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* Mushroom is one of the popular foods for the human being,

and 1t 1s also an important agricultural industry in
Taiwan. Radionuclides are easy to transport and accumulate
in mushrooms. Different types of mushrooms and
radionuclides have different mobility and accumulation
capabilities. The mushroom substrate (growth medium) also
affects the mobility and accumulation of radionuclides in
mushrooms. The mobility and accumulation of mushroom
radionuclides reported in the literature are mainly for



wild mushrooms. In Taiwan, the researches of radionuclides
mobility and accumulation in the mushroom are limited. In
view of food safety, this study explored the factors
affecting the transport of natural radionuclides (40K,
232Th, and 226Ra) of the three most common mushrooms on the
market (Lentinula edodes, Flammulina velutipes, and
Agaricus bisporus). The transfer factor (TF) between
mushrooms and growth substrates was calculated. At the same
time, this study compared the activity concentrations of
nuclides for the commercial mushroom products and the
mushroom planting in the field. The field samples were
mostly collected from the central area of Taiwan. The
growth media for Lentinula edodes included flexible freight
bags (FIBC bag) packed substrates and the wood. The
Agaricus bisporus growth median was compost, and the
Flammulina velutipes growth median was sawdust substrates.
Also, this study analyzed the radionuclide species of
imported Lentinula edodes sold in Taiwan. The quantity
order of activity concentration for 40K were Agaricus
bisporus (1557+114 Bq/kg-DM) > Flammulina velutipes
(1098+141 Bg/kg-DM) > Lentinula edodes (742+130 Bq/kg-DM)
(p<0.001). The activity concentrations for 232Th were
Agaricus bisporus (4.82+1.73 Bq/kg-DM), Flammulina
velutipes (4.09+1.60 Bq/kg-DM), and Lentinula edodes
(4.85%1.40 Bq/kg-DM). The activity concentrations for 226Ra
were Agaricus bisporus (5. 41+2.04 Bq/kg-DM), Flammulina
velutipes (4. 64+1.97 Bq/kg-DM), and Lentinula edodes
(5.69+2. 27 Bq/kg-DM). The activity concentrations were
insignificantly different among the three mushrooms for
232Th and 226Ra. The activity concentrations were
insignificantly different among the commercial product and
collected from field samples for individual nuclides. The
40K activity concentrations were 837+119 Bq/kg, and 664+128
Bq/kg for domestic and imported dried Lentinula edodes,
respectively that the activity of domestic sample higher
than imported samples (p=0.003). Only one sample of
imported dried Lentinula edodes detected nuclides 232Th and
226Ra with activities of 2.79 Bq/kg (232Th) and 2. 06 Bq/kg
(226Ra), which were lower than the domestic Lentinula
edodes with an average activity of 5.34 Bq/kg (232Th) and
6. 38 Ba/kg (226Ra). The 40K TF values of Lentinula edodes
planted in wood were significantly greater than the TF
value of Lentinula edodes planted in the FIBC bag, Agaricus
bisporus, and Flammulina velutipes. The 232Th and 226Ra TFs
of Lentinula edodes and Flammulina velutipes were
insignificantly higher than Agaricus bisporus. The annual
internal effective dose of 40K (1.49+0.53 «Sv/y) was
significantly greater than 232Th (0.25%0.08 «Sv/y) and



Foe Mg

226Ra (0.35+0.14 wSv/y). The three radionuclides’ annual
effective dose ranged from 0.82 to 3.50 «Sv/y and with an
average of 1.95%0.63 xSv/y. The annual effective dose
presented in this study is within the range of the annual
effective dose of natural radionuclides reported in the
literature.

Natural radionuclide (40K, 232Th, and 226Ra), Lentinula
edodes, Flammulina velutipes, Agaricus bisporus, transport
factor, annual internal effective dose.



