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Tom tiit:

Todine-125 14 dwoc chit quan trong dugec sir dung trong b Kit chan doan mién dich phéng xa, chup xa hinh tuyén
giap, diéu tri ung thw tuyén tién liét va ciy hat phéng xa diéu tri mét s6 u ac tinh va u nio. Iodine-125 dwoec sin suit
tir viéc chiéu xa bia khi Xenon béi dong notron nhiét tir 160 phin tng hat nhan. Hi¢n nay, Iodine-125 chwa dworc sin
xuit tai Viét Nam, viéc tinh toan thoi gian chiéu xa t6i wu 1a buéc quan trong dau tién dé trién khai sian xuét thanh
cong loai dwoc chit phéng xa nay. Trong nghién ciru nay, cic tic gia da tién hanh lap trinh tinh toin x4c dinh thoi
gian chiéu xa t6i wu trong sin xuit Iodine-125 tir bia Xenon tw nhién va bia Xenon giau dwoc chiéu xa boi dong

notron nhiét cia Lo phan trng hat nhan Pa Lat.

Tir khéa: bia khi Xenon, notron nhiét, san xuat Iodine-125, thoi gian chiéu xa.

Chi s6 phén loai: 3.2

lodine-125 1a déng vi phong xa gamma nang lugng thép
véi thoi gian ban ra 59,4 ngay, rat thuan loi cho ca chan
doan ciing nhu diéu tri. Iodine-125 duoc sir dung trong b
kit chan doan mién dich phong xa, chup xa hinh tuyén giap,
trong diéu tri ung thu tuyén tién liét bang k¥ thuat cay hat
phong xa va trong xa tri cdy ghép d6i voi mot s u ac tinh va
u ndo [1, 2]. Chiéu xa bia khi Xenon béi dong notron nhiét
tao thanh Xenon-125 tir phan ing hat nhan '*Xe(n,y)'*Xe,
T, ,=16,9 gio, Xenon-125 phan ra EC (bat electron) tao
thanh Todine-125 [3]. C6 2 lya chon vat li¢u bia 1a Xenon tu
nhién c¢6 ham lugng 0,096% Xenon-124 hodc Xenon giau
¢6 ham lugng >99% Xenon-124 [3]. Lua chon thi nhét can
ché tao duoc bia chira khdi lwgng 16n khi Xenon tu nhién.
Lua chon thtr hai can c6 thiét bi chiéu lap tuan hoan va
hé thong thu hoi khi Xenon giau vi gia thanh khi nay kha
dét. i voi cach thirc chiéu xa: ¢6 2 lua chon 1a chiéu xa
theo mé (Batch process) va chiéu xa vong tuan hoan (Loop
process).
Trén thé gidi di co cac nghién ciru ciia Martinho va cong
su (1984), Joshi va cong sy (2012), Hai Quan Ho va cong
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su (2018) vé 1ap ké hoach chiéu xa va tinh toan toi uu cho
san xuét Iodine-125 trong 10 phan mg hat nhan [4-6]. Cac
nghién ciru nay sir dung ciing mét so do tao thanh, phan ra
(hinh 1) va cac hang sé hat nhan (bang 1) 1am co s dé lap
trinh tinh toan sy tich lily rong ctia cac nhan phong xa lodine
va Xenon trong thoi gian chiéu xa va phéan ra. Ma ngudn ciia
chuong trinh dugc bao ho ban quyén, khong cong bd mé va
vi vay khong thé tu do tiép can, sir dung.
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Hinh 1. So dd tao thanh va phan ra clia cac hat nhan khi chiéu
xa Xenon ty nhién [5].
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Abstract:

Iodine-125 is an important radiopharmaceutical used in
radiation immunity diagnostic Kits, thyroid radiography,
prostate cancer treatment, and brachytherapy to treat
some malignant, brain tumors. lodine-125 is produced
from Xenon gas irradiated by thermal neutron in a
nuclear reactor. At present, Iodine-125 has not yet
been produced in Vietnam. Optimising the irradiation
time is the first important step to carry out a successful
production. In this work, we have programmed and
calculated the optimal irradiation time for production
of Iodine-125 from the natural Xenon and the enriched
Xenon target irradiated by the thermal neutron of Dalat
Nuclear Reactor.

Keywords: lodine-125 production, irradiation time,
thermal neutron, xenon target.
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Bang 1. Ky hiéu cac dong vi, do giau, thdi gian bén ra, hing s6'
phan ra A, tiét dién phan (ing va tich phan cong hudng [5].

