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Development of a Fish Heterogeneous Phantom for

Estimation of Radiation Dose Rates
(In Chinese)

TANG Wengiao XIA Yihua PAN Zigiang JIANG Xiwen
(China Institute of Atomic Energy, Beijing, 102413)

ABSTRACT

A fish heterogeneous phantom is developed for using in the evaluation of
radiation environment. Taking account of the current situation of the natural
fishery resources, aquaculture and fishery management in the coastal waters of
China, the authors select a fusiform 25 cm in length as the external form on
the whole and regard the anatomic organs of Lateolabrax japonicus as the
elementary internal organs. The fish phantom consisting of 10 kinds of organs
gives the mathematical descriptions of the organs, and with the Monte Carlo
method also gives the absorbed fractions in various organs within the
heterogeneous phantom for monoenergetic photon sources uniformly
distributed in the organs. Dose rates to genital gland of 7-rays of per unit
concentration of 29 kinds of radionuclides from various organs in the fish

phantom are also given.
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(Fig.1 Relative location and coordinate system of

organisms of fish phantom)

A. YHH (YIHE £ =0) (Vertical section, the section z =0)
B. EF#HBEHE [ VI = =2)

(Cross section I of trunk, the sectionz =2)
C. BTHHHE I (YIHE z =2)

(Cross section I of trunk, the sectionz =7)
D. LHEHERE (YIHE =z =11)

(Cross section of head, the section z =11)
E. #MEMAER (Dimension and coordinate system)
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1 BRIZESHEHRE. JUEEEERE

ERRBEMREA NI, 234 2.0~2.2 Ff, RECIEF 3144 FF, a2
B RNR—, AR HEAER T4 G R R AR (08) RIS 4 26090,
EEBERERAEEERAR, MYSERANEEARRRHXRURE SBERNYE. X8
PAZE R E AN W E RS2 LRI 85 &1 (Lateolabrax japonicus) Vgl BB KB 2% 4b
¥ .

BR, ATFaEE—XLEEKNY, KRR —FEARHME, HAMEBEFRYE
ERBHYBR. UL, BMERX—FEaRTE, BEEEYFE ERE “P{E” R “FH” 4
RURATEEM . ZEHVERE B, Wl BRI R E R H A i ik B/ MR S R R AR
PR, RETRERE. KEHRBEEAMEERENRENEFEENRE AR
K=gat R E, IR E B M 2T 25 R T EREXRARAE, BARMY
FEM A BEAKBUARM “BHREE7. Hit, HiRREGEEDFEEEMAK™RE
R E, EEERMKR 25 cm,

EARBESWEEDY, HXNTEYEREY, HAARENMMLILR TR, &
B E A I BB S, A BRENAE SSRGS R RN EESRE A
R RFFAENEH, HESHAEMRARSBMNIPERE.

BB A —RIFIE, NEEHRIBMAEMES A, RS NBHEENRN
it EAAEEE A 10 K44 8E, EdBSLNEEARL, A8 RAaRNREE
A, B1BRTAKRSSEHAMAEMAELR, 10K 2 UMNE T AERSE O
BRAAMTERAR.

%1 EMARNEASEERTHFIAY
(Table 1 The fish organs mathematical phantom for calculating radiation

dose rates to fishes)

ALHBTE B EFEER/cm #HBl/om® |[HKE/grcm™?| BEk/g
MR ELE
KT ;—: + i’; =1 133.5 1.1 186. 9

EE XN ) LR
1.5% 2.57

< 210
22y (=432

3 Fteg— T =0 23.5
—2<< 20
S L

B o tTa=1 12.9
— 1< 2 <—2

BRERS

2 2 p— 2
L %,—+%—(’—mjzg;—7)=o 50.5 1.4 77.7

_xt + (y 4 0.5)2 (=—18)%
1. 52 32 8?2

=0
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HEAHHE H¥EXAR/om HE/m® |HKB/grom™3| Ki/g
10 2 <18
HHE 224+ (y—1.3)2=0.32 5
o< 210
22+ y2 = 0,32
—7< 2 <0
2 2 —_— 2
O 0_1?4_ 9:;5) = 1211) -1 11 L1
¥+ (z—12)2 =22 16 19.2
3} —0.5< £ <0. 5
10< 2 <13
x? (y—0.8)?
- N <+ % = 1 1.3 1.3
2<< 210
(x+0.6)2+ (y+1.1)2 = 0. 22 2 2.0
AR (z—0.6)2+ (y+1.1)2 = 0.22
0<<z<8
22+ (y + 0.2)2 = 0. 62 7 7.0
L4 x4+ (y+0.2)2 = 0.8
2<< 2<10
2 2 — 2
W 4kiE T+ & +1,1‘ N, & 5,5) =1 20.9 20.9
2 2 —_— 2
%+("+121'9) + &8 oy 5.2 5.2
JFE R AIE 24+ (y+1.92=2
5<< z<10
o 2+ (y+3.1)2=0.2? 1.3 1.3
<Kz <4
REMOEATY 98. 6 98. 6
it 421.2

