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Tém tit: Trong cong trinh nay, ching t6i nghién ctru sy thay ddi ctia cac dong vi phong xa
(BVPX) tu nhién (*K, *'°Pb, **Ra, **Th, va >**U) va nhan tao (**’Cs, **Sr, va ') trong dat
bé mit co trong trot va khong trong trot. Cac mé hinh mo phong duge st dung dé danh gia
sy suy giam hoat d6 cua cac DPVPX trong dat mat. Déi voi cac PVPX nhan tao, chung t6i
tinh duoc thoi gian suy giam mot nita trong dat mat (0-20 cm) cho ¥’Cs, *Sr, va *'I. Bbi
v6i cac DVPX ty nhién, chung t6i tim ra dugce tbc do tang/giam hang nam trong 16p dét (0-
20 cm) cua dat trong la va cac loai cdy ngin ngay phd bién khéac. Két qua nghién ctru cho
thdy, viéc bén phan va tudi nude 1a hai nhan to quan trong lam tang hoat d¢ cac DVPX tu
nhién trong dit. Bén canh do, sy hip thu cua ciy trong va luong khuéch tan xudng 16p dat
bén dudi lam giam hoat do cic DVPX tu nhién trong dat bé mit khi c6 sy trong trot.

Tir khéa: Phong phéng xa trong dat; M6 hinh HYDRUS-1D; Mé hinh CEMC

I. MO DAU

Nghién ctru sy thay d6i hoat do cac PVPX trong dat bé mit c6 ¥ nghia quan trong trong
nghién ctru vé phong xa mdi trudng. Dbi voi dat bi nhiém xa tir phong xa nhan tao thi thuong
hoat d6 cac ddng vi nay s& kha cao va can co thoi gian dé phan rd xuéng mirc an toan. Tuy
nhién thoi gian nay thuong s& ngan hon thoi gian ban ra vat Iy cia DVPX. Thoi gian ma hoat
d6 cac DVPX suy giam di mot nira dd dugc nghién ciru bang thuc nghiém [1-3]. Thoi gian nay
c¢6 ¥ nghia quan trong trong viéc uéc luong thoi diém an toan cho canh tic néng nghiép ciing
nhu su cu tra cua nguoi dan.

Lop dat mat thong thuong chira mot lugng dang ké cac dong vi phong xa tu nhién, nhung
thuong hoat do cua ching khong qua cao trir nhitng noi khai thac quang uranium [4]. Trong
qua trinh tréng trot cac PVPX ty nhién dugc bd sung vao dit thong qua qua trinh bon phan va
tuoi tiéu [5,6]. Tuy nhién sy tang hay giam hoat d6 cac PVPX tu nhién trong 16p dat mat con
phu thude vao cac yeu t6 1am suy giam nhu: cay hap thu, cic qua trinh xo tron dat, sy di chuyén
DVPX xudng 16p dt sau.

Trong cong trinh ndy ching t6i md hinh héa su di chuyén cta cac PVPX (tu nhién va
nhan tao) trong 16p dat bé mit, muc dich chinh ctia nghién ctru la: (1) Tim quy luét suy giam
theo thoi gian ciia cac DVPX nhan tao '*’Cs, *°Sr, va ' trong dat bé mit; va (2) Tim quy ludt
thay doi theo thoi gian ctia cac DVPX ty nhién “K, ?'°Pb, **Ra, ***Th, va 238y trong dat bé mat
c6 tinh dén céc yéu td vé trong trot.

II. NOI DUNG
IL. 1. Poi twong va Phwong phap

Khu vic danh gia 1a ving dat nong nghiép thudc huyén Long Khéanh, tinh Dong Nai
(10°59°39,4°°N | 107°13°41,4°E ). Chang t6i chon 3 vi tri léy mau nhu sau: khu vuc khong cé
trf)ng trot, canh dong laa nudc va canh df)ng rau muéng Tai moi vi tri chung t6i thu thap cac
mau dat mit (0-20 cm), cac mAu cay trong, cac mau phan bon, va cac mau nudc tudi. Dbi voi
cac mau dat ching t61 xac dinh cac thong s6 can thiét cho mo phong va cac hoat do cua cac
DVPX c6 trong cac mau.

Dbi véi cac miu ciy laa va rau mudng, ching t6i thu thap toan bé mau trén dién tich 1
m? tai thoi diém thu hoach dé phan tich. Cac mau thyc vat sau d6 dugc siy kho & nhiét ¢ 105°C
va nung ¢ nhi¢t do 450°C.



