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TOM TAT

Trong kj thudt phén tich hoat d¢ bang hé
phé ké gamma, két qua phdn tich phdi lon hon
gioi han phat hién hoat do (MDA). Viéc cdi thién
kha nang giam phong la mot trong nhiing
phirong phdp phé bién dé giam MDA, ting kha
ning phdn tich hoat do cia hé phé ké gamma.
Trong céng trinh ndy, ching toi thiét ké buong
chi ¢6 cau hinh gom 5 cm chi, 16t thém 2 mm
dong bén trong, MDA ciia “°K (1460,8 keV), 22Th

(%°%T1- 2614,5 keV) va 28U (*4Pb- 352 keV; 2Bi-
609,3 keV; 24Bi- 1764,5 keV) giam thap nhdt 2,6
lan, cao nhdt 4,24 lan. Mat khdc, véi cau hinh
che chdn cdi tién nay, MDA cia 28U nhé hon
hoat do phan tich tw cdac mau dat bé mat tai Viét
Nam. Piéu dé chimg t6 hé phé ké gamma siv
dung dau do Nal(Tl) véi cdu hinh che chdn cdi
tién phii hop cho viéc phan tich hoat d@é 28U
trong mau moi truong.

Tir khéa: gidi han phdt hién hoat do, hé phé ké gamma, phén tich hoat d¢

MO DAU

Phéng phong xa méi trudong bao gdm phéng
Xa tu nhién tir cac dong vi nhu 4K, 232Th, 238,
2351 (va san pham phan ré caa ching), buc xa vii
try,.... Khi do phé gamma ciia mau phan tich s&
c6 déng gop cua phong va 1am két qua phan tich
hoat d6 bi sai léch so v&i hoat do thuc té cua
ddng vi ¢6 trong mau. Do dé, viéc nghién cau
giam phéng moéi trwong dugc xem la phuong
phép quan trong dé nang cao d6 chinh xéac cho ky
thuat phan tich hoat d6 bang hé phé ké gamma.

Pau do nhip nhay Nal(Tl) hoic ban dan
Germanium siéu tinh khiét (HPGe) thuong dugc
dit trong mot budng chi che chin dé han ché
phong méi trudng. Cau hinh che chan thuong la
nhiéu loai vat liéu xép chdng khit 1&n nhau cé sé
bac nguyén tir Z giam dan (tir ngoai vao trong).

Vojtyla va Povinec [1] di tién hanh khao sat
phéng vai nhidu cau hinh che chin khac nhau va
nhan thiy rang khi tang kich thudc, hoic bé day
I6p che chén, hodc 16t thém 16p vat lidu c6 s6 bac
nguyén tir Z thip hon s& lam gia ting twong tac
ctia muon vii tru V&i vat liéu che chin, va khi d6
phd phong do thanh phan vii tru gdy ra cao hon.
Ngoai ra, @& han ché muon tir bic xa vii tru dén
dau do thi hé phd ké can thiét ké dang dbi tring
phiing hoac dat sau dudi long dat.

Tiéu chuan TCVN 9421 vé diéu tra, danh gi4
va tham do khoang san — phuong phap gamma
mat dat d& nghi phwong phap cia s6 (WA,
Windows Analysis) véi cac dinh ning lugng cua
28 (24Bj — 1764,5 keV), 22Th (¢TI — 2614,5
keV) va YK (K — 1460,8 keV) dé xac dinh hoat
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do riéng cua 28U, 22Th va “K trong dat, da va
trong than khoang san, phuc vu cho diéu tra mau
dia chat, tham do khoang san va nghién ctiu moi
truong [2]. N.Q. Huy va cong su tién hanh phan
tich hoat d6 riéng cac mau dat bé mat cua 63 tinh
thanh trén Ianh thé Viét Nam [3]. Két qua cho
thdy hoat do riéng 28U trong khoang 15,02 —
121,58 Bq.kg?, 2Th la 16,07 — 129,16 Bq.kg™
va %K 13 10,47 — 1085,39 Bq.kg'™.

