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MESURE DU TRITIUM LIÉ AU CARBONE
CONTENU DANS L'URINE ET LES SELLES

par

A. Trivedi, T. Duong, J.V. Leon et S.H. Linauskas

RÉSUMÉ

On a mis au point une méthode de biodosage pour mesurer directement le
trif'vm lié au carbone contenu dans l'urine et les selles. On soumet
d'abord les échantillons à la distillation à basse température et à la
séparation sous vide pour isoler l'eau tritiée (HTO) et le tritium échan-
geable. On transforme ensuite le tritium non-échangeable (c.-a.-d. le
tritium lié au carbone) en HTO par combustion sous oxygène. On a étudié la
méthode : (i) pour optimaliser les techniques de préparation des échan-
tillons, (il) pour établir la récupération du tritium lié au carbone
(64X t IX dans le cas de l'urine et 71Z ± &Z dans le cas des selles) et
(iii) pour déterminer la limite de détection du tritium lié au carbone
contenu dans l'urine (0,3 Bq-L1) et dans les selles (5 Bq-g"1). On a
évalué la méthode quant aux sources d'erreurs qui sont associées à
l'échange entre HTO et le tritium lié au carbone. On en conclut que la
méthode de biodosage peut mesurer de façon fiable le tritium lié au carbone
contenue dans l'urine et les selles à ± 10Z près.
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Abstract

A bioassay method was developed for directly measuring organically bound
tritium (OBT) in urine and feces. Samples first undergo low-temperature
distillation and vacuum separation to isolate tritiated water (HTO) and
exchangeable tritium. This is followed by converting the non-exchangeable
tritium (i.e., OBT) into HTO through oxygen combustion. The method was
investigated: (i) to optimise the sample preparation procedures; (ii) to
establish OBT recovery (64% ± 7% for urine and 71% ± 8% for fecss); and
(iii) to determine the detection limit for OBT in urine (0.3 Bq-L'1) and
feces (5 Bqg' 1). The method was evaluated for error sources that are
associated with the exchange between HTO and OBT. It is concluded that
this bioassay method can reliably measure OBT in urine and feces within
the range of ± 10%.
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1. INTRODUCTION

The measurement of the urinary excretion of tritium is the most prevalent
bioassay procedure in use for the internal dosimetry of tritium (Johnson, 1982).
However, the interpretation of bioassay results when estimating tritium body
burdens can depend on the route and nature of the uptake. One example is
skin-contact exposure to tritium-gas-contaminated metal surfaces, where all of
the tritium in the body is not in equilibrium with the body water, and therefore
cannot be accurately determined from the urinary excretion of tritium (Eakins et
al., 1975; Trivedi et al., 1989; Trivedi, 1992, 1993). The direct measurement
of organically bound tritium (OBT) in urine, or other biological samples, may
then be required (Kim et al., 1991). In this case, OBT in urine serves as a
better marker for uptake and the amount present in the body (McElroy et al.,
1989; Horvath et al., 1992).

Low-temperature distillation (LTD), which separates the HTO fraction from the
urine samples, is a simple and effective bioassay technique for analyzing OBT
(Trivedi and Duong, 1993). This technique has some limitations for the direct
measurement of OBT, because the concentration of OBT is determined from the
difference between total-tritium and HTO measurements. This leads to large
uncertainties at high HTO to OBT ratios, or when measurements are made near the
detection limits of liquid-scintillation counters. Moreover, the LTD method is
unsuitable for measuring tritium in non-aqueous samples (e.g., feces).

The aim of this work is to improve the sensitivity and accuracy of the OBT
measurement in aqueous (e.g., urine) and non-aqueous (e.g., feces) samples. We
have adopted a bioassay method where the OBT component is concentrated by
repeated distillation and vacuum evaporation (Rudran, 1988). Samples first
undergo LTD and vacuum separation to isolate HTO and exchangeable tritium. This
is followed by converting the non-exchangeable tritium (i.e., OBT) into HTO
through oxygen combustion. The fractions can be independently measured, which
reduces some of the uncertainties encountered in the LTD method. The effect of
cross-contamination (in essence, incomplete recoveries or conversion of one form
of tritium to another (HTO •+ OBT; OBT -» HTO) during the analytical procedure)
was evaluated.

2. MATERIALS AND METHODS

2.1 Samples

The urine and feces samples were collected from people who had no known exposure
to tritium or tritiated compounds. An aliquot from each urine sample was
measured by direct liquid-scintillation counting (LSC) to ensure that there was
no detectable tritium activity. Urine and feces samples were collected in
clean, sterile bottles and stored frozen.
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2.2 Sample Preparation

Urine and feces samples were spiked either with tritiated thymidine1, tritiated
water2, or both. Tritiated thymidine was used as a standard to represent OBT.
The radiochemical purity of tritiated thymidine was 97.12. Decomposition of
non-labile tritium was not expected to exceed 2% in the ten weeks after the
initial analysis3.

The concentration of tritium in the stock was calculated from the manufacturer's
data sheet, and for OBT using a 2% degradation factor. An experiment was
conducted to confirm the degradation factor for OBT. Table 1 lists the measured
activity concentration of the stock solution of tritiated thymidine. Measured
concentrations were within 1% of the expected value, while the OBT was 94.6 +
2.6%. Considering that recovery losses occur, as well as a conversion of OBT to
HTO during the analytical process, the measurement results support the
manufacturer's claim of about 2Z conversion. Reference OBT amounts in samples
were always corrected for the conversion. All spiked bioassay samples were
analyzed within a month of the preparation date.

