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TOM TAT

Theo Té chic Y té thé gisi (WHO), khi radon trong nha 1a mét trong nhitng nguyén nhan gay
ung thw phdi Va can dwoc gidm sat. Trong nghién cizu ndy, ching toi trinh bay mét phwong phdp
danh gia hoat dé radon (*?Rn) trong nha duwa trén phép do phé gamma cia dong vi **Bi, 1a sdan
pham phan ra cia 222Rn trong chudi 22U, Dau tién, hoat dg **°Rn trong ndm cin phong c6 kich thuéc
khdc nhau dwoe do bang hé thiét bi RAD7. Tiép theo, hoat dg ?*Bi duwoc xdc dinh bang hé phé ké
gamma s dung dau do Nal(T1) két hop véi md phong MCNP6. Ham lam khép tuyén tinh thé hién
méi twong quan tot giira két qua hoat dg Bi va %2Rn (R? = 0,998). Phwong phdp nay c6 thé cho
két qua du dodn nhanh chéng hoat d3 *?Rn trong nha, hé tro: diéu tra giam sét cac khu viec 6 ham
lirong %?Rn bdt thurong.

Tir khéa: radon trong nha; MCNP; dau do Nal(T1); RAD7; hoat dé phong xa

1. Giéi thigu

Dong vi radon (??Rn, chu Ki ban rd T2 = 3,82 ngay) la chat khi, dugc hinh thanh do
sy phan rd cia Radi (°Ra) trong mdi truong. Radon thuong hién dién trong khong khi ngoai
troi véi ham luong thap va it gay ra nguy co vé sic khoe. Tuy nhién, khi radon ton tai bén
trong khdng gian nha &, nd cd thé tich tu & ham luong cao (Azeez et al., 2021). Sau khi hit
phai khi radon, mét Iugng Ion hat alpha ion hoa dugc sinh ra tir su phéan ra radon va con chau
(?*8Po va 21P0) c6 thé twong tac voi cac mo sinh hoc trong co thé ddn dén ton thuong DNA
(WHO, 2009). Theo nghién ctru cia Co quan Bao vé Moi truong Hoa Ki (Environmental
Protection Agency, 2016), radon la nguon giy ung thu phdi nhiéu tha hai sau thudc 14, voi
khoang 21.000 ca tir vong mdi nam.

Radon trong nha c6 thé do truc tiép bang budng khuéch tan thu dong (Gulan et al.,
2023; Petermann & Bossew, 2021), sir dung tim plastic CR-39 (To et al., 2013; Hosoda et
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al., 2021; Kaur, et al., 2021; Lee et al., 2014; Trevisi et al., 2012), hoic tam hap thu radon
thu dong (Barba-Lobo et al., 2023)... Tuy nhién, phuong phap nay can thoi gian cho doi tir
3-6 thang, yéu cau xay dung chinh xac dwong chuan hiéu suat, phwong phap xir Ii hda hoc
phtic tap... Mot s6 nghién ctu thé hién méi tuong quan giira ham lugng radon trong nha va
hoat dé uranium trong ciu tao dia chat tai clng khu vic. Nhém tac gia Hosoda va céc cong
su (Hosoda et al., 2021) tién hanh xac dinh hoat dé radon trong 47 ngdi nha. Két qua thé
hién sy tuong ddng vai hoat d6 radon khu vuc xung quanh céc ngdi nha 4y. Ngoai ra, cac
phép do hoat d6 cua ddng vi phong xa ty nhién (28U, 2%2Th, °K) bang hé phd ké gamma ciing
duoc thyuc hién. Két qua xac dinh hoat do cua 2%2U, 22Th, “%K trong mdi truong thé hién mdi
tuong quan thuan vaéi hoat do radon. Nhoém tac gia Park va cac cong su (Park et al., 2019) trinh
bay mot phuong phap 14p ban db phan bé hoat d6 radon trong nha. Nhém nghién ciru danh gia
céc hé s6 lién quan gdbm hoat do radon trong nha, hoat d6 Radi trong 16p dat bé mat, ham luong
soi va cAu tao dia chét, téc do phat radon tir cAc vét dat gdy. Két qua thé hién ¢ cac khu vuc cd
hoat d6 Radi cao thi cling c6 mirc radon cao twong ung. Nhdm tac gia Berens va cac cong su
(Berens et al., 2017) da st dung dau do Nal(T1) dé khao sat tong birc xa gamma phat ra tir
dong vi phong xa ty nhién tai 402 vi tri ciia bang Georgia, Hoa Ki. Phuong phap phan tich
phuong sai mét chiéu (ANOVA) dugc st dung dé so sanh két qua khao sat chi sé gamma vai
dit liéu hoat d6 radon trong nha cua 1351 dia diém trong cting khu virc. Két qua danh gia théng
ké thé hién rang & cac vj tri ¢ tong gamma cao thi radon ciing cao va nguoc lai. Cac nghién ciu
trén ching minh rang, chi sé gamma c6 thé dai dién cho mot phép do khao sat ban dau vé hoat
d6 radon trong nha (Awhida et al., 2016; Barba-Lobo et al., 2023; Lee et al., 2014; Liu et al.,
2016; Taylor-Lange et al., 2014; Yarmoshenko et al., 2014). Ttr d6 dua ra cac canh bao nguy co
ciing nhu ¢ bién phap han ché mic radon trong nha bang cach 16t thém mot 16p vat ligu hap thu
radon phat ra tir vat liéu xay dung (Olsthoorn et al., 2022), hoic nang cao hiéu qua cia hé thong
thong gio dé giam liéu buc xa tir radon va cac san pham con chéu (Gulan et al., 2023).

