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L&i noi dau
TCVN 12296:2018 do Téng Cuc Bja chat va Khoang sén Viét Nam bién soan,

BO Tai nguyén va Moi trwong dé nghi, Téng Cuc Tiéu chudn Do lwdong Chét
lwong tham dinh, Bo Khoa hoc va Céng nghé cng bé.
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Diéu tra, danh gia dia chat moéi trwong — Phwong phap xac dinh
hoat do phong xa (**Ra, ?**Th, “°K) trén may phd gamma phan
giai cao

Investigation, Assessment of Environmental geology — Determination of the activity

concentration (***Ra, %?Th, “°K) by high resolution gamma-ray spectrometry

"QUAN TRONG: Tiéu chuan nay str dung cho ngwoi cé nghiép vu trong viéc phan tich

mau trén may phé gamma phan giai cao".

1 Pham vi ap dung
Tiéu chuan nay quy dinh phuong phap xac dinh hoat do phong xa clia 2°Ra, Z2Th, “K trén may phd

gamma phan giai cao.

Phuwong phap thire hién khi st dung detector germany siéu tinh khiét c6 d phan giai cao (HpGe) dang
hinh try thé tich tir 83 cm® tré Ién.

2 Tai liéu vién dan

Cac tai liéu vién dan sau la can thiét cho viéc ap dung tiéu chuan nay. Bi voi cac tai liéu vién dan ghi
nam céng bd thi ap dung phién ban duoc néu. DI véi cac tai liéu vién din khong ghi nam cong bé thi
ap dung phién ban maéi nhat bao gdm ca cac ban stra ddi, bd sung (néu co).

TCVN 10758-1:2016 (ISO 18589-1:2005), Do hoat dé phdng xa trong méi truong dat - Phén 1: Huéng

dan chung va dinh nghia.

TCVN 10758-3:2016 (ISO 18589-3:2015), Do hoat dd phdng xa trong méi truong dét - Phan 3: Phuong
phap thir cac nhan phong xa phat Gamma béng do phé Gamma,
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TCVN 7175:2011 (ISO 10703:2007), Chét lugng nuéc - Xac dinh néng do Hoat dé cua cac Nuclit
phéng xa - Phuong phap phd Gamma d6 phan giai cao.

3 Thuat ngir dinh nghia va ky hiéu
3.1 Thuat ngir dinh nghia
Trong tiéu chudn nay, ap dung cac thuat ngi dinh nghia sau:
3.11
Bilrc xa Gamma (gamma radiation)
Birc xa ion hoa truc tiép cb thanh phan 14 cac photon- gamma phat ra véi cac mirc nang lwong khac
nhau ti mét hat nhan phéng xa,
3.1.2
Nang lvgng blrc xa gamma (gamma radiation energy)
Nang Irong phat ra dwdi dang cac phdton-gamma tlr qua trinh phan ra phong xa cla mét hat nhan xac
dinh. Bon vi do nang lweng blrc xa gamma 1a Kilo electron Vol ky hiéu la: KeV.
3.1.3
Hoat d6 phéng xa (radioactivity)
Hoat d¢ phong xa (A) la sb do d6 phéng xa, xac dinh sé Ivong cac hat nhan phéng xa & trang thai
nang lwong xac dinh tai mot thoi diém xac dinh. Hoat do phong xa dwoc xac dinh theo cong thirc:
dN
A=—
dt
Trong do
A la hoat @6 phéng xa. Trong hé don vi do ludng SI, don vi hoat d6 phéng xa la Becquerel, ky
hiéu 1a Bq; 1 Bq =s"; don vi ngoéi hé S| thwéng dung la Curie ky hiéu la Ci; 1Ci=3,7.
10" Ba.
dN 1a sé hat nhan bién ddi trang thai nang Iwgng trong khoang théi gian dt:
3.1.4
Hoat d6 riéng (specific activity)
Hoat d6 phéng xa ctia mét chét xac dinh chia cho khéi lwong clia no. Hoat a6 riéng trong hé don vi Sl
dwoc do bang Ba/g (Bg/kg, Ba/l, Bq/m3...).
3.1.5
Hang sb phan ra (decay constant) ()
Doi voi mdt hat nhan phong xa & mét trang thai nang luong cu thé, 1a ty sé ctia dP trén df, trong d6 dP
la xac suét clia hat nhan phéng xa d3 qua chuyén hoa tir trang thai nang lwong dé trong khoang thoi

gian dt,
6
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1= @ _ 1 aN
d Nad
Trong do
N 1a sb hat nhan ton tai & thoi diém ¢,
3.1.6
Do Phd gamma (gamma-ray spectrometry)
Phwong phap do tia gamma sinh ra phd nang lvgng phat xa gamma, phat ra theo cac mrc nang lugng
riéng cla no, trong mot hinh hoc do xac dinh.
3.1.7

Hiéu suat dém (acount rate)

Trong mét dang hinh hoc do nhét dinh, hidu suét dém 1a ty sé gitra sb cac Photon gamma ma thiét bj
do ghi dwoc (s xung) va sé cac Photon gamma phat ra tir ngudn voi nang lwong tuong tng trong
cung mét don vi thdi gian.

Hiéu suat @ém phu thudc vao nang lwong cla cac tia gamma; ki hiéu cta hiéu suat dém 13 ¢ ; Pon vi
tinh hiéu suét ghi 1a %.

3.1.8

Phong birc xa (background radiation)

Bao gém phéng birc xa tw nhién va nhirng blrc xa ion hoa khac tir méi trwérng xung quanh hé do ma ta
can lam gidm anh huwéng cla ching 1&n dbi teong do trong cac phép do phéng xa.

Sé liéu do phdng phong xa cla thiét bi do phu thude vao mai trwdng xung quanh va dd én dinh cla
thiét bi do dém phéng xa do.