Gi6i han phét hién hoat ¢6 (MDA, Minimum
Detectable Activity) dugc dinh nghia 1a hoat do
thip nhat ma hé phd ké gamma phét hién dugc.
Gigi han nay cang thap thi kha ning phan tich
hoat d6 cua hé phd ké gamma cang tét. Viéc
giam MDA bang cach cai tién cau hinh che chén
thuong dugc nghién ciru bang thuc nghiém [4, 5]
hozc md phong [6, 7]. Tran Thién Thanh va cong
su [8] da khao sat anh huong phéng phong xa tu
nhién véi hai ciu hinh khdng che chén va c6 che
chin cua hé phé ké gamma sir dung dau do
HPGe. Két qua cho thidy MDA cua 28U, 232Th va
4K giam tir 1,09 dén 5,03 lan. L. Done va cong

su [9] tién hanh khao sat MDA cua hé phd ké
gamma véi dau do HPGe dit trong budng chi che
chan day 10 cm, mau phan tich ¢6 cau trac hinh
hoc va ham lugng phong xa khac nhau. Két qua
cho thdy MDA la mot ham cua thoi gian do va
khong phu thudc vao do nhay cua dau do.

Trong cong trinh nay, chiing t6i xac dinh ti 1€
giam phéng cua hé phd ké gamma sir dung dau
dd Nal(Tl) véi nhiéu cdu hinh che chin khac
nhau. Ttr d6, cau hinh che chén cai tién duoc sir
dung dé xac dinh MDA cua 228U, 22Th, 4K tir 10
mau dia chit. Két qua phan tich cho thdy MDA
nho hon hoat do riéng cua cac mau dat bé mat tai
Viét Nam [3].

VAT LIEU VA PHUONG PHAP
Thiét bi

Miu chuin (RGU-1, RGTh-1, RGK-1) va
mau phan tich (M1, M2,..., M10) dugc nén chat
trong cac hop nhwa duong kinh 7,3 cm; chiéu cao
mau 2,0 cm; khéi luong va mat d6 mau duoc thé
hién trong Bang 1.

Bing 1. Khéi lugng va mat do khoi clia cac mau chuan va mau phan tich

Tén miu Khéi lwong (g) Mat dd khdi (g.cm®)
RGU-1 130 1,55
RGTh-1 119 1,42
RGK-1 135 1,62
M1 140 1,68
M2 116 1,39
M3 132 1,57
M4 136 1,63
M5 132 1,57
M6 138 1,65
M7 144 1,72
M8 145 1,74
M9 152 1,81
M10 118 1,40
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Hé phd ké gamma sir dung dau do Nal(T1) co
tinh thé nhap nhay la mot khéi hinh tru, kich
thuge 7,62 x 7,62 cm dwoc cung cip bai hang
Canberra (USA). Pau do Nal(Tl) dugc két ndi
truc tiép véi 6ng Osprey™ [13], bén trong tich
hop bo cip cao thé (HVPS), bo tién khuéch dai,
bo phan tich da kénh (MCA) va cac thiét bi can
thiét khac dé hd tro ghi nhan phd. Ong Osprey™
dugc két ndi véi may tinh bang mot cong USB dé
diéu khién va thu dir liéu. Pham mém Genie2k
dugc str dung dé ghi nhan va xu Ii phé gamma
cua phong phong xa méi trudng va phé gamma
ctia c&c mau chuan.

Budng chi che chin thuong dugc ché tao
dang tru, vai cac vat lidu c6 s6 bac nguyén tir Z
giam dan (tir ngoai vao trong). Khi dat dau do
trong mot 16p chi che chan day 10 cm, phéng
phéng xa méi truong giam 1000 lan va c6 thé
phat hién duoc ngudn phong xa yéu hon 30 lan
v6i d6 chinh xéc théng ké nhu nhau [5]. Tuy
nhién, nhdm tac gia [5] ciing chi ra rang, khi bé
day che chan chi ting 1én thi dong gbp cua buc
Xa vil tru vao phd gamma ciing ting theo. Diéu
nay anh huong dén do chinh xac cua cac két qua
phan tich hoat do tai cac dinh niang lugng thap.
Do d6, véi muc tiéu tiét kiém chi phi ma van dam
bao kha ning phan tich hoat d6 cua hé phd ké
gamma, dic biét 1a cac dong vi co hoat do thip
trong mau moi truong, ching toi thiét ké cac cu
hinh che chan véi 16p chi c6 bé day tang dan.
Trong cong trinh ndy, ba cau hinh dau tién duoc
thiét ké gom:

CAu hinh 1: khéng che chin.

