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Table1 Concentration ratios (L kg™-fresh) of ’Cs in edible freshwater biota species observed after the Fukushima

Nuclear Power Plant accident.

Group Scientific name N AM SD GM GSD Min. Max.
Molluscs ---------

Pond snail ﬁZﬁ;sz 9 32x10°  39x10° 19x10° 3.0  43x10'  1.3x10°
Pond snail f]ZlZZyg Jaota 10 3.8x10°  3.0x10° 3.0x10° 21  12x10°  8.9x10°
Crustaceans ----

Crab Eriocheir japonica 23  1.8x10°  1.5x10°  1.3x10° 2.2 1.9x10*  7.1x10°
Shrimp ZZ";};;”I’“WS 21 17x10°  14x10°  12x10° 23 24x10°  5.0x10°
Shrimp Z %?CSZZZS 23 24x10°  13x10°  21x10° 17  85x10°  6.1x10°
Shrimp ;zzzzz;z 12 11x10°  47x10°  94x10° 17  26x10°  1.6x10°
Amphibia -----

Frog (whole)  Rana catesbeiana 5 5.8x10°  1.8x10°  55x10° 1.5  29x10*°  7.4x10°
Frog (muscle) Rana catesbeiana 2 3.0x10°  1.8x10° 1.7x10*  4.3x10°

(Note) N: Number of data, AM: Arithmetic mean, SD: Standard deviation, GM: Geometric mean,

GSD: Geometric standard deviation.
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Table 2 Concentration ratios (L kg’-fresh) of ®'Cs in edible marine biota species observed after the Fukushima
Nuclear Power Plant accident.

Group Scientific name N AM SD GM GSD i v,
Molluscs -------—--

Sargassum

2 2 2 2 3
horneri 4 7.0x10 4.0x10 5.4x10 2.8 1.2x10 1.0x10

Brown algae

Brown algae  Eisenia bicyclis 12 3.2x10°  3.7x10°  1.7x10* 3.1  6.1x10"  9.4x10°
Undaria

2 2 2 2
Brownalgae 07 2 3.0x10°  2.6x10 1.2x10°  4.9x10
Green algae Ulva pertusa 12 8.4x10" 9.0x10" 5.3x10" 2.9 5.9x10° 3.4x10°
Monostroma 2 2 1 2
Green algae nitidum 2 3.1x10 3.6x10 5.5x10 5.6x10
Echinodea -------=-------
Sea urchin i;rggfylomm’ms 18 31x10°  23x10°  22x10° 28  11x10'  1.0x10°
Sea cucumber  Hichopus 3 82x10°  53x10°  64x10° 2.6  21x10°  1.1x10°
japonicus ) ) ) ) ) )

Molluscs excl. cephalopods --

Saltwater clam f%g‘;f;;mm 17 11x10°  61x10'  89x10' 19 18«10  2.3x10?

Abalone Haliotis discus 8 1.7x10°  1.0x10°  1.4x10>° 2.1  3.8x10'  3.3x10?

Oyster Crassostrea gigas 17 ~ 7.4x10'  4.5x10'  6.2x10' 1.9  1.8x10"'  1.6x10°
Pseudocardium 9 9 5 5

Surf clam sachalinense 2 4.9x10 3.8x10 2.2x10 7.6x10

Cephalopods ---------—--

Cuttlefish Sepia sp. 2 4.2x10"  3.6x10 1.7x10"  6.7x10"

Squid Loliolus sp. 2 1.7x10°  7.2x10" 1.2x10° 2.2x10°

Octopus Octopus ocellatus 1 1.3x10°

Octopus Octopus vulgaris 3 57x10"  1.7x10"  5.6x10" 1.3 4.4x10"  7.6x10

Octopus 5{%%?1’”3 2 11x10°  5.4x10" 69x10°  1.5x107

Crustaceans -------------

Crab ;Z;‘;%’;Z’s 3 87x10°  62x10°  7.4x10° 2.0  4.0x10"  1.6x10?

Crab 5‘1’%‘;’@ Tatus 16 12x10°  12x10°  7.6x10' 3.0  12x10'  3.9x10?
Ovalipes 2

Crab punctatus 1 1.0x10

Crab Eriocheir japonica 4 3.5x10°  1.5x10° 3.1x10* 1.8  1.3x10*  4.8x10°

Krill Mysidae 9 1.0x10*>  5.1x10"  9.3x10" 1.7  4.0x10"  2.1x10?

