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TOM TAT

Trong bai b&o nay, ching téi ap dung phuwong phap FSA (Full Spectrum Analysis) vao phdn
tich xdc dinh hoat dg cdc dong vi phéng xa ti nhién ??°Ra, 22Th, K trong cac mdu dat hinh hoc
Marinelli bang hé phé ké gamma phong thi nghiém. Mdu chudn 1AEA-SL-2, KL-01 duoc sir dung
1am mdu phdan tich dé Kiém tra dé tin cdy ciia phirong phdp FSA. Két qua phan tich cac madu dat bang
phuong phdap FSA dwoc so sanh vaoi EWA (Energy Window Analysis). Tir do, ching téi danh gia
nhitng wu diém ciia phirong phdp FSA so véi phirong phdp phan tich truyén thong EWA.

Tir khoa: ddng vi phong xa méi truong; EWA; FSA

1.  Giéithiéu

Trong cac phuong phap phan tich hoat d6 phong xa moéi truong, phuong phap dugc st
dung phd bién nhat 1a phuong phap Energy Window Analysis (EWA). Trong phuong phap
nay, trudc tién dién tich cac dinh niang lugng gamma dugc xac dinh béi nguoi dung hoac
bang cac chuong trinh c6 sin. Sau d6, hoat do cua cac dong vi phong xa s& dugc xac dinh
dua trén cac dién tich dinh tinh dugc két hop véi cac théng sé nhu xac suat phat gamma,
thoi gian do, hiéu suat ghi nhan caa dau do... Viéc xac dinh hoat 46 bang phuwong phap nay
doi hoi su cong phu va tén nhiéu thoi gian trong viéc xir 1i. Bén canh do, cac hiéu ung trong
qua trinh do dac nhu sy triing phung thuc, tu hap thu hay cac sai sb trong sé liéu tir cac thu
vién hat nhan s& dan dén su tang thém hay giam bét dién tich dinh va gay sai léch dang ké
cho két qua. Bé han ché diéu nay, thay vi xac dinh hoat do dua trén cac dinh gamma riéng
r&, ching ta s& sir dung mot phuong phap khac nham xac dinh hoat d6 dya trén toan phd
gamma ghi nhan dugc, phuong phap nay dugc goi la phuong phap Full Spectrum Analysis
(FSA). Do phuong phap FSA lién quan dén viéc tinh toan trén toan phd nén cé mot sé uu
diém ndi troi so véi phuong phap EWA, chang han, nhu loai bo phan 16n céc sai s do triing
phuing, do trir phdng nén Compton, do thng ké. Mot uu diém noi bat khéc 1a cé thé rat gon
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duoc thoi gian tinh toan. Trong phuong phap FSA, hoat dd phdng xa cta cac hat nhan phdng
Xa nguyén thay ton tai trong mau do duoc tinh dya trén ki thuat 1am khép gitra phd mau do
va c&c phd chuan thuc nghiém caa cac ddng vi phong xa hién dién trong mau.