2.3 Sample Analysis

A brief description of the bioassay method is given here. The complete
technical descriptions for measuring HTO and OBT in urine and feces are
described in Appendix I.

2.3.1 Removal and Measurement of HTO and Exchangeable Tritium

HTO in urine and fecal samples was determined from the initial distillate,
following low-temperature vacuum evaporation at 30° to 40°C using a rotary flash
evaporator4. (Because of the sensitivity of samples to heat, distillation at
low temperature is required to avoid decomposition of the OBT.)

Since some exchangeable tritium in the labile parts of organic molecules can
remain in the residue, the samples were washed repeatedly with water until
tritium activity in the rehydrate was returned to the background level.
Usually, two to three sample volume washes with water were enough to remove the
labile (exchangeable) tritium from the samples. The tritium concentration in
the distillates (initial distillate plus distillates after rehydrations)
represented the concentration of total exchangeable tritium and HTO in the
samples.

The distilled samples were vacuum-dried to constant, weights to remove any traces
of the water.

1Amersham Canada Ltd., Oakville, Ontario, Canada.

2AECL Research, Chalk River Laboratories, Chalk River, Ontario, Canada.

3Recommended by Amersham Canada Ltd., Oakville, Ontario, Canada.

4Model RE-111, Buchi Laboratories-Technik AG, Flawil, Switzerland-
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2.3.2 Combustion and Determination of OBT

Tritium in dried samples was determined using the oxygen-combustion technique
described by Rudran (1988). Dried samples (maximum 1 g) were compressed into a
pellet and placed in the crucible of a small oxygen bomb5. A large oxygen bomb6

capable of processing samples of 10 g was also used. The pellet was ignited
electrically in the air-tight oxygen bomb at 30 atmospheres of 02. The bomb was
cooled in ice-water during the firing. The water resulting from the combustion
condensed on the inside of the bomb. After cooling for 10 min, the water was
collected in a liquid nitrogen cold-trap by evacuating the bomb. The tritium in
the condensate was the measured OBT activity in the sample.

2.4 Activity Measurement

The tritium activity in the collected sample was measured in a Packard Tri-Carb
LSC,7 except where otherwise indicated. The room temperature and humidity in
the counting room was controlled. The collected samples extracted either by
sample distillation, rehydrations or combustion were counted with a high-
efficiency medium-loading LSC cocktail, Ultima Gold8 (Haddock, 1992). An
aliquot (5 mL) of the samples was mixed with 15 mL of Ultima Gold. The
scintillation vial was allowed to sit in the dark for at least 2 h prior to
counting, as a preventive measure against chemiluminescence. The samples were
counted to give counting errors of 5% or less. The counts were corrected for
quench and recovery.

The counting efficiencies of the scintillation cocktail and the scintillation
counter were determined by varying colour quench levels in prepared tritium
standards. Calibration verification tests were performed regularly.

2.5 Detection Limit for Tritium

The figure of merit (FOM) and lower limit of detection (LLD) for tritium were
determined for Beckman LS 7OOO9, Packard 1900 TR and LKB 1220 Quantulus10 LSCs.
Background measurements on deionized water samples were performed to determine
LLD values for tritium measurement. A deionized water sample was appropriate
because this water sample would be the same as final processed sample water from
urine and feces. The scintillation cocktail as indicated previously was Ultima
Gold. The ratio of the analytical blank to cocktail was 5:15 (v/v).

Table 2 shows the background count rates and detection efficiencies as well as
calculated performance characteristics for the low-background counting system

5Model 1108, Parr Instrument Company, Moline, Illinois, USA.

6Model 1121, Parr Instrument Company, Moline, Illinois, USA.

7Model 1900 TR, Packard Instrument Co., Meriden, CT, USA.

8Packard Instrument Co., Meriden, CT, USA.

'Model 7000 LS Beckman, Mississauga, Ontario, Canada.

10 Model 1220, LKB Vallac, Finland.
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used in this experiment. The LLD (Bq-L-1) was determined using the method of
Currie (1968):

FOM = (1)
CRb

2.71 + 4.65 CRb

LLD = (2)
V - e

where CRb = the background count rate for the analytical blank (cps),
tb = count time for the analytical blank,
e = fractional counting efficiency, and
V = sample volume in a scintillation vial (L).

The FOM is usually used to compare LSC analytical methods, where the sample
activity and counting times are equal, since it has all-important parameters
that account for the measured activity (e.g., the sample vial volume, efficiency
and background). The background count rate was observed to be independent of
quench for the quench range of the samples processed (unpublished data). The
higher the FOM value, the greater the sensitivity. Assuming that the sample
counting rate is statistically significant relative to the background counting
rate, a system with a FOM of twice that of another system can count twice as
many samples in the same amount of time.

Here, comparing the performances among three counters, it is obvious that the
Quantulus has the highest FOM and is capable of providing the lowest limit of
detection (Table 2). The lower limit of detection for 5 mL of the analyte with
a 60-min count time was 15 Bq-L-1 on the Quantulus LKB 1220 and 20 Bq-L"1 on the
Packard 1900 TR, respectively. The Packard 1900 TR LSC was used for tritium
measurements.