3.1.9

Hé phd ké gamma (gamma spectorometry)

Ding mét detector birc xa gamma phan giai cao HP.Ge két hop v&i may phan tich bién do da kénh va
hé théng che chan detector dé do cac tia gamma ctia hat nhan phéng xa.

3.1.10
Ving quan tam (ROI)
La moét nhom cac kénh lién tuc dwoc lira chon.

3.1.11
Hiéu (*ng téng (gross effect)

L téng sé xung trong mét vung quan tam, sinh ra b&i higu (ng phdng va birc xa tir mot chuyén doi

gamma riéng tir hat nhan can xem xét trong mau.
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31.12

Hiéu trng thuc (net effect)

La tdng s6 xung trong viing quan tam. N6 bang hiéu sé cua Hiéu tng tdng trir di Higu tng phong.
3.1.13

Do phan giai nang lweng (energy resolution)

O mirc néng lwong xac dinh (3 sw khac biét nhd nhét gitra nang lwong clia hai tia gamma ma cé thé
phan biét dugc bang may quang phd tia gamma. Trong tiéu chudn nay, 46 phan gidi nang lwong dwoc

biéu thi béng chiéu rong nra peak chia cho nang lvgng clia peak trén dwdng cong phan bé, ki hiéu 12
FWHM.

3.1.14
Pic nang lwgng day (full energy peak)

Pic trén dwong cong dap (ing phd twong (ng voi sy hap thy hoan toan nang lugng cla photon trong
thé tich nhay detector bang hiéu (rng quang dién hodc cac twong tac photon lién tiép cla hiéu trng tao
cap (chi ddi véi nang lwong photon > 1.022 keV), tan xa compton va hép thu quang dién.

31.15

Chéng chit (pile-up)

Sw ¥ Iy bdng may do phd burc xa cac xung tao ra do sy hap thy ddng théi nhiéu hat hodc photon cé
ngudn géc tir cac hat nhan dang phan ra khac nhau trong detector.

3.2 Ky hiéu va don vi
V(m)  Thé tich ciia mau nuéc dé tha, tinh bang lit (hoc khéi lvgng mau dat dé thir, tinh bing (kg).

A Hoat d9 clia méi hat nhan phong xa trong ngudn hiéu chuan, tai thei gian hiéu chudn, tinh
bing becquerel.

Ca Cac  NOng do hoat d6" clia méi nuclit phong xa, khéng hiéu chinh va co hiéu chinh, tinh bang
becquerel trén lit.

ty Thoi gian dém phé clia mAu, tinh bang giy (s).
to Thaoi gian dém phd clia nén, tinh bang giay (s).
ts Thoi gian dém phé hiéu chuan, tinh bang giay (s).

Nnelwoe Mvse SO dém trong dién tich cua pic thwe, tai nang lwgng E, trong phd mau, trong phd
nén va trong phd hiéu chuan, tvong tng.

Moe Moo, Ngse  S6 @&m trong dién tich tdng cong cla pic, tai nang lwong E, trong phd mau, trong
phd nén va trong phd hiéu chudn twong irng.
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Noe Moo Nese SO Gém trong nén cla pic, tai nang lwong £, trong phd mau, trong phd nén va trong
phd hiéu chuan twong tng.

£ Hiéu suat ctia detector & nang lwong E, tai hinh hoc do thuc té.
Pe Xac suét phat xa clia mét tia gamma véi nang lwong E, clia méi nuclit phéng xa, trén phan ra
A Hang sé phan ra clia nuclit phéng xa, tinh bang mét trén giay.

4 Nguyén tic xac dinh hoat do phong xa cua (**Ra, Z2Th, “°K) trén may phé gamma
phan giai cao

4.1 Xac dinh hoat dé phéng xa cua “*Ra

4.1.1 Xac dinh thong qua dinh nang lwong 186,2 KeV

Trong ty nhién 2°Ra c6 chu ky ban ra 1,6.10% nam, I déng vi con trong diy phéng xa Urani. Déng vi
25Ra phat tia gamma 186,2 KeV véi hiéu suat phat 3,58 % twong déi thich hop dé& phén tich xac dinh
5Ra vi tia gamma ndm trong ving c6 hiéu suét do cao clia Detector Hp Ge. Tuy nhién dinh nang
lwong 186,2 KeV 1a dinh chong chat béi ning lwong 185,9 KeV (57,2 %) ctia hat nhan *U (chiém
0,72 % trong Urani tw nhién). Vi thé khi phan tich **Ra truc tiép bang dinh nang lveng dic trwng
186,2 KeV phai trir di phan dong gop clia 2°U. Cy thé nhu sau:

Khi khdng cé didu kién nhét mau dé dat duoc can bang phong xa gitra **Ra voi cac san phdm phan
ra cla nd, ta cb thé phan tich truc tiép pic nang lwong 186,2 KeV clia ddng vi *°Ra (hiéu suéat phat
gamma 3,58 %) voi viéc trlr di phan déng gop trong g6 cla pic nang lvong chéng chat 185,9 KeV clia
25J (Hiéu suét phat gamma 57.2 %).

Co rat nhidu cong trinh a4 nghién ctru xac dinh ti sb dong gop s dém tai pic 186.2 keV cla *°Ra voi
25) c3n clr vao ham lwong cac thanh phan clia né trong tw nhién nhw da néu & trén (xem tai liéu tham
khao 1va 3); Ty s6 dé |a:

0.036 .4 4, 1

(4.1)
0.572 Ay s

Rpa [ Myms =

Biing cac phuong phép tinh toan va xac dinh **U théng qua viéc xac dinh chinh xac **U va #*Ra. Két
qua cho ti sb vé sw dong gop sb dém trong peak nang lwong 186,2 kev cla **Ra va **U nhu sau:

NRa = 0.583 Nigtaries (4.2)
Nyzss = 0.417 Nrgainss (4.3)

Nhw vay dbi véi cac mau Urani can bang phong xa trong tu nhién, ta co thé phan tich hoat do cla
25Ra thong qua pic nang lwong 186,2 keV bing cach do phd ning Irong gamma va 1ay 58,3 % dién
tich pic nang lwong 186,2 keV do dugc Ia clia **Ra dé tinh hoat d§ ctia no.
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4.1.2 Xac dinh thong qua 2 dong vi ***Pb va *Bi

Ta cling c6 thé phan tich **Ra bang cac dinh nang lwgng cta cac hat nhan con chau clia né nhw 2Pb
va ?"Bi & trang thai can bang phong xa voi “®Ra. Thoi gian dat trang thai can bang phong xa gita

#%Ra va cac san pham con chau ctia né 2"“Pb va 2"Bi 1a khodng > 30 ngay.

