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: The issue of radioactivity in tobacco smoke has attracted

more and more attention in scientific publishing houses,
and it has also attracted the attention of medical media.
Tobacco contains trace amounts of 210Pb, 210Po and 226Ra
isotopes, which come from the decay series of uranium and
thorium, which are radioactive and carcinogenic. The
related products have been ingested internally to cause
radiation doses in the body after smoking. Inhalation of
some naturally occurring radionuclides through smoking is
considered to be one of the important causes of lung
cancer. In this study, after pre-treatment of tobacco
plant, radionuclide detection and analysis were carried
out. The research goal of this project is to explore the
relationship between 232Th, 226Ra and 40K of different
tobacco varieties and soil samples based on plant samples
(including stems, leaves and roots) of tobacco varieties in
Taiwan and the corresponding soil, and to understand the
radioactivity of 232Th , 226Ra and 40K and other elements
spread between the environment and the implant.

The activity concentrations of naturally occurring
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radioactive nuclides, 40K, 226Ra, and 232Th, in tobacco
compartments (root, stalk, and leaf) and the corresponding
soil were measured collected from southern Taiwan. The
soil-to-plant transfer factors (TFs) were determined for
the detected radioactive nuclides. The activity
concentration ranges were 589 - 762, 32-43, and 49 - 59
Ba/kg for 40K, 226Ra, and 232Th in soils, respectively. The
average activity concentrations in roots were 446.5, b5.4l,
and 5.69 Bq/kg, in stalks were 699.8, 9.64, and 7.61 Bq/kg,
and in leaves were 792.5, 6.79, and 6. 15 Bq/kg for 40K,
226Ra, and 232Th, respectively. The transfer factors (TF)
were 0.42-1.42, 0.10-0.49, and 0.06-0.23, for 40K, 226Ra,
and 232Th, respectively. The 40K TFs for stalk and leaf
were significantly higher than TFs for root. The TFs of
226Ra and 232Th were insignificantly different among root,
stalk, and leaf. The activity concentrations of tobacco
comportments were independent on soil activity (except
stalk and leaf for 40K). The TFs of tobacco compartments
were independent on soil activity concentrations except
stalk for 40K and 232Th and leaf for 226Ra. In estimating
the radiation dose induced from smoking, the annual
effective dose to lungs due to inhalation for adults
(smokers) total averaged 0.645 to 1.623 mSv yl (average
1.194 mSv y1). The effective dose can be compared with the
average world-wide exposure to natural radiation sources
due to inhalation of 1.26 mSv yl. Excess lifetime cancer
risk due to smoking was also averaged to the value 4.82 x
103.

radiation dose in the body, radionuclide, transfer factor,
lifetime cancer risk.
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Preliminary study on 23U, 2*?Th and ??°Ra of tobacco and soil background radioactive

materials in Mino, Taiwan.
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The issue of radioactivity in tobacco smoke has attracted more and more attention in scientific
publishing houses, and it has also attracted the attention of medical media. Tobacco contains trace amounts
of 21%Pb, 21%Po and ?*’Ra isotopes, which come from the decay series of uranium and thorium, which are
radioactive and carcinogenic. The related products have been ingested internally to cause radiation doses in
the body after smoking. Inhalation of some naturally occurring radionuclides through smoking is considered
to be one of the important causes of lung cancer. In this study, after pre-treatment of tobacco plant,
radionuclide detection and analysis were carried out. The research goal of this project is to explore the
relationship between 2**Th, 2*Ra and *“°K of different tobacco varieties and soil samples based on plant
samples (including stems, leaves and roots) of tobacco varieties in Taiwan and the corresponding soil, and to
understand the radioactivity of 2*Th , ?2°Ra and *°K and other elements spread between the environment and
the implant.

The activity concentrations of naturally occurring radioactive nuclides, “°K, ?°Ra, and 2%2Th, in tobacco
compartments (root, stalk, and leaf) and the corresponding soil were measured collected from southern
Taiwan. The soil-to-plant transfer factors (TFs) were determined for the detected radioactive nuclides. The
activity concentration ranges were 589-762, 32—43, and 49-59 Bg/kg for “°K, ??°Ra, and 2%?Th in soils,
respectively. The average activity concentrations in roots were 446.5, 5.41, and 5.69 Bqg/kg, in stalks were
699.8, 9.64, and 7.61 Ba/kg, and in leaves were 792.5, 6.79, and 6.15 Bg/kg for “°K, ??°Ra, and 2%Th,
respectively. The transfer factors (TF) were 0.42-1.42, 0.10-0.49, and 0.06-0.23, for “°K, ?%’Ra, and 2*Th,
respectively. The “°K TFs for stalk and leaf were significantly higher than TFs for root. The TFs of ?°Ra
and Z2Th were insignificantly different among root, stalk, and leaf. The activity concentrations of tobacco
comportments were independent on soil activity (except stalk and leaf for “°K). The TFs of tobacco
compartments were independent on soil activity concentrations except stalk for “°K and 2*2Th and leaf for
2%6Ra. In estimating the radiation dose induced from smoking, the annual effective dose to lungs due to
inhalation for adults (smokers) total averaged 0.645 to 1.623 mSv y ! (average 1.194 mSv y1). The
effective dose can be compared with the average world-wide exposure to natural radiation sources due to
inhalation of 1.26 mSv y 1. Excess lifetime cancer risk due to smoking was also averaged to the value 4.82 x
1073,

Keyword: radiation dose in the body, radionuclide, transfer factor, lifetime cancer risk.



