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phan giai cao

Luu Tam Bat"’

", Luu Nhu Quynhl Nguyén Nhu: Vi, Luu V1et Hung Tran Thi Van

Luu Van Dong', Nguyén Cong Poan’, Ha Thi Len', Nguyerl Thi Soat',
Nguyén Thi Khang', Ping Tuyét Ly', Nguyén Thi Minh' Nguyén Vin Thoan’,
Khong Nam Khang?; Truong Thi Hong Loan®, Truong Hitu Ngan Thy?, Th4i My Phé*

Iyren “A ’ A \ N ., A A ~ A
Vién nghién ciru Moi truwong va cdc van dé Xa hoi;

*Vien Y hoc phong xa va U budou Quan doi;

'Triong Pai hoc KHTN, thanh phé Ho Chi Minh; *Trung tam hat nhan thanh phé Hé Chi Minh

Nhan ngay 12 thang 01 nam 2016
Chinh stra ngay 29 thang 01 ndm 2016; Chap nhan dang ngay 10 thang 3 ndm 2016

Tém tit: Hé phd ké gamma phan giai cao véi dau do ban dén siéu tinh khiét Germani dugc st
dung dé xdc dinh cic ddng vi phéng xa phat blic xa gamma. Céc quy trinh hién c6 dé xac dinh
nong d cdc dong vi phéng xa trong luorng thyuc thyc pham, do véi cdc hop dung miu hinh try voi
thoi gian 84.600s kho xdc dinh dugc ¥7Cs va mot sb dong vi phéng xa khéc, do hoat do phong xa
nhé nhét c6 thé do duoc trong truong hop nay ¢ muc 0,12 + 0,5Bq dbi voi 137 Cs. Do ndng db céc
ddng vi phéng xa trong luong thye thyc pham hién nay rat thap, 6 sy mét cAn bang cua 280 va
*26Ra trong cdc mau phan tich. Hon nita, dé xdc dinh nong d6 Cs, can c6 giai phdp nang cao do
nhay cta h¢ do. Bai bdo nay trinh bay mot sO giai phép t6i wu nhu: Nang hiéu suat ghi, ting kh6i
lugng mau, tang thoi gian do mau mot cich hop ly; nhd d6, do nhay dugc nang cao rd rét, gid tri
nhé nhét c¢6 thé do dwoc dat toi 0 ,03Bq + 0,08Bq, dédp mg dugc yéu cau phén tich hiu hét nong do
céc dong vi phéng xa trong LTTP, ké ca hoat d¢ ctia '*’Cs. Phuong phap nay duoc st dung de xay
dung co s¢ dir licu Ve nong d¢ cdc dong vi phong xa trong lwong thuc thuc phim cé ngudn goc tai
khu vuc bién gi6i tiép gidp v6i nha may dién hat nhéan ctia Trung Qudc.

Tir khéa: 7’Cs, phd ké gamma, lwong thuc, thuc pham.

1. Mé dau

Nong do cdc dong vi phéng xa trong luwong
thuc, thuc phém (LTTP) da duoc nhiéu nudc
trén thé gidi ciing nhu cic to chire Qudc té quan
tdm nghién ctru, nhit 1a tir sau su cbd hat nhan
cia to mdy s6 4, nha médy dién hat nhan
Chernobyl thi céc tiéu chuén vé& ndng do cic
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ddng vi phéng xa trong LTTP chinh thic dwoc
ban hanh & nhiéu nuéc va duoc kiém sodt chat
ché [1-3]. P4 c6 nhiéu cong trinh nghién ciru
cong phu vé& nong d6 phéng xa trong LTTP
duogc thuc hién, nhit 13 trong nhitng nim gan
day khi xu thé img dung ning luong hat nhan
ngly cang ting trén toan cau. Cic cong trinh
nay hau hét déu sir dung hé phd ké gamma phén
giai cao voi ddu do ban dan siéu tinh khiét
(HPGe); mot s6 cong trinh d3 st dung cac
phuong phép tach héa phéng xa xac dinh thém
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28U trong mot s6 trudng hop [4-6].

Phuong phdp st dung phd ké gamma phén
giai cao c6 uu diém 1a xdc dinh dugc hiu nhu
tat ca cdc dong vi phéng xa tu nhién va cic
ddng vi phéng xa nhan tao phét birc xa gamma.