¥ EFLELHBETNTRER

(Table 2 Elemental composition of different tissues or organs in fish phantom) /%

TR | MLA. GRE. BB HLE .8 BB #BR | OEMEREATEY Btk
C 10.93 25. 49 10.10 - —

H 10. 23 7.34 9.10 10.8 —

(¢] 76.18 47.92 69. 20 85.7 23.2
N 2. 66 3.06 11. 60 — 75.5
Ca — 16.19 — 0.6 -

Cl — — — 1.9 -
Na — — — 1.0 -
Ar — — — — 1.3




2 WHRENRBETXRESEREERET

EREPREHNETHREHERT RS BEIRESBATHE, BY NRSHIEEX
fEHAER ., X TREBRTHENETESRK, BT ASREUHERY . HREsS
BANEEREMERETOEREX, E5SRENHEMVEYRATRERNAANER
X, BEREAKANS ARSI, BEESELXASNERE/D, EEEERASER
WELMZETREESNAREHACE:., ETOEEEAN, BRESIFETHNNLSHRE
RYEH . XB, FIHEER TR LR ZH4H A MCNP V. 3a/PC BFHRA B HE
MR R MBI TR, EESRUETFSYRERANERE, REBHFRORBRTEKI .

MCNP V. 3a/PC BFHF AR

a. HFHZHREEBUT TRE 1 keV;

b. 7 1~100 keV fERTEE N, AAMNHIE T RAEETFHIEFE, BFRBTOLET
RISE B R IEETF R &, 3G iR B AR s B E AT TBIE, AT
AT R R 4938 M TE R E 5

c. ¥E 100 keV DL FAGRERTEE N, RAMAAYEFABETFHZ RS, U5 ER
JEERRN . BT AR TR, BRI R E TR LT E;

d. (NEBRMBEEFAERAE, SMOENRHREEHETNEYSIHEB SR

e. FRAVRAETHEGR AT LB SRARA—EH L, MY HERARFNLS S T M
wRE, EMTEIROFELT, HEMED 68X HEERIEEZE = £+ o) FBENA.

HWHABHNREETFAESSERMAELNBERKSELME 1~10. HERPFIER
GIAAXHR ZEREHIE SKUAN, EMREXTREREMNNTFRRBHEES H~800 K2
.

WA RPHAEES, BRREEYREDYHREPNEEMS. AARHENH, K
FIBEREAEBEBH AT AR E R, EARTE GBS EY
PR BRERN, HKERNZEA SRS EBSNAENXRESRE. R3JHTHE
PSS ENRAMEEN Y A MERSENHFEE.

3 1t

BITUA, EREHFRIN ANAKER, RAMBEREFREEX ENAF—&
HIRENE, ERHSH ENE —EARE. 55 BRERHSHE.

MATETE, ERANEETHEHE, TR-RLELKNHY. BEERNT4BEE
HESMEMARZHNARTREL - RE—& “TE%” WEEREMN. Fx L,
BN BRI ERM B LEAM “2F N7, LRLTREIE 30 FHNERBITAF B ZEN.
GLEHAEH “RESFZAN". “HESZEN” FHRXHE “2F N7, Blt, A MRERE
2 IRMARNFEHFRERRANEBRTREARELN.

EAEGESERI AR TAAE, RENBEREXSHAFLATIERS, F448F
FHRRREEEN R ITURRNEERNE. Bit, ARPALFBERMABREE. B,
EHEGIZEN AL, HRZ FRMEREEETERA MO ZREE T2 ER 10
BN B A BRI MR ARRE . XERERLARKRNER L.

6
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(Table 3 Dose rates to genital gland of Y-rays of per unit concentration of
various radionuclides from various organs in fish phantom)
Gy+h™)/(Bq-g™

