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July 3, 1979

Mr. James E. Sohngen

Edison Electric Institute
1140 Connecticut Avenue, N.W.
Washington, D.C, 20036

Jear Mr. Sohngen:

I have the following comments on the proposed Standard ANSI
N721, "Internal Dosimetry Standards for Tritium."

1. Paragraph 6.3.4 - should be eliminated. Reason: unnecessary
and confusing.

2. Paragraph 6.3 - should be modified as follows "...biocassay
program required bv the criteria of Section 5 to assure..."
New wording is underlined. Reason: clarity.

3. Paragraph 6.3.5 - insert "conducted" after "...shall be..."
Reason: clarity.

4. Paragraph 6.4 - "Diagnostic bicassay". This type of bioassay
should be defined in Section 4. Is a "diagnostic bicassay"
any different than a "routine bicassay" or is it just performed
more frequently?

5. Paragraph 8.8 - How is the individual to produce a sample
thereafter? Suggest rewording,

Also, is it reasonable to assume that tritium concentration

in the urine within one hour of exposure is representative of

the average concentration in body water? A far better sample

would be a specimen from the morning voiding the day after the
suspected exposure,

6. Section 8 - takes a lot of verbage to cover relatively little
ground. For instance, I believe the first two sentences of
Paragraph 8.13 could be eliminated with no loss of comprehension.



Mr. J. E. Sohngen -2- July 3, 1979

Also, are Paragraphs 8.4 and 8.5 really necessary? Perhaps
they are misplaced and should be in Appendix B.

7. Paragraph 10.1.2 - third sentence change "Table 10" to
"Table 2."

If there are any questions, please feel free to call.

Sincerely,

-
-

- ] ‘-7 L
Thomas A. Jenckes
Radiation Protection Advisor

TAJ:saw
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I think this is a very zood standard and hence have voted in favor
of adoption. As a recent addition to the N13 Committee I do have
a few comments which I would appreciate having passed on to the
Committee who wrote it. On page &, paragraph 4.2 I don't like
the term "quanity of radioactivity”. This imvlies that radio-
activity is a thing when it is really a process.

I cannot really understand paragravch 8.8

In pvaragravh 8.10 the term "standard errer” is used. This is

really an ill-defined term and if “"standard deviation" is meant

that term should be used. Actually, since the result is expressed
in percent it should bte "relative standard deviation" or "coefficient
of varation.”



In aovendix A, Iast sen*ence of third paraecraoh.- The wording
"do00d is judeed to zive 10X the vrotection” is somewhat unclear.
10X the vrotection of what? It really means thatit assumes that
the hood will reduce the uvtake ta 0.1” or it reduces the uptake
by a factor of.10 below that assumed where no hood is used.

These comments are merely points of clarification and not of
substance and that is why I voted in favor of adoption.

\;Z
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p. 4 The term "Dose Equivalent” should be defined.

P. § 5.1 This is very difficult to understand, perhaps because the last
sentence contains about sixty words.

Shouldn't terms be defined before they are used. Why should it be
necessary to look in section 6 for the definition of a term used in
section 5,

How can the preparatory bioassay which is a "base line" measurement
affect the uncertainty in estimating the total dose equivalent,

p. 7 [ don't understand the need for the "Quantities tahulated are:",

p. 9 The last sentence implies that the committed dose equivalent is reduced
by repeated measurements.

Continued i -, CH N
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p. 15

8.8 . . . "and produce a sample thereafter."?
This phrase should be clarified or deleted.

9.2 This part is very difficult to read and understand. It
sounds as if one estimates ar “zper limit to the dose equivalent
in order to choose a method for estimating the dose equivalent.
It sounds bootstrappy.

In the last sentence it reads as if you receive a dose from the
foassay results.

9.4, line 4. 1Is it the accuracy of the method that is to be
confirmed or the method itself?

9.5 Definition of Hc ¢70ould read, " . . . equivalent calculated
e + 5 "

9.6 Equations | and 2 are inconsistent.

The rest of the standard appears to be in good shape, although I have the

same problem with paragraph 3 in Appendix C as I had with section 9.2.