Mot van d¢ dit ra trong nghién ciru xac
dinh nong d6 céc dong vi phong xa trong LTTP
trong diéu kién binh thuong bang hé phd ké
gamma phan giai cao la nong d¢ phéng xa tu
nhién va nhan tao trong LTTP rét thép (dac biét
1a ciac LTTP da qua xur 1y, ché bién), chinh vi
vy c6 mot s6 dong vi phéng xa khong thé xic
dinh duoc va phai chdp nhan 13y gid tri nhé hon
néng d6 (hoat d9) phong xa nho nhét c6 thé do
duge (MDC hay MDA), dic biét di véi *'Cs
[7,8].

Thyc té da chi ra r;‘ing, dé c6 thé xdc dinh
dugc ndng dd dong vi phong xa *'Cs ciing nhur
mot s6 dong vi phéng xa ty nhién khéc trong
cic mau LTTP ¢ thoi diém hién nay can sir
dung dong bd céc giai phdp niang cao do nhay
cua hé do hién co.

Bai bdo nay trinh bay mét so giai phdp
nang cao d6 nhay cua phép do phéng xa trong
LTTP bang phd ké gamma phén giai cao, nhim
nang cao kha ning xic dinh ndng d6 cdc dong
vi phéng xa va giam sai s cho céc gid tri do
duoc.

2. Phwong phap nghién ciru

Do nhay cua hé do, ky hiéu la x c6 lién
quan dén hoat do phéng xa nho nhat cia mot
dong vi phéng xa ma thiét bi c6 thé do duoc
(MDA).

Gid tri MDA ctia mdi ddng vi phéng xa véi
mot hé phé Kké gamma duoc xdc dinh béng cach
do mau tring (goi 12 mau phong) véi ciing kich
thuorc mat do va thanh phén hod hoc (matrix)
glong nhu miu nghién ctru nhung khong c6
ddng vi phéng xa ta quan tdm. Vi du can tinh
MDA ddi véi dinh "'Cs thi tao miu tring
khong c6 'Y'Cs nhung c6 tit ca cdc dong vi
phéng xa khic (day **U, day **Th, “K, ...

gidng nhu mau nghién ctru. Khi d6, MDA tinh
theo cdng thtrc sau [3,9,10,11]:

27143290, [1+2
MDA (Bg/kg) = ro@)
1, X EFF XY Xm,

Trong do:

Ng: Dién tich dinh trén phd phong tring.

Op = \/N—B : Do 1éch chuan cua phong.

t: Thoi gian do mau nghién ctru (s)

tg: Thoi gian do méu tring (phdng) (s)

EFF: Hiéu suét cua dinh toan phan tai ning
Iuwong xem xét.

Y: Ti s6 phan nhénh (%).

mg: Khoi lwong miu tring (kg)

Khi tg =t thi cong thtrc trén trd thanh:

2,71+ 4,660, 2.2)

I, X EFF XY Xmy

MDA (Bg/kg) =

C6 thé ding cong thic (2.2) dé tinh gn
ding MDA cho moi dong vi.
IN, , trong

d6 Nj 1a dién tich dinh ciia phd phong. Be rong
mién ning lugng tinh Ny trén phd phong bing
bé rong mién ning luong tinh dién tich dinh
tuong tng trén phd nghién ciru.

Cach tinh dd 1éch chuén: Op =

D6 nhay cta hé do dbi v6i mot dong vi,
duoc tinh boi:

X= —— (23)
MDA

Nhu vay, dé nang cao duoc do nhay trong
viéc )55’10 dinh mot dong yi ph(’)ng Xa cér} lam
sao d€ giam MDA nho nhat c6 thé duge doi voi
dong vi phong xa dé.

Biéu thirc (2.3) cho thiy dé nang cao do
nhay thi phai ¢c6 MDA nho, dé c6 MDA nho
can toi uu céc yéu td dé dat duoc cdc yéu cau
sau day:

1. Phong cua h¢ do (Np): Cén giam phong
cua hé do t61 muc toi da c6 thé duoc.

2. Tang klléi lugng mau do (mp): Khi tang
khoi lugng mau do s€ gép phan ting do nhay
cua hé do.
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3. Tang thoi gian do mau (tg): Do nhay ty 1€
thuan véi thoi gian do, thoi gian do mdt mau
nén tir 86.400s tré 1&n, thoi gian do mot mau c6
thé 1én t&i 300.000s [5], hoac 16n hon nira.