Tur nhitng nam 1980, phuong phap FSA da duogc ing dung trong cac cong trinh nghién
ctru vé phdng phong xa méi trudong khao sat doc b bién, trong cac giéng khoan, khi quyén
hay trén mat dat. Nam 1982, Crossley va Reid da sir dung ki thuat FSA dé xac dinh hoat do
ctia cac dong vi phong xa °K, 238U va 2*2Th trén mat dat tir dix liéu phong khi quyén. Trong
cong trinh nay, cac tac gia da dua ra phuong trinh ma tran Ax = c, gia tri ¢ chinh la hoat d6
chua biét, cac thanh phan cua ma tran A Iy tir cac phd thuc nghiém (1a céc hang sé chuan
hoa). Két qua cho thay hoat 46 cua phong khi quyén thay ddi trong vai gidy doc theo dudng
bay, viéc khong xét dén ving nang luong thap (0,911 MeV ddi véi 2*2Th va 1,12 MeV ddi
vé6i 28U) anh huong nhiéu dén két qua hoat do ddi véi truong hop kénh ghi nhan it. Sau dé
vao nim 1992, Minty da st dung ki thuat FSA dé tinh toan ham lwong 2*Bi trong khi quyén
tir d6 ude lwong nén phdng cua khi quyén. Nghién ciu nay, ching toi st dung phd & trén
viing lién tuc (Compton continuum) va danh gia dong gop cua radon va uranium trén phd
ghi nhan duoc. Ki thuat nay da duoc sir dung khé phd bién trong khao sat thuc dia dung dau
dd nhip nhay, va gan day ki thuat FSA duoc trién khai wng dung trong phan tich trén céc hé
phd ké gamma phong thi nghiém. Nam 2001, Hendriks va cong su ciing st dung hé phan
tich MEDUSA khao sat thuc dia phong xa gamma tu nhién 4°K, 232Th, 238U trong cac mau
dja chat (trAm tich, dat da...). Trong nghién ctu ndy, tac gia dwa ra dinh nghia phé chuan
(standard spectra) trong phwong phap FSA. Tac gia xay dung phd chuan cho cac hinh hoc
khao sat khac nhau nhu: giéng khoan, dudi day bién, khi quyén ung véi timg dong vi. Két
qua phan tich duoc so sanh véi két qua khao sat bang dau do Nal st dung phuwong phap
EWA, véi do chinh xac hon 10-20 lan. Piéu nay cho phép thoi gian ghi nhan bang hé
MEDUSA ngén hon khi st dung hé do truyén thdng, va duogc thé hién rd khi khao sat khi
quyén. Nam 2008, Newman va cong su di st dung phuong phép phén tich toan phd dé xac
dinh hoat 6 phong xa nguyén thuy trong mau dat, cat va quiang bang dau do HPGe, két qua
tir phwong phéap phén tich toan phd sai léch so voi phuwong phép phan tich timg dinh it hon
10% ngoai trir quang zircon cho két qua hoat do *°K khdng hop 1i. Dé hiéu chinh cac van dé
ndi tai trong qua trinh cuc tiéu ¥ dan dén céc két qua khéng hop Ii trong qua trinh phan tich,
Caciolli va cong su da dé xuat nhirng cai tién cho phuong phap phén tich toan phd. Qua trinh
lam khép khong &m (Non Negative Least Square — NNLS) va hiéu chinh qua trinh chuan
héa dugc dua vao trong phuong phap. Nghién ciru ndy, nhom téc gia sir dung dau do Nal
khao sat thuc dia tai 80 vi tri & luu vuc sdng Ombrone, Tuscany. Két qua tir phuwong phap
duoc so sanh véi két qua phan tich trén hé phd ké phong thi nghiém dbi voi mau thu thap.

Chung t6i sir dung ki thuat FSA vao phan tich déng vi phong xa méi truong 2?Ra,
232Th, %K trong cac mau dat hinh hoc Marinelli bang hé phé ké gamma phong thi nghiém.
Mau chuan IAEA-SL-2, KL-01 duoc sir dung 1am mau phan tich dé kiém tra d6 tin cay cua
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phuong phap FSA. Két qua phan tich cac mau dat bang phuong phap FSA duogc so sénh voi
EWA. Tir d6, chiing t6i danh gia nhitng wu diém cua phuong phap FSA so voi phuong phap
phan tich truyén thong EWA.
2. Vatliéu va phwong phap

Nghién ciru sir dung hé phé ké gamma thudc Phong Thi nghiém Ky thuat Hat nhan,
Truong Pai hoc Khoa hoc Ty nhién Thanh phé H6 Chi Minh (Hinh 1). Mau chuan va mau
phan tich dugc dong trong hop dang Marinelli, véi ciing chiéu cao mau 1a 8,4 cm va duogc
do cung diéu kién nhu nhau.

$

Hinh 1. Hé phé ké gamma HPGe GMX35P4 — 70 va hinh hoc mdu Marinelli
Cac mau chuan IAEA-RGU-1, IAEA-RGTh-1, IAEA-K-1 duogc st dung dé tao phd
chuan trong phan tich bang ki thuat FSA va dung dé xay dung duong chuan ning luong
trong phan tich bang EWA. Mau chuan IAEA-SL-2 va KL-01 (KCI tinh khiét 99%) duoc
dung 1am mau phan tich dé kiém tra d6 tin cay cua phuong phap FSA. Céc gia tri hoat do
xéc dinh tir phan tich FSA va EWA duoc so sanh va danh gia voi gié tri chuan cua hai mau
nay nhu trong Bang 1. Phuong phap FSA duoc &p dung dé tinh hoat do cua cac dong vi
phong xa ??°Ra, %*2Th, °K trong 10 mau dat duoc thu thap tai 5 vi tri khac nhau ¢ Tay
Nguyén (Pac Lac: 2 mau, Lim Ddng: 1 mau), mién Dong Nam B (Tay Ninh: 1 miu, Binh
Duong: 4 mau, TP Ho Chi Minh: 2 mau).
Bdang 1. Thong tin cAc mau chudn ding trong phan tich

