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1 UNITED STATES OF AMERICA

2 -----

3 NUCLEAR REGULATORY COMMISSION

4 -____

: 5 INCIDENT INVESTIGATION TEAM MEETING
|

6 -----

'

7 TUESDAY, OCTOBER 17, 1995
4 .

8

9 The pcrticipants ;aet in Roo:n 234, B2ilding 20,

[ 10 18 Vassar Street, Cambridge, Massachusetts at 4:00 p.m.

: 11 John Glenn, Team Leader, presiding.
j

.

PlESENT: JOHN GLENN, Team Leader
'

| 12

I 13 ALAN L. MADISON

.

14 CHERIE SIEGEL

15 MARY GLENN CRUTCHLEY

! 16 LARRY L. ROBINSON

17 SAMI SHERBINI

18 AGOSTINO SAVASTANO.

19 MITCHELL S. GALANEK

20 FRANK MASSE

21 DAVID LITSTER

22 BONALD R. BELLAMY

23 BETSY ULLRICH

.
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1 P-R-O-C-E-E-D-I-N-G-S j
,

|r~
2- 4:06 P.M. |

|
3 MR. GLENN: My name is John Glenn. I'm with

4 the Nuclear Regulatory Commission in the Office of
1

; 5 Research. I have been designated by the Executive Director

i 6 of Operations of the NRC to lead an incident investigation j

! .

7 team concerning the P-32 contamination incident that,

.

8 involved an employee here at MIT.

; 9 First, before we get started, I would like to

10 go around the table here for those people who are in this

11 conference, if you would identify yourself and your

12 affiliation.
,

13 MR. SHERBINI: Sami Sherbini, NRC.

! 14 MR. SAVASTANO: Agostino Savastano,
.i(3
! \"# 15 Massachusetts Department of Public Health.

16 MR. ROBINSON: Larry Robinson, NRC, Office of
.i

: 17 Investigations.

18 MR. GALANEK: Mitchell Galanek, MIT.'

! 19 MR. MASSE: Frank Masse, MIT Radiation
i

20 Protection Officer. ;
;

i
i 21 MR. LITSTER: David Litster, MIT.
2

22 MR. BELLAMY: I'm Ronald Bellamy, with the |
'

|

1 23 Nuclear Regulatory Commission out of Region I. ]

24 MS. ULLRICH: Betsy Ullrich, NRC Region I.;

25 MR. MADISON: Alan Madison, NRC/AEOD. |
; )
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1 MS. SIEGEL: Cherie Siegel, NRC/AEOD.

2 MR. GLENN: Okay. The purposes of the incident'

'3' investigation are to establish what happened, to identify

4 the probable causes, and to document our findings and

5 conclusions and issue a published report within 45 days.
!

,

6 So there will actually be a printed summary of the findings

7 that will be available, I guess as the NUREG document at
I .

8 the conclusion of the investigation.

9, We will also be issuing status reports to our

10 headquarters organization to keep them informed of the

11 progress of our investigation. In this regard I'll mention

12 that during the course of this investigation I am working
|

13 for the Executive Director of Operations, not for my

14 regular Off. ice of Research. In fact, all of us are working

O 15 directly urder the Executive Director for Operations.'

.16 The investigation isn't intended to understand

17 and document this incident. It is not a compliance

18 inspection. We will not be issuing inspection findings.

19 However, our report can be used to form the basis for an
.

20 enforcement action. We request that any information that

21 becomes available as a result of your investigation, that

22 you would make that available to us as promptly as

; 23 possible.

; 24 In particular, the scope of the team'a charter -

:

25 is to develop an instant chronology, to determine the

.

, _

. -- . .
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1 source of the P-32 e.nd the contamination characterization,

) 2 to do an analysis of the actual and potential dose

3 consequences, to look at your radiation safety program, to

4 look at the event reporting and licensee response, an

5 evaluation of any potential wrongdoing that may have

6 occurred on the part of anyone at the center, and whether

7 the NRC's regulatory process and activities preceding the
,

8 event contributed to it.

9. So we'll be looking both for omissions and

10 commissions on the part of the NRC as well. Then our

11 findings could include issues outside of any compliance

12 space, but would be related to the adequacy of the

13 structure that was set up for radiation inspection.

14 There are several things we would like to

O 15 accomplish with this meeting. First, we want to get your

16 understanding of what occurred, and your hypothesis of why

17 it occurred. So in a little bit I'll be asking one of you

18 to brief us on that.

19 Second, we would like to establish our

20 interfaces for the investigation. As you see, we have a

21 rather large organization. We're going to have a lot of

22 administrative kinds of demands. So we do need to work out

23 some sort of interface structure.

24 - We need to know where we can seek technical

25 information or ask for assistance, such as getting escorts

I

O
~

.
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1 or looking for records or samples or data. Then finally,

2 we would like to review with you the process that we are

3 going to use for the investigation, which includes

4 interviews, reviews of involved procedures or equipment,

5 the handling of press inquiries, and the exchanging of

6 information between your staff and the team. That is our

7 agenda for this meeting.
.

8 I guess at this point, I'd like to ask someone

9. from MIT to give us your chronology of what happened and

10 then your best hypothesis at this point as to why it

11 happened.

12 MR. MASSE: Okay. Frank Masse speaking. The

13 incident first came to our attention on a Saturday night on

- 14 August 19th. We got a call from the emergency response

\ '' 15 assistant here at MIT. The worker in question had called

16 for help. He had been working that day with radioactive

17 material in the laboratory, with P-32 specifically, in the

18 laboratory. As he attempted to do his close-out survey at

19 the end of the day, he discovered that he had a high

20 background that he could not get away from. He eventually

21 finally turned the detectors on himself, and discovered

22 that he was the source of the high background. This was on

23 Saturday evening of the 19th.

- ''2 4 The call went out. Mitch came in. Another one

25 of our staff people came in that night. I got a call and
.

G
.

m
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1 was in touch with them. That sort of began the whole

()(j 2 episode.

3 They took him over to the medical department,

4 checked him out. Discovered that he indeed had widespread

5 contamination. It was systemic. It was in him and not on

6 him.

7 They went to the laboratory. They could not
,

8 find any unusual circumstances in the laboratory, no spread

9, of contamination, no suspicion of any problem in the

10 laboratory. They analyzed him enough to determine that

11 this isn't something that had just happened. It was in his

12 bones at that stage in the game. There was no

13 contamination on his clothing. No contamination on anybody j

14 else who was still working in the laboratory,:

i
15 Mitch went to his house later that evening.

16 Found no measurable contamination anywhere in his home. He

17 had already measured, or he measured afterwards, his wife

18 was not home that time, but he measured his wife later and

19 there was no measurable contamination there. He was able l

20 to produce his work clothing from the last few days in the
'

21 laboratory. There was no measurable contamination on the

22 front of his outer clothing that was measured that evening,

23 and no explanation for this situation at that stage in the

24 game. -

25 They did a whole body count on him that

.

.

*n

4 w
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1 evening. They collected a sample of just aliquot of his

() 2 urine that evening. They identified the radioisotope as P-

3 32. The Bremstrahlung spectrum from the whole body count

4 was clearly consistent with P-32. ,

5 So they sent him home with specimen jars and

6 asked him to continue to get specimens of his urine on a

7 routine basis, over the Sunday and then come and see us

'

8 first thing Monday morning.

9 Monday morning, we put a full team into the

10 laboratory and did an extensive survey of the laboratory.

11 Requested that the other workers in the laboratory, I

12 believe 24 other workers in the laboratory, submit urine

13 for urinalysis. Did a thorough search for any

14 contamination, anything that might explain this issue.
O
k/ 15 Then on Tuesday morning, I made the decision to

16 after meeting with everybody Monday afternoon, reviewing

17 the findings that had occurred so far Monday, on Tuesday

18 morning I made a decision to withdraw all of the

19 radioactive materials from the laboratory, essentially put

20 their approvals on hold and try to get a complete control

21 of the situation, requiring them all to take some time, sit

22 down, go through their records and do a complete inventory

23 analysis. What had been purchased, what had been used, to

24 try to account for the radioactivity in the laboratory as

25 best they could.

.

~
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1 We spent a lot of time with the individual

() 2 trying to analyze his work activities, question about

3 whether or not pipetting might have been an issue to be

4 addressed, whether or not there was anything that he might

5 have done in the laboratory that could have led to an

6 accidental ingestion.
'

7 The urine results that we were following at

.

8 that time, we were on top of measurements on a routine

9 basis. As soon as we got an aliquot of urine from him, we

10 would measure it. They were all over the map. We had real

11 problems in the first few days with his urine counts. We .

12 were doing daily whole body counts, which were very

13 consistent, but the urine counts were all over the place.

14 We finally gathered from him that he had taken
A
5l !15 it upon himself, and it maybe that he had gotten some

16 medical advice, but taken it upon himself to force fluids. !

17 So we then said okay, we will require 24 hour complete
|

18 collections. We started getting six, seven liters a day

19 from him for his urinary excretions which clearly explained

I20 why we had such crazy numbers, just looking at aliquots.

21 So from then on, have done 24 hour samples

22 where we really didn't care what the volume was -- |
|

23 MR. MADISON: Then being what time? ;

24 MR. MASSE: I'm sorry?

25 MR. MADISON: Then being what date or time?

!

|

)

.

|
~

-- .

' '

,
.4'
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1 MR. MASSE's That was probably --

() 2 MR. GALANEK: I think that was Wednesday the

3 23rd or Thursday the 24th.

4 MR. MASSE 2 In that range, okay. Then we

5 didn t care how much activity, how much volume was there.

6 We were just looking at the total activity. We could plot

7 that and manage that very nicely.
'

8 We met with Tonegawa Laboratory repeatedly. We

9 looked at other floors in the building. We tried to get

10 the best handle we could on what was going on in the area.

11 We saw nothing unusual. We did just GM survey meter

12 measurements of other people. We didn't go into urinalysis ;
.

13 on everybody in the building. There's hundreds of research |
1

14 workers in the building.

k- 15 But we determined for the record that you can

16 s9e where the GM pancake survey meter measuring the top of

17 your head, which gives you a nice big flat surface of bone,

18 you can easily see five percent of an ALI, just a nice

19 measurement. So it's a nice trick. If you look like Gus,

20 it's an even better measurement. So it's something that we

21 adopted as a technique that really works, and works well.

22 We continued our measurements. We continued

23 our investigations. We have all of that data. We have
:

24 samples of every urinalysis that we took. We have -

25 everything for you.

.
-

* e

4
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1 By nine days in, which would be what, the 29th

2 or 30th I think I met, the 31st I met with them again. We

3 made the decision that we could allow -- we were besieged

4 with requests from people in the group for permission to

5 move into another group and begin work again in other

6 groups. There were ongoing studies that were crecial with

7 r'espect to the ongoing work that was going on. So we

.

8 really had a lot of pressure to resume some work.

9 Rather than let people start moving around, we

10 felt that it was better to maintain the cluster and the
11 control by reopening that laboratory under tight

12 conditions. So effective the first of September, I

13 authorized work to resume in the laboratory with everybody
,

.
14 but this particular researcher going back to work with

15 radioactive material, but under much tighter controls.

16 The radioactive laaterials had always been under

17 lock and key, accessible to all of the authorized users.

18 Now they were under lock and key, available only to the

19 laboratory management. In fact, only three people, a

20 laboratory manager and his two assistants had access to the

21 radioactive material. It was their responsibility to dole

22 out that material to people as necessary, on a tight

23 inventory control basis. They had to justify their need

24 for the activity and they had to account for that activity

25 before they could get more. There was a clear listing of

.

O
~

_
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1 who was authorized to work with the material.

() 2 So we allowed the resumption of work on that

3 basis. We also escalated our surveillance of the-

i 4 laboratory and made sure that we had a presence over there
;

| 5 on a much for frequent basis than before.

6 We continued with the assessment. The results
.

i

7 of the inventory review came back. Much to our surprise,
i -

8 we were estimating at that stage in the game that the1

9, activity ingested had been somewhere in the range of 450 to-

| 10 550 microcuries. The inventory balance indicated that

11 there was a missing amount of activity on a shipment that I
1

12 arrived on the day of intake that amounted to about 475 |

13 microcuries.

14 We tied down the day of intake rather precisely
G
l 15 by two methods. One was that this gentleman worked with P-

16 32 only sporadically. He would do a labelling procedure,

17 and then take several days just working with the data

18 before he'd get back to working with raw material again.

19 Previously to that Saturday, he had worked on

20 the previous Monday, which was the 14th is it? j

21 MR. GALANEK Correct. !

22 MR. MASSE: So that was the last time he had

23 personally worked with radioactive material. He had had a

24 mishap on that day in that he'd had to run his labelling

25 process twice. He did it in the morning and his labelling
.

-

..

9 ,
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i 1 was not ruccessful. We inquired into that to see if maybe
.

() 2 that's where this occurred. He satisficdyts that that was

.

3 not the case. He worked with only 50 microcuries that

f

i 4 morning. He could account for it all. It wasn't in his

5 cells, but it was still in the incubation vat. So he could
4

| 6 account for everything and that was not the answer.

i 7 But he had then worked into the afternoon,
i

l 8 repeating his experiment which was unusual. Usually he
,

f, 9 would only do it maybe once a week sort of thing. But he

j 10 had not had any difficulty with his close-out survey on

! 11 that day. So that was an interesting bit of data.

12 Ha then, he suggested to us that maybe there

13 was some information in his laundry. So he brought in his
i

laundryforthehast10dayscatalogued. I don't know how14,_

U 15 many of you can do that, but he did. This was Friday's,

16 Thursday's, Wednesday's, and so forth, his underwear and so
:

i. 17 forth.

18 Mitch in his surveys did a very nice piece of

i 19 detective work and looked at the right place in his )

!

20 underwear where the last drop is always going to be
.

| 21 deposited. He was able to see the P-32 in the drop from

22 Friday and Thursday and Wednesday and Tuesday and Monday,

23 but not Sunday and not Saturday and not the previous

24 Friday. So it really tied in rather nicely.
:

25 So we then could back calculate from the
:

!($f
,

4

+

$
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1 measurements of urinary excretion and body retention on any

1 ) 2 given day back to a day of intake. Now you begin to have

3 some numbers that you can have some faith in.

4 We have watched the laboratory very closely now

5 for five weeks or six weeks, whatever it's been, with no *

6 difficulty. Things have been operating smoothly. He

7 questioned -- we worked very closely with him.
.

8 This is a Ph.D. post-doc in his fifth year here

9, as a post-doc. He let us know in no uncertain terms that

10 he is a scientist and a Ph.D. and he knows about these

11 things. He certainly impressed us with the fact that the

12 Sunday after the initial finding, he spent the day in the

13 library. He knew what an ALI was and he knew what a brem

14 was, and he really had brought himself up to speed.
,_

5- 15 So he then decided that he was going to be the

16 referee over everything we did, which was fine. We've said
:

17 come on, we're going to be talking about this and working

18 through the data, sit down and join us.

19 We sat down with him with his immediate

20 supervisor. Professor Tonegawa was out of the country. He
l

21 was in Japan at the time. We sat down early down with |
I22 Professor Phil Sharp, who is the head of the Biology

23 Department. He in the discussion told Professor Sharp that )
!

24 he had no faith in our ability to do what we were doing, |

25 and he really didn't think that our numbers were correct,

;

()
_ . .

.

4 -
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1 and so on and so forth.

() 2 MR. MADISON: Do you remember the date of that

3 meeting? |
l

4 MR. GALANEK: Friday, 24th. Let me just' pull

5 out a calendar.

6 MR. MASSE: It's around the 24th, 25th.
,

1

7 MR. GALANEK: Twenty five.

*

8 MR. MASSE: So Professor Sharp asked me if I

9 had any problem with a referee. I said none whatsoever.

10 We'd be happy to have all the help we can have, we can got,

11 and I have no problem at all. So asked the researcher if

12 there was anybody who he would like to identify to be his

13 second opinion, if you will. He indicated that he didn't
.

| 14 know anybody and wouldn't know who to suggest.

15 So Phil asked me if I would suggest somebody. |
i |

16 I said yes, I would get Ken Skrable right up here at

I 17 University of Mass, at Lowell. He certainly knows about

18 internal beta emitters and retention and that sort of

19 thing. He wrote the NUREG. He would be ideal. Phil

; 20 thought that that was great. Turned to the researcher and

21 said was that okay with hbn. He said not if Mr. Masse
,

22 suggested it. So I said I don't think I'll suggest anybody

23 else.

24 So then Professor Sharp asked if he knew
,

1

25 anybody at Harvard. The answer was no. He asked me if |

|

|,

1

.

P

.i
*

|
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1 there was somebody at Harvard who could do it. I said yes, j

() 2 certainly. I suggested Joe Ring. So Joe has been looking

3 over our shoulders,since then, and doing some independent J,

l

4 measurements of split samples and just reviewing our data.
'

,

5 We fed him all of our whole body -- we have continued to do

6 whole body counting on a daily basis, and continued to do
'

7 urinalysis on a daily basis. Seven days a week in whole
.

8 body counting, five days a week. We have all that data.

9, We have already shown you the results of that data.

! 10 So we followed through since then. I finally

11 came to the conclusion that we knew where we were, enough

12 that we iterated the numbers enough to all agree on them.

13 So I issued a report just last Thursday to the researcher.

; 14 sort of summarizing his intake and what it means in terms
:

b 15 of brem dose and total effective dose equivalent.
.

16 Then we heard on Friday that Nature has hold of

17 this thing and was interested in some information and that

18 it obviously was going to become public. So in a

19 conversation I had with administration hierarchy on Friday

20 or Saturday, over the weekend I guess we decided that on

21 Monday morning I would give you people a heads up on what<

22 was going on. That is where we stand.
'

23 MR. GLENN: Do you have a hypothesis as to how

24 the material was ingested?

25 MR. MASSE: First of all, you have to

.

.
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,1 understand that the activity that they are handling is very

() 2 concentrated material. It's a very small drop. Five

3 hundred seventy five microcuries is a very small drop of

4 activity. It's not beyond the realm of possibility that it

5 was simply accidental. Just a drop hitting his tongue, if

6 you will. I don't know, but it's possible.

7 It obviously is possible that it was a
4

8 deliberate act, either a random act of somebody in the

9 laboratory, a deliberate act against him from somebody in

10 the laboratory, or he clearly had the capability of doing

11 it himself.

12 MR. GLENN: At one point you informed the

13 campus police?

14 MR. MASSE: Yes. He informed the campus police

N- 15 during that first week. Was it Wednesday?

16 MR. GALANEK: Thursday.

17 MR. MASSE: Thursday of that first week. So it

18 would have been the 24th. We deliberately got in touch

19 with the campus police to tell them that we felt that thi.s

20 was a very serious issue and urged them to please work with

21 him, and that we would be very interested in helping them

22 or doing whatever we could to work with them.

23 I should say too that we had a radiation

24 protection committee meeting in September on -- my calendar _

25 is beside me here.