3. RESULTS AND DISCUSSION

3.1 Mean Recovery of OBT

The mean recovery of the spiked OBT (tritiated thymidine) from urine and feces
samples is shown in Tables 3 and 4. The mean recovery of the OBT was 74 + 10£
in urine and 82 ± 5% in feces for the small oxygen bomb (model 1108). For the
large oxygen bomb (model 1121), the mean recovery of the OBT was 64 ± 7% in
urine and 71 ± 8% in feces. The differences in both the recovery and precision
were attributed to the effective surface area of the two bombs. The large
interior surface area of the model 1121 bomb would contribute to losses.

The small bomb is adequate for use when activity in samples is more than 1 kBq,
and combustion residues are less than 1 g. However, for low-activity samples,
the large oxygen bomb is preferred because a larger amount of dry residue (10 g)
can be combusted.



Tables 3 and 4 also demonstrate that a fraction of the spiked tritiated
thymidine (OBT) activity was measured consistently in the form of HTO. For
example, 10% of the spiked OHT activity in urine was measured as HTO.
Similarly, up to 20% of the spiked activity in feces was measured as HTO. This
HTO evolvement constitutes a source error in accurately estimating the OBT
concentration in bioassay samples or obtaining reliable OBT to HTO ratios.

The LTD technique has also shown a similar percentage of HTO evolvement from the
OBT-spiked urine samples (Trivedi and Duong, 1993). This similarity is
attributed to the common method of separating HTO from the sample. The LTD and
the current OBT measurement technique employ LTD of urine at 45°C for HTO
separation.

3.2 Cross-Contamination Between HTO and OBT

To evaluate the possible source of errors from the cross-contamination between
the HTO and OBT species, several urine and feces samples were spiked with either
OBT, HTO or both. Tritium measurements were made on initial distillate,
rehydrates and combusted water. Table 5 shows the measured tritium activity in
all fractions of the spiked urine and feces. The spiked activities ranged from
1 kBq and 1 MBq.

When urine samples were spiked with HTO, the analysis of the sample showed that
almost all of the activity was measured in the initial distillate. The total
tritium recovery ranged between 94% and 96%. More than 98% of the total
recovered activity was measured in the form of HTO (activity in initial
distillate and rehydrates). The activity measured in the combusted water of the
dry residue of the urine samples showed that less than 2% activity was in the
form of OBT. Therefore, the loss of HTO to the OBT fraction was not a major
error source. On the other hand, the spiking of urine samples with OBT has
shown that 10% of the spiked OBT activity can be measured as HTO (Table 5).

Similar to urine data, feces samples with spiked HTO activity showed that most
of the activity (95%) was measured in the initial distillate of the sample
(Table 5). Feces samples spiked with tritiated thymidine showed that up to 20£
of the spiked OBT can be measured in the initial distillate and rehydrates of
the sample. The evolvement of HTO in the OBT spiked feces sample is attributed
to the metabolic degradation of OBT into HTO. Note that the spiked feces
samples were mixed with distilled water to form a slurry prior to the LTD. The
distillation at 45°C can create metabolic conversion of OBT tc HTO.

To see how much influence one tritium species can have on the accurate
measurement of the other species in a sample if both HTO and OBT are present,
the urine and feces samples were each spiked with HTO and OBT. The assumption
used here is that one tritiated species exists in the dominant form in bioassay
samples. Therefore, the ratio of HTO to OBT was either 1000:1 or 1:1000. The
final tritium activity in the spiked samples was 1 MBq.

No significant cross-contamination from HTO to OBT was seen when the level of
HTO was significantly more than OBT in urine (HTO.-OBT, 1000:1) (Table 5). More
than 96% of the spiked activity was measured in the form of HTO. These
observations were consistent with the earlier sample analysis, where only HTO
was spiked.
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However, when the level of OBT was a thousand times more than HTO in urine, the
sample analysis showed that more than 10% of the spiked activity was measured in
the initial distillate and rehydrates (as HTO). A higher percentage of HTO
cross-contamination (up to 20%) was also observed for the spiked feces sample.
These results indicate that limitations exist in making accurate HTO
measurements. The cross-contamination of tritium from OBT as HTO in sample
analysis is important if the ratios between OBT and HTO are in the range of
unity. Fractionation of the OBT from the analytical process into OBT and HTO
can affect the interpretation of bioassay-measurement results. Therefore, to
improve the assessment of the ratio between OBT and HTO, a correction must be
made for the OBT conversion to HTO (10-20%).

3.3 Minimum Detection Limit for OBT

Tables 6 and 7 show the amount of dry residue obtained from urine and feces.
The data demonstrate that the variation in the amount of dry residue in urine
and feces, per unit volume or mass, was not more than 10%. On average, 100 mL
of urine gave 3 g of dry residue, and 100 g of wet feces provided 25 g of dry
residue. The results also indicated that the inorganic residues (the
uncombusted fraction of the dry residues) in urine and feces were 20% to 30% of
the average dry residues, respectively.

