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Equations
Determination of the 237Np and 242Pu spike concentrations
The average 237Np and 242Pu concentrations of the spike solution were calculated as the weighted mean  of the concentration measurements of two aliquots ( = 2). The weight of each concentration measurement  is given by the reciprocal of the variance  :
 .					(S1)
The weighted mean in this case is:
 .			(S2)
The uncertainty of the average concentration is given as the standard error of the weighted mean with variance weights:
 .			(S3)

Propagation of uncertainty
The errors due to weighing are orders of magnitude smaller than the uncertainties of the ICP-MS measurements and are, therefore, considered negligible. The systematic and random errors of the used pipette (pipettes are reviewed on a regular basis) are at least one order of magnitude smaller than the uncertainties of the ICP-MS measurements and are, therefore, also neglected. In this case the standard deviation  of a concentration measurement  (composed of five consecutive measurement cycles) of a test portion represents the short-term precision of the ICP-MS and is a minimal value for the magnitude of the uncertainty. The uncertainties of the 237Np and 242Pu yields () are the propagated errors (, ) of the concentration measurements of the spike and the test portions:
 ,			 (S4)
and the uncertainties of the yield ratios are:
 . 	(S5)




Table S1. Concentrations of Np and Pu isotopes in the in-house solutions, as obtained by α-spectrometry. The spike solution is a mixture of the in-house Np and Pu solutions.


	Pu in-house solution
	 
	 
	 

	Isotope
	242Pu
	239+240Pu
	238Pu

	Concentration (Bq/mL)
	13.03
	0.16
	1.50

	Np in-house solution
	
	
	

	Isotope
	237Np
	
	

	Concentration (Bq/mL)
	2.27
	 
	 







Table S2. Protocol and raw data of the quadrupole ICP-MS measurements (BDL = below detection limit).
	Test portion
	 
	 
	Concentration (µg/L)

	Identifier
	Fraction
	Volume (mL)
	Dilution factor
	
	Mass 238
	RSD (%)
	
	Mass 237
	RSD (%)
	
	Mass 242
	RSD (%)

	
	
	
	
	
	
	
	
	
	
	
	
	

	SPS-SW1
	
	5
	
	
	0.524
	4.38
	
	
	
	
	
	

	SLRS5
	
	5
	
	
	0.077
	5.81
	
	
	
	
	
	