O
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i 1 MR. GALANEK: I have it as the 12th. ;
,

2 MR. MASSE: The 12th, okay. The 12th of

3 September I reported this whole thing to the Radiation4

j 4 Protection Committee. We spent _quite a bit of time

5 discussing it. The committee voted to have the chairman

6 and myself draft, and the chairman submit a letter to the ,

7 ' researcher expressing regret of the committee and the

8 concern of the committee for looking into this and making

'

9, sure that it didn't reoccur. The fact that we took this as

i 10 a very serious incident. And a letter to the campus police

j 11 urging them to do everything reasonable to find out how |
4

! 12 this occurred, and again, help us to prevent its recurrence

13 if in fact it was a malicious act. {
1

14 MR. GLENN: But at this point, you haven't

| 15 drawn any preliminary conclusions?
i

16 MR. MASSE: No. No preliminary conclusions. I'

17 have got a million hypothesis which aren't worth the paper

! 18 that you can write on.
i

i 19 MR. GLENN: One thing we will be wanting to
i

j 20 have MIT provide us with is your preliminary sequence of

; 21 events analysis. It may be that the report that you are

22 talking about in fact does that. So we would be interested

i 23 in getting those kinds of internal analysis.

'
24 MR. MASSE: Ron has a copy of the minutes of

a
' ' 25 the meeting. I think that does it as well as anything.

1
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1 MR. GLENN: Okay. Some things that we will be

) 2 doing in the short-term, and then need to get your(

3 cooperation in doing this. One thing is part of our

4 investigation we'll be requesting that you post a notice on

5 bulletin boards, doors, or something like that that

6 essentially says the IIT is here, that I'm the leader of

7 it, that they can phone me and that we would be willing to'

,

8 talk to anybody who believes they have information

9, concerning this incident. This bulletin would tell them

10 how to get a hold of us.

11 MR. MASSE: The best place for that I would

12 suggest would be right in the Cancer Center Building over

13 in that area.
1

14 MR. GLENN: As widespread on the bulletin I

f

15 boards over there as possible.

16 MR. MASS's Okay. That's fine.

17 MR. GLENN: Maybe you can clarify one thing for

18 us. How big is the Cancer Center? |

19 MR. MASSE: It's the building over across Ames

20 Street. It's a relatively small building. Ron was over

21 there with us yesterday. The Biology Building is right

22 across the street from it, the new main Biology Building.

23 There is a lot of traffic between the two. We certainly

24 could post it in the Biology Building as well. That would

25 be quite reasonable.

.
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1 MR. GLENN: Mary Glenn, do we have --

() 2 MS. CRUTCHLEY: I've typed it up, but I didn't

3 have a phone number.

4 MS. SIEGEL: No. We need a phone number.

5 MS. CRUTCHLEY: I can add that on.

6 MR. MASSE: We'll talk.
'

7 MR. GLENN: The other thing is in the
*

8 confirmatory action letter that was negotiated this

9, morning, or at least that I understand was negotiated this

10 morning.

11 MR. MASSE: Yes, it was.

12 MR. GLENN: You were asked to protect certain

13 samples of records and that sort of thing. We'll need a

14 list, I guess, of what you have captured under that then so
.

x 15 we can track that and what happens to it.

16 MR. MASSE: Anything we have, John, you are

17 more than welcome to.

18 MR. GLENN: What I'm asking for new is a little

19 more formality and actual listing of what you ?,tave

20 identified so that we can then track the final disposition.

21 MR. MASSE: No problem. We'd be glad to do

22 that.

23 MR. GLENN: It's possible that we will be in

24 fact, if samples still exist, splitting samples, having

25 laboratory analysis done, those kinds of things.

(:)
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1 MR. MASSE: As I've indicated, I mean we had a

2 room full of gallon jugs of urine that was beginning to

3 affect our living conditions. So we have now taken
.

4 representative samples of all that and measured the volume,

5 but disposed of most of the urine, but we have every sample
,

6 properly represented with volumes from that day, 14 days.,

! 7 MR. GLENN: So basically you have a sample, a
'

.

8 representative sample of every sample that you --

9, MR. MASSE: Of every data point except the.

10 whole body counts obviously. It's hard to keep those.

'

11 MR. GALANEK: We have a computer file with all

12 of those whole body counts for you.
4

! 13 MR. GLENN: Okay. I don't know, is that

14 computer file perhaps the way for us to get a listing of ,

I

g3
Ibs# 15 what you've got? I am asking you, I guess, to produce a

i 16 list of the samples that you have.

I 17 MR. MASSE: Yes. Actually the data that I sent
'

i

18 Betsy yesterday shows every data point that we've got. We

19 certainly can back that up with a listing.

20 MS. ULLRICH: John, I think maybe we need to

21 clarify what level of detail you want on this list, the

22 data that Frank is referring to is a summary with a linear

23 clock showing results.

24 MR. GLENN: I am looking for something with

25 sufficient detail that it has some identifying, sample A or

;
~
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1 -sample E or sample 1, 2. ,

() 2 MR. MASSE: We've got it any way you want it.

3- MR. GLENN: Okay.

4 MR. MASSE: We can-generate whatever you want.

5 MR. GLENN: So something that identifies the

6 sample and where it's kept and how it is protected from

7 being taken away or tampered with.

) 8 MR. MADISON: It's -- you are basically

f 9, quarantining that basically, so wanting to control the
!

j 10 quarantine anQ then releasing it to you as we've reviewed
i

j 11 it.

k 12 MR. MASSE: Okay If you've got a place where

13 you want us to -- we'll turn that over to you right now if

! 14 you like. We certainly can.
;

15 MR. GLENN: I guess what we need to know is how;

i 16 it is controlled and then --
! l

{ 17 MR. MADISON: Maybe we can see that on the

| 18 tour.

! 19 MR. GLENN: Okay. When we're through here, we
;

i 20 would like to just take a tour of the cancer Center so we
t

; 21 have some idea of the --
!

! 22 MR. MASSE: The data is all right in this
i

23 building. It's right down the hall. Our offices are right
|

| 24 here. -

25 MR. GLENN: I guess there probably the thing to

4

!
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1 do is get a list and get our official copies of that

O information as quickly as possible and then release it back2g_j

3 to you so that doesn't stay quarantined very long.

4 MR. MASSE: Okay.

5 MR. GLENN: The samples we'll need to

6 quarantine until we decide what we want to do with those.

7 We will be having interviews with people who we j
'

8 identify who think they have some information about this

9, incident. We have some -- a guidance document for the team i

i

10 which we will be handing out.

11 Do we have Exhibit 3.17
1

12 MR. MADISON: I'm going to hand that out for

13 everyone. This meeting will also be treated the same as an

14 interview, because there will be a transcript made of this.
f-

15 Transcript.s are available, will be made available for

16 review for everyone.

17 Which one of you gentlemen should have a copy

18 of this? I guess what I can do is just go over this.

19 The transcript will be made available to

20 anybody that was involved in the meeting for review. We

21 will be arranging that through Region I, am I correct?<

.

22 MS. SIEGEL: Yes. We're going to have a
.

23 custodian of the transcript so that they will be available
.

24 for review, but not for keeping until after the entire .

25 investigation.

.
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1 MR. MADISON: How can they then contact? Who'

() 2 should they contact?

3 MS. SIEGEL: Well, as soon as we get -- you'

| 4 mean to review their transcripts?
!

5 MR. MADISON: Yes.1

|

| 6 MS. SIEGEL: As soon as we get a central

7 receiving office, we'll make appointments for them to
i '

) 8 review their transcripts. We'll have somebody there with

| 9 them and give them errata sheets, so that if they feel that
,

10 they want to change anything, it wasn't clear or --

11 MR. MADISON: I'm going to go over that. The

12 main purpose of the transcript is for us to review and to

13 have a record of what was said so we can raview it. We

14 don't have to take notes. We don't have to zely upon our

(A-) 15 memories of what was said. But we do have to treat them

16 fairly controlled, because later on they may become

17 publicly available as a record of this investigation.

18 You are allowed to review it. You are

19 encouraged to review the transcript. If there are any

20 problems, any corrections you want to make, we don't allow

21 that on the transcript. There will be an addenda, errata

22 sheet. I've got a copy here. It will look similar to

23 this. You can make any corrections, any comments,

24 clarifications. If you think something didn't come out .

25 quite the way you wanted to say it, you want to make that

O
_
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1 comment in here, that will.become part of the record and

() 2 part of that transcript.

3 At the close of the investigation, the incident

4 investigation, copies will be made available on request

5 only to the people that were involved in that particular

6 interview or that particular meeting.

7 Are there any questions?
'

8 MS. SIEGEL: However, they will probably become

9 a part of the public record once the entire investigation

10 is completed. All the documents go under the public

11 document, unless they contain any personal medical

12 information or of that type.

13 MR. MADISON: 7. 't would bring up the question

14 of propriety information.

15 MR. GLENN: Yes.

16 MR. MADISON: If there is any information that

17 we receive, documentary or through interviews that is

18 proprietary, we rely upon you to identify that to us

19 immediately. We will mark it and control it as proprietary

";,/20 information.

21 MS. SIEGEL: Until -- again, I'm the caveat,

22 I'm the bad guy. Then at the conclusion of the IIT, you

23 will have to provide us an affidavit as to why that is such

i 24 _ under 2.790 of the Federal regulations. We'll talk. )
|

25 MR. GALANEK During this interview process, |

-
|
1
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1 you will ask for opinion or fact, or both?
,

(f 2 MR. MADISON: We are-interested in getting

3 facts. That is another reason why we want documentary

4 evidence, because that is factual information. If people

5 .wish to share their opinions with us, it will be clearly q

6 noted in the transcript as an opinion.

*

7 MR. GALANEK: Okay. Thank you.

'

8 MR. GLENN: But I think you are quite aware
4

| 9, that when you ask people questions, they quite often ''

j 10 volunteer opinions. The transcript should make that clear.

; 11 Another issue that may come up, and I guess one
\-

i 12 thing I might want to ask you some questions about is how
i

j 13 much you know about the upcoming Nature article, because
1

14 one of my responsibilities is to respond to press.

15 inquiries. If I feel it's necessary, to in fact have press
i

; - 16 briefings as the investigation goes along. So at this

17 point, I don't know what plans I have for holding
"

18 briefings, but if on Thursday there is going to be an

j 19 article, I may be counting on having to have a briefing on
:

20 Thursday.
:

! 21 So I was wondering if you can comment something
i

22 on what you know about the Nature article.
,

:
'

23 MR. MASSE: I don't know anything. I only know
i

24 what I've heard from Ken Campbell, indicating that the _

|

Naturereporterwhomheknowsquitehe11,hasbeenintouch25'

-
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'l with him looking for information. He issued a press

() 2 release to him yesterday.

3 It was my understanding from Ken that they were

4 doing it sort of as a -- and heard about this, were doing
,

5 it as a side-note on a story that they had planned for the

6 NIH incident. I heard from I believe the NRC that MIT was

7 more likely to be in the lead in that article rather than
'

8 NIH. But I really I don't know anything directly from

9 Nature.

10 MR. MADISON: Are you in contact with them at

11 all?

12 MR. MASSE: No.
|

| 13 MR. LITSTER: Ken, our news office has been.

!
| 14 The only information we have provided Nature with is in the
!

15 press release. You have a copy of it.

16 MR. GLENN: Yes.

17 MR. LITSTER: However, I did speak with Ken

18 Campbell who is our news officer this afternoon. He told

19 me that he had heard from the employee involved in this

20 incident, the employee had been contacted by Nature. So

21 somehow Nature had learned his name.

22 MR. MASSE: Hature also had the name of the

23 laboratory, the name of the director of the laboratory, !

_ 24 which was not in the news article, the news release.

25 MR. GLENN: Okay. Some other issues. You havei

,, .
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' 1 heard Cherie speak up several times about needs. We do

() 2 need a contact on your staff who Cherie can interact with

3 to express our needs both in terms I guess of

4 administrative support and in terms of scheduling

5 interviews, receiving documents, those kinds of issues.

6 MS. SIEGEL: Right. Because if I may, any

7 documents that you have given to the team so far, I will be

8 collecting from them. They will become part of a
'

9 bibliography. You, along with the team, will get updated
,

10 copies of the bibliography to keep you informed.

11 Any request for documents will come from me. I

12 need a contact of who I will communicate with. Who will be

13 the liaison from you folks, so that there will be a one on

14 one contact and we won't go hither, thither and yon, so to

.O(> 15 speak. The same thing with the physical arrangements which

16 we can take care of after the meeting. We'll talk about |

17 our needs there, our needs versus what you can supply. We i

18 understand the limitations.

19 MR. MASSE: You are going to be the contact?
|

20 MR. GALANEK: Yes. I would suggest it be me,
i

21 unless in setting up interviews with the people in the lab !

22 because I'm more lab oriented, that I become too busy and

23 then I would get an assistant of mine to fill in for me.

24 MS. SIEGEL: Right. That'_s fine.

25 MR. GALANEK: So I would suggest me.

.
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1 MS. SIEGEL: That's fire. I'll need your |

t 2 telephone number, Mitch.

3 MR. GALANEK Okay.

4 MR. GLENN: Okay. One other issue. 'I don't

:

5 know whether it is going to come up or not, but if we
:

6 needed photographic services, would you be able to supply ;
; ,

- 7 t' hose to us if we needed a lab photographed or a piece of
i ,

! 9 equipment photographed? Could you do that for us?

;

9, MR. MASSE: Sure. We have a graphic arts -- we

10 have a photographic -- we have a couple of professional.

11 MS. SIEGEL: Photographers? That's wonderful.

12 That's good.

13 MR. GLENN: Al, can you or Cherie think of any

14 other issue that we haven't --

15 MS. SIEGEL: I'll talk to Mitch afterwards

16 about our physical facilities, if you don't mind, because

17 we will need something.

18 MR. GLENN: Do you have any questions about the

19 process at this point? ,

j

20 MR. MASSE: No. I think I understand it enough |

21 to get started. Obviously I'll understand it more as time

22 goes on. ;

23 MR. GLENN: I guess one comment I'll make is I

24 don't know how long we are going to be here on site. ,

!

25 Essentially we'll remain here until we feel we have ,

l
1
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1 fulfilled the charter. Then of course we have more work to

() 2 do when we go back. It could be that when we go back and

3. start writing our reports and finishing our analysis, we

4 might determine we need to come back and do some more

5 interviews. ;

6 MR. GALANEK Could you tell me when_you would

7 like to interview the researcher involved? Because I need
*

8 to contact him at his home for that.

9 MR. MADISON: We would probably want to

10 interview him first thing tomorrow morning.

11 MR. GLENN: Yes. Certainly the first

12 interview.

13 MR. MADISON: Probably our first interview.

14 There will be more than one interview going on at a time I i

.O
\/ 15 would imagine. We'll talk again about spaces for that. We

16 will again be scheduling those interviews through Cherie.

17 She will be contacting you telling you who we would like to j

18 interview and you kind of set up a time for us to work that '

19 out. ;

20 MR. GALANEK Okay.

21 MR. MADISON: We'll know some more tonight.

22 One of the things we would like to get and wasn't

23 requested, is a list of the names of the individuals in the

24 lab and an organization chart for the lab, including your

25 organization, the -- (indiscernible) -- and safety.

_
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1 MR. MASSE: We have that. That's easy.

D) 2 MR. MADISON: That will help us kind of point(_
3 out who we want to interview.

4 MR. GLENN: One thing, on that chart, if you

5 could indicate those individuals who were responsible for

6 maybe some aspects of the investigation, that would be very

7 --

,

8 MR. MADISON: Including the campus police, if

9, they were involved.

10 MR. MASSE: Okay. One thing that we talked

11 about is there are a lot of people in the laboratory. It's

12 across campus. Would it be helpful to you in your

13 interview process if they could find a room or two over

, 14 there that you could use?

15 MR. MADISON: It would actually be better if we

16 could meet as a team, have a meeting space as a team over

17 there, as well as the interviewing rooms being over there.

18 It would be easier for us, and it would be more convenient

19 for them.

20 MS. SIEGEL: Wait a minute. What I would like

21 to do is have this all centralized together.

22 MR. MADISON: If we can, over in that location

23 would be preferable.

24 MS. SIEGEL: Do you have space? -

|
|

25 MR. GALANEK: We don't own space there. We

i
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1 will now go and find out. I don't know if that request can

() 2 be fulfilled.

3 MR. MADISON: We'll work with you.

4 MR. GALANEK: Okay.

5 MR. MADISON: But that would be preferable to

6 interview them in those locations.
'

7 MR. GALANEK There just isn't a lot of free
.

8 space in research laboratories.

9 MR. MADISON: Do they have offices?

10 MR. LITSTER: They have offices. I can tell

11 you they have been beating on me to get space.

12 MS. SIEGEL: Yes. See I don't want us

13 scattered all over the place.

14 MR. MADISON: No. I don't want to go all over.

15 MR. GALANEK: See we have this, which you can

! 16 have until you decide to vacate. We have an office next

17 door. Maybe we could clear out a couple of spaces here for

18 the interviewing.

19 MS. SIEGEL: This doesn't have to be on the

20 transcript.

|

| 21 MR. MADISON: This doesn't have to be on the

22 transcript. We're talking administrative.

23 MS. SIEGEL: We'll talk after the meeting.
|

I- 24 MR. GALANEK There's a conference room --

25 MS. SIEGEL: I need to tell you what our real |

.
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1 needs are.

() 2 MR. MADISON: Do you have any more?

3 MR. GLENN: I think I've covered the items that

4 I had on my checklist.

5 MR. MADISON: This will be a fairly intrusive

6 visit by the NRC. We will try to work with you so that we

7 don't shut down your operation. We want to gather the
'

8 facts ac best we can, but we don't want to cause MIT to

9, have to close shop while we're here.

10 MR. GLENN: Don't be embarrassed to tell us if

11 we are impacting you in some way. If all you are doing is

12 responding to us and you are not getting your safety job

13 done, tell us that. We'll try to accommodate.

14 MS. SIEGEL: We can talk.

15 MR. GLENN: Off the record.

16 (Whereupon, at 4:49 p.m. the meeting was

17 concluded.)

!

|
t

i

4

! -

|

!
-

i

.

.

*
*

O

j . _

i
- - -- - -- ._ _ __ _ _ _ - _ _ _ _ _ _ _ . _ _ _ _ _ _ .

-



_ - _ _ _ _ - _ _ _ _ _ _ -

,
.

.

_

33

1 CERTIFICATE OF REPORTER AND TRANSCRIBER

2 This is to certify that the attached proceedings

3 before: JQUN GLENN, Team Leader

4 in the Matter of:

5

6 INCIDENT INVESTIGATION TEAM MEETING
.

7
.

8 Place: Cambridge, Massachusetts

9. Date: October 17, 1995

10

11 were held as herein appears, and that this is the true,

12 accurate and complete transcript prepared from the notes

13 and/or recordings taken of the above entitled proceeding.
_

14q
'd 15i
'

16 G. Pyotte 10/17/95
| 17 Reporter Date

18
19

l
1

1

_

-
.

..

