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FE HEFH TG F{F3RKAST (Boron neutron capture therapy, BNCT ) F# ek F 538 MRS IE
A S 2 350N LA e 38 A 1 440 MO o80T A0 K7 L RO RI i 42 77 , R A Monte Carlo #2 /R R BE KL F 7 AIE AR
MRS, S To i FEHAREIASNMYNHBRI . 2050 EBRGEL, ReERSRT
B (I FAMF AR BN T ERER T (o b FM 'L BF) AR e RIS SRR A G S 1

1E1EAL, 9 BNCT SRR R st T8 B Ac s

XA M FRHAYT (BNCT). Monte Carlo #54#), BB, A0MAFS

hES%ES R730.55, R318.03

B & F 1% #1697 ( Boron neutron capture
therapy, BNCT) BE—#MEFRMIT HiE, BEHE
B MY (11 BPA. BSH) FAF&H
&, R FRIBSTMEERN, hFiEaREE
TRESWAY, HbTH B E AR, £R
—AREENESE "B, "B ARSEB—4
1.78 MeV Byoki FFi—4~ 1.01MeV 9 'Li K #hJE-T
% RN JLE N 6.3%) 5 BiE—1 1.47MeV ok
Fi—4> 0.84MeV /5 'Li R whJEF#%, R &E--14
BER o 0.48MeV BT (RBIJLE Y 93.7%) 7,
Wb PR R B K

©VB+n, - "B > "Li(1.01MeV)+
‘He(1.78MeV) 6.3%

T TLi(0.84MeV) + *He(1.47Me V) +
10.48MeV) 93.7% (1)
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¥, HEit, BNCT Y5 AIEIT PRI AR ik, B
MZB AT ER,

BNCT 1, & 8CRA G ME A &b FRiE
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i, 18 T4 fh X BRI S AR LA ]
T R TR A AR R, e REE
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H 20 t42 80, 90 FFR LIk, HEAFREEH
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TRBEEE FREAFIY R FELEHFRE T
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B ARIT . BIThHBIRIGITSE, ESRATH
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I, ARTS( Advanced/Accurate Radio-Therapy Study )
R4 {5 B Monte Carlo BEA, XTI+ FFEK
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K FE v #4E T AP MBRUH R 5T,

A SCE SGRLL T o0 R TR A M A1 S BB
2. BTSRRI AR L R R O,
B S5 1 1 75 EERA R - TE AU B i AL Y LR LY
&, &8I Monte Carlo Fik. MR T FEBFER

EROHHRBEAES (01043601 ) FI b ML E B2 B T (A SR S0 AR 1< 6 4 BE 1
P—fEE, R, &, 1975 M, 1998 EHEL TR, BT FARE I REREE, WEBH TR HIXHR,

E_mail: 2004hyjiang@sina.com
WCHE EB: 2003-11-10. #5BTH: 2004-04-29


http://www.cqvip.com

688 o A

D000 http://iwww.cqvip.com|

B2 %

FoRiFR Li BLIEEAN R R, M
MR TERMIZR T T BNCT o Byad 40 B 36 45 3%
N7, M 9 BNCT & B 0 SR 48 A9 38 1K 3

1 HEERSERF
1.1 AREEE

MMEEAREZIEE, AEEPiE, RFEFEDN
MEHARRER, BE-EHFMET, L@
G LS B AR A, — i &, A
(RemMuzintyel 3 FR 020 A AR . MG A4
B, X 38t BRICFARLREE S HEE —
ERIZER, SRIMULARTAY S8BT, 7E8 T anfube Ay
nf, JEARKSE 2 ek abEED T RIS, A
B IR R E FF A 9P, IR T M. i
JiT . HMAR LR AR A]

AR ( Cell membrane ) HIREBEAR S e b
MRS E HA AR, FEERTEBRR. MRS I
ERRBEBRIEK., Hk¥r AR
CyHgOgP, HEEH 09 g - em M GHHRE ( Cell
plasma ) HEET . MBS MU FTYFAHR, KR
MM ) B AL AR FEEK, AT H0
B R, KRBEN10g. ecm 12 P,
% (Cell nucleus ) LB ML, PSR, &
R BB R, HA Ao vl 2% S0k [16), N
%1 FiR.