Ten grams of the dry residue in urine on combustion yields more than 5 mL of
sample water, which is the upper limit of the sample vial volume that can be
counted in an LSC with the cocktail used in these experiments. Since 0.3 L of
urine produces about 10 g of the dry residue (Table 5), the maximum urine volume
for a single OBT analysis is 0.3 L. This results in a concentration factor of
60 for OBT in urine (0.3 L of urine/0.005 L of combusted water). Similarly, the
estimated concentration factor for OBT measurement in feces is 4 (20 g of
feces/0.005 L of combusted water).

The concentration factors are essentially the W2 • V2 • V3 term given in
Equation 2 of Appendix I, which gives the measurement concentration of OBT in
urine or feces.

Given a lower limit of detection (LLD) for tritium of 20 B q L 1 (cf. Table 1),
then the minimum detection limit for OBT is alout 0.3 Bq-L-1 (20 -r 60) for urine
and 5 Bq-g"1 (20 + 4) for feces.

The overall uncertainty in the measurement process is dominated by the counting
errors, LSC calibration errors and the recovery uncertainty. In many cases, the
errors due to counting and calibration can be limited to several percent. The
recovery uncertainty is much larger (6% to 13%). The following sources of error
for OBT recovery in urine and feces are identified:

(i) the separation of HTO from the sample (distillate),

(ii) the poor exchange of labile tritium with the hydrogen of the washing water
(rehydrates),

(iii) the carry-over of tritium from the washed sample to the dry residue, which
is then counted as OBT (cross-contamination), and
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(iv) the recovery of OBT from the combusted dry residue of the sample.

Using the standard-deviation values tor the OBT recovery, counting efficiency
and counting statistics, the uncertainty on OBT measurements was estimated by
using the error propagation method (Kanipe, 1977). The measurement
uncertainties for OBT activity is about ± 10%. This statistical analysis of the
results demonstrated that the errors measurement in the spiked samples is in the
range of acceptance--that is, a relative precision of 26% or less is good enough
for a 95% probability for quality bioassay data (MacLellan et al., 1988). Thus,
the method used in this study can reliably measure OBT in urine and feces.

4. CONCLUSIONS

The oxygen-combustion method, coupled with low-temperature vacuum distillation,
is capable of providing the proper resolution and sensitivity for OBT components
in urine and feces. The minimum detectable activity (MDA) of an OBT measurement
is about 0.3 Bq-L-1 for urine and 5 Bq-g1 for feces when the weight of the
combusted sample is 10 g, the counting period is 60 min, background count rates
are 20 cpm, counting efficiency (e) of the sample is 35% and the counted sample
vial volume is 5 mL- The measurement uncertainties are in the range of +10%.
Limitations do exist in making HTO measurements, especially when the ratios
between OBT and HTO are in the range of unity. The correction for the OBT
conversion to HTO (10-20%) from the analytical process must be considered.

5. RECOMMENDATIONS

The studied bioassay method is reliable for OBT measurements in urine and feces.
The method can provide quality bioassay data in evaluating and screening the
unplanned samples under investigation, but this method is inadequate for a
rapid, routine operation.

Future efforts in improving the methodologies for OBT measurement need to be
focussed on techniques that can be automated. The reduced sample handling and
transfer can contribute to more reproducible results and may eliminate OBT -> HTO
losses in OBT measurements.
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Table 1. Measured activity concentration of the stock tritiated thymidine.

The activity concentrations were measured using the low-temperature distillation method as described by Trivedi and Duong
(1993). The calculated activity concentrations were derived from the manufacturer's data sheet.

Trial Number

1
2
3
4
5

Average
Std. Dev.

% Std. Dev.

Total Tritium
(Calculated)

8.34E+05
8.34E+05
8.34E+05
8.34E+05
8.34E+05

Concentration (Bgj>er L)
Total Tritium

(Measured)

8.30E+05
8.16E+05
8.08E+05
8.28E+05
8.I5E+05

8.19E+05
<VV.E+03

1%

OBT

7.85E+05
7.56E+05
7.75E+05
7.83E+05
7.78E+05

7.75E+O5
1.15E+04

1%

Tritium (Measured)
Tritium (Calculated)

1.00
0.98
0.97
0.99
0.98

0.98
0.01
1%

OBT
Tiitium (Measured)

0.95
0.93
0.96
0.95
0.96

0.95
0.01
1%
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(1900 TR)
Window size
(0-11 keV)

LK B 1220
Quantulus
Window size
(20-240
channel)

18.5
18.4
19.0
18.8
18.3
18.5
19.3
17.8

3.3
3.4
4.3
3.4
3.3
3.0

453
453
453
448
450
452
450
449

851
851
851
852
854
853

46.9
46.9
46.9
46.5
46.7
46.9
46.7
46.6

32.6
32.5
32.5
32.7
32.9
32.8

2976
2993
2894
2872
2979
2970
2823
3045

7981
7883
6121
7928
8239
9004

13.3
13.3
15.9
15.9
15.7
21.1
21.6
20.9

9.2
9.2
10.1
10.7
10.5
10.2

Table 2. Performance of liquid-scintillation counters for detecting tritium in reagent blank.