_

_ ._ _ _ _ ___. _ __ _ _ _____________ _ _______ _ _________



__ _ _ _ _ _ _ -_ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

$ |
|

.

|

5

)

A -
. .

10-Wl4 6 ?
,

LIMITS FOR INTAKES OF RADIONUC1.! DES BY WORKERS 69

llum, s

esas,

METABOLIC DATA FOR PHOSPHORUS
mpli.

1. Metabolism2-26

Data from Reference Man (ICRP,1975). ,j
nded

;

Phosphorus content of the body 780 g' ,

n f of the skeleton 700 g
3

of muscle 50 g
964).
wra- Daily intake in food and fluids 1.4 g

kater 2. Metabolic Model
-

(a) Uptake to blood
foh.c

Dietary phosphorus is well absorbed from the gastrointestinal tract as are various inorganic
e by compounds of the element (ICRP,1975; Wiseman,1964; lionstead and Brady,1967; Castle ,.

et al.,1964). In this reportfi as been taken to be 0.8 for all compounds of the element. ::h
the

; , (b) Inhalation classes
;

| I'* The ICRP Task Group on Lung Dynamics (1966) assigneu all compounds of phosphorus t'

kgr to inhalation class D except for phosphates of some particular elements which it assigned to
Sui i inhalation class W. This classification is adopted here and for information concerning the j

' inhalation class appropriate to a phosphate of a particular element the metabolic data for |
'iurn

; that element, or the task group report, should be consulted.
,

'

in of
I

I Inhalation

fI4.
cg m r, ;'

!

i

|j D 0.8 -

'

~W 0.8
,|

Y - .

|
[

!
|

| (c) Distribution and retention f
'

! The retention orphosphorus in the body has been reviewed by Jackson and Dolphin (1966).
-

| They conclude that the whole-body retention of phosphorus is well described by a function of ,

-
' ' the form

R(t) = 0.15 e~' ''3'Io.s + 0.15 e-' ''3'l3 + 0.40 e-' "3'/" + 0.30
'

I

! These four terms have been associated with blood plasma, intracellular fluids, soft tissues and
i

|
mineral bone respectively (Jackson and Dolphin,1966; Dyson,1966). ,

|
In this report the model used for the distribution and retention of phosphorus has been'

,

|
based on that proposed by Dyson (1966). Phosphorus entering the transfer compartment is
assumed to be retained there with a half-life of 0.5 days. Of this phosphorus 0.15 is assumed

!
j to go directly to excretion,0.15 to intracellular fluids where it is assumed to be retained with

~

j :a halflife of 2' days,0.40 to soft tissue where it is assumed to be retained with a half-life of
'

| 19 days and 0.30 to mineral bone where it is assumed to be permanently retained. Although

j(" permanent' retention of phosph'orus in mineral bone has been assumed, consideration of the
'

~

| . data from Reference Man (ICRP,1975) indicates a half-life of retention in this tissue of
-

|
about 1500 days. Ilowever, for dosimetric purposes, permanent retention may be assumed, ,

, _

i'

, i
;

I

?
a

'

,
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since the radioactive half-lives of all isotopes of phosphorus considered in this' report are

,
-

"5 much less than 1500 days.
; Phosphorus going either to intracellular fluids or to soft tissues is, for the purpose's of_c

W
dosimetry, assumed to be uniformly distributed throughout all organs and tissues of the.

body exe.luding mineral bone.
D

3 Classification ofIsotopes for Bone Dosimetry
Stable phosphorus is uniformly distributed in mineral bone. For purposes of dosimetry,

;
isotopes of phosphorus with radioactive halflives greater than 15 days are assumed to be
uniformly distributed in mineral bone and those with shorter half-lives are assumed to bep

'

retained on bone surfaces.
9

.
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The main priority of this week: August 13 - August 19,1995,

1.---------------- --
.

'
2.-------------------------------- --------------;

J 3.---------------------------- - --- -----

g ;a af ktT4,__----___

5. ------ ----[- bw Mp 3{,d a gw4 c.t MIT
_____________

--

f
August 13, Sunday,10:00 to 15:30 04:00 develop IP plates; southem failed;,

2 day 337 literature for PCR labeling; went to
! see Toyota car dealer;
: 14, Monday, 8:10 to 20:1512:40 label the probe by PCR failed; label
! day 338 again, partially succeeded; got

library membranes from Yanyan and Hayden; buying car decision;
i August 15, Tuesday,7:55 to 19:1512:00 got e-mail from UlUC to apply for
! day 339 Searle Scholar and realized I have .

I to work hard to publish another major journal paper; literature search to decide
|

| which proposal to write;
!

; 16, Wed. 8:10 to 19:4512:20 went Harvard and bought 4 books;
j day 340 literature search about mental
! retardation; phoned Dr._ Goodman in Oregon;
i 17, Thursday 8:20 to 19:5012:00 grant writing; wrote to Greg;
,

day 341 colony check;
j 18, Friday 08:40 to 20:0012:00 grant writing;
! day 342
i 19, Sat. 09:50 label probe; see movie; found
| day 343 myself got seriously contaminated;

ca l l e d M IT po l i ce ---------------------------------------------------------- -.

--- - - - -

: ---...__-- -..______ __ _ __ _ __ _ _ ______

j total,
;

)

)

!

$

1

,

S

, , , . _ ,_ p.,,, . _ - , -

.--- +-----------S -
-
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j interactions with Dr. Zhuo Qian arranged chronologically

compiled by Yuqing Li, Sept. 20,1995

August 9,1994
I talked to Zhuo about getting the Kil promoter but failed to get it.,

! I sent fax to Susumu to ask for the permission to contact people in
: Columbia to get Kil promoter.
,

! August 10,1994
I got Susumu's portion of promoter from Dr. King after Susumu

phoned Zhuo.
,

Numerous incidents happened in between but I do not have a:

) log for exact time and people involved. However, I did remember once
i he removed my gel while I was photographing the gel. Maz was the

witness of this incident.
:

2 March 10,1995
I got note from Zhuo to order me to give him mice. see attached4

March 13,1995
I c6mplained to Susumu about Zhuo's note.;

; May 15,1995
Susumu talked to me and I agreed to give zhuo mice in

exchange for a coauthorship in the first significant paper not in all the:

papers I originally asked.

:

!

4

:

|

.



|
|

'

|

.

Days my wife cooked for me around August 14
based on the credit card transaction at supermarket:

.

DATE SUPERMARKET LOdATION AMOUNT NOTE
07/27/95 STOP AND SHOP, #62, MALDEN 8.45
07/30/95 STOP AND SHOP, #62, MALDEN 18.96 CONFIRMED BY MY WIFE &

'

HER COLLEAGUE
08/02/95 LAVERDES STAR MARKET, 9.81 THIS STORE IS OUT OF

MEDFORD BUSINESS NOW '

08/06/95 STOP AND SHOP, #62, MALDEN 24.11
08/10/95 STOP AND SHOP, #62, MALDEN 10.90

,

08/13/95 THE 88 SUPER MARKET AT 35.73 THIS IS CONFIRMED BY MY
CHINATOWN WIFE

# AFTER AUGUST 19,1995, I RESUMED TO EAT AT FOOD COURT.

# In conclusion, the lunchbox i used at noon of August 14 was made on August 10 and was left ovemight
,

at MIT on August 13,1995. The supper I had on August 14 was made on August 13 and brought into the '

lab on the moming of August 14,1995.
|

# I have phoned my credit card company to get exact transaction time for the above transaction, I will get
'

them within one to two weeks.
i

'
,

# If for other reasons you want to show my log book and credit card transaction copy to people
outside of MIT campus police department, please let me know in advance and get my permission.

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ __ _ _
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I
MCA #1 - Canberra S100 - PHANBKG.MCA -

Tag Number : 80 Plotted on : Wed 18 Oct 1995 @ 15:54:59Dead Time . 0.01% Acquire Started : Wed 04 Oct 1995 9 11:26:23
''

| 1/2 :VFS= 64

T
") ', - , " " ' j;,-[; hd2m . .&J A. LJg ,-

Cursor =725 From 0 To 2047 Poet (La). 600.00Counte=3 Int =6200 Area =0+-0.00% Elep(La). 600.00

lJu/e L/p i

Cr v ~ t v S.
*

ptum

cr| tueIcjvcur

|
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MCA #1 - Canberra 3100 - LI3-95.MCA -
Tag Number 72 Plotted on We' d 18 Oct 1995 0 15:52:28Dead Time : 0.09% Acquire Started : Tue 22 Aug 1995 914:32:59

f | IvW ivt M. 1 sis J

t'
i

i
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l() Ak({-l'fDirectory listino of Bis

go,, tp Dalc*hl"O li~ e r/ 0 '*O
BKG-BOBE.MCA 8.320 10-16-95 10:05a,

BKGBOBC.MCA 8.320 10-16-95 10:22a
LI-95.MCA 8.320 8-19-95 8:490
lit 0-95.MCA 8.320 8-31-95 1:48p
LI11-95.MCA 8.320 9- 1-95 2:400
LI12-95.MCA 8.320 9- 5-95 3:38p
LI13-95.MCA 8.320 9- 6-95 2:29p
LI14-95.MCA 8.320 9- 7-95 2:34p

bln kuh f[osLI15-95.MCA 8.320 9- 8-95 1:470
,

LI16-95.MCA 8.3E9 9-11-95 2:360 ' '

LI17-95.MCA 8.320 9-12-95 12:51p ' * * > ' Pa r! #dt! f/
,

LI18-95.MCA 8.320 9-13-95 2:19p p/- alo[e hnef ,
,LI19-95.MCA 8.320 9-14-95 1:44p 41,,[7[7c, , ,, jL'2-95.MCA 8.320 8-21-95 5:05p 1

_I20-95.MCA 8.320 9-15-95 2:070
LI21.MCA 8.320 9-18-95 2:48p,

LI22.MCA 8.320 9-19-95 1:430
LI23.MCA 8.320 9-20-90 3:150
LI24.MCA 8.320 9-21-95 3:43p

l

LI25.MCA a.320 9-22-95 10:51a
LI26.MCA E.320 9-25-95 1:310
LI27.MCA 8.320 9-26-95 1:330

;LI28.MCA P.320 9-27-95 1:090 '

LI29.MCA 8.320 9-28-95 1:390
LI3-95.MCA G.3?0 8-22-95 2:43p )LI30.MCA 8.320 9-29-95 2:14p

!

,

LI31.MCA 8,320 10- 2-95 1:44p
!LI32.MCA 8.320 10- 3-95 1:44p '

LI33.MCA 8.320 10- 4-95 2:42p
LI34.MCA G.320 10- 5-95 3:55p
LI35.MCA 8.320 10- 6-95 2:560
LI36.MCA 8.320 10-10-95 2:52p4

LI37.MCA 8.320 10-11-95 2:37p
'

LI3S.MCA 8.320 10-12-95 2:080
LI4-95.MCA 3.320 8-23-95 3:13p

iLI5-95.MCA 9.320 8-24-95 4:41p I

LI6-95.MCA 8.320 8-25-95 4:25p
LI7-95.MCA 8.320 8-28-95 4:46p
LI8-95.MCA 8.320 8-29-95 1:25p
LI9-95.MCA 3.320 8-30-95 2:52p
P-32 CAL 2.MCA 8.320 8-22-95 6:460
P-32 CAL 3.MCA 8.320 8-28-95 10:04a
P-32 CAL 4.MCA 8.320 9- 5-95 9:00a
P-32 CAL 5.MCA 8.320 9- 6-95 9:06a
P-32 CAL 6.MCA 8.320 9- 7-95 9:16a
P-32 CAL 7.MCA 8.320 9- 8-95 10:40a'

P-32CALS.MCA 8.320 9-11-95 9:25a
P-32 CAL 9.MCA 8.320 9-12-95 9:32a

- P-32CALB.NCA 8.320 0-22-95 6:20p
' P-32STD.MCA 8.320 0-21-95 12:450

P32 CAL 10.MCA 0.320 9-13-95 9:24a
; P32 CAL 11.MCA 8.320 9-14-95 9:44a
P32 CAL 12.MCA 8.320 9-18-95 1:550:

'

P32 CAL 13.MCA 8.320 9-19-95 3:06p
P32 CAL 14.MCA 8.320 9-20-95 9:39a:

P32 CAL 15.MCA 8.320 9-21-95 9:12a:

. P32 CAL 16.MCA 8.320 9-22-95 9:02a
- P32CAli7.MCA 8.320 9-25-95 11:12a
P32 CAL 18.MCA 8.320 9-26-95 9:14a

:

P32 CAL 19.MCA 8.320 9-27-95 9:49a;

; P32 CAL 20.MCA 8.320 9-28-95 9e34e
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P32 CAL 21.NCA. 8.320 Y-29-95 Y:20a
P32 CAL 22.MCA 8.320 10- 2-95 9:59a

'

P32 CAL 23.MCA- 8.320 10- 3-95 9:38a
P32 CAL 24.MCA 8.320 10- 4-95 9:28a
P32 CAL 25.MCA 8.320 10-11-95 10:01a
P32 CAL 26.MCA 8.320 10-16-95 3:05p
PHANBKG.MCA 8.320 10- 4-95 11:37a
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.PyeNo. 1-

*,|0/19/Y) .
=

AUTH ORDERED _SY ROOM NUCLIDE AMOUNT P0_WUM VENDOR DATE_ APP DATE_ REC INVENTORY REMARKS
7

CCR 2 TONEGAWA, SUSUM E17 360 P 32 0.2500 GFR$76540 DUPONT/NEN 06/02/95 06,05/95 0.0000

CCR M TONEGAWA, SUSUN E17 342 P 32 0.2500 GFR576925 DUPONT/NEN 06/05/95 06/06/95 0.2500
,

CCR M TONEGAWA, SUSUN E17 342 P-32 0.2500 GFR578552 AMER $ HAM 06/09/95 06/12/95 4.0000

CCR-M TONEGAWA, SUSUM E17 346 P 32 1.0000 GFR583449 DUPONT/NEN 06/26/95 06/2'/95 3.0000

CCR M TONEGAWA, SUSUM E17 530C P-32 0.2500 GFR584265 DUPONT/NEN 06/25/95 06/29/95 0.0000

CCR-M TONEGAWA, SUSUM E17 342 P 32 1.0000 GFR585466 DUPONT/NEN 06/30/95 07/05/95 0.0000

CCR M TONEGAWA, SUSUM E17 346 P 32 3.0000 GFR593003 DUPONT/NEN 07/28/95 07/31/95 2.0000

CCR-M TONEGAWA, SUSUM E17 346 P 32 1.0000 GFR598493 DUPONT/NEN 08/18/95 08/21/95 2.0000

7.0000 11.2500 ;

,

9

5

'

t

f
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P.O. #030F7006 ,

DATE RECEIVED AMOUNT RECEIVED

j 6/5/95 1 mci

6/12/95 1 mci

6/19/95 1 mci

6/26/95 1 mei

7/5/95 1 mci

7/10/95 1 mci

7/31/95 1.25 mci

8/7/95 1.25 mci

8/14/95 2.5 mC1

8/21/95 1 mci

.

|
|

|
|

| .

l
'

-_ - _ - _ _ _ _ _ _ _ - - _ - _ - _ - _ _ _ _ _ - - _ _ - - - - - --



f , ''
. .

P.O. #030F7005

DATE RECEIVED AMOUNT RECEIVED

6/12/95 1 mci

6/26/95 1 mci

6/19/95 1 mci

7/10/95 1 mci

7/24/95 1 mci

8/7/95 1.25 mC!.

8/21/95 1 inCi

'i

t

,

,

4
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| 0 ' 95 - 3.L
%

o

.Date: LSC. Result'- Date Time' . JTime: . LSC' LSC BkgL : Volume Activi--' E
.

:;(dpe/al)-;. Counted; Counted ' Correct .- Correcti Correct.. .(al)'- tyi(uC1)
'

~ -(hours)- '(dpa/al) -(dpm/ml)

8/26/95 1126 8/28/95 15:12 51.0 1248 1218 2670 1.456

8/27/95 949 8/28/95 15:12 27.0 979 949 3780 1.616

8/28/95 1339 8/28/95 15:12 3.0 1347 1317 3420 2.029

8/29/95 1623 8/29/95 13:02 1.0 1626 1596 2880 2.070

8/30/95 1274 8/30/95 15:41 3.75 1283 1253 2760 1.558

8/31/95 1514 8/31/95 13:30 1.5 1518 1488 2180 1.461

9/01/95 1488 9/01/95 16:06 4.0 1500 1470 2270 1.503

9/02/95 883 9/05/95 16:21 76.34 1030 1000 29 0 1. 3 ?.4

-

9/03/95 561 9/05/91 16:21 52.34 623 593 3680 0.983

9/04/95 822 9/05/95 16:21 28.34 870 840 3250 1.230

9/05/95 892 9/05/95 16:21 4.34 900 870 2500 0.980

9/06/95 756 9/06/95 15:04 3.0 760 730 2720 0.894

| 9/07/95 800 9/08/95 8:22 20.34 833 803 2205 0.798

| 9/08/95 583 9/08/95 20:31 8.5 593 563 2750 0.697

9/09/95 447 9/13/95 7:40 91.75 538 508 2610 0.597

9/10/95 640 9/13/95 7:40 67.75 733 704 2490 0.790

9/11/95 593 9/13/95 7:40 43.75 647 618 2540 0.707

'
9/12/95 600 9/13/95 7:40 19.75 624 594 2520 0.674

9/13/95 450 9/14/95 7:34 19.5 468 438 2870 0.566| ,

9/14/95 566 9/14/95 14:24 2.5 569 539 2150 0.522

_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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,

9/15/95 276 9/19/95 7:27 91.5 332 302 3140 0.427
'

9/16/95 333 9/19/95 7:27 67.5 382 352 2420 0.385

9/17/95 244 9/19/95 7.27 43.5 266 236 3240 0.344

9/18/95 '332 9/19/95 7:27 19.5 345 315 2220 0.315

9/19/95 287 9/20/95 8:23 20.5 299 269 2750 0.333 ;

; 9/20/95 356 9/21/95 7:27 19.5 370 340 2500 0.383 j

9/21/95 286 9/22/95 7:59 20.0 298 268 2960 0.357

9/22/95 340 9/22/95 15:31 3.5 342 312: 2120 0.298 l'

9/23/95 226 9/26/96 9:04 69.0 260 230 2860 0.296'

9/24/95 182 9/26/95 9:04 45.0 199 169 3250 0.247

. 9/25/95 197 9/26/95 9:04 21.0 205 175 -3080 0.243 [
' :

9/26/95 202 9/26/95 14:22 2.33 203 173 2660' O.07

9/27/95 202 9/28/95 16:15 28.25 214 184 2250 0.186
,

9/28/95 175 9/28/95 16:15 4.25 176 146 3230 0.212

| 9/29/95 180 10/2/95 15:39 75.75 209 180 2510 0.203

i 9/30/95 170 10/2/95 15:39 51.75 189 159 2800 0.200
'10/1/95 177 10/2/95 15:39 27.75 -187 157 2250 0.159

10/2/95 148 10/2/95 15:39 3.75 149 119 2800 0.150 ;

10/3/95 156 10/3/95 15:35 3.5 157 127 2510 0.144-

10/4/95 185 10/5/95 8:45 20.75 193 163 1750 0.128

!