Trong nghién cau nay, hoat do 2?2Rn trong cic cin phong cé kich thudc khac nhau
dugc khao sat bang hé thiét bi RAD7. Két qua thé hién sy trong ddng véi s6 lidu nghién cau
cua nhiéu qudc gia khac trén thé gisi, thap hon hoat do gigi han theo Tiéu chuan Quédc gia
TCVN 10759:2016 (Vietnam standard, 2016a) va quy dinh cua thé giéi (Environmental
Protection Agency, 2016; UNSCEAR, 2000; WHO, 2009). Bén canh d6, hé phd ké gamma
sir dung dau do Nal(T1) két hop véi cac md phong Monte Carlo sir dung chuwong trinh
MCNP6 ciing dugc trién khai dé xac dinh hoat do 2**Bi trong cac can phong. Két qua hoat
d6 21*Bi thé hién mbi twong quan tuyén tinh voi hoat d6 2?Rn do boi hé RAD7. Gi4 tri noi
suy hoat d6 ???Rn tir duong lam khép c6 do sai biét twong ddi thap hon 10% so voi hoat do
222Rn do thyc nghiém. Diéu nay chirng minh rang ham 1am khép tuyén tinh 13 dang tin cay
dé &p dung cho cac danh gia nhanh chéng hoat d6 2?Rn ma khong can sir dung thiét bi do
truc tiép 2%°Rn, dic biét phi hop cho cac khao sat phong xa trong nha vai kién tric ha tang
sir dung vat liéu méi nhu tro bay, cdu tric méi tiét kiém nang luong.
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2. Vatli¢u va phuong phap nghién ciu
2.1. H¢thiét bi RAD7

Trong nghién cttu nay, thiét bi RAD7 do nha san xuit DURRIDGE cung cap dugc st
dung dé xac dinh hoat do radon (*?Rn) trong cac cin phong. Do chinh xac hiéu chuin cua
thiét bi theo nha san xuét Ia trén 95% (DURRIDGE, 2009). Thiét bi c6 kha ning phat hién
dugc hoat do cua radon trong khoang tir 3,7 (Bq m®) dén 740 000 (Bq m). Budng do cua
RAD?7 hinh ban cau véi mot dau do silic dat tai tim. Dién truong bén trong budng do dugc
tao boi dién thé cao (khoang 2000-2500 V) c6 tac dung kéo cac hat mang dién duong dén
dau do. Sau d6, cac hat mang dién dwong trén bé mat dau do dwoc chuyén dbi thanh tin hiéu
dién va duoc ghi nhan, sip xép vao cac cira s6 dua trén ning luong cia chung. Trong do,
ctra s6 A hién thj thong tin v& viéc ghi nhan #8Po (chu ki béan rd T12 = 3,071 + 0,022 phit,
xem nhu can bang véi 2?Rn) trong qua trinh do mau phan tich. Thiét bi c6 ba budc van hanh
chinh: 1am sach, 1am khd va phan tich. O budc 1am sach, may bom dugc cai dat ché do tu
dong (Auto) dé c6 thé bom sach khi tdn dong trong budng do. Tiép theo, dau vao va dau ra
cua ong dan khi duoc két ndi voi éng hat am loai 16n dé 1am kho budng do. Theo khuyén
céo cua nha san xuét, qua trinh 1am kho budng do c6 thé hoan thanh khi d6 4m dat RH <
10%. Cubi cuing, khong khi trong phong kin duoc dua vao budng do cia RAD7 va do trong
30 phut /chu ki. Chu trinh do dugc thyc hién ¢ ché d6 do 1 ngay dém (48 chu ki) va 14y két
qua trung binh hoat d6 radon. Vi tri dit thiét bi va quy trinh do dugc thuc hién theo hudng
dan caa TCVN 10759:2016 (Vietnam standard, 2016b).