Khi dat duwoc trang thai can bang, ta ¢o thé lwa chon cac dinh nang Iwong déc lap dieng sau dong vi
*®Ra clia ?'"Pb va ?Bi co dinh ning luong phat cao hon G& dam bao dé chinh xac va tiét kiem thoi
gian do mau thtr. Cac pic nang lugng c6 thé st dung dé phan tich *°Ra & trang thai can bang véi hat
nhan con: 2952 KeV (18,9 %) va 351,9 KeV (37,7 %) cla 21ph; 609,3 (44,6 %),1764,5 (25,4 %) va
1120,2 KeV ctia ?“Bi.

Phén ra con chau clia "*Pb & trang thai can bing phong xa bing cac dinh manh 1a 351.9 KeV.

Phan ra con chau cla ?'“Bi & trang thai can bang phong xa bang cac dinh 609.3, 1120.2 va
1764.5 KeV.

Dé dat duwoc can bing phéng xa gira *®Ra voi céc san phdm phan ra cla nd thi cac mau dat duoc
x( Iy kho, nghién dén c& hat 1 mm va dua vao hop do kiéu "Marinelli beaker" hoac cac hdp hinh tru.
Mau dwoc bit kin biing cach dé Farafin Ién trén, day nép that kin d& nhét khi phong xa Radon (*’Rn)
trong thoi gian = 30 ngay du dat duoc can bang phong xa gitra “°Ra voi cac hat nhan con chau: #Rn,
?"Pb va 2"Bi trurrc khi do pho.

4.2 Xac dinh hoat dd phong xa cta **Th

#2Th I3 hat nhan d4u tién cta day phan ra phéng xa Thori, trong tw nhién day phong xa théri dat duoc
can bang thé ky sau khoang thoi gian trén 60 nam tor khi sinh ra. Néu coi 22Th can bing phong xa voi
cac san phdm phan ra con chau cla né thi ¢é thé st dung cac dinh gamma manh clia cac ddng vi con
chau dé phan tich ham Iwong hoat d6 clia 2*Th véi dd chinh xac va dd nhay cao hon bao gdm cac
dinh nang lveng cla cac dong vi nhu sau: 338,32 (11,3 %), 911,2 (26,6 %) va 968,97 (15,8 %) keV
cla hat nhan ?’Ac hoic 583,2 (84,5 %) va 277,0 (6,31 %) keV clia hat nhan con 2®TI can bang phong
xa vai 22Th,

Dé phan tich hoat d6 phong xa clia #2Th ta co thé do phd gamma clia mau thir va phan tich hoat d§
ctia **Ac duoc xem nhu trong ty nhién ludn can bing bén véi #2Th. Phan tich hoat d clia hat nhan

Ac duoc thue hién truc tiép biing cac dinh nang lvgng E = 338.32 KeV, 911.20 KeV va 968,97 KeV.

D& phan tich *’Th théng qua cac ddng vi con chau ciia né nhw 2Tl véi cac mire nang lwong: 277.4
(6.31 %), 583.2 (84.5 %) va 860.6 (12.4 %) KeV, "?Pb voi mirc nang lwong 238.6 (43.6 %) va *'?Bi
véi mirc nang lwgng 727.3 (6.65 %) la san pham con clia *°Rn trong day phan ra 2*Th. Tuy nhién hat
nhan ?*Rn ton tai & dang khi co thé dé mét di trong qua trinh gia cong ché tao mau do vi thé lam mét
can bang gitra 22Th véi #°Rn. Dé phan tich Z*Th théng qua dinh nang lwgng ctia 2T, 2'?Pb va 2B
ciing phai nhét mau trong thoi gian dat trang thai can bing bén gitr “°Rn voi hat nhan 2*Th trong

khoang thoi gian 240 ngay.

10
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4,3 Xac dinh hoat 6 phong xa ctia “K

Péng vi phong xa *°K chiém 0.0119 % khéi lvong trong Kali tw nhién cé chu ky ra nira 1a 1,28 .10"

nam.

Déng vi “%K phat Tia gamma dé&c tring c6 nang lugng 1640,8 keV voi hiéu suat phat 1a 10,7 % rét thich
hop dé phan tich xac dinh néng do hoat dd cla nd trong mau thir véi dd nhay va dé chinh xac cao
bang phuong phap do va phan tich phd nang Ivgng gamma.

Do kali 1a nguyén té co mat trong hau hét cac thanh phan vat chét clia méi treéng xung quanh nén
phéng phong xa tu nhién cla déng vi “K tao thanh trong phd gamma do duoc ludn ton tai, vi thé khi
phan tich “°K nhét thiét phai trr phong tw nhién cda né tlr thiét bi va phong do dé cé dé chinh xac cao

hon.

5 Thiét bi, dung cu do phé gamma
5.1 Detector ban dén siéu tinh khiét HP.Ge véi cac thong s co ban sau:
Detector co hiéu suét ghi birc xa Gamma 30 % tr& 1&én, @ phan giai nang lvgng ¢ mét nira cuc dai
(FWHM) téi da 1 0,85 keV & nang lwong 122 keV va 1,85 keV va & nang lwgng 1332 keV clia ddng vi
60,

Co.