Hit  séky DOEAU  qo, Hingss o Tiétdign  Tichphin

ohin  hicu dong vi, bén ra phan rd, A phinimg,  cong hudng,
: % (s o, (bar) I (bar)

2iXe 1 Thay doi oo 0 128 3600

BXe 2 - 17 gio 1,13x10° 5600 0

1] 3 60,2 ngay  1,333x107 894 13730

12 4 - 13,0ngdy  6,17x107 5960 40600

1%Xe 59 0,09 o 0 4 38

7Xe 6 36,41 ngay  2,203x107 0 0

27 7 © 0 6,2 147

18] 8 2499 phit  4,623x10* 0 0

O Viét Nam, Iodine-125 hién chua dugc san xuét va phai
nhap khau tir nuéc ngoai cho tit ca cac nghién ciru va ing
dung. Tinh toan thoi gian chiéu xa tdi wu 1a bude dau tién
quan trong dé trién khai san xudt thanh cong, tranh dugc
nhitng rii ro birc xa va tén kém. Nghién ctru nay dua ra
hé phuong trinh mo ta sy tich liy rong cta cac hat nhan
va lap trinh tinh toan t&i wu cho san xuét Todine-125 tir bia
khi Xenon chiéu xa tai kénh chiéu uét cua Lo phan Gng hat
nhan Pa Lat, c6 thong lugng notron trung binh la 9x10'2
n/cm?¥s va thong luong tai bay 1a 2x 10 n/cm?¥s [7]. Cac két
qua tinh toan thu dugc 1a co s¢ dir liéu hitu ich cho viéc trién
khai san xuit Todine-125 tai Viét Nam.

Phueng phap tinh toan

Tir so d6 hinh 1, sy tich lily va phan r ctia cic hat nhan
trong thoi gian chiéu xa notron véi thong lwong @ (n/cm?/s)
dugce mo ta bang hé phuong trinh vi phan sau:
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trong d6: N, 1a s hat nhan thtt i (1=1-9); o, 1a tiét dién phan
Urng ddi voi hat nhéan i; A, 1a hang s0 phén ra cua hat nhan i.

Sw tich liy cia cdc df;ng vi trong thoi gian phdn rd
N, = N(EOD*EXP(-A.T)

trong do: N(EOI) 1a gia tri cua N, tai thoi diém dumng chiéu
xa (End of Iradiation).

bac biét voi i=3:

N, = [NL(EODx(1-EXP(-A,T)] + N,(EOI)[xEXP(-A,T)
va khi i=7:

N, = N (EOI) + N (EODx[1-EXP(-A,T)]

So' do gidi cdc phwong trinh vi phén

H¢ phuong trinh vi phan dugc gidi dya trén phuong phép
tich phan s6 Runge-Kutta bac 4, chuong trinh tinh toan su
dung ngdn ngir 1ap trinh Visual Basic.

Diéu kién dau: tai thoi diém t=0; N (t=0)
Wxabundx6,023x10%/(124)

N,(t=0) = N,(0) = Wx0,09x102x6,023x10/(126)
N(t=0)=0 (i=2,3,4,6,7,8)

trong do: W la khéi lwong khi Xenon duoc chiéu xa, g;
abund la d6 giau ctua dong vi trong khi Xenon, %.

B&t dau

[ Nhap gia tri cac bién J
[ Tinh diéu kién ban dau }

Vong lap =1

Giai hé phwong trinh vi phan
Phwong phap Runge-Kutta 4

Vong l&p = Sb vong nhap

______ 1------

Tinh cac déng vi lodine
tich Ity trong budng phan ra

[Tinh lai cac diéu kién ban déu]

Biéu dién tich lily dong
cuia cac déng vi iodine

Hinh 2. Luu dé chuong trinh tinh toan thdi gian chiéu xa t5i uu
trong san xuat dong vi 1-125.

Két qua va thao luan
Kiém chirng két qud tinh todn

Két qua tinh toan ddi voi 15 g Xenon tu nhién va 0,4 g
Xenon-124>99% chiéu xa bdi dong notron nhiét c6 thong
lwong 5x10" n/cm?/s duoc 1ap trinh, giai theo luu d6 thuat
toan hinh 2 va trinh bay trong bang 2 va bang 3. Cac két
qua nghién ctru duoc so sanh véi cac s6 liéu cong bd cua
IAEA [3].
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Bang 2. So sanh két qua tinh toan véi sd lieu cha IAEA [3] d6i
v6i bia Xenon ty nhién.

