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NGHIEN CU’'U CAC THONG SO VAT LY LIEN QUAN KHA NANG
TAO DONG VI PHONG XA '*F VA DU DOAN HOAT D0

PHONG XA DONG VI NAY SAU MOI ME BAN
TREN MAY HIC-KOTRON13

THE STUDY OF PHYSICAL PARAMETERS RELATED TO THE PRODUCTION CAPABILITY OF RADIOISOTOPE 'F
AND ESTIMATION OF THE RADIATION ACTIVITY EACH TIME SHOOTING FROM CYCLOTRON HIC-KOTRON13

Nguyén Tién Ding"",

Nguyén Tudn Anh', Pham Minh Buic’

TOM TAT

Qua trinh s&n sudt dong vi phong xa "°F, stt dung trong chan doan bénh ung thu sém trén thiét bi chup hinh PET/CT, dua trén
phan (ing hat nhan hop phan ™0(p,n)"F. Ddng vi phong xa "°F dugc sinh ra chi yéu tir cdc mdy gia toc vong cydotron néng lugng
thap tir khodng 8 dén 20MeV. Cac hat ion &m H sinh ra i ngudn ion dugc gia toc dudi tac dung cta dién truong RF tai cac khe gia
toc cia mdy cyclotron. Nang lugng hat ion H ting dan qua céc vong gia toc dén nang lugng nhat dinh tly thudc vao moi loai may
gia t6c. Sau d6 cac hat ion am H nay di qua mot Id carbon mong va bi mét 2 dién tdt 16p vo dé tao ra ion duong H*. Dudi tac dung
clia tirtrudng cac ion nay dugc diéu khién chuyén dong tdi bia nudc nang H,0'™ @€ gy ra phan (ing hat nhan tao dong vi phng xa
8F. Bai bdo nay trinh bay co's6 Iy thuyét cac thong s6 vt Iy lién quan dén nang luc san sudt dong vi ®F nhu tiét dién phan (ng hat
nhan phu thudc ndng lugng chum hat tich dién, su suy giam bic xa khi hat tich dién tuong tac véi vt liéu trudc khi tdi bia, cac diéu
kién khac vé hé lam mat, hé bia mau,... Bai béo ciing trinh bay cac s6 liéu thuc nghiém danh gid ning luc san sudt dong vi *F trén
mdy HIC-KOTRON13 trén co 56 gid tri do dugc ctia sudt bao hoa Y., khoang 94mCi/A tai dong trén bia 43 pA. Véi gia tri nay, ngudi
van hanh c6 thé du dodn thai gian san suat dong vi F theo yéu cau cia cac bénh vién.

Tirkhéa: Bing vi phong xa "°F, HIC-KOTRON13, Y,,,, PET/CT.

ABSTRACT

The production of radioisotope "F, which is used in early cancer diagnostic by Positron Emission Tomography and
Computed Tomography (PET/CT), based on compound nuclear reaction "0(p, n)"F. This radioisotope is produced mainly from
cyclotron with low energy of proton beam from 8 to 20MeV. The negative ions H', which are produced from ion source, are
accelerated by electric field at accelerated gap. The energy of H- increase with each turn and reach fixed energy depend on
type of cyclotron. After that, negative ion H™ goes through carbon foil and lose 2 electrons in order to create positive H*.
Magnetic field control the movement direction of ion H* to water target H,0, in which nuclear reaction create radioisotope
"8F. This report present in theory of some physical parameters, which are related to production capability of radioisotope "F
such as the cross section of nuclear reaction depend on energy of beam, the attenuation of beam when ion go through the
material before contact with water target, the effect of cooling system, the target system,.. The report also present
experimental results in order to estimate the production capability of ™F of HIC-KOTRON13 based on the value of Y,,, about
94mCi/pA at beam current on target 43pA. With this value, the operators of HIC-KOTRON13 can estimate the time to produce
radioisotope ™F with the order from hospitals.

