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Fig. 1)

Figure 1. Par Pond cooling water system (Halverson 1998). Map Pond A (courtesy of T. Hinton.).  
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Fig. 2

Figure 2. Pond A, Savannah River site (Photo: O. C. Lind). 
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Table 1 (Carlton et al. 1994; Hinton & Pinder III 2001) 
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Fig. 3

Figure 3. Sellafield site (http://suppliers.sellafieldsites.com/procurement-opportunities/). 
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Fig. 4)

Figure 4. Historical discharges of 239, 240Pu Sellafield (Vintró et al. 2000). 
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Cesium 
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Uranium 

Plutonium 

table 2

table 2. 



20

 

Table 2. Relevant isotopes of plutonium and their main decay mode, half-life, radiation energy and production method (Neu et 

al. 2011). 

Americium 

  

 

Fig. 5)
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Figure 5. Size classes of radionuclides in the marine environment (Salbu 2000). 

The importance of considering radioactive particles 
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Fig. 6
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Figure 6. Pu ratios and source determination (Cagno et al. 2014; Skipperud 2004). 

table 3). 

Table 3. Comparison of ratios from different sites compared to global fallout. 
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Fig. 7)
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Figure 7. Sample locations DIAPLU collaboration 2002, and Esk Estuary surface sediment (Gouzy 2004),  
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Pre-treatment and radiochemical separation of Pu 
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LOI – Loss On Ignition 

. 
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Sample mixing and sample splitting  
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Digital P Imaging 

ESEM-EDX – Environmental Scanning Electron Microscope and Energy Dispersive X-ray 

analysis system 
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Gamma spectrometry 
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Alpha-spectrometry 
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ICP-MS 

Fig. 7
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Figure 8. Operating principles of plutonium measurements  by ICP-MS triple quadrupole (Balcaen et al. 2013). 
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table 4). 
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Table 4. Certified reference material and comparison with ICP-MS results (95% CI included for some certified values of 
activity concentrations). 

table 5
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Table 5. Certified reference material and comparison with results from gamma measurements compared for quality
assurance, reference date 01.01.2015.

table 6). 

Table 6. Certified values of IAEA384 and comparison with alpha spectrometry results for quality assurance, reference date 

01.01.15. 

 

Fig. 9)
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Figure 9. Comparison of methods for gamma measurements, Ge-detector vs. NaI-detector. 

Fig. 10)

Figure 10. Comparison of  239+240Pu activity ratios obtained by ICP-MS triple quadrupole and alpha-spectrometry. 
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Sample splitting 

Fig. 11).  

Figure 11. Sample splitting K2 25-30 (Uncertainties set to two sigma for significance level =0.05).. 

Repeated mixing and subsequent gamma measurements 

table 7). 
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Table 7. - test for identification of presence of radioactive inhomogenities (df: degree of freedom). 
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Autoradiography 

Fig. 12)

Figure 12. Digital autoradiography of Savannah River Site sediments Pond A 0-7 cm (6 weeks exposure). 
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Fig. 13)

Figure 13. Left: Digital autoradiography of Sellafield K2 sediment 0-30 cm, 24h exposure; right: digital autoradiography of 

Ravenglass surface sediment, 72h exposure. 
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Fig. 14). 

Figure 14. Digital autoradiography of sediment core K2 (0-30 cm) (Lind 2006)  
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(Fig. 15)

Figure 15. Particle isolations Sellafield K2 0-30 24h exposure (left); Particle isolations Ravenglass 24h exposure (right). 
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Fig. 16)

Figure 16. Sample image in SEI-mode (left image); Uranium clusters identified by BEI-mode image (right image). 

Fig.17). 

Figure 17. Top image: Uranium clusters magnified in BEI mode; bottom image: XRMA-spectrum. 
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Fig. 18). 

Figure 18. Size distribution of 44 uranium particles/colloids from Sellafield (Ravenglass) sediment identified with ESEM EDX. 
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Fig. 19a),

Figure 19. Screening of 22 sediment cores from SRS Pond A performed by NaI-detector. a) sediment cores with peak activity 

concentrations ranging from 4000 – 10 000 Bq/kg; b) sediment cores with peak activity concentrations ranging from 1000 – 

4000 Bq/kg; c) sediment cores with peak activity concentrations ranging from 500 – 2300 Bq/kg; d) sediment cores with peak 

activity concentrations ranging from 0 - 700 Bq/kg. 
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Savannah River Site 

Fig. 20)

Figure 20. Depth distribution of 137Cs SRS A9. 

Fig. 21
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Figure 21. Depth distribution of 239+240Pu, SRS A9. 

Sellafield 

Fig. 22
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Figure 22. Depth distribution of 137Cs and 241Am Sellafield K2. 

Fig. 23
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Figure 23. Depth distribution of 239+240Pu, Sellafield K2. 
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Activity ratios 

Fig. 24)

Figure 24. 137Cs/239+240Pu activity ratio SRS A9 (ref.date 01.01.2015). 
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Fig. 25). 

Figure 25. Depth distributions of 137Cs/239+240Pu and 241Am/239+240Pu activity concentrations from Sellafield K2 (ref.date 

01.01.2015). 

Isotopic ratios 
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Figure 26. Depth distribution of 240Pu/239Pu isotopic ratios SRS A9, including trend lines of mean isotopic ratio, weapons 

signature from SRS and global fallout range (GF). 

Fig. 27
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Figure 27. Depth distribution of 240Pu/239Pu isotopic ratios Sellafield K2, including trend lines of mean isotopic ratio, weapons production 

signature Sellafield and global fallout range (GF). 
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figure 28
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Figure 28. Combination of 240Pu/239Pu isotopic ratio and 238Pu/239+240Pu activity ratio for selected samples from Sellafield, 

SRS, and Mayak PA from a combination of ICP_MS and alpha-spectrometry (1 ). X: Mayak 3516, circle: Mayak 2626, black 

diamond: SRS 17-18, diamond: SRS 6-7, black triangle: Sellafield K2 2-4, triangle: Sellafield K2 25-30, cross: global fallout 

(ref.date 01.01.2015).  
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Calculated LOI SRS A9. 

 

Calculated LOI Sellafield K2 
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Raw data Ge-measurements of K2 and A9. 
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. 

 

Correction factors Ge-detectors for measurements of 137Cs and 241Am. 

Background levels Ge-detectors. 
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.

Raw data from alpha spectrometry. 

Background levels alpha-spectrometer. 
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Software settings for ICP-MS triple quadrupole. 

Hardware description ICP-MS triple quadrupole. 
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Instrumental settings for ICP-MS triple quadrupole. 
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Raw data ICP-MS measurements SRS A9 
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Raw data ICP-MS measurements Sellafield K2 
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 239Pu contribution from tracer. 

 240Pu contribution from tracer. 
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Analytical blank signals of ICP-MS measurements 

Grubb’s test for outliers 

0
2
4
6
8
10
12

0 2 4 6

CP
S

Analytical blank 239Pu

0

0,5

1

1,5

0 1 2 3 4 5

CP
S

Analytical blank 240Pu



81

Gamma spectrum obtained from measurement of Sellafield K2 25-30 cm. 

Alpha spectrum obtained from measurements of SRS A9 6-7 cm. 
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240Pu/239Pu isotope ratios for SRS A9 and Sellafield K2. 
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