2.2. Hé phé ké gamma sir dung dau do Nal(TI)

Hé phd ké GAMMA-RADS (Amptek Inc., 2008) str dung dau do Nal(T1) véi tinh thé
nhap nhay hinh try, kich thudc 76 x 76 mm, d6 phan giai danh dinh (FWHM) nhé hon 7%
tai nang luong 662 keV (**’Cs). GAMMA-RAD5 Ia mot hé théng hoan chinh bao gom tinh
thé, 6ng nhan quang (PMT), bo tién khuéch dai, bo xur 1i xung ki thuat s6 va bo phan tich
bién d6 da kénh (MCA). T4t ca céc linh kién duoc gia cb chic chin va duoc boc mot 16p
chéng séc co hoc, rung dong gidp cho hé phd ké dé dang di chuyén, l3p dat va van hanh, pho
hop cho cac phép do phong thi nghiém va cac ung dung hién truong. Phan mém ADMCA
(ADMCA software, 2023) duoc sir dung dé thiét 1ap cac thdng sé cau hinh hoat dong, thu
nhan va xu 17 tin hiéu phé gamma thuc nghiém. Ngoai ra, phan mém nay con c6 thé tu dong
hiéu chinh thoi gian chét cho phd gamma.

Trong nghién ciru nay, hé phd ké duoc bé tri theo huéng din do radon trong nha cia
TCVN 10759:2016 (Vietnam standard, 2016b), v&i vi tri do cach mat dat 100 cm, cach tuong
100 cm. Cac can phong c6 kich thudce khac nhau (Bang 1), dugc dong kin cura trong khoang
thoi gian hon 3 ngay nham dam bao sy 6n dinh nhiét do, &p suit va su phan bé radon. Thoi
gian do phd gamma thuc nghiém 12 86.400 giay.
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Bdang 1. Thong tin Kich thudc cdc can phong

Ténphong  Chiéu dai (m) Chiéu rong (m) Chiéu cao (m) Thé tich (m®)
R1 3,1 3,0 3,0 27,9
R2 3,1 4,9 3,0 45,6
R3 3,1 8,4 3,0 77,7
R4 6,2 55 3,0 101,4
R5 6,2 8,4 3,0 155,3