(R R AL
(ofp? BRFL/mip 24F2)

BB G GIE PR T A E P AL T 2 43R
Study on the distribution of radioactive nucleus of mushroom in Taiwan and abroad.
FRAgN ceEEAT R oF AV R
3 %% 0 MOST 109—2623 —E—020—001—NU
FHFHRE 109+ 017 0L p 2 109# 12 7 31 F

HEPHE2 i M2 BAPRH ARG I RE T )

-*—PE,L«T*4 D E - l‘é‘-_ P
PEEE AR e Rl B3R ETD  F

iﬂiﬁﬁiﬁ%ﬁfﬂ’FﬁTﬂﬂﬁﬁ%’#()@:
mz,*i ﬁﬁ]"’*A FTaEBEAT cEFEDL
o4 %ﬁ*gpﬁ'v LR

P.HZ}E*E =N s

i = X R 109# 03 * 31 p



I

%)

T

S0 R OO 4
B B 128 ettt ettt 6
K OO 16
B 17



R =

BHAAFLHNGFL - o0 AoBER DR LA S EPERT F%ﬁ@ﬁ&%ﬁ’
AR AR A AR ST E G A e B R s g 4 o VR A (2 K iﬁ%%)' eg
@%“mx%ﬁ#ﬁ@@ﬁﬂ%ovﬂﬂﬁﬁ%ﬁﬁﬁwvﬁm@%* %lﬁﬁﬁ% FHE ¥
o T vuﬂ}#ﬁm@@ BARFT ARG R EN G RT 2 AW LA ez ﬁ%
ﬁﬂé%‘@%-$fL)*”ﬁ%”?ﬁ@% mﬂ]”%Qm@ﬁ*”w#ﬁﬁé?“m@ﬁ & 34
FoRPFHD LS RO GRS RPREERDLE RS BREFERZRSHEE B 0
R AZEFAFTEAG R AATEIE ARG VAT EFG S ARATZ ggfi%;iﬁ#\ b=y
W s P B S B L R B A T e a2 B R SRR P R B F] S o 0t ART S A5
AT RAN EN S ES TR R F R [P R

CRESE(FEEES B )P K R L) f;tﬁ';‘i%f’ (1557+114 Ba/kg-ic£) > 4 44
(1098141 Ba/kg-iz £) > % 3 (742+130 B/kg-ic£) > 3 #a454F “K s & § B ¥ £ B (p< 0.001) - &F4f
ﬁﬁ”%h%&ﬁ%WA&ﬂj3&wgﬁi)¢f@§m0%1w5wmguﬂWﬁa¢@8&1m5wm-
§2E) 0 3 54 PTh R ANELSE - S P “Ra it A £55(5.4142.04 Bokg-ic &) ~ & #4345
(4.64£1.97 Ba/kg-#2 £ )2 4 45(5.69£2.27 Ba/kg-32 £ ) > 3 #5547 ““Ra s R 8 ¥ £ B (p>0.05) - 1t f
M EED L 3BFE(F S EFE 445 PaE R (K PTh & P°Ra) > Bgm Ly PG
TGN 3R AP E(K S FPTh R L u P B R AR F LR - MAZE T ITd HPE K
B o T ¥oiE R A 6] 5 837.1:119.2 Ba/kg {r 664.0:128.0 Ba/kg > B A 4 & YK #E A F i 44 KB
& (p=0.003)-it v 524 & F 11 &4 P12 48 22 Th 2 #°Raig & % 2.79 Ba/kg (***Th)¢r 2.06 Bg/kg
(*®Ra) » KA E P B 8 T35 & 5.34 Ba/kg (P*Th)# 6.38 Bg/kg (*°Ra) - T3 £ 48 3 A 454 (4 45 ~ %
F & H )P AE(OK S PPTh & 2PRa) B &1 55 12 4805 Emﬁﬁq+’ﬂé?*%ﬁp£ﬂ°ﬁ*
P A OK 2 TREF AL 2 £ 5445~ 25 ® 24352 TF #E(p< 0.001) - + 2 & £ 2 A
£ 4 H 2 4455 PPTh &2 Ra 2 TF g%+ 23 TR(p< 0.001)  # & 5Gagen OK § »em
(1.49£0.53 uSv/y) &g % ~ ++ *Th(0.25+0.08 pSv/y)£r *°Ra(0.35£0.14 uSvly) « 3 Fiftp4c 2. & & § 2
AL 420 0.82 - 3.50 pSvly » T35 1.95:0.63 pSvly » #F7 % 3{rfhAp ez £ M F orA R 0 v fRdF
Lenx R e 5 0B £ EHEEP -