O e 4@
IAEA-RGU-1 718,0 4910-4970 151
IAEA-RGTh-1 719,0 3160-3340 151
IAEA-RGK-1 813,0 13600-14400 1,71
IAEA-SL-2 779,5 216-264 1,64
KL-01 535,0 15445-17071 1,12

Trong phuong phap phan tich EWA, gia tri hoat 46 A(Bg/kg) cua cac dong vi phong
Xa duoc xac dinh:
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_ C
m.Iy.s.t

(1)

trong d6, A (Bq/kg) 1a hoat d6 riéng cua ddng vi phong xa tai thoi diém do, C 1a tong s6 dém
tai dinh ning lwong ma ta quan tam, m (kg) la khéi lugng mau, Iy (%) 1a cudong do phat tia
gamma, ¢ 13 hiéu suit ghi tuyét ddi, t (s) 1a thoi gian do mau.

Trong phuong phap FSA, ph phan tich dugc 1am khop véi su két hop tuyén tinh cua
cac phd chuan (g voi timg dong vi can phan tich) va mot phong nén. Phd can phan tich
Y(i) dugc xem nhu 13 su chdng chap c6 trong s6 cia n phd chuan Xj(i) va phdng nén B(i),
vé mat toan hoc c6 thé biéu dién theo phwong trinh:

Y(i) = icj.xj(i)+a.s(i) )

trong d6, gia tri Cj 12 hoat d6 ung voi ddng vi j, a 1a hé s6 phdng thé hién do chénh léch giira
phong ciia mau do va phong thuc nghiém dung lam khap B(i).

Trong c¢6ng trinh, ching tdi st dung phuong phap 1am khép binh phuong téi thiéu
dang da thirc dya trén qué trinh cuc tiéu chi binh phwong rat gon x’ (Bevington, & Robinson,
2003):

kI

N U 1 (VPR SRS
xu_n_mi_zk;cz(Y(l) jZ_l:CJ..Xj(l) a.B(l)J ©)

O _

%, @

0o _

=

Dé giai hé phuong trinh tuyén tinh (4) tim gia tri cac tham sb 1am khop Cj, a chiing toi
sir dung phuong phap ma tran. Hé phwong trinh (4) dwoc biéu dién thanh dang ma tran:

B=Aa (5)
trong d6, ma tran A chtra gié tri cac tham sé lam khop Cj, a.

Vi ki thuat 1am khop phé bang phuong phap ma tran thi sai s6 cua cac tham sé 1am
khop oj:

Gj? = G?—fit'xlz) (6)
trong do, gia tri Gf_ﬁt =g;;, gjj chinh la cac phan tir duong chéo cua ma tran hiép phuong sai
e (=A™, nghich dao cua matran A).

Cac mau chuan dung dé xay dung phd chuan cho phuong phap FSA c6 gia tri hoat do
duoc xéc dinh, c6 kém theo gid tri sai s6 hoat do o, - Nén khi su dung cac phd chuin dé

lam khép tim gid tri hoat do cua timg dong vi trong mau phan tich thi sai sé:
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G'j 2_ 5, 2 o0, 2
&3] 5]

Hai mau c6 s6 quan trac ni va na voi két qua tinh dugc vé s6 trung binh 13 pa va pe, gia

tri phuong sai tuong ing 1a 7, o5 . Khi danh gia hai mau nay cd théng nhét voi nhau vé gia
tri trung binh khéng thi gia thiét duoc dé ra ap dung khi so sanh két qua gi4 tri hoat do cua
hai phuong phap (Triola, 1992):

Ho iy =1,

H,tw =1,

Ap dung so sanh gia tri hoat do cua hai phuong phap, cac gia tri n1 = n2 < 30, nén ta
xet gia tri kiém dinh t:

t= By, (8)
\o. +05

Ho bi bac bo khi [t|>t,,,.