2.3. MO0 pheng Monte Carlo

M0 phong Monte Carlo véi chuong trinh MCNP6 phién ban 6.1 (Pelowitz, 2013) duoc
str dung dé xay dung duong chuan hiéu suat ghi dinh ning luong toan phan (FEPE) cho dau
dd Nal(TI). Cac thong sb hinh hoc ciia dau do duoc tham khao tir nha san xuét. Trong do,
tinh thé nhip nhay Nal(T1) hinh tru c6 dudng kinh va chiéu cao 7,6 x 7,6 cm, mat do 3,667
(g cm®) duoc két ndi véi dng nhan quang dién thong qua mot 16p dan sang. Thong s caa
16p cira s6 nhém oxit (Al203) (bé day 0,131 cm va mat do 3,97 (g cm®)) tham khao tir két
qua nghién ctru t6i wu hoa cau hinh dau do Nal(TI) caa nhém tac gia Hoang Birc TAm va céc
cong su (Hoang, Huynh, Tran, & Chau, 2016). Ngoai ra, dé don gian cac mé ta hinh hoc
nhung van dam bao do chinh xé4c cua két qua phan tich, éng nhan quang dién (PMT) duoc
thay thé bang mot khdi nhdm hinh tru kich thuéc 8,3 x 3,0 cm (Shi, Chen, Li, & Yun, 2002).
Puong chuan hiéu suat ghi cua dau do Nal(TI) duoc xay dung trong khoang ning lugng tir
59,5 keV dén 2614,5 keV, bao gébm 38 gi4 tri ning lwong phét ra tir cc dong vi phong xa
21Am (59,5 keV), Z8Ac (209,3; 270,3; 338,3; 463; 911,2: 969 keV), 21Bi (609,3; 768,4:
934,1; 1120,3; 1238,1; 1281; 1764,5; 2204,2 keV), 13Cs (569,3; 604,7; 795,9 keV), *¥'Cs
(661,7 keV), “0K (1460,8 keV), 22Pb (238,6: 300,1 keV), 212Bi (328; 727,3 keV), 24Pb
(241,9; 295,2; 351,9: 2447,9 keV), 25Ra (186,2 keV), 2*Th (63,3; 92,5 keV), 28T1 (277,4:
583,2; 860,5; 2614,5 keV), 2*°U (143,8; 163,4; 205,3 keV) (LNHB Nucléide-Lara).

<«— Tuong

3

Pau do

(Hinh 1a)
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R4)

(Hinh 1b)
Hinh 1. M6 phong MCNP6 cau hinh hé do phé gamma siz dung dau do Nal(TI) (Hinh 1a),
Vi tri va kich thudc cdc can phong (Hinh 1b), don vi trong hinh 1b la mét (m)

Trong cac md phong MCNP6, danh gia F8 duogc str dung dé mo ta phan bd ning luong
bi hap thu khi photon tuong tac véi vat lidu dau do va duoc ghi nhan vao cac khe (bin) ning
lwong twong tng. DI vai md hinh mé phong phép do phd gamma cac can phong (Hinh 1a),
cau truc hinh hoc caa cin phong dugc md ta theo so dd ban vé cua toa nha (Hinh 1b). Vat
liu xay dung (cat xay dung, d4, xi ming) duoc mua tai cac ctra hang & mién Nam, Viét
Nam. Thanh phan nguyén t6 cua cac vat lidu dugc xac dinh bang phuong phép phan tich
huynh quang tia X voi thiét bi EDX-8000 (Shimadzu, 2022) (Bang 2). Theo QCVN
16:2019/BXD (Vietnamese Standard, 2019), vat liéu xay dung c6 mat do 2,35 (g cm?) véi
9,8% xi mang, 22,9% cét va 67,2% déa xay dung.

Bdng 2. Thanh phan nguyén té cua céc vt liéu xay dung
Tén miu Thanh phan nguyén td (%)
CaO (68,17), SiO, (17,044), Al,Os (5,521), SOs (3,637), Fe.0s (2,527), MgO
Ximing  (2,011), K:0 (0,522), TiO2 (0,352), MnO (0,08), SrO (0,058), CuO (0,022), ZnO
(0,021), ZrO; (0,015),V20s (0,012), Y205 (0,004), Rb;0 (0,004)
CaO (2,264), SiO, (84,86), Al,Os (8,135), SOz (0,212), Fe;0s (2,595), K20
Cat (1,543), TiOz (0,265), MnO (0,078), SrO (0,01), ZnO (0,004), Y-Os (0,001),
Rb,0 (0,003), Cr,0s (0,03)
CaO (3,805), SiO; (62,785), Al,0; (21,085), SOs (0,351), Fez0s (5,613), MgO

Pa (3,09), KO (2,447), TiO, (0,647), MnO (0,076), SrO (0,018), ZnO (0,006), ZrO,

(0,026), V205 (0,03), Y203 (0,004), Cr,0O3 (0,017)
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3. Két qua va thao luan
3.1. Xic dinh hogt d@é radon trong nha si dung hé thiét bji RAD7

1 [ Hoat 4o R do bisi RADT

Hoat do (Bg m?)