4. Tang hi¢u suét ghi cua hé do (EFF): Véi
mot khdi lugng mau (twong duong voi mot thé
tich nhét dinh), nguoi ta co the t6i wu cAu hinh
do giita céc thong s6 ciia mau va dau do, bang

cdch t6i wu héa dé nang cao hi¢u suét hinh hoc
ddi véi mot detector xac dinh s€ cho mot hiéu
suat do cao nhat d6i véi cdc mirc ning lugng
khac nhau, cé tinh t61 hi¢u chinh tu h?ip thy.
Hiéu suit ghi cta hé phd ké gamma phan giai
cao véi detector ban dan siéu tinh khiét (HpGe)
phu thudc vao nang lugng va hinh hoc mau do
duoc trinh bay tai bang 1.

Bang 1. Hiéu suat ghi (%) ctia ddu do c6 hiéu suét ghi twong ddi 55% vai cac hinh hoc mau do khac nhau [2]

DPinh nang luong Phin loc (hinh try), Hinhtry HOp nhdm  Hdp hinh giéng
(keV) nho hon 50 cm® 50 cm® 90 cm® 600 cm®
60 15,6 14,6 11,6 5

88 15,2 14,2 11,3 7.4
122 15,1 12,6 10,2 8,4
166 12 9,6 8 7,9
279 9,3 7.4 6 6,1
392 7,2 5,5 4.5 4,8
514 5,4 42 3,5 3,8
662 4,7 3,6 3 3,1
835 3,9 2,9 2,4 2,7
898 3,1 2,4 2,1 2,2
1115 3 2,3 1,9 2,1
1173 2,6 2 1,7 1.8
1333 2,3 1,8 1,5 1,6
1836 1,7 1,3 1,2 1,3

Bang 1 cho thdy, thé tich mau cang nho thi
hiéu suat ghi cang 16n, nhit 1a & ving ning
luong thap. Méu do hinh tru cta phin loc (duoc
nén dang hinh try thuong c6 thé tich nhé hon 50
cm’), hop dung mau b?ing PE hinh tru cé thé
tich 50 cm®, hop dung miu hinh try bing nhom
c6 thé tich 90 cm® déu c6 hiéu suat ghi 16n hon
nhiéu so v6i mau do hinh giéng (Marinelli) 600
cm’; khi nang luong gamma t6i gan 900 keV
hiéu suat ghi cta chiing gén nhu twong duong
d6i voi cic thé tich dyng mau khac nhau. Nhu
vay, d6i v6i cdc mau LTTP, khi nghién ctru xay
dung co s¢ dir licu vé néng dd cac déng vi
phéng xa can xdc dinh chinh x4c nhiéu dong vi
phong xa tu nhién va nhan tao thi gidi phap su
dung miu do hinh try ¢ thé tich mau do tir 50
cm’ dén 120 cm’ 1a phit hop véi lugng tro thu
duogc tir tat ca cdc loai mau; trong trudng hop
khéi lugng mau 16n s& dén téi ndng d6 “°K cao
gy khé khin hon cho viéc do mirc thap va ¢

viing ning luong thap, nhung xét vé tong thé thi
van ¢6 loi hon ca [2,12-14].

Ngay ca & vung nang lugng thap, gitra €p
mau lam tdng mat do va lam giam thé tich dé c6
mot hi¢u suat ghi cao hon va hi¢u ung tu hap
thu d& duogc tinh toan ky, qua dé cho théy viéc
ép mau van c6 loi hon.

Nhu vay, dé nang cao d6 nhay cua phép do
nong d6 cic ddng vi phéng xa trong LTTP trén
pho ké gamma phan giai cao voi dau do ban
dan, ta can c6 cdc giai phap ddng bo vé: Liy
khoi lugng mau tuoi phtt hop, du l6n cho timg
loai mau, lam giau bang phuong phdp tro hoa,
tinh todn t01 uu cau hinh mau - dau do dé nang
cao hiéu suit ghi ciia hé do, cubi ciing 1a ting
thoi gian do thich hop dé ndng do cic dong vi
phéng xa c6 thé xdc dinh véi sai s chap nhan
duoc.
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Thue nghiém

Sur dung 80 kg gao t¢ BCI5, thu gom tai
Po6ng Triéu, Quang Ninh d tro héa ¢ nhiét do
nho hon 450 °C va thu dugc 520,43 g tro theo
quy trinh chuan qudc té va trong nudc
[1,2,3,10]. Mau tro dugc ddng nhit bang cich
trén trong mot may nghién cé ludi dao phu
titan. Mau sau d6 duoc chia thanh céc phan gui
t6i cdc Phong thi nghiém (PTN) dé phan tich
xdc dinh "’Cs va “’K trén hé phd ké gamma
phan giai cao. C4c PTN déu sir dung hop dung
mau hinh try ¢6 duong kinh trong 13 72 mm,
duong kinh nay pht hop véi tat ca cic hé do
trong nudce.