._‘—,,‘—;,—‘g’-

Boot i foo X AREE ST 2 R A HE BRI NL & KR e O M ATEEE Y G b el kAR K
b fE o B RARE AN AR Y Reng B TN EGHE B - B e o F Y
R 5 R e S PR B A & 418 2 B opb e enf kde g MO FE ¢ 0K B 0 g R
W%mﬁ&ﬁoﬁi%*iiﬁ%’“%*ﬁ% ﬁ%ﬁ%ﬁ%ﬁ#ﬁo

ik LA R SHRE L @A B L M ERAR A S MBS R AL - 12 forge
B ERRF DT T A BFL S o Al A\ F iR e 0226Ra(238U j 71) » 2®Ra(**2Th-
) K R R B iR b S P Bt et S BTl P (40238 T G M) o X BT
m@@;gmﬁm%’mﬁ%*ﬁﬁ,wﬁ - R N R L I R T e !
“* m"“’ﬂ‘* ’ éﬂc ﬁﬂ»a‘f?m ;I*M\ 1;% PREAEDIR XA EFAT IV PAREY Y

- &

\\.T_'ﬁv

ﬁﬁ%ﬁkﬁ%mTSﬁmmsEﬁﬁwﬁ@ﬁiﬁ%imﬁﬁﬂﬁqiiﬁﬁ’Ffﬁ?@4
E R g it & BCs o 1Cs £ e ke jeam A Rl N E S FAEY S o 2 AR T
st P H KR 2 kb P R R B I T avple > U2 LA PE YRR
T oo 2Arg nd SRt g EE Y % R B2Th PRy fr K E st s ERE o iEa $Ry
ARER AL BT o R ARG AT PAT AT AEREY eI ks frr §
ﬂW%ﬁﬁgé%%ﬁ%ﬁ%®MMmmmLmBy%%ﬁL*ﬁ%ﬁ#%gkémuﬂﬁhag
F AP AR F AT B PE o WA Rk HAe YK £ EF & arit 8 (IAEA 0 2014,
UNSCEAR - 2008) © 3 # ek it Z R3S AE P 2 Pl A84] > A s P I p R F
FAgotenl & KR o ptob o fEd A AR Y (Ao B ¢ § 20U e PTh fedm)ikin i A
g SIS R E & KR(Azeez etal., 2018) - ﬁ%ﬂwwﬁﬁf P JE F A s P o i
Borsfh PR RTTL S AER Y B P A X ARk RS S B e SR
#% (Alharbi and El-Taher » 2013) -

By A SREARE !

r-/'?“’rslf ; )

-

¥ ERBFRE R GRTE VN EES B RT FEHOHE S
SRl AR e %?’vﬁﬁ%(% POABERE T RHEPHEER Y R- T4) A b
iﬁl?la”? i T ERLE - FTFZ”‘J EPRRERM NS BB OB AT T AR
N 109 E v § 4R AR o A S s S B AT R AT At B B AUE R Y 149 40 1k
5 o 4R T By en 859 Bq/kg §M§ dode 20 BT LAY EEEREE 7 B (049 40~ 4190 2245 137
SH)EE(ARSS Eig £)nE BT AR LT 0 BRSNS BB EHP R E D kT g
B e AR % o

21 DB EIRBTY RHEPEER R T4

H T AE(SIO2 £ 8%) 4 2°8U(ppm) & 22Th(ppm) 4m 40K (%)
T #(70.18) 5 18 3.8
E -::' (58.10) 2.51(3.7) 12.4(12) 2.70(1.7)
#(5.19) 1.36(1.3) 1.26(1.1) 0.26(0.2)
o ;5 (5.19) 1.53(0.45) 7.48(1.7) 1.75(0.6)
= 7 (49.06) 1.27(0.5) 4.86(2) 1.35(0.5)
i (44.62) 0.07(0.006) 0.15(0.022) 0.05(0.001)

Bt kT 2 ERRARLS
F‘Tf}lj@;}%’::}:;&—k T+ EH>



IR e Rt I T

, ) bois i A i
Pt P~k 4 s R
B p P p p
45.-90 -7 42-40 4-137 & x5 & kA
T M 109.02.06 0.708 - 392 - 28 19
3¢ 109.01.21 0.328 - 654 - 34 26
%z 109.01.14 - - 651 - 41 27
7 109.02.06 / - 859 - 60 37
7= ¥ 109.02.06 / 214 322 27 23 15
A 109.02.06 / 36 701 3 43 27
b i/ - fE
TR S AR R A2 4 5 A L 47(2020)
92500 100
—a—47-40( & #) ——47-40(£4b) ——47-40(£ ¥) )
—a— 47-40( 5 #) —m—48-90( =z #8) —*—42-90(&4b) .
2000 p ——42-90(£ %) —m—42-90( % 4k) ——4-137(Z /) F 80 4
i# ——48-137(&4b) —e—45-137(£ ¥) ——4-137(H ) .
:fxa [ 70
22 1500 | o0 L
o+ 4
» 50, B
K | A | E
g 1000 /\/A A A ; 40 &;J
é; Z A AA A g é