(4] R2 R} 124 RS
Can phong

Hinh 2. Két qua hoat dg radon ciia cdc cian phong dweoe do béi RAD7

Két qua xac dinh hoat d6 2%’Rn ctia cac can phong (R1, R2, R3, R4, R5) trong khoang
tr 21,2 + 1,0 (Bq m™) dén 23,8 + 1,9 (Bq m®) (Hinh 2). Hoat d6 2%?Rn trung binh 12 22,4 +
2,5 (Bq m™) va twong dong vai cac nghién ciru tai mot s6 qudc gia khac nhu An Do (Kumar
et al., 2014), Italy (Trevisi et al., 2012), Han Quéc (Lee et al., 2014; Lee et al., 2017; Park
et al., 2019), Hi Lap (Psichoudaki & Papaefthymiou, 2008), thip hon & Phap (Demoury et
al., 2013), buc (Petermann & Bossew, 2021), Serbia et al., 2014), Indonesia (Hosoda et al.,
2021), bang Punjab (An Do) (Kaur et al., 2021) (Bang 3). Ngoai ra, cac két qua khao sét
222Rn trong nghién ciru nay thap hon két qua danh gia 2?2Rn trong nha caa 12 d6 thi 16n tai
Viét Nam (Chan et al., 2007), thap hon quy dinh vé ham luong radon tu nhién trong nha theo
TCVN (Vietnam standard, 2016a) va thé gioi (Environmental Protection Agency, 2016;
UNSCEAR, 2000; WHO, 2009).

Bdang 3. So sanh két qud hoar dé 2*?Rn trong nghién cizu nay va cac nghién cizu khac

Két qué nghién ciru Hoat d§ (Bq m?)
Nghién clru nay (21,2+1,0)-(23,8+£1,9)
An D¢ (Kumar et al., 2014) 7-34

Phap (Demoury et al., 2013) 30,9-190,6
Italy (Trevisi et al., 2012) 21-1608
Han Qudc (Lee et al., 2014; Lee et al., 2017; Park et al., 2019) 4,4-2810
bt (Petermann & Bossew, 2021) 27-68

Hi Lap (Psichoudaki & Papaefthymiou, 2008) 12-129
Serbia (Bossew et al., 2014) 30-607
Indonesia (Hosoda et al., 2021) 124-1015
Bang Punjab (An D) (Kaur et al., 2021) 49,5-94 4
Trung binh thé gigi (Environmental Protection Agency, 2016) 40
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3.2. Khdo sat radon trong nha bang phép do ***Bi sir dung hé phé ké gamma
3.2.1. Khao sét sé lich si hat t6i wu cho mé phong MCNP6
Boi vi két qua md phong Monte Carlo 1a gi4 tri trung binh cua nhitng déng gop tir

nhiéu lich sir trong sudt qué trinh twong tac cua photon va vét chat méi trudng, MCNP6 dua
ra hai dai luong quan trong hd tro ngudi dung danh gia chét lwong cua két qua mé phong
(Pederson et al., 1997; Pelowitz, 2013), bao gom:

e Sai so twong d6i R (Relative Error): goi &, la két qua md phong cua s6 lich st hat
thir i va N 12 tong sb lich sir hat cua tién trinh md phong. Khi N du Ion thi sai s trong dbi
R duoc dinh nghia nhu ti s6 ctia d9 léch chuan S_ va tri trung binh z :

)
e Tiéu chuin FOM (Figure of Merit): dugc xac dinh bai cong thic:
1
FOM = 2
R*T @)

trong d6, T (phut) 1a thoi gian chay md phong. Mét két qua md phong co dd tin cay théng
ké t6t khi FOM 1a hang sé va R <0,05.

Hinh 3 thé hién két qua md phong MCNP6 véi cac kich thude phong khéac nhau (R1 —
R5). Photon mang ning luong 0,1 MeV duwoc mo phong phét ra tir cac btrc tuwong, tran nha
va san nha, ¢d sb lich st hat tang dan tir 10° dén 50x10° hat. Vi sb lich s 20x10° hat, sai
s6 théng ké tuong ddi cua hiéu suit ghi dinh 1a duéi 0,6% (Hinh 3a), sai s6 twong ddi
R < 0,003 (Hinh 3b), va FOM 1a 5,2; 3; 2,8; 3,2; 2,3 twong (g vai cdu hinh phong R1; R2;
R3; R4; R5. biéu nay chitng minh rang véi sb lich sir 20x10° hat, cac mé phong cau hinh
can phong 1a phu hop dé xay dung duong chuan hiéu suit ghi dinh ning lwong toan phan
cho dau do Nal(TI).

