) Y 45 5k A 2 ] fE,



2000

FETREREHAR 58k

R B AR R WA SR AL T RS A A A B T

Nie SF0-1000 DLR [ 28 1L A% L ol S 1), R e
I8 T A K AE -5 rh AT 8 By ) 24 RRAE B FLZE L
BN, WG T 78 8 % 2R TIOR 58 & 1 S 1 R Tk
FAF T, R IR - HESE R | R K T8 & 55 B AR R
R X A B AT R B 52, R Ak K B A ZE
JUT S B R I R B AT TGS . A5 LRI, SRR
KX R B TR R D R, R R AR R
- A SR B R M N, AE RO RS i AR
T, e e B AR R W R A it — AR AT
EIN I VERETE

Le Dizes ZEUON A T W RSB L - &
LM BN 25 R R TOCATTA, AL T i 78 JLF
PAEW) (ANg 3 . W e —AEAEAEY)) h i i 72
TOCATTA BEARUAF ] 5, HA A FRECH i b [a] F0
I A HAEERAERL T 68 FH 0B A S8, I B
P WA RV A — 5 Jmy BRAE, 72 SC 0 AR W R Y
H 1 A (TEWT) 46 A HLIR 0 3h 1 2 AT A7 7
ANt B AE T 6 1 (4 B 2 AR CRIAH
RIER TR ) M BB E AR BEALMEA B H KA Al
A AL B Y L N DG B IR BGE AR 5 AR AL
AR I, LR B R AR K B T2 SR
3.2 EHBSIEMH

FIER R BOR AR, RS 1B A%
04 J 013 v T AR R TR A A 3R T M

2 X TP IR P T g 0 B o A L e R
T EE, BATEREE RN TSRS
HA Y 5 T JOH 2 A5 A GBS,
FEPR LTSI & T 3 R AR

1) 55— KRR F 2 HOTSPOT., HOT-
SPOT R FH = Hr 0 P B =L AT ICRP 55 30 5t iR
P I TR0 A B v, X i S B R R A
YERETIC . R BHEE . K AT Yo SR Tl B I B
43 54d i} PLUME . EXPLOSION, FIRE #I RESUS-
PENSION 4 M2, 1Lk, HOTSPOT i % £ X
(& 30 GAF TN S b  iU R PP U A e

2) 5 TR KRR I RASCAL, Al Ky SR B
B 47 sh 2t Bh e . RASCAL Hi NRC 4141
TF R, 18 T BUE RIEH . Z R
T3 i = B TIUI AR AR S 0021 1997 4F TAEA
FEE 955 S H AR S YR IE U HEFE InterRAS V1.1
(HP RASCAL V2.X A ) fit IAEA 2% Bl 51 =45 ),

3) 5 =R T I NARAC, Z RSG5
BT 2R WO, I RS B 1 R OB
R, TSR S S R TS e T R
B B o A, I 25 G S R B | AR R0
L HiE b BRI LA KR BN A, R ERE vfE
T AR 4R I T B 8 L, ol 4 BRI PRl P AR A% 1 2
M) o7 4 (L P A A B R S RED O3, 3R 6 g T ER A
AR MEAZ S 5 PR SR R R G

Fo6 BREMIMNEREMSRRIFRE"
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