Déi v6i cac mau dat, ching t6i 1y khoang 1 kg tai thoi diém 14y mau thuc vat. Cac mau
sau khi dem vé phong thi nghiém ciing dugc sy kho & 105°C, nghién min va rdy dén kich c&
hat @ = 0,2 mm.

D6i v6i cac mau phan bon, ching t6i lay khoang 100 g mdi loai, say kho & 105°C, nghién
min va ray dén kich ¢& hat @ = 0,2 mm.

Déi véi cac miu nude, chung t6i thu thap 2 lit nude bé mat, sau d6 c¢6 can dén 50 ml, va
thém vao d6 axit HNOs dam dic sao cho pH dung dich bang 2.

Céac mau dugc dong trong mau hinh tru (duwong kinh 70 mm, chiéu cao 70 mm), va luu
trit trong 30 ngay. Cac mau dugc phén tich bang hé phd ké gamma HPGe GC3520 ctia Canberra.
Quy trinh do va tinh toan két qua duoc mé ta trong cac cong bd trudc do cua chung toi [7,8].

Céc bude tién hanh nghién ciru duge mé ta trong hinh 1. Ching t6i dua ra cong thire (1)
dé dy doan su thay ddi hoat d6 cua cac DPVPX trong dat bé mat.

U T €18 D iy U6c luong hoat d6 cac

L}_ra chqn mod DVPX bd sung
Il A oo Tinh chét cua dat
Hoat d6 cua cac DVPX Do bon phan
Trong dat Do tudi nudc
Mo té kich
ban Trong cay trong
Trong nudc tudi U6c lugng hoat do céc
DVPX mat di
Trong phan bon
Do phan ra phong xa
Du doan su thay Tim quy luat thay
doi trong nhiéu doi hoat do cac Do bay hoi
nam DVPX trong dat bé
Do khuéch tan
Do cdy hap thu

Hinh 1. So dd m6 hinh dy doan su thay ddi hoat do cua cac PVPX trong d4t mat theo thoi gian

A + B “(Ly+ L+ Lp+ t
C = 'Co (l_e(LV L+ Lp+Ly) ) (1)
L,+ L, +L,+ L,

Trong d6, C (Bq m™) 1a hoat d§ ctia PVPX trong dat bé mat; A (Bq m™) 1a hoat d6 cua
DVPX do phan bon bon bd sung vao mdi ngay; B (Bq m?) 1a hoat d6 cia DVPX do nude tudi
bon bd sung vao mdi ngay; Co (Bq m™) 1a hoat d6 ciia DVPX trong dat bé mat tai thoi diém
khao sat; Ly, L1, Lp, va Ly 1a ty 1& hoat d6 ciia DVPX mat khoi 16p dat do cac qua trinh bay
hoi, khuéch tan, phan rd phéng xa va cdy hap thu. Lp tinh dwa va chu ky ban rd vét 1y cia
DbVPX; va Ly duogc tinh dua vao hoat dg trong cay tréng, thoi gian tréng trot va san luong; Lv
va L dugc tinh bang mo phong. Chi tiét vé cac nguyén 1y va hoat dong ciia chwong trinh mo
phong CEMC duoc néu trong cac cong bd cua ching t6i [6,9,10]. Cac hé sd hip phu cua cac
nguyén té phong xa trong dat duoc tham khao tir tai liéu IAEA TRS-472 [11]. Céc tinh chat 1y
— héa cua ting loai dat sir dung cho mé phong duoc xac dinh (Bang 1).



IL. 2. Két qua

Béng 1 thé hién cac didc tinh vé dt trdng, cdy trong va cac miia vy trén khu vuc da khao
sat. Bang 2 thé hién hoat d6 cac dong vi phong xa trong cac yéu td cay trong, dat, nude va phan
bon. Do *7Cs, Sr, va '*'I hau nhu khong phat hién nén ching toi gia sir cho kich ban dét bi nhidém xa
v6i cac dong vi nay 1a 1000 Bq kg'. Trong nghién ciru ndy, cac hé sb phan bd Kq (Solid-Liquid
Distribution Coefficient) trong dét trong ddi vai “°K, 2'°Pb, 22°Ra, 232Th, 23U, 1¥7Cs, *Sr, va '*'1 lan
lugt 1a 130, 2000, 2500, 1300, 710, 1200, 520, and 6.9 L kg (11). Cac thong s6 1y hoa ctia cac chat
phong xa nhu khoi lugng phan tir, nhiét @6 bay hoi, ap suat hoa hoi, chu ky ban ra, va d tan trong nudc
1a thong sé dau vao cho cac chuwong trinh md phong.

