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UNITED STATES

ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20543

Mr. David N. Link, Director ’ -
Bureau of Medical Devices and Diagnostic Products
Department of Health, Education, and Welfare

Food and Drug Administration

Rockville, Maryland 20852

Dear Mr. Link:

Over the past 18 months, the Atomic Energy Commission, im cooperation
with the Army, Ravy, and Air Force, has been studying the possible
presence of radioactive material in ophthalmic glass. The emphasis of
our work was ‘to determine if AEC regulations were violated and to what
extent if any "source materials" appeared in ophthalmic glasses.

Currently, the AEC exempts from regulation or license requirements the
possession or use of any "source material” (uranium or thorium or any
combination of these materials) up to 0.05 percent by weight in any
chemical mixture, compound, solution or alloy. There is & further maxi-
wmum allowable limit of 0.25 percent by weight of thorium, uranium, or
any combination of these materials in the rare earth oxides which are
used in the manufacture of optical or ophthalmic glass. Thetefore, it
is conceivable that such glass could contain some thorium and uranium

as unintentional naturel contaminants.

The only significant radiaetion emitted by natural thorium and uranium

is alpha radiation which has very little sbility to penetrate material, -
Consequently, if these materials were present in spectacles, the radiation
emitted could not reach the most semsitive structures of the eye. The
cornea is the only eye structure that would be affected.

-~ The study incluged the following elements: - 7v. T T e

1) appointment of & group'of consultants-ophthalmoiogists, radiation
‘biophysicists, radiation biologists and other experts--to help determine

vhether or not the presence of this trace material might have any. deleterious
" effect on the eye;

2) a theoretical study on penetration of the human eye by elpha
part;cles from glasses containing radicactive materials;

3) systematic radiation measurements on samples of all available
types of ophthalmic.glass manufactured in the U.S.A.
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Mr. David N. Link -3 -

We have met with the Optical Manufacturers Association and presented
our findings. The U.S. ophthalmic glass manufacturers through the

OMA have proposed to develop an industry voluntaery performance standard
for radiation emission from ophthalmic glass which w111 be issued for
public comment by January 1975 (see Enclosure 1).

Another aspect of this problem is that sbout 10 percent of the ophtha1m1c
glass used in the U.S. is imported and hence would not be covered by a
U.S. industry voluntery standard.

Representatives of the Bureau of Medical Devices and the Bureau of Radio-
logicel Heelth, FDA, have been informed of the progress of our study. The
Bureau of Medical Devices has the primary cognizence of the ophthalmic glass
industry in the United States. We are transmitting the findings of our
study to you on the basis that the appearance of radioactive materials in
ophthalmic glass does not result from violations of AEC regulations; indeed,
the contamination cannot be prevented solely by the control of source material
content. This is & matter deserving of continued surveillance by the Federal
acency responsible for the safety of medical devices.

Sincerely,

Lester Rogers
Director of Regulatory Standards

Enclosures: St Wa Mk.j.

1. Press Release for Distribution by Optical
Manufacturers Association (November 19, 1974)
2.. Thorium and Other Katurally Occurring Alpha Emitters — - - .

in Ophthalmic Glass--Summary of Radiation Survey
3. Radiobiological Evaluation of Thorium in Optical
. and Ophthalmic Glass
4. Penetration of the Human Eye by Alpha Particles from
Glasses Containing Radioactive Isotopes

cc: Darwin N. Taras, USMC ' .
Robert C. McMillan, USAMERDC :
Major George S. Kush, AFSGPA
Capt. James H. Dowling, USN
Lt. Col. Edward W. Blackburn, DASG
Col. Lawrence T. Odland, USAFRHL
John C. Villforth, HEW
Dr. ¥m. Mills, EPA
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Introduction

Preliminary radiation measurements performed by military and AEC

. personnel in the last two years indicated that some ophthalmic glaSSes

contain small amounts of naturally occurring emitters of alpha radiation.

Because of the concern about possible effects of alpha radiation
on the cornea and in order to determine if the radiation detec:edeas-a
reéult of violations of AEC tegulations,Awe héve perfdrmed-sYstemétic
radiation measuréments on Sampies of all available'typés of ophfhalmic

glasses manufactu:ed in the U.S.A. The purposes of the measﬁrements were

as follows:

1. To determine the amounts.ahd identity of naturally oécurring
alpha emitters in o#hthélmic glass.,
2. To identify the type (or types) of glass in which those
alpha emitters are preseﬁt.

3. To identify the source of the alpha contaminants in ophthalmic

glass.

Sample Selection
: :
We obtained from the four U.S. manufacturers of ophthalmic glass
V(American Optical Corpqraﬁion, Bausch and Lomb Compan&Q Corning Glass
Works, and Schott Optical Glass, Incéfporated)Adescriptions of the

gross chemical-compositiqns'of”the'variods:glassgs manufactured by

them. There are.many'types (cataiog*numberé)'qf ophthalmiﬁ-glass._



The same types of glass are sometimes produced-by several manufacturers.
‘In order to keep the number of samples at a reasonable.size, we

gtoupe& glasses with similar chemiéal cohpbsitions and those §roducéd
Sy the same company. The number of different types of glass in a group
varied from 1 to 10. In such a way, we obtained 28 different grdups

of glasses, containing 10 to 20 sémples each. 140 different types df‘

glass were examined and the total number of glassAsamplesAwaS'kﬁl.

To be able to retrace each piece pf glass to its time and place of
manufacture, and to the raw materiais used; we had to obtain the
ophthalmic glass sémples in ;ﬂe form of pfeéging or strips, since in the
grinding ahdvpolishihg process the glass loses its identity. Pressiﬁgs
of glass made by American Optiéal and Bausch and idﬁb'were.obtained from
the manufacturers—--these companies proceés all the glass they manufactuie.
Corning and Schott glass samples were obtained from the manufacturers and from

a few other sources (distributors).

The séﬁpling plan was designed under the followink physicé;
'constraintéz |
1. The total sample included*the’prédﬁcts of the four cdmpanies,
2. -.The_tfpes of pressingé made Fy each company were divided into
groups of similar‘typés with thg»requirement“fhat:a siafemént'
regarding.radiéﬁion emission'mﬁsé be>ﬁade ébout‘ea¢higroup,_A‘

indeﬁendentuof all other.groups,
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3. Each type of pressing in each group was included in the sample.
4. Each group was considered as aﬁvequally likely candidate to
produce a2 significant proportioﬁ'of pressing'emitting mofe‘than

a specified amount of radiatiom.

The four constraints indicated above, for -all pfactical purposes,
limited the immediate scope of the saﬁpling study since Initially the
ﬁotal sample size was hoped to be ﬁounded.by ZSG-pressings. Even though
the sampliﬁg désign almost doqbled the 250 bound,Aonly limited statements
éan be made about the,proportioﬁ of pressings eﬁitﬁing significant radiation,
and very little,'if any, information was obtained on an upper confidénée bound
for the larger quantiles of distribution of alpha emissions from the offending
groups. Thus, for all practical purposes, this experiemnt is considered aé

a screening experiment.

The procedufe was as follows. Select a sample of 15 or 16 pressings
fgom each group of pressings per company. If the true proportion of
pressings which exceeds the specified radiation level 1s less thén 0.03,
the specified sample size will enable one to say with 80 percent confidence
that.the true propoftion ié covered approximateiy-by_thé intervai 0 to | |

p + 0.10, where f is the estimate of the proportion.
The samples were randomly chosen from the types of-pfeSsings_within
each group, subject to the restriction that evéryvtype-was'sample& at -

least oace.
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The required samples of pressiﬁgs were also selected from company

stocks in a random manner.

Measurements

of

From Table IV of the enclosed report by C. A. Tobias and A. Cha;te:jee'

it can be seen that the energetic alphé paxticlés, which can penetrate into

{

the cornea, are emitted by the short-lived radionuclides in the thorium

220 216 212

series: Rn, “ Po, 212Bi_and mainly Po. Because of their short

half-life, they are in secular equilibrium with 228Th. Thus, determination

of the quantity present in a glass sample of any daughter of 228Th Wiil

determine quantitatively the content of 228Th and the alpha emissions from

the glass due to thorium daughters. 'Alphaispectdmetty in this case requires
tedious radiochemical procedures and is vefy time consuming. Several of the
daughters of 228Th can be identified and qu tified by gamma spectrometry

in a much simpler and faster procedure. We have chosen to measure the gamma

emigsions from 212Pb because of a convenient peak of 238 keV.