C6 5 PTN trong nudc va 1 PTN qubc té
tham gia phan tich xdc dinh ndng d6 cdc dong
vi phéng xa "*’Cs va *K trong tro mau gao, vira
c6 tinh chat so sanh vira nghién ctru dénh gia
nhitng diéu kién t6i wu dé nang cao d6 nhay cua
hé do. Trudc khi tham gia cic nghién clru nay,
cic PTN déu di c6 quy trinh xdc dinh nong do
cic ddng vi phéng xa trong LTTP, cua riéng
minh hodc van dung quy chudn quéc té, quoc
gia vé do phéng xa trong LTTP. Céc hé pho ké
gamma phan giai cao cua 5 PTN déu dat tiéu
chuén do phéng xa murc thép, tuy nhién chat
luong khic nhau cha yéu & hiéu suat ghi va kha
nang dap ung giai nang luong rong:

-PTIN s6 I (Vién nghién clru hat nhan): st
dung h¢ pho ké gamma phan gidi cao ctia Hang
Canberra v6i dau do GX3019, hiéu suit ghi
tuong d6i 30%; 4O phan giai ning lwong
FWHM la 1,90 keV tai dinh néng luong 1332
keV cia “Co, dugc dit trong budng giam
phong hinh try duong kinh 50 cm va d¢ cao 5
cm; véi cic 16p che chén, gém: 3 mm Al, 3 mm
Cu va 10 cm Pb siéu sach phéng xa, phong tich
phan ciia hé théng tir 100+2000 KeV c& 2
xung/s. Phan mém thu va xa 1y phd Ia
MAESTRO®-32; phin mém xi 1y phd Ia
GAMMAW.

- PTN sb II (Pai hoc Khoa hoc Ty nhién,
Pai hoc Qudc gid Ha Noi): sir dung hé phd ké
gamma phan gidi cao cia Hang Canberra voi
dau do BEGe5030, hiéu suat ghi twong ddi
50%, d¢ phan giai 1a 1,8 keV tai dinh 1332 keV

ctia “Co, giai nang lugng do dugc rat rong tir 3
keV cho téi 3 MeV, duoc dat trong budng giam
phong hinh tru duong kinh 50 cm va d6 cao 55
cm.

- PTN s6 III (Pai hoc Khoa hoc Tu nhién,
Pai hoc Qudc gia thanh phd HO Chi Minh): sir
dung hé phd ké cua Canberra voi dau do
G(C3520 dap ung nang luong tir khoang 30 keV
— 10 MeV. Hiéu suat ghi twong ddi 38%, do
phan giai 1,77 keV ddi véi dinh 1.332 keV cua
%Co. Phan mém chuyén dung Genie 2000 3.2.1
dé thu pho, xir 1y va tinh todn két qua. Hé do
thir 2 ciia Hang Ortec v6i dau do GMX35P4-
70; ghi nhan buc xa tir khodng 3 keV-3MeV,
hiéu suét ghi tuong d6i 33 %, d6 phan giai 1,9
keV d6i véi dinh 1.332 keV cia *Co. Ghi
nhan, xi Iy phé gamma, tinh todn két qua bing
phin mém chuyén dung Gamma Vision-32V
6.09, budng giam phdng hinh try duong kinh 50
cm va do cao 55 cm.

- PTN s IV (Trung tim hat nhin thanh ph6
H6 Chi Minh): St dung hé phd ké gam phong
thip ciia Ortec voi dau do ban din siéu tinh
khiét c6 hiéu suat ghi tvong ddi 30%, dap tmg
ning luong tir 40 kev dén 3.000 keV; d6 phén
giai 0,82 keV (122 keV) va 1,81 keV (1.332
keV). Chuong trinh thu nhdn va xir 1y phd
Gamma Vision.

- PTN s6 V (Vién Y hoc phong xa va u
budu quan ddi): st dung hé pho ké gamma
phan giai cao cia Camberra voi dau do HpGe
siéu tinh khiét model GC1518, duong kinh tinh
thé HpGe 5,2 cm, day 3,5 cm hiéu suit ghi
tuong ddi 1a 18%, do phan giai 1a 1,9 keV &
dinh 1.332 keV cua “Co, giai do tir 65 kev dén
2.108 keV. Kich thudc budng giam phong: cao
41 cm, bé day 11,5 cm lam bang Pb siéu sach,
duong kinh giéng do 28 cm. Phin mém chuyén
dung Genie 2000 v2.1 d thu, xir Iy pho va tinh
toan két qua.

