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XAC PINH LIEU CHIEU TRONG CUA P-32
CHO NHAN VIEN BUC XA BANG PHAN TiCH NUOC TIEU
VA PO NHAP NHAY LONG

NGUYEN VAN HUNG', PHAM HUNG THAI™

TOM TAT
Mau nuwée tiéu cia doi twong bi nhiém xa P-32 dwoc thu gop, xu Iy hoa hoc réi do
hoat do beta trén hé nhdp nhdy long ALOKA-LSC-6100. Sau dé, ding chwong trinh
chuyén dung MONDAI 3.0 sé tinh duoc liéu hiéu dung. Két qua nghién ciru diege dp dung
xdc dinh liéu cho nhdn vién birc xa ¢ Vién Nghzen cieu hat nhan. Ngoaz ra phu"ong phap
nay cing duwgc so sanh voi phwong phdp do bang 6 ong. dém GM va két qua cho thay no cho
do nhay va do chinh xdc cao hon khi doi twong bi nhiém xa P-32 & mirc hoat dé thap.

Tir khéa: xac dinh liéu chiéu trong, do nhap nhay I6ng, liéu hiéu dung (liéu toan than).
ABSTRACT
Determining internal dosimetry of P-32 for radiation workers by analysis
of the human urine and liquid scintillation counting

Urine samples from the subjects internally contaminated with P-32 are collected,
chemically processed, and measured beta activity by the liquid scintillation counting
system of ALOKA-LSC-6100. Then, effective doses are calculated by using the specialized
software of MONDAL3.0. The results are applied in dosimetry for the radiation workers in
the Nuclear Research Institute. Besides, this method is also compared with that of using
GM counter, and the result is shown it gives sensitivity and accuracy better in the case of
subjects contaminated at low activity level.

Keywords: internal radiation dosimetry, liquid scintillation counting, effective dose
(dose for whole-body).

1. Mé diu

Dinh liéu chiéu trong d6i voi cac dong vi phong Xa phat beta bang phuong phap
do nhap nhay long di duoc nghién ctru va ap dung phd bién tai nhidu phong thi nghiém
trén thé giéi [4, 5]. Tal Vi¢t Nam, phuong phap nay tuy con khd méi mé nhung da
dugc ap dung ¢ mot sO co s& nghién ciru trong linh vic mdi trudng, thity van dong vi
do c6 mot sd tinh chat uu viét cia phuong phap nay nhu d6 nhay xac dinh t6t, d6 chinh
xac cua phuong phap cao... Vi vdy, néu st dung phuong phap nay dé xac dinh P-32
trong nudc tiéu ngudi phuc vu cho viéc xac dinh liéu chiéu trong s& co ¥ nghia thiét
thyc hon vi m¢ rong dugc kha nang xac dinh lidu chiéu trong & muc hoat do thap [3,
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8]. Xéc dinh lidu chiéu trong ddi v6i P-32 cho nhan vién btic xa dwa trén phép phan
tich nudc tiéu nguoi va do trén hé nhdp nhay long duoc nghién ctru 4p dung lan dau
tién tai Vién Nghién ctru hat nhan (Pa Lat).

Pé loai trir nhitng anh huéng bai 1-131 hay nhitng déng vi phong xa khac hién
dién trong nudc tiéu dan dén sai sb khi xac dinh P-32, vi vay can thiét phai tach P-32 ra
khoi cac dong vi gay nhiéu nhu [-131 (6 Vién, trong cac dot Lo phéan rng hat nhan hoat
dong thi thuong san xuat dong thoi P-32 va 1-131 dé cung cap cho céc bénh vién trong
nudc). Bén canh do, viée tach va lam giau P-32 trong nudc tiéu con gop phan lam tang
d6 nhay va d6 chinh xac cua phuong phap d6i voi P-32. Phuong phap nay co tinh dén
tach hoa hoc va lam giau dong vi cho két qua tot hon (miu nudc tiéu duoc tron trong
dung dich chit nhap nhay nén lam ting hiéu suit phat quang khi tin hiéu t&i detector
nhip nhay. Do d6 hiéu suit ghi cao, dat dén 98%) so v&i phuong phéap sir dung hé do
hoat do beta tong cong dung éng dém GM dang 4p dung tai Vién (phuong phap nay
cling phai tach hoa hoc P-32 trong mau nudc tiéu, sau d6 do hoat do trén hé do beta
tong cong dung 6ng dém chira khi GM nhung hiéu suat ghi nho, chi dat 20%). Hon
nira, nhan phong xa P-32 dugc lam giau Ién 10 lan, tic 1a kha nang phat hién P-32 tbt
hon 10 1an so véi lac chua tach hoa hoc.