In the chemical processing of the additives containing thorium,
it is possible that the non-thorium daughter products of -thorium

decay may be sepgrated and th&t a pon-gqulibrium\condition exists.

Figure 5 of the enclosed report'by C. A. Tbbias and A. Chatterjee’
shows the variation in alpha activity as a function of time for natural

thorium from.which the non-thorium daughters ﬁere separated. The ratio

of minimum to maximum alpha activity of thebthorium series 1s about two.

212

. Thus measuring oniy. ~“Pb, oné_can possibly,dndéréstimate the dﬁantity

232

Th present by a factor of 2.

-tw—-n-J‘.
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Alpha spectrometry of the thorium fraction of certain ophthalmic

glass samples showed ratios of 232Th to 228Th of 1 to 20. This implies

that the thorium was in this case removéd from the glass additives but

228Ra (daughter of 232Th) reméihed. Thus it appears necessary to

determine the quantity of 228Ra present as wgll. This can be accomplished

228

by measuring the gamma emission from 228A¢ (a short-lived daughter-of Ra).

At a later date the data were examined for the 909 keV peak of

228, 228

Ac. In a few samples it appeared that the

than the 212 Pb activity. Those samples were recounted for 1000 minutes

each, and it was shown that the 228Ac activity was 1ndeed'highEr. The

Ac activiéy was higher.

number of samples was too small to draw any quantitative conclusions. These
results, however, together with the results of alpha spectrometry mentioned
above, strongly suggest that also the measurement of zzsAc is necessary in

order to determine the potential alpha activity due to thorium daugh;érs.

In the uranium serieé, it is sufficient to determine the quantity
226

" of Ra in order to determine the'relevantlalpha emission due to uranium .

daughters. This was done by measuring the 325 keV peak from 214Pb.'

All the ‘radiation measurements were performed by the AEC Health Sefvices
Laboratory, Analytical Chemistry Branch, Idaho Falls, Idaho. Prior to
measurement each glass saﬁple was*ground into sand and a predetermined'

volume of this sand was placed into a Staﬁda;d countiﬁg.Gial and:weighed.



-6

The samples were counted on a Ge-Li detector for 30 minutes and

the resulting gamma spectra evaluated for 212Ph and 214Pb. Zlng

228

was assumed to be in secular equilibrium with Th (and all the other

daughters of 228Th) and Zlan in equilibrium with 226Ra (and all the

other daﬁghters). Because of the possibility that some of the 220Rn

zzan (uranium series) might have escaped during

{thorium series) and
the grinding of glass into sand, several samples were recounted a few

days later to see whether there was an increase in activity; none was

found.

The verification of procedure accuracy was performed as follows:.

1. Thorium series. In three glass samples the qﬁantity

present of 228Th was very carefully determined by
radiochemical separation and alpha spectrometry. The
same glass samples were later measured in the same way as
' 212

all other samples and their Pb content determined..

The results are given in Table 1.



Table 1

Verification of Procedure Accuracy

Thorium Series

228 . 212

Th Fb 212Pb
As calculated* | As calculated* , . As calculated*
from alpha spectrometry from gamma spectrometry from gamma spectrometry
" in dpm/gram (directly on crystal) (sample changer) .
: in dpm/gram in dpm/gram
1000 - 5000 min 1000 min 60 min
count time A : count time count time
Sample A 27.8 + 0.5 26.4 + 0.3 25.2 + 1.4
Sample B 13.1 + 0.4 14.5-+ 0.2 13.0 + 1.1
Sample C 16.6 + 0.6 15.3 + 0.2 18.0 + 1.2

*Deviation shows only counting uncertainty.

In addition, thtee samples of known thorium concentratibn and

known to be in equilibrium (New Brunswick Laboratory analyze& samples)

and analyzed by flourometry and alpha spectrometry by the Health Services

Laboratory, were used to verify the procedures of thoriﬁm determination

212 228

using the Pb and Ac gamma‘emissions. These results a:e'given

in Table 2.



Table 2
Verification of Procedure Accuracy

Thorium Series

AThorium Calculated*

_ ZThoriun Calculat.

New Brunswick Health Services As 212pp Using Gamma As 228A<:'Using Ga:
Laboratory Laborato:y o Spectrometry . Spectrometry
Analyzed Samples Fluorometric and
7 Alpha Spectrometry
Zthorium ' Zthorium » _ Zthorium - Z%thorium
Sample I 1.01 + 0.01 1.01  + 0.01 - 1.02 ° + 0.02 1.08 f_t 0.01
Sample II ' 0.101 + 0.002  0.101 + 0.003  0.103 + 0.001 0.105 + 0.002
Sample III 0.0102 + 0.0001 0.0102 + 0.0002 . 0.0104 _-I; 0.0001

*Deviation shows _“only counting uncertainty. )

0.0106 + 0.003

2, Uranium Series. We had available a sample of pitchbletiae with

known specific activity of 238

U and known to be in e'quilibtitim

with a1l the daughters. In order to obtain similar specific

7 activity and the same geometry as used during the'_‘ measurement

of glass samples, the pii:chﬁleﬁde was dilutéd with 8102 and

214

the: Pb content was measured in ;hé same way as in all glass .

samples. -

The results are sqﬁmatize,d in Table 3.



!

Undiluted Pitchblende -

Pitchblende Diluted
Vith SiOzv

Table 3

Verification of Procedure Accuracy

" Uranium Series

Specific Activity:
238y geries

6050 + 40 dpm/g

642 + 5 dpm/g

*Deviation shows only counting uncertainty.

Results

We have measured the activity of

212

of ophthalmic glass.

214pp a5 Calculated* from Garmm
Spectrometry
(sample changer)

Pb and 214

30 minute count time

6100 + 40 dpm/g

630 + 10 dpm/g

Pb in 441 samples

Table 4 gives the frequency distribution of the observed countiné

rates.
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Table 4
Frequency Distribution of the Observed Counting Rates

Ophthalmic GClass Samples

Pb. . Pb

0.968

212 214
Cumulative : Cumulative
Interval _ Frequency  Proportion Frequency Proportion
(dpm/g) ‘
0.0-0.5 45 0.102 : 49 - 0.111
0.5-1.0 33 0.177 - .- 18 0.152
1.0-1.5 35 . 0.256 _ 18 0.193
1.5-2.0 52 : 0.374 . - 18 '0.234
- 2.0-2.5 31 © 0,454 , 19 - 0.277
2.5-3.0 40 ‘ 0.535 - 24 0.331
-3.0-3.5 26 - 0.594 23 0.383
3.5-4.0 20 0.639 18 0.424
4,0-4.5 23 - .0.692 20 0.469
4.5-5.0 8 0.710 20 0.515
5.0-5.5 10 0.732 16 0.551
5.5-6.0 8 0.751 . 8 0.569
6.0-6.5 - 8 . 0.769 B 12 0.596
6.5~7.0 8 0.787 10 0.619
7.0-7.5 4 0.796 ' 8 0.637
7.5-8.0 13 0.825 , 14 . 0.669
8.0-8.5 - 4 0.834 ’ 14 0.701
8.5-9.0 5 0.846 : 8 0.719
9.0-9.5 2 0.850 11 0.744
9.5-10.0 4 0.859 ’ 4 0.753
10.0-11.0 9 0.880 9 0.773
11.0-12.0 4 0.889 11 0.798
12.0-13.0 4 0.898 5 0.810
13.0-14.0 5 0.909 4 0.819
14.0-15.0 3. 0.916 3 .0.825
15.0-16.0 3 0.923 3 0.832
16.0-17.0 0o - - 0.923 ‘5 0.844
17.0-18.0 1 0.925 5 0.855
18.0-19.0° 2 0.930 3 0.862.
19.0-20.0 4 0.939 1 0.864
20.0-21.0 2 0.943 5 0.875
21.0-22.0 2 0.948 & . 0.884
22.0-23.0 1 - 0,950 -3 0.891
23,0-24.0 2 0.955. 7 - 0.907
24,.0-25.0 2 - 0.959 4 0.916
25.0-26.0 0 - 0.959 5 0.927
- 26.0-27.0 1 0.961 6 0.941
27.0-28.0 . 1 0.964 9 0.961
28.0-29.0 1 0.966 .3

