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1. Supplementary Tables

Table S1. Gamble’s solution*

Chemical Composition Concentration (g L)
Magnesium chloride MgCl, 0.095
Sodium chloride NacCl 6.019
Potassium chloride KCl 0.298
Sodium phosphate Na;HPO, 0.126
Sodium sulphate Na,SO04 0.063
Calcium chloride dihydride CaCl;.2H,0 0.368
Sodium acetate C;H302Na 0.547
Sodium bicarbonate NaHCO3 2.604
Trisodium citrate dihydrate CsHsNas07.2H,0 0.097
*From [1]

Table S2. Samples collected*
Sample name  Sample type Sample description

BLD Blood Blood

L1 Lung Right top lobe

L2 Lung Right middle lobe

LTT Lung Left Lobe

Lv Liver Small sample from liver

LvTT Liver Sample from liver

Kid Kidney Small sample from kidney (~ 1/3 kidney)
M Muscle Small sample from left leg

MTT Muscle Larger muscle sample

*note not all samples were analysed



Table S3. Overview of operating cycle for pyrolysis approach
Analysis of samples for total tritium | Analysis of samples for OBT and HTO separately
Set up pyrolyser, start air flowing at =0.25 litres/minute
Ramp temperature at 3°C/minute to 180°C
Hold temperature at 180°C for 30 minutes Hold temperature at 180°C for 90 minutes
No bubbler change required Change bubbler for OBT collection 5 to 15 minutes
before second ramp
Ramp temperature at 5°C/minute to 300°C
Hold temperature at 300°C for 15 minutes
Ramp temperature at 5°C/minute to 500°C
Change gas to oxygen flowing at =0.25 litres/minute
Ramp temperature at 5°C/minute to 900°C and hold for at least 30 minutes
Turn off furnaces, open vents and turn on cooling fan

Table S4. Estimated organ masses*

Post-exposure Lung (g) Liver (g) Kidney (g) Whole body RoB?® (g)
time (8)

1h 1.55 7.74 2.30 296.46 284.88

1d 1.55 7.74 2.30 296.46 284.88

3d 1.55 7.76 2.31 298.15 286.53

7d 1.55 7.76 2.31 298.15 286.53

14d 1.56 7.78 2.33 299.85 288.18

28d 1.57 7.85 2.37 304.92 293.13

56d 1.59 7.94 2.43 311.69 299.74

85d 1.61 8.02 2.49 318.46 306.34

*extrapolated from data in [2]
% Rest of Body (RoB) mass estimated by subtracting lung, liver and kidney from whole body

Table S5. Organically bound tritium (OBT) and tritiated water (HTO) in liver samples at 1- and 7-days
post-exposure

sample no. HTO Specific SD* OBT Specific SD Total Specific % OBT
activity (Bq/g)  (Ba/g)  activity (Ba/g)  (Ba/g)  activity (Ba/g)

1-1d 0.59 0.14 106.00 24.00 106.59 99.5%
2-1d 0.04 0.03 61.00 14.00 61.04 99.9%
3-1d 0.48 0.12 92.00 21.00 92.48 99.5%
4-1d 0.19 0.05 100.00 23.00 100.19 99.8%
Average 0.33 89.75 90.08 99.7%
1-7d 0.24 0.07 53.00 12.00 53.24 99.6%
2-7d 0.50 0.12 45.00 10.00 45.50 98.9%
3-7d 1.50 0.38 56.00 13.00 57.60 97.2%
4-7d <0.03 NA 40.00 9.00 <40.03 >99.9%

Average® 0.59 48.50 49.09 98.8%




*Standard deviation

$Assuming 0.03 for sample 4

Table S6. Studies in the literature on the release of tritium from tritiated particles