Céu hinh 2: che chan chi 3 cm, 16t thém 16p
ddng 2 mm bén trong.

Cau hinh 3: che chan chi 5 cm, dong 2 mm
bén trong.

Céc cau hinh khac s& duoc tiép tuc nghién
ctru trong thoi gian tiép theo.

Phuong phap

MDA phu thudc vao hiéu suét ghi cua dau do
tai nang luong E (keV), cuong dd phat gamma
ctia dong vi phong xa, thoi gian do phd, do phan
giai nang luong cua dau do, cau trdc hinh hoc cua
mau, bic xa vii try,... MDA thudng duoc tinh
bang cong thic:

MDA=— 1o 1)
£Xx Iy Xty XMy

Pho gamma do bang dau do Nal(TI) thuong
c6 phan bd Gauss, goi m la s6 kénh cua ving
chon, n 1a téng sé kénh cua dinh Gauss khi ROIls
dinh (Genie2k), khoang gia tri phan tich véi d6
tin cay 95 % thi gigi han do Lo (Detection Limit)
[10] duge x4c dinh bang cong thic:

L, =271+3,29 B(1+lj @)
2m

Thong thuong, mot dinh Gauss dugc chon tét

s& chira 99,7 % sé dém théng ké cua dinh [11],
tuong rng Véi n =2mva B = G — Ng la dién tich
nén dudi phong. Khi do, gigi han phét hién hoat
d6 (MDA) duoc tinh bang cong thuc:
2,71+4,65(G-N,)

ex I xtyxmg

MDA

®)

Trong cbng trinh nay, ching tdi s dung bo
mau chuin RGU-1 (4940 #+ 30 Bg.kg?), RGK-1
(14000 + 400 Bg.kg?) va RGTh-1 (3250 + 90
Bqg.kg?) dé xac dinh hiéu suat ghi:

N
" Acxl xtoxme @
e X Iy Xt Xmg

Phé gamma cua phong moéi truong va bo
mau chuan dugc do trong cing thoi gian
(ty =t =86400s). Thé (4) vao (3) ta duoc:

B Ao xmg
MDA—[2,71+4,65./(G—NB)}<NTm (5)

C S
Trong d6, Nc la dién tich dinh pho gamma
cta mau chuan, G va Ng 1a sé dém tdng va dién
tich dinh phd phong, Ac la hoat do riéng ciia mau
chuan, mc va ms 1a khdi lugng ciia mau chuan va
mau phan tich (Bang 1). Sai s6 twong ddi cua gidi
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han phat hién hoat d6 dwoc tinh toan bing cong
thic truyén sai sb [12].

KET QUA

Két qua phan tich giéi han phat hién hoat d9

Céc ddng vi phong xa 238U, 232Th, 4K ¢6 thoi
gian séng dai (Ian luot la T, =4,468x10” nam,
Ty, =1,405x10" ndm, T, =1,25x10" nam)
nén ton tai lau trén trai dat. Pong vi “°K phat

gamma & ning luong 1460,8 keV, chudi 28U va
chudi 2Th c6 ving ning lugng gamma trai rong
tir 0-3000 keV. Pho phong moi truong do bang
hé phé ké gamma st dung dau do Nal(TI) véi ba
cau hinh che chin d& dang phét hién sy ton tai
cua cua cac dong vi nay (Hinh 1). S6 dém toan
phd cua cau hinh 2 giam 15,1 1an va cu hinh 3
giam 23 lan so vai cau hinh 1.
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Hinh 1. Phd phong phong xa méi truong v6i ba cdu hinh che chin

Gi6i han phat hién hoat 6 (MDA) cua K
(K- 1460,8 keV), chudi 28U (théng qua san
pham phan ra 2Pb- 352 keV; 2“Bi- 609,3 keV;
214Bj- 17645 keV), 22Th (2%T|- 2614,5 keV)
dugce xac dinh véi cac cau hinh trén. Két qua
phan tich MDA cua chudi 28U voéi cau hinh che
chin gdm 5 cm chi ¢6 16t thém 2 mm ddng (ciu

hinh 3) giam 4,24 lan & dinh ning lugng 352 keV
(2*Pb); giam 3,53 lan & dinh 609,3 keV (2“Bi);
va giam 2,80 lan & dinh 1764,5 keV (214Bi) (Bang
2). MDA cua chudi 22Th giam 2,60 lan va MDA
cia °K giam 2,70 lan gira cau hinh 3 va céu
hinh 1 (Bang 3).
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Bing 2. MDA (Bq.kg™) cua 238U véi ba cau hinh che chén