Bang 1. M6t s6 dic tinh tréng trot trén khu vyc nghién ctu

Loai cay tréng Dic tinh dat Mua vu Dic diém bon phan Pic diém tudi tiéu

Khong trong Water content 16%; Air - - -

trot content 31%; Organic
matter 3,6%; Sand 62%;

Silt 33%; Clay 5%;
Density 1.33 g/cm?

Rau muéng Water content 18%; Air 30 ngay/vy,  NPK: 250 kg/ha/vy Nudc song:
content 20%; Organic 9 vu/nam, Pam: 350 kg/ha/vu 200 m’/ha/ngay
matter 16%; Sand 42%; 20 tin/ha Kali: 30 kg/ha/vu
Silt 56%; Clay 2%;

Density 1,28 g/cm®

Lua Water content 33%; Air 100 ngay/vu, Dam: 110 kg/ha/vu Nudc song:
content 26%; Organic 3 vu/nam, Lan: 150 kg/ha/vu 500 m*/ha/ngay
matter 13%; Sand 34%; 10 tén/vu Kali: 90 kg/ha/vu
Silt 56%; Clay 10%; NPK: 50 kg/ha/vu
Density 1,31 g/cm? DAP: 80 kg/ha/vu

Biang 2. Hoat d6 cac dong vi phong xa trong cac yéu td moi trudng

Hoat d¢ trung binh PVPX

4OK 210Pb 226Ra 238U 232Th
Trong dat trong rau mudng 24,0+ 0,9 21811 249+13 463+2,1 453+23
(Bqkg)*
Trong dét trong lta (Bq kg')*  18,1+0,7 2324+14 2506+14 481+24 459+25
Trong céy rau muéng 885+ 62 453 + 38 58,9+ 64 24,1+27,1 0,10+0,02
(Bgkg')®
Trong cy lta (Bq kg™')° 126 £ 15 102+16  1,13+£0,10 0,61 +0,08 0,39+0,05
Trong phan dam (Bq kg')° 1,1+0,1 233+26
Trong phén 1an (Bq kg™!)° 168,1 + 12,4 111,3+12,4 465+63 94=+1,1
Trong phan kali (Bq kg')* 13500 + 1400 1,3+0,3
Trong phan NPK 20-20-15 240,7 + 28,3 5,1+0,6 622+72 55+0,7
(Bqkg')®
Trong phan DAP (Bq kg™')° 34,6 + 6,4 3,4+09 592+£66  9,4+3,0
Trong nude (Bq m) 3021 £ 195 21,118  63+0,7 6,9£0,6 10,4+0,9

%khéi luong kho tuyét dbi cia dat; PKhdi luong kho tuyét dbi cua thyc vat; Khdi lugng kho tuyét dbi ciia phan bon

D6i v6i 1¥7Cs, “°Sr, va 131 ching t6i tinh dugc thoi gian suy giam mot nira hoat d6 phong
xa trong dat. Két qua duogc thé hién trong bang 3. Ddi voi cac DPVPX ty nhién “°K, 2'°Pb, *°Ra,
2381, va 22Th, két qua tinh luong tich tu do cac yéu t6 trong trot va luong that thoat khoi 16p
dat mit dugc thé hién trong bang 4. Hinh 2 cho thiy su dong gop ciia cac nhan td phan bon va



nude tudi vao toc do tang hoat d¢ cac DVPX trong dat. Hinh 3 cho thay su dong gop cua cac
qua trinh bay hoi, khuéch tan, cay hip thu va phéan rd phong xa vao tdc do giam hoat do cac
PVPX trong dat mit. Dya vao cong thire (1) chiing toi tinh duoc sy tich tu cac PVPX trong dat

trdng rau mudng va laa dugc thé hién trong hinh 4.