Két qua Két qua
IAEA TIAEA
tinh to4n tinh to4n
Thoi gian chiéu, gio 200 200 300 300
Thoi gian phan ra, ngay 40 40 45 45
San luong Iodine-125, GBg 29,074 29,15 39,81 40,32
Ham luong Iodine -126
R 0,996 0,77 1,20 0,89
sau phan ra, %
Hoat d0 riéng, GBg/mg 608,70 >600 601,45 >600

Bang 3. So sanh két qua tinh toan véi so liéu clia IAEA [3] doi
vGi bia Xenon giau.

Két qua Két qua
) , TAEA } . TAEA

tinh to4n tinh toin
Thoi gian chiéu, gio 10 10 24 24
Thoi gian phan 13, ngay 20 20 20 20
San luong Todine-125, GBg 53,98 50,71 128,74 121,2
Ham luong Iodine-126

L 0,021 0,02 0,106 0,11

sau phan ra, %
Hoat d0 riéng, GBg/mg 642,25 >600 642,12 >600

Céc sb liéu trinh bay & bang 2 va 3 chi ra sy twong dong
tot gitta sb liéu cua nghién ciru nay va cia IAEA. Piéu dé
chimg t6 phuong phép tich phan sb Runge-Kutta bac 4 duoc
su dung trong nghién ctru nay la da chinh xac va dang tin
cdy. Su sai khac khong dang ké giita 2 bo so lidu trén c6 thé
1a do sy khac nhau vé phuong phap tinh va vé dit liéu hat
nhan nhu tiét dién phan tng (o); hing sé phan ra (A); chi sb
notron trén nhiét va tich phan cong huong. Trong nghién
ctru nay sir dung s liéu ciia cc hing sé duoc cong b trong
cac nghién ctru trudce [4-6].

Xdc dinh thoi gian chiéu xa 10i wu trong sdn xudt
lodine-125

Iodine-125 sinh ra tir phan rad cua Xenon-125. Sau khi
tao thanh Iodine-125 phan ri thanh Telurium-125 bén va bt
notron véitiétdién phantung 894 bar [4] tao thanh lodine-126.
Todine-126 tiép tuc sinh ra Iodine-127 bén va Iodine-128
phong xa. Sy c6 mat cua lodine-126 va lodine-128 duogc
xem 1a 1am nhidm béan san phdm Iodine-125 vi chung gay
ra cac birc xa c6 hai khi st dung trong y té [3]. Dé giam
thiéu sy nhiém ban ctia lodine-126 va Todine-128 thi thoi
gian chiéu xa va thoi gian phan rd can duoc tinh t6i vu. Vi
thoi gian ban ra cua Todine-128 chi 1a 25 phut, ngin hon rat
nhiéu so v&i 13 ngay cua Iodine-126 [3], nén sy nhidm ban
cta lodine-128 12 rat nho. Thoi gian chiéu xa duoc xem 1a
tdi wu khi dat hoat do cao nhét cua Iodine-125 va ty 1€ tap
nhan 261/'%] <1%. San xuat lodine-125 dugc xem 1a tdi uu
khi dat c6ng xuét 16n nhét trong 1 ndm va san phidm c6 cht
luong thoa man diéu kién ty 1¢ 1261/ <1% [6)].
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Truong hop 1- bia Xenon ty nhién chiéu xa tai kénh
chiéu wot, D=9x10" n/cm?/s:

Nap 50 g Xenon tu nhién vao bia, chiéu bia trong kénh
chiéu w6t cia Lo phan tng hat nhian Da Lat c¢6 thong luong
notron 12 9x10'2n/cm?/s. Thoi gian chiéu xa 1a 15 ngay. Sau
do, bia duoc chuyén vao hotcell cho phan ra. Can xac dinh
thoi gian phan ri cyc tiéu dé hoat d6 Iodine-125 dat cuc dai
va ty 1€ 2 1/1%1<1%.

Céc két qua tinh toan theo lwu do thuat toan hinh 2 cho
truong hop n=1 duoc trinh bay & bang 4, chi ra rang: voi
thoi gian chiéu xa nhu nhau, thoi gian phan rd cang ting
thi hoat d6 lodine-125 cang giam, ham lugng tap chat cang
giam. Thoi gian phan ri it nhat 1a 14 ngay de ham luong
tap chét giam <1%. Vi vdy, thoi gian san xuét toi vu 1a 29
ngay/mé.

Gid su Lo phan Gng hat nhan Da Lat van hanh 120 ngay
trong 1 nam cho san xuat thi s6 mé tdi da 1 4 va cong suat
t6i da 1a 160 GBq Iodine-125/ndm. Tinh toan tuong ty cho
thoi gian chiéu xa khac nhau. Két qua ctia nhiing tinh toan
nay dugc trinh bay trong hinh 3 va hinh 4.