Tén 24pp - 352 keV 2148 - 609,3 keV 24Bj - 1764,5 keV
méu MDA® MDA® MDA® MDA® MDA® MDA® MDA® MDA® MDA®
M1 23,66+0,01 : 6,83+0,01 : 559+0,01 | 24,43+0,02 | 943+0,02 ' 6,93+0,02 | 41,55+0,09 : 20,52+0,09 : 14,86+0,09
M2 28,59+ 0,02 | 8,25+0,02 | 6,75+0,02 | 29,52+0,03 | 11,39+0,02 @ 8,37+0,02 | 50,20+0,11 | 24,79+0,11 @ 17,95+0,11
M3 25,25+ 0,02 | 7,28+0,02 : 596+0,01 | 26,08+£0,02 : 10,06+0,02 : 7,40+0,02 | 44,35+0,10 | 21,90+0,10 : 15,86+0,10
M4 24,38+0,02 : 7,03£0,01 : 5,76+0,01 | 25,18+0,02 9,72+0,02 7,14+0,02 | 42,82£0,10 | 21,14+0,10 : 15,31+0,09
M5 25,24+ 0,02 | 7,28+0,02 | 596+0,01 | 26,07£0,02 | 10,06+0,02 @ 7,39+0,02 | 44,33x0,10 | 21,89+0,10 . 15,86+0,10
M6 23,9940,01 | 6,92+0,01 : 5,66+0,01 | 24,77+0,02 9,56+0,02 | 7,02+0,02 | 42,13+0,09 @ 20,80+0,09 | 15,07+ 0,09
M7 23,07+£0,01 | 6,65£0,01 ;| 545+0,01 | 23,82+ 0,02 9,19+0,02 6,76+0,02 | 40,51+0,09 @ 20,01+0,09 : 14,49+0,09
M8 22,86+0,01 : 6,59+0,01 : 5,40+0,01 | 23,60+ 0,02 9,11+0,02 6,69+0,02 | 40,14+0,09 : 19,82+0,09 : 14,36+ 0,09
M9 21,89+ 0,01 | 6,32£0,01 : 517+0,01 | 22,61+ 0,02 8,72+0,02 6,41+0,02 | 38,45+0,09 @ 18,99+0,09 : 13,75+0,09
M10 28,23+£0,02 | 8,14+0,02 : 6,66+0,02 | 29,16+0,02 i 11,25+0,02 ' 8,27+0,02 | 49,59+ 0,11 | 24,49+0,11 = 17,73%0,11

Hoat do

riéng do )

duoc tai 15,02 (Bg.kg?) dén 121,58 (Bq.kg™)
Viét

Nam [3]

Trong d6 MDAW, MDA®, MDA® tiong tmg v&i cdu hinh 1, cau hinh 2, cau hinh 3. Va 23,66(1) nghia 1a 23,66 £

0,01 (Bg.kg).

Bing 3. MDA (Bq.kg™) cua 232Th va “°K véi ba cau hinh che chan.