N IO\ O = 0000 ONT NN
eI S e T IS TSI e te 4115 e oo N SN ONO NSNS NS NSNS No o NoNoNoN NS NN No Nttt o)

Bf(E -~ A)

Bl 1 52 it 7 £ %60

*i%'fiﬁﬂfi@ﬁ]

Pt B Rfo Pk e A 2 st Pifas 7 oo {3 S F ¢ o pE PR AR - 304
AR b om b X iF 6 445 :E 4 f8(Eisenbud, 1973; Wang et al., 1998) o i iF{ITNGE_F ¢ e | bt
t 48 8 48 4 0 & 3£ 4% (Russell, 1965; Eisenbud, 1973; Wang et al., 1998)- § & f& £ & & it 4748
VSr ek 4 % 288 & » WCsehL %8 5 30 # o d W EP FheCafr Ko 7 PEARY 1

ARBEEA~E O {eBCs F RN HEHI BEL F &% (Wang et al., 1998) 4 E o w16
® A A& % (Linsalata » 1994) ¢k » H s — i X FRAc b4 m% dogh o B EF G A AP e 137cg fr
0gr 5 4 1 b4 ¥ fé ENARERG ,j_""fa#f" v o

b o R fos & s P S R X3 5 EE R blded PEE R 41;/?111_7@,}/}%?\
B agalfes 2002 Roo chd (T o P bt P fichi 4 47 5 @8 7]+ (TF) > o457k 9
AP A F RSP (Ao f ) e P A R fo o~ ﬁ;é_m',_;}a BihE & zsgz o

2



oL BB T I8 1T S S TR Y S PR B T ¢ () R
J o Ao(ii)id e ek FIRA B R T o W —"F‘,Bk At 2 Y g P AERER (S —“ZEX ER
F ¢ eI AR e ff i# 5 (Karunakara et al., 2013) -

Flot o @ B (R 2 R At B 2 et -D) AR E R o B T R
e e
Cip(Bq kg~ldry weight) )
C{(Bq kg~t,dry weight)

Ra %E?P X A3 BEHERBKIT Y Ap RigiET EEF5 TF #dp 5 "L(Li et al, 20006;
Narayana et al., 1995; Radhakrishna et al., 1996; Sasaki et al., 2002; Uchida and Tagami, 2007b; Yunoki et
al., 1993) °

0 OERESREE S B Rs e BB LY £ R BN Aok g s~ G p4ap

(El-Taher and Al-Turki » 2014) -
B P15 (TH R F 325 0E & FlR o o4 3 2 7 st ansofeld % * TF ki > TF 248
%ﬁ*ﬁﬂﬁ%ﬁﬁﬁ‘&*ﬁ%“ﬁ@%@ﬁiﬁ%%BM%ﬁ#iﬁ%ﬁ#’TR%¢%%ﬁ
Fh o ¢4 T (blhed 4 5 B pHCa K iofb2 shi) HF B8 2 6 B E 2 - £ 8
%~ (Gaffar et al., 2014) -

Tl Rl R A R A S LN SRR B R S O B RS STEA E N SRR AR
ﬁ@%ﬁ#*ﬁﬁTF&kmﬁ%W#ﬁ°*P Ao BT A A (T EeE)fodp # i 3
o Rt P K PRa o The 2B R4 4 i # 7|5 » TR EFER I A fOET L4
ITFS BT3B R el ko pLob 5 SRR A EH s g T o
b = g
AETHFERNAE? PP A E S Rt X RF FIESER P o @ * e B SFARY
TR R R RS T R B ot RS PITh S P Rafe UK hE AR R o k2 v o iR
CEGEEEE SRR S 2 RS E R R £ T L
2 S PR 2 L S B i R

TF =

SR A
1. H&EXR

AEFTET LB NELE RREL RS P FE rgﬁférrsa\ﬁsﬁﬁj HEE R e A
BRoREAD SHERE AR FI o d A TR @A E30 . ENEZ B B2
A o
2. &L
IHEAMEELERIT B 2mm GREHT KR FREF R -
FEEHR AR BT SR EN S R 2 IR PR 1057C D v - 2
Fo FRgs. §pi‘5§?
3. REHRRILIS ST P
AT AATIE D AT
I EE A
2 3 pH B R T
FEB A 10 g BB BALP o 4o r 10mL ez SRITELSF P (2R 1] B AR S T
BHEE 60 S hbe FEFE R B2t % pH BT pH o * w F 1 (Kl ik &g * pH=7 fr pH=4

3




IR I % ) (TR 4k 7 0 2009 > NIEA S410.62C) -

2T RR

PP A 10 g BB IPFLP o 4o r 10mL ez SRIHELF R (2R 1) B AR L T35 W
BEE 60 Ad o FREERZ2 0 R ETARAIRTETARE ) #* B F KD (BFA TARI
S101.1B) -