	Blank 1
	
	3
	
	
	<0,001
	
	
	BDL
	
	
	BDL
	

	S1
	supernatant
	5
	
	
	0.023
	2.16
	
	BDL
	
	
	BDL
	

	S2
	supernatant
	5
	
	
	0.036
	5.98
	
	BDL
	
	
	BDL
	

	S3
	supernatant
	5
	
	
	0.003
	16.64
	
	BDL
	
	
	BDL
	

	S4
	supernatant
	5
	
	
	0.004
	15.78
	
	BDL
	
	
	BDL
	

	S5
	supernatant
	5
	
	
	0.362
	4.56
	
	BDL
	
	
	BDL
	

	S6
	supernatant
	5
	
	
	0.346
	4.05
	
	BDL
	
	
	BDL
	

	Blank 2
	
	3
	
	
	BDL
	
	
	BDL
	
	
	BDL
	

	S1
	washing
	6
	
	
	54.93
	4.48
	
	0.003
	16.19
	
	BDL
	

	S2
	washing
	6
	
	
	53.07
	3.57
	
	BDL
	
	
	BDL
	

	S3
	washing
	6
	
	
	6.503
	4.57
	
	BDL
	
	
	BDL
	

	S4
	washing
	6
	
	
	5.182
	4.53
	
	BDL
	
	
	BDL
	

	S5
	washing
	6
	
	
	596.9
	4.53
	
	BDL
	
	
	BDL
	

	S6
	washing
	6
	
	
	564.0
	4.02
	
	BDL
	
	
	BDL
	

	Blank 3
	
	3
	
	
	0.056
	4.47
	
	BDL
	
	
	BDL
	

	S1
	loading
	6
	
	
	60.28
	3.56
	
	0.022
	5.75
	
	BDL
	

	S2
	loading
	6
	
	
	57.35
	3.95
	
	0.001
	27.86
	
	BDL
	

	S3
	loading
	6
	
	
	6.623
	3.97
	
	BDL
	
	
	BDL
	

	S4
	loading
	6
	
	
	7.011
	4.05
	
	BDL
	
	
	BDL
	

	S5
	loading
	6
	
	
	655.8
	4.22
	
	BDL
	
	
	BDL
	

	S6
	loading
	6
	
	
	682.4
	4.38
	
	BDL
	
	
	BDL
	

	Blank 4
	
	3
	
	
	0.047
	18.49
	
	BDL
	
	
	BDL
	

	Spike
	1:100
	3
	101.945
	
	0.023
	22.50
	
	0.107
	4.07
	
	0.085
	4.56

	Spike
	1:100
	3
	103.203
	
	0.013
	12.52
	
	0.107
	4.13
	
	0.083
	3.93

	S1
	elution
	6
	
	
	0.392
	4.05
	
	0.138
	5.45
	
	0.133
	4.88

	S2
	elution
	6
	
	
	0.289
	4.18
	
	0.159
	4.81
	
	0.130
	5.83

	S3
	elution
	6
	
	
	0.034
	3.87
	
	0.152
	4.54
	
	0.131
	4.52

	S4
	elution
	6
	
	
	0.011
	8.70
	
	0.151
	4.02
	
	0.115
	3.87

	S5
	elution
	6
	
	
	3.978
	4.40
	
	0.160
	4.35
	
	0.127
	3.97

	S6
	elution
	6
	
	
	15.44
	4.63
	
	0.164
	3.26
	
	0.131
	5.85

	Blank 5
	
	3
	
	
	0.003
	15.20
	
	BDL
	
	
	BDL
	

	Spike
	1:10
	3
	10.298
	
	0.004
	11.47
	
	1.076
	4.39
	
	0.867
	5.51

	Spike
	1:10
	3
	10.326
	
	0.004
	15.01
	
	1.050
	4.31
	
	0.831
	4.28

	flushing
	
	
	
	
	0.050
	3.86
	
	BDL
	
	
	0.017
	19.93

	Blank 6
	
	3
	
	
	0.001
	31.84
	
	BDL
	
	
	BDL
	

	S1
	2. elution
	6
	
	
	0.041
	3.76
	
	BDL
	
	
	0.001
	9.45

	S2
	2. elution
	6
	
	
	0.006
	9.85
	
	BDL
	
	
	BDL
	

	S3
	2. elution
	6
	
	
	0.006
	10.31
	
	BDL
	
	
	0.001
	8.86

	S4
	2. elution
	6
	
	
	0.004
	7.76
	
	0.001
	14.94
	
	0.001
	12.98

	S5
	2. elution
	6
	
	
	0.005
	12.48
	
	BDL
	
	
	0.001
	24.64

	S6
	2. elution
	6
	
	
	0.016
	4.68
	
	BDL
	
	
	BDL
	

	flushing
	
	
	
