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Studies on the Concentration and Elimination of Some
Radionuclides during Development and Growth of Fish
Eggs, Advanced Fry and Fingerlings

Yuichiro KIMURA¥*, Yoshihiro OGAwWA*
Yoshihide HoONDA*, and Kosuke KATSURAYAMA**

(Received October 12, 1981)

As a series of studies on radioecological concentration processes during development of fish
egg and grouth of fish larva, comparative studies on the uptake and elimination of radionuclides,
such as 69Co, 1311, 1¥7Cs. #4Ce and three prepared '®RuNO complexes by artificially fertilized
eggs, advanced fry and fingerlings of rainbow trout were conducted under laboratory conditions.
The uptake and accumulation of *Co and '¥Cs by eggs were more rapid than those of the other
radionuclides. Theoretical curves of uptake based on exponential model were fitted to get the
parameters, rate of uptake (u), and turnover rate (B), using the least squares method. The
concentration factors calculated as the ratio u/B by eggs were 7.4 for ®Co, 0.4 for 3!, 0.4 for
137Cs, 146 for Ce, 9.9 for *™RuNO-nitro, 12.5 for "RuNO-nitrato and 6.3 for *RuNO-binuclear
complexes, respectively. The retention curves of ®Co and I consisted of the initial short
component and the following long one, whereas one component for Ce until hatching. The
elimination of !®Ru was much slower than that of the other radionuclides and more than 99%
of ¥Cs was eliminated in about 10 days. The significant fraction of #Co, *I, ¥¥Cs and *Ce in
the egg was associated with the perivitelline fluid, while the most part of '%Ru in the egg was
accumulated in the egg capsule. No positive correlation between the mortality or hatching rate
of the eggs and the radiation doses received by developing embryos of rainbow trout was observed
during the period which the eggs were kept for 30 days in the containated waters after fertilization.
The general patterns of uptake of ®Co, ¥, #¢Ce, RuNO-nitro and -binuclear complexes by
both the advanced fry and the fingerlings were similar to each other. On the other hand, the
uptake of *¥’Cs by the advanced fry was more rapid than that by the fingerlings although the
uptake of MRuNO-nitrato complex by the advanced fry was much slower. The remarkable dif-
ferences in rate of uptake and turnover rate for ¥Cs and in turnover rate for *Ce were ob-
served between the advanced fry and the fingerlings. The concentration factors for ®Co and
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137Cg in the fry increased with growth of the fish. However, this trend was not necessarily ob-

served for ¥, *Ce and RuNO complexes. In comparison of the tissue uptake of the radio-

nuclides, the high concentration factor for ®Co, *®RuNO complexes and */Ce in viscera inclus-

ing digestive tract were observed, while for I in the gills.
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(2) #HEK
ATZEOHES K (Table 1) JiEHRERAES
T 7 KBEKZFZE0.45um DI Y RT 7 4 V2 =T
FEUERU .

AL LU 5 7 A BYADEEKIZESHEE
LA QR NIKE R,

Table 1

Limnological characteristics of rearing water
(Filtered tap water)

Temperature 12£1°C
pH 7.2

Na* 12.5 ppm
K* 1.7 ppm
Ca* 2.7 ppm
Cl- 24.4 ppm
Total dissolved solid 124.0 ppm
Electrical conductivity 160 xmho/cm
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(c) Geometry for calculating the dose from
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Table 2 o
Parameters for the assessment of radiation dose
E~}mnx Ep Er 14 * C i r
Nuclide d *
(MeV) (MeV) (MeV) (em?/g) ot “1a )
%°Co 0.3120 . 0.1000 1.2500 108.65 2.06 13.20
106Rh 3.2050 1.3300 0.1984 3.83 1.00 1.10
13ty 0.5740 0.2100 0.3860 43.49 1.65 2.20
137Cg 0.5430 0.1825 0.6186 47.17 1.69 3.10
144Ce 0.2908 0.0908 0.0290 122.46 2.12 0.07
Epmax S 0.5MeV v =15.0 E pimax
* {E:::i > 0.5MeV v = 18.6(Esmax —0.036)""
Enmax = O.lMeV ¢ =3.11 o4
* * {O.IMeV < E smax £ 2.25MeV ¢ =1.35 Ejmex
Esmax > 2.25MeV ¢c=1.0
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Fig. 5 Uptake of 8Co, 3], ¥Cs and #Ce by eggs of rainbow trout

Table 3
Rate of uptake, turnover rate and concentration factor for radionuclides in eggs of rainbow trout
i . Rate of uptake| Turnover rate Concentration factor

Radionuclide (0) 8 Estimated Observed

(w/p) (average)

8°Co 22.2 3.0 7.4 7.0

131 0.29 0.67 0.4 0.4

137Cs 1.02 2.5 0.4 0.4

144Ce 113.8 0.78 146.0 120.0

106RUNO-nitro 0.99 0.10 9.9 11.0

106 RuNO-nitrato 2.26 0.18 12.5 14.5

106RUNO-binuclear 1.14 0.18 6.3 6.8
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Fig. 6 Uptake of ®RuNO complexes by eggs of rainbow trout -