- PTN s6 VI (Phong thi nghiém nghién ciru
mdi truong bién tai Monaco, MEL tai Vwong
qudc Monaco): La PTN chuyén do phéng xa
muc thip cdc mau moi trudng trong d6 co
LTTP cta Co quan ning lugng qudc té. PTN
dugc dat dudi long dat, hé phd ké gamma
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phong thap vdi cdc dau do HpGe siéu tinh khiét
c6 hiéu sudt ghi trong ddi rat 16n, téi 150%.

Nhu vdy cdc PTN trong nudc déu sir dung
céc hé do chuyén dung, trong d6 PTN sb 5 ¢6
hiéu sut ghi twong dbi thap (18%), khong dép
Ung giai nang lugng rong. Cic hé do khac déu
c6 hiéu suat ghi tir 30% dén 50% (so véi dau do
nhip nhdy hinh try c¢6 kich thudc tinh thé 3
inchx3 inch) va déu ddp giai ning luong do
rong.

3. Két qua va thaio luan

Su khdc biét 1on nhét giita cdc loai dau do
ban dan siéu tinh khiét HpGe dang dugc sur
dung 1a hi¢u suét ghi, thong s0 v& hiéu suat ghi
tuong dbi, két qua xdc dinh ndng d6 cua 2 dong
vi phéng xa (BVPX) s va YK duoc trinh
bay trén bang 2. Sai s6 dbi v6i ndng do cic
dong vi phéng xa bao gdm sai sd thong ké va
cdc sai $d hé théng khéc nhu sai s6 do xdc dinh
hiéu sudt ghi va hiéu chinh tu hip thy, sai s do
cac cong doan thu gom, xtr 1y, 1am ti€u ban do.

Béng 2. Thong s6 céc hé do va két qua do hoat d6 phong xa mau thir nghiém véi tro ctia gao BC15

nong do cua dong vi nay rat 16n trong LTTP.
PTN sd II véi hé do c¢6 hiéu suét ghi cao

So Phong thi Hiéu suat ghi Khoi lugng Thoi gian Két qué do (Bg/kg tro kho)
TT nghiém twong ddi, % mau, g do, s YCs YK
1 PTN s6 I 30 50,30 86.400 <2,00 5.456 + 250
2 PTN so II 50 82,01 81.767 2,11+0,36 4.642 + 437
3 PTN s6 III 38 111,06 147.592 2,88+0,32 4.846 + 280
4 PTN s6 IV 30 110,24 143.000 2,30+0,34 5.615 + 370
5 PTN s6 V 18 105,37 150.360 2,45 +0,60 5.350 £ 476
6 PTN s6 VI 150 60 895.000 2,65+0,15 5.115 + 139
Két qua do cua cdc PTN tir bang 2 cho théy: = ]
Tai PTN s6 I, str dung lugng tro 50,3 g tro | \f\\ ﬂ
(khoang 8 kg gao), do trong thoi gian 86.400 s [ A g
da khong thé xdc dinh duoc *'Cs (MDA 1a 0,25 £ NI A L A R AU
Bg/kg.tuoi), nhung xdc dinh duoc ot “K do 8 | \\/ | \f \\/ \/ VWL A Nl

hon, nhit 12 & viing ning lugng thip va trung
binh nén khi st dung 82,01 g tro (khoang 13 kg
gao), do trong khoang thoi gian 81.767 s, di
xac dinh duoc néng do cua P'Cs va YK, phé do
miu duoc trinh bay trén hinh la va dinh pho
"¥'Cs dugc thé hién trén hinh 1b, dinh 'Cs c6
thé quan sat dugc rét 5.

1000

e e
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I |
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Acqured: 10/14/2014 91166 AM al Tme: 81811825 Lie

Hinh la. Phé do PVPX trong miu gao, PTN II.

ST I T T

Hinh 1b. Phd do DVPX "’Cs trong mau gao, PTN IL.

Tai PTN s6 III v6i hé do c6 hiéu suét ghi
tuong do6i 1a 38%, sir dung lugng tro, s dung
111,06 g (khoang 17 kg gao), do trong thoi gian
147.592 s da xdc dinh duoc ndng do cua 'Cs,
YK voi sai s6 thip hon.

PTN s6 IV véi hé do c6 hiéu sudt ghi twong
dbi 30%, sit dung 110,24 tro (khoang 17 kg
gao), do voi thoi gian 143.000 s, d3 xac dinh
dugc nong do *’Cs, “’K voi sai s thap hon.