Keywords: [sotope radiation ™F, HIC-KOTRON13, Y.,,, PET/CT.
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1. MO PAU

May HIC-KOTRON13
gia t6c hat proton tGi
nang lugng 13MeV, dugc
thiét ké d€ san sudt cac
déng vi phéng xa dung
cho thiét bi ghi hinh
PET/CT nhu '8F, "'C, N,
0. Hién tai méi c6 hé
thi€t bi san sudt dugc
chdt phéng xa 'FDG
hoat déng bao gém hé
bia mau, hé téng hop
dugc chdt phong xa
BEDG, hé chia liéu, hé
kiém tra chat luong QC.
Viec tao ra doéng vi
phong xa "*F duogc dua
trén co s& phan Ung hat
nhan hop phan
0(p,n)'®F. D& ti€p néi
cac nghién cdu thuc
nghiém vé may HIC-
KOTRON13 da dang tai
trong thoi gian vira qua
[6, 7], bai bdo nay trinh
bay co sa ly thuyét va
thuc nghiém phuong
phap danh giad nang luc
san suat déng vi '°F.
Néang luc san xuat dong
vi phéng xa '®F trén may
cyclotron tuong Ung vdéi
mot gid tri cudng do
dong trén bia phu thudc
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vao moét s6 cac théng sé vat ly clla mdy nhu nang lugng
chum hat, @6 day 1 carbon, dé day cta s6 bia, cau tric hé
bia mau va hé théng lam mat,... D€ danh gia kha nang san
suat dong vi phong xa '8F cla mot may gia téc¢ vao ting
thong s6 vat ly néu trén 1a rat tén kém, ngudi ta da dua ra
56 liéu thuc nghiém chung 6 lién quan dén cac théng sé
trén 1a Y. Phan dudi day sé trinh bay cu thé vé ndi dung
clia phuong phap nay trén may HIC-KOTRON13.

2. CAC THONG SO VAT LY ANH HUGNG PEN NANG LUC
SAN XUAT "F
2.1. Tiét dién phan tng hat nhan phu thudc nang lugng
chum hat téi bia

Tiét dién phan ting hat nhan hagp phan 0 (p, n)'®F dugc
mo ta trén hinh 1 [1], la xac suat xay ra phan (ing hat nhan
khi chum hat tuong tadc véi bia. Trong truong hgp nay,
chum hat la dong cac hat proton dugc gia toc va bia la cac
nguyén tir '®0 dugc lién két hoa hoc trong phan ti nudc
nang H,0'".

Tiét dién phén \ng hat nhan hop phan
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=
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Nang lwrong hat proton (MeV)

Hinh 1. D6 thi thuc nghiém tiét dién phan (ng ™0 (p, n)"*F phu thudc nang
lugng hat proton

Tai Viét Nam, cdc may PET cyclotron c6 ndng lugng
chum hat trong khoang tir 8 dén 20MeV. May gia t6c PET,
SPECT cyclotron IBA30 c¢6 thé gia t6c hat proton tdi nang
lugng 30MeV nhung chi s& dung nang lugng khoang
18,8MeV dé€ san xudt déng vi '®F. Cac may PET cyclotron
khac & Viét Nam chuyén st dung dé san xuat cac dong vi
cho PET/CT cé ndng lugng nho hon 20MeV. Riéng qud trinh
san suat dong vi '°F, cac may PET cyclotron chi sir dung
nang lugng ttr 9 dén 13MeV [2]. TU d6 thi hinh 1 cho thay
ti€t dién phan Ung hat nhan tao '®F t6t nhat nén st dung
nhé hon 9MeV. Méy gia t6c hang GE, Siemens,... dang su
dung vlung nang lugng nay. May HIC-KOTRON13 st dung
nang lugng proton 13MeV.
2.2. Hiéu (ing suy giam btic xa trong vat chat anh huéng
t6i kha nang san suit dong vi phéng xa '°F

Trudc khi hat proton tur may gia t6c t6i bia, chum hat
phai di qua hai I16p vat chat Ia 14 carbon mdng va ctia s6 bia
mau. Tai la carbon, hai dién t I6p vo cha ion am H' bi git lai
dé tao thanh ion duong H*. Duéi tac dung cla tir trudng
nam cham, cac ion duong nay dugc hudng chuyén déng vé
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phia bia mau. Khi hat proton tuong tac véi hai I16p vat chat
trén, hai hiéu Uing vat ly chd yéu xay ra la tan xa dan hoi va
phi dan héi [3]. Hat proton c6 thé bi léch huéng hodc bi

