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RELEASE OF TRITIUM FROM TRITIATED PAINTS 
B. G. illiemejyer 

ABSTRACT 
A study of the tritium losses from five tritiated 
phosphor paints showed that the losses from these 
paints were generally low. Samples of five different 
paints which were leach tested six times over a period 
of 11 months had losses ranging from 0.018 to 0.731% 
of the initial activity in the samples. 

Tritium evolved from a paint which had been cured for 
3 months after application was 0.011% of the initial 
activity during a 9-hr sampling period. Tritium evolved 
from two groups of wrist watches having painted disks 
or hands and maintained at body temperature (98.6®F) 
was 0.238 and 0.058 pCi/day per watch. 

Losses during paint drying at 28°C during a 4.5-hr 
period ranged from 0.142 to 2.32% of the initial activity. 

Tests were also made to determine the effects of paint 
thickness and exposed surface area on the losses. 

INTRODUCTION 
The use of tritium as the activator in self-luminous paints has increased 
steadily during the past several years. Tritium has a low radioactivity, 
but the high activity per gram used for good luminescence could result in 
potential radiological hazards as a result of gradual release of tritium 
oxide to the air; however, ordinarily there should be no hazard to the 
general public because the rate of release is slow and the total amount of 
tritium in a single device such as a wrist watch is small. On the other 
hand, the potential hazard during manufacturing operations where large 
quantities of paints are mixed, applied, and dried is not negligible. 

This study was made to obtain data on tritium losses from commercial 
tritiated paints, purchased from several suppliers, under various con-
ditions. Paints were exposed to water leach tests in order to determine 
the effects of aging, paint thickness, and exposed surface area on 
tritium loss. Other tests were made to determine air-borne losses from 
the paint pigments, mixed paints during drying, cured paints, and 
tritium-painted dials and hands of wrist watches. 

The paints consist of ZnS phosphor coated with a highly insoluble 
tritiated organic binder which holds the pigment in place after drying. 
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A volatile thinner is sometimes added to increase fluidity. The paints 
received from the suppliers consisted of separate containers of pigment, 
binder, and sometimes thinner. The pigment, in the form of a dry powder, 
appeared to have about the same consistency as talc. One supplier indi-
cated that the paint pigment had a particle size of 10-50 microns, another 
stated 5-20 microns. Although most of the suppliers indicated that their 
paint formulation was proprietary, some stated that methyl methacrylate 
dissolved in xylene was used as the binder and that the tritiated compound 
used to coat the surface t>f the ZnS phosphor was tritiated polystyrene. 

The report,is divided into three sections. The first section contains 
the test results of a group of paints which were purchased in 1965. The 
second section contains test results from a group of paints purchased in 
1972, and the third section contains test results on wrist watches 
purchased in 1971. 

TRITIUM LOSSES FROM PAINTS PURCHASED IN 1965 
Water-Leach Tests — Six-Year Study of Losses 

Samples of each of the five paints were prepared (according to the manu-
facturers' instructions) for long-term 24-hr water-leach tests to deter-
mine tT»e effects of leaching, aging, paint thickness, and exposed surface 
area on tritium losses. The paint samples were prepared by weighing 50 mg 
of tritiated phosphor into a 0.5-in.-diam countersunk surface on a 1 * 3 x 
0.05-in. aluminum strip. Binder was then added and mixed with the pigment. 
The paint was spread out,uniformly over the countersunk area. Thinner was 
added only when needed to spread the paint evenly. The samples were dried 
in air for 24 hr and then cured at /v80°C for 1 hr under a heat lamp. 

The test samples for the water-leach tests were prepared in May 1965 and 
were tested during the period July 1965 to October 1971. The five paints 
were made by three manufacturers: paints WH-193, -194, and -195 were 
supplied by the same manufacturer and WH-191 and -192 were each supplied 
by different manufacturers. 

The water-leach tests were performed by completely immersing each.sample 
in 20 ml of distilled water at room temperature for 24 hr. Analysis of 
the tritium content of the leach water was by beta liquid scintillation 
counting* The tritium losses are given as percent of the initial activity 
based on the manufacturer's stated tritium content. 

The first set of samples ("A" samples) were leach tested 35 times during 
a 6-year test period. The tests were made at ^1-month intervals for the 
first two years and at 3- to 10-month intervals during the last four years. 