2.  Thuc nghiém
2.1. Thu gdp va chudin bi méu nwéoc tiéu

M3u nudce tiéu cua cac ddi tuong khong bi nhiém xa trong (P-32, I-131, ... hay
cac dong vi phong xa khéc tir qua trinh san xuét chat phong xa hay xa tri bang dong vi
phong xa, ...) dugc thu gop vao cac binh nhya sach loai 0,5 lit. Sau d6 cho thém vao 5
ml Focmandehit (Formol) dé bao quan tranh bi béc mui hoi sau mot thoi gian luu mau.
Do kiém tra trén hé phd ké gamma phong thip dé xac dinh hién trang “phong xa” cia
mau. Sau d6 mau duoc cho thém maot lugng ddng vi phong xa P-32 va I-131 biét trude
hoat d6. Po hoat d6 trén pho trén phd ké gamma phong thap HPGe Canberra [2] dé xac
dinh s6 dém tai dinh nang luong 364,5 keV cua I-131 va két qua dugc trinh bay trén
hinh 1.
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Hinh 1. Phé gamma ciia mdu nwéc tiéu cé chiva P-32 va 1-131
trudc khi tach hoa P-32
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2.2. Tdch héa P-32 trong méu nwdéc tiéu
2.2.1. Nguyén ly
Viéc tach hoa P-32 trong mau nudc tiéu dwa trén nguyén 1y sau [2, 4, 6]:

e Khi c6 mit ion Mg”* va ion NH; trong dung dich ammoniac, ion PO;” tao nén
két tha mau traing NH,;MgPO,, khong tan trong dung dich ammoniac nhung tan trong
axit:

NH; + Mg** + PO}” = NH,MgPO,
e Khi c6 mit mudi molipdat (NH,),MoOy, trong dung dich HNOs, ion PO, tao nén

két tia amoni photpho molipdat (NH4); [Pmo,,04] ¢6 mau vang khong tan trong axit
nitric nhung tan trong kiém va dung dich amoniac:

3NH; + PO} +12Mo0O} +24H* = (NH,),[PMo,0,,1+12H,0 1

2.2.2. Quy trinh

Viéc tach P-32 trong mau nudce tiéu duge thue hién theo quy trinh sau [2, 4, 6]:

1- Lay 50 ml nuéc tiéu vao binh tron 250 ml. Thém 1 gam KMnOy4 va 4 ml
H,SO, (khdi lugng riéng d = 1,84 g/cm®) dun trén bép cach cét trong 2-4 gio.

2- Thém dung dich O-xalic acid cho dén luc dung dich mau mat mau, loc bo két
taa (néu co). Thém 1 ml dung dich chat mang P (15,3 mg PO™,).

3- Thém dung dich NH; (d) cho dén lac dung dich mau c6 moi trudong kiém.

4- Thém 5 ml thudc thar Mg®’, khudy 5 phut, ly tim hdn hop tach thanh hai phén:
Tua mau tring va dung dich.

5- Hoa tan taa bang 3 ml dung dich HNO; 3M (a)

6- Pun can phan dung dich va chuyén vé méi trudng kiém bang NH;, cho tiép 1
ml dung dich chit mang photpho va 1ap lai budc 4. Liy tua, bo dung dich. Hoa tan tia
bang 3 ml dung dich HNOs (b). Tron hai phan (a) va (b) v6i nhau.