Hinh 2. Hinh &nh 13 carbon va c{fa 6 bia mau

VGi cadc may gia toc PET, SPECT cyclotron, hat tich dién
dugc gia toc la ion am H. Cau trdc hat nay gém mét 16i hat
nhan hydro mang dién duong va hai dién t I6p vo mang
dién am. Khi hat H tuong tac vdi 14 carbon, ngoai hiéu ung
suy giam buc xa khi hat tich dién tuong tac véi vat chat con
c6 mot s6 hiéu ting vat ly khac xay ra. V& mat dién tich, ¢
thé ca ion &m H™ bay qua 14 carbon, c6 thé 14 carbon giit lai 1
hodac 2 dién tu I6p vd. VE mat nhiét, 1a carbon bi néng lén
do bi hat H" ban vao,... Cac két luan co ban vé cac hiéu tng
trén da dugc dua ra nhu sau [4]: Khi |13 carbon kich thudc
day, 13 sé bj ndng, dé bi v&, thai gian st dung la ngan. Khi la
carbon méng, c6 thé ca ion H bay qua dugc 14 carbon. Cac
tinh toan mé phong tai cong trinh nay da dua ra két qua la
vGi mat do theo bé mat cla la carbon khodng 12ug/cm? ca
hai dién tr 16p vo clia ion dm H™ sé dugc gilr lai. Trén thuc té
may gia téc HIC-KOTRON13 dang s dung I carbon vo
dinh hinh véi mat dé theo bé mat 50ug/cm?, loai mat dé
thap nhat trén thi truong hién nay.

Bia clia may KOTRON13 dugc ché tao bang vat liéu
titanium c6 dang hinh tru chda dugc 2,5ml nudc H,0™
(hinh 2). Clra s6 cling bang vat liéu titanium véi do day
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75um. Phia trudc cta s6 la gia d6 béo vé bdng nhém vaéi 97
16 thiing hinh luc gidc dudng kinh Tmm [5]. Nhu vdy chim
hat proton sau khi ra khoi I carbondi dén bia nuéc mot
phan di qua cra s6 bia qua 16 thiing clia gia d& nhém trudc
bia va mot phan bédn thdng vao gid d& nhom. Tai day mot
phan chum hat proton bi suy giam vé s6 lugng va nang
lugng do hiéu Ung tan xa. VGi su thay déi nay vé nang
luong hat proton téi bia, ti€t dién phan tng hat nhan tao
'8F & thay d6i nén khé tinh toan hiéu suat tao déng vi 'éF.
2.3. Hé trao ddi nhiét lam mat bia.

Hé trao ddi nhiét lam mat bia cia may HIC-KOTRON13
dugc thuc hién bidng nuéc lanh tuan hoan ti hé lam mat
Chiller. Khi thuc hién qua trinh ban hat proton vao bia
H,0', nhiét d6 va ap suét trong bia Ién rat cao, nudc trong
bia hoan toan bi hoa hoi. Cac tdm gia d& phia truéc va sau
bia dung dé bao vé bia khéng bi v& do ap suat cao. Hé trao
déi nhiét lam mat bia dugc thuc hién qua cac tdm gia d&
véi nudc lam lanh duy tri & nhiét dé 13°C + 1°C.

Nudrc vio

" - / \ Nuwrd'c vao
Nurd'e mat |. I-. | :
oy v / L Nurdve ra

Nuwérc ra

Chum hat proton

Hinh 3. So d6 khi hé trao d6i nhiét lam mat bia

Hiéu suat tao déng vi '®F trong bia cling phu thudc vao
ap suat bia. Ap suat bia phu thudc vao nhiét doé bia tuc 1a
phu thuéc vao nhiét d6 nudc lam mat, luu lugng dong
nudc lam mat, d6 dan nhiét ctia vat liéu than bia,... Hién
tai chua 6 s6 liéu thuc nghiém nao lién quan dén cac van
dé nay.

Tém lgi: Hiéu suat tao déng vi phéng xa '®F trén may
cyclotron phu thuéc vao nhiéu yéu t6 nhu nang lugng
chum hat t6i, d6 day cuda la carbon, loai vat liéu va do day
cUa s6 bia mau, cdu tric cta hé bia mau néi chung va hé
lam mat. Danh gia riéng anh hudng cla ting yéu t6 trén
dén kha nang tao déng vi '®F la khé thuc hién. M6t phuang
phap thuc nghiém danh gia chung nang luc san suat déng
vi '®F da dugc xay dung va trinh bay trong phan dudi day.
3. PHUONG PHAP THUC NGHIEM DANH GIA KHA NANG
TAO PONG VI "°F

3.1. Co sé ly thuyét cia phuong phap

Khi bdn chum hat proton vao bia nuéc nang H,0'8, hai
qua trinh vat ly chinh xay ra d6ng thai la qua trinh tao dong
vi phéng xa "®F dua trén phan tng hat nhan hgp phan:

80"+ 1H' — 9F® +n’

Qua trinh phan ra hat nhan '8F vai chu ky ban ra cta '®F
12 109,74 pht.