PTN sb V vdi hé do c6 hiéu suit ghi tuong
dbi 1a 18%, sir dung 105,37 g tro (khoang 16 kg
gao0), do voi thoi gian 150.000 s, da xdc dinh
dugc nong do 137Cs YK véi sai s6 cao hon so
vé6i céc PTN sb III, IV. 1a
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Tai PTN sé VI, PTN ctia IAEA, hi¢u suat
ghi ctia dau do 12 150%, véi khéi luong tro sir
dung 60 g tro (khoidng 9 kg gao) véi thoi gian
895.000s, ndng d cdc dong vi V'Cs 1a 2,6 +
0,10, K 1a 5.115 + 37, sai s6 do d6i voi nong
d6 '¥'Cs va ciia *’K thap hon nhiéu so véi cic
PTN khédc. Tir két qua do & trén c6 thé nhan
thiy:

Céc quy trinh dang su dung ctua cic PTN,
trong d6 quy dinh ldy miu luong thuc 8 kg
(gao, ngd, khoai, se"m), cdc mau rau 5+7 kg (rau
cu qua, qua),... va do vdi thoi gian 84.600s thi
hau hét van khong xdc dinh duge 'Cs va mot
s6 ddng vi khidc trong day U, Th. Hoat do
phéng xa nho nhit (MDA) ¢6 thé do duoc thyuc
té & mirc 0,12 Bq dén 0,5 Bq ddi véi *’Cs. Nhur
vay, dé ning cao do nhay cua hé do, can giam
hon nira gid tri MDA. Trong nghién ctu nay da
tap trung vao 3 giai phap:

- Nang cao hiéu suat ghi ctia hé do: Tro thu
duoc, néu ép nhe nhu van thuong lam s€ cho
khéi lwong riéng tir 0,6 + 0.7 g/em®; néu duoc
ép voi may ép tay thi khdi lwong riéng nhan

duoc tr 0,9 1,0 g/cm3, nhu vay s€ gidm dugc
d6 cao ciia mau, du mirc nang cao hiéu suit ghi
thyc té 1én 15% dén 25% hodc cao hon nita, tiy
theo timg loai tro, mdy ép, tu hip thy ciing &
mttc chdp nhan dwoc, nhit 12 d6i voi viing ning
luong thap.

- Tang khéi lwong mau do: Tay theo loai
méu dé chon khdi lwong miu tuoi dii 16n, phi
hop, hau hét phai ting khdi lugng mau tuoi tir
1,5 dén 2 1an; dé c6 thé xdc dinh duge V'Cs va
mdt sd dong vi trong ciia U, Th trong gao phai
st dung 10 + 15 kg hodc 16n hon; véi rau, cu,
quéa can tbi thiéu 12 10 kg dén 20 kg phan an
duoc.

- Tang thoi gian do: Tang thoi gian do mot
céch hop 1y c¢6 két qua tét nhu di chi ra & bang
2. Bé danh gia hiéu qua tang thoi gian do trong
viéc ning cao do nhay, ching t6i da thuc hién
do cting mdt mau tro gao BC15 véi cdc khoang
thoi gian do khic nhau. Hé do pho gamma véi
dau do GMX35P4-70, sir dung mau tro gao
BC15 voi khéi luong tro 94,715 g (khoang 15
kg gao). Két qua duogc trinh bay trén bang 3.

Béng 3. Két qua phan tich nong d¢ cic dong vi phéng xa trong mau tro gao BC15, khdi lugng 94,715 g
v6i cdc khoang thoi gian do khac nhau, (Bg/kg tro kho)