Counter CR(b)# Time Volume! QuenchS Efficiency? FOM§ LU>
(Model) (cpm) (min) (mL) Parameters (%) (Bq per L)

Packard 17.3 180 5 452 46.9 3171 13.0

120

60

180

120

3.4 60 5 851 32.6 7784 14.1
3.4 854 32.9 7975 13.9
4.0 853 32.8 6749 14.9

Beckman 23.8 50 5 62 40.4 1711 29.3

20 5

10 5

207 65 39^ 1857 59.7

# CR(b) is the background counting rate (cpm) for reagent blank (double-distilled laboratory water) for
medium-load Ultima Gold scintillation cocktail using low level mode.

! The ratio between sample and cocktail is 5:15. The scintillation vial is glass and of standard size.

S The quench parameters for Packard, Quantulus and Beckman scintillation counters are tSIE, SQP(E), H
numbers as defined by the manufacturers.

• The counting efficiency is determined from the quench curves (Haddock, 1992).

§ Figure of merit.

• Lower limit of detection.

(1700 LS)
Window size
(0-400
channel)

24.3
24.7
25.2
22.8
24.1
23.6
25.6

65
65
63
63
64
65
64

39.2
39.2
40.0
40.0
39.6
39.2
39.6

1582
1556
1585
1752
1626
1629
1530

30.3
30.6
46.3
44.2
45.8
63.6
65.5



Table 3. Recovery of OBT in urine.

300 mL of urine samples were spiked with tritiated thymidine to yield different activity samples. The number of samples analyzed for each
spike activity was three, as described in section 2.3. The average tritium inventory is reported here.

Trial

Oxygen bomb
model 1108*

1
2
3

Oxygen bomb
model 1121*

1
2
3

Spike
Tritium

9.9E+3
8.9E+3
2.0E+4

6.1E+2
1.6E+3
1.1E+4

Measured
Initial Distillate

(HTO)

9.5E+2
8.7E+2
1.4E+3

7.7E+1
2.1E+2
1.5E+3

Activity (Bq)
Rebvdrates

(ET)

9.0E+0
1.6E+1
4.2E+1

1.1E+1
2.0E+1
3.2E+1

Combusted Water
(OBT)

7.8E+3
5.6E+3
1.6E+4

4.3E+2
1.0E+3
6.0E+3

Average
Std. Dev.

% Std. Dev.

Average
Std. Dev.

% Std. Dev.

Total Recovery #

0.89
0.73
0.88

0.83
0.09
10%

0.85
0.79
0.71

0.79
0.07
9%

OBT Recovery £

0.79
0.63
0.81

0.74
0.10
13%

0.71
0.65
0.57

0.64
0.07
11%

* The sample-size capacity of the oxygen bomb (Model 1108, Parr Instrument, USA) is 1 g.

• The sample-size capacity of the oxygen bomb (Model 1121, Parr Instrument, USA) is 10 g.

# Ratio of the sum of activity in initial distillate, rehydrates and combusted water to total spiked activity in urine.

i Ratio of OBT activity to total spiked activity.



Table 4. Recovery of OBT in feces.

50 g of feces samples were spiked with tritiated thymidine to yield different activity samples. The numbtr of samples analyzed for each
spike activity was three, as described in section 2.3. The average tritium inventory is reported here.

Trial

Oxygen bomb
model 1108*

1
2
3

Oxygen bomb
model 1121*

1
2
3

Spike
Tritium

1.3E+3
6.9E+3
3.5E+4

4.8E+2
1.8E+3
7.9E+3

Measured
Initial Distillate

(HTO)

2.4E+2
7.7E+2
5.2E+3

I.0E+2
3.1E+2
1.2E+3

Activity (Bq)
Rehydrates

(ET)

1.2E+1
3.6E+1
6.8E+1

1.1E+1
2.0E+1
3.2E+1

Combusted Water
(OBT)

9.7E+2
6.0E+3
2.9E+4

3.4E+2
1.4E+3
5.0E+3

Average
Std. Dev.

% Std. Dev.

Average
Std. Dev.

% Std. Dev.

Total Recovery #

0.97
0.99
0.97

0.98
0.01
1%

0.94
0.97
0.78

0.90
0.10
12%

OBT Recovery £

0.77
0.87
0.82

0.82
0.05 '
6% -

1

0.71
0.78
0.63

0.71
0.08
11%

* The sample-size capacity of the oxygen bomb (Model 1108, Parr Instrument, USA) is 1 g.

• The sample-size capacity of the oxygen bomb (Model 1121, Parr Instrument, USA) is 10 g.

# Ratio of the stun of activity in initial distillate, rehydrates and combusted water to total spiked activity in urine.

£ Ratio of OBT activity to total spiked activity.



Table 5. Cross-contamination between HTO and OBT in urine and feces.

300 mL of urine and 50 g of feces samples were spiked either with HTO, tritiated thymidine or both to yield different activity samples. The number of
samples analyzed for each spike activity was three, as described in section 2.3. The average tritium inventory is reported here.