0Co, ¥ k78 WCs BN TIHEHE /KO
BBEEIZEALBD SNEND, WCe TR0
A H % TOPMROMEL  PIBRATEERE D191/10
wﬁwbtwaﬁ,%nu&ma&~ﬁama1ma
cittbrbd,
%C;%“Tm?@s@ﬁﬂ,%ﬁfilafﬁﬁ
gL, CoBOBRARIE Table 3 iRd &
BT BIV0.4TH - o

Bl WCe DIBAICIE 3 ~5 B TEMICEL, B
FHRZNZN0. 48 XTI0TH Y, “Ce OBAIR
PO & Kk L T 17~3004575 05 - 7o

—, {LBTEORE S 3 TEO “Ru A BT

10BMTRN G OEHEICEL 2o C OEO B
13 ™Ru-= } n &k T11.0,
1455 XU CRu-HE A TE.8TH > 1o

16Ry-= b 5 MEAT

ISR BRRIC B 1 B HUHTERTR O TRRME Z 15 MBI

 %?»&%€®1&¢:§&m;of,ﬁm%(w,

REEZR () MHTIRCNS DD S Rd BN

B3R (0/8) ABMUT#RIz Table 3 1CRU 70
INSDHERISLOONBE LD ICEREIESE v/

© 8 MBI L BREREDS SHGHEYE & bic T

i, Fig. 6 55 bbind &5 ICOFNOLEmCHD

AUETHSC Ltsbibe

3. BHEMCH SHAHENRONE

ZNENOREHEYE O SFEE A~ O EH U AT

THIINOEYR, EHEIRBAKLEBTLERL, § ZPFokERL, Table 4 ITRT X Hic @Co, M,
Table 4 ‘ : .
sttnbutlon of °°Co 131] ) 137Cg, 144Ce, '°®Ru in eggs of rainbow trout

Nuclide Day.s.‘af.ter 4 % HCHO* Egg ‘capsule Embryo Yolk & peri
fertilization vitelline fluid
%°Co 19 6.3 % 52.6 % 5.0 % 3.1 %

| 19 31.4 31.3 8.2 29.1

137Cs 19 62.5 3.9 3.3 30.3

144Ce 19 0.4 13.8 4.5 81.3

106 RuNO-nitro 21 1.0 86.9 1.4 10.7

196 RuNO-nitrato 21 2.0 81.8 1.9 14.3

‘°°RuN0—binucIearA 21 1.2 85.5 2.4 10.9

* The eggs were fixed in 4 9% HCHO solution.

Each value is the average of 18 eges.
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Table 5
Estimates of the dose rate to developing rainbow trout embryos
Dose rate from grays Dose rate from r-rays
mm‘?ﬁ it m ‘:‘&"«zgy From water | Sub-total m “&.‘?"“‘y m m From water | Sub-total | Grand-total
Nuclide o i bl v/ o
x107* (2 e (B a2 ) [x107t (22 aot (20 ) [xiore (22 | ) | G
¢°Co 0.13 2.53 0.14 0.81 13.20 36.90 26.60 1.93 v 2.74
1311 1.46 7.31 6.34 10.41 3.17 7.52 190.00 9.28 19.63
137Cs 0.23 1.02 1.20 1.73 0.85 1.72 66.10 ‘3.21 4.94
144Ce 0.26 60.80 0.09 4.21 0.22 5.27 0.43 0.03 4.24
DRUNO-1 570 | 13.90 | 294 | 2944 | 305 | 1.68 | 5.93 | 0.43 | 2087
07| 356 | 1220 | 155 | 1842 | 191 | 148 | 3.4 | 0.24 | 18.66
"LRuMO-| 539 | 22.80 | 6.30 | 44.39 | 4.50 | 276 | 1270 | 0.83 | 45.22
Table 6 :
Hatching rate and total dose for developir.xg embryo of rainbow trout
Nuclide Total dose Total number |The number of | Hatching rate. xt
(rad /20days) of eggs hatching eggs (%)
Control —_— 2238 1789 79.9 e
¢°Co 2.74 2384 1961 82.3 4.06
131] 19.68 2367 1739 .73.5 26.87
137Cs 4.94 2530 2049 81.0 0.84
144Ce 4.24 2431 2062 84.8 19.23
128 Ru-nitro 29.87 2217 1696 76.5 7.73
108 Ru-nitrato 18.66 2359 1835 77.8 3. 18’
1°8Ru-binuclear 45.22 2375 1963 82.7 5.60

Each value is calculated for 20 days

X2 values are significant at 95% confidential level
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Table 7