,

.

1 |

k
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23.Aug'95 19:16.. . . . _ _ .._ ,
Pace #1

Protocol # 30 DIRECT DPM User

'uta 2.00

Nta M:de: Direct CFM tclides:DIFECT-tF.1 ,

,;tgrwna 3;ttra:t: We
* LL UL t(R 2 r/. H5

Ft;io,A: 0.0 - 2000 0 0.0 J . '; ;

E gicn ?: 9,) - ',, 0 0,0 ' (y
P ,

1Ety207 .: - 0.0 ) V.) '
.
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E''!A'H fi3? g|
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Pace #1

e
Protocol #:30 DIRECT DPM User :

i:*e: 2,0^

'!!! P01tl [1T!:t UM hClldi5!CI ECI- 'IM
crycd 5dtra:tt N:'r

v.i. n. . er. -m e. , ,;f 42% ,e 6w

ki*1:* SI * 2)( b web. .
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Protocol it s 30 DIRECT DPM User :

ln 2. '>0i
*ita S tei Direct FM belidts:DiFE:1-UM

3 .;kgrcm EN. rect: tre
ll l'l Llf $3. E.

h;ics A: 0.0 - :J00 0 J,0 0,%

;tgic? 3 (.0- 0.0 ': 0.0 <* 0 ),

''
F5;t;- C 0.0 - 9. (' ') 8|, U '"

.
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Protocol it:30 DIRECf DPM Uner :

Tise: 7,00

[dia ''Cdf f Dir?:& Dr5 'iLClid es :0!RECi-DF"

34:kgraurM Subtract: Nore
<-

LL UL ' C5 2 3 '. i'3.

et;;c- t,: ,,0 - 2F;>> ,, . v;"

4;;:n 9: ],0 - V . '; C 0. > .0t
nt;:n C: 0,0 - 0,C 0 '.0 ') , N
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Protocol # 30 DIRECT DPl1 User :

71se: 2.00

'ta Feder Direct fM Nurlides:DIFECT-!M
-( vi;t;f*y9d 3Jbtra:tl NO"?

LL % L[i< 231 h3

Repen At 0.0 - 2000 0 0.0 0.00

RfgiC0 E! 0.0 * 0.0 0 0.0 0.00 ,,

Eigt;' Cr 0.0 - J . ', t '0 ' 0 .!,. .

EsiA'H TE?T
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Page #1

P ra ta,t a l n s ''0 DIRECT DPfl User

'i'et 2,0?

*** c:n N'.C !!:t s ;0 f F ~ir * ~r : 4ta RMet r*un s ~'

\ uickgr: M S dtra:t; N:re
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.. Pa g e. . R1

Protocol it:30 DIRECT DPM User .;
.

Tlee 2.00

'
sta t'ede: Direct CPM Nut.lides:DIRECI-CFM

4Lground Subtract: None
LL UL LCR 251 EtG

Feglen A: 0.0-2h 9 0.0 ' 0?.

Repca 3: 0 . '> - C,0 'l 0.0 0.00 ,

istp:9 C: 9.0 - OM 0 0.0 0.0',

F EA N TEif
,

an i .i rR _ G NA FI H i t1 U- I' J F'MiU l
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.Page J1____

. Protocol #230 DIRECT DPM User :
,

' lee: 2.00

'ta "cie: Dire:t DFH btlldts:CIS!!T-UP,,

64:igr m d SA ira:t %,9 e
LL 'A LCF 3 '. fH

Fe; ten 4 0,0 - 2%') s' O . ', 0.00

Re;tcc E: 0.0 - 0.0 0 0,0 'J .
'

,

Espen C: 0.0 - 0,0 9 V.C 0.99

f~EATH TE3T

'..F!1/1 C t 11.I. ! ll. !l.>. ' TJ 1 i )
', I M L' !? _

, ge ,t,.

,'..u,
,

-

' ,u< - 9. e, i, j, n.ne 1 4 o.i
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Protocol 0:30 DIRECT DPM User :
.*1

Tite: 2,00

,
'te N et Direct U M Otlides:0!FECl-ffM

s' gCI rCMd bDtf!!II #\C1?$

LL .. LCR 231 h3'

Es;;r.A: 0.0-|W 0,0 ],N^

Fe;2:1 3; 0.0 - 0.; 0 ,.0 0,0 :-
"

Esper. C: C . '' - 0,0 0 0,0 c..

SE4TH TEi'

Sd T I fiii CN1a Di el 11 rslE t' a, E,u ? !!!

',,
' j"

, , , ,
, ,.
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Protocol #330 DIRECT DPM
. _ , _ . . . . _ . , . . , _ _ . . _ . . . .. ,

_ kf399, .. h 1 Ih b. . b.O P ..9 h_ 1 b IN.h _ _ _ _ . . . . . . . . _ . . _ , . . . _ _ _ .

User :
.

g
>

h:e: 2.00 |

ta Pbde; Dire:t EP liu:lidesitIEEC M FM
g

' wigren'd Subtract: 5.cn e-

LL UL Lt?. 251 EiG

Fe;ioi 4: 0,0 - 20v0 0 0,0 C,00

Se;1cn 5: 0.0 - 0.0 0 0,0 0,00
,,

Pegt:n C: 0.0 - *) , ') 0 0, ') 0.0u

i'EM9 723f

.il'!>e12 i ' ro.M ! I Mit O 'Nn I fi! ! :

g .'. c)|f,
.

yL .!b' 7|L.u0 '! ?U . 21 .'1
. -

.> ., .c,<, , . . , ..,o . .vu - -4 . s4.



. .
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_.fage_tti__.

Protocol 0:30 DIRECT DPM Usser :

Tite 2.00
ta t ies h rect 0:,1 hutlides: DIRECT 4f.M,(

zackgrwd Mtra:t: N:ce
:: .n l.::, 3n. m
.4 s- .-J

|
Ec;icc A 0.0 - 20% 0 0.0 0.M

'

Rt;1c3 9: 0.0 - 7.0 0 9.0 0.00 ',

Feg:en C 0.0 - 0.0 0 0.0 0.M

2EEA!i TEST |
1

5n TIME crMn ortu tu'E FLOO EXT'M
2.00 771.00 "'i-J t . .?: .51.0gg i-
...c. .n . , , , , ,in.., .. q. . i c .1,,, / .

7g _ [f

I

1

|
4

,

1

1
1

1

=

,)
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,

l

,08 S'eg 95 '20:31 Paae #1

i . Pro tocol _ ' 0 : 30 DIRECT DPM Unce : J

,

-
i
i.Tiees 2.00 y 9/[ !'

. c lta Mode Direct DPM NuclidesDIRECT-DPM'

|k ackground Subtract: Nonen.

; LL - UL LCR 2S1 BK6 i

Region A 0.0 - 2000 0 0.0 0.00 |'

.)Region 31 0.0 - 0.0 0 0.0 . 0.00
'

|
Region C 0.0 '- 0.0 0' O.0 0.00

|

t BREATHTEST .)
\
l
i

-
i

S# TIME CPMA DPM1 tSIE FLAG EXCPTN
,

'l 2.00 573.50 575.08 359.03 g"
'

2 2.00 584.00 591.98 359.28 r

|
1

!

f)90 \
.

&

|

,

4

1 |

l

|

|

!.

.,

,

.
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13 12Q._1D_9Z.L4.0 . _ _
Pc.gn 01

Protocol-# 30 DIRECT DPM Uanr a

ifise 2.00
ta Mode: Direct OPM Nuclides: DIRECT-DFM |

cackground Subtract: None |

LL UL LCR 2S1 816
-

Region A 0.0 - 2000 0 0.0 0.00

Region 8: 0.0 - 0.0 0 0.0 0.00 ,

Region C: 0.0 - 0.0 0 0.0 0.00 i

Bf:EATH TEST

i

Sil TIME CPMA DPM1 tSIE FLAG EXCPTN
ff D I443.88 354.98 y 9/g_ 9/p1 2.00 438.50

g6/o 2 2.00 448.S0 451.89 355.92 1

3 2.00 631.50 636.07 354.21 9 9/O t ' .I I
c2/N 4 2.00 632.00 643.85 301.90 -

d#20584.30 354.30) pp . f///S 2.00 S74.00
D'/O 6 2.00 590.00 602.82 351.93 I * /'d

614.88 356.75 p f/ff f//A586.71 361.63-7 2.00 582.50
J$.L3 8 2.00 610.00

,
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14 Sep 95 07:34 Page #1
Protocol #:30 DIRECT DPM User a

fiset 2.00

Data Mode' Direct DPM Nuclides DIRECI-DPM

Backgrour.J Subtract: None
LL UL LCR 2$1 BKS

Region A: 0.0 - 2000 0 0.0 0.00

Reaion B: 0.0 - 0.0 0 0.0 0.00

Region C: 0.0 - 0.0 0 0.0 0.00.

BREATH TEST

SO TIME CPMA DPM1 tSIE FLAG EXCPTN

444.78 361.22 y 9//2 - 7//3 h / 6'1 2.00 438.50-

,d 7 2 2.00 452.00 456.64 364.88 /

p,o



- . _ _ _ _ . _________ _ _ - -

14 Boo"95 14 ?4- Paa, #1

' Protocol C:30 DIRECT DPM .Usar :

Tises 2.00
a ta Mode Direct DPN . Nuclides: DIRECT-DPMn

. .ckground Subtract: None
LL lt LCR 2S% stb

Region A: 0.0 - 2000 0 0.0 0.00

Region Bs 0.0 - 0.0 0 0.0 0.00
'

Region C 0.0 -' O.0 0 0.0 0.00'

BREATH TEST

S# TIME CPMA DPM1 tSIE FLAG. EXCPTN
565.74345.09Ngp3- q|gy1 2.00 562.00
566.90-349.17 /y 2 2.00 559.00

.

'

|-

l

- _ ___- -
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:19 E-b 95 ~07:27 Peg? 01

Protocol 0:30 DIRECT DPM Ucar : .

,

Times 2.00
"$ta Mode Direct DPM Nuclides: DIRECT-DPM

'
(skgroundSubtract:None- ,

LL , UL LCR 2SZ BK6

RegionAt 0.0 ,- 2000_ 0 0.0 0.00

j Region 8: 0.0 - ~0.0' 0 ~ 0.0 0.00
d

RegionC 'O.0 -- 0.0 0 0.0 0.00

4

BREATHTEST
.

1

50 TIME CPMA DPM1 tSIE FLAG EXCPTN
,

Np 263.04 356.83 y p/jy . 7//5- yg f.1 2.00 256.50
.

,

2 2.00 283.00 289.86 375.06i

3- 2.00 339.50 343.34 356.38 . p//f 4,6cl6

# #
WA0 4 2.00 319.00 323.38 350.02

5- 2.00 243.50 246.98 374.70 ) //, - ///7 p6d
; 6 2.00' 233.00 242.07 372.24

346.74 356.61 % p/g - 7/jg ,,4 4f7 2.00 336.00
.MS 2.00 312.00 317.31 355.12 /

4

' 2 MISSING TUBE (S)
9/1 'f[9

'.

'11 2.00 328.50 336.13 354.86
,

12 2.00 310.50 318.42 353.60

,

!

,
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20' Ben 95- 08:23 P4ge #1
Protocol # 30- DIRECT DPM User

.t ,, :.2.00
Data Moder Direct DPM : Nuclides DIRECT-DPM

Background Subtract: None
LL UL LCR 251 BK6

8
Region As. 0.0 - 2000 0 0.0 0.00

Region Bs. 0.0 - 0.0 0 0.0 0.00

Region C: 0.0 - 0.0 0 0.0 0.00

BREATH TEST

S# TIME CPMA DPM1 tSIE FLAG EXCPTN-
1 2.00 284.50 290.83 375.37 g , y j9 ,

2 2.00 271.50 285.61 372.33 / '

I
l

|

!
1

|

$

_.
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21 Seo 95 07a27 'Ponn 01
Protocol # 30 DIRECT DPM User

P

'
^

c): ' 2.00 :,

Data Mode: Direct DPM Nuclides: DIRECT-DPM

Background Subtract: None
LL UL LCR . 25% BK6

~

RegionAs 0.0 - 2000 0 0.0' O.00 a

8
. Region 9 0.0 - 0.0 0 0.0 0.00 i

Region C: . 0.0 - 0.0 0 0.0 0.00

BREATH TEST

SO TIME CPMA DPM1 tSIE FLAG EXCPTN

gg 9[t.o2.00 372.50 384.34 36'2.06y1 5
2 2.00 324.50 329.87 362.10 / ,

.

.-

:
|

I
.

I

i
!

,

.

|
:
i

,
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22 Seo-95 '07:59 Page #1
. Protocol #330 DIRECT DPM User a

ns 3 00
;DataMode:DirectDPM Nuclides: DIRECT-DPM

Background Subtract: None
LL' UL LCR 2S1 BK6:

Region Aa 0.0 - 2000- 0 0.0 0.00 a

. Region 8: 0.0 - 0.0 0 0.0 0.00
' Region C:_ 0.04 0.0' 0 0.0 0.00

BREATH TEST

- 80 - TIME CPMA DPM1 tSIE FLAG EXCPTN

gg4 1 2.00' 282.50 292.46 355.94 g <7
g 2. 2.00 273.50 .280.29 354.58

I

.



._ _

i i

<*

1
'

-J.

122 Ben 95 15:31 Pace #1 |

Protocol # 30 DIRECT DPM User s' 1

l

. >e s 2.00 \
_,

Data Mode Direct DPM Nuclides: DIRECT-DPM. !

Background Subtract: None ,

LL~ UL .LCR' 2S1 . BK6 j

|
'

Region A: 0.0 - 2000 0 0.0 ' .0.00 .t -3

Region 8 0.0 - 0.0 0 0.0 0,00 i

RegioerC: 0.0 - 0.0 0 0.0 0.00 ]

i

-8AEATH TEST-

SW TIME CPMA- DPM1 tSIE FLAG EXCPTN
,
'

1 2.00 336.50 338.73 340.65
2 2.00 337.50 341.19 340.24 gfg 7)p.9/tt

J

l
i

'

i
a

i
j
J

5

i

$

;

i
3

i

:

1 8

i

,

,

4

1

?

;
,

,

y

f'

b

~, +s



. 26 Seo 95 09:04 Pace #1

Protocol #330- DIRECT DPM U2cr :

itses -2.00-
*a Mode Direct DPM Nuclides:CRECT-DPM

. (.
oatgroundSubtract:Nons

LL UL LCR ' 2SI B16

Region A: 0.0 -.2000 0 0.0 0.00

Region B 0.0 - 0.0 0 0.0 0.00 ,,

Region C: 0.0 0.0 0 0.0 0.00

BREATH TEST

S# TIME CPMA DPhi tSIE FLAG EXCPTN
1 2.00 228.50 235.57 354.72 g ap/gg ., 9/gg fg f
2 2.00 214.50 217.50 350.97
3 2.00 172.50 .175.50 356.98 } g g 7/g3 9fy .. ..

4 2.00 184.00 188.79 353.51

)pgd gp,pS 2.00 187.50 189.39 356.90 .,
,

6 2.00 198.50 204.38 355.51

s

t

1

l

1

|

|

l

I
|

|

|

1

_
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':26 SnN 95' 1.3: 22 ' Pace #1L

. Protocol 0:36; -DIRECT.DPM U3cr :

lines 2.00 -
~i Mode: Direct DPM Nuclides: DIRECT-DPM

, b kground Subtract: None
.LL UL ' LCR 251' BK6

i' Region At 0.0 - 2000 0 0.0- ~0.00

, Region Ds 0.0 - 0.0 0 0.0 0.00- ,,

pRegionC 0.0 -' O.0 0 0.0 0.00

i

BREATH TEST

a

30. TIME CPMA . DPM1 tSIE FLAG EXCPTN
1 2.06 205.50 211.58 351.56

-

O ## ' M' *~

2' 2.00 183.50-.193.01-345.58

7

'
i

i

1

|

|

!
1

l

i

i
|

.

s
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2B Bed'95 16:15 Peae #1
JProtocol:0:30 DIRECT DPM. U3cr :

^ Tine 2.00
t Mode Direct DPM Nucildes: DIRECT-DPM(

hckground Subtract: None
LL UL LCR. 2SX BK6

-Region A 0,0 - 2000 0 0.0 0.00 )
Region 8: . 0.0 - 0.0 0 0.0 0.00 #
Region C - 0.0 - 0.0 0 0.0 0.00

BREATH 1EST

t

S0- TIME CPMA DPM1 tSIE FLAG EXCPTN
1 2.00 195.00 201.22 345.91 '//46 - '//#' 7' 2MIU
2 2.00 197.00 203.10 346.51
3 2.00 176.00 101.30 360.65 ) N~ O O M O'4- 2.00 163.00 169.93 364.37/

t

(

!

I'
t

l

I'

- - _ _ - - -
:--___-- ---
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- Q2_.Qc 95 $_5:39 Paae #1
Protoco110:30 DIRECT DPM Usse :-

Tiee : 2.00
. Mode: Direct OPM -Nuclides: DIRECT-DPM

h6 aground Subtract: None
LL UL- -LCR 2SI BK6

Reglon As 0.0 - 2000 0 0.0- 'O.00

- Region B: 0.0 _ 0.0 - 0 ' - 0.0 0.00 .,

Region C: 0.0 - 0.0 0 0.0 0.00

BREATH TEST-

'S# TIME CPMA DPM1 tSIE FLAG EXCPTN
^

1Bb.8b 347.28 ) ']p g .*7)ot'j $570 *M|1 2.00 '178.50
2 2. 00.. 173.50- 175.90 348.29

PW# '**I1b7.70 348.7b } Qfy ')/30'3 -2.00 163.50
4. 2.00 173.50 173.75 354.84

-5- :2.00 175.00 181.92 345.87 <y/3; -/0// M' #'!
:6- '2.00 172. 00 174.21 343.66
7- 2.00 150.50 156.59 356.303 - /d/2. .78ct ''N
8 2.00 133.50- 140.03 356.80/

!.

.

f

a

1

,

e

'I



.- - .. .-. . . ~ -.. _ . . . - . -_ - . . - . - . . . . ..

1

g2Oct95 '15:15 Praw 01 +

crotocol;.O s .8 ' P-32 DPM U:acr:.s.c ,

71se -12.00 -. .

--Mode DPM - Nuclide 32P- Quench Set: 32P .

htground Subtract: IPA
'

. LL- UL LCR 2SI - BK6

{egionA- 5.0 .1700 0 0.0 23.60. .

,egion 8: 50.0 - 1700 0 0.0 11.83 -
hegionC: 0,0 - 0.0- 0. 0.0 0.00

SuenchIndicators(SIE/AEC. .W
Ext Std Terminator: Count

!alor Quench Correction On

,

3gg - _ _ _ ,== - -, - -

<

:

.F'
.