TR 1 F(OM)ip] €

PR A 3 g M REF R ALBIFRE AR CAFERD S50 CTHEFEES AR
BRI (BRI AR EHHIFE ) (R BB AR EHFE ) R E=F BT L o}

ﬁﬁ@%—(; BE £/ 8502 £)*¥100 % o

B4 e

FBe 12 g thd 3 250 mL 2 HEF o 4 » {é_;;ééf’}iiﬁg‘}i&fifé v 4e x5 10 mL 2. 30% B ¥ -k (hydrogen
peroxide, H2Oy) » & 12 70 -80 C 4c £ 45 4 %1 » BT IR LG FE AL g AT

i1 HyOs o 4e » 200 mL 2. 0.3 M ﬁﬁﬁﬁ@;‘% it (SOdlum citrate, Na3CsHsO7) » 25 mL 2. 1M sk & 4
(sodium bicarbonate, NaHCO3) % 3 g it = 37 £ ik 4 (sodium dithionite, Na2S204)(= 48 % #|{- 42 DCB i3
RIS 5 EAB0C KB e TR 15 A& FEBRA A I R FAS
B d o RIEAT S B o MR AR iR 0 B SRR ] 80mL 2 g HP o 12 3000 rpm
2 g Y 10 4 450 #- 1 KRS g0 f 4o~ 100 mL 2 45 K £ 2 3000 rpm 2 g £ g 10 4 4B(1
%23 DCB A4 AE) > #-2 H U EA ALY o Y 2T 105 Tofadeqe TF o 4
Weirz A HATE R 2 15( 10) T x AT P o e x F AR R 4o~ A ETH S %2 10 mL AR A

W10 A 418 B ) > @ 4 IR £ % iF 320 -325 mesh 2 & (<0.47 pm)i& (7R & BBk fodblok
» 1000 mL ey ®f 0 0 F hd A A AR R e £ g0 R A R (2 -1
mm) ~ 42 #)(1-0.5 mm) ~ # #;(0.5 -0.25 mm) » @ #;(0.25 -0.1 mm) ~ & #)(0.1 mm -0.47um) ° i i &
SR e T AR sk R T 1000 mL o LA {8 0 % Stock law 38 ' 10 om PEATE PF
> 1225 mL 2 # % %”;?—L O Jau o BB~ 25 mL mﬁ&»'f.ﬁ.;@ﬁ-‘/%hi(<2 um) > M5z fs FE o H 3k

40 FERFZ R - NRETF IR EIPLIE TLIBPRIE I FEALAREIFAIIEA S
£ p ’Ffri*":: i B RE o

2L F o

P oot

iR ErF=rkt  REE

=k

_‘_%\
HARE A F =25 mL2 k£ %40 /% &
BRFAS= (RERE-PRE—HEE) /REE
4. Rt P A 45
ARG Y BAR LR %{r* i B TSP A A T 0 32 B(A15L 5 GEM40P4-79-SMP -
ORTEC > Inc) . Co-60 77 1. 33MeV TRTIEEF 5 40%2 1.9% 5 £ A FRF o 3% 0 BV U R A
PP B AR B o R BT SR Y ¢ R(RR P ESRRA WG 10428240 24)
be B a4 47 5 ORTEC 4 =4 Gamma Vision $ii%8 - A F % 2@ * WS R+ i 2% e § SRR
&tk (Cd-109 ~ Co-57 ~ Hg-203 ~ Cr-51 ~ Sn-113 ~ Sr-85 ~ Cs-137 ~ Co-60 f= Y-88) ¥} & Bit (74 £
R om A7 0P &4 5 Ra-226(609 ~ 1160 % 1764 KeV) ~ Th-232(583 KeV) ~ K-40(1460 KeV)
% (Cs-137(661 KeV)
2R A
TRIL R EET A5 a8 F R P BAEE ) AP AT AL REALL %‘-%ﬁ&ﬁﬁrﬁ

4



i H B HPGe » & $ 5-id #B4c § it 3 p] Tk 5 ¢ st i 4E o £ 15 16 Gamma Vision # R iE 7 % i
R

PAEILRPET R AR AT 45 XA F P W Rln ¢ KL AP AR, KB LY
B i 4E :ﬁ # B HPGe » & & -3 1 4c B ¢ 3P Tk &7 R L NERLE #4855 Gamma Vision SHLE
7 4e g A T o

b P AR B B

o 60x7("f<Ei;xI(/GXchil;3WxY )
e AP R4 B P RS R (Bg/Kg & BM)
G—B:BEF R P4 § P AR T £ # B 2723 #(counts)
Gy Bb 79 Y PR S ﬁ i ”ILE B 2 235 fic(counts)
BRfeA 74 8 At PJ&A ’}'—’r“" % T2 3P PF R (min) e
Eff B4R § Pfs2 iR
Vgt~ 17 £ (kg & L)
Ko:oB #4e B P48 & 7P| PFRF P el 12 & 7] 5 o
Ky 1540 B Pifd e PR pF %] 1 35 RIPF %) 2 F el 13 & )5
Yip 454 B ¥ fa g & (yield) ©

0.693Xtyy

e K, = e t1/2X60

tyy xX60
c= 016923xt (1-Ky) 3)

twR B F Y P R4 S P A PR 23R Y 2 & £ (min) o
¢ 3R] PEF R (min) o

=1

CBE AR
ER 3 S.leX

2 3G FEAALY > pH Bt A B ARSI o pH 420 6.03 1 635 ETAFEA
*+ 451 3 640 pS/cm> T 355 54878 uS/emej B F F £ B /3 2,11 3 3.73 % F 355 3.08+0.70 % -
ZHR2Z TR o R A 29-63%, BRE A v 29-57%, AbRE At 8-17% A W AR RS
eI R P IR SR