.
et}

B e X R st e (K - P2Th & 2PRa) ~ 4 3§ ~ 33§ - 4 455 - LIRS SRR



B iER:

Abstract

Mushroom is one of the popular foods for the human being, and it is also an important agricultural industry
in Taiwan. Radionuclides are easy to transport and accumulate in mushrooms. Different types of mushrooms
and radionuclides have different mobility and accumulation capabilities. The mushroom substrate (growth
medium) also affects the mobility and accumulation of radionuclides in mushrooms. The mobility and
accumulation of mushroom radionuclides reported in the literature are mainly for wild mushrooms. In
Taiwan, the researches of radionuclides mobility and accumulation in the mushroom are limited. In view of
food safety, this study explored the factors affecting the transport of natural radionuclides (*°K, *2Th, and
°%®Ra) of the three most common mushrooms on the market (Lentinula edodes, Flammulina velutipes, and
Agaricus bisporus). The transfer factor (TF) between mushrooms and growth substrates was calculated. At
the same time, this study compared the activity concentrations of nuclides for the commercial mushroom
products and the mushroom planting in the field. The field samples were mostly collected from the central
area of Taiwan. The growth media for Lentinula edodes included flexible freight bags (FIBC bag) packed
substrates and the wood. The Agaricus bisporus growth median was compost, and the Flammulina velutipes
growth median was sawdust substrates. Also, this study analyzed the radionuclide species of imported
Lentinula edodes sold in Taiwan. The quantity order of activity concentration for “°K were Agaricus
bisporus (1557114 Bg/kg-DM) > Flammulina velutipes (1098+141 Bqg/kg-DM) > Lentinula edodes
(742+130 Bg/kg-DM) (p<0.001). The activity concentrations for 2°Th were Agaricus bisporus (4.82+1.73
Bg/kg-DM), Flammulina velutipes (4.09+1.60 Bg/kg-DM), and Lentinula edodes (4.85+1.40 Bg/kg-DM).
The activity concentrations for °Ra were Agaricus bisporus (5.41+2.04 Bg/kg-DM), Flammulina velutipes
(4.64+1.97 Bg/kg-DM), and Lentinula edodes (5.69+2.27 Bg/kg-DM). The activity concentrations were
insignificantly different among the three mushrooms for ***Th and ***Ra. The activity concentrations were
insignificantly different among the commercial product and collected from field samples for individual
nuclides. The *°K activity concentrations were 837+119 Bg/kg, and 664+128 Bg/kg for domestic and
imported dried Lentinula edodes, respectively that the activity of domestic sample higher than imported
samples (p=0.003). Only one sample of imported dried Lentinula edodes detected nuclides *?Th and **Ra
with activities of 2.79 Bg/kg (***Th) and 2.06 Ba/kg (*°Ra), which were lower than the domestic Lentinula
edodes with an average activity of 5.34 Ba/kg (*°Th) and 6.38 Bg/kg (*°Ra). The “°K TF values of
Lentinula edodes planted in wood were significantly greater than the TF value of Lentinula edodes planted
in the FIBC bag, Agaricus bisporus, and Flammulina velutipes. The 2?Th and *®Ra TFs of Lentinula edodes
and Flammulina velutipes were insignificantly higher than Agaricus bisporus. The annual internal effective
dose of “°K (1.49+0.53 uSv/y) was significantly greater than **Th (0.25+0.08 uSv/y) and °Ra (0.35+0.14
uSv/y). The three radionuclides' annual effective dose ranged from 0.82 to 3.50 uSv/y and with an average
of 1.95+0.63 uSv/y. The annual effective dose presented in this study is within the range of the annual
effective dose of natural radionuclides reported in the literature.