The leach test results for the first 11 months, arranged in order of 
increasing activity, are given in Table 1. The "B" and "C" samples were 
used as controls to aid in determining the relative effects of repeated 
leach tests and aging. The "B" samples were first tested six months 
after the initial tests of the "A" samples, and the "C" samples, 11 months 



3 

Table 1. Tritium Losses in Water Leach Tests With Sample Weight 
and Exposed Area Held Constant and Total Activity Varied 

Sample Manufacturer1s 
Sample Total Activity Activity Tritium Loss (%) 
No. (mCi) (mCi/g) Initial 6 mo 7 mo 8 mo 9 mo 10 mo 11 mo 

WH-192A 10.8 200 0.096 0.118 0.113 0.052 0.078 0.145 0.113 
WH-192B 10.5 200 — 0.094 0.096 0.047 0.074 0.115 0.099 
WH-192C 10.6 200 — — — — — — 0.115 
WH-193A 18.2 345 0.167 0.414 0.424 0.424 0.308 0.474 0.387 
WH-193B 18.2 345 — 0.336 0.235 0.437 0.283 0.382 0.328 
WH-193C 18.4 345 — — — — — — 0.702 
WH-191A2 27.1 540 0.062 0.022 0.024 0.025 0.018 0.026 0.023 
WH-191B2 27.2 540 — 0.021 0.026 0.020 0.021 0.030 0.028 
WH-191C2 27.1 540 — — — — — — 0.027 
WH-194A 31.9 645 0.231 0.595 0.382 0.612 0.434 0.731 0.668 
WH-194B 32.7 645 — 0.678 0.379 0.628 0.438 0.670 0.581 
WH-194C 32.9 645 — — — — — — 1.296 
WH-195A 52.6 1050 0.169 0.457 0.297 0.327 0.329 0.534 0.430 
WH-195B 52.5 1050 — 0.535 0.320 0.389 0.362 0.592 0.501 
WH-195C 52.8 1050 — — — — — — 0.873 

after the initial "A" sample tests. No correction was made for tritium 
decay (^4.7% per year). The losses range from 0.018 to 1.296% of the 
initial activity. 

In most cases, tritium losses increased with increasing concentration of 
tritium (mCi/g) in the paints. In two of the paints, a marked difference 
was observed, i.e., the paint with the lowest leach rate (WH-191) had a 
moderately high tritium concentration (540 mCi/g), and the paint (WH-195) 
which had the highest tritium concentration (1050 mCi/g) had lower losses 
than paint WH-194 which had a considerably lower tritium concentration 
(645 mCi/g). These observed differences were probably due to paint formu-
lation, i.e., choice of tritiated compound and binder. 

Age of the paint before leach cesting appears to be a factor in the losses. 
This is evidenced by the increase in the losses when progressing from the 
initial test of the "A" sample to the 6-month test of the "B" sample, to the 
11-month test of the "C" sample, for each of the paints. Subsequent leach 
test results indicate that the losses tended to stabilize during the eighth 
to eleventh month of the tests. The aging effect may be due to radiation 
damage to the tritiated compound which allows tritium to migrate to the 
surface of the paints where it is readily removed during the water-leach 
tests. 
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The paint samples were examined periodically to determine if any changes 
were occurring due to the repeated water-leach tests. After eight months 
of leach testing (3 leak tests) all of the leach-tested samples were 
examined under a microscope for possible surface defects. Paints WH-191 
and WH-192 appeared to be unchanged from the original condition. Paints 
WH-193, -194, and -195 showed signs of deterioration, such as fine cracking 
over the entire surface of the paints. Spot checks of samples which had 
not been leach tested showed the same type of cracking but not as pronounced. 
The cracks in the paints gradually became wider and more numerous. After 
16 months of repeated leach tests (11 leach tests), paint WH-191 began to 
change color (darkened), and chips of paint began falling off paints WH-193, 
-194, and -195. This type of deterioration continued throughout the re-
maining leach tests. By the end of the test period, samples WH—193, —194, 
and -195 had only about 5 to 10% of the initial paint still remaining 
on the samples which were repeatedly leached. Paints WH-191 and -192 were 
considerably discolored and minor paint peeling was clearly visible , but 
nearly all of the paint remained intact on these two paints. Paint samples 
which were not leach tested did not chip or peel. 