I

O tSIE 9'50

tSIE %Eff
'943.52 99.39
836.67 98.91
726.67 98.79
609.66 98.69
526.90 98.94
403.14 98.52
300.63 99.02
203.67 99.18 .

98.98 98.37

[ 48.71 97.04

, SM. -TIME CPMA DPM1 SIS tSIE FLAG"

e6/0 M /
2 2.00-'154.40 156.38 756.14 347.82

- (/pg . 9/p?1 2.00 128.90' 130.55 785.66 347.69
~

''

N' "I|' .3 2.00~ 130.90 132.60~797.78 351.167 9/pp 9/30
4 2'.00 132.90 134.65 814.01 354.79

143.20 758.43 345.94) 7/.ks - /d[
# /

5' 2.00 :141.40
,

6 . 2. 00 ' 233.40 135.09 749.82 345.33
-7 ' 2.00- 97.90 99.19 795.48 354.30 /g/f #/J M'N4

L. ;8 2.00 97.90 99.20 656.96 356.41

. . . , ~ _ .__ ,



___

*

Q1_0cLt_9J 13 : 35 Pag;_01
Protocol 0:30 DIRECT DPM Uccr

fise 2.00
* *a Moder Direct DPn Nuclides: DIRECT-DPM

4 ground Subtract: None.

LL UL LCR 2S1 B16

Region At 0.0 - 2000 0 0.0 0.00

Region 8: 0.0 - 0.0 0 0.0 0.00
'

Region C: 0.0 - 0.0 0 0.0 0.00

SREATH TEST

SH TIME CPMA DPM1 tSIE FLAG EXCPTN

,g3 yfg pe[1 2.00 144.00 151.29 351.76
2 2.00 158.00 162.99 347.92

f
f

1

|

!
|

|

t

:

!

!

|

.

- _ _ - _ _ _ - _ _ _ _ _ _



Q1._Qc t' 95.__QRJ2J . _

Pagi #1
, Protecol Os a P-32 DPM Usar a

'.if ee ' 2.00 -.

-'''t Mode: DPM Nuclide: 32P guench Set: 32P

v. nground Subtracts.!PA-

LL UL ' LCR 2SI BtG

, Region A:| 5.0 - 1700 _0 0.0 23.65
"

: Region ~B: 50.0 - 1700 0 0.0 - 11.95
Region C 0.0 - 0.0 0- 0. 0 . 0.00

' Guench Indicators tSIE/AEC
Est Std Terminator: Count

Color Quench Correction On

-- - -- ' * - - "- --100-

v

'

,

'

I

,

O tSIE 950

tSIE %Eff,

|. 943.52 99.39
| 836.67 98.91
; 726.67 98.79

609.66 98.69
I- 526.90 98.94-
I 403.14 98.52

300.63 99.02
4 203.67 99.18
p 98.98 98.37

48.71 97.04
!
>

SH TIME- CPMA ~ DPM1 . SIS tSIE' FLAG

137.96 728.38 329.31 g g3 - /dh /f5D M| 1 2.00 136.35
i 2- 2.00 159.35 161.16 786.62 322.17 /
j' 4

;

4

4'

l 'g

. _ ._ _ _ _ . _ . .



_. .. - _ . .._.

,

i. . .
. i

#dtiiS QD 47 Paa9 C1 |
.rotocol-# 8 .P-32 DPM Usar : i

;
i

{iset:
' 2.00 - 1

'1 Mode: DPM Nuclide: 32P Guench Set: 32P I
1

. ground Subtract: IPA '

|LL : UL LCR- '251 - BKG

'$.0~ 1700 0 0.0 23.60plonAs' -
0 0.0 ~ 11.83

' !

gegion Ba' !50.0 .- 1700.
Dglon C: 0.0 - 0.0 0 0.0 ' O.00 j

bench Indicators tSIE/AEC

: Ext Std Terminator Count'
1

,

(olor Quench Correction On

-1gg 3,-. _ _ __
-

_ . . _ _ _ _

'

*5..

<

O tSIE 950

tSIE %Eff
943.52 99.39
836.67 98.91 -

726.67 98.79
609.66 98.69
S26.90 98.94
403.14 (78.52
300.63 99.02
203.67 99.18
98.98 98.37
48.71 97.04

SM TIME CPMA DPM1 SIS tSIE FLAG
16S. 52 572.30 350.98 g fo/4 - /p/f ppo , /1 2.00 163.40

2 2 . '.0 155.50 157.:2 562.10 !* 0.. ;! / y

G
T

,h'

. - -.. . . .



. . . _ , - . . . - . . .. . . ,. - . . - - - - . ~ . . . ~ . . . - .-. . .-..

$1 Act'95- 'QO 4D
~

Paan 61-
Protocol .1 # 3 30 ;- . DIRECT..DPM Unor

~

#1ees- 2.00-
9 't Mode: Direct DPM Nuclides:DIRECI-DPM-

i. aground Subt'act: None
. LL : UL LCR - 2S% BK6

JegionA- 0.0'-2000| '0 0.0 L 0.00

{egion3: 0.0.- 0.0 '0 0.0 .0.00 ' '

gegion C [0.0 '.0.0 0- 0.0 ' O.00

1REATHTEST-

,

SD -TIME CPMA DPM1 tSIE1 FLAG EXCPTN
1 2.00- 169.00 173.63 330.99 Q
2 2.00 191.00 197.22 321.76

loh - 10 (Y,

!

I
'

.

|.

t -|

i 1

! )< .

1

i

c

.

*

.

k

a.

; - .

..

.

Y.

1

,

I

2

m+ --- - - - _ --



.

.

ALDC.t_2.0._._QZi.08 Page #1

Protocol # 30 DIRECT DPM User :

Times 2.00
Data flode: Direct DFM Nuclides DIRECT-DPM

Background Sub'ract: None
LL UL LCR 2SI B16

Region A 0.0 - 2000 0 0.0 0.00

Region B: 0.0 - 0.0 0 0.0 0.00

Region C: 0.0 - 0.0 0 0.0 0.00

BREATH TEST

SH TIME CPMA DPM1 tSIE FLAG EXCPTN

106. 59 344.86 ) f /y -f0/f 2 32o ,4a21 2.00 102.SO 0

2 2.00 118.50 127.44 344.74
3/30 M3 2.00 100.00 106.98 354.47 y ,,/f , !

4 2.00 91.00 96.67 354.28 '

;22S3 .MS 2.00 101.S0 108.07 344.36
/Y* ~ ##!6 2.00 89.00 91.41 341.12

J.2 rci N
104.94 347.39')'#/I

7 2.00 100.00
96.36 347.16

. '~ # |8 2.00 95.50
l

10 2.00 114.00 121.82 347.12 /Md
, g/p jygt, ,Q9 2.00 10S.00 109.29 348.01

'gd11 2.00 96.50 102.94 342.32 ~ ~ ' 'e
12 2.00 98.00 99.95 344.52

p/,f ygp w /13 2.00 103.50 107.09 348.99) ,,

14 2.00 113.00 116.80 346.13

##/,, _ f ofj t, pc37 ad15 2.00 108.00 112.52 344.69'
16 2.00 122.50 .128.48 341.SS



2ftJ p 95 1h19 Pag,jt1
Protocol #330 DIRECT DPM Uncr :

fiset 10.00 ' '

t Mode Direct DPM Nutlides: DIRECT-DPM

r,.. aground Subtract: None
LL UL LCR 2S! BX6

Region A 0.0 - 2000 0 0.0 0.00

Region B: 0.0 - 0.0 0 0.0 0.00 '

Region C 0.0 - 0.0 0 0.0 0.00

BREATH TEST

SM TIME CPMA DPM1 tSIE FLAG EXCPTN
1 10.00 28.40 31.85 462.22 '

?

''

2 10.00 29.70 34.80 467.34
<

V $ %

- - - - - - - - - -



'
Q:3_QGl_2#J4 : 07 Pe q'? 01

.

. Protocol 0: 8 P-32 DPM Uacr :

Times 2.00
* 't Mode DFM Nuclide 32P Quench Set: 32P

. - ground Suttract: IPA

LL UL LCR 2$1 Br6

Region At 5.0 - 1700 0 0.0 -23.62
''

Region B: 50.0 - 1700 0 0.0 11.88

Region C: 0.0 - 0.0 0 0.0 0.00

Quench Indicators tSIE/AEC
Ext Std Tereinator: Count

Color Quench Correction On

100 W *- - - ~ * ~ - * = ~ ' " " -

V

V.
E
4
f

O tSIE ?50

tSIE %E1f
943.52 99.39
836.67 98.91
726.67 98.79
609.66 98.69
526.90 98.94
403.14 48.52
300.63 99.02
203.6'7 99.18
98.98 98.37
48.71 97.04

S# TIME CPMA DPM1 SIS tSIE FLAG
/(>//g -/0/31 2.00 117.88 119.37 854.56 344.24 g 2#/p

2 2.00 120.38 121.90 783.72 343.45 /

>



- . . - - _ . . . . - . . . . .. . . . .-

I9-Oct 95 08:12 Paan #1

Data' Mode DPM
1

-QIP,TypeintSIE-
,

agg- r..---- - - - _ _
-

-

.

'O tSIE 950-

tSIE- %Eff
943.52 99.61 |

836.67 99.17' ~3

h '4 %d726.67 99.11
609.66 99.08
526.90 99.22
403.14 98.50

R

QTCcd(cet J 65 6
300.63 98.54
203.67 98.18
98.98 96.11
48.71- c?1.89

l

|
|

i ' k!

.
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1

i

|

HCA #1 - Canberra S100 - P-32CALB.HCA - |

Tag Number 70 Plotted on Non 28 Aug 1995 9 11:47:42 i
'

Dead Time 0.09% Acquire Started : Tuo 22 Aug 1995 e 18:00:48

l ' 1/ 2 rVFS= 1024

|

|

ti I
| j

!

|

l

l
I

|

%;

Cursor-71 From 0 To 2047 Poet (Le)- 600.00
Counte-793 Int-94185 Aren-0+-0.00% Elep(La)- 600.00

I
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.

. ~ ~ ~~' ge #1Pa,2 2 s.tua 9 0_4 9. :.0. 3_ __ . _ _ . . . . . . . _ _ . . . . . . . _ . . . _ _ _ _ _ . . . _ . .

Protocol # ISO DIRECT DPM ' 'U s di r
. ..

:

W

ON I kIE!I wh, N'j[! } d{ $ j @[[}-[[,9 k

\ ogroct:d 3dtra:t: fit r.e
LL LL LCR 2E1 EsG

H;n't At 0.9 - 2Mt 0 0,0 9,00

Efj}Co hl 9.:) - 0, fs c e,0 j,00
.:Regica Cs J,0 - 0,0 g 0,0 .) , c.c

PEEATH TEST

A>H I l lll ?|Flhi 10! | | ;'',p ; s , g, . ; px, p ig

j,tf8 gjg | b =,
,

L .t'. .' ' l '~ n't ,, a ;* ,:,:

>g-

_ .00 n.m . ; u. .u.. . 9A 7. s u e pi . o . , m , , ,. o , , xa . < 4o.e

.. . _ _ _ _ _ _ _ _ _ _ - _ _ _ . _ _ . _
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Urinanalysis Bioassay Procedures

,

1. Pipette 10 ml of liquid scintillation fluid into 20 ml plastic counting vial. ,

l

|2. Pipette i ml of urine into liquid scintillation fluid.

3. Prepare samples in duplicate. I

i

4. Load samples into counting rack for Packard liquid scintillation counter,
i

5. Select appropriate counting protocol from menu for the radioisotope of
interest (example: protocol 2 for tritium).

6. Analyze samples. Pay particular attention to the quench indicating parameter ;

when reviewing results. |
,

7. Record resnits in workers registration form for inclusion in dose history.

8. Run SNC protocol with tritium, "C, and background samples to check |

analyzer operability.

9. Any questions about results, please contact M. Galanck.
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RP-37 .

.R2v. 7/84. M.I.T. RADIATION PROTECTION OFFICE

RADIATION SURVEY RECORD -
.

Room # Department

Laboratory Classification Results Recorded
*

Rzdiation Measurements : Unless otherwise specified measurements recorded are in
mrad /hr at 3 ft. above floor.

Floor Plan and Measurement Locations :

1

i

Laboratory's Survey Heters :

Authorized Radionuclides, Amounts, and Notes :

.



RP-38 ..
.Rev. 7/84- M.1.T. RADIATI0tl PROTECTION OFFICE

RADIATION SURVEY RECORD

Measurement Locations Measurement Locations
and Results * and Results *

Date 1 2 3 4 5 6 WC LSH Date 1 2i 3 4 5 6 WC LSM
i

- - - -
. - _

- _ _

.

|
|

_ _ _

--

1
,

~ ~

s

o A check (l') designates.an instrument reading of less than 0.5 mrad /hr.
WC = " Waste Container". A check (v) indicates less than 0.5 mrad /hr at 1 foot.
LSM e "Labora tory Survey Me t er". A check ( P) indicates instruments are operating

properly.

Surveyor's Sign,sture

__ . ~ . _ _ _ ____.._ _. , __._ _ . -.
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RADIATION PROTECTION OFFICE - -

R 1 /90 -

Evidence Labcoats
Instru- Rad- Contam-Survey Room # Waste of Eating using

~

en ladon Instion Comments & Action Taken by Survey Techn! clanDate
,

Records & Drink- Radio- -Check Levels Survey gng activity .

-

.

.

.

I

lostructions: If a heading In not app!! cable for the room, insert NA. A check
Signature of Survey Techniclanmark means satisfactory.11 unsatisfactory, specify under comments, & give the

appropriate Statt Member and Technician respons!ble for those areas reported Coples given to:
unsatisfactory, a copy of the work sheet. Each Techniclan willkeep the (Name of Statt Member & Technician)
original copies in a loose-leaf notebook;In chronological order, with the most
recent sheet as the iltst page.



*
.

1

.

Type o f Survey Requested:

Loc a tio n (room #): Person Requesting Survey
i

>

Time Tel e pho ne Exb:
-

:. . e
'D,a t e : v.

.i'

Person Rec e iv i ng Request .

Desc ri pt io n o f findings:

Names o f Persons Involved:

-
|
,

.

RADIATION SURVEY RESULTS
i

|

|

;

Ilipe Test Res ul ts : i

Survey Meter Results:

1

- -

Rec omm e nd a t io n s and Ac t io n s T a k e n : 1

'

)

'
.

.

Da te :Survey Per fo rmed By :
|

|-

Da t e :Staff Review By:

'1
_ ,_

__ )
- - - - -

--

I
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M.I.T. RADIATION PROTECTf0N OFFZCERP "j4

R e .# . 12/81 RADIOISOTOPE LABORATORY INFORMkTION
4

:r if
_ _~ Supervisor

Dept.

Pet.;on in cha: ge of laboratory safety _
__

/ Ext.y
Laboratory Classification

-

Authoriza- Starting ' Possession Limits
tion f Date Com:nents |

Nuclide Amount I

!

I*

-

I
f

b

. -

e
%

.

0

9

*

_A _ y', k _^M "e W ~ " ,f__' _* *,' , - -' L

,, , -
_

* * ' 5'
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'

AM *

REGISTERED 12fBORATORY RADIATION SAFETY AUDIT

Date:
A. General Information:

1. Project Supervisor:

(Title) (Name) (Authorization Number)

2. Room Inspected: Level: De;dment:

3. Radioactive Material Currently In Use:
Chemical Sealed /

Radionuclide Form Unsealed Activity (mad

4. Radiation Producing Equipment:

1

(Type) (Maximum energy) (Location)

B. Initial Inspection: A [v'] indicates proper radiation safety controls; a [*] indicates
,

deficiencies noted, comments below; a [N/A] indicates not applicable.

[] 1. Room signs properly posted (NRC form 3, radiation signs,10 CFR 19/20 posting).

[] 2. Areas in which radioactive materialis used is adequately segregated and marked.

[] 3. Radionuclide inventory correct and up-to-date.

4. Solid / liquid waste:
i

[] a. Containers not full. '

[] b. Waste cards (solid / liquid container, sink) properly filled out.

[] 5. No eating, drinking, smoking, or application of cosmetics in laboratory.

[] 6. All persons wearing safety glasses.

[] 7. Persons performing work with unsealed radioactive material wearing labcoat
(buttoned, sleeves rolled down), gloves.

[] 8. Unattended radioactive material properly labeled / shielded,

l



, . . .

[] 9. Radioactive material not stored in unregistered cold / warm rooms, freezers,
refri ,erators.t

10. Survey meter (s):

[] a. Battery check O.K.

[] b. Meter (s) within calibration date (yellow sticker)

[] c. GM, NaI (circle) probe intact.

11. Registered cold / warm rooms, freezers, refrigerators: i

[] a. No food, beverage storage. !

|
[] b. All radioactive material samples labeled. )

C. Radiation Level Survey:

[] 1. Record laboratory background (BKG) radiation level mR/hr.

[] 2. Bench-top levels s 0.5 mR/hr in front of shields.

[] 3. Floor levels s BKG.

4. Waste containers:

[] a. Floor models s 200 mR/hr on contact, s 2 mR/hr at 3 ft.

[] b. Bench-top models s 1 mR/hr on contact.

[] 5. Sink basins and drains s BKG.

[] 6. Non-radioactive waste containers s BKG.

[] 7. Equipment (eg. centrifuges, ring stands, water baths, etc.) s 0.5 mR/hr on contact.

D. Comments: Indicate item number and comments.

.

E. Person Performing Sur,ey:

(Signature) (Date)

- _ - - . .___ - -.
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Package Check-in and Delivery
Procedure

I. Introduction

A. This document describes requirements for all
radioactive material receipt and delivery for the
Massachusetts Institute of Technology, Cambridge
campus, and the Whitehead Institute and Genome Center.

B. Packages containing radioactive material are received
Monday through Friday from 8 a.m. to 5 p.m. at the
following locations only:

MIT Building 20 Receiving
18 Vasst.r St.
Cambridge MA 02139

.

Whitehead Institute Receiving
9 Cambridge Center
Cambridge MA 02142

Whitehead Institute-Genome Center i
'

One Kendall Square, Building 300
Cambridge, MA 02139

C. Special delivery requests must be arranged with the
Radiation Protection Office. Security will not sign for
any package delivery attempt after the posted hours. |

II. General Package Receipt and Delivery Practices i
1

A. Receiving will notify the Radiation Protection Office

,

upon receipt of radioactive shipments.
1 ,

B. Packages are checked in by an RPO Technician, monitored I

for radiation levels, wipe tested for surface I

contamination, inspected for damage, and delivered if I

acceptable.

1. Federal regulations (10 CFR 20.1906) require that
packages be monitored within three hours of
receipt if received during normal work hours.

2. More limiting, the broad scope licenses state that
these surveillances should be completed within one

1

|
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hour of package receipt. ;
'

i-
i

C. Only those packages which meet radiation monitoring and' ;

wipe test requirements will be delivered to thet

appropriate end-user.