Gia trj t tuan theo phan b Student phu thudc vao dd tin cay va bac ty do. Vi d6 tin
cay 95% va bac tu do ctia phan b Student tir 30 trg 18n thi gia tri gisi han cua t,,, =1,96
gan dung bang 2,0; nghia 1a khi -2,0 < t < 2,0 thi hai gid tri trung binh p1 va p2 giéng nhau.
3. Két qua va thao luan

Céc mau moi trudng ¢6 hoat do thap do do thudng do trong khoang thoi gian dai, théng
thuong 1a 1 ngay (86.400s). Trong phan tich FSA, mét loi thé duoc tng dung nhiéu chinh la
thoi gian do ngan. Do d6, mau phan tich duoc do trong hai khoang thoi gian: 1 ngay va 1
gio (3600s), dé danh gia sy toi vu thoi gian do gira hai phuong phap FSA, EWA. Mau
IAEA-SL-2 va KL-01 c6 gia tri hoat d6 dwgc xac dinh bai IAEA va nha cung cép st dung
lam mAu phan tich dé danh gia phuong phap phan tich bang ki thuat FSA. Bén canh do,
phuong phap phan tich EWA dugc dung dé dbi chiéu. Cac két qua gia tri hoat 6 “°K cua
mau IAEA-SL-2 va KL-01 dugc trinh bay trong Bang 2 tng véi hai khoang thoi gian do. Dé
so sanh gid tri hoat d6 cua “°K tinh bang FSA va EWA véi gié tri caa chuan, gi tri kiém
dinh t dugc st dung dé danh gia.

Bdng 2. Hoat d¢ cac mdu chudn phan tich bang FSA va EWA

ML Thoi 7 Hoat dd (Ba/kg) Gia tri kiém dinh t
gian (s) Chuén FSA EWA FSA EWA
IAEA-SL-2 86400 240+24  256,24+748 247+731 0,65 0,28
3600 240+24  22036+7,67 260,46 + -0,78 0,77
11,61
KL-01 86400 16258 +465 16465+ 471 17239 + 495 0,31 1,44
3600 16258 +465 13150+380 17141+499 517 1,29
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Mdu IAEA-SL-2 Mdu KL-01
Hinh 2. Bé léch itng véi méi kénh néing heong giira pho phan tich
va pho l1am khép bang FSA

Khi danh gia ph6 1am khép vai phd cia mau phan tich thi gia tri 6 léch tuong tng
v6i mdi kénh ning luong giira phd mau phan tich va phé 1am khép dugc xét dén nhur trinh
bay trong Hinh 2.

Dua trén két qua khi phan tich cac mau IAEA-SL-2 va KL-01, c4c mau dat duoc tién
hanh phan tich bang hai phuong phap FSA, EWA khao sét trong khoang thoi gian 1 ngay.
Bang 3 trinh bay két qua hoat d6 cua ??°Ra, 2*2Th, “°K phan tich bang phuong phap FSA va
EWA. Gia tri kiém dinh t dung so sanh hoat d6 ?*Ra, 2%2Th, “°K phan tich bing FSA Vi
EWA dbi voi phép do 1 ngay ciing dugc trinh bay trong bang.

Ké tiép, dé danh gia mdi quan hé gia tri hoat do ??°Ra, 2*Th, °K giira phuong phap
FSA va EWA thi sy twong quan tuyén tinh giira gia tri hoat do tinh bang FSA va EWA duoc
biéu dién bang db thi, cac két qua dugc trinh bay nhu trong Hinh 3.

Bdng 3. Hoat dg cac mau ddat phan tich bang FSA va EWA
Hoat d¢ (Ba/kg) Gia tri kiém dinh t
Mau FSA EWA
226Ra 232Th 40K 226Ra 232Th 40K
89,33 81,54 42,04 96,38 88,27 30,71
TNOL 050 +227 +163 +104 +264 x1s50 o0 195l
13,88 14,02 262,16 13,68 13,68 250,71
cT-0l +0,12 +039 +763 £0,26 +0,48 +£2,96 0.70 055 140
48,77 71,07 467,95 49,03 70,07 419,30
EHOL L0338  +1,07 +1354 061 +208 1227 037 03 280
84,59 114,22 808,61 76,03 102,68 656,70

EH-02 +0,56 +317 +2331 +£081 +3,00 =+19,09 869 264 504

226Ra 232Th 40K

TD-01 28,32 60,32 180,27 26,97 57,63 157,79 2,77 1,12 3,13
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+0,21 +168 +535 +044 172 +4778