The data obtained over the six-year test period were too voluminous to 
present in tabular form, however, the data are given for each of the 
paints ("A" samples) in Figs. 1 to 5, where the accumulated tritium 
losses are plotted as a function of time since the initial water-leach 
tests. The accumulated losses are given at 6-month intervals and range 
from 0.018 to 21.2% of the initial activity. No corrections were made 
for decay (^28% in six years). 
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the losses obtained in the water-leach 

1. Alternate wetting and drying of the paint samples which could cause 
deterioration of the paint surfaces. 

2. The choice of tritiated compound and binder used in the paint 
formulation. 

3. Previous losses or peeling of paint from the samples leaves less 
tritium available for subsequent leach tests. 

4. The age of the samples before leach testing, as evidenced by the 
cracks in the surfaces of paints which had not been leach tested. 

5. Decay of the isotope leaves less tritium available for leaching. 
6. A build-up of tritium on the surface of the paint can give an 

initially higher-than-normal loss of tritium. 
7. Radiation damage could have caused deterioration of the samples 

over the test period. 
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Effect of Surface Area and Paint Thickness on Losses 
Water-leach tests were also used as a means of determining the effects 
of the exposed surface area of the paint and paint thickness on tritium 
losses. 

Table 2 shows tritium losses as a function of exposed surface area. 
Each sample contained 27 mCi of tritium (50 mg of tritium activated 
phosphor). As expected in a leaching process, the area of exposed 
surface appears to be an important variable. 

Table 2. Tritium Loss With Variable Exposed Area 

Sample Tritium Loss (% of activity) 
Initial 6 mo 7 mo 8 mo 9 mo 10" mo 11 mo 

0.196 in.2 Surface Area (nominal area) 

WH-191A2 
WH-191B2 

0.062 0.022 
0.021 

0.024 
0.026 

0.025 
0.020 

0.018 
0.021 

Q.026 
0.030 

0.023 
0.028 

0.392 in.2 Surface Area (double area) 

WH-191A3 
WH-191B3 

0.113 0.048 
0.052 

0.036 
0.036 

0.040 
0.081 

0.033 
0.030 

0.044 
Q.037 

0.038 
0.037 

Table 3 shows the effect of paint thickness on tritium losses. The sam-
ples all had the same surface area and were prepared from the same paint 
used for the specimens in Table 2. The samples having a normal paint 
thickness contained 50 mg of tritiated phosphor; those with one-half 
normal paint thickness contained 27 mg of tritiated phosphor. The lower 
losses for the thicker paint seem to indicate that the amount of tritium 
obtained in water-leach tests depends on the length of the leak path 
through which tritium escaped from the paint samples. 

Table 3. Tritium Loss With Variable Paint 
Thickness Based on Initial Activity 

„ - Tritium Loss (% of activity) 
p Initial 6 mo 7 mo 8 mo 9 mo 10 mo 11 mo 

Normal Paint Thickness 

WH-191A2 0.062 0.022 0.024 0.025 0.018 0.026 0.023 
WH-191B2 - 0.021 0.026 0.020 0.021 0.030 0.028 
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Table 3. Continued 

1 Tritium Loss (% of activity) 
" Initial 6 mo 7 mo 6 mo 9 mo 10 mo 11 mo 

One-Half Norxnal Paint Thickness 

WH-191A1 0.083 0.039 0.043 0.040 0.032 0.052 0.048 
WH-191B1 - 0.075 0.051 0.053 0.052 0.059 0.062 

Loss During Paint Drying Period 
In other tests,1 100-mg aliquots of the tritium-»activated organic* polymer 
were mixed with binder and thinner in ceramic boats and then'immediately 
introduced into the test apparatus. Air was pulled through the system at 
the rate of one bubble per second over a 4.5-hr period. The tritium loss 
was determined every 30 iflin' for the" first-1.5 hr* and then every hour; The 
temperature of the paint was held at 28°C during the test to"simula£e "con-
ditions that occur in normal usage. Temperatures throughout the equipment 
were maintained at levels which would prevent tritium condensation. Tritium 
was removed from the air stream by condensation in a trap at dry-ice tem-
perature. The air stream was further monitored for tritium by passing it 
through a water scrubber at room temperature. In a second series of tests, 
the released gases were passed through copper oxide at 700°C to convert 
elemental tritium and any tritiated organics that might be present to the 
oxides. The results r>f these tests are given in Table 4. The tritium 
losses generally increase during the first ^2.5 hr and then decrease for 
the remaining ^2 hr of the tests. The percent tritium as the oxide (and 
organic) ranged from- 70vl to—lOGof the-total-losses-. 