Reference Tritiated Lung fluid Particle size  Results
Material simulant um (og) Release Rate (t/2)
Cool and Glass Simulated 3.8 98% half-time 13 d and 2% half-time 220 d
Maillie lung fluid
(1983) [3]
Chengetal Titanium SUF - 0.95 24% half-time 1 d and 76% half-time 33 d
(1997) [4] serum 103 Half-time 361 d
ultrafiltrate
Inkret et al Hafnium Simulated 1 Study 1: 0.2% half-time 43d and 99.8% half-time @ 5x10°d
(2001) [5] lung fluid Study 2: approximately 0.05% release in 200 days
(no details)
Chengetal Hafnium Simulated 1.74 Very insoluble. Less than 1% release after 215 days
(2002) [6] lung fluid 99.92% half-time 4.28x10° d and 0.08% half-time 46 days
Hodgson et  Graphite Lung Fine 0.3% half-time 2 m and 99.7% half-time 1925 d
al (2002) serum Coarse 5% half-time 2 m and 95% half-time 110 d
[7] simulant
Zhou and Hafnium SUF - 29.7 (2.41) 99.9237% half-time 4.28x10° d and 0.076% half-time 46 d
Cheng Titanium serum 6.15 (1.93) 24% half-time 1 d and 76% half-time 33 d
(2004) [8] Zirconium ultrafiltrate  4.43 (2.24) 47.5% half-time 42 d and 52.5% half-time 385 d
Hodgson et  Graphite Lung Not defined For the most soluble materials
al (2006) serum 6.45% half-time 2 m, 8.69% half-time 1.3 d and 85% half-
[9] simulant time 456 d
Zhou et al Zirconium SUF - 0.34 (2.34) Total tritium release 37% by 71 days
(2010) [10] serum 47.5% half-time 42 d and 52.5% half-time 385 d

ultrafiltrate




Table S7. Metal tritide biokinetic studies in the literature

Material Activit Particl Animal Total Time Organs Excreta Exhaled air  Sample Ref
y per e Size type animals points processing
animal (Grp no.) and
counting
Titanium 1 MBq CMD F344/Crl 36 3,14,30, Lungs 6 rats Exhaled air  Base Chen
Tritide 0.95 rats 61,121 and Individual from 2 of digestion get
um (male) days (6 bronchia metcages, the procedure.  al.
GSD obtained animals) | lymph urine and metabolic Counting 1999
1.93 t8 nodes faeces cages corrected [11]
weeks, collected collected for
11-12 daily for 10  at same dissolution
week at days and times as of
instillatio then 5 excreta particles.
n consecutiv
edaysatl,
2and 4
months
Hafnium 1.55 CMD F344/Crl 52 1h, Lungs, 4 rats Exhaled air  Sample Zhuo
Tritide MBq 1.04 rats 1,2,3,7,1 bronchia  Individual from 2 analysis as and
um (male) (some 4 days | lymph met cages,  metabolis for above Chen
GSD Obtained  confusio and nodes, urine and m cages study, g
2.41 at 8 nmaybe 1,2,4,6 liver faeces collected except for 2003
weeks only 44) months kidney, collected at same urine [12]
age, not (4 muscle, daily for 14 time as which was
clear animals) blood days and excreta counted
what age and Gl then 3 directly
at tract consecutiv and faeces
instillatio e days at which
n 1,2,4and 6 underwent
months a
combustio
n
technique.
Indicates
HTO and
OBT
separately
measured.
Zirconiu 0.925 CMD F344/Crl 49 1h, Lungs, 4 rats Exhaled air  All tissue Zhuo
m Tritide MBq 0.34 rats 1,2,3,7, bronchia  Individual from 2 and etal.
um (male) 14,30,60, |lymph met cages, metabolis excreta 2010
GSD obtained 120,180 nodes, urine and m cages samples [10]
2.24 at7 days (4 liver faeces collected treated
weeks, animals) kidney, collected at same using a
12-13 muscle, daily for 10  time as combustio
weeks at blood days and excreta n method.
instillatio then 3 Analysed
n consecutiv in water
e days at part of
1,2,4and 6 tissue and
months. dried
Animals (HTO,
sacrificed OBT).

at 180d




2. Supplementary Figures
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Figure S1. In vitro tritium release study. Schematic of experimental set-up (A) (note 1 mL samples
taken from LLFS in screw-capped jar at times to 14 days and analysed for tritum content), cumulative
fraction of tritium released from (B) and retained in (C) the particles.
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Figure S2. Specific activity of muscle (A), liver (B) and kidney (C) samples (mean * SD).
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Figure S3. Specific activity of lung (n=4) (circles) derived from values for top right lobe (squares) and
right middle lobe (triangles) (mean * SD).
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Figure S4. Daily excreted activity in faeces (purple squares) and urine (green diamonds) and total (x)
(mean % SD) (note that (i) value at dO is for faeces only, and (ii) faeces and urine values without error
bars are at limit of detection and are included for indicative purposes only).
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Figure S5. Fitting of rat biokinetic model to experimental data: (a) lung; (b) liver; (c) kidney; (d) rest
of body (RoB); (e) urine; and (f) faeces. Tissue tritium content (Bq) in comparison to individual
animals (n=4) and for excreta mean (n=4) cumulative excretion (Bq).
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