. . . . -
UV B B T L T .—...I
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Table 4 (Continued)

Pb212 ‘ o Pb214

Cumulative Cumulative

Interval : Frequency Proportion o Frequency Proportion
(dpm/g) ' _

29.0-30.0 2 0.971 3 0.975
30.0-35.0. 3 0.977 6 0.989
35.0-40.0 1 0.980 2. 0.993
40.0-45.0 1 0.982 0 .0.993
45.0~-50.0 1l 0.984 -0 0.993
50.0 -+ 7 1.000 3 1.000

1
wh.d{
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The actual values for the seven samples that exhibitedi?lsz
activity in excess of 50 dpm/gram are as follows: 50.1, 55.9, 71.6,
125, 164, 197, and 359 dpm/gram. The corresponding 214Pb activity of
those samples is as follows: 0.1, 16.5, 26.0, 58.9, 31.7, 50.9, and -

228Ac activity of those samples was eqﬁal to the

86.9. dpm/gram.* The
Pb activity. All those samples were made by the same manufacturer

and all contained significant amounts of rare earth oxides.

i As described -above, the radiaﬁion'surveyvof the gléssAsamples was
designed to detect certain groups of ophthalmic glass which exhibited
radiation levels higher than a certain le#el. ‘Thus the samﬁles were
divided into 28 groups accordiﬁg to their chemical cdmpoéition and
manufacturer.  The mean count rate and_standard’deviétion for the 28

groups are given in Table 5. .

 %0.05% by weight of thorium in equilibrium with all-the daughters would

result in 212Pb activity of approximately 120 dpm/g and 0.05Z% bx weight
of uranium in equilibrium with its daugthers would result in _
activity of about 370 dpm/g. .

e -

ek



Table 5

‘Results of Camma Measurements - Ophthalmic Glass Samples

~ Lead~212 Lead-214
Disintegration per minute Disintegration per minute
per gram : " per gram
_ S , Standard*#* Standard#* :
Group No, Mean* Deviation Mean* Deviation Glass Description
1.84 ,1.28 3.71 2.00 Clear ¢rown |
2 3.27 1.28 13.15 2.28 High index segments for fused bifocals,
y : . ' ‘ ‘ contains 3-67% ZrO2
2 2.55. 0,97 . 5.46 1.62 High index segments for fused bifocals
: . . " contains 17 ZrO2 :
4 ‘ . 3.2 1.57 2.87 1.92 Crown glasses - different tints
5 . 7.37 . 1.66 24,15 2.78 Barium segment - 5-7% 2r0,
6 ) 2,16 1.19 5.13 1.84 ' Flint segments; high lead content -
T - . | 0-2% zr0, -
7. 2.19 C O 1.24 4,40 1.85  Clear crowm o |
15.39 3.11 6.34 .27 Pink crowns - 2-3% rare earth oxides
9 - 18.82 - 2.35 9.90 2,42 Crookes crown ~ V67 rare earth oxides
10 ”'." 2.11 1.31 1.78 1.89 Green crown - no rare earth oxides
1 L9 1.26 2.45 1.83 Neutral crown
12 2.18 . 1.28 - 3.0 1.89 Tan crown
13 1.73 1.34 | 3.40 2.08 Blue crown
14 L 2,24 1.25 3,75 1.96 Yellow crown | |
15 . 2.08 1.28 2.81 2.00 Special glass for sttengthening
16 - 10.00 1.80 27.48 2.80 - Barium segments 7% Zr0, '

7 L2 1.32 2.52 1.95 Clear crown




| Groug No. -
18

19
20
21

22 -
23

24
25
26

27
28

Tahle 5 (C

ontinued)

Results of Gamma Measurements - Ophthalmic Glass Samples

Lead-212 Lead-214
Disintegration per minute Disintegration per minute
‘per gram per gram
: : Standard*#* ' Standard** ,
Mean* Devia;ion ] Mean* Deviation Glass Desoription _
23.17 - 10.81 6.70 2,88 Tinted glasses - 1 to 10% rare earth oxid
64.56 23.38 16.37 7.14 - Crooks glasses <10% rare earth oxides
1.65 | 0.88 3.02 1.30 Tinted glasses - no rare earth oxides
'1;93 0.99 2.73 1.46 Tinﬁed glasses - no rare earth oxides
2.60 1.15 4.14 1.91 Tinted glasses - no rare earth oxides
4.55 1.51 8.69 2.37 Photocromic glass - 1-10% Zro, '
12,35 1.48 3.26 1.97 Welding and industrial glasses
2.72 0.89 8.28 1.67 - Flint segments - 1-10% zr0,
' 1.29 0.73 2.09 1.15° Flint segments no ZrO2
5.79 t1.27 18. 60 3.01 Clear barium segments - 1-10% Zr0,
7.04 1.16 22.44 2.61 Tinted barium segments - 1-10% zro,

*Background included

The background pooled from 6 individual determinationa 18:. fo
‘ " for

r 2%y o~ 1.32 4 1.30 dpo/g
?lan - 1.45'1.1.85'dpm/g‘

**Standard Deviafion includes both measurement error and the within group variability.
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Sincé thorium.and uranium are ﬁidgly spread in the earfh's crust
and are present in very low levels in practically_all sands and other
raw materials;uéed in ophthalmic glass manufactqre,’one can eXpec#Aséme
low 1evel~"$ackg:ound" activity to bevpresent.iﬁvall sémples;

3

We do not know, however, what the "background" activity of an

uncontaminated ophthalmic glass is. We attempted, therefore, to define
the glass background from tﬁe availablé’data. In the majority of samples
the count rates for both 212Pb and 214Pb were below 10 dpm/g. In another

‘large group of samples at least one count rate was above 20'dpm/g. There

was a scattering of count rates which lie between éhose regions,

Wé'décided, therefore, to consider all gl#SS-é piés in which Ehe
square root of the sum of the squares of 212Pb and>214Pb disintegration
rates waé below 20 dpm/gtas'uncontaminated and,the.mea§ of their count
rates as the "ophthalmic glass backgtéund.? 351Agiaés samples out éf

441 met this criteria. This decision was of course arbitrary to a large

degree.

The "background" values obtained from the 351 "uncontaminated"

samples are as follows:

for 21%py | © L 1.56% + 3.89%

for e 330k k4B

*The mean is adjusted for measuremeut background

. %*The standard deviation includes both measurement error and the
. variability between the 351 Samples. :
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'Using the "ophthalmic glass background" we proééeded‘tq estimate
the percentage of 'contaminated' samples in the 28 groups. - The resu_lts

together with the upper 80% confidence limit are given in Table 6.

Tabie 6

Percent (P) of "Contaminated" Lens Pressings in a Group
and the Upper 80% Confidence Limit (C.L.) for the Percent

Total Lens :
Group No. , in Group _ P _ C.L.

1 15 0.00 . 1.18

2 22 - 13.64 . 20.35

3 16 0.00 1.10

4 1o - - o0.00 : 1.76

5 20 90.00 94.91

6 16 0.00 1.10

7 15 ~ 0.00 1.18

8 16 37.50 47.89

9 16 "~ 68.75 ‘ 78.02

10 16 0.00 1.10

11 18- ) 0.00 0.98 ‘
12 16 0.00 1.10

13 ' 18 0.00 0.98

14 : 15 0.00 ‘ 1.18

15 12 0.00 1.47
16 15 100.00 100.00

17 « 16 0.00 1.10

18 16 25.00 34.60
19 ’ 16 75.00 83.50

20 : - 15 0.00 - 1.18
21 - : 15 0.00 1.18 '
22 » -11 0.00 _ 1.60

23 o 15 ' 0.00 _ 1.18

24 _ 16 . 0.00 - 1,18

25 _ l6é 0.00 - . 1l.10

26 » ‘ 15 ' - 0.000 -1.18

27 B 16 50.00 60.45

28 3 , 18 o 72.22 . 80.61
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Summary and Discossion

We have performed radiation measurements on 441 ophthalmic glass

samples containing 140 different types of glass, which were divided into -

28‘groups according to their chemical composition and manufacturer.