Hiéu sufit ghi dinh nang lugng todn phin

T T T T
0 1x10° 2x10" 3" 410" sx10"
56 lich sir hat mo phang

(Hinh 3a)
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Sai 6 twong Q61 R (%)

1x10" 2% 1" KR [V 4x10" sxi0™

56 lich sir hat mé phong

(Hinh 3b)
Hinh 3. Khdo sét sé lich si hat toi wu ciia cau hinh mé phéng MCNP6

3.2.2. Xay dung dwong chudn hiéu sudt ghi dinh ndang lwong toan phan

Puong chuan hiéu suit ghi dinh ning lwong toan phan cua dau do Nal(TI) dugc xay
dung bang md phong MCNP6 véi 38 gié tri ning luong tir 59,5 keV dén 2614,5 keV (Hinh
4). Sai sb twong dbi cua hiéu suat ghi dinh 1a nho hon 1,0%. Két qua md phong thé hién rang
tai gié tri nang luong xéac dinh, hiéu suit ghi dinh ti 1& nghich véi thé tich khdng gian phong.
Diéu nay c6 thé giai thich 1a do vdi cin phong c6 thé tich 1on, cac birc twong ¢ xa dau do
Nal(T1) hon, photon phat ra tir cac birc tuong ndy can mot quang dudng di chuyén dai trong
khong khi va dé& dang bi hap thu boi cac nguyén tir khi va khong dén dugce dau do.

1L 14

e Rl
= —R2
= 0x10%4 a :ﬁ 4
3 4

= RS
=0

=3

2 &m0

20

3

= 4010

- T e

= ‘/—\ e

7 J_nun'—[ —_ 4
El —_— e

8 —

T T L] T T
(1] S0 1000 1500 200 2500
Nang luong (keV)

Hinh 4. Buong chudn hiéu sudt ghi cia dau do Nal(TI)
3.3.3. Xdc dinh hoat dé #**Bi
Hoat d6 va sai s6 hoat d6 dugc xac dinh boi cong thac (Gilmore, 2008):
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trong d6, A la hoat d6 (Bq), 1 (E) 1a cuong do phat gamma, AA, Al (E) lan luot 12 cAc sai
s6 twong (g, t 1a thoi gian do phd gamma thuc nghiém (s). Gia tri hiéu suét ghi dinh ning
luong toan phan (s,(E)) dugc noi suy tir dudng lam khop dang da thic In — In. S6 d¢ém
tai dinh ning lwong quan tdm (N,(E)) dugc xac dinh bang chuong trinh Colegram
(Ménesguen & Lépy, 2021).
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Hinh 5. Phé gamma thuc nghiém ciia phong R1 do béi dau do Nal(Tl)