5.2 May phan tich bién d6 da kénh v&i bo cao ap cung cép cho Detector dién ap + 4000 V.

Yéu chu may phan tich bién do da kénh MCA phai lam viéc bn dinh va c6 b én dinh phd, én dinh cao
ap + 4000 V cho Detetor .

B6 &n dinh phd thue hién chirc ndng én dinh diém "0" va hé s6 khuéch dai dwoc chon trvdc dé duy tri
&n dinh bién dd xung clia tin hiéu vao va biéu dién dang phé theo tiéu chuén phan bé Gaus.

5.3 Chuong trinh thu nhan phé 1a phan mém ding dé do phd nang lveng birc xa gamma cho phép
dit cac ché d6 do 6n dinh.

5.4 Chwong trinh phan mém phan tich phé: Chuong trinh phdn mém phan tich phd duoc ding dé
phan tich ty dong cac phd nang lwong birc xa gamma ca dinh tinh va dinh lvong cac ddng vi phong xa
c6 trong mAu do.

Chuong trinh phan mém phan tich phd cho phép hiéu chinh day dd cac ket qua do nhu hiéu chinh
kénh- nang lwong, higu suét do, trir nén phong, hiéu chinh tw phan ra...

5.5 May tinh ban (PC dé ban) 01 bd: Cac may tinh PC théng thudng hoac nhirng phién ban cao. May
tinh dwoc cai dat cac phan mém chuyén dung d& do va phan tich phd, tinh toan hoat d¢ cac nhan
phéng xa trong mau.

5.6 Budng chi che chdn dé giam phéng phéng xa tw nhién tac dong vao Detector véi Iop chi sach
phong xa chiéu day tir 70-100 mm, I6p 16t bén trong béng déng thau day 2 mm. S6 dém phéng téng
cong trong viing nang lrong bl xa gamma tir 200 KeV dén 3000 KeV khong Ion hon 0.9 s6 dém/giay.

11
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6 Yéu cau vé miu dé do phd gamma
Yéu cau vé& mau va hop dwng mau nhw sau:

- Diéu kién cta phuong phap nay la kich thwéc hinh hoc do phai gidng kich thudc hinh hoc ctia mau
chudn @& xay dyng dudng cong hiéu suét ctia phd ké.

- Mau do duoc dwa vao trong Hop do (Hop chira mau) co kich thudc tiéu chuan phi hep véi hdp
dwng mau chuan va voi detector clia hé do. Thudng st dung loai hop hinh try (Loai 2 1) hodc hinh

giéng (Hop Marinelli - loai 3 n).

- Lwong mau dwa vao hép do phi hop véi mau chuan hién cd,

- Hop chira mau cn cé cac dic tinh sau:

Buoc lam bang vat liéu trong sudt dé nhin duoc bén trong va hap thy bic xa gamma thép:

Cé thé tich phit hop voi hinh dang cla detector G& bao dam higu suét téi da;

Khéng bi ngdm nwérc va khong phan ng véi thanh phan cla mau;

C6 nép day kin khi dé thuan Igi cho viéc nhét khi phong xa khi can;

Khéng dé v.

Hop do thwong bang vat liéu nhua Polymer hinh tru cé dwdng kinh bing véi dwéng kinh vé ngoai clia
Detector. Bé day thanh hép khoang 2,0 mm, chiéu cao khodang 30 mm - 40 mm cho cac mau dw doan

c6 hoat dd phong xa cao (mau & cac vung than mé quang khoang sén) va cac mau nwdc sau xi ly hda
hoc.

Hop dwng mau do bang vat liéu nhwa Polymer kiéu Marinelli (hinh giéng) dung tich 500 ml - 1000 ml
duoc str dung cho cac mau dy doan hoat 6 phong xa yéu.

Cac mau dat, nwoc (sau khi xtr Iy hoa hoc) duoc lam khé bang nhiét 46 méi trwong hodc say kho &
nhiét dd 50 °C — 80 °C, dat dén do am twong déi tlr 5 dén < 10 % (hodc say kho dén trong lwong khong
asi).

Mau dat duoc nghién nhé dén kich thuwde hat nhd hon 1mm sau do cho qua ray cé duong kinh 16
1 mm dé dwa vao hop do.

7 Nguén chuin
7.1 Ngudn chudn diing dé hiéu chuén ning lwgng

Nguon chudn ding @& hiéu chinh nang Iweng dinh tinh thwong sir dung 1-2 ngudn phat nhigu mirc
nang lwong gamma hodc mét bd gdém tir 7 dén 10 ngudn phong xa hinh dia cd cac tia gamma don
nang phan bé trong dai nang lwgng tir vai chuc KeV dén 1600 KeV. Hoat d6 clia nguén chuén dung dé
hiéu chinh nang Iwgng thwdng 10 uCi.

12
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Chon ngudn sao cho ¢ duoc it nhit 7- 9 dinh ning lwong don nang chia déu trén khoang nang luong
clia thiét bi; Cac ngudn phong xa chira cac déng vi sdng dai (europi-155, americ-241, coban-60, cesi-
137, Radi-226) dwoc khuyén nghi s dung lam nguén chuén nang Iwong cho thiét bj nay.
7.2 Ngudn chuin dung dé xac dinh hiéu suit dém theo nang lwong
- Céc ngubn chudn dung dé xac dinh hiéu suat dém theo nang lwgng can co kich thwée hinh hoc va
mat do vat chét twong ty nhu mau do.
- Hoat d% phong xa trong chat chudn da dwoc xac dinh véi sai sé xac dinh hoat d6 cac chat chuén
khéng qua +5 %.
Dung mét hay nhiéu nguén chun phli hop véi tiéu chuén quéc té hodc quédc gia va co hoat d6 cac
chét chudn ciing nhu sai sé clia tong hoat d¢ da biét. Ciing c6 thé dung ngudn chira nhiéu nuclit phong
xa: Nang lwong cla tia gamma phat ra trong ngudn chuén phai duoc phén bd trén toan khoang nang
lrong phan tich. Thuang dé xac dinh higu suat dém cén tdi thiéu tir 7 - 9 mic néng Iwgng phan bd
déu tir thAp dén cao (Thi du 63,29 KeVcta *Pa dén 1764,5 KeV clia *"*Bi).
B4 ngudn chudn xac dinh hiéu suét dém theo nang Iuong d@é phan tich cac mau dét da hodc mau cé

mat do khdi twong duong, dwoc néu trong phu luc A.