90 somples (20%) exhibited activity in excess of 20 dpm/g,
out of which 7 samplés (1.62)‘exhibited activity im excess of 50 dpm/g.
Nine_oot of 28 groups contained samples with activity in excess of -
ZO dpm/g. Several of these groups cooéiSted of several types of glass,
and in some caoeé all the fcontaminated“ p?essings came from a iimited
number of glass types; The most notable examole of this is Group 18.
There are ten types of giassgs in this group, foo; of'whiohooontain -
"contaminated" samples; fhe "contamin;ted" Samplés‘have an;average
212

count rate for Pb of 56. 28 dpm/g, while others have an average’

of 3.60 dpm/g for 212,

This example illustrates that some of the'groupo'afe very bfoad
in their coverage of glass types. It should also be noted that the
variability within some types of glasé'is very large. “For example,
one glass type in Group 19 showed count rates of 125, ?.78, 359, and

197 6pm/g or a range of over 350 dpm/g;for;just»four pressings.

- - e e w e i s cmeemm s e e e e e e me e e L B L et TR T
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Since sample size restrictions forced many types of pressings to
be restricted to having just one or two representatives, the possibility

exists that some of the lower count rates seen may be:low}outliers. Thus,
_ i
one must also have a degree of suspicion for the "uncontaminated" groups

which consist of several glass types which have only a few representatives.

The radiation survey_of ophthalmic glass performed'by us was
of a limited scope_and we were unable therefore to obtain%definitive
answers to all questions that we posed; however, the following pre-

liminary conclusions can be drawnm. ,

1) Due to widely varying. ratios of 232Th to'zzelh,, d

non~-equilibrium conditions observed in ophthalmic

glass samples, it is clear that specifications of

allowable presence of source material in weightjpercent

do not adequately specify the radiation emicted from
ophthalmic glass by radionuclides in the'th?tium series; g
The same is also true for the uranium_serie;. There is‘an.
obvious need to set standards which will.di;ectly relate

to radiation emissions from ophchalmic glass. One |
possible way 1s to specify the maximum allowable contamination

zgakaaand 228Th (for the thorium series) and by 2?633 '

228,

‘be
.(fof the utaninm series), The " "Ra. could probably be identified
by measuring the gsnna fromvzzsAc, the’ zngnAby the gamma

from 212Pb3 and the 2?§Raiby.che gamma froﬂleaPBl

©irmr emmne e m e usi | sttt s etees mcmae o e g MmZiet et e 4 et ae bx At fpaem sle et b AN AP w-n'.]"
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2) From.the measurements.petfo;med it eppears; elthougn;iiuigs‘
not ptoven,'tha;'radioactive~contaminetions-ane main1§  E
present in some batches (but not all) of ;nre,earph‘and
zirconium oxides'used in the manufacinte of cerfainnopn;halmic
glasses.

~3) . Widely different radiation 1evels were observed in glasses
having the same catalog number and made by the same manu-
facturer, depending upon the ‘date of the manufactute. This
~ suggests that'with proper‘quality_control it should be
possible to manufectnre_nll.ophthalnie glasses with a verjf"

low radioactive contamination.

The radiobiological,significances of ophthalmio glass eontamination
oy alpha emitters is discussed.in the report by G. W.-CaSarett et al, |
entitled "Radiobiological Evaluation of Thorium in Ontical and Ophthalmic
Glass." The relationship between the 212Pb and 214Pb activity and |
the poes;ble dose to the germinal cells of‘the‘eornea,areAgiven 1n a
report bi C.TA. Tobias end A;_Chateerjee, entitled "fenetration.of»ehe'

Human Eye by Alpha Particles from Glasses Containing Radioactive Isotopes-

(See, in. particular, Tables XII and XIV, and Figures 6 7, and 9 )

Both reports are enclosed. -
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THE RADIOBTOLOGICAL PROBLEM OF THORIUM IN

OPTICAL AND OPHTHALMIC GLASS

I. INTRODUCTION

For this report the term optical glass (or lenses) refers to ocular

{eyepiece) glass lenses used in special instruments, for example, tele-

scoﬁes or microscopes. The term ophthalmic glass (or lenses) refers to

ordinary standard glass 1§nses>such as those used iﬁ spectacles. The
term thoriumfcontaminaﬁed glass (or lenses) refers only to glass that is
‘ nonintentionally contaminated ﬁith fhorium of.Other radioactive materials V
' as a consequence of the natural presence of these "sourcé_ﬁaterials" in

the natural raw materials (silicates) used in the manufacture of the

glass.- The terms thorium glass (or lenses)vand thoriatéd élass (or
lenses) are used to refer to glass to whiéh thorium has been intentioﬁ-
ally added in manufacture, in addition to>natural cdgtaminaﬁion, to
achieve cerﬁain properties. |

Currently the AEC exempts froﬁ regulation or license the pOSséssion
" or use of any "source material" (uranium or thorium or any combination
thereof)'up‘to-0.0SZ by weight in.anf“chemicai mixture, compound,'sdlu_
t;bn or élloy. | | | |

Ré}e earth materials in silicates include about 0.1% thorium:by'
weight. The maximum allbwéhie i;mit of'ﬁhé;ium, uranium'br any combina-:
- tion of these in rare earth oxides used'in the manufacture of op;iéal'or'

ophthalmic glass is 0.25% by weight. Therefore, it is conceivable that -
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such glass lenses could contain more than 0.05% thorium as an unintentional
naturﬁl contaminant. |

Thorium usually is not added intentionally in the manufacture of oph-
thalmic giasses. Thorium glass is unsuitable for ophthalmic 1ghses. Oph-
thalmic glasses may contain, however, traces of radibactive imputitieé from
various sources, inﬁluding thorium, to a small fraction of one percent.

Up to 30% thofium has been inteﬁtionally_includéd in the manufacture of
certain typés of optical glass used in optical instruments éuch as tele-
scopes and microscopes, to achieve cértain properties{ ‘These élasses,are
used for highly specialized purposes. AEC regulations prohibit. the use of
such thorium glasses'close to the eye, as in the case of éyepiece'(oéular)
lenses.- In a few instances, however, thorium glass has been found in parts
of instruments that are normally used close to the eye.

A hazard of the use of thorium-containing lenses in optical instru-
mental eyepieées is the exposure of the eyes and contiguous tissues to
ionizing radiation. |

This report addresses the following specific questionms.

1. Can éye-damage be expected froﬁ the radiation emanating from
thérium,Auraniuﬁ, actiﬁium and their daughter products in.optical
eyepiece lenses and ophthalmic lenses, and, if so, under what
conditions? |

2. Can_the‘sigpificande of tﬁe preséngerf theseiradibaétivé

'>Substénces in these ienses; with regérd to:public‘héalth; be
assessed onvthe basis of currently a§ailab1e‘igforma£i¢n? and,

1if not, what additional information is requiréd?
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II. PHYSICAL DEFINITION OF THE PROBLEM

232Tho:1um is an isotdpe of long half-life and the parent of the

"thorium series" of natural radioactive isotopes. In this series, 228Th’
another thorium isotope, is also present.  Furthermore, radiocactive thorium

occurs as 2.31Th and 227Th in the actinium series, and as 230Th and 234Th in

the uranium sefies; Of these, 2321h is of the gréatest consequence, unless.

uranium or some of its daughters are also'preseﬁt; In addition, 229Th occurs

in the neptunium series, and there are five other thorium isotopes, 223Th.

224 225Th, 226Th' these latter are probably not important for the safety

Th,
problem being considered.

The isotopes pertinent to the problem at hand are those that emit

-alpha rays. These are shown in Tables I, II and III for the thoriuh,

-actinium and uranium series, respectively.