7- Thém vai giot Aerosol O.T va lam 4m dung dich bang nudc néng. Thém tir tir
30 ml dung dich thudc thr molybdate, khoay khoang 5 phut, ly tam, bo phan nudc noi.
Rira két tua hai lan béng 3 ml dung dich NH4;NO; 0,5 M.

8- Hoa tan két tiia bang 5 ml dung dich NH,OH (d = 0,88 g/cm®).

9- Chuyén toan bd dung dich mau vao cuvet chuyén dung, do hoat do P-32 trén
hé do nhap nhay 1ong ALOKA-LSC-6100 trong thoi gian 20 phut/mau.

10- Tinh toan va hiéu chinh hoat o P-32.
2.3. Xdc dinh d¢ sach phong xa sau khi tach hoa

Sau khi thyc hién quy trinh tach hoa P-32, mau duogc do trén phd ké gamma trong
cung diéu kién: hinh hoc mau, thoi gian do, khoang cach gitta mau va dau do cua hé do,
... giong nhu trude khi thuc hién tich hoa P-32 dé xac dinh d6 sach phong xa ctia mau
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sau khi tach (hinh 2). Két qua do cho thdy sau khi tach hoa P-32 thi khong con thay I-
131. biéu nay ching to quy trinh tdch hoa do6i voi P-32 1a tin cdy, da loai bé dugc dong
vi khong quan tam la I-131.
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Hinh 2. Phé gamma ciia méu nwdc tiéu sau khi tach héa P-32
2.4. Xadc dinh hiéu sudt tdch P-32
Viéc tinh hiéu suat tach hoa dua vao cong thic sau [5]:

A
H(%) = —.100 1
( 1 (1)

Trong do A 1a hoat d§ xac dinh duoc sau khi tach hoa va A, 1a hoat do ban dau
thém vao nudc tiéu.

Mau nudc tiéu da biét hoat do P-32 nhu & muc 1. Ap dung quy trinh tach hoa &
muc 2 dé tach P-32, sau d6 mau duoc do trén hé nhap nhay long. Ap dung phuong
phap ngoai suy hiéu sut ghi dung mau chuan C-14 dang dung dich cua Nhat Ban (di
kém theo hé do ALOKA-LSC-6100; do khong c6 dung dich chuan P-32 nén ding dung
dich chuan C-14 dé ngoai suy hi¢u suét ghi) dé x4c dinh hoat do cta P-32 [2, 3, 8].
Tién hanh quy trinh xac dinh hiéu sudt ghi 3 1an trén 3 mau nudc tiéu khac nhau. Tir d6
tinh duoc hiéu suét tach hoa trung binh ddi v6i P-32 trong miu nudc tiéu 1a (90 = 3)%
[2].

2.5. Xadc dinh gioi han phat hién

Gi061 han phat hién LOD (Limit Of Detection) cua nhan phong xa quan tdm ¢ muc
tin cay 95% dugc tinh theo cong thuc sau [1, 2]:

LOD - 2,71+4,t65x/B-t

2)

Trong d6: LOD 1a gi6i han phat hién cua hé do, B 1a suit dém phong, va t 1a thoi
gian do.
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Hoat d6 phong xa cuc tiéu co thé do dugc MDA (Minimum Detectable Activity)
duoc tinh theo cong thirc sau [1, 2]:

Mmpa = LOP (3)
H

Trong d6: MDA 14 hoat d6 phong xa thap nhat do dwoc (Bq) va H 14 hiéu suit ghi
cua hé do.