DPdng vi Do 50.000 s Po 86.900 s Do 172.585s Do 259.385s Do 328.823 s
U-238/Th-234 494+252 487+13 517+121 528+1,07 4,87+049
K-40 5268 £276 5291 £261 5276+246 5.274+239 5.281+236
Ac-228 1,74+123 2,72+138 192+£0,89 2,07+0,78 2,26+0,71
Pb-212 1,55+0,30 1,55+043 1,41+£0.17 1,63+0,18 1,8+0,17
Pb-214 6,54+190 1,2+0,33 1,35+£0,29 1,63+£0,16 197+0,35
Bi-214 1,47+0,38 2,18+044 1,75+0,35 1,76+0,29 1,9+0,26
T1-208 0,61+0,11 057+£0,09 044+0,05 0,36+0,03 0,64+0,06
Th-228 < 18,43 <2195 < 15,32 < 12,56 <9,14
Ra-226 395194 231+081 23+0,69 3,28+0,74 2,87+0,63
Ce-144 < 0,64 <048 <0,17 <0,13 <0,11
Cs-137 3,19+1,54 249+1,16 291+£0,87 2,63+£0,82 296+043
Bi-212 1,69 +0,30 1,59+0,241 1,22+0,14 1,01£0,11 1,79+0,17
Th-232 1,74+123 1,55+043 1,92+£0.89 2,07+£0,78 2,26+0,70
Pa-234m <40,5 <29,01 < 16,65 <1747 <1542
U-235 0,23+0,11 0,22+£0,05 0,33+0,08 0,32+£0,03 0,22+0,02
Be-7 <0,95 <0,95 <0,53 <0,43 <0,37
Pb-210 19,97+ 6,18 16,17 +4,30 16,32 +3,11 16,97 +2.74 15,27 +2,46




L.T. Bdt va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Tu nhién va Céng nghé, Tap 32, $6 1(2016)21-29 27

Phan tich két qua trén bang 3 cho thay: Po
mau véi thoi gian 50.000 s va 86.900 s van cho
két qua voi sai s6 1on. Khi do khoang 2 ngay
dém va 3 ngay dém, sai s6 nho hon nhung sai
5O gitra hai khoang thoi gian do nay khong cho
thdy su khac biét, tuy nhién khi do t&i 4 ngay
dém thi két qua xac dinh dugc voi sai 5O thap
hon hin. Nhu vay, v&i mot mau gao ta co thé sir
dung khoang 15 kg tuoi, tro héa, ép mau bang
mdy ép tay, do voi thoi gian khoang 2 ngay
dém (172.800 s) 1a c6 thé dat duoc két qua véi
sai s chdp nhan dugc dbi véi cic phép do
phéng xa mirc thap nhu LTTP.

Tir két qua bang 4 ¢c6 thé nhén théy két hop
cdc giai phap ép mau giam the tich dé ting hiéu
sut ghi, ting khéi lugng miu do va thoi gian
do hop 1y c6 y nghia quan trong, MDA da glam
duoc 4 dn 6 lan (d01 vei Y7Cs 12 0,03 =
0,08Bq), nho d6 hau hét nong do cac dong Vi
phéng xa trong mau dugc xic dinh véi sai s6
chép nhan dugc. Trén 300 mau di duge do theo
giai phdp nay (gdm gao va céc loai LTTP khic),
g6p phan quan trong cho viéc xdy dung co dir
liéu vé& phéng xa trong LTTP ¢ khu vuc bién
gidi, gin voi nha médy dién hat nhan cia Trung
qudc. Bang 4 trinh bay mot vai két qua da thuc
hién.

Béng 4. Két qua xéc dinh ndng d6 mot s ddng vi phéng xa trong mau LTTP & Quang Ninh (Bg/kg.twoi)

Gao te SI 2}, Xa GaoAnép, Xf} Hai H:?lu, xa Yan Rau muéng, thi RauA’ cai, Doﬁn Nghéu., Xa

ang Vi Quakng La}m, Dong, MO ng Nl,qh’ Mong trdn Pong Trleu KeE, Hu?/ \a Va}n Nm,h’

Pam Ha, Cii, Quang Céi, Quang Van Pon, Moéng Cii,

Quang Ninh Ninh Ninh Quang Ninh o 4o Ninh  Quing Ninh
Ycs 1,114 +0,169 0,268 £0,058  0,005+0,002 0,026 £0,008 0,014 +0,005 0,014 +0,014
YK 55,595+4,187 47,76 £4,078 51,265+4.46 91,839+6,233 87,7+5,743 55,383 +4,39
22Th 0,031 +£0,007 0,030,000 0215+0,037 0257+0,032 0,151 £0,041 0,572 +0,125
2Ac 0,033+0,011  0,023+0,007 0,215+0,037 0,27+0,025 0,152 +0,032 0,566 + 0,074
25Th 0,031 +0,006 0,022 + 0,005 <1,364 0,106 +0,017 0,138 £0,016 0,457 + 0,095
22pp  0,025+£0,004  0,023+0,005 0225+0,020 0,160,015 0,097 0,016 0,449 + 0,040
22Bi 0,022 + 0,006 - 0,083 + 0,053 - 0,075 + 0,052 0,686 + 0,243
2871 0,106 0,008 0,116 +0,011 0,077 +£0,009 0,106 0,015 0,026 = 0,005 0,174 + 0,020
2By 0267+0,060 0217+0,063 0,359+0,030 0,227 +0,068 0,051 £0,011 0,42+0,114
B4Th  0,267+£0,060 0,217 +0,063 0,359 +0,030 0,227 +0,068 0,051 £0,011 0,42+0,114
2°Ra 0,048 +0,012 0,051 £0,007 0,076 £0,010 0,212+0,018 0,043 0,021 0,169 + 0,052