O MU
o
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Table T

THORIUM SERIES

ABBREVIATED TABLE’OF CONSTANTSl

DECAY,
RADIATION HALF-LIFE ENERGY
’ MeV
232, ey | 1.41 x 1029 yr 4.08
228, s oy o sy | 0.055
228, 8 vy . 613n 2,14
228y, a oy 1913 yr 5.52
224p, . Y R WA SR s |
2000 &y sss | 6.41
206p, 4 016s 6.91
2102y, | B v 10.6 b o 0.58
Az aB y 60.6 m 82.25
. : B «6.21
22, ., | 3.06x107 s - 8.78
208,y - 8 v : B U .'_'4,99
2085, | Stéblg - stable

1Based mainly on:: C. M. Lederet, J. M. Hollaender and 1. Perlman, Table of
Isotopes, 6th ed., Academic Press, 1967. . A .

2A1phéépartic1e»energies'are sdmewhat»beiow the decéy_energy.



Table II

ACTINIUM SERIES
ABBREVIATED TABLE OF CONSTANTS

RADIATION HALF-LIFE DECAY
ENERGY
MeV
235U . Yy | 7;1 X 168»yr 4.681
g, - v 25.5 b 0.381
231, . i | 325 x10% yr 5.15
227 - v 21.6 yr 0.043
227, o v . 18.5d | 6.15
| 223 ey '11.4 4 5.98
219, . 4.0 s 6.95 -
215, a : 1.8 X 10'3 s 7.5
21195 é_ Y 36 m 1.37
211y, a99.72% 2.15m - 6.75
By 0.28% ' ‘
211, a v © 0.52s 7.6
207, 8- v : 4.8 m 1.44
Z°7pb.» Stable  -  . ' Stable .




Table III

URANIUM SERIES

ABBREVIATED TABLE OF CONSTANTS

RADIATION

Stable

HALF-LIFE. DECAY
- ENERGY
MeV
238 a 4.51 X 107 yr - 4.268
T
23, 8- 2.1 4d ' 0.263
234pq - 1T. 1.17 m 2.23
o 6.75 h
234y a 2.5%X10%y ' 4.856
2305, a 8 x10% y 4.77
?26a o 1600 y 4.97
222, e 3.82 d 5.59
218, a 8 3.05 m a6.111
a 80.28
214py, - 27 m 1.04
214, « B 19.7 o a5.62
2Y4p, a 1.64-X 1074 s 7.84-
210y 8- 13 m 5.5
216Pb a B- 21 y a3.72
N ) 800061
210, 8- o 5d4 " B1.16
3x10°%y 5.04
210y, a 138.4 d 5.41
z061’1» ‘Stable

|
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The decay schemes of the thorium series shown in Table I and in

Figute 1 indicate that;vif all dadghters.are ﬁ;ésent in equilibrium,

the rate of alpha emission is six times that from pure 232Th. Even 1if

the initial product has pure thorium, due to the. rapid equilibtation

. with some of its daughters, the rate of'alpha-partiéle emissipn is"
232

usually not less than three times the rate of alphas from “~"Th alone.

About 30% uranium contamination by mass of thorium in equilibrium

230

with its initial daughters ylelds radioactivity of Th aboﬁt equalAin

232

disintégration rate to Th; . potentially seven additiohal'alphaeactive‘.

decay products of uranium can be present also (see Table III and Figuré

" 3). Daughters of 235

U with six alpha emitters among them may also produce
ad&itional radiation (see Table II énd_Figure 2). Thus, it is important

to consider the possiblg‘ptésence of uranium and actinium and their decay -
products in thoriuﬁ~containingiglass samples. |

'B. - Isotopes that May Contribute to Thorium Hazard

2'32Th in equilibrium with its decay products.

' - We shall first consider
One gram of this isotope emits about 4102 alpha particles pér second. It
folloéslehat, if it is incorporated‘in,glass.of 4;5'cm73 density,:typical-
for oﬁtibal glasses, then a concenétation of 17 by mass yields 183 alpha |
particles sec"1 cm?a. The‘alpﬁa,particle flux density on the surface of
afgléss containing 1% thorium in secular'gqhilibtiuﬁ wich its daughters
‘ w111 be‘0.39’parti§1es sec-lrﬁmfz'(aSsumingAthﬁt the range of ﬁhé‘aiphas}

3

4n glass 1s 3.137 % 107 g em 2). - ..
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It is possible that na;ural uraniﬁm_is present as a contaminant in the
_rawAmaterial.used for the thorium glasses. Even 1f this urahium and its
decay prbduc;s are chemically separated from thorium pti9r to its incor-
~poration into glass, the rate of alpha decay éould be Significant; since
23oTh,.an.isotope of 8 X 10* year half-liﬁe, emits alpha particles (see
Table III and Fig. 3). If glass'contéineé 1% uranium, ﬁhe alpha diéintegra-

238 23

Orh (ionium) would be 558

tion rate of either U or of its daughter,

" particles per second in one cm3 of glass. If the uranium_were‘chemically

3,

separatedrout, this might still leave.a Z?OTh contamination of 2 X~10- Z

by mass in 232Th, only detectable by masséépeétroscopic or.counting.tech—
'niquesﬁ yet, this sméll aﬁount_of thorium;would still contribﬁté 558Aalpha
' particlés pér sécond pervcm3. |

Uraniﬁm can also cause the potential | ieéence of alpha-particle
emitters due to 2350 which 'is present with naﬁural abundance of about
1/140. If uranium is a potentialllz.¢ontaminanc, then there would be
abou; éS alpha particles ser:-l cm-3 contributed by it. Even if uranium
is chemically separated, members df the actinium series might sti}l bg
pfesent. For éxample,Athe amount of érotécéinium isotope 231Pa31n iﬁ:
equiiibrium with the 1% qranium conta&inantAwould represent only 5 i 10_82
by weight of the contaminated glass. 1231Pa hés a half-life_of about
3.25 x 10% years. .In some glass samples, A. Smith and J. McCaslin

A . 227 R

demonstrated the presence of .'Ad, which_ié.formed byi&étéy of 231Pa,

" as well as several of its daughters.
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To summarizé the above; one may state that drdihary chemical 6r~phyéica1
"measureﬁents of ﬁhe amount of thorium pfeséﬁt cannbtAdefine precisely thé
aﬁounﬁ of alpha, beta or gamma—eﬁitting radionﬁclides. iDecay producté of

' thprium, isotopes from ﬁhe décayvof uranium and traée'contaminants of other
heavy elemepts can very significantly alfer the number of particles and
‘'quanta emitted.

Prelimihary analfsis of glass s#mples submitted ﬁas.démonstrated,ﬁhe
presence of some alpha-active cbntamihaﬁts (see belqw).- The:recommeﬁda-
 tions will extend to the measurement of thorium_and toA§0351b1e hazards 
froﬁ ifs conﬁaﬁiﬁants. |

c. Summary of Measurements Obfainéd from Industrial Sources

Some optical glass samples from various indﬁstrgal sources were surveyed
for alﬁha and gamma radioactivity by means of three different.techniques.
Table IV, which contains éome of theséJmeasufements,_is presented only fo
demonstrate the need for further studies on ﬁhe ra&ioactiyity'of indhstrigl
glasses and-for_standafdization of the manmer in which such meaéuréqéﬁfé
are to be carried out in the future. An analys;s of the numberS'obtéined
would indicate'that the»Ebe;line portﬁble scintillatiqn counter is probably
not sufficiently sensitive at low alpha-counting levels. The.Erisch grid
_ionization,chambér apééa:s to be.the)mbst.sensitivé; atvhigh édncentiations
'of'thoriup, ionization chambers and fluorescent counteﬁs,differed by a
fé;tor of aboutAtwo. e | |

‘An»unéxpectéd result aﬁpéared using'ionizationfchambe#é to. check low-

thorium conqeﬁtfation'samples;-thesé sampies had in¢ustrial'lébels sbecified
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-Table IV

" SOME MEASUREMENTS OF THE ALPHA PARTCLES

EMITTED FROM INDUSTRIAL GLASS SAMPLES'
Thorium 'Eberliné : Fluorescent bAlpha
Content Scintillation Counter? Ionization
Sample on Counter? = _, i -2 _ Chamb r& -2
Lagel Counts min cm. Cts min ~ cm Cts min ~ cm
Lak-11  0.002 1.4 - » 3.8
" Lak-N-12  0.002 C— - . s.o1
Lak-N-14  0.002 - - 16.0
Lak-F 23 112 : - - 640
Lak-N-18 19 L 237 - 570
Lak-§-19 21 267 | - 513
82291 18.1 - 253 -
86200 . 18.4 - 310 —_

2
3

1Reports on these measurements are on file with S. Yaniv, Office of
Regulations, USAEC, Washington, D.C. 20545.