Thu gép 5 mau nude tiéu sach “phéng xa” va chudn bi miu thyc hién nhu & muc
1 nhung khong thém P-32, I-131... vao mau, thuc hién viéc tach héa P-32 nhu quy
trinh & muc 2. MAu sau khi tach hoa, dugc hoa tan bﬁng 5 ml NH,OH. Po cac mau trén
hé do nhép nhay long trong thoi gian 20 phit/mau s& xac dinh duoc LOD =~ 0,117 Bq.
Hi€u chinh cic qua trinh hoéa hoc nhu lam giau déng vi P-32, hiéu suét tach hoa, thé
tich mau do xac dinh dugc MDA = 69,5 pCi/lit. Tir 6 xac dinh duoc hoat d6 phong xa
ctia P-32 tham nhép vao co thé qua duong hit thé (sau mot ngay) theo phuong phap do
nhap nhay long va phuong phap do trén h¢ GM va cho két qua tuong ung 1a 74 Bq va
440 Bq. Ap dung chuong trinh danh gia liéu chiéu trong chuyén dung MONDAL 3.0
[2, 7] s€ tinh dugc li€u hi€u dung (li€u toan than) theo hai phuong phap tuong ung la
0,08 uSv va 0,5 uSv [1, 2].
2.6. Dinh liéu chiéu trong cho mét sé doi twong tham gia san xudt P-32
2.6.1. Chudn bj va do hogt d¢ miu
Mau nudc tiéu ciia cac dbi tugng tham gia san xuat dong vi P-32 duoc thu gop
sau mOt ngay (sau ngdy tién hanh san xuat P-32) véi thé tich tir 100 dén 200 ml. Xir ly
so bo va tién hanh tach héa P-32 nhu quy trinh & muyc 2. Sau d6 mau dugc do hoat do
beta cua P-32 bang hai phuong phap sau:
- Phuong phap do nhip nhay long: thoi gian do 20 phit/mau, tinh hoat do P-32
bang phép ngoai suy hiéu suat dung mau chuan dung dich C-14 [3, 8.
- Phuong phép do dung dng dém GM [2, 5].
Két qua xac dinh hoat d6 P-32 (Bq/ngay) va lugng xam nhap (Intake — ky hiéu 1a
I) theo duong hit thd duge néu trong bang 1 [2, 6, 8].
Bing 1. Két xdc dinh hoat @9 P-32 trong méu nwéc tiéu ciia 2 doi twong trong 9 dot
sdn xudt theo hai phwong phdp (Ky higu: ong dém GM “GM”, nhép nhdy léng
“LSC”, khong xdc dinh “NA”)

