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TOM TAT
1. Muc tiéu:

Bé luu giir chat thai long phong xa I-131 cua cac bénh nhan ung thu giap hién nay
thuong dugc xay dung kién co bang bé tong, dat chim va su dung (luu gitr) luan
chuyén. Cac bé luu nay c6 nhiéu khuyét diém nhu: nguy co ro ri chat thai phong xa,
kho kiém soat, dau tu x4y dung 16n, khong ning cap duoc khi nhu cau bénh nhén ting
va phai dung may bom hut cudng buc khi xtr Iy. Cac co sé Y hoc Hat nhan diéu tri
bénh nhan ung thu giap dung I-131 thudng sir dung cac bé luu chét thai c6dién nay nén
phai diéu tri tap trung bénh nhan theo dot.

Theo khuyén céo ciia IAEA, hé thong bé luu giir chét thai 1ong phong xa hién nay
gém nhiéu bé nho doc lap, tu dong thai theo chu trinh. Muc ti€u ctia dé tai 1a tinh toan
phan tich va danh gia hiéu qua dam bao an toan phong xa, tinh kha thi d6i v4i khuyén
c40 mai ciia IAEA bang cach so sanh voi hé thong bé luu thai co dién ap dung theo
quy chuan thong tu 22/2014/TT-BKHCN ngay 25/08/2014 cua Bo KH&CN nudc ta.

2. Péi twong & phwong phap nghién ciu:
Poi tuong nghién ctru 14 hé théng bé luu thai phong xa 16ng vai cac thong so:
- S luwong bé trong hé thong.
- Thé tich bé.
- Thoi gian tich luy vao bé.
- Thoi gian luu gitr.
- Hoat d¢ riéng xa thai nho hon mtrc quy dinh.

Phuong phap nghién ctru: Pua ra gia thiét liéu chi dinh diéu tri cho cac bénh nhan
K giap 1a 50 mCi/1 bénh nhan, luong I - 131 dugc dio thai qua duong bai tiét ciia bénh
nhan va luu gitt vao hé théng bé luu giit.

3. Noi dung nghién ciru:

3.1. Noi dung 1: Tinh toan hé théng bé luu thai 16ng phong xa gdm nhiéu bé nho theo
phuong thuc diéu trj lién tiép timg bénh nhan.

3.2. N6i dung 2: Tinh toan hé thong bé luwu thai dit ndi gdm nhiu bé nhé theo phuong
thtrc diéu tri theo dot tap trung véi 20 bénh nhan x 02 dot/01 thang.

4. Két qua:

4.1. No1 dung 1:

Dé tai da tinh toan dugc cac thong s6 hé thong bé luu va xay dung thanh bang cac
thong s theo thoi gian tich luy (12 ngay dén 60 ngay). Qua do so sanh cac thong sO
ctia hé thong nhiéu bé nho véi hé thong bé (2 ngan) co dién.

4.2. Noi dung 2:



Dé tai di dua ra dugc bang két qua tinh toan thong sb hé thong bé gdm nhiéu bé
nho luu gitt chat thai 1ong phong xa cho phuong thire diéu tri theo dot: 20 bénh nhén /
02 dot/01 thang theo thé tich bé nho 2.000 lit.

5. Ban luin:

Két qua cua dé tai nghién ctru da khéng dinh réng hé théng bé luu chat thai long
phong xa moi (hé thong bé gébm nhiéu bé nho) ¢ nhidu wu diém vé thlet ké, dé sira
chira nang cép, chi _phi xay dung thap, muc xa thai ding quy dinh nhung van dam bao
an toan phong xa tot hon.

Khuyén cdo: Céc co s& Y hoc Hat nhan nén diéu tri bénh nhan theo theo phuong
thire lién tuc dé chat thai phong xa dé& kiém soat va giam liéu chiéu 1an nhau so véi
phuong thircdiéu tri theo tirng dot tip trung.

Tir khod:bé leu thai phong xa long, chdt thai phéng xa long, tinh todn hé thong bé,
thiét ké bé lwu thdi, ung thw tuyén gidp

CALCULATION OF NEW RADIATION STORAGE SYSTEM IN THYROID
CANCER THERAPY BY I-131.