28,27 40,15 33,856 2751 38,18 27,15

D02 4021 +112 +12 +043 +118 +108 o0 bH 404
15,89 29,06 22,81 15,05 28,25 17,02

BC-01 +0,14 +081 +098 £0,31 +090 +0,78 247 067 462
27,30 28,00 37,78 26,99 27,26 33,85

Be-2 020 £0,78 +136 +041 £088 *1,23 008 063 270
12,60 2367 6875 1121 2150 56,94

TA-0L +0,11 +0,66 +220 £0,16 +0,71 +1,86 7,16 224 410
36,80 81,82 112,81 37,79 86,37 111,90

TA0Z 027 +227 +352 +055 +253 349 02 134 08

Khi phan tich mau IAEA-SL-2, két qua trong Bang 2 cho thay, gia tri hoat do tinh tir
hai phuong phap hoan toan twong duong véi gid tri chuan khi do 1 ngay va 1 gio, gia tri
kiém dinh t 14 0,78 va 0,77 ddi v6i phép do 1 gid, con phép do 1 ngay thi gia trj t 12 0,65 va
0,28. B6i v6i miu KL-01 (chtra 99% KCI), gia tri kiém dinh t dung so sanh hoat d6 “°K tinh
bang FSA va EWA vai gia tri do nha cung cp dua ra duoc trinh bay trong Bang 2. Mau KL-
01 c6 hoat d6 *°K cao nén khi phan tich bang EWA do thoi gian 1 gid cho két qua tuong
duong véi gia tri nha cung cép dua ra. Nhung phan tich bang FSA do trong 1 gid cho két
qua khac biét vai gié tri nha cung cap. Bé tim nguyén nhan su khéc biét nay, chang t6i danh
gia do léch twong wng véi mdi kénh ning lwong gitta phd mau phan tich va phé 1am khép
bang FSA ddi véi thoi gian do 1 ngay va 1 gio.

Gia tri do léch twong tng véi mdi kénh ning lwong trong Hinh 2 cho thiy déi véi thoi
gian do 1 ngay trong ving niang lugng 100-1500 keV, vung ning luong chaa nhiéu thong
tin gié tri hoat do ?°Ra, 2*2Th, “°K dung trong phan tich, thi d6 léch & mdi kénh cua phd
phan tich va phd 1am khép thip khong vuot qué 1%, & kénh ning lwong 661,6 keV caa **’Cs
do khong c6 thdng tin mau chuan nén do léch & vi tri nay hoi cao. D4i véi thoi gian do 1
gio, d6 léch nay kha cao & mdi kénh ning luong co thé dat dén 5%, diéu nay gay ra sy khac
biét gia tri hoat d6 phan tich biang FSA va EWA. Két qua trong Hinh 2 ciing cho thiy ddi
véi phép do 1 gio thi do léch trong ving nang luwong quanh dinh 1460,8 keV kha cao, con
cao hon viing nang luong thap. Hién twong chay dinh xay ra véi mau hoat do cao khi do thoi
gian chénh Iéch véi mau chuan 1am két qua hoat do tinh bang phuong phap FSA kém chinh
Xac so v&i phuong phap EWA.

Trong phuong phap EWA, hiéu ung tu hap thu va tring phing tong duoc hiéu chinh
nham nang cao d6 chinh xac cua két qua tinh hoat d6 dung 1am co s& dang tin cdy dé so sanh
vé6i két qua tinh bang FSA. Dwa vao gia tri kiém dinh t trong Bang 3, su tuong duong cua
hoat d6 ?®Ra, 2?Th, 4°K tinh bang hai phuong phap FSA va EWA duoc khao sat. i véi
thoi gian do 1 ngay, mau TN-01, EH-02, TD-01, BC-01, TA-01 cho két qua gi tri hoat do
tinh bang phuong phap FSA khac biét so voi EWA. Dya theo két qua hoat do *°Ra, 232Th,
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0K tinh bang EWA trong Bang 3 cho thiy cac mau nay c6 gia tri hoat do ?°Ra, °Th, “°K
cao va thap so véi ngudng gié tri hoat do trung binh cua cac déng vi nay trong tu nhién. Su
khéc biét giira gia tri tinh bang FSA so véi phuong phap EWA anh huong nhiéu bai dap ang
phd cta mau phan tich va phé chuan, dbi véi mau ¢ hoat do cao va thap thi diéu nay sé gay
ra sy sai léch dang ké trong két qua phan tich.