Shrimp fgi‘if;"e% 6  11x10°  9.6x10° 87x10' 21  3.4x10"  3.0x10?

(Note) N: Number of data, AM: Arithmetic mean, SD: Standard deviation, GM: Geometric mean,
GSD: Geometric standard deviation.
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Fig.2 CR values of “'Cs in edible marine organisms (crustaceans, and macroalgae) before the Fukushima Nuclear
Power Plant accident (global fallout, GF), and 466 - 1650 d and >1650 d after the accident.
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Table 3 Comparison of concentration ratios (L kg'-fresh) of *’Cs in edible biota groups in freshwater and marine
waters.

Type Group Nof = Nof s\, SD GM GSD Min. Max. Ref."
species data

Freshwater Biota --—---

Molluscs Shellfish 2 19  3.6x10° 3.4x10° 24x10° 2.6 4.3x10" 1.3x10° F
Crustaceans All 4 79  1.8x10° 1.4x10° 1.4x10° 2.1 1.9x10° 7.1x10° F
Crab 1 23 1.8x10° 1.5x10° 1.3x10° 22 19x10° 7.1x10° F
Shrimp 3 56 1.8x10° 1.3x10° 1.4x10° 2.1 24x10° 6.1x10° F
Invertebrates - 29 2.3x10' 75 54x10° 6.1x10° I1
Herpetofauna Frog (whole) 1 5 5.8x10° 1.8x10° 5x10° 1.5 29x10° 7.4x10* F
Frog (muscle) 1 2 3.0x10° 1.8x10° 1.7x10° 4.3x10° F
Frog (muscle) 2 2.6x10° 1.7x10* 3.7x10°  I1

Marine Biota --------------—-
Macroalgae All 5 32 2.8x10° 3.3x10° 1.3x10° 3.7 59x10° 1.0x10° F
All 14 106 4.6x10" 2.6x10" 4.0x10' 1.8 5.0x10° 14x10° GF
- 5.0x10" 12

Brown algae 3 18 4.1x10° 3.8x10* 2.3x10° 3.1 6.1x10" 1.0x10° F
Brown algae 12 96 4.8x10" 2.6x10' 4.1x10" 1.8 5.0x10° 1.4x10* GF

Green algae 2 14 12x10° 15x10° 6.3x10' 3.2 59x10° 5.6x10° F

Green algae 2 10 3.3x10' 1.9x10" 2.8x10' 1.8 9.0x10° 6.5x10' GF

Echinodea 2 21 3.9x10° 3.3x10° 2.6x10° 29 1.1x10' 1.1x10° F
Molluscs™ Shellfish 4 44 1.2x10° 1.2x10° 9.0x10" 22 1.8x10' 7.6x10° F
- 6.0x10" 12

Cephalopods All >5 10 9.3x10' 5.9x10' 7.6x10' 2.1 1.7x10"' 22x10° F
Octopus 1 4 20x10" 1.2x10" 1.7x10" 22 5.0x10° 3.0x10' GF

- 9.0x10" 12

Crustaceans All >6 39 14x10° 1.2x10° 9.4x10" 25 12x10' 4.8x10° F
All 8 14 4.1x10' 2.1x10" 3.5x10' 1.8 1.4x10" 7.3x10' GF

- 5.0x10" 12

Crab 4 24 1.6x10° 1.4x10° 9.7x10" 3.0 12x10' 4.8x10° F

Krill >1 9  1.0x10* 51x10" 9.3x10" 1.7 4.0x10' 2.1x10° F

Shrimp 1 6  1.1x10° 9.6x10" 8.7x10' 2.1 3.4x10" 3.0x10° F

(Note) N: Number of data, AM: Arithmetic mean, SD: Standard deviation, GM: Geometric mean,
GSD: Geometric standard deviation.