[ have not checked the equations after Eq. 1 and 2; I will leave that to

those who are expert in this field.
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RAYMOND H. JOHNSON, JR.
U.S. ENVIRONMENTAL PROTECTION AGENCY

Stephen T. sard
Comments on ANSI-N721 Standard

-

Internal Dosimetry Standards for Tritium

General Comments

These standards are developed on the premise that tritium (HTO) is
c{}ninated from the body with a ten day half-time. Since approximately
33% of the body hydrogen is associated with an organic fraction and it
has Leen determined that there are two long-term compartments, some
attempt should be made to account for this in the standard. This could
be accomplished by using a simple three component exponential model for
acute exposures and a specific activity approach for chronic intake.

If the committee feels that this 'inecessarily complicates the method,
then the additional dose commitment from organic labeling could be

accounted for by increasing the quality factor by an appropriate value.

In its present form, the dose model, which is based upon bioassay

data, will always result in an underestimate of the dose commitment.

Specific Comments

Section 9.0 Interpretation of Biocassay Results.

N



Equations 1 and 2 of Section 9.6 provide an estimate of the whole
body dose commitment to body water from an acute intake of tritium. It
does not, however, consider the dose received to tissucs due to organic

labeling from HTO.

Consider an acute JH intake resulting in a urine sample

containing 10, Ci/liter (C,). The predicted dose commitment from

.~ equation 2 (Cr=0) would be:

k B - —
H = 8.2 (10 uCi/liter) #

. H = 42 mrem

In order to compare this to the dose commitment from organic

tritium this may be rearranged into the integral form: i

10 uCi - days = 145 pCi - days

1 kefp.069) kg

\J

T-1/2 = 10 days

1 liter = 1 kg




The kinetics 25 organic tritium labeling from acute HTO body water

burdens.

It has been determined from the work of Snyder (Sn-68), Sanders
and Reinig (Sa-65) and Bennett (Be-72) that hydrogen from body water is
incorporated into two relatively long term hydrogen pools with half

times of about 45 days and 400 days at the rate of about 0.055 liters

(“20) and 0.01 liter (Hy0) day respectively.
At equilibrium, these two pools would consist of about 1000 gms of
hydrogen derived directly from body water.

Q = 0.055 liters HO 111 gH 45 days = 400 gH
2 2 x X

day ' liter 0.693

Q = 0.01 liters (H 0) 111 gH 400 days = 640 gH
3 2 x X

day liter .693
Total 1040 gH

The uptake of 3H into these two compartments from a
10 yCi/liter acute body water burden concentration would be

calculated as follows:

10 uCi = 145 uCi - day

liter x 0.069 day™' liter

¢l

- —

L)



02 = 145 uCi - day x 0.055 liter = 8.0 ucCt

liter ' day

03 = 145 uCi - day x 0.01 liter = 1,45 ucCi

liter day

Estimated "tissue" dose

These two long-term compartments are not likely t¢ tissue
specific, however, if we consider tissue to be 10% hydrogen by weight,

the associated tissue mass would be:

Q, = 400 gm H/0.10 = 4.0 kg tissue

Q3 = 640 g H/0.10 = 6.4 ks tissue

The time integrated activity would then be:

Q=8 Ci x 45 days = 133 uCi-days
4.0 kg .693 kg

Q3 = 1,45 Ci x 400 days = 130 uCi-days
6.4 kg .693 kg




Labile Hydrogen

It was estimated that there are about 1000 gms of hydrogen
associated with the two long-term compartments. Since there are about
2800 gms of organic hydrogen in the body we can make the conservative
assumption that 1400 gms H(2400-1000) are in labile positions and

readily exchange with Hy0 (or HTO). The dose commitment of this 4th

compartment is:

10 uCi liter (H O) x 1400 gH = 126 uCi
2
Liter x 111gH

1400gH/0.10 = 14 kg tissue
T 1/2 = 10 days

Qy = 126 uCi x 10 days = 130 uCi-days

In summary each of the four hydrogen comparments would recieve
about the same dose commitment:

Qy = 145 uCi-days = 40 mrem

Qz = 133 non = 40 "
- 03 s 130 LA = 40 "

Qy = 130 L = 40 »

Total 160 mrem

It seems, therefore, that the dosimetry of tritium in the body is
not quite as simple as it appears and that the use of a one compartment
model will always understimate dose commitments even from acute intakes
of tritium.