EARERT IR

Rates of uptake, turnover rates and concentration factors for radionuclides in advanced fry

of rainbow trout

Radi lid Rate of uptake | Turnover rate Concentration factor
adionuchice (u) @) Estimated Observed
(u/B) (average)
8°Co 2.04 0.20 10.2 11.0
i | 0.27 0.31 0.9 0.8
137Cs 2.11 5.00 0.4 0.4
144Ce 1.00 0.05 19.2 16.0
106 RuNO-nitro — — — 1.0°
'06RuNO-nitrato — —_— - 12.5*
106 RuNO-binuclear — I I 0.9*
% : On 3lst day
—— : Could not be estimated
~=-o== Activity in advanced fry
~—+— Activity In rearing water
cpm/ml cpmig cpm/ml cpmig cpm/ml cpmig
1& d’ ]6‘ 10‘ Id Transfer of advanced fry {IO‘ ,a
= 1 . - -
-E Transfer of advanced fry Transter of advanced fry 7//: I E.
/ A
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- g //‘/"‘ 3
S . s ‘
o W« O ey |03 ﬁ b . 10’ 16' s 10 E
[ * °
= * e
g / P /"/ £
£ Ve 4 < 2
> s, ’g 7 2
§ / 7 .‘,’ N | 17}
§ ¥ .7/. *RUNO-Nitro ¢ / ERUND-Nitrato L ‘.’ PRUNO-Binuciear o <
/ | i
K !
0 6 12 18 2% 30 3% 4 0 6 12 ® % 2 % 4 0 6 12 1B % 30 % &
Elapsed time (Days) Elapsed time (Days) Elapsed time (Days)

Fig. 9 Uptake of ®RuNO complexes by advanced fry (early stage) of rainbow trout
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Table 8

IEBRFRETHIER

Rates of uptake, turnover rates and concentration factors for radionuclides in whole body of

fingerling of rainbow trout

. - Rate of uptake | Turnover rate Concentration factor
Radionuclide 8) Estimated Observed
(u) B (u/pB) (average)

5°Co 1.82 0.32 5.7 6.5

1311 0.27 0.35 0.8 0.8

137Cs 0.24 0.15 1.6 1.3

144Ce 0.97 0.41 2.4 1.8

196 RuNO-nitro — _— — 1.7*

126 RuNO-nitrato 10.73 3.99 2.7 3.5

106 RUNO-binuclear 0.07 0.07 1.0 0.9

% . On 7th day
—— : Could not be estimated

Table 9

Rates of uptake, turnover rates and concentration factors for radionuclides in various tissues of

fingerling of rainbow trout

Rate of uptake (u) Turnover rate (4) Concentration factor (u/g)
Tissue 8°Co ['3'I 137Cs |'44Ce | ®°Co |'*'I |'37Cs ['**Ce | ®°Co |'3' [!27Cs |'*¢Ce
Visceral mass| 10.20| 0.61 | 0.70 | 4.93 | 0.26 | 0.31 | 0.25 | 0.36 | 39.98| 1.94 | 2.80 | 13.81
Gills 2.01| 1.55 | 0.34 | 5.50 | 0.19 | 0.25 | 0.19 | 0.49 | 10.33| 6.09 | 1.83 | 11.21
Head 0.89| 0.33 | 0.21 | 0.16 | 0.19 | 0.43 | 0.12 { 0.06 4.79| 0.76 | 1.69 2.54
Tail 1.04| 0.55 | 0.71 | 0.32 | 0.17 | 0.63 [ 0.30 | 0.42 6.03| 0.88 | 2.36 0.77
Bone 0.51 6.26 0.19 | 0.06 | 0.14 | 0.60 | 0.10 | 0.17 3.771 0.43 | 1.94 0‘.35
Skin 0.75| 0.28 | 0.28 | 0.34 | 0.18 | 0.47 | 0.18 | 0.19 4.18| 0.60 | 1.53 1.81
Muscle 0.37] 0.06 | 0.09 | 0.35 | 0.21 | 0.21 | 0.02 | 0.58 1.74] 0.29 | 4.41 0.60
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Table

10

Rates of uptake, turnover rates and concentration factors for '°*RuNO complexes in various
tissues of fingerling of rainbow trout

Rate of uptake (u) Turnover rate (g) Concent??lt/ig? factor
Tissue 196RuUNO complexes 198RUNO complexes 1°6RUNO complexes
nitro | nitrato [ binuclear | nitro | nitrato | binuclear | nitro | nitrato | binuclear
Visceral mass — | 4.82 0.42 — | 0.21 0.04 | — | 23.44 10.50
Gills — | 0.25 0.27 — 0.14 0.68 — 1.81 0.40
Head — | 0.09 0.03 e 0.19 0.16 e 0.48 0.19
! Tail — | 0.41 0.12 e 0.10 0.04 e 4.14 3.01
Bone — | 0.20 0.06 —_— 0.22 0.07 | — 0.90 0.87
Skin — |03 |00 |— | 015 | 005 | — | 209 1.69
Muscle — | 0.05 0.02 —_— 0.16 0.16 —_— 0.31 0.13

Retained (%)

Retained .(%)
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100 <
g 50
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50 3
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100
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Fig. 12 Elimination and distribution of %Co, **1I, ¥*Cs and Ce by fingerling
of rainbow trout
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Fig. 13 Elimination and distribution of ®®*RuNO complexes by fingerling of
rainbow trout
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