HX N} L4 4 E R | M i3 LB L »
K 2.4E—9 (3. 0E—10|2. 6E—11|3. 3E—10{7. 0OE—10| 1. 1IE—9 |1. 2E~10|6. 2E—12|7. 8E—11]6. SE—12
S1Cr 5.3E—9 |6.4E—11(6. 3E—12|7. 7TE—11| 7. 7TE—9 |2. SE—10|2. 8E—11{1. 1IE—11|1. 3E—11{1. 5SE—12
${Mn 1.4E—8|1.7E—9 1. 6E—10| 2. 0E—9 | 4. 8E—9 | 6. 4E—9 |7. 3E—10(3. OE—11|4. 6E—10|5. 3E—11
$Fe 1. 6E—8. 2.3E—9|2.1E—10{ 2. 6E—9 | 5. 3E—9 | 8. SE—9 |6. IE—10|4. 5SE—~11{6. 1IE—10/5. 1IE—11
%Co 1.9E—8 | 2.2E—9 |{2. 0E—10| 2. 3E—9 | 5. SE—9 | 7. 5E—9 [8. 6E—10|3. 5E—11|5. 4E—10|4. 5E—11
8Co 3.9E—8|4.9E—9 |4.4E—10{ 5. 5E—9 | 1.1E—8| 1. 8E—8| 2. 0E—9 [8. TE—11] 1. 3E—9 [1. 1IE—10
95y 2.1E—12(2. 8E—13|2. 6E—14|3. 2E—13(6. 0OE—13|1. OE—12|1. 2E—13|4. 9E—15|7. 4E—14|6. 2E—15
91gr 1.2E—8|1.4E—9 |1.3E—10| 1. 6E—9 | 3. 3BE—9 | 5. 2E—9 [5. 9E—10{2. SE—11{3. 8E—10{3. 2E—11
ny 5. 7E—11|7. 0E—12/6. 3E—13|8. 0(E—12[1. 4E—11|2. 6E—11|2. 9E—12[1. 3E—13|1. 9E—12|1. 6E—13
95Zr 1.3E—8|1.5E—9 (1. 4E—10| 1. 8E—9 | 3. 6E—9 | 5. TE—9 |6. 5SE—10|2. TE—11[4. 1IE—10(3. 7E—11
95=Nb 9. 5E—10/5. 5E—10(1. 3E—11(2. 4E—10| 2. 5SE—9 |4. 6E—10|9. 5SE—11]1. 2E—12|3. 5E~11|2. 7TE~12
¥Mo 2. 6E—9 (3. 2E—10|3. 0E—11{3. TE—10{7. 5E—~10| 1. 2E—9 |1. 4E—10|5. 6E—12|8. 5SE—11(7. 2E—12
#9mTe 1. 2E—9 |2. 3E—10|2. 3E—11|2. 7TE—10(5. 4E—10{9. OE—10|1. OE—10|3. 9E—12|6. 3E—11|5. 6E—12
103Ru 8.4E—9(1.5E—9 |9. 6E—11| 1. 2E—9 | 2. 4E—9 | 3. 8E—9 [4. 4E—10|1. BE—11|2. 6E—10|2. 3E—11
HomA g 4.5E—8|5.5E—9 |5.2E—10{ 6. 4E—9 | 1. 3E—8| 2. 1IE—8 |5. 9E—10/9. 8E—11| 1. 5SE—9 |1. 3E~10
124Gh 2.8E—8{3.6E—9|3.2E—10| 4.2E—9 8. 3E—9 | 1.3E—8 | 1. 5E—9 |6. 4E—11(9. SE—~10(8. 2E—11
17 6.6E—9 |7. 9E—10|7. 6E—11]9. 4E—10| 1. 8E—9 | 3. OE—9 (3. 4E—10{1. dE—11|2. 1IE—~10|1. 8E—11
13imTe 5.7E—14)2. 4E—14(1. 1E—13|2. 6E—13]1. 6E—12(2. 7TE—13]1. 2E—13|1. TE—14|1. BE—14|8. 0OE—14
132Te 4.6E—9 (5. 2E—10{7.9E~11(1.0E—9 | 1. 6E—9 | 3. 1E—9 |2. 8E—10{7. 6E—12|1. 4E—10|1. 3E—11
1] 1.0E—8|1.7E—9 (1. 1IE—10|1. 3E—10| 2. 9E—9 | 4. 6E—9 |5. 2E—10|2. IE—11|3. 2E—10[2. 8E—11
134Ce 2.5E—8(3.2E—9|3.0E—10(3.7E—9 | 7.6E—9 | 1.2E—8 | 1. 4E—9 |5. 7TE—11{8. 5SE—10|7. 3E—11
136Cs 3.6E—8|4.3E—9 (4.0E—10}5.0E—9(9.3E—9 ]| 1.6E—8 | 1.9E—9 (7. 6E—11| 1. 2E—9 |9. 7TE—11
137mB, 9.3E—9(1.2E—9(1.2E—10[1.4E—9 | 3. 0E—9 | 4. 6E—9 {5. IE—10|2. 2E—11|3. 3E—10/2. 8E—11
1408y 3.5E—9 (6. 2E—10{3. 7E—11|5. TE—10] 1. 0E—9 | 1. 8E—9 |1. 8E—10{7. 1IE—12{1. 1IE—10{9. 2E—12
MO a 3.2E—8|4.4E—9 [4.0E—10|5.0E—9 | 1.0E—8| 1.7E—8 | 1.8E—9 (7. 8E—11| 1. 1IE—9 [9. 8E—11
H1Ce 1.1E—9 (1. 3E~10|1. 3E—11|1. 6E—10|3. 4E—10|5. OE—10(8. 2E—12|2. IE—12{3. 5E—11{2. 9E—12
143Ce 5.1E—9 (6. 0E—10{3. 3E—11|7. SE—10| 1. 5E—9 | 2. 4E—9 [2. TE—10{1. 0E—11|1. 6E—10|1. 3E—11
MiCe 3.7E—10[4. 2E—11|4. 9E—12[5. ZE—11|1. 1IE—10|1. BE—10{2. 4E—11|7. 3E—13(1. 3E—11{1. 4E—12
Py 3.7E—10]4. 4E—11|3. 1IE—12[4. 2E—11{1. OE—101. 3E—10|1. 5SE—11|6. 3E—13|1. 2E—11|7. 9E—13
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