Matrix

Urine

Feces

Spiked Concentration
(Bq)

HTO

1.3E+3
1.2E+5

1.1E+6

1.1E+3

1.3E+3
1.2E+5

1.1E+6

1.1E+3

OBT

9.9E+3
8.9E+3
2.0E+4

1.2E+3

1.2E+6

I.3E+3
6.9E+3
3.5E+4

1.3E+3

1.3E+6

Total Tritium

1.3E+3
1.2E+5

9.9E+3
8.9E+3
2.0E+4

1.0E+6

1.1E+6

1.3E+3
9.5E+4

1.3E+3
6.9E+3
3.5E+4

1.0E+6

1.3E+6

Measured Activity Concentration (Bq)

Combusted Water
(OBT)

2.5E+1
1.7E+3

7.8E+3
5.6E+3
1.6E+4

4.1E+4

9.1E+5

6.6E+1
2.4E+3

9.7E+2
6.OE+3
2.9E+4

2.2E+4

1.1E+6

Initial Distillate
(HTO)

1.2E+3
1.1E+5

9.5E+2
8.7E+2
1.4E+3

9.7E+5

2.9E+4

1.1E+3
9.0E+4

2.4E+2
7.7E+2
5.2E+3

9.6E+5

8.4E+4

Rehydrates
(ET)

1.5E+1
4.8E+1

9.0E+0
1.6E+1
4.2E+1

1.3E+4

8.2E+4

1.8E+1
1.1E+2

1.2E+1
3.6E+1
6.8E+1

4.4E+3

4.5E+4

Total*
Recovery

94%
96%

89%
73%
88%

98%

91%

95%
97%

97%
99%
97%

96%

94%

OBT-
Fraction

2%
1%

79%
63%
81%

4%

81%

5%
2%

77%
87%
82%

2%

85%

HTO§
Fraction

92%
95%

10%
10%
7%

94%

10%

90%
94%

20%
12%
15%

94%

10%

* The percentage of the sum of activity in initial distillate, rehydrates and combusted water to total spiked activity in urine.
• The percentage of OBT activity to total spiked activity.
I The percentage of the sum of activity in initial distillate and rehydrates to total spiked activity.



Table 6. Variability in the amount of dry residue in urine among
individuals.

Month

93-Oct
93-Nov
93-Dec
94-Jan

94-Feb
94-Mar
94-Apr

93-Oct
93-Nov
93-Dec
94-Jan

94-Feb
94-Mar
94-Apr

Average
S.D.

% S.D.

Average
S.D.

% S.D.

Dry Residue (g/100 mL of urine)*
A

2.75
2.44
2.75
2.88
1.59
1.70
1.49

2.23
0.61
27%

Inorganic
A

3.14
2.73
2.73
2.72
2.95
3.17
2.80

2.89
0.20
7%

B

2.71
1.80
4.62
3.23
3.09
3.57
4.84

3.41
1.06
31%

C

3.92
3.13
3.99
2.44
2.83
3.12
1.88

3.04
0.76
25%

D

2.92
3.75
4.07
2.79
5.66
5.17
3.12

3.93
1.12
29%

Matter (g/10 g of Dry Residue)*
B

3.03
3.20
3.20
2.96
2.69
2.56
3.17

2.97
0.26
9%

C

2.96
2.67
2.67
3.47
2.70
2.59
3.22

2.90
0.33
12%

D

3.67
3.13
3.13
3.03
3.35
3.21
3.22

3.25
0.21
6%

Average

3.1
2.8
3.9
2.8
3.3
3.4
2.8

3.15
0.39
12%

3.2
2.9
2.9
3.0
2.9
2.9
3.1

3.00
0.12
4%

* The dry residue represents the amount of total organic and inorganic matter
obtained after distillation and repeated rehydration and washing of 100 mL urine.

• The inorganic matter represents the amount of uncombusted residue in the 10 g of
dry residue obtained from urine.
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Table 7. Variability in the amount of dry residue in feces among
individuals.

Month

91-Jun
91-Aug
91-Nov
92-Jan

91-Jun
91-Aug
91-Nov
92-Jan

Average
S.D.

% S.D.

Average
S.D.

% S.D.

Dry Residue (g/100 g of wet feces)*
A

31.73
18.40
29.31
27.00

26.61
5.80
22%

Inorganic
A

0.06
0.08
0.25
0.08

0.12
0.09
76%

B

22.03
27.80
23.83
30.03

25.92
3.65
14%

C

28.60
23.77
28.01
22.49

25.72
3.04
12%

D

26.42
19.45
22.65
28.46

24.25
4.00
17%

Matter (g/lg of Dry Residue)*
B

0.31
0.13
0.28
0.12

0.21
0.10
47%

C

0.16
0.27
0.24
0.10

0.19
0.08
40%

D

0.11
0.21
0.18
0.28

0.20
0.07
36%

Average

27.2
22.4
26.0
27.0

25.62
2.25
9%

0.2
0.2
0.2
0.1

0.18
0.04
23%

* The dry residue represents the amount of total organic and inorganic matter
obtained after distillation and repeated rehydration and washing of 100 g of feces.

• The inorganic matter represents the amount of uncombusted residue in the 1 g of
dry residue obtained from feces.
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APPENDIX I

HTO and OBT Measurement

The analytical steps used for measuring HTO and OBT in urine and feces
are described herein.

2. SUMMARY OF METHOD

The HTO tritium was separated from the bioassay sample by
low-temperature distillation at 45°C in a rotary evaporator.

The exchangeable tritium was separated by repeated washing of the
sample (for example, 100 mL of H20 (three times) was used for repeated
washing of 100 mL of urine or 50 g of feces samples).

The sample residue was dried to a constant weight and then converted to
HTO by combustion in an oxygen bomb, and collected.

The initial distillate (HTO), rehydrates (exchangeable tritium) and the
water of combustion (OBT) were counted with a liquid-scintillation
counter.