(Ref) F: Summarized CR data after the Fukushima accident, I-1: IAEA*, 1-2: IAEA”, GF: Tagami and
Uchida®

"(Molluscs) except cephalopods

11



TNl

TREE & KA IR AN ZIZFE CR S T4 L
TW2b00, CROBUS,HIE, IEFHIREEDS
BENTWA Z EAURIE S N7z, HEEAEY T, B
LRI O CRISIEVWEER RT b OO, HEOKE
AEYBECHELAT L ) b CR O EEDS 1 2R
EWENZ R LTV 22 Enb, T 725107 Pl
REIZIZ o T RWnWZ Ebro 7z,

Z D&% CRZHW-FHE LA & o b % 47
AT LD, —RPFEICHEELZ LD IR RS
KEAERRIZBWTY, EBICIZIFEETH S Z
ERHLNCT LI ENTE L Bk s
WL CR AR & 4L 122 b9 A (E A A3 Tl
Ze\ye CR2SGHRZEAL L. SHH AR O FEFE 1Y) 72 i
R R 200 E) DR MAT2DIZb . Hkfit
L7228 ) VI ETHLENZ D,

5| A3k

(1) SCEBRL 24, BREEHC ae 7 AT 0k 78 O R G
h#k4E. http://www.kankyo-hoshano.go.jp/
08/08_0.html (2019.2.24 7 7 £ A) (2019).
K. Tagami, S. Uchida, Proceedings of
WM2011 Conference, ISBN978-0-9836185-0-7,
WDMSymposia, Phoenix, paper number 11252,
pp. 1-9. (2011).

K. Tagami, S. Uchida, J. Environ. Radioactiv.
126, 420 (2013).

T. Wada, Y. Nemoto, S. Shimamura, T. Fujita,
T. Mizuno, T. Sohtome, K. Kamiyama, T.
Morita, S. Igarashi, J. Environ. Radioactiv.
124, 246 (2013).

T. Wada, A. Tomiya, M. Enomoto, T. Sato, D.
Morishita, S. Izumi, K. Niizeki, Sh. Suzuki, T.
Morita, G. Kawata, J. Environ. Radioactiv. 151,
144 (2016).

K. Iwata, K. Tagami, S. Uchida, Environ. Sci.
Technol. 47, 7696 (2013).

K. Tagami, S. Uchida, Environ. Sci. Technol.
50, 1804 (2016).

V. ]. i Batlle, N. A. Beresford, K. Beaugelin-
Seiller, R. Bezhenar, J. Brown, J. J. Cheng,
M. Cujic, S. Dragovic, C. Duffa, B. Fiévet, A.
Hosseini, K. T. Jung, S. Kamboj, D. -K. Keum,
A. Kryshev, D. LePoire, V. Maderich, B. -1.

(2)

(3)

(4)

(5)

(6)

(7)

(8)

40 5

12

2019

Min, R. Periafniez, T. Sazykina, K. -S. Suh, C.
Yu, C. Wang, R. Heling, J. Environ. Radioactiv.
153, 31 (2016).

R. Perianiez, R. Bezhenar, I. Brovchenko, K. T.

Jung, Y. Kamidara, K. O. Kim, T. Kobayashi,

L. Liptak, V. Maderich, B. I. Min, K. S. Suh, J.

Environ. Radioactiv. 198, 50 (2019).

(10) K. Suzuki, S. Watanabe, Y. Yuasa, Y.
Yamashita, H. Arai, H. Tanaka, T. Kuge, M.
Mori, K. Tsunoda, S. Nohara, Y. Iwasaki, Y.
Minai, Y. Okada, S. Nagao, Sci. Total Environ.
622, 1153 (2018).

(11) H. Takata, M. P. Johansen, M. Kusakabe, T.
Ikenoue, M. Yokota, H. Takaku, Sci. Total
Environ. 675, 694 (2019).

(12) T. Fukushima, H. Arai, Inland Waters, 4, 204
(2014).

(13)]. E. Pinder III, D. J. Rowan, J. T. Smith, J.
Environ. Radioactiv. 152, 101 (2016).

(14) M. E. Haque, T. Gomi, M. Sakai, J. N. Negishi,
J. Environ. Radioactiv. 172, 191 (2017).

(15) T. Sohtome, T. Wada, T. Mizuno, Y Nemoto,
S. Igarashi, A. Nishimune, T. Aono, Y. Ito, J.
Kanda, T. Ishimaru, J. Environ. Radioactiv.
138, 106 (2014).