D. The RPO. Technician will report any discrepancies in
labelling, packaging, radiation monitoring and/or ;

contamination levels to.the RPO staff member |

responsible for packages for immediate attention.
'

"Should this staff member be unavailable, contact the
staff member for the recipient's laboratory.

E. _Any time that radioactive material is not delivered to
the. user, it must be determined if special handling
like_ cold storage is required for material integrity
and make arrangements for such.

F. All records must be complete. Use of " ditto" marks, 1

'

-arrows, or other notations in lieu of actual data is
unacceptable. If data is not applicable or not .

available, use the abbreviation "NA".

III. Relevant Transportation Regulations

A. Package Labeling

1. No Label Excepted Quantity for activity
5 0.5 mrem / hour 0 surface

2. White I Label 1 0.5 mrem / hour 9 surface
Background Dose Rate 0 1 meter

3. Yellow II Label > 0.5 - 50 mrem / hour 9 surface
i 1.0 mrem / hour 0 1 meter

|

4. Yellow III Label > 50 - 200 mrem / hour @ surface
> 1 - 10 mrem / hour 9 1 meter

B. Excepted quantities of radioactive material are defined
by the Department of Transportation Hazardous Materials"

Regulations of 49 CFR 100-177 and 178-179. They are
formally called limited quantities.

1. Limited quantities are excepted from some
packaging and labeling requirements.

2. A limited quantity equals 10'' times the activity
level for a particular nuclide in Table A-2 in 10
CFR 71 if-it is a liquid, and 30'3 times the 10
CFR 71 activity level in Table A-2 for a solid. 1

2

|
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!3. The limited quantities for selected radionuclides
will be posted where' radioactive materials are
checked-in.

!

C. The transport index (TI) is the dose rate at 1 meter
rounded up to the first decimal place.. The TI is
indicated on Yellow II and Yellow III package labels.

IV. Responsibilities

A. RPO Secretary |

|

1. Take package Purchase Order Number information l

from Receiving and enter on form RP-08:
Information for Checking-In Shipments of '

-Radioactive Material (see Appendix 1).

2. Look up the Purchase Order Number in either the |

MIT or Whitehead Order Book.
la. Write the purchase order number on the form.

Add the initials s.o. if the purchase order
is a standing order.

i

b. Add the appropriate end-user's name on RP-08
form under " Ordered By" heading.

c. Under the " Material Ordered" heading, write
down "Nuclide" and " mci" ordered on RP-08
form.

d. Under the " Comments" column, record the room
number for delivery and other comments useful
to the check-in and delivery technician.

3. Give form RP-08 to the check-in and delivery
technician.

4. Upon return of form RP-08 from the check-in and
delivery technician, enter completed information
in dBase III Plus,

a. MIT orders are filed in
'

dbase\ data \MITORDER.dbf

b. Whitehead and Genome orders are filed in
dbase\ data \WIORDER.dbf.

B. RPO Technician

1. Pick up the radioactive material packages from
Receiving.

3
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{ 2. Using the. partially completed RP-08 form obtained

j from the RPO secretary:

a. Write down the actual "Nuclide" and " mci" of^
radioactive material received under " Material
Received" columns of RP-08 form. The actual
nuclide and. activity is that which is
recorded on the package's shipping papers.

b. If information regarding " Material Ordered"
and " Material Received" differ, contact an
RPO staff member to determine appropriate
response.

c. Note that radionuclides with short half-lives
like 32P may be received with activities .

greater than those ordered. This is a
practice of the. isotope suppliers to account
for decay.

(1) A short half-life is defined as less
than 90 days for this function.

(2) A 10-20% greater activity for short j
half-life materials is generally
acceptable.

(3) When the activity-delivered exceeds 150%
of ordered value for short half-life
materials or 110% for long half-life
materials, contact the RPO staff member
responsible for packages for
disposition.

3. Return completed RP-08 form to the RPO Secretary j
daily and attached to the completed form RP-016:

'

Record of Delivery of Radioactive Packages. This
is the only method of maintaining up to date

'

Standing orders. I

4. Perforla radiation monitoring and wipe tests for j
each package in accordance with Appendix 2.

5. Record the radiation monitoring and wipe test |
results on form RP-012: Record of Checking-In and
Delivery of Radioactive Material (see Appendix 1).

6. Keep and maintain RP-012 forms in the log book in
room 20C-028 for MIT, in the Shipping and
Receiving Room for Whitehead Institute, and the
Shipping and Receiving Room for the Genome Center.

4
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7. Attach form RP-017: Procedure for Opening Packages
Containing Radioactive Material (see Appendix 1)
to each package prior to delivery.

8. Deliver packages which meet radiation monitoring
and wipe test requirements only to the designated
end-user or to a co-worker.

a. The co-worker must be a registered radiation
worker,

b. Packages are not to be left with a secretary,
unless authorized by the RPO staff member
responsible for packages.

9. Delivery documentation.

a. Obtain the signature and printed name of the
package recipient on form RP-Ol6: Record of
Delivery of Radioactive Packages. (see
Appendix 1).

b. In addition to the recipient's signature and
printed name, record the purchase order
number, lab number, nuclide, activity, and
date of delivery for each package delivered.

10. It is the responsibility of the RPO check-in and
delivery technician to maintain all applicable i

forms.

C. End-User

1. Only those individuals who are registered by the
Radiation Protection Office are authorized to work
with radioactive materials.

2. End-users are instructed to:

a. Monitor the inside of each radioactive
shipping package for possible contamination,

b. Deface or remove all radioactive labelling
prior to disposal of the package or packing
materials.

3. Styrofoam containers used in the packaging of
radioactive materials can be recycled,

a. Procedures are posted at the various
recycling locations as specified on form RP-
017: Procedure for Opening Packages

'

5

,
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Containing Radioactive Material (an orange
sticker) which is attached to each package
delivered by the Radiation Protection Office,

b. Please refer to the styrofoam Recycling
Program for additional information.

6
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Appendix 1

Form RP 08
'

Form RP-012

- Form RP-016

Form RP-017

Form RP-318
,

10 CFR 71, Packaging and Transportation of Radioactive Material

i
|

!

1

|

.

7
,

F

A

e , a,7 ., , _ , - - -
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RP-08 Date

Rav. 10/94
M.I.T. RADIATION PROTECTION OFFICE

Information for Checking-in Radioactive Material

Purchase Order Ordered By Material Ordered Material Received Comments
Number relative to,

Nuclide Amount Nuclide Amount check-in

,

|

Form submitted to RPO secretary: Form received by RPO secretary:

signature date signature date

|

|

|

8
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RP-012 C.I.T. RADIATION PROTECTION CFFICE
Rev. 7/95 Check-In Record of Ra2ioactive Matcria_1 -

P.O. # ORDERED FLAB NUC- mci SURFACE 1 METER |- LABEL WIPE CHECKED DATE COMMENTS
.BY- _4**';BY NO. LIDE mR/ HOUR mR/ HOUR' TYPE TESTS

dpm/.
2100cm -

i

I

~

.

F

i
-

|

2Notify the appropriate staff member if: (a) wipe test results exceed 2000 dpm/100 cm , (b)*

externalradiationlevelsexceed50mremghr, or (c) radiation levels at 1 meter exceed 1
mrem /hr. Wipe test MDA = 1000 dpm/100 cm

Note discrepancies in labelling, packaging, or radiation and contamination levels.**

i

9

i
i
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RP-017 M.I.T. RADIATION PROTECTION OFFICE .

REV. 10/94 |

PROCEDURES FOR OPENING PACKAGES CONTAINING RADIOACTIVE MATIRIAL
1

1. OPEN ONLY IN A REGISTERED RADIATION LAB !

2. ASSUME INSIDE MATERIALS ARE CONTAMINATED UNTIL PROVEN FREE OF CONTAMINATION WITH A
SUP.VEY METER AND/OR WIPE TESTING

3. NOTIFY RPO ifs '
l

a) CONTAMINATION OR LEAKAGE IS DETECTED. ]

b) UNEXPECTED DO9E RATES ARE MEASURED. !

c) THERE IS A DISCREPANCY BETWEEN MATERIAL RECEIVED AND ORDERED. l

4. REMOVE OR DEFACE " CAUTION - RADIOACTIVE MATERIAL" STATEMENT AND RADIATION WARNING
SYMBOL FROM PACKAGES BEFORE DISPOSAL.

I
|
1

|

|

!
,

J

.

I

4

h

d

4

11
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RP-318

RIv IQ94 SEALED SOURCE DELIVERY LOG

DATE ORDERED NUCLIDE ACTIVTI'Y AUT110RIZATION ROOM # WIPE-TEST COMMENTS
BY RESULTS

|

|

|

l
i

1

|
,

|

|

Procedure for handling deliveries of scaled sources:

1. The technician checking.in packages will determine if a given shipment contains sealed sources. In general, scaled
sources will be different radionuclides than the usual unsealed sources. In case of doubt, contact a staff member. j

2. All package check-in requirements for radioactive material receipts must be met for scaled sources as well.

3. In addition:

Open the package and obtain a wipe from the nearest accessible surface---not the active surface---of thea.
source, llave the counting room technician count the wipe for alpha and/or beta. gamma radioactivity.The !
counting room technician will provide the wipe test results for form RP-318.

b. Fill out form RP-318 for each source received.

For each day that one or more sealed sources are received, a separate form RP 318 is required. |c.
i

Deliver the completed form RP-318 to the staff member responsible for scaled sources, jc.
!

4. Deliver the package to the person that ordered the sealed source in the same manner as other radioactive material
packages.

12

l
1
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Appendix 2

Procedure for Radiation Monitoring and Wipe Testing

I. Package Monitoring

A. General Requirements ,

1. Packages are to be monitored with a calibrated Geiger-
Mueller (GM) detector on contact with each surface as well
as at a distance of one meter.

a. The one meter dose rate verifies the transport index
(TI).

b. The GM detector measurements on the package surface are
to be taken through the side wall of the detector, not
the detector window to conform with detector
calibration geometry.

2. Package Labeling Requirements

a.No Label- Excepted Quantity for activity
5 0.5 mrem / hour 0 surface

b. White I Label s 0.5 mrem / hour 9 surface
Bkgd Dose Rate 0 1 meter

c. Yellow II Label > 5 - 50 mrom/ hour 0 surface !

|$ 1.0 mrem / hour 9 1 meter

d. Yellow III Label > 50 - 200 mrem / hour 9 surface
> 1 - 10 mrem / hour 0 1 meter

3. The receipt of sealed sources requires additional action as I

described in Section III below. |
!
i

! B. Radiation levels

1. Survey the entire package exterior for the highest dose rate
and record it on RP-012. If no package dose rate above,

background is detected, record it as "< 0.05 mR/hr".
,

2. Where the highest dose rate was measured on the package,
take a dose rate 1 meter away and record that on RP-012. If )
the 1 meter dose rate is at background, record it as "< 0.05 ;
mR/hr".

I

3. Compare the dose rates at the package surface and at 1 meter |
to the package labeling requirements in Part I.A.2. above. |

If there are discrepancies, proceed to section II below. j

i

C. Wipe tests

| 1. Perform wipe tests on all packages using standard two inch (
wipns looking for evidence of removable radioactive '

I

13 I
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contcmination.

2. Measure the wipe for activity.

a. Survey all wipes with the GM detector holding the wipe
approximately 1 cm away from the detector,

~

3
b. Wipe tests for packages containing 2 2 mci H or 1 7

mci of 125I should be sent to the Counting Room as soon
as possible for liquid scintillation counting.

3. Record the surface contamination levels.

2
a. Since between 100 and 300 cm may be wiped and survey

2results are reported in dpm/100 cm , correct the
results for the area wiped.

b. If no activity above background is measured, record the ,

results as "< MDA".

]
2

c. The limit for removable contamination is 22 dpm/cm
(10~5 yCi/cm ) . The activity on the wipe divided by the :

2

cm of surface area wiped yields the surface l2

contamination value. For example, if a wipe of 300 cm j2

surface area is counted and found to have 1000 dpm, 2the
'

calculated contamination value equals about 4 dpm/cm ,

II. Documentation

A. From the material packing list or shipping papers, record "PO #", |
"END-USER / LAB #", "NUCLIDE", and " ACTIVITY" on RP-012.

|B. Record the " SURFACE" and "1 METER" dose rates under the " EXPOSURE
RATE" column on RP-012.

2C. Record the dpm/100 cm for " WIPE TESTS".

D. Enter the initials of the person checking the package in under
" CHECKED BY", and add the "DATE" of this evolution.

E. The " COMMENTS" section is for discrepancies in labeling,
packaging, or radiation and contamination levels. |

III. Sealed Source Receipts

A. Sealed sources are received in the same fashion as other
radioactive materials.

B. In addition, sealed source packages are opened by RPO and wipe
tested for leakage.

C. Receipt and leakage testing for sealed source receipt is
documented on form RP-318.

D. The completed RP-318 form is turned into the RPO staff member
responsible for sealed sources.

IV. Package Discrepancies'

14
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A. In tha ovent wipa test results show abovo background
radioactivity levels:

1. Place the package in a plastic bag.

2. Place the covered package in the calibration room.

3. Immediately notify the RPO staff member responsible for
packages for proper follow-up.

4. If the package is packed in dry ice to maintain material
temperature requirements, place it in the RPO walk-in
freezer.

B. In the event of excessive radiation levels:

1. Place the package in the calibration room.

2. Appropriately shield the package.

3. Immediately notify the RPO staff member responsible for
packages.

C. In the event a package requiring radioactive material labeling is
not preparly labeled, immediately notify the RPO staff member
responsible for packages.

D. In the event a package appears damaged upon receipt:

1. See if the delivery vehicle is still at Receiving and, if
so, hold it for surveillance.

2. Isolate the package from other materials and personnel.

3. Contact the RPO staff member responsible for packages for
further response.

I

|

|

15
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Procedure for handtlng deliv:rits of stated sourcts .

1. The technician checking in packages will determine if a given shipnent contains seated sources. In general, sealed
sources will be dif ferent radionuclides than the usual unsealed sources. In case of doubt, contact a staff member.

2. ALL peckage check in requirements for radioactive materlat receipts must be met for seated sources as well.

3. In additions

a. Open the package and obtain a wipe from the nearest accessible surface not the active surface of the
source. Have the counting room technician count the wipe for alpha and/or beta gansna redloactivity. The
counting room technician will provide the wipe test results for form RP 318.

b. FILL'out form RP-318 for each source received.

c. For each day that one or more sealed sources are received, a separate form RP-318 is regJired.

c. Deliver the completed form RP-318 to Don Haes.

4. Deliver the package to the person that ordered the sealed source in the same manner as other radioactive materia'
packages.

i

!

3 |
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M.I.T. MEDICAL DEPARTMENT

GUIDELINES FOR HANDLING OF A PATIENT WHO IS CONTAMINATED WITH
RADIOACTIVE HATERIAL OR HAS BEEN EXPOSED TO IONIZING RADIATION

************************************

NOTIFICATION: AS SOON AS PRACTICABLE, NOTIFY EACH OF THE FOLLOWING: 1)
THE ON-CALL PHYSICIAN OR SURGEON; 2) A STAFF MEMBER OF THE RADIATION
PROTECTION OFFICE (X-2180, 2360).

TYPE Is MINOR INJURY

Description: A contaminated patf ant, with minor injury who comec to E23
or to the Inpa tient Unit.

1

PROCEDURE GUIDELINES

1. Escort pa tient to Decontamina tion Room, E23-123.
2. Put on surgical gown and gloves.
3. Give preliminary trea tment to injury and apply wa terproof dressing. |

4. Ask patient about contamination: a) Radioisotope? b) Amount of
radioisotope being handled when contamination occurred?

5. Use Survey Heter * to measure patient's outer clothing, hair, and
exposed skin surfaces for radioactive contamination.

6. If pa tient's ou ter clothing is con tamina ted, have him remove it and
put it in plastic bags.

7. a) If patient's hands or forearms are contaminated, ins truc t
pa tien t to wash thoroughly and, if needed, use procedures described
in the Hand-Decon tamina tion Kit,'

b) If other parts of the body are contaminated, ins truc t pa tient to
shower (in the Decontamination Room).'

8. Provide patient with surgical gown, or his own clothing if not
' con tamina te d.

9. Proceed with trea tment of the injury.
10. Use survey * Meter to measure for residual con tamina tion on skin

surfaces. Record results.
11. Before releasing patient, discuss situation with a s taf f member of

the Radia tion Protection Of fice. He will arrange, as needed,4

additional measurements, decon tamina tion, removal of contaminated
disposable items, and documenta tion of the incident for radiation
protection records.

,

*No te : Omit the survey if contamina tion is
Tri tium, bec, use the Survey Me ter
does no t de tec t Tritium con tamina tion.

.



,. - .., - . ~ - - . . . . . - - - . - . . . - - - .

*y

' TYPE II: NODERATE INJURY

Description: A contaminated patient with extent of injury such that
immedia te transport to a general hospital is not necessary, 'but
edmittance to the M.I.T. Inpatient Unit is indicated. The patient
should be brought directly to the Inpatient Unit, Building E23.-

PROCEDURE CUIDELINES-

1.' ' Proceed with indicated medical treatment doing whatever is
practicable to control the spread of contamina tion as per
followings

a)' Keep attendant personnel in room at minimum number-necessary.
b) Wear. surgical gown and gloves, and also wear booties if

prac tica ble.
c) S tation someone at the treatment room doorway to relay

messages, control entry, make radioactive contamina tion check
with survey * meter of outgoing persons, etc.

d) As soon as practicable, question patient about type of contami-
na tion, and use survey * me ter to measure pa tient for
contamination on clothing and/or skin. If contamination is
found or suspected, decontaminate pa tient by:
1) Removal of contaminated clothing
2) Washing of contaminated skin surfaces

e) Segregate con tamina ted materials and s tore in plas tic bags.
'

Wash water can be discharged into sink.
f) Af ter trea tmen t and decon tamina tion, survey * pa tient for4

)residual con tamination. Record results. <

| g) If patient is still con tamina ted, confine to priva te room until
further decon tamina tion is prac ticable.

| 2. Survey * a ttendant personnel for possible contamina tion.
Decon tamina te as needed. i,

j 3. Discuss 6.t tua tion with a s taf f member of the Radiation Protection
1i

Office. He will arrange, as needed, additional measurements. |'

decontamination items, and documentation of the incident for
j ' radiation protec tian records.

i

?

|

*No te : Omit the survey if contamination is '

Tritium, because the Survey He ter
does not detect Tritium contamination.

|
1

.

,.

%

|

1

. . - . . . - - , . - - .



F 3

|,
,

|

.

TYPE III: SEVERE INJURY AND/OR WHOLE BODY RADIATION EXPOSURE EXCEEDING
25 REM.

|
.

Description: A contaminated patient with injury and/or radiation ex-
posure auch tha t the pa tient will be transported directly
to a general hospital.