3. INTERFERENCES

Oxidized tritium (HTO) or other forms of exchangeable tritium can
interfere with the estimation of OBT.

Other radionuclides in the sample are unlikely to be present after
combustion.

Low probability of color or chemical quench.

HTO cannot be reliably measured at high 0BT:HT0 ratios.

4. APPARATUS

Variable auto pipette
Eppendorf pipette, 500 mL, with disposable tips
Plastic or glass scintillation vials
Graduated cylinder
LSC fluid dispenser
Balance (10"« g)
Rotary evaporator/Parr oxygen combustion bombs: Model 1108 (342 mL,
max. sample size 1.1 g); Model 1121 (1850 mL, max. sample si2e 10 g)
Ignition units
Vacuum pump
Oxygen supply/regulator



- 17 -

Collection trap tubes
LN2 or insulated small dewars ("0.5 L)
Parr pellet apparatus
Ohmmeter
Tubing - rubber, PVC, various sizes
Thermometer
Hot plates

5. REAGENTS AND MATERIALS

Liquid-scintillation cocktail (Ultima Gold or equivalent)
Liquid nitrogen
Compressed oxygen
Water blank
Tritiated water standard
Tritiated thymidine

6. HAZARDS AND PRECAUTIONS

Hazards may be present in the handling of compressed oxygen supplies,
liquid nitrogen, liquid-scintillation fluids and glassware under
vacuum.

7. SAMPLING AND SAMPLE PREPARATION

Samples should be collected in clean containers.

Approximately 300 mL of urine and 20 g of feces can be processed when
10 g of material is combusted.

The volume of urine or mass of feces that can be processed is limited
by the mass of dry residue required to convert organic matter into HTO.
This limit is about 1 g for model 1108 and 10 g for model 1121 Parr
oxygen-bombs, respectively.

8. PREPARATION OF APPARATUS

8.1 Counting Equipment

The liquid-scintillation counter should be set up according to the
manufacturer's recommendations.

8.2 Preparation of Combustion Apparatus

The combustion apparatus is prepared for sample combustion according to
the manufacturer's recommendations.
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8.3 Preparation of Rotary Evaporator

The rotary evaporator is prepared for sample distillation according to
the manufacturer's recommendations.

8.4 Cleaning of Oxygen Combustion Bomb

The bomb cylinder is washed using a brush and soapy water and rinsed
well with distilled water. The bomb is dried in an oven at around
150°C.

Any fuse wire remaining on the bomb head electrodes (from previous
combustion) are removed using forceps. The electrodes are wiped clean
using a damp, soapy cloth and placed in the fumehood air-flow to dry.

The combustion cup is cleaned using steel wool and a soapy solution,
and then dried in an oven at around 150°C.

8.5 Cleaning of Rotary Evaporator Flasks and Condensation Unit

The rotary evaporator flasks are washed with hot, soapy water. The
flasks are then rinsed well with tritium-free water and dried in
air-flow.

The condensation unit is carefully disassembled and washed with hot,
soapy water. The unit is reassembled as indicated in the owner's
manual and dried with air-flow.

9. PROCEDURE

9.1 Evaporate Sample to Dry Residue Free of Exchangeable Tritium

[1] Pre-weigh the evaporation flask and receiving flask of the rotary
evaporator.

[2] Weigh 300 g of urine or 20 g of feces and add to the evaporation
flask.

[3] Connect the evaporation and receiving flasks to a rotary
evaporator apparatus and turn on the drive unit.

[4] Add water to the heating bath and heat to 40°C.

[5J Turn on the water supply to flow cold water through the condenser.

(6] Attach the vacuum line to the rotary evaporator and turn on the
vacuum pump. Open the vacuum line slowly, so that there is no
vigorous boiling.

[7] When the evaporation is complete, stop th« flask rotation, turn
off the vacuum pump and slowly break the vacuum.
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[8] Disconnect the receiving flask. Transfer some of the water into a
container for storage. The total amount of the distillate will be
determined by subtracting the residue dry weight from the
processing weight.

[9] Pipette an aliquot of the distillate and count in a liquid-
scintillation counter with blanks of the same volume.

flOJ If tritium activity is present, dry the condenser am1 the
receiving flask with dry air and rehydrate the residue with the
same volume of distilled water as the original sample (with 100 mL
of water in case of feces). Repeat steps 9.1.3 to 9.1.9 until
there is no detectable activity in the distillate.

9.2 Form the Dry Residue into a Pellet for Combustion

[1] The residue, which is free of exchangeable tritium, is
vacuum-dried by connecting the evaporating flask to a vacuum pump.

[2] When a constant weight is obtained, the residue weight is
recorded.

[3] About 1 g of weighed residue (for 1108 bomb) or 10 g (for 1121
bomb) is scraped from the flask into a pre-weighed combustion cup
in a desiccator. All weights are recorded.

[4] The 1 g residue is wrapped in a pre-weighed piece of Kimwipe
tissue (about 10 cm x 10 cm) and pressed into a pellet. The 10 g
residue is covered with a pre-weighed piece of Kimwipe tissue and
is firmly compressed (hammering) into the bottom of the capsule.
The combustion cup with pellet is stored in a desiccator.

9.3 Combust Dry Pellet

[1] The Parr oxygen bomb head is supported and a 10 cm fuse wire is
attached to the electrodes.