Table 4. Tritium Losses During Paint Drying at 28°C 

Time Interval 
(hr) 

Tritium Losses (% of initial activity) Time Interval 
(hr) WH-192 WH-193 WH-191 m-194 WH-195 

0.5 0.014 0.414 0.021 o;o6o 0.155 
0.5 0.031 0.521 0.018 0.094 0.336 
0.5 0.052 0.456 0.026 0.101 0.315 
1.0 0.054 0.355 0.031 0.106 0.502 
1.0 0.054 0.269 0.020 0.143 0.461 
1.0 0.036 0.300 0.020 0.129 0.252 

H 20 Trap 0.010 0 . 0 0 0.006 0 . 0 0 0.004 

Total 0.251 2.32 0.142 0.633 2.03, 

% as Oxide 70.1 88.8 94.4 100 — 

Mfg's act. conc. 200 345 540 645 1050 (mCi/g) 540 645 1050 
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TRITIUM LOSSES FROM PAINTS PURCHASED IN 1972 
Water-Leach Tests V. 

A second group of tritiated phosphor paints was obtained in January 1972 
to obtain loss data from current production paints. Eleven paints (in-
cluding unmixed pigment and binder) were purchased from five foreign and 
two domestic suppliers. Paint samples for testing were mixed according to 
the manufacturers' instructions using equal weights of binder and pigment. 
The paint was applied to a 0.5-in.-diam countersunk surface on aluminum 
strips in order to prevent damaging the paint surfaces during storage and 
testing. Each test sample contained 50 ± 1 mg of pigments (ZnS phosphor 
and tritiated compound). The samples were cured at room temperature for 
12-16 days before being tested. 

One sample of each of the 11 paints was subjected to a series of five 
24-hr water-leach tests during a 26-day period. The results for tritium 
loss to the leach water for each of the tests are given in Table 5, along 
with the manufacturer's stated activity concentration and the amount of 
activity in each paint sample (based on the manufacturer's data). The 
results show that, for any given paint, the tritium loss in each succeed-
ing test is generally lower during the first two or three leach tests, 
and that the losses in the remaining tests are nearly constant. This 
behavior of unsealed tritium sources is normal, and it probably consists 
of an initially high loss due to loosely held tritium on the source 
surfaces, followed by a more stable period in which the loss is limited 
by the rate at which tritium can permeate from the interior of the source 
to the source surface. All eleven of the paints had losses which were 
considerably less than that permitted by USAEC regulations2 (5% of the 
initial activity). 

Table 5. Tritium Losses In 24-Hr Water-Leach Tests 

Sample 
No. 

Manufacturer's 
Activity 
(mCl/g) 

Sample 
Activity 
(mCi) 

Tritium Loss on Dates Tested (% of Initial)4 Sample 
No. 

Manufacturer's 
Activity 
(mCl/g) 

Sample 
Activity 
(mCi) 1/25/72 2/2/72 2/8/72 2/15/72 2/22/72 

WH-285 100b 5.0 0.63 0.27 0.16 0.15 0.13 
VH-280 150 7.5 0.24 0.19 0.11 0.09 0.12 
WH-276 200 10.0 0.12 0.07 0.06 0.06 0.07 
WK-286 200b 10.0 0.94 0.42 0.20 0.19 0.18 
UH-283 222 11.1 0.26 0.14 0.13 0.12 0.13 
WH-277 240 12.2 0.15 0.15 0.12 0.10 0.10 
WH-281 300 15.0 0.57 0.36 0.26 0.23 0.24 
WH-284 370 18.5 0.71 0.29 0.25 0.2 2 0.20 
WH-278 450 22.5 0.16 0.12 0.07 0.07 0.07 
WH-282 500 25.0 0.28 0.16 0.13 0.13 0.14 
WH-279 550 27.5 0.17 0.10 0,07 0.07 0.07 

aPercent of Initial activity in the sample based on manufacturer's stated activity 
per gram. 
°Not given by manufacturer, but presumed from manufacturer's sales Information. 
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As was the case of the 1965 paints (Fig. 1), the losses from the 1972 
paints in the water-leach tests did not always vary with the activity 
concentration of the paints, indicating that paint formulation is 
probably an important variable with the 1972 paints also. The tritium 
losses varied from 0.06 to 0.94% of the initial activity. 