Bang 4. Thoi gian san xuat toi uu cia mot mé chiéu xa 15 ngay.

T Thoi gian Hoat d¢ Ty 1¢ Thoi gian Thoi gian
chiéu xa, ngay lodine-125, GBq  *I/**L, %  phénrd, ngay gin xuét, ngay
1 15 44,88 1,547 3 18
2 15 43,51 1,36 6 21
3 15 42,06 1,199 9 24
4 15 40,64 1,058 12 27
5 15 40,17 1,014 13 28
6 15 39,71 0,973 14 29
7 15 39,26 0,933 15 30
8 15 38,81 0,895 16 31
Chiéu xa Xenon ty nhién
16 1.2
14+
= F1
& 127 g\‘i
L T 16 F126/125 108 &
& 3
£ 87 F06 &
g D
2 61 =
;;” Thei gian phan r& o4 ¥
= 47 =
-
r02
Pui
0- -0
12 3 4 5 6 7 8 9 10 1 12 13 14 15
Thoi gian chiéu xa, ngay

Hinh 3. Su phu thugc clia ty 1 261/ 51<1% vao thoi gian chiéu
xa va thoi gian phan ra (do thi dang dudng). Su phu thudc cia
thoi gian phan ra dé 21/ 1<1% vao thoi gian chiéu xa (do thi
dang cot); 50 g Xenon tu nhién, ®=9x10'> n/cm?/s.
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S6 liéu trén hinh 3 chi ra rang, véi thoi gian chiéu xa tir
1 dén 9 ngay thi thoi gian phén i cuc tiéu 1a 3 ngay dé giir
ty 18 1261/'51<1%. Khi thoi gian chiéu xa tang tir 10 dén 15
ngay thi thoi gian phan ra tang nhanh tu 4 dén 14 ngay, thoi
gian san xudt 1 mé tuong ung tang tir 14 dén 29 ngay. Vi
vdy, s mé san xudt trong | ndm giam tir 8 mé xudng con 4
mé. Két qua 1a san luong ca nam ciing giam nhanh.

Chiéu xa Xenon tu nhién

Hoat d¢ I-125/nam, Ci

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15

Thoi gian chiéu Xa, ngay

Hinh 4. Su phu thudc cia san lugng lodine-125/nam vao thoi
gian chiéu xa (50 g Xenon tu nhién, 9x10'> n/cm?/s, thdi gian
san xuat 120 ngay).

Hinh 4 biéu dién san luong Iodine-125 cuc dai co thé san
xudt trong 1 nam. Nhu vay, thoi gian chiéu xa ti uu cho san
xuét lodine-125 dung bia khi Xenon ty nhién chiéu xa tai
kénh w6t 10 Da Lat 14 9 ngay; thoi gian phan ri sau chiéu xa
1a 3 ngay. Néu khdi lugng Xenon ty nhién/mé chiéu xa 1 50
g thi san luong cuc dai 1a 278,5 GBg/nam.

Trieong hop 2 - bia Xenon giau chiéu xa tai hoc bdy
notron, ®=2x10" n/cm?/s:

Bay notron cua Lo phan tng hat nhan Pa Lat c6 thong
luong 16n nhét 14 khoang 2x10" n/cm¥s, c6 thé dugc sir
dung 1am héc chiéu mau. Chiéu xa Xenon giau thudong dugc
thuc hién & hoc chiéu co thong luong notron 16n nhét dé co
dugc san luong Todine-125 cao nhét va thoi gian chiéu ngan
nhat nham giam thiéu su chay ciia Xenon-125 va Iodine-125
tao ra cac tap chét Todine-126 va Iodine-128. Xac dinh thoi
gian chiéu xa toi vu ddi v6i bia Xenon giau duoc tién hanh
tuong ty nhu dbi voi bia Xenon ty nhién.