(16) Z. Baumann, N. Casacuberta, H. Baumann,

(9)

P. Masqué, N. S. Fisher, Biogeosciences 10,
3809 (2013).

(17)Y. Sasaki, H. Funaki, S. Iri, T. Dohi, H.
Hagiwara, Limnology 17, 111 (2016).

(18) M WRFE — A, T, HW g, LEREE
WIS, BRI —, BEKAAERE 76, 25 (2014).

(19 BB, KAEAWRFEDEE=%) ~
7R AE R, http://www.env.go.jp/jishin/
monitoring/results_r-pw.html#ao (2019. 2. 24
77t A) (2019).

(20) BRB5E, BFAEBIRY A~ O BRI B R A 12
BWTERIL 72 50E o gt re i Bl 2l &
WA = R OHEEME.  http://www.env.go.jp/
jishin/monitoring/results_r-wl.html (2019. 2.
247 7+ X) (2019).

QU IEAETBA, B ORE T E O M.
https://www.mhlw.go.jp/shinsai_jouhou/



TNl

shokuhin.html (2019.2.24 7 7+ A) (2019).

2 HHBNAR— VT4 V7 A, RBEE K
T I FEFEFT T 38 O KR B D 3 A7 A R
http://www.tepco.co.jp/decommission/data/
analysis/index-j.html (2019. 2. 24 7 7 + %)
(2019).

(23) S. Uchida, K. Tagami, Appl. Geochem. 85, 148
(2017).

(24)N. A. Beresford, K. Beaugelin-Seiller, J.
Burgos, M. Cujic, S. Fesenko, A. Krysheyv,
N. Pachal, A. Real, B.S. Su, K. Tagami, J.V. i
Batlle, S. Vives-Lynch, C, Wells, M.D. Wood,
J. Environ. Radioactiv. 150, 270 (2015).

(25)]. N. Negishi, M. Sakai, K. Okada, A.
Iwamoto, T. Gomi, K. Miura, M. Nunokawa,
M. Ohbhira, Landsc. Ecol. Eng. 14, 55 (2018).

(26) H. Arakawa, In: Oceanography Challenges to
Future Earth. Springer, pp. 21-28 (2019).

(27) IAEA, Handbook of Parameter Values for
the Prediction of Radionuclide Transfer in
Terrestrial and Freshwater Environments.
Technical Report Series No. 472. IAEA,
Vienna (2010).

(28) IAEA, Sediment Distribution Coefficients and
Concentration Factors for Biota in the Marine
Environment. Technical Report Series No.
422. IAEA, Vienna (2004).

55405 2019

13

Abstract

Environmental radiation monitoring has been
carried out since the Fukushima Nuclear Power
Plant (FDNPP) accident started in 2011, however,
available radiocaesium concentration data for
edible biota in water environments are mainly
for fish species. Probably because radiocaesium
concentrations in other marine biota were in
lower than detection limits, and also because
edible freshwater biota other than fish are not
commonly used now, therefore, numbers of
monitoring data were rather small than those for
fish. Consequently, water-to-biota concentration
ratios (CR) were not reported for both marine
and freshwater environments. The purposes of
this study are, therefore, to obtain CR values
of *'Cs for edible biota other than fish in both
environments by literature survey, and compare
the obtained CR data with those collected before
the FDNPP accident mostly originated from global
fallout. The results showed that the "*'Cs CR
values for edible biota in freshwater environments
were 1-2 orders of magnitude higher than those
observed before the accident. For marine biota,
the CR values getting closer to the value before the
accident but the higher CR values were sometimes
observed. Therefore, it was concluded that
water-biota systems would not be in equilibrium
conditions in both marine and freshwater
environments although about 7 years have passed
since the FDNPP accident occurred.
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U8 &I TOMIEILRARE £ L 7otz 119 F D
REDFITCFIRROBUR L BRZIZOW TR o

119 FLEO TR ELE

WA ORI E AR ERT RIS L UE ok
I3 HFILHESOVETHET L LTS LTV
59 BErEsolkEEHIZ1sEFPEOR
BIANF—IIHRT 2, HFHETI173 B0
FCOREL DL, HEZAIVF—Eb L) LE
ToEIEERE (0511 MeV) D2/ 5, 2
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DL E, IsTENZEAI o TWnE L, HZEN
SHBEMWICETFLBETFORTHIERL., FR
HELTLE ) Y,