Key words: Natural radionuclide (*°K, **Th, and #°Ra), Lentinula edodes, Flammulina velutipes, Agaricus
bisporus, transport factor, annual internal effective dose.
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HRME L HATIPIE S AR R DA BT D I T AR R Y P g
ﬁ%ﬂﬁé%#%&@ﬁiﬂ%

eI SRR Y ] zﬁ J,?;Jp» e BB % kT 4 %Cs 5 & (Mascanzoni, 1992; Kammerer et al.,
1994; Nikolova et aI 1997) HROES RSP 4 g% (Grueter, 1973; Haselwandter, 1978) -

LN A GRS PR LR IR PRI Ko vE T <
7z B¥'Cs (I\/Iascanzonl 1992; Kammerer et al., 1994; Steiner et al., 2002)- e §_$4++ f KoL p K enmki
—rm_g:ﬁpp,sli(?,} RIS - ;,gtﬂm;mg::’ %}i%@h‘&mg;g‘fnLo

Fik2 e BCsw TaABEYE 8 &(Kammerer et al., 1994) » + % ficd vt bl g8 AT (43

&0 kA& 2 3+ & (Nikolova et al., 1997; Gillett and Crout, 2000; Ruhm et al., 1998) - Rafferty et al.
Q%Dﬁm%iﬁﬁﬁﬁﬁbﬁfﬁﬁﬁﬁﬂﬁ%‘%ﬁ%%F6“”Tsi%ﬁ4%$%%ﬂﬁ%f
TR #H o YR T AR R e R4 i 4 (Clintet al., 1991) - R E FE SRR
71 30-50%hd kA Ak .ffa 137Cs i ff (Desmet et al., 1990) - d *+4g 18 90%:HE F2 + F & & 74
et Y o a kg WY T 10%(Read, 1991) > Flpt FiE M At B¢ YICs ch B T L HRT
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F W21 1 % (Nikolovaetal, 1997)- & FF 18 #HI2 B dp 3 (5% 4 7 i 0 o Fems fcib 4l -
j@ﬁﬁﬁﬁﬁ?ﬂ%ﬁﬁﬂmeMmLm%%E%ﬁﬁw%$$ﬁwit < #2746 “*Ra> #Th
o K s e o B S RN 2 4 20 7%k o (Abbasi and Bashiry, 2019) -

AT I0T ERICSHE A B A Pt Ao HEARA D AL B e ‘[""m* A
Wk s FES ~ F RO A RS 100 # (2 FE R E S R Sk~ R RE ﬁﬂ\w%) Pach
5§ SR8 TTCs st 613 3£ B49%(HFIHE A 13 2) > i 2 4 %% 169 6.08 Bkgric E ¢ 183 4
FOAE AR R RASE - VIR ¢ L AR R LR b 2
%;?uﬁﬁ‘“ﬁ%ﬁﬁ%%&%&‘ﬂf*%?@%m&

N S RE T I T E e TSRy g 7% 2 e i 4‘”“’”"
G5 T TR R G B R SN T R AR (32 £ AT T
PO AT R R L D PR R S BT 2 T

$o B o #\,zcz\ﬁﬂ (Nakash|ma et aI 2015; Orita et al., 2017) P?H%‘%' fléa‘ e /?%{’@‘Q B é:_é‘;
AN M(A R~ R~ £ R)FHEAT(2 30 ~ B~ A )P B R R
FAEAFPBGET(TF) - 23 d om0 b b 2§ 2 £807 FRFFH(EH 5
EE8G) FHFEEGE I EPEA T FH A R R SR AP R A B )RR
FBh ~ Al 300)2 2 b fEAT2 A H(ES ~ 45« &8 5) 552 $E40 T2 st s
RS S e At R R S e RO R R B SRk Rl SUNCE OIS e
A RERMLrGAR(R A A TRBET 27 L0 Ripd H) s AL FamRELE
B RAER TPa % 2 i BH Y AW O Rt P E R R R A RS

3 AHE o

CRER AR

1. #5%k
*Piﬁi}?%FH%ﬂi\i%‘@ﬁ‘%“‘éﬂ\“ﬂ\ﬁ@ﬁﬁ%ﬁﬁ%@ﬁﬁi

FE-BFHRAD RO AT E 22245 QA ARTER A4 5 Q)i A& sy

C et S+ ATE 4G5~ o L BFHFHSEEIE 20 AR 2 957 o

# 2 HR&FEE

Iy

. Sk TREAN
2
Xz e A(28)
, Bk E (12
A i é?ﬁ( ) 10 14
A 4(14)
A4 55(8)
Yave 2 % (16
g %?( ) 10 -
33 (12)
* K A (16
ypn #sf( ) 10 )
£ 4-34(8)
. 114 30 14
kX 158