24pp 0,017 +£0,005  0,02+0,005 0,073+0,009 0,165+0,017 0,073 +0,025 0,2 +0,047
24Bi 0,027 +0,006 0,031 +£0,007 0,078 +0,011 0216+0,016 0,011 £0,004 0,137 +0,032
20pp  0,613+£0,159  0,345+0,072 2,007 +£0,566  0,75+0205 0,617 +0,071 0,886 +0,229

Trong sd cdc miu nghién clru, c6 mot sb
mau hoat do phong xa YK 16m, hoac B7Cs rat
nhd, mac du da ting khdi luwong mau (vi du nhu
gao dén 15kg), ting thoi gian do dén 172.800 s
nhung van khong xdc dinh dugc P1Cs va mot
vai dong vi khic, d6i voi cdc mau nay két qua
xdc dinh ndng do céc dong vi phéong xa chap
nhén la gid tri MDA, dong thoi ciing cho thay
viéc tang khdi lugng mau hay ting thoi gian do
1a hitu han d6i v6i mdi hé do can dugce xdc dinh
mot cich hop 1y.

4. Két luan

Dé xdc dinh nong do mirc thap céc dong vi
phéng xa trong LTTP trén hé phd ké gamma
phan giai cao voi dau do ban dan siéu tinh khiét
HpGe can chii ¥ cai tién diéu kién hinh hoc do
dé tang hiéu suét ghi, ting lwong mau, ting thoi
gian do; mau dugc tro héa va do véi cic hop
dung mau hinh try ¢6 duong kinh trong 72 mm,
d6 day mau c6 thé thay ddi theo khi lugng tro.



28 L.T. Bdt va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Tu nhién va Céng nghé, Tap 32, $6 1(2016)21-29

Két qua nghién ciru da chi ra rang: Cai thién
céu hinh do mau-detector theo hudng giam thé
tich dé tang hiéu suat ghi cia hé do; Tang khoi
lugng mau do, ting thoi gian do mau cho phép
xdc dinh duoc néng do cac déng vi phéng xa
thip hon nhiéu, dudi mic MDA dat duoc theo
quy trinh thuong ding. Déi véi *'Cs 1a 0,03Bq
dén 0,08Bq.
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Research to Improve the Measurement Sensitivity
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Gamma Spectrometer

Luu Tam Bétl, Luu Nhu Qu}‘/nhl, Nguyén Nhu Vﬁl, Luu Viét Hungl, Tran Thi Vénl,
Luu Vin Dong', Nguyén Céng Poan', Ha Thi Len', Nguyén Thi Soat’,
Nguyén Thi Khang', Pang Tuyét Ly', Nguyén Thi Minh' Nguyén Vin Thoan?,
Khong Nam Khang?; Truong Thi Héng Loan®, Truong Hitu Ngan Thy?, Th4i My Phé*
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Abstract: Gamma spectrometer with high resolution detector ultrapure semiconductor germanium
was used to determine the gamma radiation of radioactive isotope. The concentration of radioactive
isotopes in food was normally detected with using the cylindrical sample container and measurement
time 84.600s. In this measurement condition, '*'Cs and some other radioactive isotopes in low level
was not detected and minimum radioactivity detectable in this case at 0,12Bq - 0,5Bq for '*’Cs. Due to
the concentration of radioactive isotopes in food is very low, there is no equilibrium of **U and **Ra in
samples analyzed. Therefor, for determine the concentration of '*’Cs, necessary solution was improve
of the sensitivity of the measurement system.

This paper presents three optimal solutions to improve of the sensitivity of the measurement
system, including improving measurement efficiencies, increase sample weight, rise measurement
time reasonable. With this optimal solutions, the measurement sensitivity of system was improved
markedly and minimum measurement levels reaches 0,03Bq - 0,08Bq. This method was satisfies most
requirements to analysis radioactive isotopes in food, including the activity of '*’Cs. This method was
used to build databases of concentration of radioactive isotopes in food originating in the border areas
of Vietnam adjacent to the nuclear power plants in China.

Keywords: 37Cs, Gamma spectrometer, food.