10

23 2RBED R AT

¥ 5 - EC oM F)F 2R = ar
(uS/cm) (%) (%) (%) (%)
A CHE% 7912001  550£8  3.73+0.05  35.47 47.16 17.37 &3
B ML 24 6.03£0.02  640+12  3.39£0.06  28.99 56.97 1404 B
FHS L 6.35£0.04 4516  2.11x0.09  62.67 29.21 8.12  FiF#
T ¥arsd 6.76+0.82  548+78  3.08+0.70 - - - -

HipH Fpiek® CEC Z¥T & OM 55 87
K PEAER




F4 5 3 AP PAEAS 1T T 0 RSP K 0iE R R 44T 625 3 753 Bakg 2 7
T 5% 702458 Ba/kg > - i K EE X AP F YKenER gEFA AL E A #1 PTh
%1 %Ra P b B ¢ A %] 5 50.6 3 58.5Bg/kg 2 33.8 1 39.7 Bo/kg T 9iE & G 55.144.0 2 36.3+3.1
Bg/kg o 4 3¢ YK 4o 22Th g & A 6] B *t 27k T 318 & & 400 fo 30 Bg/kg © °Ra /g Bk A 4%
1T 23k T 39k T 35 Bg/kg (UNSCEAR, 2000)° & # 3 3¢ % #8795 foefric bt §1 6 o B 8 1L Bl iy
PoRch FArH IR > R E At fou el eng 2 fAAE o

14 3 st A

3 8L 0K (Bg/kg) 2%2Th (Bq/kg)  2*°Ra (Bg/kg)
22 L HR 625+30 50.6+1.8 33.8+1.3
% Ard 24 729+6 58.5+1.3 39.7+2.7
B AR LA 753+7 56.3£3.1 35.4£1.5
T ¥atsd 702+58 55.1+4.0 36.3+3.1

R PR R

%05 ST M PSR A AT &30 0K B2Th o 2%Ra i A 4 B] 5 317-1066
3.4-11.7 4v 3.6-16.7 Ba/kg o+ Bhfrte f £ = ch VK E R F 2 k> P Th # B e L 302 B & B
FEPR o G ORaFERBEFAOIIIER(Z0.02) o A LRI I BEALR o FE hA N
b EE? X ARG AP A R AR R A A A L R R E AR o

3o I L= VK S R IO F 3 5 P0Ra e PPTh o 2 3¢ 22Th i & B % % » 2Ra(p<
0.001) o & §_» 22Th e Ra chig B ¥ X LM 0@ FF LB o S8 F 0T LR 40T ¢
1. 2 4o L BB 226Ra'fr232Th HUER o
2. 40K {ﬁr;i% s @ 226Ra 'f‘-" 232Th {Er: ;b_% , ’.:F]LLL 40K -E—’}s L 226Ra % rﬁﬁﬁ)}’ 3 s @ 226Ra _,Elﬁﬁ L 232Th

% B F & (Hafsi et al., 2014; IAEA > 2014; Kumar et al., 2008; Zeng and Brown > 2000) -
3. YK Aok a3 2Rafr 22Th Aok A f3 R « 22Th A x 2k AR R 2K » ¥ 2 55 7]
Bht g & o (FAO » 2006; IAEA » 2014; Zeng and Brown > 2000; Azeeze et al., 2019) -

Bl 2a-2c 2 # ¥ tedfer 3 3k K - 22Th ~ 226Ra /5 B FF chp BE 2 1 EE VK EredER
B F AP B (p<0.05)° ~ % Bt 1588 e & 22 ¥4 i 2 3% 220Ra~ 22 Th o 0K i A 35 s 4p B 14(p>0.05)-
A0 B ML T R XL JE RN 1 PORa fr P2Th e B A X 2 HE B P e F] A bt 1 48 2°Ra v 22Th
BRI AT A @B LD I RFEE P FRE(Ger 2 3 0 B8 LR CETe BT R)
FHZFEFBARE(GA4-T 2B AR E AT RES R R RN E 5N Bk
(Aswood et al., 2013; Guillen et al., 2017) °

K FREE S EVKERT LM > P FEE P38 K afe E SR oo B ERE
EMEPRafePThF AL I B FRERE TN - VA EFTER NI F - )i
0K & A& 27 22°Ra 4o 22Th 7% B &7 33 4p B H(r = 0.15, ?°Ra; r = 0.16, 22Th) - #4 @ **Ra fc 2°Th & & &
¥ 14 M (r=0.85, p<0.001) » p* P 35 ¥ w3 fz 0K 223 vi4 4 22°Ra v 22Th chf 413 Fe » o2 50 chfz 8 o

06 5 B AR X Bt PR AP AL X B YK PTh 2 PRa 2 F R E R
= 1]?%_%@?% WRBET o AR R A2 R H W E RRRDDBEREFIN




4 5 IR P EA T

| 4o 232ThH 226Rqa
id‘lg‘!:' - 3 - 3 = 3
2 % ;i 2 % 3 =z *
> Y FE% 402+10 592433 577483 5.7+£0.3 11.1+£0.6 6.6+0.4 6.0+£1.2 14.6+2.1 7.3+0.4
B AL 24 598+77 70727 740£64 7.1+0.8 7.1£0.6 4.1£0.7 5.5+1.0 9.3x1.9 4.1£0.5
%ﬁfff Lot 339+28  800+16 10615 4.3£0.6 4.7£04 7.7£09 4.7+1.0 5.0£0.5 9.0£1.0
I ¥atsd 446+120 700+89 793+£210 5.7+£1.3 7.6£2.7 6.2+1.7 54412 9.6+4.3 6.8+2.1
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(c)
Bl 2 A E 1R85 R & 23R R O TR