2011 4E, NV ¥ v FRKEO P Pyykko 1&, 172
FeE F COBEBTIREX JLIEFI L~V Dirac-
Fock 12 & - CEIME L. Fig. 1 ® FFR 2 R%E
L% &EHOHICIE, 20RHOTEIZON
Ty S IANF—#ENOBEFIEZR L7, R
FERO19FL 120 FLHKIE, T2 8’ 8°
DEFRELY L5 LTSN 8 FAMDE 1 k.
2RIZBIANT WS, Tbb, 119F L 120 F
THEIZ, FNEFNT VA Y EBITE, TIVH)+
HERITHEEEZAONL, TNLVETFHEZHIKR
&bl TEOBRLRFIETRPE T
HNHATIE v, 7d, 6f & Sg BTHLE, X5
1295\ 9p1s & 8Dy FLIE D T4 )L F —HEAL D FE7)S
INEWzd, pedy g T a Yy 72 OXGIAEE L
{7 %o Pyykko OFIETIE, 121 FH 5 138 F
TTHEFETlE5gtHE. D% 8p,tHE L LT 139
FL 140 FICHE, 6f ItHEE LT 41 FED S 155 F
THETdICEE LTI56 FH 5 164 FILEDI i o
XHIETFHZARE 165 F & 166 HICHE L.
FNEN9, O DEFEE LD, %9 FHD
F1RE. 2HEICBAN S, Fid 167 F L 168 HFIT
FX9p, tHEE LTEI RO 13 kL 14 1E
(2. 169 T 5 172 FICH 1L 8psp TGHRE LTHS
RO 15 H=H 5 18 EIC B LA,

EFREORENS

FEVETHOFEERRIE, BogEsE (B) &
XS HFE G EE T AR T Y v VEEREIZ
FoTRBTHIENTE S, FFFTOH
KEEDIHTEEEMET 5 IEOEME b O T
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(203 lafslelrlaloliofa]ialilalislielr]is]
2

Orbital

He| s
4 5 6 7 8 9 10
i |Be B|C|[N|O|F|[Ne|l 252
12 13 14 15 16 17 18
Mg Allsi|P|s|cI|Ar| 3s3
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca|Sc| Ti| V |[Cr|Mn|Fe|Co| Ni|Cu|Zn|Ga|Ge|As|Se|Br| Kr | 4s3d4p
38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Sr| Y |Zr|Nb{Mo| Tc|Ru|[Rh|Pd|Ag|Cd| In|Sn|Sb|Te| I |Xe|2s4d5p
55) 56 |57-71| 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Ba Hf | Ta| W |Re|Os| Ir | Pt |Au|Hg| TI | Pb| Bi | Po| At |Rn| 6s5d6p
87 88 [89-103 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 112 | 113 | 114 [ 115 | 116 | 117 | 118
B Fr |Ra Rf|Db|Sg|Bh|Hs|Mt|Ds|Rg|Cn|Nh| FI [Mc|Lv|Ts|Og| 7s6d7p
121-
“119 120 156|157(158|159|160(161)|162( 163|164 |139|140(169|170(171{172| 8s7d8p
“165 166 167|168 9s9p
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
&M [ a|Ce| Pr|Nd|{Pm|Sm|Eu|Gd|Tb|Dy|Ho| Er [Tm|Yb|Lu| *f
89 90 91 92 93 94 95 96 97 98 99 100 | 101 102 | 103
8 Ac|Th|Pa| U [Np|Pu|Am|Cm| Bk | Cf | Es |[Fm|Md|No| Lr| 5F
B 141142 143(144|145]|146(147|148|149(150| 151|152 153|154 (155 6f
n121 122(123(124(125(126(127(128{129[130(131[132|133|134|135|136|137|138 59

Fig. 1. The periodic table proposed by P. Pyykké up to element 172”.