Hoat d6 22Bi duoc xac dinh tai ning lugng 609,3 keV (cudng do phat gamma 45,49
+ 0,19 %) va 1764,5 keV (cudng do phat gamma 15,31 + 0,05 %) (Hinh 5). Két qua tinh
toan hoat do c6 do sai biét twong ddi nhé hon 7% so véi trung binh hoat d6 2Bi. Sai s6
tuong ddi cua hoat do 1a dudi 10%. Mot sé nghién ciu ching minh riang thanh phan chinh
dong gép vao phd gamma caa ddng vi 2¥*Bi trong nha 12 su phan ra 2Rn trong khong khi
va burc xa gamma phat ra tir vat liéu xay dung (Awhida et al., 2016; Barba-Lobo et al., 2023).
Do d6, cac két qua xac dinh hoat d6 2*Bi str dung hé pho ké gamma thuong cao hon két qua
do truc tiép 22Rn tir 2 dén 5 lan, phu thudc vao diéu kién nhiét do (Gulan et al., 2023), bé
day tuong, cau tric khdng gian phong, su luu thong khi trong phong (Meisenberg et al.,
2017; Yarmoshenko et al., 2016). Trong nghién ctru nay, cac can phong dugc dong kin cura
hon 3 ngay, cac phép do radon va phé gamma duoc thuc hién trong diéu kién nhiét do phong
duy tri trong khoang 20°C dén 22°C. Két qua xéc dinh hoat d6 2**Bi bai hé phd ké gamma
thé hién méi trong quan tuyén tinh tét véi két qua do hoat do 22Rn bai thiét bi RAD7. Ti 18
hoat d6 2“Bi/???Rn la tir 2,7 dén 2,9. Ham 1am khop tuyén tinh thé hién gia tri hiéu chinh
cua R? (Adj. R-square) dat 0,998 (Hinh 6). Gia tri noi suy hoat do 2%?Rn tir duong lam khép
6 do sai biét twong ddi 1on nhat 1a dudi 10% so vai gia tri hoat d6 *’Rn do boi RAD7. Biéu
nay chitng minh rang mot phép do phé gamma cua 2*Bi ¢6 thé cho két qua danh gia ban dau
vé canh bao muc hoat do 2%2Rn trong nha. Tur d6, gitip tién hanh cac budc 1ap ké hoach hanh
ddéng nham giam ham luong 2%2Rn trong nha bang cach 16t thém céc 16p vat lidu xay dung
méi hap thu radon (Yarmoshenko et al., 2014) hoic cai tién hé thong thdng gid caa can
phong (Meisenberg et al., 2017; Tsutsumi et al., 2001).
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Hinh 6. Pdnh gid tirong quan tuyén tinh két qua hoat dg #??Rn va hoat dé *Bi
4.  Kétluan

Trong nghién ctu nay, hoat d6 radon (%**Rn) trong nha dugc khao sat boi hé thiét bi
RAD7. Cac cin phong duoc chon khao sét c6 thé tich viing khong gian tir 27,9 m® dén 155,3
m?. Két qua hoat d6 222Rn c6 gia tri tir 21,2 + 1,0 (Bq m®) dén 23,8 + 1,9 (Bq m™) va twong
dong vai két qua nghién ctru & mot s6 qudc gia khac trén thé gidi va ndm trong gidi han an
toan theo quy dinh ctia Viét Nam va thé gioi.

Bén canh d6, phuong phap xac dinh hoat d6 2Bi (609,3 keV va 1764,5 keV) bang
cach st dung hé phd ké gamma voi dau do Nal(T1) ciing dwoc trién khai. Buong chuan hiéu
suit ghi dinh ning lugng toan phan caa dau do Nal(Tl) dwoc mé phong bang chwong trinh
MCNPS, trong khoang ning luong tir 59,5 keV dén 2614,5 keV. Két qua xac dinh hoat do
214Bj thé hién mdi twong quan tuyén tinh tét véi két qua do ??°Rn trong cac cin phong.
Phuong phap nay c6 thé duoc sir dung dé danh gia nhanh hoat d6 ??’Rn trong cac cin phong
ma khong can st dung thiét bi do 2??Rn, dic biét phi hop trong cac khao sat phéng xa trong
nha véi cac cau tric méi tiét kiém nang luong (Yarmoshenko et al., 2014) hozc kién tric ha
tang str dung vat liéu méi nhu tro bay hodc melatin (Taylor-Lange et al., 2014).

7

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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% Loi cdm on: Nghién ciu nay duoc tai tror béi Nguén ngan sach khoa hoc va céng nghé
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ABSTRACT

The World Health Organization (WHO) considers indoor radon an air pollutant due to its
carcinogenic effects. In this study, the activity concentration radon (**’Rn) was calculated based on
the activity of ?Bi by using gamma spectrometry. Firstly, ?Rn activities for five rooms were
measured by the RAD7 system. Secondly, **Bi activities were also determined by gamma
spectrometry. Simulation Monte Carlo with the MCNP6 code was used to establish the full energy
peak efficiency calibration curves for the Nal(Tl) detector in the energy range from 59.5 keV to
2614.5 keV. The linear fit function linked the results of >*Bi to ?Rn activities (Adjusted R-squared
R? = 0.998), which presented a good agreement with a maximum relative deviation of 10%. This
shows that the advanced analytical procedure can be applied to determine the indoor radon.

Keywords: indoor radon; MCNP; Nal(TI) detector; RAD7; radioactivity
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