6 B RO R R Rt

1;7{ X ﬁg: 40K 232Th 226Ra > }]‘?Jc

N=9 475-1067 (793)  3.47-10.21 (6.79)  3.14-8.52 (6.15) IS =y

N=4 556-1236 (908)  4.30-11.9 (8.17) 4.42-12.4 (6.08) Boumala et al., 2019
N=14  517-2401 (1360) 2.6-8.9 (5.4) 1.9-9.5 (4.5) Shousha and Ahmad, 2016
N=31  801-1567 (1051) 3.75-30.9 (14.86)*  1.59-41.5 (10.84) Ridha and Hasan, 2016
N=17  273-2080(823) 1.80-7.57(3.38)  1.10-6.52 (3.83)" Papastefanou, 2009

N=7 78-95 (85) 29.8-41.0 (35.3)*  2.32-3.40 (2.97) Shafik et al., 2019
N=24  569-1043 (685)  3.6-10.1(6.98)  5.41-13.24 (8.76)° El-Aziz et al., 2005

bt A TF 8 3% 5]+

%7 53 e st s TF @é}%l 5 s ng] FlF EAXE Ao 2P arcstE P S %ﬁ“v} i
FARAFTERAFZ AN R BT BT R 2 0 ’4°K‘226Ra {e 22Th #3745 4 TF e

&~ J,?O4211423 00960491%00560225 KA IR LM TE & 21 RFFN A
4 iﬁ«%f'}'ff”ﬁg 2RI E R o 4 P e‘;:},—]—,\'}%i‘%@ YR L, %»,g 2 BepE iE ;bﬁfj}?}i‘g’ﬁ’ﬁi—%?
O 4 Hmﬁ EiEi o d o YK RS RSS2 H AR iR > YK il -

FF &30 TF &P & % »° 22°Ra 4r 22Th (FAO, 2016; IAEA, 2014; Kumar et al., 2008; Zeng and Brown,
2000) = Azeeze etal. (2019) A HAE5 4 K 2 F 5 £1%F 0 4ok 5 L X5 £ hEd > Bl jzen?
B TR 5 o I EEF T PP A YK E TF B ;‘Tﬂfrﬁg PRSI PO SN S
PifE ?RafcTh 2 TF @£ B 2 3% -TF Benit %2 4 B ¢ m 3 nTF @4pF > & TF ¢ >
{2t tgen TF @3 04 (Fdfot @i 4 > 74 xt,{vvmf’!“ﬁ g Sehad o HUEE A E e
20Ra{r °Th» H 4227 4 3 ¢ s fd Bf PR F U PR RS Y ST AL E m'%;c.&/j‘:]%
Fifd e AXEL MY o 1 ED Y MMEP XL TETT AP PRI WHES D ESE uf‘ﬂ 1 TF
B4R B ot 22 Th ehd LR A E B 2°Ra(p<0.001) e # % ¢ chig B £ B 2 8% (p=0.313)0
# 3k 22 Ra 0 TF {8(0.203+0.102)%8 ¥ % ** 22Th 1 TF 1£(0.119£0.044) » F] 4 i fdh to fw e @ 3 i o
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A H A e BRG] H A
IEEH IS YRR

Bl3a-3c 5 #*
BED AP % £ TheTFE
F%°&£ﬁ#“4ﬁﬂuk#ﬁ%”

:l\

] 226Ra % ** 22Th ¢» TF & o
# &4 484K ~ 22Th ~ 2Ra® TF
IR

0 P2Th & f #AkAY 5 B

& % i3 (IAEA, 2014) -

B SR B > H P EYVKTFE
ER R R R % @ FPRaTF

b AR

BARFER
BH A REF (A

A% AP AR IEERTES TERRKRSE o Bl2a-2ck

RN i’%m)iﬁl“"i%ﬁ"'lff» RS R ST SLELE Ll ) X AN

TFenfic s %47 2_
FEE R IR g i%—hLTFE’T’?%ﬂ.

Joenge FI N R o Fptd R B GB(CV, R A /T S
oﬁﬁWKJ”m\mmﬁTmﬁﬂwﬁﬁ%m%m%oﬁﬁWKﬁﬂm~

2 s

=118 X

immwmmwaw4ﬁm&%w%ﬂﬂfﬂkwﬁﬁ*%§ﬁ¢@@ﬁa,WW%wgﬁﬁ
LR R R
100%)~

w1l ff;.»’