Gia su nap 0,5 g Xenon do giau dong vi >99% vao bia va
chiéu xa bia trong héc chiéu mau c6 2x10'3 n/cm?/s. Thoi gian
chiéu xa thay doi tir 1 dén 10 ngay. Thoi gian chd phan ra ti
thiéu 1 5 ngay dé dam bao >99% Xenon-125 phén ri thanh
Todine-125. Thoi gian san xuét 1a 120 ngay/ndm. Két qua tinh
toan dugc thé hién trén hinh 5 va hinh 6 cho thdy rang: thoi
gian chiéu xa ting tir 1 dén 5 ngay, thoi gian phan rd 5 ngay,
cho san lugng lodine-125 tang nhanh trong khi chét luong
lu6n thoa méan yéu cau 21/ <1%. Khi thoi gian chiéu xa
tang tir 6 dén 10 ngay thi thoi gian phan ri phai ting nhanh
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dé dam bao chi tiéu chat lugng. Vi vay, thoi gian san xuét 1
mé ting nhanh, s6 mé san xuat/nim giam manh lam cho san
lugng lodine-125 lién tuc giam. Cuc dai vé san lugng/nam
(g voi truong hop chiéu xa 5 ngay, chd phén ri 5 ngay. Thoi
gian san xuat toi wu cho 1 mé 1a 10 ngay. Nhur vay s& thyc hién
dugc 12 mé, thu dugce 4250 GBq lodine-125/nam.

Chiéu xa Xenon giau

25 1.2

N
(=3
I
+

’% Ty lé F126/-125
o
c r 08 X
¢ 45 4 g
c -
« =
2 o5 g
c -
& 10 Thei gian phan ra @
=] >
= T [
5 0,4
<
=
54
T02

1 2 3 4 5 6 7 8 9 10

Thei gian chiéu xa, ngay

Hinh 5. Sy phu thudc cta ty 18 12°1/'°1<1% vao thdi gian chiéu
xa va thoi gian phan ra (do thi dang duong). Su phu thudc ctia
thoi gian phan ra dé '2°1/'%1<1% vao thoi gian chiéu xa (dd thi
dang cot).

Chiéu xa Xenon giau
4500 4

4000

3500 -

3000

2500 -

2000 -

1500 -

Hoat d§ I1-125/nim,Ci

1000 -

500

1 2 3 4 5 6 7 8 9 10

Thoi gian chiéu xa, ngay

Hinh 6. Su phu thugc cla san lugng lodine-125/nam vao thdi
gian chiéu xa (0,5 g Xenon giau >99%, ®=2x10" n/cm?/s, thdi
gian san xuat 120 ngay/nam).

Keét luan

Su twong dong cua két qua tinh toan vé sy tao thanh va
phan i ciia Todine-125 véi cac s6 lidu da cong bd ctia IAEA
[3]1a minh chting cho mutrc dg chinh xac cao va déng tin cay
ctia cac sO lidu trinh bay trong nghién ciru nay. Két qua tinh
toan thoi gian chiéu xa tdi uu cho san xuat Iodine-125 theo
timg mé tai kénh chiéu w6t va hdc chiéu tai biy notron cua
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Lo phan ung hat nhan Pa Lat nhu sau:

- Str dyng bia Xenon tu nhién chiéu xa tai kénh chiéu
wét: thoi gian chiéu xa tdi wu 1a 9 ngay, thoi gian chd phan
ri 1a 3 ngay. Tong thoi gian san xuét téi wu cho 1 mé 1a 12
ngay. San lugng cuc dai tinh cho 120 ngay/nam ddi voi bia
chira 50 g Xenon tu nhién 1a 278,5 GBq lodine-125.

- Su dung bia Xenon giau >99% Xenon-124 chiéu xa
tai hoc by notron: thoi gian chiéu xa toi vu 1a 5 ngay, thoi
gian cho phén rd 13 5 ngdy. Tong thoi gian san xuat téi uu
cho 1 mé la 10 ngay. San lugng cuc dai tinh cho 120 ngay/
nam d6i voi bia chira 0,5 g Xenon giau >99% Xenon-124 1a
4250 GBq lodine-125.

Trong thuc té, san lwong Todine-125 cta 1 mé ciing nhu
clia ca ndm s& it hon s lidu tinh toan 1y thuyét néu trén vi
cac nguyén nhan nhu sy ty che chin cta hé thong ga bia
lam thay d6i thong luong notron & cac hdc chiéu, sy anh
hudng cua chi s6 notron trén nhiét va tich phan cong huong
lam thay d6i tiét dién phan tmg va hiéu suat thu hoi ciia cac
bude xir Iy héa hoc mau da chiéu xa. Tuy nhién, nhitng sd
liéu tinh toan néu trén la du tin cdy va rat can thiét cho viéc
du bao, dinh hudng trién khai trong thuc té dé dat dugc hiéu
qué san xudt tot nhat.

LGOI CAM ON

Nhoém nghién ciru xin bay té sy cam on chan thanh téi
Ban Chut nhiém Chuong trinh KC05/16-20 va sy cam on
dic biét téi Chu nhiém DE tai KC05.11/16-20 d tro gitp rat
hiéu qua dé chung toi hoan thanh nghién ciru nay.
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