Bang 3. Cac két qua du doan sy suy giam hoat d6 cua *'Cs, *Sr, va "'l trong d4t mit trong
trudng hop gia dinh hoat do cua tirng dong vi 1a 1000 Bq kg!

bVPX B37Cs %Sy BI

Téc do mat tong (Bq m?2 ngay™?)* 0,18 028  320,8
Do khuéch tan (%) 65,2 75,9 0,008
Do bay hoi (%) 0,67 0,78 72,8
Do phan ra phong xa (%) 34,1 23,3 27,2

Thoi gian gidm 1/2 hoat do (ndm) 20,7 15,8 0,013

“Tinh cho 16p dat mat c6 bé day 20 cm

Bang 4. Toc d9 tich tu va suy giam ciia cac PVPX trong dat bé mit c6 dugce tir thyc nghiém va

mo phong
PVPX 40K 210Pb 226Ra 238U 232Th
Rau Luaa Rau Lta Rau Luaa Rau Lta Rau Lta
Técdd 46+2 1268 032+ 0.87 £ 0.19+ 0.27 + 0.18+ 033+ 0.17 043+
tdng? 0.03 0.07 0.02 0.03 0.02 0.03 0.01 0.04
Técdd 645+ 223+ 083+ 070+ 04+ 0.14+ 050+ 057+ 024+ 034+
giam® 0.22 0.09 0.04 0.04 0.01 0.01 0.02 0.03 0.01 0.02
2 Pon vi Bq m? ngay!
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Hinh 2. Ty 1¢ dong gop cuia cac yéu td trong trot 1én sy ting hoat ¢ cac DVPX trong dat

(2) Dt tréng rau

(b) Pat trong hia
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Hinh 3. Ty 1& dong gop cia cac yéu td 1én su giam hoat do cac DVPX trong 16p dat mit



I1. 3. Ban luan
a. Sw giam nhe ciia ¥’Cs, *'Sr, va 13'I trong dit mit khong cé trong trot

Trong 16p dat mat (0-20cm) & khu vuce khao sat (véi tinh chat ciia dat nhu trong bang 1,
chung t6i gid st kich ban co sy nhiém xa cac DPVPX nhan tao 7Cs, *°Sr, va *'I v4i hoat do
ting dong vi 1a 1000 Bg/kg. Két qua tir chuong trinh CEMC cho thiy tdc do do cac qua trinh
bay hoi, khéch tan va phan ra phong xa liét ké trong bang 3. Trong d6, tdc dd phan rd dugc tinh
theo chu ky ban ra vat 1y (T1.2) ciia cac dong vi, toc d6 bay hoi va khuéch tan cac DPVPX dugc
tinh bang mo phong. Bang 3 cho thdy, tdc d6 suy giam nhanh nhat 1a & *'I do Ti/ ¢t né ngin
va toc do bay hoi nhanh. Tdc do giam hoat d6 phong xa theo thir tr '¥’Cs < *°Sr < B[

Thoi gian suy giam mat nira hoat do ctia cic PVPX *7Cs, *°Sr, va 13 trong d4t mat 1an
lwot 14 20,7 ndm, 15,8 nam, va 4,8 ngay. Dbi véi *’Cs, Robison (2003) tim ra thoi gian suy
giam mot nira hoat d¢ 1a tir 8§ — 9,8 nam v&i gia tri trung binh 8,5 ndm ¢ ddo Coral, Paller (2014)
tim ra gia tri nay cho '*’Cs trong khoang 14,2 — 19,9 niim véi gi4 tri trung binh 13 17 nim & luu
vuc séng Savannah [12,13]. Két qua chung t6i thu duoc cao hon hai nghién ctru nay. Dbi voi
%Sr, Froidevaux (2010) tim thay thoi gian suy giam mot nita hoat d6 1a 13,5 nim & Switzerland.
Ciing & Switzerland Corcho-Alvarado (2016) tim thay gia tri nay cho *Sr 1a tir 10 — 14 nam
[1,14]. Cac gia tri nay ddi voi *Sr kha phu hop giita cac nghién ciru trén va cac két qua cia
chung toi.

b. Sw tich tu cac ddng vi “°K, 21°Pb, 226Ra, 238U, va 232Th trong dit mit khi c6 trong trot
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Hinh 4. Sy thay d6i hoat d6 cac DVPX trong 16p dat mit trong 25 nim