Hoat d6 phdéng xa suy gidm theo ham ma nhu cong
thic sau:

—tln2

A=A ™
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Trong do:

+ A_:Hoat dé phéng xa tai thai diém ban dau.

+ A: Hoat d6 phéng xa con lai sau thai gian t.

+T,,5: Chu ky ban ra ctia d6ng vi phéng xa.

Trong thuc té€ qua trinh san xuat déng vi phéong xa, thoi
gian chiéu bia thudng khéng I6n hon qua nhiéu so vai chu
ky ban ra vat ly. Khi thoi gian chiéu I6n hon nhiéu chu ky
ban ra thi hiéu suat tao dong vi phong xa sé dat gia tri bao
hoa va lugng phdng xa tao ra tang lén khéng nhiéu. Dé
danh gia kha nang tao déng vi phdng xa ti cdc may gia toc
PET-Cyclotron, ngugi ta da dua ra thong sé vé gia tri bao
hoa tao déng vi phong xa Y.

In2

Ty 1
12 ))*

(“tirradiation -

ActivityEOB (1-(e

- BeamCurrent(pA)

Sat

Trong d6:

+ Y, Pugc goi la sudt bao hoa tao déng vi phong xa co
thd nguyén la mCi/pA.

+ Activity EOB: Hoat d6 phéng xa dugc tao ra tai bia sau
khi két thuc ban.

+T,,: Chu ky ban ra ctia '®F

+ tyragiation: 1O gian ban bia.

Pé xac dinh dugc gia tri Y,,, cho mbi may PET-Cyclotron,
ngudi ta da st dung phuong phap thuc nghiém. Khi da biét
gid tri cia ActivityEOB, dong trén bia, chu ky béan ra cla
déng vi phéng xa va thdi gian chiéu bia c6 thé tinh dugc
gia tri cta Ysat. Khi da xac dinh dugc Y,,, cho may gia téc
(v6i cac diéu kién bién khéng déi) ta c6 thé tinh ngugc lai
gid tri hoat d6 phéng xa ActivityEOB.

3.2. Tinh toan suat bao héa hoat dé '°F caa cyclotron
KOTRON13

Thuc nghiém dugc ti€n hanh trong diéu kién cac thong

s6 hoat déng clia méy gia t6c HIC-KOTRON13 nhu bang 1.

Béng 1. Cac thong s cai dat cho may

Théng sé Gia tri cai dat
Nhiét d6 nudc lam mat 13°C
Gid tri Duty Cycle cla RF 45%
Dong nudi ngudn ion 1,2A
Luu lugng dong khi Hydro 16i vao 7scem
Dong nam cham tif trudng 145,240A

Vi cac théng sé trén, dong trén bia dat khodng 43pA.

Tinh toan suat bao hoa hoat d6 phéng xa 18F cho may
gia t6c HIC-KOTRON13 véi cac s6 liéu thuc nghiém dugc
duara & bang 2.

Vol. 57 - No. 6 (Dec 2021) e Journal of SCIENCE & TECHNOLOGY | 121



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

Bang 2. Két qua hoat do phdng xa trén bia

Lanthi | Dongtrung | Thoigian | Hoatddphong | Hoatdd
nghiém | binh trén banbia | xadodugc(Ci) | ngoaisuy
bia (phiit) EOB (Ci)
1 43pA 126 2,020 2,222
2 42pA 13 2,040 2,244
3 43pA 126 2,020 2,222
4 43pA 120 1,960 2,156
5 42pA 123 1,945 2,136
Trong do:

- Hoat d6 phong xa do dugc la gia tri hoat do do tai
may do liéu sau mot khoang thai gian 10 phat chuyén mau
tU bia t6i may do.

- Hoat dé phéng xa ngoai suy EOB la hoat d6 phéng xa
tinh toan sau khi dung ban bia.

Tinh toan suat bao hoa Y, cla may gia téc HIC-
KOTROPN13.

Tu coéng thic vé Y, véi cac gia tri thuc nghiém cla

Trong két qua tinh toan gia tri trung binh cla Y, tam thoi
khong dung gid tri nay.