PROCEDURE GUIDELINES

1. CAMPUS POLICE will transport the patient to the Emergency Ward of
the M.G.H. or other designa ted hospi tal.

2. While waiting for Campus Patrol to arrive at the scene:

a) Give firs t-aid as necessary.
b) * Survey pa tient's outer clo thing for con tamina tion.

1
If contaminated, remove or cut off clothing if possible to do j
- so without aggrava ting injury. I

c) Cover pa tient with blanke t, shee t, or lab coat and secure it in
place.

d) If pa tient is contaminated, a ttach sign to outer cover s tating
"Radioac tive Con tamina tion" . (Specify isotope, if known).

3. Advance notification of Emergency Ward: Campus Police or the
Medical Department will notify the hospital of the impending l

arrival of the pa tient, s ta ting specifically whether radioactive
contamination or radia tion overexposure is involved.

Telephone numbers of Emergency Wards:
M.G.H. .726-2000. . .. . .

4. Notify a s taf f member of the Radia tion Protec tion Of fice
a) During normal work-hours: Ex tens ion 2180, 2360, 5374
b) Other times:

No tify the E.M.S. On-Call person, using the schedule-lis t
pos ted a t the Inpa tient Unit.

*No te: Omit the survey if contamination is
Tritium, because the Survey Me ter
does no t de tec t Tritium contamina tion.

<

Ma rc h, 1983

,
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i CONTAMINATION MEASUREMENT PROCEDURE
.

I
i

.
.

1'

I. To verify that the instruinent is operating properly: 1

la) Turn the range-selector to " bat" (battery). The needle should !deflect into the " bat ok" region,
j b) ' Turn .the range-selector to the "X1" position. i
'

c) lloid the end window Geiger-Mueller (G.M.) probe against the test,
-

source located on the side of the instrument case. The needle
| .should deflect to a reading of 0.35 to 0.5 mr/hr.

'

'
, II. Measurement procedure t

I,
a) Start measurements with the range-selector set at the X0.1 position.

Scan the surface to be measured with the end window G.M. probe (do
i not touch probe to possibly contaminated surfaces).

b) If the n'eedle deflects off-scale, turn the range, selector to the next,

highest range'and try to obtain an on-scale reading. Repeat until an
:

! | on-scale reading is obtained.
-

c) Record the measurement results.
.

.

- - _ . ._ _ _ . , _ _ .
' ,

+ i

"I , . ,6... , ,y- . . . . - .- - - ^ \ '
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'
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REGULATORY GUIDE 8.29
(Task OH 902 4)

INSTRUCTION CONCERNING RISKS FROM OCCUPATIONAL RADIATION EXPOSURE

A. INTRODUCTION Concerns about these biological effects have resulted in
controls on doses to individual workers and in efforts to {

Section 19.12 of 10 CFR Part 19, " Notices, instructions control the collective dose (person rems) to the worker
and Reports to Workers; inspections," requires that all population, j

persons workingin or frequenting any portion of a restricted
area be instructed in the health protection problems asso- NRC-licensed activities result in a significant fraction of
cisted with sxposure to radioactive materials or radiation. the total occupational radiation exposure in the United
This guide dneribes the instruction that should be provided States. Regulatory action has recently focused more atten-
to the worker concerning biological risks from occupational tion on maintaining occupational radiation exposure at
radiation exposure. Additional guides are being or will be levels that are as low as is reasonably achievable (ALARA). '

developed to address other aspects of radiation protection Radiation protection training for all workers who may be
training. exporged to ionizing radiation is an essential component of

any program designed to maintain exposure levels ALARA. j

B. DISCUSSION A clear understanding of what is presently known about the
biological risks associated with exposure to radiation will

it is generally accepted by the scientific community that result in more effective radiation protection training and
exposure to iortizing radiation can cause biological effects should generate more interest on the part of the workerin
that are harmful to the exposed organism. These effects are minirrizing both individualand collective doses. In addition,
classified into three categories; radiation workers have the right to whatever information

on radiation risk is available to enable them to make informed

Somatic Effects: Effects occurring in the exposed decisions regarding the acceptance d these risks. It is intended

person that, in turn, may be divided into two classes: that workers who receive thisinstruction develop a healthy
respect for the risks involved rather than excessive fear or

~ ~ hompt effects that are observable soon after a large indifference.
or acute dose (e.g.,100 rems' or more to the whole
body in a few hours), and At the relatively low levels of occupational radiation

exposure in the United States,it is difficult to demonstrate
Delayed effects such as cancer that may occur years a relationship between exposure and effect. There is con-
after exposure to radiation. siderable uncertainty and controversy regarding estimates

of radiation risk. In the appendix to this guide, a range of
2

Genetic Effects: Abnormalities that may occur in the risk estimates is provided (see Table 1). Information on
future children of exposed indrviduals and in subsequent radiation risk has been included from such sources as the ,

generations. 1980 National Academy of Sciences' Repor' of the Committee
on the Biological Effects of lonizing Radiation (BEIR 80),

Teratogenic Effects: Effects that may be observed in the international Commission on Radiological Protection
children who were exposed during the fetal and embryonic (ICRP) Publication 27 entitled " Problems in Developing an
stages of development. Index of Harm," the 1979 report of the science work group

of the Interagency Task Force on the Health Effects of
tn the International System of tJaits (st) the tem is replaced lonizing Radiation, the 1977 report of the United Nations8

by the sievert.10o rems is equal to I snevert (Sv). Scientific Committee on the Effects of Atomic Radiation
2 (UNSCEAR report), and numerous published articles (seeGenetic effects exceedang normal incidence have not been

oturved sn any or the studies of exposed humans. the bibliography to the appendix).

USNRC REGULATORY GUIDES Comments should be sent to the Secretary of the Commission,
U . S. Nuclear Regulat ory Commission, Wasnington, D.C. 20 $ $ 5,

Regulatory Guides are issued to descrIDe and make available to the Attention: Docketeng and Service Branch,,

II6c parts f he C miss o s regul te ns, t d n The guides are issued in the following ten Droad divisions:s
naques used by the staff 6n evaluating specific problems or postu-

acc6 dents, substitutes forto provide guidance to sophcants. Regulatory 1. Power Reactors 6. Productslated of
Guides are not regulations, and Compliance with 2. ROSearch and Test Reactors 7. Transportation
them is not recu6ted. Methods and solutions different from tnose set 3. Fuels and Materials Facustees 8. Occupational Health

d6ngs requis te I ssus eo Coninuen of a er to Ma ra an t tion 3d, Ge i
license by the Commission.

Cop 6es of issued guides may De purchased at the current Goverement
This guide was issued af ter consideration of comments received f rom Printing Office price. A subscription service for future guides 6n spo.
the puchc. Comments and suggest6ons for emprovements en these cif 6c divisions es avallable through the Government Pr6nt6ng Office,
guides are encouraged at all times, and guides will be revised, as information on the sucscrlotion service and current G AO prices may
copropriate, to accommodate comments and to reflect new Informa- be optained Dv wr6 ting the U.S. Nuclear Regulatory Comm6ssion,
teort or emper6ence. W asn engt on, D.C. 205 5 5, Attentioni Publications Sales Manager,

Sinice4Lu i 7,y
_ - _ .-_ - - -_- ._. .
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C. REGULATORY POSITION sessions. Each individual should be given an opportunity to A
ask questions and should be asked to acknowledge in writing

Strong management support is considered essential to an that the instruction has been received and understood. a
4

ad:quate radiation protection training program. Instruction
to workers performed in compliance with g 19.12 of 10 CFR D, IMPLEMENTATION

Part 19 should be given prior to assignment to work in a
restricted area and periodically thereafter. In providing The purpose of this section is to provide information to I

instruction concerning health protection problems associated applicants regarding the NRC staff's plans for using this I

with exposure to radiation, all workers, including those in regulatory guide.
supervisory roles, should be given specific instruction on
the risk of biological effects resulting from exposure to Except in those cases in which an applicant or licensee
radiation. proposes an acceptable alternative method for complymg

with specified portions of the Commission's regulations, the
The instruction should be presented both orally and in methods described in this guide will be used in the evalua-

printed form to all affected workers and supervisors. It should tion of the training program for allindividuals working in ;a

include the information provided in the appendix to this or frequenting any portion of a restricted area and for all |
iguide.3 The information should be discussed dunng training supervisory personnel after December 15,1981.

3Copese of the op la to this de are available at the current .

Government Printing fnce ce, ch may beobtained by writing vided m this guide on or before December 15,1981, the

NsYs*, At'tIntio"ni'5bIIsuo*n's be$ Eanese ."hisYppeb'is gh pertinent portions of the application or the licensee's perfor- I

copyrigh ted, and Commission approvalis not required to reprodue. it, mance will be evaluated on the basis of this guide.

-
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APPENDIX TO REGULATORY GUIDE 8.29

INSTRUCTION CONCERNING RISKS FROM OCCUPATIONAL RADIATION EXPOSURE

This instructional material is intended to provide the The biological effects that are known to occur after
user with the best available information concerning what is exposure to high doses (hundreds of rems ) of radiation are2

currently known about the health risks from exposure to discussed early in the document; discussions of the esti-
ionizing radiation.3 A question and answer format has been mated risks from the low occupational dose (<$ rems per
sised The questions were developed by the NRC staff in year) fouow. It is intended that this information will help
consultation with workers, union representatives, and develop an attitude of healthy respect for the risks asso-
licensee representatives experienced in radiation protection ciated with radiation, rather than unnecessary fear or lack
training. Risk estimates have been compiled from numerous of concern. Additional guidance is being or will be devel- |

sources generally recognized as reliable. A bibliography is oped concerning other topics in radiation protection 1
included for the user interested in further study. training.

|
i

. . . . . * *

1. What is meant by risk? assume that some health effects do occur at the lower expo-
sure levels.

Risk can be defined in general as the probability (chance)
of injury, illness, or death resulting from some activity. g,har is meant by prompt effects, delayed effects, and

However, the perception of risk is affected by how the g

individual views its probability and its severity. The intent a. Prompt effectsare observable shortly after receiving
of this document is to provide estimates of and explain the a very large dose in a short period of time. For example, a
basis for possible risk of injury, illness, or death resulting whole body" dose of 450 rems (90 times the annual dose
from occupational radiation exposure. (See Questions 9 and hmit for routine occupational exposure) in an hour to an
10 for estimates of radiation risk and comparisons with average adult will cause vomiting and diarrhea within a few
other types of risk.) hours; loss of hair, fever, and weight loss within a few

weeks; and about a 50 percent chance of death within_

2. What en the possible health effects of exposure to 60 days without medical treatment.
rodurrion?

b. Delayed effects such as cancer may occur years
Some of the health effects that exposure to radiation af ter exposure to radiation.

may cause are cancer (including leukemia), birth defects
the future children of exposed parents, and cataracts $ c. Genetic effects can occur when there is radiation
These effects (with the exception of genetic effects) have damage to the genetic material. These effects may show up

.

been observed in studies of medical radiologists, uranium as birth defects or other conditions in the future children of
the exposed individual and succeeding generations, asminers, radium workers, and radiotherapy patients wh
demonstrated in animal experiments. However, excesshave received large doses of radiation. Studies of people
genetic effects clearly caused by radiation have not beenexposed to radiation from atomic weapons have also

provided data on radiation effects. In addition, radiation observed in human populations exposed to radiation. It has

effects studies with laboratory animals have provided a been observed, however, that radiation can change the,

large body of data on radiation-induced health effects, genes in cells of the human body. Thus, the possibility
including genetic effects, exists that genetic effects can be caused in humans by low

doses even though no direct evidence exists as yet.

The observations and studies rnentioned above, however, 4 In worker protection, which effects are of most concern
involve levels of radiation exposure that are much higher to the NRCf

;
,

(hundreds of rems) than those permitted occurationally
today ( <$ rems per year). Although studies have not shown a The main concern to the NRCis the delayed incidence
cause-eIfect relationship between health effects and current of cancer. The chance of delayed canceris believed to depend
levels of occupational radiation exposure, it is prudent to

3
I Cataracts differ from other radiation effects in that a certain
lontaing radiation consists of energy or small particles such as level of dose to the lens of the eye ( 2oo rems) la requued before

samma, beta, or alpha radiation emittee from radioactive materials they are observed.
which, when absorbed by hving tissue, can cause chemical and
I *** *** 4

11 is important to distinguish between whole bod) and partial-
2 body exposure. too rems to the whole body wu1 have more effect

The tem is the unit of measure for radiation dose and reistes to than t oo to a hand. For example, exposure of a hand would effect athe biological effect of the absorbed radiation. small fraction of the bone marrow and a hmited portion of the slun.
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on how much radiation exposure a person gets; therefore, One theory is that radiation can damage chromosomes in a<

ev:ry reasonable effort should be made to keep exposures cell, and the cell is then directed along abnormal growth
13w. patterns. Another is that radiation reduces the body's *

normal resistance to existing viruses which can then multiply
immediate or prompt effects are very unlikely since and ~ damage cells. A third is that radiation activates an

large exposures would normally occur only if there were a existing virus in the body which then attacks normal
serious radiation accident. Accident rates in the radiation cells causing them to grow rapidly.
industry have been low, and only a few accidents have
resulted in exposures exceeding the legalliinits.The probabil- What is known is that, in groups of highly exposed

,

ity of serious genetic effects in the future children of people. a higher than normalincidence of cancer is observed. '

8w:rkers is estimated in the BEIR report, based on animal Higher than normal rates of cancer can also be produced in
studies, at less than one-third that of delayed cancer (5-65 laboratory animals by high levels of radiation. An increased
gen: tic effects per million rems compared to 160-450 incidence of cancer has not been demonstrated at radiation
cancer cases). A clearer understanding of the cause<ffect levels below the NRC limits.
relationship between radiation and human genetic effects
will not be possible until additional research studies are 7 If I receive a indistion dose, does that meen I am
c:mpleted. certairs to get cancer?

.1. What is the difference between scure and chronic Not at all. Everyone gets a radiation dose avery day (see
exposure? Question 25). but most people do not get cancer.Even with

doses of radiation far above legal limits, most individuals |
Acute radiation exposure, which causes prompt effects wiu experience no delayed consequences. There is evidence l

and may also cause delayed effects,usually refers to alarge that some radiation damage can be repaired. The danger
i

dose of radiation received in a short period of time; for from radiation is muchlike the danger from cigarette smoke. I

example,450 rems received within a few hours orless. The Only a fraction of the people who breathe cigarette smoke
effects of acute exposures are well known from studies of get tung cancer, but there is good evidence that smoking
radiotherapy patients, some of whom received whole-body increases a person's chances of getting lung cancer. Similarly,
doses; atomic bomb victims; and the few accidents that there is evidence that the larger the radiation dose, the
have occurred in the early days of atomic weapons and larger the increase in a person's chances of getting cancer,
reactor development, industrial radiography, and nuclear
fu11 processing. There have been few occupationalincidents Radiation is like most substances that cause cancer in
that have resulted in large exposures. NRC data indicate that the effects can be seen clearly only at high dues,
th:t, on the average, I accidental overexposure in which Estimates of the risks of cancer at low levels of exposuri,
any acute symptoms are observed occurs each year. Most are derived from data available for exposures at high dose
of these occur in industrial radiography and involve exposures levels and high dose rates. Generally, for radiation protection
of the hands rather than the whole body. purposes these estimates are made using the linear model

(Curve 1 in Figure 1). We have data on health effects at high
Chronic ex posure, which may cause delayed effects but doses as shown by the solid line in Figure 1. Below about

not prompt effects, refers to small doses received repeatedly 100 rems, studies have not been able to accurately measure
over long time periods; for example, 20100 mrent (a the risk, primartly because of the small numbers of exposed
mrem is one thousandth of a rem) per week every week for people and because the effect is small compared to differences
several years. Concern with occupational radiation risk is in the normalincidence from year to yearand place to place.
primanly focused on chronic exposure to low levels of Most scientists believe that there is some degree of risk no
radiation over long time periods. matter how small the dose (Curves I and 2). Some scientists

believe that the risk drops off to zero at some low dose
6. Now does radiation cause cancer? (Curve 3), the threshold effect. A few believe that risklevels

off so that even very small doses imply a significant risk
How radiation causes cancer is not well understood. (Curve 4). The majority of scientists today endorse either

It is impossible to tell whether a given cancer was caused by the linear model (Curve 1) or the linear quadratic model
radiation or by some other of the many apparent causes (Curve 2). The NRC endorses the linear model (Curve 1),
However, most diseases are caused by the interaction of which shows the number of effects decreasing as the dose
several factors. General physical condition, inherited trat decreases, for radiation protection purposes.
age, sex, and exposure to other cancer causing agems such
as cigarette smoke are a few possible contributing factors. It is prudent to assume that smaller doses have some

chance of causing cancer. This is as true for natural cancer-
causers such as sunlight and natural radiation as it is for
those that sre man made such as cigarette smoke, smog, and

s The National Academy of Sciences established a committee on *

the Biolostcal Errects of lonizing Radiation (BEIR) whose 198o Some small risk, it follows that no dose should be taken

NEns"tNatihn o$de muYof tee backsr$vnd
* * '' * amm. , a @@ ah p hfor this

suide, is to do more than merely meet the allowed regulatory
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Figure 1. Some proposed models for how the effects of radiation
vary with doses at low levels.

limits; doses should be kept as low as is reasonably achievable 1000 draws. We can say that if you receive a radiation dose,
( A LA RA). you will have increased your chances of eventually developing

cancer. It is assumed that the more radiation exposure you
We don't know exactly what the chances are of getting get, the more you increase your chances of cancer.

cancer from a low-level radiation dose, but we can make
estimates based on extensive scientific knowledge. The
estimates of radiation risks are at least as reliable as estimates Not all workersincur the same level of risk. The radia-
for the effects from any chemical hazard. Being exposed tion risk incurred by a worker depends on the amount of
to typical occupational radiation doses is taking a chance, dose received. Under the linear model explained above, a
but that chance is reasonably well understood, worker who receives 5 rems in a year incurs 10 times as

much risk as another worker (the same age) who receives
It is important to understand the probability factors only 0.5 rem. The risk depends not only on the amount of

here. A similar question would be: If you select one card dose, but also on the age of the workerat the time the dose ss
from a full deck, will you get the see of spades? This received. This age difference is due,in part, to the fact that
question cannot be answered with a simple yes or no. The a young worker has more time to live than an older worker,
best answer is that your chances are 1 in 52. However, if and the risk is believed to depend on the number of years
1000 people each select one card from full decks, we can of life followmg the dose. The more years left, the larger
predict that about 20 of them will get an ace of spades. the risk. It should be clear that, even within the regulatory
Each person will have 1 chance in 52 of drawing the ace of dose limits, the risk may vary a great deal from one worker
spades, but there is no way that we can predict which persons to another. Fortunately, only a very few workers receive
will get the right card. The issue is further complicated by the doses near 5 rems per year; as pointed out in the answer to
fact that in I drawing by 1000 people, we might get only Question 19, the average annual dose for all radiation
15 successes and in another perhaps 25 correct cards in workers is less than 0.5 rem.