I. Introduction:

Radiation storage system for patients of thyroid cancer usually is solidly with
concrete, submerged and stored by decay. These chamber have many shortcomings
such as the risk of radioactive waste leakage, difficult control, large construction
investment, and cannot be upgraded when the patient number increasing and must use
forced pumps when handling waste. All of nuclear medicine facilities using 1-131 to
treat patients of thyroid cancer apply this old design to store radiation waste and have
treatment method by period.

I1. Objective and Method:

As recommended by TAEA in [AEA tecdoc series, No.1714, the current storage system
of liquid radioactive waste includes many independent small tanks, discharging
automatically according to the cycle. Research and calculation of the topic focuses on
analyzing and assessing radioactive safety and feasibility of recommendations,
comparing with classical exhaust tank system applied in accordance with the
22/2014/TT-BKHCN on August 25, 2014 from the Vietnamese Ministry of Science
and Technology. Thereby, the study offers two issues to compare:

A. Calculation of the tank system composed with many small tanks by the method

of continuous treatment .

B. Calculation of waste storage system of many small tanks, floating by the method

of period treatment with 20 patients x 02 periods / 1 month.
The objects of the study is the storage system of liquid radioactive waste with
parameters:
- Number of tank required.
- Tank volume (1).
- Collection period (day).




- Decay period (day).
- Release activity (Bq).

Research method: It is assumed that the prescribed dose per patients of thyroid
cancer is 50 mCi/1 patient, the amount of I - 131 is excreted from excretion of patients,
stored in the storage system.

I1I1. Result:

A. The project has calculated the parameters of storage system and show the table
of parameters according to the accumulated time (12 days to 60 days). This
difference of the new storage system from the classic (2 compartments) storage
system .

B. The project shows a table of results with parameters of storagecomposedsystem
(many tanks) with treatment method: 20 patients/02 periods /1 month, according
to the volume of small tanks is 2000liters

IV. Conclusion and discussion:

The calculation of the study confirmed that the new storage system of liquid
radioactive waste (composedwith small tanks system) has many advantages of design,
more radioactive safety, easy to repair and upgrade, low construction costs but still
ensuring radioactive safety and discharge levels as Vietnamese atomic energy law.

Nuclear Medicine facilities should treat patients by continuous method so that
radioactive waste is easier to control and reduce the dose of patient from other

Keyword: Radiation storage system, liquid radioactive waste, calculation of the tank
system, thyroid cancer

1. Pit van dé

O Viét Nam, nim 1976, Bénh vién Bach Mai 1a noi dau tién & nudc ta dung I-
131 dé diéu tri bénh Basedow. Dén nay, & nudc ta da c6 hang van bénh nhan Basedow
va ung thu tuyén giap thé biét hoa di dugc diéu tri thanh cong bang I-131 va I-131 da
tré thanh mot phuong phap diéu tri hitu hiéu, an toan. Ung thu tuyén giap 14 bénh ung
thu phd bién nhat cta cac tuyén noi tiét.

Bénh nhan diéu tri s& duoc udng duoc chat phong xa I-131 dudi dang dung dich
long hodc dudi dang vién con nhong. I-131 vao trong co thé s& duoc hap thu, tip trung
& tuyén giap dé tiéu diét cac té bao K giap bang birc xa ion hoa. Theo IAEA [2], tong
s6 I-131 sau khi bénh nhan udng vao thi khoang 80% s& dugc dio thai trong 24 dén 72
gio dau theo duong nudc tiéu va phan ctia bénh nhan, con lai khoang 20 % thoat ra
theo con duong khac nhu nudc miéng, hodc gitr lai trong co thé. ...

Theo huéng dan “quy trinh ky thuat kham bénh, chita bénh chuyén nganh Y hoc
Hat nhan” cua Bo Y té, nguoi bénh xuét vién khi hoat do phoéng xa trong co thé con
nho hon 30 mCi tinh theo 1i thuyét hodc suét lidu < 50uSv/h do cach tuyén giap 1 mét.
Sau khi duoc udng dugc chat phong xa, bénh nhan s& duoc giit lai bénh vién 3 ngay.
Céc chit thai phong xa dang long qua dudng bai tiét ciia bénh nhan dugc thu gom vé
bé chira qua hé thdng nha vé sinh ctia bénh nhan va dugc xir Iy trudce khi duoc thanh 1y.