FAtor—arRONPEAL, HozEEEs
BUKT LT, BB L-E & (B=0
MeV). ZDETRITAEIZ 2 DO F T2 5%
T 5o WHET VITRESNDEHWET VI &
W, BT Z ~ 100 Lo 5 745 ChaBE DS
KypEFHEINL, Tbb, 100FILET =
VIv A (Fm) 720 BREOTCHRE LD L
ML, BFPETNATCEOEFRE (FHRE T
1) R oTRENTAHLIIZ, FETHLD L
T (2) LT (N) CHdEgEL 2%
FALT B0 ZORNFEIZL T, ETHORT ~
TANIANF=PELLD FEDANVF ),
¥4 ZARERE DR AU IS8 < %2 » CHEE S I3
L TEENTE 5,1960 0545 HIZES Ty
AR AT ANER - MBEETIVICE -
T. Z =100, N = 152 . Z = 108, N = 162
DZETLARREE AT S P, EBRIICHEE S h
T&7Y, EHICEVETHHEETIX, Z = 114,
N = 184 OIRIZPHBRE & ATl S 1L V2205,
B 100 HAEM o E#HGE, $4bb “HBET
FOPHET L LTSNz FTE DMK

- >
N e

15

MEFLDICBNTL, EF ML > THTE
IEs2&%xdsb00, Z =120 % 7213 126,
N = 184 2 EO P ES TR SN TV D, 20
R R RS, REIXFR & #u X AT T 72k
B OOLIICRZAD, HEOET L Xidh
bo 1960 SEMLIBE, CoBIC) #F L 2 LD
Wi s L AL EORAEL 2> T,
RIECTIE, 14 FLEITFA—Y 74 RD L
BT 7 F /4 Fukr Lo TlEITREE &
AL oTELY, METEORTEHFS. I
F4. wHEilr. R, FERMEIT. ZERICH
W5 N7RE G % Table 112779762019 457 H 3AE,
REA25 Og £ TIS MOBEITEIPH SN TV 5,
BEITHEIE, I NE TRET — L ¥ 2SR
7eHT (Lawrence Radiation Laboratory: LRL) . K%
0— L ¥ AN—27 L —Hf9efT (Lawrence Berkeley
Laboratory: LBL. i Lawrence Berkeley National
Laboratory: LBNL). |[HV# - 1 > 7 & A [ &
THWF7ERT (Joint Institute for Nuclear Reaction:
JINR). NA VEAF %A (Gesellschaft fiir
Schwerionenforschung: GSI. 3 GSI Helmholtz-
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zentrum fiir Schwerionenforschung GmbH) . FEfiff
(RIKEN) O A + v sz AT ATWICE
B, R ENT& 7z, Fig. 2 (SBEEICEHEDOM
MEZRT Y 22Tk, BFEMVEOEERK %
oy LR L7z, BREOTFRIZIE, KTUY
AR 0 TR L s R X BT R
WF— (Egq) OFEMRNEZRT. L0
BB LEDIETH b MEILHEDRAMAKIL,
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5E 72 FARICERA L T <o

BETROEK

HETTRIE, IEGZMA L TEA 4 > 2ok
D#J10% 12 F THE L, N2 R E 12122
S, MRE B L > TER S NS, 2ODJR
FHEA) T LGSR e LXidns
1 ODEFEPRE NS HEZIIFHEL Th

FIZ o EESLHES PRI Lo TI YRR 0. BEICHEFIR T, B L 72005 L8
Table 1. Discovery of superheavy elements.
Atomic Element Year of . . -
number (HAZES) Symbol discovery Institute Synthesis reaction
104 rutherfordium RE 1969 JINR “Pu(*Ne,dn)*Rf
(FHF—-T T L) 1969 LRL H9CE(2C 4m) PRE
105 dubnium Db 1970 LRL #9CE(°N,4n)* Db
(F7=v L) 1971 JINR “Am (PNe,5;41) ***' Db
seaborgium 249 ~p (18 263
106 (v —Fm 1) Sg 1974 LBL C{(°0,4n)""Sg
107 ( %’f‘g‘iymm Bh 1981 GSI B (**Cr,1) **Bh
108 </\}135§/“}7mm Hs 1984 GSI “"Ph (*Fe,n)""Hs
meitnerium 20075+ (58 266
109 CIATYENS Mt 1982 GSI Bi(Fe,n)*"Mt
darmstadtium 208151 (B2NT: ) 269
110 (F— DA F 1) Ds 1995 GSI Pb (*Ni,n)*"Ds
roentgenium 20979 (BANT: N 272
111 (Lo e ) Rg 1995 GSI Bi(*'Ni,n)"*Rg
copernicium 2081, (70 277
112 (T = ) Cn 1996 GSI Pb("Zn,n)*"'Cn
o i("Zn,n
113 ( “‘_jliom};rz) Nh 2004 RIKEN 29Bi("“Zn,n)"*Nh
flerovium 2425, 48 287
114 (710w L) Fl 2004 JINR Pu(*Ca,3n)'F1
115 ( ;&mQSSOZF‘;mA) Mc 2010 JINR 29 (BCa, ) Ts — *Mc
livermorium 245 2
116 (YINEY D L) Lv 2004 JINR 245Cm(48ca’2n)gq1LV
17 Ee;_‘ges/s‘ﬁe) Ts 2010 JINR 29B]. (Ca, )™ Ts
118 ( ;ﬁﬁ?ﬁ% ) Og 2006 JINR 290£(%Ca,31) 2 Og