V6i hoat do cac DVPX ty nhién chung t61 do dugc trong bang 2, ching toi tinh dugc tbe
d6 tich tu ciia cic PVPX nay trong dét trong rau muong va dat trong lta nhu trong bang 4. Hinh
2 cho thdy phong xa trong nudc tudi dong gop chu yéu vao sy tang hoat d6 cac DVPX trong
dat néng nghiép. Diéu nay phu hop v6i cac nghién ctru cua Li (2008), Chen (2013) va Chen
(2018) [15-17]. Trén thé gidi c6 mot sé nghién ctru vé sy tich tu cac PVPX trong dat nong
nghiép do qua trinh str dung phéan bén. Schipper (2010) nghién ctru sy tich tu uranium trong dat
ddng c6 & Zew Zealand do st dung phan bon phosphate [1 8]. Nghién ctru nay cho théy vige sy
dung phan bon phosphate vai liéu lugng 50 kg ha nam™ lam tang 0,042 mg U kg™ (0,52 Bq
238U kg y'!). Mot nghién ctru trude do6 & Zew Zealand cua Taylor (2007) cho thiy su tich tu U
trong dat nong nghiép 1a (0,015-0, 047 mg kg’ 1) (0,19-0,58 Bq *#U kg''y 1) [19]. Trong khi
nghién ctru cua ching to1 uoc lugng rang gia tri nay 1a 0,11 Bq 28U kg y'! d6i voi dit trong
rau va 0,069 Bq 2*%U kg! y'!' ddi vé6i dat trong laa. Peason (2019) do dugc hoat d¢ trung binh
cua 226Ra trong phan bén la 1,6 kBq kg [20]. Nhém nghlen cu'u nay udc lugng rang viée sir
dung phan bon nhur hién tai ¢6 thé lam ting 80 kBq **°Ra ha' y' (0,022 Bq m?2 d™). Gia tri nay
thap hon nghién ctru cua ching t6i cho dat tréng rau mudng (0,099 Bq m2d™') va cao hon d6i
v6i dit trong lta (0,014 Bq m?2d™h).

(a) Pbat trémg rau ] (b) Pbat trémg lua
S 6 mCEMC =) mCEMC
%_ s HYDRUS-1D % - HYDRUS-1D
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Hinh 5. So sanh két qua toc 6 giam hoat d6 cac PVPX trong dat mit v6i chuong trinh HYDRUS-1D

Dé xét anh hudng ciia cac yéu té 1am giam hoat d6 cac DVPX ty nhién trong dit ching
t6i thuc hién thém mot sd tinh toan: Su suy giam hoat d0 do phan ra phong xa dugc tinh dya
trén Ti2 cuia cac PVPX; Su suy giam hoat d6 do cay hap thu duoc tinh dya trén hoat do cac
DVPX trong cay trong va nang xuat trén mot dién tich khao sat; Su suy giam hoat d6 do céac
bVPX di chuyén xudng 16p dat bén dudi duoc tinh dya vao cac chuong trinh mé phong. Két
qua tong luong suy giam do cac yéu t6 ké trén dugc trinh bay trong bang 4. Trong hinh 3 c6 thé
nhan thiy hai yéu t6 khuéch tan va cay hap thu la c6 dong gop lon nhat 1én sy suy giam hoat d6
cac DVPX trong 16p dit mit. Pé tinh tdc do cac PVPX khuéch tan Xuong cac 16p dat sau, chung
t6i str dung hai chuong trinh CEMC va HYDRUS-1D dé tinh toan. Két qua du doan 1a rat gan
v6i nhau (Hinh 5).

Hinh 4 cho thay sy thay d01 hoat d6 cta cac DVPX trong 16p dat mat trong nhiéu nam.
Pé don gian chung toi gia sur rang dat dugc trong voi rau mudng va laa nude lién tuc trong
nhiéu nam. Do voi dat trong laa, hoat do cac DVPX ting theo thoi gian trir 28U, Hoat do ctia
226Ra va 2*?Th thi tang rat it. Luong ting/giam sau 25 nam dbi véi *°K, ?!°Pb, 2°Ra, 2*U, va
232Th trong dat tréng laa 1an lugt 12 +1004; +3; +3; -5,1; va +2,2 Bq kg‘l. Déi véi dat tréng rau,
hoat d6 cac DPVPX giam theo thoi gian trir “°K. Hoat d6 cua >*2Th thi ting réat it. Luong
tang/giam sau 25 nam ddi véi 4K, 2'°Pb, 22°Ra, 2*U, va >?Th trong dat trong rau lan luot 1a
+165; -8,2; -4,3; -70,3; va -1,8 Bq kg'. D6 thi hinh 4 ciing cho thay su tich tu cac PVPX trong
dat trong laa cao hon trong dat trong rau. Nguyén nhén la do lugng nude su dung cho lua la cao
hon. Sy suy giam cta mot sd DVPX trong dat 1a do cac yéu t6 nhu bay hoi, khuéch tan, phan
rd phong xa, va cay hap thu. V& khao sat sy tich tu phong xa theo thoi gian trong dét nong
nghiép, Taylor (2007) da wée luong su tich tu 2°Ra 0,2 — 0,6 Bq kg™ nim™! (52-156 Bq m™
nam™) [19]. Nghién ctru nay duoc thuc hién trong 7 nim tir nim 1992. Mot nghién ciru khac
ctia McDowell (2012) cho thiy khong c6 su khac biét dang ké hoat d6 2*°U trong dat mat [21].