Theo thong tu 22/2014/TT-BKHCN ngay 25/8/2014 cua B6 KH&CN quy dinh vé
quan 1y chét thai phong xa va chat phong xa da qua st dung, muc cho phép thai ra méi
truong ddi véi chat thai phong xa long dung trong y té ctia dong vi I - 131 1a: 1 x 10’
Bg/nam. Nguyén tic luu giit chat thai long I — 131 trong quy trinh 14 tinh toan luu gitt
dén khi hoat d6 riéng mdi 1an thai ra theo nim < hoat do riéng cho phép theo thong tu
22.

Gan day, co quan Nang luong Nguyén tir Qudc té IAEA di dua ra khuyén cdo vé
viéc quan 1y chét thai long phong xa trong tai li€u IAEA tecdoc series, No.1714 [2]:

- H¢ thong bé luu giir chat thdi long phong xa sé gom nhiéu bé nhé doc
lap, thai tir dong theo chu trinh. Hién nay, bé luu giit chit thai long phong xa cia cac
bénh nhan K giap thudng duoc xay dung kién cb bang bé tong, dit chim. Cac bé luu
nay c6 nhiéu khuyét diém nhu nguy co ro ri chit thai phong xa, kiém soat kho, viéc
dau tu xay dung 16n, khong nang cap duoc khi nhu ciu bénh nhan ting va phai ding
may bom hut cudng btrc khi xa thai.

- Bénh nhdn K gidp diéu tri bang I — 131 nén dwoc diéu tri riéng 1é timg
bénh nhan va dwoc luu tru tai khu vuec cach ly. Hién nay, hau hét cac co s& Y hoc Hat
nhan diéu tri bénh nhan k giap theo dot tap trung. Phuong thirc diéu tri nay dan dén 46
tap trung phong xa cao, bénh nhan s& nhan liéu phoi nhiém tir cac bénh nhan khéc.

Vi vay chiing toi sir dung tai liéu hudng dan IAEA tecdoc series, No.1714 [2] dé
xay dung dé tai “ Tinh toan hé théng bé luu chat thai long phong xa tu dong gdm nhiéu
bé nho trong diéu tri ung thu tuyén giap bang I - 131 dé phu hop véi quy dinh x4 thai
theo thong tu 22 cia b KH&CN cua Viét Nam.

2. Muc tiéu nghién ciru

- No6i dung 1: Tinh toan hé théng bé luu thai 1ong phong xa gdm nhidu bé nho
theo phuong thirc diéu tri lién tiép ting bénh nhan.

- No6i dung 2: Tinh todn hé théng bé luu thai dat ndi gdm nhiéu bé nhé theo
phuong thirc diéu tri tung dot tap trung vai 20 bénh nhan x 02 dot / 01 thang.

3. Poi twong nghién ciru

Déi tuong nghién ctru 12 hé thong bé luu thai long phong xa gdm nhiéu bé nho
v6i cac thong so:

- S luwong bé trong hé thong.

- Thé tich mbi bé (lit).

- Thoi gian tich luy vao bé (ngay).

- Thot gian luu gitt (ngay).

- Hoat d0 riéng xa thai nho hon muc quy dinh ( Bg/lit).

4. Phwong phap nghién ciru
4.1 Gia thiét

Liéu diéu tri mdi bénh nhan: 50 mCi. Bénh nhan duogc cach ly 3 ngay. Phong vé
sinh ciia bénh nhan khép kin va chat thai dugc luu giir riéng. 80% liéu udng cua bénh
nhan dugc dao thai ra ngoai qua duong bai tiét [2]. Luong chét thai long luu giit: 30
lit/ 01 ngay/ 1 bénh nhan
4.2 Tinh toan

Pé tinh céc thong sb cua hé théng bé, cac cong thuc can dugc st dung nhu sau:



> Hoat d6 tich liiy chét thai phong xa trong bé
i=n—1
A

TA(n) = A X Z e‘mtﬂm véin — oo

i=0
Trong d6:  « TA: Hoat do tich liiy ctia 1 bé khi dirng tich liiy
* A: Hoat do phong xa chét thai bat dau duoc luu vao bé
« n: S6 lan tich liy chat thai vao bé
« At: Thoi gian giira hai 1an chat thai tich liy vao bé
% Tinh thé tich 1 bé trong hé thong bé
- V=BxXxL
Trong d6:  + B: S0 bénh nhan trong thoi gian X
« X: Thoi gian tich liy chat thai day 1 bé
« L: Luong chat thai tir bénh nhan trong 1 ngay
<> Tinh luong chét thai ra hang nim
V,=NxTxL
Trong d6:  « V. Tong lugng chat thai ra hang nim
* N: S6 bénh nhén diéu tri trong mgt nam
« T: S6 ngay bénh nhan luu lai tai bénh vién
« L: Luong chat thai tir bénh nhan trong 1 ngay