8 Cach tién hanh

8.1 Chuén bi miu dé do

M3&u dé do duoc chuén bj nhw sau:

- Chon hép chira phi hop véi nguén chuén hiéu suat da co.

- Cho mAu vao hdp chira dén chiéu cao béng vai chiéu cao clia mau chuan. Nén ding dung cu co hoc
d& xép mau vao hop chira (vi du, bang rung hodc dung cu nén mau) nham dat dén chiéu cao cla mau
phli hop v&i chuan.

- Ghi lai khéi lwong mau.

- Pay kin hdp chira, khi can thiét phai bit kin bang parafin dé tranh thoat khi phong xa.

- Lam sach phia ngoai hop chiva 6é loai bé nhigm ban cac chat phong xa tuw nhién cho hé do phd.

8.2 Do mirc phdng nén phong thiv nghiém

Nhan phéng xa tw nhién néi chung tén tai phd bién trong tu nhién ciing nhw trong vat liéu lam detector
va |&p che chan.

Murc phong nén ctia thiét bi do phai duoc gitr & mirc thap nhat co thé va dic biét la phai gitr én dinh
nhét c6 thé bing cac bién phap lam sach phong do.

Trwee khi do mau thir phai do mirc phéng nén cda hé do phd gamma tai phong thir nghiém bang cac

mAu tring d& thuc hién viéc trr phdng khi tinh két qua hoat do ca nhan phéng xa trong mau thi.
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Thei gian do mirc phéng nén thudng kéo dai bang hodc Ién hon thoi gian do mau thi.

8.3 Hiéu chuin

8.3.1 Hiéu chuan ning lwong

- Trong hé théng thiét bi do phd gamma, quan hé gitra ning lwong va sé thr tw kénh 1a gan tuyén tinh.

- Hiéu chuan nang lwong dwoc tién hanh bang cach do cac ngudn chudn don nang hodc mét ngudn
chudn c6 nhiéu dinh nang Iwong doc Iap (vi du nhw *°Ra) hodc cac ngudn hdn hop cla vai nhan

phong xa dé xac lap méi quan hé gitra kénh do va nang Iwong buc xa.
Méi quan hé Nang lwong - Kénh do duwoc thé hién theo phuwong trinh (8.1):
E =a+bCh (8.1)
Trong do
E 14 nang lwong cla tia gamma tinh bang KeV:
Ch 14 sé thir t kénh, Ch cé gia tritir 1 dén 8192;

a, b 1a cac hé sé phy thudc vao tirng may do cu thé. Cac gia tri a, b dwoc chwong trinh ty dong
tinh toan sau khi ta dwa téi thiéu ti» 7- 9 cép sb liéu kénh - Nang lwong (Ch-E) twong (rng vao

chwong trinh phan tich phd béng chic néng "Calibration Energy".

Khi hiéu chuan Kénh-Nang lvong, can qui cho tirng kénh mirc nang long twong (ng véi dd chinh xac
0,1 keV hodc tét hon.

Caéng viéc nay duoc thue hién bang chirc ndng Calibrate\Enery clia phan mém do va phan tich phd va

dwoc ghi luu lai nhirng thong tin can thiét cho viéc phan tich vé sau.
8.3.2 Hiéu chuin hiéu suat

Hiéu suat dém clia hé phd ké dwoc xay dung béng cach stk dung mét ngudn chudn co6 mét hoic hdn
hop cac nhan phéng xa cé cac dinh gamma phat ra khac nhau (téi thiéu co 7-9 dinh nang lwong).
Nguén chuan hiéu suat Ga biét treéc hoat dd tirng nhan phéng xa.

Viéc hiéu chuan nay cho phép thiét 1ap hiéu suat ghi cta hé phé ké nhu 1a mot ham cla nang lwong
blrc xa.

Phuwong phap thanh 1ap dwéng chuan dinh lwgng.

Buaéng chuén dinh lvgng mé ta méi quan hé gilva hiéu suat do clia thiét bi voi ndng lwong cla tia blrc
Xa gamma.

Buong chuan dinh lwong thuwdng 1a mot da thic bac cao mé ta mdi quan hé gitra Hidu suét do va
Nang lgng cla tia birc xa gamma.

Hiéu suat dém cda thiét bi do theo nang lwong &(E) tai mot nidng lwong xac dinh duoc tinh theo cong
thire tdng quat (8.2) nhw sau:
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Ny o/t
SE — Ns.E 5 (82)
AIPE
Muon xay ding dwdng chuan dinh lvong, ta cin c6 téi thiéu 7- 9 cap sb liéu; "Nang lvong tia gamma
E" va "Hiéu suat dém &g " twong (ng. Cac cap s6 liéu " E va e¢" tvong (ng ¢an trai déu tir nang lwong
thap (thi du 46.5Kev cta *'°Pb ) dén nang lwong cao (1764.5 Kev cta dbng vi 2Bi) ctia phd nang
lwong do duorc.

Trong chwong trinh phdn mém phan tich phd da tich hop chuong trinh con thuwe hién chirc nang xac
dinh ham hiéu sut do theo nang Irong.