TT Ngay san Ngay do DPbi Hoat d6 P-32 trong mau nudc tiéu (Bg/ngdy) va gia

xuét P-32 mau tuong tri I (Bq) cta 2 d6i tuong
Dot Lo phan ing hoat dong ngay 28/6-2/7/2010
Hoat d9 P-32 (Bg/ngay) 1 (Bg)
GM LSC GM LSC
1 4/7/2010 7/7/2010 | T.Binh | 1492+152 | 161,5+ 11,7 | 3,1E+03 | 3,3E+03
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Dot Lo phan ting hoat dong ngay 19-23/7/2010
Hoat d6 P-32 (Bg/ngay) 1(Bq)
GM LSC GM LSC
2 25/7/2010 | 27/7/2010 | T.Binh | 125,8+104 | 140,2+9,7 | 2,6E+03 | 2,9E+03
3 25/7/2010 | 27/7/2010 | P.Tho | 70,4+8,1 74,1+ 6,8 1,4E+03 | 1,5E+03
Dot Lo phan tng hoat dong ngay 9-13/8/2010
Hoat d9 P-32 (Bg/ngay) 1 (Bg)
GM LSC GM LSC
4 15/8/2010 | 17/8/2010 | P.Tho | 60,5+772 556+54 | 12E+03 | 1,1E+03
Dot Lo phan tng hoat dong ngay 6-11/9/2010
Hoat d6 P-32 (Bg/ngay) 1(Bq)
GM LSC GM LSC
5 14/9/2010 | 16/9/2010 | P.Tho | 2104+17,2 | 203,7+12,7 | 43E+03 | 4,2E+03
Dot Lo phan ting hoat dong ngay 4-8/10/2010
Hoat d§ P-32 (Bg/ngay) 1 (Bg)
GM LSC GM LSC
6 | 11/10/2010 | 14/10/2010 | T.Binh | 35,6+6,3 32,1+4,1 | 72E+02 | 6,6E+02
11/10/2010 | 14/10/2010 | P.Tho | 47,3+6,5 525+84 | 9,7E+02 | 1,1E+03
Dot Lo phan ung hoat dong ngay 8-12/11/2010
Hoat d9 P-32 (Bg/ngay) 1 (Bqg)
GM LSC GM LSC
8 | 14/11/2010 | 17/11/2010 | T.Binh | 179,8+17,2 186,5 + 3,7E+03 | 3,8E+03
14,3
9 | 11/1122010 | 17/11/2010 | P.Tho | 193,7+17,9 210,5+ | 4,0E+03 | 4,3E+03
16,9
Dot Lo phan ing hoat dong ngay 3-7/01/2011
Hoat d6 P-32 (Bg/ngay) 1(Bq)
GM LSC GM LSC
10 | 9/01/2011 | 12/01/2010 | T.Binh NA 342+52 NA 7,0E+02
11 | 9/01/2011 | 12/01/2010 | P.Tho NA 309+47 NA 6,4E+02
DPot Lo phan tng hoat dong ngay 17-21/01/2011
Hoat d§ P-32 (Bg/ngay) 1 (Bg)
GM LSC GM LSC
12 | 23/01/2011 | 26/01/2011 | T.Binh NA 258+42 NA 5,3E+02
13 | 23/01/2011 | 26/01/2011 | P.Tho NA 28,7+54 NA 5,9E+02
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Dot Lo phan tng hoat dong ngay 14-18/02/2011
Hoat d6 P-32 (Bg/ngay) 1(Bq)
GM LSC GM LSC
14 | 20/02/2011 | 23/02/2011 | T.Binh 653+8.,5 76,4+93 | 1,3E+03 | 1,6E+03
15 | 20/02/2011 | 23/02/2011 | P.Tho NA 22,6+4,1 NA 4,7E+02

2.6.2. Pdnh gid liéu chiéu trong déi véi P-32

Tir gia tri hoat d6 P-32 xac dinh dugc (Bg/ngay), tinh thoi diém nhan phéng xa
tham nhap vao co thé theo duong ho hap 13 1 ngay (thoi diém tir luc san xuat P-32 dén
luc léy mau nudc tiéu), st dung phén mém MONDAL 3.0 sé& tinh duoc lugng hoat do
tham nhap theo duong hit thd trong (bang 1) va lieu hi¢u dung gay ra do hit phai P-32.

Két qua tinh lidu tong cong dbi vai 15 1an thu gop mau cua 2 ddi tugng duge néu
trong bang 2, trong d6 ky hiéu D (uSv) 1a liéu hiéu dung (theo cac dot thu gop mau)
ctia timg d6i tugng bi nhidm P-32. Tir bang 2 thdy rang, két qua nhan duoc lidu hiéu
dung (la lidu tich Ity khi mdt lugng P-32 xam nhép vao co thé dang ttrc thoi, da duoc
chuong trinh MONDAL 3.0 xtr 1y va tinh toan, ¢ tinh téi yéu t6 phan rd vat 1y va dao
thai sinh hoc [1]) c6 gia tri nam trong dai twong tng 1a 0,79 — 4,80 uSv theo phuwong
phép do dung ong dém GM va 0,51 — 4,80 puSv theo phuong phap do nhap nhay long.