* Isotopes approved as new elements by International Union of Pure and Applied Chemistry (IUPAC) .
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Fig. 2. Upper end of the chart of nuclides”. The background structure shows the calculated shell energy according to
the KTUY mass formula'”. Spherical closed shells for Z = 114, 120, 126 and N = 184 are shown by dashed lines.

NTLEYERPIFEICE . LELRA S,
PRy M2 WO L TR L. B Re 3128
ERA DI T2 L TR SR LR DT
MDD ZOMER, 3 75b LR ULKTTEE o(E)
& HEBE T 2R Py (B) & htEriuh
RIZE SR DR P, (B) & ORIZIEIT 2 *

U(E) = Pfus(E) ' Psurv(E) (1)

e U 72 IR ORI SR & v U R %
ETNENT, T, &R, i+ 2 o fEh L7z
R SR DTER P, (B) 13,

Psurv(E:)z (Fn/[}’l : (FM/I}Z(Fn/I‘fx <2>

LEREL, HTHEZZHN 108 %BA L L) EWV
JEFRETIE, BEAEDYET,/T;<0.01 TH D
720, A (2) I aWKRTHELEDIZP,(E)
BEBICHRA LT, 29 LTHHOEWET
BEsER AR T 5720, BEKORRT v
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F— (E,) #TEXLMYEIIZ, BHEs
FTUHETFE VEZ T S ¢ TETEL AWK
3% )73 H JINR @ Oganessian |2 & » TERE
iz, ThFET, SEEEED P (Z = 82,
N =126) 2 ZDOEED ™Bi (Z=83. N =126)
EMNEE L. SUIEFORKAEZ ANV F =28
KEWVEEITEED *Cr, *Fe, ®“Ni® “Zn %2 & D
EAL @RS OREICEZ AT 20
WRASNTE . ZOBKSIE, AR
IANF=PMENZ Ehs5 (E, =12-15MeV).
B WA E XIEN D 7 WERVE UG
1%, Table 1 & Fig. 212/R L7z X 912107 FH 5
13 FLEOEBICHH ST &7, Fig. 3
(2. 72 WERLVE BUG DRSS I RIRE % A5 L 72
BEICEORTHS (ZCN) 2L CHkE DT
0y bCRY MY W W ELRLE UGS O W AE 1
FREPBA A% L, 2PBi(Zn,n)™*Nh FUG 12 &
513 FLHEOMER L 225 b (7 = 4 F/N—
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-_ OO Cold fusion (208Pb/209Bj + X) _:

o B Hot fusion (Actinide + 48Ca) %

108 .
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Fig. 3. Measured cross sections for cold fusion reactions
and hot fusion reactions as a function of the
proton number Z.y of the compound nuclei
(CN)**. Open circles mark the maximum of
the 1z excitation function, while open squares
mark the highest cross sections in the case
of incomplete excitation functions. For the
“Ca-induced hot fusion reactions on actinide
target nuclei, the maxima of the sum of 3%z and 47
cross sections at a certain excitation energy are
plotted by closed squares. The curves are drawn
to guide the eye.