X8 Hoat do riéng cta chat thai trong bé khi bé dung tich liy
TA
Cy=—
A%

Trong do: * Cg: Hoat do riéng cua nudc thai
* TA: Hoat d0 cua chat thai luc cao nhat trong 1 bé
* V: Thé tich trong 1 bé

X Mirc hoat d6 riéng cho phép ctia chat thai phong xa 1ong
A
C=—
V.

t
Trong d6: * C:Mic hoat d6 riéng ctia chat thai 1ong phong xa dau ra.
* A: Mtc hoat d0 phong xa cho phép thai ra moi truong / nam.
* V¢ Luong chat thai phong xa l1ong thai hang nim ctia mot co s&
Thoi gian luu gt trong 1 bé
C=C.e™

T
A C, In2 C,

Trong d6: + t: Thoi gian chd (luu gitr) chit thai trong 1 bé
T]/zl Chu kS’ ban ra
C,: Hoat dd riéng chat thai trong 1 bé khi day

* C: Hoat d¢ riéng muc cho phép thanh 1y xa thai
<> Tinh s6 luong bé can trong hé théng



TP=X+t TN=E
X

Trong d6: * TN: S luong bé can thiét dé hé thong hoat dong tuan hoan.
e X: Thoi gian tich lily chat thai day 1 bé
« TP: Tong thoi gian chat thai trong 1 bé
« t: Thoi gian cho phén ri chat thai trong 1 bé
5. Két qua
5.1 Két qua ndi dung 1
Cac cong thire tinh toan dugc ap dung, dd thi hoat do tich luy theo thoi gian duoc
xay dung trén phan mém excel. Két qua chi ra rang sau khoang 60 ngay tich luy, hoat
d6 cua bé luu sé khong ting 1én cho du bé tiép tuc tich luy chét thai 1ong phong xa,
hoat d¢ phong xa ctia bé luu dat t6i trang thai bao hoa.
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Hinh 1. Do thi thé hién hoat do tich [ty trong bé lwu dat trang thai bdao hoa
Bang két qua tinh toan cac thong sd hé thong bé nhu sau:
Badng 1. Cdc thong sé hé thong bé nhiéu bé nhé luu giir chat thdi phong xa long
cho phirong thirc diéu tri lién tiép ting bénh nhan.

Cac phuwong an lua chon theo thoi gian tich luy | 1 o (fgar (Iv (v |VI
(ngay) 12) |21) |(30) |39) |51 [(60)

Hoat d6 (cao nhat) liic dimg tich luy (GBq) 4,70 (5,65 16,09 16,29 (6,40 6,43

Hoat d0 riéng (cao nhét) ctia chat thai trong mot

bé (MBg/lit) 13,05 (8,97 16,77 |5,37 4,18 |3,57

Téng luong chat thai, thai ra hang nam (lit) 10800

Mirc hoat d6 riéng chét thai trong bé duoc phép

thanh 1y (Bg/lit) 926

Thoi gian luu (cho phan rd) 1 bé (ngay) 110,3 105,9102,7100,0 97,1 (95,3

Téng thdi gian cht thai trong bé (ngay) 122,3 126,9 32,7 139,0 148,1 | 55,3

S6 lugng bé tinh theo nhu cau (bé) 12,2 16,0 (4,4 [3,6 [2,9 |26

S6 lugng bé thai can trong hé théng tudn hoan [ 13 | 6 5 4 3 3




(cai, bé)

Thé tich 1 bé trong hé théng (lit) 360 |630 {900 [1170 [1530 [1800

Thoi gian chit thai tich liy vao day 1 bé (ngay) |12 [21 |30 |39 |51 |60

Bé luu thai 02 ngin co dién s& duoc so sanh véi tinh toan thiét ké bé luu ¢ hoat
do dat trang thai bao hoa nhu sau: -
Bdng 2. Bang so sdanh théng sé co ban cia hé thong bé heu giit hai ngdn co dién
va bé lweu giiv 3 bé nhé cho phiong thire diéu tri lién tuc