&1 @REAS
Table 1 component of cell nucleus (0=1.0 g * cm )
JLEK JRAET 9L
Element Mass percent / %
H 10.6
C 9.0
N 3.2
0 74.2
p 26
S 0.4

X T A R a8, #1457 BNCT ook
FHEAEYS B BAEMAMME ML, fRX
SRS R AR AR, BB T, A
WM ERTE 454, H AN TEM Rl XF T
NEMEME R T RFE S 17], HEZR
13 um(EFLH 1149.76 um®), HHHIA% HAZE 9 um({&
ok 381,51 um’), dAMAREAYEIEARE #, M
0.007—0.010 um, A< STHEE 0.0075 pm',

1.2 tEER
WIS S TE W 4R b i A Rk 4 A

YIRS RYRENE, 2 SCOEBU IR A9 S AL B T
L, o BUEGMRS . MRS S AR L, D
Bl 1 fiizne 7£ BNCT #, aTREA 40 T 97K
S LR~ BT A O B AT R, A S RSB R
MR, H BT E TR (1)
o KT 'Li BT FIthA M2 180°; (2) R
B0 BT I FRAACT A, "L BT RE
M7, WA 2 fiass (3) S ETTURRYAER &
RISy (4) 2B v ST AR B A9 5Tk o

! 2 3 4

B B THERPRY S MR

Fig. 1 '°B’s five different situations in model cell

®
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B2 R B
Fig.2 The sketch map of BNCT
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AXRAKITETE SRIM BITERFEEES
F (10 eV—2 GeV/amu ) 7EY I h 2B HIBH 1E A 40
REST B ARG, ZBFET
Monte Carlo J53%, 1 Ziegler i Biersack 7 20 i
72 80 IR T R, HEIAE, HERFAMER
W e R R R , FRATTR - B A ——SRIM2003
AT BNCT #5484

2 HRETESER

KA ESIEER N Ey= 1470 keV WMok FEH
50 JE B RS A BN R AR RS T P A A2
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BRI w0 A, ARG~ o froki 1
BT A L i B RURU MR TR A A TR
SR BATA EEEARLT (o TR Li T
e B TR SURI b YA RS 1R 1o

2.1 o RFEiF

E3AHT 1470 keV Mo R FTEAKAKE S
R, HPEOHNEae B TRYT, RENEa
TS5 AR T B R RS S [ R R s sh Y
JFFE. o B TFRIASEEER N 1470keV, fiE
BE . EEH, BESUYDN, HEORT AT
posgin, Hepg AW, #EEOETE, S5E
BRI, FILRERENA, DBEAR mMT
HI—MERKAHERK, BEDE, ok FEEHEE
18, BEEASRE TR, eEARB/, o
PR R R T RPN AR TEEE
M, FALRIK, Mo N FEHARP T~
FiaE TFRERA, UBBENTERRLR, EHL
iz, PIREAN, HTRERME, sBcimHE
AR, TERIRA B AT, WA 3 R,

22 BFREBRBEFHIN

B 4 A TETEEAN MERF IS
i, A 4 WA, BFOREERHE 7.84 pm 4,
Tt N, AR UEE. ASET LT
BEVETE 7.0—8.4 um ZI8), WX BIEE L
Bkt , ATLLXREAN, #£ BNCT 4, 1470 keV o
BT H R AN EREE DA AN .

B 53 1470 keV o BT ASTHS, IR IR
FC.H.O0,P. N, SHoHER. NEFTLUR
W RERTAERE RS SR T, &

Layer 1
Layer 4

Target depth © pm

B3 1470 keV o B FIERLHL AN A Y42
Fig.3 The track of 1470 keV « particle in the cell model
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Lu%cr_?

Number of atoms / X 10" atoms - cm
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|
I
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|
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Target depth . um

M4 1470 keV o R FHBR I
Fig. 4 Distribution of 1470 keV o particle in the cell model

Number of atoms / X 10~ atoms * A~!