Dd thi trong Hinh 3 biéu dién sy trong quan tuyén tinh giira gié tri hoat do tinh bang
FSA va EWA tng véi timg dong vi. Déi véi d6 thi biéu dién caa ??°Ra, duong gach ndi
chinh 1a duong 1am khép bang phuong phap binh phuong tbi thiéu dang ham FSA=0,9928.
EWA-0,0462 véi hé s6 trong quan R?=0,9731 Ia kha tdt, dudng phan giac miéu ta phuong
trinh FSA=EWA. Hé s6 goc cua duong 1am khép 1a 0,9928+0,0551, tring véi 1 trong pham
vi sai b, diéu d6 cho thay sy tring khép giira duong 1am khép va duong phan giac. Do do,
két qua hoat do tir hai phwong phap FSA va EWA 1a tring nhau. D4i véi dd thi biéu dién
ctia *2Th, hé sb goc caa duong lam khap 1a 1,0188+0,0815 triing vai 1 trong pham vi sai s6,
nén gia tri hoat do 22Th tir hai phuong phap 1a tring nhau. Hoat d6 “°K tir hai phuong phap
c6 hé sé goc caa duong lam khép 1,1936+0,0291, phuwong phap FSA cho hoat d6 cao hon
phuong phap EWA khoang 19,4%+0,5%. Dua vao d thi biéu dién caa “°K cho thay ring,
gia tri hoat o cang cao (trén 400 Bg/kg) thi duwong lam khop cang léch xa hon so vai duong
phan giac. Su chénh léch mat do gitta phd 1am khép va phd chuan (phd chuan IAEA-RGK-
1 ¢6 mat do 1,71 g/cm®) va véi mau cé hoat do cao 1am hiéu tng tu hap thu chua hiéu chinh
trong FSA gay nén su sai Iéch gia tri hoat d6 so véi EWA.

Khi xét trung binh gia tri kiém dinh t cua céc mau phan tich trong Bang 3 thi ddi voi
2%6Ra 14 - 0,49; 22Th la - 0,48; “°K 14 3,24. Nhin chung, gi4 tri kiém dinh t ding so sanh hoat
d6 phan tich bang FSA va EWA d6i vé6i °Ra va 2*2Th xét trung binh ctia cac mau phan tich
cho két qua phan tich bang EWA va FSA truing khdp nhau nhu biéu dién trén d6 thi Hinh 3.
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Hinh 3. Twong quan hoat dé tinh bang FSA va EWA

4.  Kétluan

Trong cong trinh nay, két qua phan tich theo FSA duoc kiém chiing bang hai céch.
Thi nhat 12 phan tich hai mau chuan IAEA-SL-02 va KL-01, rdi so sanh két qua phan tich
theo FSA véi hoat d6 cho truéc cua cac mau chuan. Thir hai 12 so sanh két qua phan tich
theo FSA véi két qua phén tich theo EWA duoc hiéu chinh tu hap thy va tring phung tong.
Két qua cho thiy, hoat do do trong 1 ngay theo hai phuong phuong phap FSA va EWA tring
nhau d6i v6i 10 mau dit. Uu diém caa phuong phap FSA 14 thdng ké sé dém Ién nén c6 thé
giam thoi gian do so voi phuong phap EWA. Trong cong trinh nay, chiing t6i nghién cuu
thoi gian ti wu dé do theo FSA sao cho dat duoc sai s6 tuong duong sai s6 ciia phuong phap
EWA. Tuy nhién, viéc chon thoi gian do 1 gio 1a qua bé nén chua dat dugc két qua mong
mudn. Van dé nay nén tiép tuc nghién ctru dé danh gia thoi gian tdi vu trong cac phan
tich FSA.
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ABSTRACT

In this work, we applied the FSA (Full Spectrum Analysis) method to analyze the
environmental radioactive isotopes U, #Th, “°K in soil samples with Marinelli beaker geometry
using gamma spectrometer. The soil samples IAEA-SL-2 and KL-01 were used to test the reliability
of the FSA method. The analytical result of soil samples by the FSA method was compared with the
result obtained by the EWA (Window Energy Analysis) method. After that, we evaluated advantages
of the FSA method in comparison with traditional analytical method.
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