226RaH TF & enCV e A 721%-35% o & 79K ~ 232Th ~ 22Ra# TFACV @ A %] 5 6% ~ 51% ~ 48% - K
e erCV g o] > 3P 31 TR % 8 | ”%MWWMmmevm&«@m%ﬁjF L (%7) -
%73%;%4ﬁmn%ﬁﬁﬁ@ﬁﬂiﬂﬂ

40K 232Th 226Ra
J’d}v :gé:' a— -
- - -
13 = * 13 = * 13 % =
AL 5]7?\: 0.65+0.04 0.95+0.02 0.93+0.18  0.112+0.003  0.219+0.004 0.131+£0.010  0.177+£0.029  0.4344+0.067 0.216+0.020
Fg *ﬁ’g\ E}’H’ 0.82+0.10 0.97+0.03  1.02+0.10  0.122+0.012 0.121+0.03  0.070+0.011  0.139+0.025 0.233+0.032  0.104+0.008
Fg 7}%‘]‘? JI’H‘ 0.45+0.04 1.06£0.01 1.41+0.01 0.077+0.014 0.083+0.003  0.137+£0.010  0.133+0.030  0.141+0.017  0.253+0.030
I ia+sd 0.64+0.17 0.99+0.06 1.12+0.24  0.103+0.022  0.141+0.058  0.113+£0.032  0.150+£0.034  0.269+0.130  0.191+0.067
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(c)
B3 ey 4 YK 2%2Th ~ 22°Ra # TF & /F b A
S b R
FHEP 2 v;,:k,ﬂ@#ﬁ St 7 Bt B g i’jﬂ;g(FI-r— ¥ AREE g B T %’Sﬁ;
E& 45 EFR (Rag) dpfich >0t e 4 v 26Ra~2Th e YK g kT » B4 7 & v
P e B i&%f T 0§45 2 59(2)3 & (Stranden, 1976):

Raeq = Cra + 1.43xCrp + 0.077xCx )

# 7 Cra’ Cmnfr Cx 4 8] £ 2% b 2 1748 2°Ra ~ 2?Th fr K g 7% B o 33 & # £ ¢ Raeq @ e3>
4% %5263 101.7Bgke T35 76.6 Bakg o (3 12 5 51370 Ba/kg U E o 45 F £ 8 R eh o2 b
i i ] *+ 370 Bg/kg » 11 # UNSCEAR (1982)4F £ ¢ % & B $ »c# £ "33 & 1 mSv -

W E R G 2R E He (Svly) BE+ & A S »# 5 FE 8985kgly(# * 301 4L &
EO0.82 AT ) o BAEF Y AT s A R (Ba/ke) e 75904 3R A B~ T AR B E_vF‘«
M5 259 T e f A B RE 1% 4 P (Khater, 2004) - 1945 % 5838 & & v}v{g—‘*ﬁ 2o~ ehE o€ He
(Svly) -

)
=

Hg =0.75 x Mr x C; x DF 3)

B¢ MT (kg/y)% 7+ # £ FE5 » FEXDFE 5 Ci (Bakg)# 7 s 485 & 5 DF (Sv/Bq) %
o W B gk i S AP 40K+ 226Ra fe 22Th A &) & * 4.66x10° ~ 2.90x10° fe
2.50x103(UNSCEAR, 2008; Eckerman et al., 1989 ) - K . 3 PH| & #5@ Bl 5 149 % 33.5 uSv/y(-L 3=
249 uSv/y): 1 *Ra B 5 67.8 1 199.5 uSv/y (< 35 132.6uSv/y): °Th el & 529.6 T 1436 uSvly
(L351036 uSv/y) # & 57 20Ra~Thir VK eiE B A 2 i & B »o# £ 5 0.65 1 1.62 (&
32 1.19) mSv/y > M3t 23R T 25 B30 p R A DRTI2HE 2.4 mSv/y > T M3 Fex ~ 1.26 mSv/y
(UNSCEAR, 2008 ) #73k ek A o
ok - 2 AR R RS AR FY oo AR 40 %‘u’ﬁ W2 e b & (ELCR) - Bk Al
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forg s o2 B0 R 2 > Pl (7358 o ELCR ]+ ¥ 4335 T ;% & B (Taskin et al., 2009):
ELCR = Hg x DL x RF 4)

H¥Y s Hp H ¥scehE B 5 >l E J DL AT H 3 4 (B i 80.7 & ) RF &5 Sievert 15k
& T T ‘é? F1E o #t o ®edm 3 2 0.05(ICRP, 1990 )o 7+ ¥ 4k &« ELCR & # [ = 2.60x107 % 6.55%107
(e 5 4.82x107) -

285 AR Y UFET R DAt p 3l B S ¢ U e 4 e 3 e
f g ApdkiE i& o %igH AT ¥ s Raeg ~ HEfr ELCR g ¥ *’t’#ﬁ g™ (& % 30 & 3 Efodp i
SHEH E B AR ) R A RS EAp o AR Y ¢ T h T IS ELCR %]+ F 3t A Bk Ao
¥21% 1.16x10” (Shousha and Ahmad, 2016) °

8 AEF R D amstit p D

Raeq (Bg/kg) He (uSv/y) ELCR x 107 Reference

52.6-101.7 (76.6) 645-1623 (1194)>" 2.60 — 6.55(4.82) (80.7 y) | Present Study

54.2-109.5 (88.3) 440-2290 (1390)" 1.55-8.01 (4.88) (70 y) Boumala et al., 2019

45.2-204.4 (116.5) 500-2500 (1270)"(2 packs/d) 1.97-9.25 (4.70) (72.7 y) Shousha and Ahmad, 2016
2778-4036 (3537) Shafik et al., 2019

18.50-87.21 (39.51) 16.4-44.7 (24.97)° 0.54-130 (76)x10°° Ridha and Hasan, 2016
152-401 (252) ¢ Papastefanou, 2009