	
	0.088
	4.34
	
	BDL
	
	
	BDL
	

	Blank 7
	 
	3
	 
	 
	BDL
	 
	 
	BDL
	 
	 
	BDL
	 



Notes
The volumes and dilution factors of the spike solutions were determined gravimetrically (Figure S1 and Table S2a). All other volumes were determined volumetrically. 2% HNO3 was used as blank solution for the ICP-MS measurements. In three independent sample series, the background for masses 237 u and 242 u in process blanks which underwent the same complete sample preparation using unspiked clay samples was verified to be below the ICP-MS detection limits. The detection limits are sufficiently low that a blank correction of the eluate concentrations for the various test portions was not necessary. The average values and standard deviations were calculated from five measurement cycles, and the relative standard deviations (RSDs) represent the short-term precision of the ICP-MS, which were used to calculate minimal values for the magnitude of the yield uncertainty (Eq. S4). Certified concentrations for uranium in SPS-SW1 and SLRS5 were 0.5 ± 0.01 µg/L and 0.093 ± 0.006 µg/L, respectively.	Comment by Robert Preston: Is this format OK?
Spike measurement:
From the spike solution, two aliquots were taken and diluted ten to one and measured by ICP-MS (nominal dilution of the spike 1:10). A third portion was taken and diluted ten to one (this solution was used in additional experiments). From this solution two aliquots were taken, diluted ten to one and measured with ICP-MS (nominal final dilution 1:100). All dilution steps were determined gravimetrically, so the actual dilutions differ from the nominal ones. The average concentration of each nuclide in the spike was calculated as the weighted mean of the values for Aliquot 1 and Aliquot 2 (Eqs. S1 and S2). The weights are given by the reciprocal of the variance. The uncertainty of the average concentration is the standard error of the weighted mean (Eq. S3).
Figure S1. Schematic of volumes and dilution factors of spike solutions.Spike
Aliquot 1
Aliquot 2
Dilution 1:10
Dilution2
Aliquot 3
Aliquot 4
Dilution 1:10
Dilution 1:10
Final Dilution of the spike 1:10
Final Dilution of the spike 1:100

Table S2a. Volumes and dilution factors of spike solutions..

	
	Aliquot 1
	Aliquot 2
	Dilution 2
	Aliquot 3
	Aliquot 4

	Aliquot of
	Spike
	Spike
	Spike
	Dilution 2
	Dilution 2

	Aliquot nominal [μL]
	300
	300
	500
	300
	300

	2% HNO3 nominal [mL]
	2.7
	2.7
	4.5
	2.7
	2.7

	Aliquot gravimetric [mg]
	301.1
	299.9
	505.9
	305.2
	301.4

	2% HNO3 gravimetric [g]
	2.7997
	2.797
	4.5677
	2.7972
	2.8002

	
	
	
	
	
	

	Dilution factor
	10.298
	10.326
	10.028
	101.944
	103.203





Table S3. Concentrations, yields of 237Np and 242Pu, and yield ratios for supernatants and for the different fractions of the extraction chromatographic procedure for test portions S1–S6. Values in brackets are the maximum amounts of Np and Pu in a fraction, calculated with a detection limit of 0.001 µg/L for both Np and Pu, when the analyte concentration was below the detection limit (BDL).
	Test portion
	 
	Initial mass (ng)
	 
	Concentration (µg/L)
	 
	Recovered mass (ng)
	 
	Yield (%)
	 
	Yield ratio

	Identifier
	Fraction
	Clay
	Mass (g)
	
	237Np
	242Pu
	
	237Np
	RSD (%)
	242Pu
	RSD (%)
	
	237Np
	242Pu
	
	237Np
	242Pu
	
	yNp/yPu

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S1
	
	SWy-2
	0.102
	
	1.08 ± 0.03	Comment by J. M. Wampler: The uncertainty given for 237Np mass in the newest Table 1 is ± 0.03, not ± 0.04, and so also for S2, S4, S5, and S6.  The differences should be resolved by changes to this table, to Table 1, or to both. 
	0.859 ± 0.029
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	supernatant
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(5 × 10–3)	Comment by J. M. Wampler: All the bracketed values in this column and the next should have no figure after the decimal (and thus no decimal point).	Comment by Robert Preston: I thought the digit after the dec point indicated the precisiion.
Robert, I think Marion’s comment is okay because the exponent defines the precision, i.e. the number of significant digits past the decimal. Does that make sense? 
	(6 × 10–3)
	
	(0.5)
	(0.7)
	
	

	
	loading
	
	
	
	
	
	
	0.022
	5.75
	BDL
	
	
	0.132 ± 0.008
	(6 × 10–3)
	
	12.2 ± 1.6
	(0.7)
	
	

	
	washing
	
	
	
	
	
	
	0.003
	16.19
	BDL
	
	
	0.018 ± 0.003
	(6 × 10–3)
	
	1.7 ± 0.3
	(0.7)
	
	

	
	elution
	
	
	
	
	