Measurements of Activity Concentration of the Pigment 
Since compliance with USAEC regulations (CFR 10, Part 32, §32.14) presumes 
knowledge of the initial amount of activity contained in the paint, the 
activity concentration per gram of unmixed pigment (phosphor coated with 
tritiated polymer) was determined for each of the 11 paints and compared 
with the values supplied by the manufacturers (Table 6). The reason for 
the large differences is not clear. Repeated checks of the ORNL data 
gave results within ±10% of the average ORNL values shown. It may be 
that some of the manufacturers are basing their stated activity concen-
tration on the activity per gram of tritiated polymer rather than on the 
activity per gram of pigment (tritiated polymer plus ZnS phosphor). 
Analysis was by beta liquid scintillation counting. 

Table 6. Tritium Concentration in the Paint Pigments 

Sample 
No. 

ManufacturersT ORNL Ratio of Manufacturers' Sample 
No. Stated Concentration Analysis Stated Concentration/ Sample 
No. (mCi/g) (mCi/g) ORNL Analysis 

WH-285 100b 63 1.59 
WH-280 150 125 1.20 
WH-276 200 

200 
186 1.08 

WH-286 
200 
200 139 1.44 

WH-283 222 105 2*11 
WH-277 240 198 1.21 
WH-281 300 135 2.22 
WH-284 370 107 3.46 
WH-278 450 317 1.42 ? 
WH-282 500 305 1.64 
WH-279 550 390 1.41 

Average of either two or three determinations. 
b 
Not stated by the manufacturer, but assumed from the manufacturers' 
sales information, which lists only these two activity concentra-
tions available. 

The tests were made by placing 5 to 8 mg of paint pigment into a ceramic 
boat and placing the boat into the test apparatus (Fig. 6). The boat 
was then slowly heated to 700°C and held there for 2 hr. An air flow 
was provided to sweep the evolved tritium into the U-traps which were 
packed with glass beads and held at dry ice temperature. After passing 
through the initial three cold traps, the gas was passed through CuO held 
at 700°C to completely oxidize any tritium and tritiated organics to the 



10 

oxides, which were then removed in a second series of three cold traps. 
A back-up water scrubber was provided to detect any tritium oxide remain-
ing in the gas stream. This equipment is similar to that used to recover 
tritium losses of the 1965 paints during paint drying but modified by the 
addition of extra cold traps and the capability of measuring both elemental 
and oxidized tritium at the same time in a single apparatus. 

ORNL-DWG 7 4 - 1 3 M 6 
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Fig. 6. Apparatus for Recovering Tritium. 

Water-Leach Tests of the Paint Pigments 
The stability of two of the pigments in water was determined by subjecting 
M>0 mg of each pigment to a 24-hr water-leach test. The results of these 
tests are given in Table 7. 

Table 7. Tritium Losses in Water-Leach Test 

- Manufacturers® Stated Tritium Tritium 
" Tritium Concentration Loss Loss 

m ' (mCi/g) (yCi) (% of initial)5 

WH-276 200 74.8 0.645 
WH-281 300 87.8 0.496 

Based on manufacturers' stated tritium concentration. 

Tritium Loss from Paint Pigments in Air 
Tritium losses from 2.00-g samples of three of the paint pigments were 
measured in air at room temperature. The results of these tests follow. 
The measured losses varied from 94 to 99% tritium oxide. The tritium was 
recovered for analysis using the equipment shown in Fig. 6. A small 
flow of room air was passed over each of the samples during the entire 
test to simulate normal air movement in a ventilated room. 
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Pigment WH-279 (550 mCi/g) 

After the sample was purged with room air for 20 hr, the average loss rate 
of a 4-hr sample was 21.9 yCi/hr. A second sample, taken 4.5 days after 
the start of the test, gave an average loss of 19.8 uCi/hr. 