[2] The cup with the dry pellet is set into the loop electrode and the
fuse wire is bent so that it just touches the pellet, but clears
the cup. If the wire does not touch the sample, add an auxiliary
fuse made from a strip of Kimwipe tissue or filter paper.

[3] Remove the bomb head from the support, check the head 0-ring to
make sure that it is in good condition, and moisten it with a few
drops of water; push it straight into the bomb cylinder as far as
it will go. (The gas relief valve must be open.)

[4] For the small bomb (model 1108), the screw cap is installed hand-
tight. For the large bomb (model 1121), slide the clamping rings
into position and raise the band from the bottom of the bonb to
encircle the rings; seal the bomb by tightening each of the cap
screws in a criss-cross pattern.

[5] Using an ohmmeter, check the electrode terminals for continuity.
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(6] Close the gas-release valve finger-tight.

[7] Connect the oxygen-supply hose connector over the gas inlet
fitting on the bomb head.

[8] Close the regulator valve and open the oxygen cylinder valve not
more than one-quarter turn. A pressure greater than 500 psi
should be observed at the small gauge on the regulator.

[9] Open the regulator valve slowly to purge the bomb with oxygen.

[10] Close the regulator valve when a pressure of 5 atmospheres is
reached.

[11] Slowly open the gas-release valve on the bomb head and release all
the oxygen-positive pressure in the bomb.

[12] Close the gas-release valve finger-tight.

[13] Open the regulator valve slowly and introduce about 30 atmospheres
of oxygen into the small bomb (model 1108) or 15 atmospheres of
oxygen into the large bomb (model 1121). Close the regulator
control valve when the pressure is achieved.

[14] Release the residual pressure in the filling hose by pushing down
on the relief valve lever. Disconnect the filling hose.

[15] Submerge the bomb gently in water to check for leaks.

[16] Set the 1108 bomb in about 10 cm of room-temperature water. Set
the 1121 bomb inside the bomb shelter made of concrete blocks.

[17] Attach the Parr bomb ignition wires to the two terminals on the
bomb head.

[18] Stand away from the unit and press the firing button on the
ignition unit. Hold the button for five seconds. Combustion is
confirmed by the red light on the ignition unit and elevated
temperatures on the outside of the bomb.

9.4 Recover the Water Resulting From Combustion

[1] Seal the inlet valve with a piece of rubber tubing or stopper.

[2] Remove the bomb from the water (1108 only), and connect the
gas-release valve to a piece of rubber tubing.

[3] Connect the tubing to a centrifugeable glass-collection trap and,
using tubing, connect the trap to a stopcock and vacuum pump.

[4] Apply the vacuum by opening the stopcock and gently lower the trap
into a dewar of liquid nitrogen.
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[5] Slowly bleed the contents of the bomb into the glass trap. Heat
the bomb on a hot plate until warm (15 minutes), to expel the last
of the water vapor.

[6] Close the bomb gas-release valve and the vacuum stopcock and
gently remove the glass trap from the dewar.

[7] Release the vacuum slowly while removing the rubber tubing from
the bomb gas-release valve.

[8] Lightly cork both inlets to the glass trap.

[9] Allow the trap to warm to room temperature.

[10] Tightly cork the glass-collection trap and centrifuge for two
minutes at 2000 rpm, to get all collected water into the trap
bottom.

[11] Weigh the collected water in a labeled liquid-scintillation vial
and record the weight. Adjust the collected water to meet a
particular sample:cocktail ratio (vol:vol) by taking some of the
water out or adding distilled water to it. The total combustion
water is assumed to result from the difference of the weight of
combusted residue and the weight of the uncombustible residue left
in the combustion cup/capsule.

[12] Add a nominal liquid-scintillation cocktail to the sample, tightly
cap and shake vigorously.

[13] Count in a liquid-scintillation counter.

[14] Collect all counting data.

10. DETERMINING HTO CONCENTRATION IN URINE ( B q L 1 ) AND IN FECES (Bq.g1)

CHTo = (1)
e • 60 • Vs • Vc

where CRn = net sample count rate (CRs-CRb) in cpm,
CRS = sample count rate in cpm
CRb = background count rate in cpm
VT = total volume of HTO extracted from sample (L),
Vs = initial volume of the urine (L) or the initial weight of the

feces (g) used in distillation,
Vc = volume of collected HTO counted (L),
60 = minute-to-second conversion factor, and
e = fractional counting efficiency-
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11. DETERMINING OBT CONCENTRATION IN URINE (Bq.L1) AND IN FECES (Bq.g1):

C0BT = (2)
R • € • 60 • W2 • V2 • V 3

where CRJJ = net sample count rate (CRs-CRb) in cpm,
CRS = sample count rate in cpm
CRb = background count rate in cpm
Vy - total volume of combusted water collected (L),
Wx = the total dry weight of combusted residue (g),
R = recovery of OBT through the oxygen-combustion process for

normally used sample weight (%). The OBT recovery is
determined separately for the spiked urine and feces samples.

V2 = the volume of water of combustion counted (L),
V3 = initial volume of the urine (L) or the initial weight of the

feces (g) used,
W2 = the total weight in grams of the combusted residue,
60 = minute-to-second conversion factor, and
e = fractional counting efficiency.
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