Depth / X 10* A

B5 1470 keV o B FTERBELA PR EK
C. H. O, P, N, SH&#

Fig. 5 Distribution of cascade C,H,0,P,N and S produced
by 1470 keV o particle in the cell model
I FREFA T BB - SEAE, BEBRRET
BARA SaT, (AR R Ui g R B TR E

23 BEGHER

St F G~ Adto BFHRE, ERPEBR
Zsrgch 258 A, HAFEATFH C BT is
18.59 4, H H 125.58 4, 05 106.341~, P&y
1.734, N&5.46, SH 0,251, HEAMEHE
BEH SR s BAHR

24 RERTRSEPIE

231 FERUIBUMT RTRRAHESENR, RE
20 42 70 FARBRAAMT KBXE, SRRY,
T R 150 oGy fER AL & FHAR R E
FET, AR FREAD] 575 cGy Y, XTAUHAT
ERMTES, BA N SR BRI AR S
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R, A R ok & Li BTN
HIBEBTTH,

NS BT IR IR T S R T A o
AL R A IE RS S | i S e R M B, |/
H, AR E TFERRASEHET, BT
FEAL R, THL B A e TR A ONTE R A U9,
ASBEFRRIKIE T 505 T2 18 & 4 # AR5
3, HEFFRARERARAE, SIS &
BTN EE B AE R T AR Pk L B L TR AB R o
BREMHRK )

B 6 24 H T o bl F7E A B0l B RE L K1
o, MIE 6 TH, HEEREFTERAFE LS
B FRIGER, MARBFE FEARETFHRERIEY
N, XEEEGA T Affo B T-HEEIEY S %L
B FRERFIEAEE MR (6 higinfiih
X&) EH/D, SR SRR FLEL B
AS B FEEEE TR (WE 6 IR ). 7
5b, A SEERTUR S M RIEf, TEIREPH
AR EA N TRRRE, 4 4 um BbF—FK
WE{H 23.2 eV, 7E 8.58 um Ab—H EIEALRER IR
HE, T 2—8.58 um BPAMMEIE B PTG RE
B4 1071.8 keV, #9392.5 keV HEERINFAE M
RN, XHEHABEMARE T SRR N
1464.3 keV,

THERMXER FFRR M PEESEH
93.7%F 6.3%HIPIFFF L/ BT TR, X FE
1 S RpE AN TR R, (8 1. 21X
Aokl FRHHA TER, (1B 3 dboki T "Li B4R
A5k, MAE 4. SUE Li B TH . S FhiE
RTF Mok T & 'Li B TIEIME T HEER TR
R e T8 b S, 15 H 4R B P URRBE
BHTHE, W@ 7w,

M 7 R LAEH, S#E T g et
TIREERRZ, MHME 1. 2 Mok THERITTRA
BB TAE 4, 548 Li BTREET
2.3.2 AP at Aok, RA4SEERTTH
LR hE, 445 EMEZhEste:, mEH
HPE T R BE B TR g e 2, L
MR TP SR BETREBEZ BN RER
B2y, BR LR AR RDE R B
E2RE, W 8 iR,

e AR ERL TS5 AR VE R AL O B, R
PR BRI G R T M. IR a "
R, BIRMARETE—RESE, MMt
FRUTRRR BE AR T BIMEET, UORMAIIRAETE; X6k
BT B, A I4HRSET . Bt 48keV - pm

/eV
Y

Energy loss

'I‘argelrzj:pal / pn: '
B 6 1470 keV o R FIERALAAE 5 FHER

Fig. 6 Electron energy-loss in the cells attacked
by 1470 keV « particle
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>

(8] + =} o0
T T T T

Location of '°B

A7 WRETEARR AR RS TR

Fig.7 The deposited energy in cell nucleus of '°B
at different locations

100 —a8 a a
< 80 /
E /
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o Curve a
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1 "l ) I |

Hit size to cell nucleus / keV » um ™

8 HHLAFIE LR
Fig. 8 Cell killing by high-LET particles

B A2KEIHE, HA bR RN, YA
HIFIBIET 1.6 keV - um B, ITAREARRHE
B, TR R 0; HFEETF 9.6 keV - pm™
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B, AAAISET:, JETHERN 100%; HF|EA
TEEE AR, MHFEr-BEARRE % A TR
BE B A3 T2 MRS