III. KET LUAN

Luong thét thoat cac DVPX trong 16p dat mat (0-20cm) duoc du doan bang chwong trinh
CEMC. Su d6i chiéu két qua dat duoc voi chuong trinh HYDRUS-1D cho thay su phu hop.
Tuy nhién, can ¢6 thém nhiing nghién ciru vé thyc nghiém dé kiém chimg. Véi kich ban gia
dinh, chung t6i tinh dugc thoi gian ban ra mot nira cua *’Cs, *°Sr, va *'I trong dat bé mit. Cac
gi tri nay co y nghia quan trong trong viéc udc luong thoi gian ton tai cia cac DVPX nay trong
dat mat, 1am co s& cho nhitng du doan vé an toan trong néng nghiép va cu tra ctia ngudi dan.
Déi véi su tich tu cia cac DVPX tu nhién (*°K, 2!°Pb, 226Ra, 28U, va 2*?Th) trong dat mat dung
cho myc dich néng nghiép, nghién ctru cing chi ra sy thay d6i hoat d6 cua ching trong dat bé
mat. Sy tang hodc giam phu thudc vao nhiéu yéu to. Trong do, phong xa trong nudc tudi 1a yéu
tb quan trong nhat lam tang hoat d6 cac DVPX trong dét, va qua trinh thuc vat hap thu hay
khuéch tan xudng 16p dét sau 1a hay yéu t6 quan trong lam giam hoat d6 cac DVPX trong dat
bé mat. Nghién ctru cho thiy viéc sir dung cac chuong trinh mo phong c6 hiéu qua trong viéc
tinh toan toc do khuéch tan cac chit phong xa trong dat (chi ap dung cho 16p dat mat), va cé thé
ap dung danh gia cho nhiéu mé hinh trdng trot khac nhau.

Loi cam on i ’
Cong trinh duoc tai trg boi Quy Phat trién khoa hoc va cong nghé Quoc gia (NAFOSTED)
véi de tai Ma so 103.04-2019.10.
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LONG-TERM CHANGES OF ACTIVITY CONCENTRATIONS OF
RADIONUCLIDES IN TOPSOILS BASED ON MODEL ASSESSMENTS:
SOME PRELIMINARY RESULTS

NGUYEN VAN THANG, HUYNH NGUYEN PHONG THU, LE CONG HAO
Nuclear Technique Laboratory, University of Science, VNU-HCM, 227 Nguyen Van Cu street, Ward
4, District 5, Ho Chi Minh City
Email: nvthang@hcmus.edu.vn, hnpthu@hcmus.edu.vn, Ichao@hcmus.edu.vn

Abstract: In this work, we studied the long-term changes of activity concentrations of
natural radionuclides (*°K, 2!°Pb, ?2°Ra, 2*?Th, and 2**U) and artificial radionuclides (**’Cs,
%Sr, and "*'T) in topsoils with plant cultivations and without plant cultivations. Two models
were used to assess the decreasing rates of radionuclides from the topsoils. For artificial
radionuclides, we predicted the half-time values of *’Cs, *Sr, and !*'I in the topsoil layer
(0-20 cm) without plant cultivations. For natural radionuclides, we predicted the
increasing/decreasing rates of radionuclides in the topsoils (0-20 cm) of the rice soil and
other crop soils. The results showed that fertilization and irrigation were two potential
processes that increased the activity concentrations of natural radionuclides in the
agricultural soils. Besides that, plant uptake and water leaching were two potential processes
that decreased the activity concentrations of natural radionuclides in the topsoils under
agricultural practices.

Keywords: NORM; HYDRUS-1D model;, CEMC model
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