B¢ thiét ké hai | H¢ thong bé thiét ké mdi &
ngan co dién trang thai bao hoa
S6 lugng bé (ngdn) trong hé thong 2 3
Thé tich 1 bé trong hé thong (lit) 7000 1800
Thot gian Ilch }uy c}lat thai vao 210 60
day bé (ngay)
Thoi gian 111'1;1 gitr (‘:hat thai trong 210 95
bé (ngay)
B¢ day bé tong che chian / Tudong ~ 50cm trén bé Xay tuong cach ly trong
rao cach ly mat khong khi Im

5.2 Két qua ndi dung 2
Hién nay trén thi trudng cd cac bé chaa inox thuong mai, c6 do bén cao, dung
tich 1a 2.000 lit nén dé tai s& tinh toan thiét ké sir dung loai bé nay. Duya theo cac cong
thire tinh toan, bang két qua tinh toan thong s6 hé thong gdm nhiéu bé nho luu gitr chat
thai 1ong phong xa cho phuong thirc diéu tri theo dot tap trung: 20 bénh nhan x 02 dot /
01 thang theo thé tich bé nho luu 2000 lit.
Bang 3. Thong sé hé thong bé luu gitk chdt thai phong xa cho 20 bénh nhdan X 02 dot /

01 thang

Thoi gian tich liy chat thai (ngay) 30

Hoat d6 lic cao nhét trong 1 bé (GBq) 21,8

Thoi gian luu (chd) phan ra trong 1 bé (ngay) 105,4

S6 lugng bé thai can trong hé thong tuan hoan 5

Thé tich 1 bé trong hé thong (lit) 1800

z Xay tuong cach ly 1m tron

Che chan ’ fhang ki :

(Thé tich 1 bé tinh todn theo i thuyét la 18001, dé tai chon loai bé inox 20001 ¢é hé s6
an toan 0,1 ~ 19801 )



6. Ban luian

Chung t6i tin rang khi IAEA dua ra khuyén céo qua IAEA tecdoc series, No.1714
chac chin da tién hanh nghién ciru k§ ca vé tinh toan 1an thyc nghiém rdi. Pong thoi
diéu kién thyc té hién nay khong cho phép chung toi tién hanh nghién ctru thuc nghiém
v6i cac mo hinh va cac phép do thuc té ma chi tinh toan theo 1y thuyét ma théi.

Qua tinh toan voi kha nang diéu tri 10 bénh nhan / 1 thang, hé thong bé nhiéu bé
nho ding luu giit chét thai long phong xa cua bénh nhan k giap diéu tri lién tuc co
nhiéu vu diém hon va van dam bao muc xa thai theo quy dinh:

Bdng 4. Liét ké wu diém hé thong bé nhiéu bé nhé lwu chdt thdi long phong xa
theo phwong thirc diéu tri lién tuc so véi bé hai ngan
Thoi gian luu gitr Giam tu 210 ngay ;(uéng 95 ngay
2. I Giam tr 7000 1 xudng 2000 1
The tich 1€ (ngdn) | ¢ (¢ sir dung binh inox chéng oxi hoa 20001, dé ndi)
Viéc xay dung bé bé tong day (~50 cm bé mit), xay dung
Che chan chim tén kém. Viéc trang bi cac bé inox chdng oxi hoa,
chi phi thap hon.
Nang cap khi nhu cau | Bé xdy chim it c6 kha nang nang cap luu trix
bénh nhan ting 1én | Hé thong n6i dé dang nang cap
X4 thai Bé x@y chim phai dung may bom bom hut cudng birc
H¢ thong bé noi tu xa thai theo ap suat

7. Két luan

Tinh toan 1y thuyét cia nghién ciru da khang dinh rang hé thong bé luu chét thai
long phong xa méi (hé théng gom nhiéu bé nho) c6 nhiéu vu diém veé thiét ké, an toan
phong xa hon, d& sira chita ning cip, chi phi xay dung thip nhung van dam bao an toan
phong xa, muc xa thai ding quy dinh theo thong tu 22.

Két qua tinh toan ly thuyét cho co s¢ c¢6 kha niang diéu tri 20 bénh nhan / 2 dot / 1
thang Iam co so ban dau cho viéc 1én ké hoach xay dung co s¢ vat chit cia co sé Y
hoc Hat nhan.
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