8.4 Do mau thir

Do mau can thire hién trong cac diéu kién do twong tw nhu digu kién cho viéc hiéu chudn hiéu suét cla
hé théng do phd gamma. Dic biét, cac ché do dat ctia b dién tt (hé sé khuéch dai va cao thé), didu
kién hinh hoc thiét bj do, vi tri nguén so voi detector, mau va cac chat nén chuan phai hoan toan gidéng

nhau,

Thoi gian do mau tly thudc yéu cau vé d6 chinh xac cla phép phan tich va hoat 6 manh yéu cla
nhan phdng xa can do trong mau thtr. Thudng thdi gian do dd I6n dé xac dinh dwgc dién tich dinh hap
thu toan phan tai nang lvong 186,2 KeV cia ***Ra hodc cac dinh 351,92 KeV ctia ?'*Pb va céc dinh
609,32 KeV 1120,28 va 1764,51 KeV clia *"“Bi ¢ sai sb twong déi <10 %. Viéc thye hién danh gia do
chinh xac khi xac dinh dién tich dinh hap thu toan phan theo hwéng din st dung phan mém do phd.

Viéc phan tich phé duwoc thwang thie hién tw dong béng phan mem phén tich phé clia nha san xuét.

Trwée khi tién hanh phén tich phd, can doc phd clia mau do vao may tinh va dwa vao cac thong sb can
thiét cho viéc phan tich nhw: Hiéu chudn kénh - nang lvong, hiéu chudn hiéu suat do, hiéu chuén

phdng nén va khéi lvgng mau do bang phan mém phan tich phé.

8.5 Phan tich phé

8.5.1 Céng thirc chung dé tinh hoat dé phong xa

Nong do hoat dd ¢, clia nuclit phong xa cé trong mAu dworc tinh tir s6 dém thire té ny ¢ tir dinh gamma

dac trung ctia mbi déng vi phéng xa theo céng thirc (9.1)

. nyglt,
- 9.1
TP e,V (m).f, 24

Trong do
f= la hé s6 hiéu chinh xét cho tat ca cac hiéu chinh can thiét theo Céng thirc:
fe=fy. fane foe (9.2)

Trong dé:
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fy  la hé sb hidu chinh déi véi phan ra trong thdi gian ché do;
fae 12 hé sb hiéu chinh sw tw hap thy;
f.e lahé sb hiéu chinh s mat mat do tring phng (thdi gian chét);

Béi voi dinh khéng bi nhiu loan véi nang luong E, sé dém nye trong khu vue dinh thyc cla phd y
duorc tinh bang Cong thire (9.3):

Nye=Nge-Noe (8.3)
Nhw vay, cong thirc (9.1) co thé duoc viét thanh :
Ry ”g _ Mg Myg

&= =
! PE-5£°V(m)'fE PESEV(m)fEIg

8.5.2 Xac dinh hoat do phéng xa clia “*Ra

(9.4)

Néng dé hoat dé cta *°Ra trong mau thr duge phan tich xac dinh bang tia gamma dac trng clia nd
tai dinh nang lwong 186,2 keV sau khi da trir di phén dong gop clia 2°U voi néng lvong 185,9 KeV.
Trong trwéng hop mau thlr dat dwoc can bang phong xa gitra “°Ra voi cac san phdm phan ra con
chau thi ndng d6 hoat d6 cdia **°Ra trong mAu thir dwoc phan tich xac dinh bang tia gamma déc trung
ctia 2*Pb va #"Bi.

8.5.3 Xac dinh hoat do phéng xa cua ***Th

Néng do hoat dd clia hat nhan phong xa 22Th trong mau th( dwoc phan tich xac dinh béng tia gamma
dic trung clia dong vi con chau clia né la 2®Ac bang cac dinh nang lwong 338.32; 911.20; 968,97 KeV.
Trong trudng hop mau do dat dwoc can bang phéng xa giira ***Th v6i cac san pham phan ra con chau
clia no thi ndng do hoat dé clia *?Th trong mau thir dugc phan tich xac dinh bang cac tia gamma dic
trng véi cac nang luong: 277.4 (6.31%), 583.2 (84.5%) va 860.6 (12.4%) KeV ciia 2*TI vathodc mirc
nang lwong 238.6 (43.6%) clia >'*Pb va/hodc 727.3 (6.65%) clia *'?Bi.

Sau khi xac dinh duoc ndng dé hoat do ctia I, 2'?Pb va ?'Bi ta ¢6 thé lay trung binh hoat d cta
3 dong vi nay dé qui cho 2*Th.

8.5.4 Xac dinh hoat d6 phdong xa cua *°K

N6ng d6 hoat do ctia “°K trong mau thir dwoc phan tich xac dinh bing tia gamma dac trng clia né tai
dinh nang lugng 1460,8 KeV.
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9 Hiéu chinh két qua
9.1 Hiéu chinh cho phéng nén

Khi do hoat dé cac nhan phéng xa tw nhién, vung dinh nang lwong dic trung cho tirng déng vi phong
xa can sir dung dé xac dinh hoat d phéng xa sé phai dwoc hiéu chinh cho sy dong gop tir phong nén
clia chinh nhan phéng xa nay trong budng che chén detector, mdi trwéng xung quanh ... gay ra co tinh
dén sy khac biét vé thoi gian do mau va thoi gian do phong nén.

Péi voi dinh khéng nhiéu tai mirc nang lwong E, sé dém ny e trong viing dinh thie ctia phd y dworc tinh
st dung Cong thirc (9.5):

Nye = Nyedo - Mo e (9.5)
Trong do
nue® 14 s6 dém thue cla pic ndng lweng E do duwoc bao gém ca phdng nén tw nhién.

Viéc hiéu chinh phdng nén dwoc thyc hién bang phan mém phan tich phd khi xac dinh hoat o cla
trng nhan phéng xa trong mau thi theo hwéng din s dung phan mém phan tich (Thi du
GAMMAVISION 32).