R A S SR toomlig s Hﬁ_?’ T B A 2 PORE R T A2 R

SR LT REE
9
S-10
S-3
56957 9c g
s LW S1-S6 & % &% %
R S7-S8 £k & 4
v S9-S10 4414
S11-S13 # 4%
Q
S-13

Bl 2 277 kg~ 7§

2. Ao
_ﬁﬁﬁ%ﬁ%%?ﬂ?%iﬁ@iﬁiuéﬁwmfgﬁﬁFﬁwﬁfﬁﬁwj#§”h$34unﬁ%¢,
i 105 °CH-Fa 95 « § 4530 105 OCH %421 > A X 11 1 £ 7 g pFapd @ B T30 o Bt
Beich BB AL S F A PAER A
EE RS Gy PR &R LS R A G s B T s A 34cmens ]
Tt 105 °CU¥fa i qs o 4t 105 Ol 1 2 @ 2 1 b 3 2 g pEenfpds i@ 3 T3 £ BEgg
(8RR B A 1 S RS R A o
G RAREVIFRTAEST LU RFF LG A B4 § 7 kg 857 3 340m
e oo 33cie 105 CCH M FE o £ 4410 105 CCH A dc T 0 A X 1 b 33 Lk enfeds @ 2 T 0%
%’%¢mwmm$H§Fﬂ¢%w%@%#ﬁ R

2R AT REHEETIFHT LTS AT 105 CC TR X b Mok A WX G R
Wt T X2 mm Ak E S ES R S F S PSR AT o
EART: REFEPINFHRET DR ARTAL T BB & 3-4cm chs o o 307 105°CH# 4 -4z
BOE b ROR SRR T T eads @ 2 T A BE meﬁhﬂ\/{g AR 15 A ﬁgﬁﬁ < B A 44
ER Ty kaE R E 2 105 CCUHEEEE S X U Bk A T F R e ds @ B T 0% 4
o022 MM e e AT B AR S F PR R A .
EEGAT Ry FREvIFHREDELGAT L 105 Cfakics X 0 b Rok AR gE 3 2 T pFeh
Wt T X2 mm A RiBE S ES RS F S PSR AT
R AR L Y B TR G e 8 vt RIL R A AT 1 BB R B & SR RI4R
E3RIA R o
3. xR EA 1
AR R AR PR G W B AL TR R A 4T > % R B (31515 GEMA4OP4-79-SMP -
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ORTEC, Inc) & ©°Co 7 1.33MeV T BT 4n$ioc s 5 40 %% 1.9%:hii £ A 75 o 3% 4 A7 11 T A toid
P e § S £ o B BRFA 4 ERE ¢ B(BR PR RA2 %5 1028240 = 4) -
Se B i A 45 5 ORTEC # £« Gamma Vision #88 c 2 F S 2 ¢ * WS R T i 2% i 5 SR EE
i+ (1°Cd ~ 'Co ~ @Hg ~ 5'Cr ~ 1350 8561 + 0« Co o BY )M U Bie T i B RD o @ AR R
P #4746 5 *°Ra (609 ~ 1160 2 1764 KeV) ~ ***Th(583 KeV) + “K (1460 KeV) 2 **'Cs (661 KeV) -

S A A o

TRILR AT ED 45 24 F PN Rx ¢ K e o AR A TR PR RE L a4
¥ B HPGe » i@ $ 5oid #B4c § it 3] T 5 ¢ st fd o £ 15 1 Gamma Vision itk iE 7 % i
B

_\_,Jfﬁ_: SN oy /?J

TASL R R A LD 45 24 F R B ¢ B eE s AR Akt P RELLH
148 0t B HPGe » @ 1R - i 4 B it Rl TR & st fd o 335 Gamma Vision g1 # i&
A A 4 o

s B A R

_ (G-B)—(Gp—Bp) 2
60XTXE XV XK XKy XY

ke ALR R4 B 12 f80E A (B/Kg & BalL) -
G— BB FHRY P4 § P AR T £ # B 223 #(counts) -
Gp — Bpiz 9 341k 7 B AR4c B P A4 T £ 4 B P 2 3% 3 #(counts) -
T HREFHRPA T 4B 5 P%Av 177 K T2 3R PE R (min) o
Eppip B4e B P42 35 ploe s o

