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Fig. S1 Gamma spectrum of '3’Cs liquid sample (MD3).

Table S1 Operational settings for ICP-MS (Agilent 8800s)

RF Power 1500 [W]

Sample uptake rate 0.1 mL/min

Flow rate of Ar gas

Carrier gas 0.68 L/min
Makeup gas 0.36 L/min
Flow rate of 4th gas (N,0) 70% (1.05 mL/min)

Integration time
m/z 133,135,137 (on-mass) 3's

m/z 138 (on-mass) 0.1s
Q2 peak point 1
No. of sweeps 100
No. of repetition 5
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Fig. S2 Cause-and-effect diagram of '3’Cs mass fraction.
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Fig. S3 Measured results of '33Cs mass fraction of MD3: (a) cps vs 133Cs mass fraction, (b) seven
repeated measurements and average.

Table S2 Results of isotope measurement for MD3 by ICP-MS

137Cs/133CS 137Cs/133Cs 137Cs/133C 13505/133Cs 137CS/133CS 137CS/13303 13508
molar net cps s net cps Slope L K137/133 net cps net cps molar mass
. ; ) : . . fraction

ratio ratio ratio, SD ratio ratio, SD ratio
[elie]]
1 0.3157 0.0068 0.9531 0.0117 0.9765 0.3085 0.0066 0.3005 21.559
2 0.3167 0.0037 0.9499 0.0125 0.9750 0.3086 0.0036 0.3006 21.569
3 0.3201 0.0036 0.9400 0.0150 0.9700 0.3156 0.0035 0.3074 22.056
4 0.3201 0.0036 0.9400 0.0150 0.9700 0.3144 0.0035 0.3062 21.973
5 0.3147 0.0029 0.9562 0.0110 0.9781 0.3101 0.0029 0.3021 21.675
6 0.3175 0.0054 0.9478 0.0131 0.9739 0.3137 0.0053 0.3056 21.925
7 0.3170 0.0021 0.9492 0.0127 0.9746 0.3094 0.0021 0.3014 21.624




Equations for uncertainty evaluation

1) Repeatability in the determination of the 133Cs mass fraction

€133 s the i-th measured value for the 133Cs mass fraction (i=1-7):
(A133,i - AL,i)
Ciz3;=(Cy-Cp) X ——+Cp.
(AH,i - AL,i)

As defined in the manuscript,

1

7
1
6133=7ZC133¢' uR_C_ 7_ 12(61331 C133)-

i=1 33 i=1

Using the expression

7

(CH CL) (A133 i ALL
C133 Z C133 i Z CL'

1—1 (AHl ALL)

we can find possible uncertainty sources for A3z, Anj, AL Ch, and Cy.

Although the uncertainty due to Aqss;, Anj, and A, is reflected in the magnitude of ug, the
relative standard deviation due to these terms is averaged over seven values as follows:

Ug
7
We assume that the standard uncertainties of Cy, and C, depends only on ucgry as follows:

u*(Cy) 2 u*(Cy) ,  cov(CpCy) 2
7 Yerw T 5 Tlerw T T Yermr
Cy C; H“L

Thus, the variance of Cy33 due to Cy and C,_ is evaluated as follows:

0C;33 2,2 0Cy33 2,2
u'(Cy) + u'(Cy) +2|——
ac, "\ ac,

0Cy33) (0C33 cov(CppC,) = 6C133,w +6C133F 2, 2
ac, )\ ac, ==\ ac, M ac, "t RM™

Since

aC133 _ Cl33 - CL aC133 C133 - CL

ac, Cy-C,  ac,  Cy-C,

the following expression holds true:



aC133P aC133F s 2 2 2 2
Cy+ Lol Ucrm- = [(6133 - CL) + CL] Ucgy = C133UcRy-
ac, ac,

Therefore, the relative standard deviation due to Cy, and C_ expressed by Ucrm,
These two factors are considered in Eq. (6) in the manuscript.

2) Isotopic composition
Ap (), Isotopic composition of XCS, R(M): molar ratio of "Cs/133Cs
Ag(133) =1/(1 + R(135) + R(137))
A((135) = R(135)/(1 + R(135) + R(137))
A((137) = R(137)/(1 + R(135) + R(137))

u?(4,(133))

= ( -1 )2 -u(R(135)) + (
(1 + R(135) 4+ R(137))?

-1
(1 4+ R(135) 4+ R(137))?

)2 -u?(R(137))

uz(Af(135))
_ ( R(137) + 1

(1 + R(135) + R(137))?

- R(135)
(1 4+ R(135) + R(137))*

)2 -u?(R(135)) + ( )2 -u?(R(137))
u?(4,(137))
_ ( - R(137)

(1 4+ R(135) + R(137))?

R(135) + 1
(14 R(135) + R(137))*

)2 -u?(R(135)) + ( )2 -u?(R(137))

3) Cs molar mass

mcs:Cs molar mass, m,: atomic mass of isotope x

1
= X
Mpo = My33 (1 + R(135) + R(137))

s R(135) . R(137)
M35 (1 T R(135) + R(137)) 37 (1 +R(135) + R(137))

Ome,  -2(R(137)-1)
OR(135) (1 + R(135) + R(137))?

omes 2(2 + R(135))
OR(137) (1 + R(135) + R(137))?

2 -1 )2_ , ( ~ R(135) )2_ )
v mes) ((1 T RA35) + RAZTYY (maas) + (1+R(135) + RA37)) (m13s)
N ( _R(137) )2 ()
(1 + R(135) + R(137))? 137

2(2 + R(135))
(1 + R(135) + R(137))?

. ( -2(R(137) - 1)

)2 -u?(R(135)) + (
(1 + R(135) + R(137))?

)2 -u?(R(137))

4) Covariance between C133 and Kyasirss



Since
_ I35 my3y
Ci37= C133_I K137,133 )
133 My33
K B Cy371133M33
137/133 = 7+
Ci33l137M137
Thus,

0K 137,133 _ Ki37/133

aC133 C133

The covariance between €133 and Kiss/133 is derived with using Equations (9) and (10) in the main
manuscript as follows:

61(135/133 daL

2 2
u(C133,K135/133) - ngu (Ci33) == Amy35 - 133)6C133u (C133)
1

B Am 35 _1330K 137133 2

K Am
137/1338M (135 -133) ,
u”(Cy33) == u

(C133)'

Am 137433y 0Ci33 Ciz3 Amy3;_ 433

We hence obtain

2
u(C133,K135/133) _ K137/1338M (135 _ 133)U (C133)

C133K135/133 K135/1338M 137 _ 133, 61332