9.2 Hiéu chinh phan ra, tw hip thu va tring phing

Cac hat nhan **Ra, #?Th, %K ¢6 chu ky ban ra Ian Iwot 13 1,6.10° nam; 1,405.10'° nam; 1,28.10° nam,
thudc cac hat nhan phéng xa c6 chu ky ban ra dai, do dé khi xac dinh néng db hoat dé khéng can hiéu
chinh phan ra phong xa trong thoi gian chd do. Hé s6 hiéu chinh f; trong céng thire 9.2 bang 1.

Trong trwdng hop hinh hoc do mau chudn va mau do hoan toan giéng nhau va thai gian chét clia may
< 10 % thi khéng can hiéu chinh tw hap thy va thoi gian chét clia hé phd ké, tic 1a fue. foe trong cong
thire 9.2 béng 1.
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Phu luc A
(Tham khao)

Bo ngudn chuén dung cho phan tich cac mau dit da va mat do twong dwong

T4t ca cac ngudn chuén dinh lwong déu phai cé gidy chiing nhan kiém dinh hoat dé chun clia co
quan chuyén mén.

B& nguén chuan dinh Irong hinh tru c6 duéng kinh twong tw hop mau do (chun hinh try dudng kinh
92 mm va chiéu cao 20 mm va chuén hinh giéng 0,5 lit (chuan loai hop Marinelli 0,5 lit) v&i cac chét
chuén twong (rng Ia:

A1 Ngudn chuédn Uran: IAEA -RGU-1 (quang uran) voi U & trang thai can bing phéng xa véi
Ra?®. Chat nén Ia Silicat, hoat @ ngudn chudn la:

- ®%: Hoat 46 4940+ 30 Ba/kg (0,61 %);
- 2UJ: Hoat d6 228 Bq/kg;
- %2Th: Hoat dé < 4 Ba/kg;

Kich thwéc ngudn chudn: Hop hinh try &= 92 mm, chiéu cao chat dung lam chudn h = 20 mm; khéi

lweng 150 gam.

A.2 Ngudn chuan Thori: IAEA- RGTh-1 (quéng thori) & trang thai can bang gitta Th?? véi Ac?,
Chét nén 13 Silicat, hoat @ ngudn chuan la:

- 22Th: Hoat @6 3250 + 10 Ba/kg (0,31% ) ;
- 2%: Hoat dd 78 Barkg;
- 5U: Hoat db 3,6 Ba/kg;

Kich thwéc ngudn chuén: Hop hinh tru &= 92 mm, chidu cao chat ding lam chudn h = 20 mm; khéi
lweng 150 gam.

A.3 Nguén chuan Kali: IAEAK-1 (sunphat Kali)

Kich thwéc ngudn chuan: Hp hinh try @= 92 mm, chiéu cao chét ding lam chudn h = 20 mm; khéi

lwong 150 gam, hoat dé ctia chuan la:
“K: Hoat d9 14.000 + 400 Ba/kq (2,86 %)

Cac ngudn chuén trén dugc ché tao bdi "Trung tam k§ thuat Khoang san va Nang luong Canada thudce

héi nguyén tir nang quéc té (IAEA). Cé gidy chirng nhan kiém dinh hoat dé ngudn chuan.
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A.4 Ngudn chuédn "Multi-Gamma Ray Standard 500 ml Marinenlli boxker

Nguén chuén hinh giéng, cé thé tich 500 ml, khéi luong 650 gam dwoc st dung dé do cac mau cé hoat

d6 phong xa yéu. Trong nguén chuan hdn hop cac chat chuan nhuw sau:

1. Nguén chuan Eu'®® hoat d6 4982 Bq/kg

2. Nguén chuén Co” hoat d6 7709 Balkg

3. Nguon chuan Sn'*  hoat do 9677 Bglkg

4. Nguén chuan Cs' hoat d6 2150 Bg/kg

5. Ngudn chudn Mn*  hoat do 5075 Ba/kg

6. Nguén chuan Zn®®  hoat d6 12800 Ba/kg

7. Ngudn chuan K™ hoat d6 2511 Ba/kg

Ngudn chuén da nguyén té duoc ché tao, kiém dinh va chirng nhan hoat do chat chuan tai co' quan
chuyén san xuat ngudn chuan NIST, Hoi nguyén t& nang qudc té - IAEA ngay 8 thang 12 nam 2009.
Sai s6 xac dinh hoat d6 cac chat chuan khong qua + 5 %.
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Phu luc B
(Quy dinh)

Xac dinh gi@i han phan tich

Hoat @6 nhé nhét cé thé xac dinh duoc (MCA) hay goi la Gidi han xac dinh 1a sb do hoat d6 nhd nhat
cé thé xac dinh dwgc bing phép phan tich phd nang lwong clia cac dong vi phong xa. Co rat nhiéu yéu
t6 anh hwdng dén Gidi han xac dinh duoc hoat d6 phdng xa tinh bing Becoren (Bq) nhw: B6 gidu clia
chét phéng xa can phan tich, khéi lwgng mau do, hinh hoc méu do, s6 dém phéng (Do dé 6n dinh clia
may phan tich va nguén phéng xa méi trieéng), théi gian do, cac hat nhan phéng xa nhidu... Béi voi tat
ca cac peak gia tri MDA dwoc tinh trén co s& gia tri phong (Background) clia peak.

Phuwong phap xac dinh MDA trong chuwong trinh GammaVision 32 dwec xac dinh théng qua toc d6 dém
Photopeak. Téc dd dém Photopeak dwoc xac dinh bang phwong phap truyén théng clia ORTEC
(Method 1- Traditional ORTEC). Céng thirc cé dang sau:

0 JoxBrG + 22 , 22
Toc dodem = 267 sen’  sen
LiveTime

Trong dé:

Sen = D§ nhay (sensitivity); [a mét théng sé duwoc st dung trong chuwrong trinh phan tich @& xac
dinh cac dinh nang lwgng. Thwang lay Sen = 3'

BKG la s6 d@&m phéng tai dinh nang lwgng twong tng;
LiveTime la thoi gian séng clia may do.