Vi A 478 E (kg & L)

KoiP &4 B Pfd et RPN el 02 & 75 o
Kyi B At 6 Prh B pE ol 3 35 iRl pE ol 2 BF el i ig 1 %
Yip &4 B P fa e & (yield)

4y

_0.693xtw
H K, =e t1 /%60 3)
tq/2X60
Ke = 016/923><t (1—Kw) (4)
He o IR B R4 PO B PR %] 2 2RI %] 2 B L (min) o £t i P R (min) o

= BEEHER
AR TR R EL 11

$3pﬁﬁ*£?ﬁﬁﬂﬁﬁé&@ﬁﬁmKéEMAﬁéfaﬁﬁ # [F 1 * 570.3-698.4 Bg/kg>
T 355 6385+37.3Ba/kged S E AT A B fefRe 2 ekl DK 2 B R o ¥ 7f;§__232Th 1 226Rg
R - RIREER > ERFFA S S 38.82-4831 - 30.12-37.55 Ba/kg > T35 5 43.43£2.83 fr
3259+2.42 Balkg - @ fhie 4 A F PR OK E R H B FHE o E R F 1412.9-1629.4 Bg/kg 0 -
95 15465:78.4 Bolkg o 1ifE K ERAF FASGAT > HPFE 20915199 Bokg o T2k
344.8t1073 Ba/kg e 4 4 A F LR S AR ~ $ A2 K4 A - & A2 K K ERAY
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435.18+2.72 { 560.26:20.84 Ba/kg - FIo- R J AR d $ A 2 F M5 A R DT R o AR g B
K 7 B F 4 >t 1039.2-1223.6 Ba/kg » T2 5 1115.7¢67.3 Ba/kg » %+ 4 2 YK B A o
T o F e AFE B AT CK PSR R HERFRA W 4 154.6-2835 e
62.30-155.7 Ba/kg > - 2% 211.7+43.8 4- 88.75+35.60 Ba/kg: @ H tp #H i end 58 K 5 & 75t f it o
H & R B A B 4t 690.8-918.7 4 574.5-688.0 Ba/kg » L #54 817.6462.6 fr 629.8+44.6 Ba/kg -
P8 2¥Th &2 ®Ra A2 g 0 EFRAFTE I RPAERT Y B 3B EGFHL AT #
Bt 2 PR R P Th e PRaGHER A4 FERMF KON 4 3ELHE S N g R
33 LFHE LA TR P

i i AFEA Bakg-icE (n)° i 4% & Balkg-ic £ (n)
4 3-¢  211.7+43.8 (154.6-283.5)  (14/14)" 817.6+62.6 (690.8-918.7) (14/14)
wg A%+ 8875:35.60 (62.30-155.7) (8/8) 629.8+44.6 (574.5-688.0) (8/8)
= 638.5+37.3 (570.3-698.4) (12/12)  1546.5+78.4 (1412.9-1629.4) (12/12)
443 344.8+107.3 (209.1-519.9) (8/8) 1115.7+67.3 (1039.2-1223.6) (8/8)
% 45-¢  8.97+1.45 (6.82+12.13) (14/14) 4.57+1.41 (2.72+6.88) (11/14)
sop, A% A 1205:6.48 (5.52-25.03) (8/8) 4.98+1.77 (2.33-8.18) (6/8)
= 43.43+2.83 (38.82-48.31) (12/12)  4.72+1.59 (2.54-7.54) (8/12)
443 5.81+1.95 (4.01-8.93) (8/8) 3.02+0.85 (2.09-4.41) (2/8)
4 45-2  9.29+1.87 (6.49-11.66) (14/14) 5.36+2.14 (1.59-7.76) (9/14)
v, %k 1L6745.70 (4.71-19.91) (8/8) 5.85+2.74 (2.87-9.72) (4/8)
= 32.59+2.42 (30.12-37.55) (12/12)  5.43+1.91 (2.59-8.60) (8/12)
£ 43 6.9242.92 (4.86-12.42) (8/8) 3.38+1.16 (1.94-5.10) (2/8)