A portable health survey instrument.
R. C. McMillian and S. Horne, U.S. Army,-Fort Belvoir; Virginia.

4A. Smith and J. McCaslin, Lawrence Berkeley Laboratories, Frisch
grid ionization chamber with 2 Pi solid angle.
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>by the manufacturers, indicating thorium cbntent'of about 0.002% .or less.
VThe alpha counting rates obtained from ionization chambers were more than
ten times higher than expected.

In order to identify the.soﬁréés of alpha-partiéié activity in- the
three "low-thorium" samples (Lak-11, Lak-N;12 and'tak-ﬁ-lh), gamma-ray
specéra w?ré also obtainedAfrom some of the samples.. The gamma-ray spectra
idenéified the soutcé of contamination in the "low-thorium" series as

235 235

U decay products, but U itself was not present.' The various isoﬁopes

1n.the'samp1e very probably came from a small contamination of 227Ra, a

23lPa was ndt present. The decay products

'21.6-yr half-life radionuclide;
of this fsotope, which are equilibrated with it, contain seven different
-alpha em iters, with'eﬁergies_between 5.0 MeV and 8.3 Mev (seg'Figure 3

. and Tablef II).

the current status of measurements is glearly-incomplene; and

since some of these show glpha radioactivity in excess of fhat expected

232

:from.éamples containing 0.057 pure Th by weight, we urge.that a program

be instituted to assay in detail the radioactivity of commercial glasses.

This program should identify each of the radioisdtopes present in significant

quﬁnéities and, if possibie, establish the source of these contaminants.

The measurement program shoﬁld establish a standard éssay method

for the identification of various radioactive nuclides present in

commétCial»glass samples. -We suggest that»the~measuremen; method be based
on gammé emission~asséy of:bulk samplesAof.glassg which will be more sensitive
than alpha particle“measurements with ionization chambers that depgnd

- on detection of alpha particle emission from thé‘surface of the glass.

ave i tar
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Pulse-ﬁeight specfroscopy is als§ suitéﬁlevfor assessment of the degree
of parent-daughter equilibration through measurémenﬁ»of the count ratio
6f,cértain gamma-ray phbﬁqpeaks.

lSincevthorium concentrétions~méa§ured by coﬁyentional methods can
be misleading with ¥egard'to the amount. and nature‘oflradioactivity

presént; we;pfopose that, in the future, regulations and recommendations

regarding optical glasses. should be based on the rate of emission and

kinetic energy of alpha particles from a unit“surface.- This can be

calculated from the results of bulk sample mgasu:emeﬁts and further
checked By direct alpha counting methods.

D. Estimations of the Flux Density and Dose Due to .Alpha Parficles'aﬁd'
to other Radiations Hitting the Cornedl Epithelium

The flux density and dose due to alpha particles, beta rays and
gﬁmma-rays f;om eyeglasses represents a complicated fungtion §f;the
thickness of air gap between opticél glass and eye and ;f the depth of
tissue below the cornedl surface. Other variables #re'fhe time dependénce
of radioactive chain decay and magnitude of stoépihg power in:tissue,
air and glass. |
- -+ -----In Appendix 1, Tobtas and Chatterjee have-calculated flu# densities

and doses for a variety of conditions. The dose levels quoted here are

based on these calculations.
The dividing cells of the corneal epithelium may be regarded as the

- "critical cell layer" from the point of view of radiation injury.

Usually these are located in a layer about 40,to‘50”ﬁicrometers (um) pelow the

e
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corneal surface. There is normally also a lacrimal layer of vatiéble
thickness (up to about 10 um) overlying the cormeal surface.,.InAthis
report the critical tissue depth, i.e., the distance from the sufface of
the lacrimél layer tb the criticalvcorneal cell layer is conservatively
assumed to be 50 pm. For coméarison; alpha radiation doses afe‘given '
for tissue-deptthof 50 ym and 60 pm.

Professional user

It was assﬁhed that persons us;né optical instruments, e.g.,
microséqpes or telescopeé,.wouid be at exposure risk for 1000 hours an-
_nuallf, or’about.ZO hours per week, ‘Since the usefs' eyes-normally are quite
close to the ocular of the instrument, we conse:vatively'assdmed an-;ir
‘gap disfance of 0.1 cm bétween the surface of the gIass and.theiouter
surface of the lacrimal layer. Assuming also that the 232Th is in
equtlibrium with its daughters and that the mass- stopping power tatio
between tissue and glass is 1.47, glass with 16Z thorium by weight would
deliver”an alpha—particle dose of about 44 rads per year at the critica;
tissue depth of 50 p, and about 18 rads at 60 um tissue depth.

- Under these circumstances, ordinary opfical glass with thorium
- content of 0.0sz.by weight, would deliveriqn‘annual dose of-abouﬁ.orlé';
rad at the critical ti#gue-depth of 50 um énd about 0.055 rad at a deﬁth
of 60 um. The agtual'dose values are verf sensitive functions of the
thickﬁéssrof»the tissue between thé germiqalJce;lé and the ouferwsurface
of the cornea or lactimal layer.- The mgin contiibﬁtions to_the dose

coume  from 12Po and - 216 Po.
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With the additioqal assumption that the quality factor'for.alpha
particles is twenty (see Appendix II), the annual alpha radiation dose at
50 uym tissue depth is about 880 rem for the'thofiated-(léz) glass and
about 3 rem for glass containing only "traces" (0.05%) of thorium. At
60 ym tissue depth tﬁesé doses are about 356 rem and 1 rem, réspégtively,
These annual exposure values are greater than the general dose limit
reCommen&ed for individuals of the general human population, i.e., 0.5
.rem per year. |

Individual wearing ophthalmic eyeglasses

It was assﬁmed that the person Weariﬁé‘o:dinary ophthalmic -eyeglasses
would have theﬁ on about sixteen ﬁours every day, resulting*inIGOOO-hours of
use annually. An air gap diétance of 1.5 cm was assumed between glass and
lacrimal surface. 1In this sitﬁation, oﬁly‘212
dose. This isotoée has 8.78-MeV alpha-particles. Calculations;wéré méde for
radioactive equilibrium.' For ordinary ophthalmic eyeglasses containing only
"traceé".of thorium, the annual dose at the critical tissue depth of 50 um
is about 0.2 ;ad, and the annual dose at 60 um tissue depth is about 0.1 rad.
By way of example of an unlikely, unintentional case, for eyeglasses with 167
thorium by weight the annual dose would be aboﬁt 70 rads g: 50 um ﬁissue
depth and about 32 rads #t 60 ym tissue depth. |

| Use of the éualify.factor; QF = 20,véi§e$:én annual dose of about & rem
at 50‘um'tissue dépth (2.rem at 60 um tissge depth) foffweargfs of orﬂinar&

oph;halmic glasses; whereas~iq the unintentional case of one wearing

Po contributed to the critical

o sl
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thoriated glasses (162 thorium by weight), the annual dose would be about

1400 rem at 50 ym tissue depth or about 640 rem at 60 um'tiséue depth.

Dose to the germinal layer from daughters of the uranium and actinium )
series ' ' '

We have demonstrated in this report tﬁat ordinary optical or ophthalmic
glasses sometimes have contamination from'daughters of the uraniumband of
the actinium series. Quantificatioﬁ for these in terms of weight is_meéning-
less. We are assuming that the émdhnts are expressed in curies of the
‘parent isotope per gram glass. In these units 0.0547 nanocuries of a

given isotope emit the same number of alpha particles per unit time as

32

0.05% 232y, contamination. For equivalent radioactivity of the parent

226 231

. 1sotopes Ra and Pa, we have the following dose ratios, expressed in

rads, at 50 pm tissue depth and 1.5 em air gap for alpha patéicles.