Trong chueng trinh Gammavision 32 dwoc st dung aé phan tich phf') tw déng, Gi¢i han xac dinh cla
cac dong vi duoc tinh toan tw dong va cho két qua vao moét file ¢ dudi *.RPT.
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Phu luc C

(Tham khao)

Panh gia chat lwgng phan tich

Dé danh gia chét lugng phan tich thong thuwdng danh gia thang qua sai s6 ctia phép phan tich hoat do.
Sai s6 phan tich hoat dg clia cac dong vi phéng xa trong mau bao gém cac sai sb sau:

- Sai s6 can do xac dinh khéi lwgng mau;

- Sai s6 xac dinh duong chuan hiéu suat do;

- Sai 56 thdng ké clia phép do va tinh toan phd nang lugng.
Sai 56 théng ké ctia phép do mau va phan tich hoat dé phong xa la sai s6 ngau nhién phy thudc vao dd
on dinh clia may phan tich, thoi gian do phd va hoat @6 trong mau manh hay yéu. Vi thé déi véi cac

mau c6 hoat do thdp, ngudi ta phai thuc hién cac bién phap lam gidu mau do bang cach tro hoa hodc
tach chiét dé thu nho thé tich mau va téng khéi lvong mau do.

Ngoai ra co thé tang thoi gian do lam cho sai sé thdng ké gidm di. Tuy theo yéu cau dd chinh xac khi
phan tich hoat d phong xa trong mau ma cé thé chon thdi gian do thich hop theo nguyén tac cang do
lau sai sb thong ké cang nho dan.

Khi do phd nang luong, sai sb xac dinh cac dién tich dinh nang lvong dwoc hién trén man hinh ctra sb
do. Trong qua trinh do phd, ta cé thé kiém tra sai sé xac dinh dién tich cac dinh nang lwong. V&i thoi
gian do du I&n, sai s& nay giam dan xuéng duoi 10 % thi co thé dirng do.

Sai sb théng ké khi do phé nang luvong va xac dinh hoat d6 ddng vi tir phd do duge chuong trinh
GammaVision32 tinh toan tw dong khi tién hanh phan tich phd. Két qua tinh sai sd théng ké tuyét Géi
clia cac ddng vi phan tich dwoc thé hién trong cot "+ - trong bang két qua phan tich (Xem
Bang 3.1 dwdi day).
Bang C.1 Két qua phan tich ty dong hoat d6 cac nguyén tb
trong mau dat MDNX00120

Spectrum Filename: C:\User\Dat DeTai\MDNX0120.Anl (Tén file s6 liéu phé & thu myc
C:\ User\Dat DeTai\MDNX0120.Anl)

Acquisition information (Théng tin do phd)
Start time (Thdi gian b&t diu): 14-Mar-2013 16:54:36
Live time: (Thdi gian séng cuia Detector) 19644
Real time: (Théi gian diat trude): 20000

Dead time: (Thdi gian chét ctia Detector): 1.78 %
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Calibration (Chuin)
Filename: Tén file chudn: chuanDNX0120.Clb
chudn Ning luong
Energy Calibration
Zero offset: Diém "Q" -0.032 kev
Gain: Hé sé khuéch dai 0.249 keV/channel

Quadratic (Dang toan phuong) :4.321E-09 keV/channel”2

Efficiency Calibration (Chuin Hiéu suit)
Type (Loai dwdng chuln): Polynomial
Uncertainty (P& khéng xéc dinh): 2.753 %
Library Files (File thu wvién)

Main analysis library: Tén Thw vién chinh: LibUran-Thori.Lib

**x* Tdng k&t hoat dd cac hat nhan trong miu***

dek ek SUMMARY OF NUCLIDES IN SAMPLE kEkak

Time of Count Uncertainty 1 Sigma
Nuclide Activity Counting Total
Bg/Kg
Hat nhan Hoat d& D56 khéng xac dinh Sai sé tdng
Thoi diém do cac sé dém ia
Ba/kg
PB-214 9.0245E+02 3.124E-01% 2,096E+00%
Pb-210 # 2.4992E+02 2.2B0E+01% 2.283E+01%
BI-214 7.6828E+02 3,319E-01% 1.933E+00%
RA-226 # 2.6635E+03 7.665E-01% 2.348BE+00%
U-235 6.7317E+01 3.278E+00% 3.856E+00%

Tir két qua néu trén, ta xac dinh dwoc hoat do cla cac hat nhan khac nhau tai cadc mirc ndng wong

khac nhau.

1. Hat nhan *® Ra dwoc phan tich tir dinh nang Ivong 185,99 Kev ¢6 sy tham gia dong gép cia hat
nhan U véi dinh nang luong 185,77 Kev. Dé loai trlr phan dong gép clia ?**U vao ham lwgng cla
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?%Ra ta nhan hé sb 0,583 vai hoat d¢ do chwong trinh tw dong tinh ra clia Ra*®. Thi du tir bang két
qua trén ta cd ham lwong hoat d¢ clia Ra® trong mau MENX 02-20 nhu sau:

Ara22s = 0,583 x 2,66.10" Bq/kg = 1,551.10"* Bq/kg + 2,35 %

2. Hat nhan ?®Ra dworc tinh bing trung binh cong clia cac pic tir *Bi va 2'*Pb trong trwéng hop khéng

can bang cho ta két qua nhd hon nhiéu vi hién twong thoat khi Radon (*?Rn) trong khi x(k Iy mau do:

AR3-22E = {Aa.‘.zu + Apbgu) 2= (902,45 + 768,28)!2 = 835,36 i 2,01 %
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