BIEECY S Rt SERCRIE S T PR ST AN & 3 SN W )

B 3a-3c MM PE K- Th e Racr e AT ERpM I Bl 3a K 462 Lk
BRGFREHMEATER DM RS AMAL 2520 2454 5 MA-2 3057 £/ 5 5 ~ MA-3 £
AEHEE o MAA AR R E S o BB i K SRR R A TS R X R R i
BE |4 (p>0.05) o

B30 3ch w3 P TheRatdfe s £ G M e A 7R adp M > 5 S50 MA-LS %
¢ AHEA G s MAE S £ 48535 « MA-BE A 454 4 ~ MA-4A B £448 £ 4535 - “*Thaz *Rafe =
TE AT 22 e P ARG B AP A RGE ES PN EREAT ARG B LM 14 - 82
BREGAE AR AT AR A F LM R v RN pRARE o T N R IS L T
A SR A FE R 95 - W3a-3c 7 UK P Th 2 PRafgag 7 5 3 BT FFIA K
Th #Ras+ £hL P R EFUAF BT F o “KE i3 £ 24 (light element) » 2*Thez *°Ra
B0 F A5 54 (heavy element) - (4 3 BARE A F B AF B EEE - KA 2 AFVKEF
£ AR fon BRI RE FA FHOKER A SR AFOKER < 4 F g A3 £ 2 4%Th
2%Raz 3 @ FlA GHUThE P RaE R S R FRER < T AE A S 07 b BPFHER
BATERESPNE GROKERAS AT SR RN & SWPThe ™ Razr 2 AFEAR L Y
B F A S KR AL R o Fla 3 kg A FOKGE R o 2 A SR P The PORavE & 4 1T
Fod DA AT Y & A E PRI AP MR LT 4p M A - B13a-3ck 7 OK 2 2 ZPTher PRas < (7 3
el N S
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FALH QAR RSB PAER > LS AR LAWY P EGHEERL N - BAXEFYK
R BB o 0§ 4 1366.4-1821.1 Ba/kg > T #5 5 1569.6£149.9 Ba/kg o £ - HVKER T F 0 #F A
++862.7-1518.7 Bo/kg » T 355 1084.4+182.8 Ba/kg - B A 2 it v 4 HOKER S 0 B R FRA Y 5
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579.8-1008.6r410.5-870.5 Bq/kg » & 5 5 837.1+119.24r664.0+128.0 Bg/kg -
BAas| e HEE AP A KERABEGERN A 220 P2 24587 CRAN A S
ERMEFNEALEAGERAEC A (p<0.001) 0 2 % B4 A2 AN K ERREE
EALEA 25 UK B R(P<0001) - 8 MATAF2 YK EREFF e s g K BR
(p=0.003) - B 4b ¢2 % 3-4 2 E Rk % 5§ K EREEF 4 5 KB R (p< 0.001) - R &
S 8z 52 YK AR R F LB (0=0.626, 4 4-3F; p=0.666, % 3F) - @] 4c-4d A %] & IR 7 48 4F S SF AR
Th g ®Raig i - Wehier §24 G4 - BRI Thad B A 5 279 Bakg - Behier iz
%3G %F - B SR P PRa i AR S 2.06Bakg > B dc-4d R E IR i v 554 S 4s 24Th &
2%Ra it B o B Ac-4d BEr B B s 32 PRa e PTh it R E Mt H & BGH 5 R - B Sa
Wm 38T UK AR B MO Bk B S 55 (15574114 Ba/kg)> 4 455 (1098+141 Ba/kg)> % % (742+130
Ba/kg) (p<0.001)- ] 5b &5 7% 3 464547 °Th /& B > i 5575 & (4.82£1.73 Bg/kg)» 4 45 7% & (4.09+1.60
Ba/kg)£ % 3§ 7% & (4.85:1.40 Ba/kg) » 354 “PTh 2 A 2k ¥ £ & - B 5¢ &7 3 #8344 : “°Ra 7%
B 4 35 A (5.69£2.27 Ba/kg) » & 4+45iE B (4.64+1.97 Balkg) £ ¥ 5% B (5.41£2.04 Ba/kg) » 3 fE 554
Rash mlgx 18 -
R e e NN L

b A (A ) Z R Bolkg-iz ¢
MA 4 & (10/10) 837.1+119.2 (579.8-1008.6)
w0 o 44 (14/14) 664.0+128.0 (410.5-870.5)