ASCRT i A B RP, MR
381.51 pm’, S FiF AL T 4RI AL P9 A AL | B 4y
N 2 B,

®2 AEZARRER

Table 2 The deposited energy in cell nucleus

{ii % Position 1 2 3 4 5

BEE TP EIE 1093 1484 1776 835 304
Weighted deposited energy/ keV

LR ivAr 2 iy 2.87 3.89 4.65 2.19 0.80

Energy per ym’ / keV « um™>

K P40 ML AE T B 28 S B ST B BR BOR 18T B T
HHBOEFBRE 4.8keV -pum *, R 2 ATHI, 5 FF
T BT BB B AT R B R ERAS E (5 P 3 440 JHa S
To; AREMEMKESE, W1, 2. 3, 4. 5 £#F
BT B DFENRIRE A, 1.67, 1.23,
1.03. 2.19 #1 6 IK,

KRB IR R B0k . S8R T
FHMRBS, MRBok FEHSAMMY, BK
N P R AR I ST T RORE R 16%, TRE 'Li 55
TFREREFSAGNS, B biiHgEREN, %
MM EA TN, FEr RN 0 MR8
Magst, RZokiFEESA, BN EME
AMIFET-HIRER N 29%, WRE LI BFEANA,
F AR FE T RIER A 7%, RO T4
Jfa A o i), BRI (o P 4 R ST 1 L3R 38%.
B T 4 b P i B R SR 3R B AR
1. 2. 4 =FEALRY 2.38 5%, 1.31 {51 5.43 £,

bS], SRR BNCT WHJEA LA
R, BARSET R RE, WA
5 40 0 R Xt A P T s I AR R K, 4
JHOF 22 BLAGAE R A S8, S [R] SRR [26) H i
B R s EA -, ASALURHIEAEMER
MR AT X — M, MTTEH R A6 4 K oF
4 3T BNCT B3 AR IEE BRI,

3 B

W FFRIGTT R MR MBI T FE
0 T HE R T 5 B A ARV E S B AER AL
%%, HRTEARBE/EAI AT 40 MK P B TR
TR o AR ST T R A M A A i B AR
£, FRHRHENER, WHEEbR 54
HURIVE IR AT S80S R PR, TR S5 1T
AR R RE R AR R R b, fRBh A
MR, S TR EEARKTE LAY

Xt iR A A R RE N, AT BNCT HAR M
FIRB T R A RIS IKHE, [Fet, Ao TR
BYMPtRFEZEE —EMSEME, SR, A
7 WA R RS R RS T B A B S RL,
mMmmpER Er, IR FERENBENIM, 8]
R F R A S, SR ERFEE—ENER.
R RO RERF & R EN, XEAIREKE
BERAMRHIETENS ., LThHt, B THRES
AR NUE, RFEAGIMRE— Y E 2
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M, ASURHR R A QIR S B R E T
i, FEBEAMSR T SARAERILE, 2FMN
NG LI A BT A R A2 B A RS AT
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Monte Carlo simulation and analysis of energetic particles’ implantation damage

to the tumor cells in BNCT

JIANG Haiyan"? WU Yican' ARTS Team'
I(Institute of Plasma Physics, the Chuinese Academy of Sciences, Hefei 230031)
2(School of Science in Hefer University of Technology, Hefei 230009)

Abstract
Capture Therapy ) has been simulated by SRIM code based on Monte-Carlo simulation. The distribution and track of

In this paper, the interaction between energetic particles and tumor cell in BNCT ( Boron Neutron
particles as well as the damage ot the target have been presented when o-particle implantation to tumor cell
perpendicularly from the cell membrane. The deposited energy of the energetic particles produced from the 1B(n,
@)’Li neutron capture reaction in different situations of the cell model is also calculated and the computed results are
analyzed using cell survival curves. The conclusion may be important to understand the biological effect of single
particle and the distribution of microdosimetry at cellular and subcellular level. In addition, it would provide
elementary theory for microdosimetry of BNCT.

Key words Boron Neutron Capture Therapy ( BNCT ) , Monte Carlo simulation, Energy deposition, Cell survival
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