Dose gﬁhorium series) _ 3
2

Dose (Ra daughters)

Doée (thorium series) _ 3

Dose (Pa daughters) = 2

Thus, minor radioactive contamination in optical eyepiece or ophthalmic
glass from the U and Ac series can produce significéhtAalpha ekbosure of

the corneal epithelium.

ADose due to be;a and gamma raysb .

At the 50 um ﬁissué-depth_iﬁ cornea, the doses frém‘beta radiationAof
thoriuﬁ daughters.aréiof the éame otder of magniﬁude‘gs those froﬁ alpha
.radiatipn; -Erom glass containing 0.052 thorium;-wi;h’exposure.o£ 6000v

- hours, the'dose is ﬁetﬁéen 0.24 aﬁd 0.58 rads per year at the germinal
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" layer. Sihée, for beta radiation, the Quality Factor is one, the rem
dose from beta radiation is much less than that from alpha rays. Doses

from gamma radiation are smaller than those from beta rays.

III RADIOPATHOLOGIC EFFECTS

There is no adequate information bearing directly on the effects of
low rates of protracted alpha irradiation from external sources on the

tissues of the eye or_contiguous_structurgs_in:maq or experimental

animals. Therefore, there is no direct evidence bearing upon the tolerable

levels of alpha irradiation of these structures uhdet these conditions
of exposure, -

Since urahium mine workers are routinely exposed to a éertain
concentration of radon and its daughter products in air and to other
radioactivéldust, it is conceivable that some of these individuals might
develép eye lesions as a result. Actually the range of alpha particles
emitted from radon is not sufficient for a significant number to reach
the dividing layers -of germinal ep;thglium of the cornea. Radioactive
dust particles can deposit on the surface of the eye, however., No
excessive incidence of ocular lesions has been observed or reported in
uranium mine workers, incidental to studies of lung cancer risk in
relation to atmospheric alpha-irradiafion exposure frbm radﬁn and rad§n
daughter ptodqcts. It should be noted thatjthé_detection o:»as#essmept
of'ocnlar‘effectsAwas not the queét of study4inlthis.¢aée, ﬁowévér.' Ve
know of no reports that“iqdicate the appearancé of,fadibactivity in_thez

éye structures resultipg ffom inhaled of.ingested natural radioéctivity.

caw
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No unusual incidence of pertinent ocular lesions has been observed
or reported among individnals wh§ use ordinafy ophthalmig glasses or
optical eyepiece lenses which mighg have had a high‘;horium content,

‘Three categories of‘possible ocular damage must be considered in
relation to radiation from external sources of thorium, namely: (1)
degenerative or inflamatory iesidns in the superficial epithe11a=of the
eye and contiguous structures; (2) oncogenic effécté-in these structures;
and (3) effééts.onA;he crystaiiinelléns. 'If fhé"doée iéAhigh-enough,' 
alpha radiation ﬁight contribute to the first fwo-categories-of effects,
and the ﬁére péﬁetfating, low-LET r;diétions might-contriﬁuté to ﬁlil
three‘types. | |

A. Degenerative or Inflammatory Lesions

The bulk 6f radiopathologic experience wiﬁh radiatioﬁs of low
linear energy transfer (LEI) (X-, béta—'and gamma- radiations) indicates
that the dose rates (in rads) from either 16Z thoriated glasses of
glasses with lower thorium content are too minor to_causeAsignificant
inflammatory lesions and that thevdegenerative_lesions from these radiations
would ﬁrobably remain unnoticed in skin or'qthgr‘sttuctqres yith‘épidermoid'_
or strét;fied squamous epithelium (Such as conjunctiva, eyelid_mucosa,
or corneal epithelium). |
.H6wéver, in_ﬁieonf tecently increasing_ra@iﬁbiologic evidence that
the gffgctiéeness per rad of high~LET rédiations»fOr a variety of non-

neoplastic and neoplastic effects is little diminished at low doses and

dose rates, as compared with X- and gamma-radiationms, and the relative

-
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biologicai effectiveness (RBE) of high;LET radiations rises as dose and dose
rate decrease, it should be-recognized:that a QF vaiue only as high as the
commonly used value of 20 for alpha,fadiation may-not be as high as the
actual RBE ét low doses and dose rates for some effects. The annual
alpha radiation doses in the critical tissue layer at 50 um.depth
(germinal layer of the corneal epithelium) which may-be'obtained'by.
.multiplying the rad dose by the quality factor of 20, turned out to be
as follows: |
1. .When optical glasses of.16ZAthoridm content are used 0.1 cm
from the cornea for up to 1000 hours per year,. the rem dose
‘might be as high as 880 rem/year. For 0.05% thoriuﬁ the dose
is about 3 rem/year.
2. When ordina;y ophthalmic spectacles aré used with thorium
content of 0.05% or less, for up to 6000 hours per year, the
Tem dose-might>bg about 4 rem/year. .
fhg exposure from the thoriated glass would in all probability
cause some degenerative changés; these might quain masked due- to the
high regenerative power of the cornea. The exposure from ordinary
ophthalmic spectacles is not likely to cause detectable degenerative
_ichaqges. |
| It is difficult to be certain on the basis of experience with
radiations other than alpha radiation that Such-annual doses of alﬁha
radiation (in rems), or perhaps even higher doses in rems 1if the RBE is
considerably higher than 20 would not. eventually cause, or at least

combine substantially with other conditions to cause a significant
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incidence of degéﬁerative or infiammafory lesions in epithelia so
exposed which might be deteciable 1f studied adequately.

A 30%Z thorium contamination in glass lenses could give doses nearly
twice those cited for the 167 thoriated lenses.

B. Oncogenic Effects

Since there has been no definitive study of possible radiation-
induced neoplasms in ocular an& éontiguous tissues, much less any study of
this effect in relation to protracted alpha radiation from thoriumécbntaining
lenses or other externallsources,‘thé:gpssible oncogenic effect of these
lénses must be considered thepretically<1n terms of the present state of
philosophy, knowledge and estimates of risk of radiation-induced cancers
 0£ ?griogs kinds.” | | |

With ever-increasing follow-up time in epidemiologic studies of_leukemia
and cancer incidence in relation to.radiation exposure, :heré has been
increasing evidence of radiation induction of neoplasms‘of rglatively long
latency and at lower doses in many tissues of the bddy. For the various
typeé of néoplasms on which there are presently sufficient data to provide
or allow approximation and assumption of dose-effect relétionships; estimates
of risk per rad have been made on the basis of linear dose-effect relation-
ships or the assumptién of such a relationship. On the basis of such
observed ﬁr assumed linear relationships .at higher doges, upper limits of
. possible risk at low doses and dose rates far below the levels of observa-
tion  (where the actual risk per rad could be much lower or even approach
zero for IOWhLET radiation, but not necessarily so ‘for high-LET radiation)
have been estimated by means of extrapolation (e.g., in the NAS-NRC BEIR

Committee Report, 1972).

..
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On this basis the BEIR Committee (1972) estimated the risk of
radiation induction of the following neoplasms, in terms .of -excess de#ths
(or cases) per 106~persons exposed per year per rem to pertinent térget
tissue, to approximate: 1 for leukemia (all forms except chronic -
lymphpcytic); 2.5—9.3’(caées,'not deaths) for thyfoid>qancer for exposéd
,childrén (r;sk sevétal,times greater for children than»adults); 1 for lung
‘cancer; 3 for breas; cancer for exposed women; 0.2 for cancer'of skeleton;

1 for ‘cancer of the gastrointestinal tract; and possibly 1 fo: caﬁcer at
other sites not included above.

Although radiation induccion-of‘cancers”of skip apq bthgt epidermoid
tiésues haé seen documen£ed, ;hé data_on dose in relation to effect are not
yet adequate to establish dose-éffect relationships which éan be used to
yield risk estimates such as thosg described above. At the preéent tize
the risk per rad for radiation induction of skin cancer is regarded as
either being low relative to that for leukemia or certain other'cancers, or
as possibly being higher than now appreciated owing to a combinééion of -
long latency, insufficient follow-up, and inadéquate study tqrdate.