Bing 2. Két qud tinh liéu higu dung D (uSv) ding chwong trinh MONDAL 3.0
theo hai phwong phap (GM va LSC)

74

\ ) \ - D(MSV)
T itPa2 | e | wong | Phuome | Phuong
i phap GM phap LSC
1 4/7/2010 7/7/2010 | T.Binh 3,40 3,60
2 | 25/7/2010 | 27/7/2010 | T.Binh 2,80 3,20
3 | 25/7/2010 | 27/7/2010 | P.Tho 1,60 1,70
4 | 15/8/2010 | 17/8/2010 | P.Tho 1,40 1,20
5 | 14/9/2010 | 16/9/2010 | P.Tho 4,80 4,60
6 | 11/10/2010 | 14/10/2010 | T.Binh 0,79 0,72
7 | 11/10/2010 | 14/10/2010 | P.Tho 1,10 1,20
8 |14/11/2010 | 17/11/2010 | T.Binh 4,10 4,20
9 |11/10/2010 | 17/11/2010 | P.Tho 4,40 4,80
10 | 9/01/2011 | 12/01/2010 | T.Binh NA 0,77
11 | 9/01/2011 | 12/01/2010 | P.Tho NA 0,70
12 |23/01/2010 | 26/01/2011 | T.Binh NA 0,58
13 123/01/2010 | 26/01/2011 | P.Tho NA 0,65
14 | 20/02/2011 | 23/02/2011 | T.Binh 1,50 1,70
15 |20/02/2011 | 23/02/2011 | P.Tho NA 0,51
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Tu cac gia trj lidu hiéu dung xac dinh duoc & bang 2 cho thdy tit ca cac gia tri
nay rat thap (néu lay gia tri lidu trung binh trong mot thang nhan véi 12 thang dé duoc
lidu tong cong trong mot nam) so véi lidu gidi han cho phép hang nam (20 mSv/nim)
[1, 2]. Piéu nay chimg to cac dbi twong cd bi nhidm xa trong khi tiép xac véi P-32
nhung van dam bao vé mit an toan birc xa.

2.7. So sdnh két qua dinh liéu

Trong diéu kién phuong phap xtr Iy hoa va lam giau mau nhu nhau, phuong phap
do dung 6ng dém GM va phuong phap do nhip nhay 1ong cho két qua dinh lidu co su
sai khac khong qua 14% (hinh 3). Tai mot s6 dot san xuét cua thang 1 va 2 nam 2011,
do cac d6i tuong bi nhiém P-32 & muc thap thap nén khong xac dinh duoc lidu bang
phép do dung éng dém GM, tuy nhién c6 thé phat hién duoc bang phép do nhap nhay
long. Piéu nay cho thiy, phuong phap do nhap nhay 1ong cho d6 nhay cao hon so véi
phuong phéap dung 6ng dém GM khi dbi tuong bi nhiém xa P-32 & murc hoat do thép.

Db thi so sanh liéu toan than

(2]

| |@ Do tdng beta
m Do nh4p nhayldng

I
.

Liéu toan than (MicroSv)

Thir tw theo phwong phap

Hinh 3. So sdnh liéu hiéu dung ciia P-32 do bing phwong phdp do diing éng dém
GM va phwong phdp do nhdp nhdy long

3. Kétluan

Tir két quéa thuc nghiém trén thay rang phuong phéap dinh liéu bang phép do nhip
nhay 10ng c¢6 do nhay va do chinh xac cao so véi phuong phap do dung éng dém GM.
Viéc ap dung két qua nghién ctru dé xac dinh liéu cho hai ddi tuong (13 nhan vién buc
xa) lam vi¢c truc tiép trén day chuyén san xuit P-32 & Vién trong mot s6 dot san xuét
P-32 cho théy lidu tong cong trung binh theo nim 1a nhé hon lidu gidi han cho phép.
Tir d6, co6 thé ap dung quy trinh trén dé xac dinh liéu chiéu trong cho cac nhan vién birc
xa c6 tiép xtic v6i ngudn phong xa h& P-32 ¢ céc co s¢ buc xa khac cling nhu cho cac
bénh nhan chan doan va diéu tri bang P-32 § caccosdy té.
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