	
	0.138
	5.45
	0.133
	4.88
	
	0.83 ± 0.05
	0.80 ± 0.04
	
	76.8 ± 4.9
	92.8 ± 5.6
	
	0.83 ± 0.08

	
	2. elution
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(1 × 10–2)
	(1 × 10–2)
	
	(0.9)
	(1.2)
	
	

	S2
	
	SWy-2
	0.103
	
	1.08 ± 0.03
	0.862 ± 0.029
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	supernatant
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(5 × 10–3)
	(6 × 10–3)
	
	(0.5)
	(0.7)
	
	

	
	loading
	
	
	
	
	
	
	0.001
	27.86
	BDL
	
	
	0.0070 ± 0.0019
	(6 × 10–3)
	
	0.64 ± 0.18
	(0.7)
	
	

	
	washing
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	elution
	
	
	
	
	
	
	0.159
	4.81
	0.130
	5.83
	
	0.95 ± 0.05
	0.78 ± 0.05
	
	88.0 ± 5.1
	90.5 ± 6.2
	
	0.97 ± 0.09

	
	2. elution
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(1 × 10–2)
	(1 × 10–2)
	
	(0.9)
	(1.2)
	
	

	S3
	
	IdP
	0.102
	
	1.08 ± 0.03
	0.854 ± 0.029
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	supernatant
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(5 × 10–3)
	(6 × 10–3)
	
	(0.5)
	(0.7)
	
	

	
	loading
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	washing
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	elution
	
	
	
	
	
	
	0.152
	4.54
	0.131
	4.52
	
	0.91 ± 0.05
	0.79 ± 0.04
	
	85.1 ± 4.7
	92.1 ± 5.3
	
	0.92 ± 0.08

	
	2. elution
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(1 × 10–2)
	(1 × 10–2)
	
	(0.9)
	(1.2)
	
	

	S4
	
	IdP
	0.105
	
	1.09 ± 0.03
	0.864 ± 0.029
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	supernatant
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(5 × 10–3)
	(6 × 10–3)
	
	(0.5)
	(0.7)
	
	

	
	loading
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	washing
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	elution
	
	
	
	
	
	
	0.151
	4.02
	0.115
	3.87
	
	0.91 ± 0.04
	0.69 ± 0.03
	
	83.4 ± 4.3
	80.1 ± 4.2
	
	1.04 ± 0.08

	
	2. elution
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(1 × 10–2)
	(1 × 10–2)
	
	(0.9)
	(1.2)
	
	

	S5
	
	SWy-2
	1.003
	
	1.08 ± 0.03
	0.861 ± 0.029
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	supernatant
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(5 × 10–3)
	(6 × 10–3)
	
	(0.5)
	(0.7)
	
	

	
	loading
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	washing
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	elution
	
	
	
	
	
	
	0.160
	4.35
	0.127
	3.97
	
	0.96 ± 0.05
	0.76 ± 0.04
	
	88.8 ± 4.8
	88.2 ± 4.7
	
	1.01 ± 0.08

	
	2. elution
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(1 × 10–2)
	(1 × 10–2)
	
	(0.9)
	(1.2)
	
	

	S6
	
	SWy-2
	1.003
	
	1.08 ± 0.03
	0.857 ± 0.029
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	supernatant
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(5 × 10–3)
	(6 × 10–3)
	
	(0.5)
	(0.7)
	
	

	
	loading
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	washing
	
	
	
	
	
	
	BDL
	
	BDL
	
	
	(6 × 10–3)
	(6 × 10–3)
	
	(0.6)
	(0.7)
	
	

	
	elution
	
	
	
	
	
	
	0.164
	3.26
	0.131
	5.85
	
	0.98 ± 0.04
	0.79 ± 0.05
	
	91.0 ± 4.1
	91.6 ± 6.2
	
	0.99 ± 0.09

	 
	2. elution
	 
	 
	 
	 
	 
	 
	BDL
	 
	BDL
	 
	 
	(1 × 10–2)
	(1 × 10–2)
	 
	(0.9)
	(1.2)
	 
	 