' The impression that tumors of cornea are generally~Vefy fare has been
uoted{ At face value, this would suggest that radiation-induced tumors-of
corne# would be even more rare. On the o;her haﬁd,_it has béen ﬁoted_that
tumPrs_of the limbus of. the cornea and cohjunctiva (espe¢ia11y Bowgn's
carcinoma) are relatively mbre‘frequent, and‘th§t m§st common'aré basal cell
carcinoﬁas of the eyelids, eSPeciallf the lower 1id which is the most common

site in the body for such tumors.
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Although sizeable doses of ;adiation'are required to contribute
’ substantiaily to the promoting factors (tissue degeneration, inflammation,
étc.) of carcinogenic mechanisms, even modest doses of radiation at iow
dése~rates‘may contribute substantially to the cellular‘initiating
(mutational) factors of the mechanisms. Low radiation doses cén readily
induce cancers that have high "spbntanéous" incidenqe by virtue qf.thé'
provision of promotiﬁg factors by means other than the radiation doses
in question. Therefore, it is‘wise_and prudent to suspect the possibility
that alpha radiation in small doses (rads) at low dose rate (high RBE)
from thoriated lenses might contribute considerably to the high "spontaneous"
incidence of carcinoma of epithelial tissuesvcontiguoﬁs with the cornea,
if not the cormea itself. |

Recent studies have pointed to the possible synergistic effects
betwegn radiation and other carcinoéenic agents. For examplé, uranium
mingis who are exposed fo-atmosphére of the mines develop much more lung
cancer if ;hey are also heavy smokers. Alpha particle irradiation might
_aggfavate the possible carcinogenic effects of environmental irritants
tha£ act on the limbus of the cornea and conjunctiva.

H-uif one aééépfs the linearly extrapoiated risk estiﬁétes whicﬁ ha&e
been made (NAS-BEIR Report, 1972) for other tissues, a possible risk of
the order qf.1 excess case of cagégr of epithelial tissues aséodiated
with the eye pef mil;ion exposed persons per year per rem to the germinai

cells of these tissues may not seem grossly. out of the question.

R
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C. Effects on the Crystélline Lens of the Eye

Sinﬁe alpha particles are stopped by a very thin layer of.tissue, the
radiation doses to the crystalline lens come from associated X- and
gamma—radiation.

.- It 18 unlikely that these radiations, at the dose rates applied, would

cause opacities in the human crystalline lens.

Iv. DiSCUSSION

In view of theAdichSsions abové,.gﬁe primary radiobiological
criterion in éonsideration of radiation protection of the public in the
matter.df thorium and other fédioacﬁive contaminants in opcical.eyepiece
or ophthélmic glass ienses.is the poSsibility of the coﬂifibutibn of the
irradiation of the germiﬁal cells of the epithelia of the cornea,
conjunctiva, eyelids, and nearby skin to oncogenesis in these structures.

Certainly it would be wofthwhiie to obtain dose-effect and RBE
information on the effects of protracted alpha irradiation on the eyes
and contiguous tissues of expérimental animals and to carry out controlled
biomicroscopic and épidemiologic oncogenesis étudies of persons whdse eye
regions have been exposed to various high levels of alpha‘radiation. Although
such studies would take.avlong time to accomplish, at low.dose ratés, some
data could be secured in small rodents with higher lévels of tadioactivity
in 2—3-years. = |

Meanwhile, in view of the possibl? radiopéthologic-effects and:

oncogenie risks discussed.above,-the modern radiation protection philosophy, «
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requiring that radiation exposure be kept as low as practicable and.that
additibnal risk should be coﬁmensurate with added benefit, should be
invoked and implemented.
The.NatiQnal Counéil.zn Radiation Protection (NCRP) has recommended
a maximum permissible dose (MPD) fo; individuals in the éeneral public
that is applicable to skin, eyelids, conjunctiva, cornea and cfystalline
lens of eye, naﬁely; 0.5 rem per year. Using a QF (Quality Factor) of
20 for alpﬁa radiation would convert the 0.5 rem fo 0.025 rad of‘alpha
radiation per year.
o ifléxﬁééﬁre-df-fhe gerﬁinéixcéils of the éorhéa Véfé kept below
0.5 rem per yéar, it seems 1iké1y that the gefminal éellé bf the epithelia
of eyelids, conjunctiva and nearby skin would recieve no more and probably
less on an integrated basis. With this limit it is virtually cerﬁain
that significant degenerative and inflaﬁmatory changes woqld not be
caused, and it appears unlikely that a significant or detectable excess
in incidence of tumors of these epithelial structures would be caused.
This level of radiation dose to the germinal cells of the cormea
(using a QF of 20 for the alpha radia;ion cdmpopént) would correspond
roughlj to the do#e received in 1,000 hours pér year from a lens positioned
about 0.1 cm from the’surfaée of the cérnea,-a; in o;ularzﬁse, and con-
'taihing about 0.009% fhﬁfium equilibrated wifﬁ'its decay products, or to

- the dose received in 6,000 hours pef'year ff@m éilens ﬁositioned about
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1.5 cm from the surface of the cornea, as in ophthalmic spectacle use,:
and cogtaining about 0.006Z of thorium equilibrated with its decay
products;

These figures, 0.009% and 0.006Z thorium in glass are exceedingly |
low an{ migpt present practicallproblems if a recommendation'td enforce
their'limitL were made.

| élass with thorium content of 0.001%7 produces a flux density 1q air

of about 1.8 particles hr-1 cm‘zlot less. This low intensity is.éomparéble
with a%pha ﬁluxés from radon in the atmosphere.

Gamma-iay detectors reéeivé their signals not only from the surface
. but mainly from the bulk of glass. ‘With approptiatély_cé;ibratéd s;intilla—
tion~c§hnti g and pulse-héight analysis, there should be no difficu'lty
in identifying the isotopes contained in glass, measuring thé degree of
approaéh to radioactive equilibrium and performing quénti;ati#é calibration.

we;urge that a survey of available optical and ophthalmic glassesv
be undeftaken at this time by a group qualified in radiological physics
which‘wpuld‘employ alpha-particle measuring chambers as well as pulse-
height ;nalysis. A task for such a groﬁb might bé‘development-of standardized
instrugentation for the use of industry and the regulato;y agencies.

Th? concentration of thofium as such is perhaps not relevant in
glasses'of low thqrium content. Ié has been‘démoﬂsttated‘(seg abovéj
that some of these glésses‘also contain significént amounts of other

alpha activity, notably members of the actinium series.

e



-y

In order to be practical, it seems prudent that the recommendations

of the Committee should be to the effect that optical glasses that directly.

and rputinelj expose the eye from close distances should contain no
"measurable" alpha-particle éctiﬁity. The recommendations below reflect

this view.

V. RECOMMENDATIONS

1. Im viéw of the fact that excee&ingly low rates of emission of alpha
particles from any of the ﬁatural radioactive series can lgad to
significant dose accumulations in the germinal celi layers,of“fhe
cornea and in epithelial layers of the éonjupctive and,'fﬁrther,-
in view of the poésibly high'felative biological effectiveness
(RBE) of alpha-particles fof the production of ngqplasms, we recommend

4

that:

Optical instrument eyepiece glasses and/or opthalmic eyeglasses

should have at a2ll times surface alpha-particle flux demsity of less

than 0.15 alphas/cmzlmin. or 9 per hour.

2. In order to comply with'Récommendation (1) we suggest that:

Instrumentation and measuring methods should be standardized

and made available to the appropriate industrial sources and

regulatory agencies. .

Iﬁ all probability a combination of surface alphaépafticle monitors

and gamma-ray, pulse-height~spectroscopy will be involved.

-~
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The fecommendations made here represent.the absence of reliable
data on the carcinogenic effects of alpha particles on cornea.
Further élarification of this subject and, perhaps, modified re-~
commendations, could result sﬁbsequently from a research program in
which the effects of protracted alpha radiation on.the stfﬁctures

of the eye are experimentally determined.
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