Két qua cudi cung: Y,,, = 94,24 + 0,05 mCi/pA

Vi hiéu suat tao '8FDG clia module téng hgp khoadng tur
70% thi hoat dé phéng xa dugc chat '8FDG du doan sau khi
téng hop dat dugc nhu trong bang 4.
3.3. Du doan hoat d6 phéng xa "®F tao thanh véi cudng
d6 dong proton 43pA theo théi gian bin bia khac nhau

Trén co s& yéu cau cung cap hoat d6 dugc chat phong
xa tU cac co s& st dung PET/CT, trung tdm HIC-KOTRON13
lap ké hoach ban bia véi thai gian phu hgp theo phuong
phép tinh nhu sau: Tinh toan hoat d6 '8F tao thanh (EOB) va
két qua do sau 10 phut chuyén tir bia sang hotcell véi dong
ban 43uA vai thai gian ban la 10, 30, 50, 70, 90, 110 va 150
phut nhu trong bang 5, hinh 4.

Diéu kién tinh: Gia tri Y, = 94,24 mCi/pA va chi tinh gia
tri hoat d6 EOB.

Bang 5. Két qua tinh hoat dd phdng xa theo thai gian ban bia khac nha

\ P . e e Y . N . ~ _2_ 18 N
dong tren blq, thai gian Ch’IeLJNbIa, fhu ky ban ,ra cla "°F va Thoi gian bén Hoat @ EOB (mCi) Hoat @9 sau 10 phit
hoat d6 ngoai suy EOB ta c6 két qua Y, theo bang 3. ] . .
X o (Phut) chuyén (mGi)
Bang 3. Tinh todn gid tri Y,
. . 10
Dong | Thdigianbdn | Chukibanrd | Hoatdd | Sustbaohoa 2307 2166
trungbinh | bia(Phit) | '°F(Phat) | EOB(G) | Y, (mCi/uA) 30 6507 6109
trén bia 50 1020,8 958,3
! 126 109,74 222 94,16 70 1347,0 12646
42uA 113 109,74 2,244 104,72 90 1634,5 1534,5
43pA 126 109,74 2,222 94,16 110 1887,9 17723
43pA 120 109,74 2,156 94,36 150 2308,0 2166,7
42pA 123 109,74 2,136 94,28 T | 25000
g
Bang 4. Hoat d6 phong xa dugc cht "®FDG sau cdc mé thi nghiém =
= 20000 -
Hoat dd phéng | Hoat dd P.X dosau |Hiéusuattong| HoatddP.X £
@ | o000 4
xaEOB cacmé | 10 phut chuyén (G) | hop "F (%) | sauténg hop ) sme
3 . 3 <
ban (Ci) (Ci) _§ 10000 -
(="
2,222 2,020 70 1,414 =
g 500.0
2,244 2,040 70 1,428 P Thoi gian ban bia (Phit)
”S 00 + : . .
21222 21020 70 11414 E o 20 40 60 80 100 120 140 160
2,156 1,960 70 1,372
Hinh 4. D6 thi su phu thudc hoat do phéng xa ™F sau 10 phit chuyén va thoi
2,136 1,945 70 1,362 gian bén bi

VGi két qua cua gia tri Y, (bang 3), két qua thd 2
(Y., = 104,72) léch nhiéu so véi 4 két qua Y, con lai c6 thé
do céc théng s6 dau vao thay ddi trong qua trinh ban bia.
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4, KET LUAN

Bai bao da trinh bay cac théng so vat ly lién quan dén
nang luc san sudt déng vi phéng xa '8F va cac co sé ly
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thuyét, thuc nghiém xac dinh gia tri suat bao hoa Ysat
trong qua trinh tao ddng vi phéng xa '®F. Thi nghiém dugc
ti€n hanh tai cudng dé dong proton trén bia khoang 43uA
va da tinh dugc gia tri suat bao hoa khoang 94,24mCi/uA.
Trong thdi gian ti€p theo, nhdm nghién clu sé tiép tuc tién
hanh thuc nghiém xac dinh suit bdo hoa cta HIC-
KOTRON13 véi cac gia tri dong proton khac nhau trén bia.
Véi gia tri Y, tim dugc, nhém nghién ciu da xay dung
dudng cong lién hé gilta hoat d6 phéng xa sau 10 phat
chuyén tu bia sang Hotcell va thai gian ban bia. Trén ca s&
dudng cong nay, nhom van hanh da 1ap ké hoach ban bia
theo yéu cau cla cac bénh vién.
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