B A %3 (10/10) 1569.6+149.9 (1366.4-1821.1)
B A & 4-%5(10/10)  1084.4+182.8 (862.7-1518.7)

A 4 % (10/10) 5.3t0.9 (4.4-7.1)
2327 #r i (1/14) 2.8

FAE% (3/10) 5.2+2.3 (2.7-7.3)

WA & 4 %(6/10) 5.5+1.2 (3.7-6.9)

WA % 4 (10/10) 6.4+2.0 (3.3-9.3)
226R e 3 (1/14) 21
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WA & 4-35(8/10) 5.9+1.8 (2.3-8.5)
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S BB K B P (TR £5R W - o W6 2557 KA 2454 G KL TRF « 204 2
e RHER H  EE £ 452 TRE(p< 0.001) - F16bs2 604 S A7 45544 48 = % 81 3fE 45 W % 467 Ty
2Rt #5 14 (TF) 2 £ % F - f F6b-6cr #5047 & % ¢ F LA ALEE FU2 £ £ 5 Thy
2Ras TFAT % * *+ 5 TF(p<0.001) » £ 347 £ ACKE R M F K34 26 A F AFOKER » & L
BRSPS A FOKERE KA 2 e RS AR B A SN OKER S BT G P
VKiz G Ut AFER © a e P EE FPThe ®Raz TREF Mt H © 3 2 £ {54 §o & 85
22Th g2 2Raz TFE(%5)« s % A FP2The PRais R B F + 0% % & &1 A b A F2The®Rag i » e
P The PRak B g 4 % & 81 A £ 2PThe PRais & R B F L B (£3) > T i se 8
5P The P Raz TRE A Feniat B i A T8 2 TRE o 37 £ 48 2 G OK P o fe i p46%Th
$17Ra2 BT LA o KA F L B B o E e g
B g A EPRYThe ™ Rat g rER AN ELE AT e R M E(43) ¢
3.5 SRS 0 B )5 (TF)

P {8 A (1 & #) TF
xn e A (14) 4.02+0.87 (2.11-5.30)
0 FAREEE (8) 7.97+2.54 (3.75-10.38)
w82 5 (10) 2.43+0.19 (2.03-2.82)
AR 4448 & £-35(10) 3.56+1.23 (2.00-5.52)
Tre R4 N (14) 0.50+0.12 (0.35-0.79)
ey, FAREEE (8) 0.45+0.10 (0.33-0.61)
v 4446 % 3§ (10) 0.11%0.03 (0.07-0.17)
R 4448 & £-25(10) 0.53+0.09 (0.42-0.66)
Xre £ 445 (14) 0.56+0.17 (0.24-0.82)
g, FARREEE (8) 0.52+0.13 (0.36-0.74)
sow 482 5 (10) 0.17+0.06 (0.08-0.23)
A R £ 48 & £-25(10) 0.50+0.10 (0.39-0.65)
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#1 o M7b-7ch 7 448 554" Ther PRaz TR A4 48 A W 14875 & R A ¥ 1 4p M 12 (p= 0.06-0.37,
22Th; p=0.08-0.75, °Ra)  TF i &7 & i £ f6.4n M 1285 7 'K 1 ?°Ray 2 232Thmvx Yo b faenis 5 3 I o
PRagr P Therwa fc 7 5 5 & Pifbd A F B 3OS PE S S o 0 HESS RRRA R 2 A
m,p)ils\' A0 B (R130-3C) » A& B e fh s )irﬁ EREE 3 w;uk: LERRIES i Bty R b Sl b
TPt o d TR E SR F TR E R BZ R T PM > SATER M - FI B &
ﬁé et el @%Jﬁs\ﬁ EHPAOERE AT TR STl L ETRFES AT Pfsr bl o
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