Section 9.6

Equation 1 calculates the dose equivalent (4) between bioassay
samples while the action guides appear to be based upon the infinite

~/



dose commitment. It might be advisable, therefore, to insert an
equation (1.5) between 1 and 2 for calculating the total dose
commitment when Cp does not equal zero.

Hz0.3C (1-e~kT)
TN (eg. ,15)
R
where: k = ln C /C
o T
——

N/



9.4 2 uCi/liter Zero Cutoff.

The use of a 2 uCi/liter zern cutoff contradicts the asticn
guide lines established in Table 2. A chronic 2 uCi/liter body
water burden is about 101 of the present maximum occupational
limit with an associated dose rate of 0.5 rem/year. It would
therefore appear permissible to allow a chronic dose rate of 0.5
rem/year to go unrecorded while an acute dose commitment of 0.5
rem requires some remedial action.

A zero cutoff should be eliminated or reduced to a limit where
it does not conflict with the action level guides.



7
(

10.1.1 For Purposes of Preparatory Evaluation

-

This section states that the previous radiation history of new
employees will be reviewed and that this will include the results of
new bioassay data. The kinetics given in Section 9.0, however, are not
sufficient to evaluate dose commitments for some former tritium workers
returning to the industry.

Figure 1 is a long-term tritium excretion curve from a former
tritium worker. Sampling was initiated about six months following
termination of employment. A specific activity model from the results
of the first sample (0.055 uCi/{) would indicate a body burden of:

0.055 uCi/liter x 43 liters = 2.4 uCi
The actual body burden at t = 0 is, however,:

Q3 =z 0.055 uCi/l x 3 1/day
0.002 day='

Q3 z 83 uCi

It was calculated in the previous section that this long-term
component (03) was associated with about 6.4 kg of tissue so that the
time integrated unit weight concentration would be:

83 uCi da = 6500 uCi - day
z.u kg .002 Kz

This is significantly higher than if it were assumed that 2.4 uCi
were distributed equally throughout 43 kg of water with a 10 day
half-time:

2.4 uC{ day = 0.8 uCi - day
43 kg .0693 Kg

It is thus possible to underestimate a2 unit tissue dose by a
factor of 8000 in this instance.
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COMMENTS ON THE MAY '79 REVISION OF N721

On page 15, in <3ustions 4 and 6, we would have preferred to have the half life
shown, either as a number or even T;' This would have made it a bit easier for
users who muy choose to follow the excretion of the individual involved and to
calculate the dose to the individual based on the observed half life. Further,
it would be of some hrlp to express the equations such that it is very clear

which items are included in the exponential functioms.

On page 20, lines 6 and 7, it would be helpful if the words "if any" could be
added to read: "...All special dosimetry evaluations shall be dated and signed
by the person making the evaluation and computerized records, if any, shall be

traceable to the responsible person.” The intent of the change being to avoid any

implication that computerized records are required.

{*)\
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SOCIETY/COMMITTEE:, | ADDRESS CORMNESPONDENCE TO:
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Occupational Health Standards Branch

ANSI Committe N13
RECENED Office of Standards Development
SUBJECT: | g1y US- NUCLEAR REGULATORY COMMISSION
N721, "Internal Dosimetry UG 10 WASHINGTON, D.C. 20555
Standards for Tritium"
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AGENDA ITEM: —_—— e e -
FILE NO.: ) DATE: AUG 8 1979

TO: Health Physics Society
ATTN: MaryJdo McCarrick, N13 Staff Assistant
4720 Montgomery Lane
Bethesda, Md. 20014 ]

Gentlemen: : t

Enclosed is our ballot on N721, "Internal Dosimetry Standards for Tritium",
You will notethat it is an affirmative ballot, with comments.

Some portions of the NRC staff feel that the Working Group was not responsive
to some of our original concerns (comments enclosed with our letter of March
21, 1979), and continue to have reservations about the direct implementation
of the N721 standard as an NRC Regulatory Guide. Such a guide will, pre-
sumably, draw from N721 and from the NRC interim "Guidelines for Bioassay
Requirements for Tritium," a copy of which was transmitted with the letter

of March 21, 1979. _

Sincerely,

palie ,[M

Walter S. Cool
Member, N13

0oV hborniso

Yn V. Nehemias
nate Member

Enclosures:
As stated
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