232Th 40K
Tén miu 208T| - 2614,5 keV 40K - 1460,8 keV
MDA® MDA® MDA®) MDA®W MDA® MDA®
M1 2377012  1234+0,12 | 9,21+0,11 7713+0,19 37,90+ 0,16 = 28,10+ 0,15
M2 28,72+015 | 1491+0,14 11,13+0,14 | 9318%0,23 @ 4579+0,20 . 3395+0,19
M3 2536013 | 13,17+0,12 9,83+0,12 82,31+021 = 4045%0,17 | 29,99+0,16
M4 2449+0,13 1271012 @ 9,49+0,12 79,48+0,20 = 39,06 +0,17 @ 2895+0,16
M5 2536013 | 13,16+0,12  9,83+0,12 82,29+0,21 = 4044+0,17 = 29,98+0,16
M6 2409+0,13 | 1251+0,12 @ 9,34+0,11 78,19+0,20  38/42+0,16 @ 28,49+0,16
M7 2317+0,12 | 12,03+0,11 | 8,98+0,11 7520+0,19 = 3695+0,16 | 27,39+0,15
M8 22,96+0,12  11,92+0,11 . 8,90+0,11 7450019 @ 36,61+0,16 | 27,14%0,15
M9 21,99+0,11 | 1142+0,11 @ 852+0,10 71,36 0,18 = 3507+0,15 | 26,00+0,14
M10 28,36+0,15 | 1472+0,14 | 10,990,13 92,04+0,23  4523+0,19 @ 3353+0,18
Hoat d¢ riéng ) )
do duoc tai Viét 16,07 (Bg.kg?) dén 129,16 (Bq.kg?) 10,47 (Bg.kgt) dén 1085,39 (Bq.kg?)
Nam [3]

Trong d6 23,77(12) nghia 14 23,77 + 0,22 (Bq.kg™)

Ngoai ra, MDA cua chudi 2*U va chudi
232Th véi cdu hinh 3 nho hon hoat d6 riéng cua
c4c miu dat bé mat tai Viét Nam (dudi 15,02
Bq.kg?t dbi voi 28U va duéi 16,07 Bg.kg? doi
v6i 22Th). Pidu d6 ching to cdu hinh che chin
cai tién cuia chiing t6i ph hop cho viéc phan tich
hoat d6 chudi 228U va %?Th trong cac mau moi

truong. MDA cua “K van chua giam dén muc
pht hop (dué6i 10,47 Bq.kgl). Do d6, dé phan
tich dugc hoat do riéng cua “°K trong cac mau
hoat d6 thap can phai tang khéi lugng mau, hoac
tang bé day che chin chi. Piéu nay dang duoc
chiing t6i quan tdm nghién ctru va phat trién.
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KET LUAN

Hé phd ké gamma st dung dau do nhap nhay
Nal(TI) véi cau hinh budng chi cai tién gom 5 cm
chi, 16t thém 2 mm ddng bén trong di giam duoc
s6 dém phong 23 1an so vai cdu hinh khdng che
chan. Ngoai ra, hoat do riéng nho nhat (MDA)
cua chudi 28U (théng qua san pham phan ra
214pp- 352 keV; 2“Bi- 609,3 keV; #“Bi- 1764,5
keV) vai cau hinh che chin cai tién nho hon hoat

do riéng 238U trong cac mau dat tai Viét Nam [3].
Diéu d6 ching to cau hinh che chan cai tién cua
ching t6i pha hop dé phan tich hoat do phong xa
ctia 28U trong cac mau moi trudng.

Loi cdm on: Nghién ciru dugc tai tro boi Dai
hoc Quéc gia Thanh pho Ho Chi Minh (PHQOG-

HCM) trong khuén khé Dé tai ma sé6 B2017-18-
02.

Study of the minimum detectable activity
In gamma-ray spectrometry with various
shleldlng configurations

Le Quang Vuong
e Vo Hoang Nguyen
e Huynh Dinh Chuong
e Lau Minh Phuc
e Tran Thien Thanh
e Chau Van Tao
University of Science, VNU-HCM
ABSTRACT

In the environmental radioactivity analyzing
methods using gamma-ray spectrometry, the
natural activities of radionuclides were required
to be higher than the minimum detectable activity
(MDA). To reduce MDA, one of the popular
methods is to improve the ability of reducing the
background radiation of the gamma-ray
spectrometry. In this work, we designed the
shielding configuration with 5 cm lead and 2 mm
copper (thickness of walls and top). The MDAs of
gamma-ray spectrometer were 2.6-4.24 times

times for “°K (1460.8 keV), 2%2Th (*8Tl- 2614.5
keV) and 23U (?*Pb- 352 keV; 2Bi- 609.3 keV,
214Bj- 1764.5 keV). In the other hand, MDA for
238y with this shielding configuration is smaller
than the activity of 2%U inside surface soils in
Vietnam. These results showed that the gamma
spectrometer with Nal(Tl) detector and this
shielding configuration was suitable for
measurements  activity of 28U in the
environmental samples.

Key words: minimum detectable activity, gamma-ray spectrometry, activity of radionuclides
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