Pigment WH-281 (300 mCi/g) 

Before the room air purge was started on this pigment, a sample was taken 
to determine the initial loss rate from the pigment immediately after 
it was removed from the storage bottle. The average measured loss rate 
over a 4-hr period was 18.0 yCi/hr. A second sample taken 4 days after 
the start of the test gave an average loss rate of 13.4 yCi/hr during a 
2-hr sample period. A third sample taken 13 days after the start of 
the test gave an average loss rate of 7.8 pCi/hr during a 2-hr sampling 
period. 

Pigment WH-276 (200 mCi/g) 

This pigment was also sampled for tritium loss before the room air purge 
was started. The average loss rate over a 4-hr sample period was 
157 yCi/hr. The second sample, taken 5 days after the start of the test, 
gave an average loss rate of 2.7 yCi/hr during a 2-hr sampling period. 
The third sample, taken 13 days after the start of the test, gave an 
average loss rate of 2.4 yCi/hr over a sample period of 2 hr. 

Tritium Loss from Freshly Mixed Paint During Drying 
The tritium loss from freshly mixed paint at about 25°C was determined by 
mixing equal weights of pigment and binder, according to the manufacturers1 
instructions. The results are given in Table 8 for the two paints which 
were tested. Ninety-nine to one hundred percent of the tritium lost was as 
the oxide. Tritium losses were recovered using the equipment shown in Fig. 6. 

Table 8. Tritium Loss from Freshly Mixed Paint During Drying 

Sample 
No. 

Tritium Loss (% of initial)a Manufacturers1 Sample 
No. 1st 2 hr 2nd 2 hr 3rd 2 hr Stated Activity 

(mCi/g) 

WH-276 0.12 0.021 0.013 200 

WH-281 0.082 0.043 0.017 300 

Based on manufacturers1 stated activity concentration. 
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Tritium Loss from Paint Which Had Been Cured Three Months 
The loss of tritium from a sample of paint WH—276 which had been aged 
(cured) for three months after mixing according to the manufacturers' 
instructions was measured. The initial 9-hr sample gave an average 
loss rate of 0.125 yCi/hr (0.011% of the initial activity*). The second 
9-hr sample taken 24 hr after the start of the test gave an average loss 
rate of 0.0569 yCi/hr (0.0051% of the initial activity*). The third 
9-hr sample, taken 120 hr after the start of the test, gave an average 
loss rate of 0.0299 yCi/hr (0.002963 of the initial activity*) . 

TRITIUM LOSS FROM LUMINOUS'WRIST WATCHES 
Since a considerable number of watches contain tritium paint, tests were 
made to determine the tritium losses from these watches. For these tests 
six watches (three from each of two manufacturers) were purchased from a 
local retail store. 

Tritium contained in these watches is incorporated as the activator in 
the self-luminous ZnS paints which are applied to the watch dials and 
hands. The likely mechanisms of tritium release are leakage through 
openings in the watches which are not tightly sealed and by diffusion 
through the plastic crystals. The watches from one of the manufacturers 
(identified as WH-275) had each of the 12 numerals painted, whereas the 
watches from the other manufacturer (identified as WH-274) did not have 
painted numerals, but had a, small dot of paint near each of the 12 
numerals. The hands of both types of watches were painted. It was 
estimated that the watches identified as WH-275 had about 60 times more 
painted area than those of the watches identified as WH-274* 

For testing, three watches from each manufacturer were placed in separate 
pyrex containers which were sealed at both ends with pyrex valves. The 
atmosphere throughout all of the tests was dry air. The tritium evolved 
from the watches was periodically flushed (every 3 to 8 days) from the 
sealed containers into a tritium recovery train (Fig. 6) and then analyzed 
by liquid scintillation counting. The losses are given in Table 9. Ninety-
five to ninety-nine percent of the losses were in the form of tritium 
oxides (and possibly some tritiated organics). It was expected that the 
WH-275 watches rather than the WH-274 watches would have the highest 
losses due to the relatively large exposed surface area of the paint. The 
cause of this difference in loss rates is unknown. The loss rates were 
determined at room temperature (75°F) and at body temperature (98.6°F). 

Table 9. Tritium Loss from Wrist Watches 

Sample Tritium Loss (liCi/day .watch) 
No. Room Temperature Body Temperature 

WH-274 0.105 0.238 

WH-275 0.020 0.058 

Based on the manufacturer's stated activity concentration. 
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