21.9-54.9 (38.95) 1671-6057 (3996) 6.0-20.3 (14.1) (70 y) Akinyose et al., 2017

Ag TiaE > *HE - .?,‘-E*}é PR E o 30 A/ A HRE BT L 750

PN
T~ i

-§;\7p’

1. 2 3¢ 2Ra~2Th {r K &% B f 14 &) 5 11.94 - 18.24 Bq/kg ~8.80 - 12.36 Ba/kg {= 247.65
- 338.26 Ba/kg ° f£4~ (£4» ¥ #°Ra~ 2Th {r K ez & B4~ = 5 3.14 - 8.52 Ba/kg ~ 3.47 —
10.21 Bg/kg §= 475 - 1067 Bag/kg -

2. iF4 ¢ PRaPETh e OK g B2 £ 3 9 B R OB PR B4 P s Pt 3 iF
P B R IERCPTE ARE 5P T 3 T g e fE e B o

3. EE T RLI S TS TFE 32 VK ehd ;- 4 (745 TF P & < »> 22°Ra v 22Th -
26Ra th TF 4+ 22Th en TF (& o

4, Grrwirsldecnig s A E o T U E D RS A E R (c;%g:_iﬁ)ﬂa » @ AR IR SR
£ 4w 5 YK~ 2%Rafo Z2Th » 4 w4 0.025 ~ 0.13 §- 1.04 mSvly » 4% 1.19 mSvly o ¥ 1/ #-
1.19 mSvly e} »e| & 22 d 30 126 mSVly @ G B FERIP HA R R TH5E R
TR o

5. ¥4 Frh s Tinh 4.82x107% - _@Mﬂm—, IEL BRI BEHAE IS EAASY TR
T am i P S A o R A PR S AR R o
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AEA AT

¥ B pH EC (uS/cm) OM (%)

| 7.92 561.2 3.69

= 3g-2 7.90 546.1 3.70

= 38-3 7.92 542.8 3.80

% AL E-1 6.02 642.7 3.33

B AL 22 6.06 654.8 3.36

F A4 23 6.00 625.3 3.48

B JFEJ’-’;I‘*} di-1 6.40 457.5 2.22

B JFEJ’-’EI‘*,\ Li-2 6.34 453.8 1.99

B JFEJ’-’;I‘*} di-3 6.31 4432 2.12

B 2 3 s P A 7
2 K-40 Th-232 Ra-226

= $-1 626.55 49.58 34.49

= -2 588.62 48.95 32.05

- -3 660.98 53.13 34.95

B AL 21 722.39 56.62 39.90

B AL 22 737.31 59.43 36.23

B A4 23 726.06 59.37 42 91

B J}i‘j’-fi\ Li-1 745.57 57.21 34.22

B J}i‘j’-fi\ -2 761.64 52.15 34.49

B ﬁf—ﬁ\ Ji-3 751.34 59.49 37.55

C {4 3 s P fd o 45
v 2 ¥ ¥
K-40 Th-232 Ra-226 K-40 Th-232 Ra-226 K-40 Th-232 Ra-226

= -1 387.82 5.33 5.34 611.72 10.75 11.70 576.07 7.19 7.20
- 3g-2 411.97 5.58 5.06 545.77 70.58 15.73 678.72 6.29 7.82
= -3 407.39 6.03 7.63 618.24 11.95 16.45 475.48 6.40 6.87
% H- L 21 564.70 6.45 4.15 715.00 7.72 8.26 811.66 3.14 4.60
b ek ) 704.29 8.23 5.72 735.20 6.23 7.78 656.40 491 3.47
% A-A 23 525.54 6.70 6.66 671.67 7.23 11.93 752.21 425 4.28
% JHa‘J’-?J\ di-1 378.69 4.62 5.86 785.26 4.78 5.61 1060.60 8.52 7.85
% JHa‘J’-?J\ -2 320.96 4.81 3.36 821.80 4.09 4.32 1067.20 6.46 10.21
k- 7}%1’—?]\ Si-3 316.76 343 4.87 793.43 5.13 4.98 1054.20 8.18 8.78
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D 2 g 7 3 e 42 s 1 48 8 4 51+ (TF)

-

4

. I % ¥
K-40 Th-232  Ra-226 K-40 Th-232 Ra-226 K-40 Th-232 Ra-226
> -1 0.619 0.107 0.155 0.976 0.217 0.339 0.919 0.145 0.209
) 0.700 0.114 0.158 0.927 0.216 0.491 1.153 0.129 0.244
o ) 0.616 0.113 0.218 0.935 0.225 0.471 0.719 0.121 0.197
B A -l 0.782 0.114 0.104 0.990 0.136 0.207 1.124 0.056 0.115
B AL ®2 0.955 0.138 0.158 0.997 0.105 0.215 0.890 0.083 0.096
B A-A®-3 0.724 0.113 0.155 0.925 0.122 0.278 1.036 0.072 0.100
B A% Ll 0.508 0.081 0.171 1.053 0.084 0.164 1.423 0.149 0.229
g -2 0.421 0.092 0.097 1.079 0.078 0.125 1.401 0.124 0.296
-3 -3 0.422 0.058 0.130 1.056 0.086 0.133 1.403 0.138 0.234
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