Y110 b =10"em®) FTIEL 2B, 2Dz
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W, Z, & Z, OF& Z, - Z, 5 1600 ~ 1800 % %
LHEZODBRETHIIEE LE R, Z, - Z, DI
& & 12 P (E) D485 B2 4 5 o,
Thbb, HILRTHEZOBETEEZ O LY
B2, Z,DEDPTEDLLETRE VIR K
SRR ERE D, 22T 7 A A (*Am)
RHYERENVZT L CCH BEDTZF ARG
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FAEAERE L, B0, ®Ne % ®Ca iz L08R\ 1 F
VEBBEISETCHEE SR TAHELRALN
T&70 COBRTIE, BT RV F—2% 7
WA BB IZIERTE (B, = 35-45MeV).
BONEELES UG & K, 104 T~ 106 . 114
T~ 1N HFEILHEDOEICHW ST E 72 (Table
1) BOOHEIS UG TIE, BHEE,S 2~ 5D
HRPET A S, BEMIER SN 5,

Wz WERELE RGO Rt (Fig. 3) & 1133k
TCHRDOIEF /NS R WEFE (=228 ) T
25 e, RO 114 FICHE % “°Pb(°Ge,n)**114
L9 W7 WERLE THEKT 5 Ol TR EET
HHIEDNTFUMENL, —F, BOERARKIET
AN et SR OVAY oY - Fox s AT 25 )
T S D o 2T T o & 35t
ToH720, A (2) LVEAEOA XKD MER)
<&%mﬂ#%% HPE - & R S Rk
LI /IE. DFoRTRENDL L HI12, HE

INE

B> B T AT R L F = (B) 1B AR
(SR
I/I;~ exp(B; =B)/T 3)

::f TIIHEE #@mﬁféé bR L7 X

I, HWEOZSHRER L, SE, & 1
N—1M®ﬂuh<%ﬁéﬂé Tabb, BE
FEAYN = 184 D% |2 DT, K55 B BE A g
KL, & &R HEERI LD > CREICEDO A BHHE
KPR 4 5, %2 T, Oganessian 5 &,
THEERT 7 F /4 FUHEOENEE b ET
HEECOEERE (Z=20. N=28) @ *Ca
A &L OB RS S E HWT, N =184
DIBIZTELRITEDL 2 2 E 2T BlZIE,
MPu+®Ca OBVEELA KB TR S LD 114 F
TEOEEY (Zoy = 114, Ngy = 178) 13, ?%f:
W 2®PhiGe UG (Zey = 114, Ngy = 170) |
NRT8H N =184 O PET7#%IC Eo<_&#
&5,

Oganessian 5 X, 1999 4E 7 5 2013 4E (2 20T
T®Cam AR T L, UETLET NV =7 4

(*2Mpy) 95 FTLHET AU > A (*PAm). 96
FoFzEx ) s P Cm), 97T FILEN—7

) a (*Bk). 98 FILHE S ) A= 4 (P*UCE)
EEMEOBETFHRFERELL TV EIZE-
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T, 114 FH2 5 118 FILHE DL LD RIFARD A I
W L7z (Fig. 2) 0, chbson®Cab— 24
72 Boo G UGS O WHE R 1L, Fig. 3 12R
L72&912, SRICH-WERAE LD L REW
(0.5~ 10 ph) *9,

119 FELBEOH THRIFER

2019 4 7 HEAE, 119 FUBEOBETEZOA
BAZRE L7z & v ) i 1d e v, 119 FLIEOM
EIXRARICIEB A EFAL, L0
BEDBIIEWEH T 2D A2 ENAMEE
ZHNTWS Y, “EBFEETEELHET %
bo®Ca AWK T L, 727 F /4 FHEE
WORETFFHS %, Z=94 (**Pu), 96 (**Cm).
97 (*¥Bk). 98 (**Cf) £ K& LTwL ek
WCEoT, 14FEDPS USFEILEDFERAN 2 &
NTX7 (Table ) SNHEDT ZF /4 KT
FiE, KEA—2 ) v VENHZERT (Oak Ridge
National Laboratory: ORNL) 7z &1 % k1%
EDREEICEWEFFTEESNSE Y, Lol
6, CEL D QA FZVPRER I FTLET
1254 =724 (Es) X Fm ORAARIEH)E
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AFTHLIENRNTELR V. Lo > T, 119 F DL
BOFICEEZ GRS 57201213, EHOF &S
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HiE. ROSWTHE O FBRfE L LT 0.4 pb % #Hid
L720 —7J. GSI ® S. Hofmann 5 X, 2009 4.
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INSDOEBEORE. 119 FLIED B THE A
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