8.29-5
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|A reasonable comparison involves exposure to the sun's TABLEI
-|rays. Frequent short exposures provide time for the skin to '

repair. An acute exposure to the sun can result in painful Estimates of Excess Cancer Incidence from Exposure .

burning, and excessive exposure has been shown to cause to Low Level Radiation
skin cancer. However, whether exposure to the sun's rays is
short term or spread over time, some of the injury is not Number of Additional * Cancers Estimated
repaired and may eventually result in skin cancer. Source to Occur in 1 Million People After

Exposure of Each to 1 Rem of Radiation
The effect upon a group of workers occupationally

exposed to radiation may be an increased incidence of
|

bcancer over and above the number of cancers that would BEIR,1980 160-450 i

normally be expected in that group. Each exposed individual
has als iricreased probability of incurring subsequent cancer. ICRP,1977 200
We can say that if 10,000 workers each receive an additional
I rem in a year, that group is more likely to have a larger UNSCEAR,1977 150-350 iincidence of cancer than 10,000 people who do not receive
the additional radiation. An estimate of the increased '

probability of cancer from low radiation doses delivered to
large groups is one measure of occupational risk and is , Additional means above the normalincidence of cancer.

b
discussed in Question 9. All three groups estimated remature deaths from radiation-

induced cancers. The Amencan ancer Society has recently s!sted
that only about one. half of all cancer cases are fatal. Thus, to

8. What groups of expert scientists have studied the risk $*y$*$ ate'$,?thftUe"e'*$o'u ,Te$*e$a"se"$,imWo"n"t$eY
" *

from exposure to radiation? of radiatuon. induced cancer.

|

In 1956, the National Academy of Sciencesestablished I rem, we could estimate that three would develop cancer |
advisory committees to consider radiation risks. The first of because of that exposure, although the actual number could
these was the Advisory Committee on the Biological Effects be more or less than taree.
of Atomic Radiations (BEAR) and more recently it was

_ . ,

renamed the Advisory Committee on the Biological Effects The American Cancer Society has reported that approxi-
of lonizing Radiation (BEIR). These committees have mately 25 percent of all adults in the 20- to 65-yec age
periodically reviewed the extensive research being done on bracket will develop cancer at some time from all possible
the hesith effects of ionizing radiation and have published causes such as smoking, food, alcohol, drugs, air pollutants,
estimates of the risk of cancer from exposure to radiation and natural background radiation. Thus in any group of
(1972 and 1980 BEIR reports). The InternationalComnussion 10.000 workers not exposed to radiation on the job, we can
on Radiological Protection (ICRP)and the National Council expect about 2,500 to develop cancer. If this entire group
on Radiation Protection and Measurement (NCRP) are two of 10,000 workers were to receive an occupational radiation
other groups of scientists who have studied radiation effects dose of I rem each, we could estimate that three additional
and published risk estimates (ICRP Publication 26, 1977). cases might occur which would give a total of about 2,503.
These two groups have no government affiliation. In This means that a 1-rem dose to each of 10,000 workers
addition, the United Nations established an independent might increase the can:er rate from 25 percent to 25.03
study group that pubbshed an extensive report in 1977, percent, an increase of about 3 hundredths of one percent,
including estimates of cancer risk from ionizing radiation
(UNSCE A R,1977). As an individual, if your cumulative occupational radia-

tion dose is ! rem, your chances of eventually developing
Several individual research groups or scientists such as cancer during your entire lifetime may have increased from

Alice Stewart, E.S. Gilbert, T.F. Mancuso, T.W. Anderson, 25 percent to 25.03 percent. If your lifetime occupational
to name a few, have published studies concerning low-level dose is 10 rems, we could estimate a 25.3 percent chance of
radiation effects. The bibliography to this appendix includes developing cancer. Using a simple linear model, a lifetime
several articles for the reader who wishes to do further dose of 100 rems may have increased your chances of
study. The BEIR 80 report includes analysis of the work of cancer from 25 to 28 percent.
many independent researchers.

The normal chance of developing cancer if you receive
9. What are the estimates of the risk ofconcerfrom radia- no occupational radiation dose is about equal to your chance

tion exposure? of getting any spade on a single draw from a full deck of
playing cards, which is one chane'e out of four. The addi-

The cancet risk estimates (developed by the organiza- tional chance of developing cancer from an occupational
tions identified in Question 8) are presented in Table 1. exposure of I rem is less than your chances of drawing an

ace from a full deck of cards three times in a row.
In an effort to explain the significance of these estimates,

we will use al approximate average of 300 excess cancer Since cancer resulting from exposure to radiationusually
cises per million people, each exposed to I rem ofionizing occurs 5 to 25 years after the exposure and since not all
radiation. If it, a group of 10.000 workers each receives cancers are fatal, another useful measure of risk is years of

8.29-6



- .

..

[ life expectancy lost on the average from a radiation-induced TABLE 2
cancer, it has been estimated in several studies that the

aU average loss of life expectancy from exposure to radiation is Estimated Loss of Life Expectancy from Health Risks
about I day per rem of exposure. In other words, a person

'exposed to I rem of radiation may, on the average, lose
I day of life. The words _"on the average" are important. Estimates of Days of'

however, because the person who gets cancer from radiation Life Expectancy Lost,
may lose several years oflife expectancy while his coworkers Health Risk Average
suffer no loss. The ICRP estimated that the average number
of years of life lost from fatal industrial accidents is 30 Smoking 20 cigarettes / day 2370 (6.5 years)
while the average number of years of life lost from a fatal Overweight (by 20%) 985 (2.7 years)

;

radiation induced cancer is 10. The shorter loss of life All accidents combined 435 (1.2 years)
expectancy is due to the delayed onset of cancer. Auto accidents 200

Alcohol consumption (U.S. average) 130;
'

It is important to realire that these risk numbers are Home accidents 95

only estimates. Many difficulties are involved in designing Drowning 41

research studies that can accurately measure the small Natural background radiation, 8

increases in cancer cases due to low exposures to radiation calculated
as compared to the normal rate of cancer. There is still Medical diagnostic x-rays (U.S. 6

uncertainty and a great deal of controversy with regard to average), calculated
estimates of radiation nsk. The numbers used here result Ali catastrophes (earthquake, etc.) 3.5

from studies involving high doses and high dose rates, and 1 rem occupational radiation dose, I

they may not apply to doses at the lower occupational calculated (industry average for
levels of exposure. The NRC and other agencies both in the the higher-dose job categories is

' United States and abroad are continuing extensive long-range 0.65 rem /yr)
research programs on radiation risk. I rem /yr for 30 years, calculated 30

Some members of the National Academy of Sciences
'

Physics, hted from Cohen and Lee. "A Catalogue of Risks "#es[th
BEIR Advisory Committee and others feel that risk estimates sAda
in Table I are higher than would actually occur and represent ot. 36, June 1979.

an upper limit on the risk. O'her scientists believe that
the estimates are low and that the risk could be higher. A second useful comparison is to look at estimates of
Howcor, these estimates are censidered by the NRC staff the average number of days of life expectancy lost from
to be tha ' est available that the worker can use to make an exposure to radiation and from common industrial accidents

,

informed Mision concerning acceptance of the risks asso- at radiation related facilities and to compare this number |

| ciated with exposure to radiation. A worker who decides to with days lost from other occupational accidents. Table 3 |
accept this risk should make every effort to keep exposure shows average days of life expectancy lost as a result of j

,

to radiation ALARA to avoid unnecessary risk. The worker, fatal work-related accidents. Note that the data for occupa- |

af ter all, has the first line responsibility for protecting himself tions other than radiation related do not include death risks i

from other possible hazards such as exposure to toxic chem-
ifrom radiation hazards. -

I icals, dusts, or unusual temperatures. Note also that the !

10. How can we compare radiation risk to other kinds of unlikely occupationnl exposure at 5 tems per year for 50,

health risks? years, the maximum allowable risk level, may result in a
risk comparable to the average risks in mining and heavy

Perhaps the most useful unit for comparison among construction.
health nsks is the average number of days oflife expectancy

,

< lost per unit of exposura to each particular health risk. Industrial accident rates in the nuclear industry and
Estimates are calculated by looking at a large number of per- related occupational areas have been relatively low during

,

i sons, recording the age when death occurs from apparent the entire history of the industry (see Table 4). This is
causes, and estimating the number of days of life lost as a believed to be due to the early and continuing emphasis on
result of these early deaths. The total number of days of tight safety controls. The relative safety of various occupa-
life lost is then averaged over the total group observed. tional areas can be seen by companng the probability of

death by accident per 10,000 workers over a 40 year
Several studies have compared the projected loss oflife working lifetime. These figures do not include death

* expectancy resulting from exposure to radiation with other from possible causes such as exposure to toxic chemicals or
healtli rias. Some representative numbers are presented in radiation.

| Table 2.
I1. Can a worker become sterile orimpotentfrom occupe-

These estimates indicate that the health risks from oo u. rional radiation exposure?
pational radiation exposure are smaller than the nsks asso-
ciated with many other events or activities we encounter and Observation of radiation therapy patients who receive
accept in normal day to-day activities. localized exposures, usually spread over a few weeks, has
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TABLE 3 shown that a dose of 500 800 rems to the gonads can
produce permanent sterility in males or females (an acute

Estimated Loss of Life Expectancy from industrial Hazards' whole-body dose of this magnitude would probably result j,

in death within 60 days). An acute dose of 20 rems to the
testes can result in a measurable but temporary reduction in

Estimates of Days of sperm count. Such high exposures on the job could result
Life Expectancy Lost, only from serious and unlikely radiation accidents. Although

Industry Type Average high doses of radiation can affect fertility, they have no
effect on the ability to function sexually. Likewise, exposure

All industry 74 to permitted occupationallevels of radiation has no observed
Trade 30 effect on fertility and also has no effect on the ability to
Manufacturing 43 function sexually.
Service 47
Government 55 12. What an t',e NR C external radiation dose limits?
Transportation and utilities 164
Agriculture 277 Federal regulations currently limit occupational external
Construction 302 whole-body radiation dose to 1% rems in any calendar
Mining and quarrying 328 quarter or specified 3-month period. However, when there
Radiation accidents, death from <! is documented evidence that a worker's previous occupa-
exposure tional dose is low enough, a licensee may permit a dose of

Radiation dose of 0.65 rem /yr 20 up to 3 rems per quarter or 12 rems per year. The accumulated
(industry average) for 30 years, dose may not exceed 5(N.18) rems where Nis the person's

{
6

calculated age in years, i.e., the lifetime occupational dose may not
Radiation dose of 5 rems /yr for 250 exceed an average of 5 rems for each year above the age
50 yean of l8.

Industrial accidents at nucicar 58
facilities (nonradiation) An additional whole-body dose of approximately

5 rems per year is permitted from internal exposure. (See
' ~ ~

Question 28.)

' Adapted from Cohen and Lee, "A Catalogue of Risk." Nesteh
Physics Vol. 36. June 1979; and World Health Organization. Health 13. Whatis meant by ALARA7
Implications of Nuclear touer Produerion. December i91s.

In addition to providing an upper limit on a person's
permissible radiation exposure, the NRC also requires that
its licensees maintam occupational exposures as far below
the limit as is reasonably achievable (ALARA). This means

TAB 8J. 4 that every activity at a nuclear facility involving exposure
to radiation should be planned so as to minimize unnecessary

aProbability of AccHental Death by Type of Occupation exposure to individual workers and also to the worker
population. A job that involves exposure to radiation,

should be scheduled only when it is clear that the benefit
Number of Accidental justifies the risks assumed. All design, construction, and

Deaths for 10,000 operating procedures should be reviewed with the objective
Occupation Workers for 40 Years of reducing unnecessary exposures.

Mining 252 14, Has the ALARA concept been applied if, instead of
Construction 228 reaching dose limits during the first week of a quarter,
Agriculture 216 the worker's dose is spread out over the whole quarter?
Transportation and public 116
utilities No. For radiation protection purposes, the risk of

All industries 56 cancer from low doses is assumed to be proportional to the
Government 44 amount of exposure, not the rate at which it is received.
Nuclear industry (1975 data 40 Thus it is assumed that spreading the dose out over time or
excluding construction) over larger numbers of people does not reduce the overall

Manufacturint! 36 risk. The ALARA concept has been followed only when the+

Services 28 individual and collective doses are reduced by reducing the
Wholesale and trade 24 time of exposure or decreasing radiation levels in the

6The NRC has published a proposed rule change for public
comment that would eliminate the s(N 1 s) formula. This proposal is

* Adapted from National Safety Council. Accident Facts.1979; currently under consideration by a task force reviewing all of 10 CFR
Part 20. Recent EPA guidance recommends eliminating the s(N.ls)and Atomic Energy Commission. Operetional Accidener and Radia- formula. If adopted, the maximum allowsd annual dose wul be s tems

noJo e~zposure Empenence, WASH il92,191s. rather than 12.
|

.

"
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individual and couective doses are reduced by reducing the cancer for the worker population. At best, the total risk'

time of exposure or decreasing radiation levels in the remains the same, and it may even be increased. The only
working environment, way to reduce the risk is to reduce the collective dose; that

can be done only by reducing the radiation levels, the
*

13. What is meant by collective dose and why should it working times. or both.
be maintained ALARA ?

Nuclear industry activities ex pose anincreasing number
of people to occupational radiation in addition tc the radia. Compliance with individual dose limits can be achieved
tion doses they receive from natural background radiation simply by using extra workers. However, compliance with a
and medical radiation exposures.The collective occupational collective dose limit (such as 100 person-rems per year for a 1

dose (person-rems) is the sum of all occupational radiation licensee) would require reduction of radiation levels,
exposure received by all the workers in an entire worker working times, or both. But there are many problems j
population. For example, if 100 workers each receive 2 rems, associated with setting appropriate collective dose limits. !
the individual dose is 2 rems and the collective dose is 200 |

Iperson-rems. The total additional risk of cancer and genetic For example, we might consider applying a single
effects in an expomd population is assumed to depend on collective dose limit to alllicensees. The selection of such a I

the collective dose, collective dose limit would be almost impossible because of
the wide variations in collective doses among licensees.

It should be noted that, from the viewpoint of risk to A power reactor could reasonably be expected to have an
a total pcpulation,it is the couective dose that must be con- average annual collective dose of several hundred person-
trolled. For a given collective dose, the number of health re ms. However, a small industrial radiography licensee i

effects is assumed to be the same even if a larger number of could very well have a collective dose of only a few person- I

people share the dose. Therefore, spreading the dose out rems in a year. i

rnay reduce the individual risk, but not that of the population. '-

Even choosing a couective dose limit for a group of |
Efforts should be made to maintain the collective dose similar licensees would be almost as difficult. Radiography |

A IA RA so as not f o unnecessarijy increase the overall popula- licensees as a group had an average collective dose in 1977 |
tion incidence of cancer and genetic effects, of 9 person-rems. However, the smallest collective dose for '

a radiography licensee was less than I person-rem, and the |
16. Is the use of extm workers a good way to reduce risks? largest was 401 person-rems. |

There is a "yes" answer to this question and a "no" Setting a reasonable collective dose limit for eachindi-
answer. For a given job involving exposure to radiation, vidual licensee would also be very difficult. It would
the more people who share the work, the lower the average require a record of all past collective doses on which to base
dose to an individual. The lower the dose, the lower the such limits. Setting an annual collective dose limit would
risk. So, for you as an individual, the answer is "yes." then amount to an attempt to predict a reasonable collective

dose for each future year. In order to do this, it would be
But how about the risk to the entire group of workers? necessary to be able to predict changes in each licensed

Under assumptions used by the NRC for purposes of protec- activity that would increase or decrease the collective dose.
tion, the risk of cancer depends on the total amount of in addition, annual collective doses vary significantly from
radiation energy absorbed by human tissue, not on the year to year according to the kind and amount of mainte-
number of people to whom this tissue belongs. Therefore,if nance required, which cannot generally be predicted in
30 workers are used to do a job instead of 10, and if both advance. Following all such changes and revising limits up
groups get the same collective dose (person-rems), the total and down would be very difficult if not impossible. However,
cancer risk is the same, and nothing was gained for the these efforts would be necessary if a collective dose limit
group by using 30 workers. From this viewpoint the answer were to be reasonable and help minimize doses and risks.
is "no." The risk was not reduced but simply spread
around among a Iatger number of persons. 18. How are mdiation dose limits established?

Unfortunately, spreading the risk around often results The NRC establishes occupational radiation dose
in a larger collective dose for the job. Workers are exposed limits based on guidance to Federal agencies from the
as they approach a job, while they are getting oriented to Environmental Protection Agency (EPA) and, in addition,
do the job, and as they withdraw from the job. The dose considers NCR' and ICRP recommendations. Scientific
received dunng these actions is called nonproductive. If reviews of research data on biological effects such as the
several crew changes are required, the nonproductive dose BEIR report are also considered.
can become very large. Thus it can be seen that the use of
extra workers may actually increase the total occupational For example, recent EPA guidance recommended
dose and the resulting collective risks. that the annual whole-body dose limit be established at 5

rems per year and indicated that exposure, year after year,
The use of extra workers to comply with NRC dose to 5 rems would involve a risk to a worker comparable to

limits is not the way to reduce the risk of radiation-induced the average risks incurred by workers in the higher risk jobs
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such as mining. In fact, few workers ever reach such a limit,' there is danger. Exceeding a limit does not imply that you |
- much less year after year, and the risks associated with have suffered an injury. A good comparison is with the |'

actual exposures are considered by the EPA to be comparable highway speed limit, which is selected to limit accident risk I
; ,

to the safer job categories. A 5 rem per year limit would and still allow you to get somewhere. If you dnve at 75
' allow occasional high dosejobs to be done without excessive mph, you increase your risk of an auto accident to levels

;- risk - that are not considered acceptable by the people who set ;

speed limits, even though you may not actually have an ;

19. Whatare the typical mdistion doses receind by morArrst accident. If a worker's radiation dose repeatedly exceeds 3 i4

j rems in a quarter, the risk of health effects could eventually |
I

: ' The NRC requires that certain categories oflicensees increase to a level that is not considered acceptable to the
!

}- report data on annual worker doses and doses for all workers NRC. Exceeding an NRC protection limit does not mean
who leave employment with licensees. Data were received that any adverse health effects are going to occur. It does |

on the occupationaldosesin 1977of approximately 100,000 mean that a licensee's safety program has failed in some
workers in power reactors, industrial radiography, fuel respect and that the NRC and the licensee should investigate
processing and fabrication facilities, and manufacturing to make sure the problems are corrected.

' and distribution facilities. Of this total group, 85 percent
received an annual dose of less than I rem; 95 percent if an overexposure occurs, the regulations prohibit any
received less than 2 rems; fewer than 1 percent exceeded additional occupational exposure to that person during the
5 rems in 1 year. The average annual dose of those workers remainder of the calendar quarterin which the overexposure
who were monitored and had measurable exposures was occurred. The licensee is required to file an overexposure
about 0.65 rem. A study completed by the EPA, using report to the NRC and may possibly be subject to a fine,
1975 exposure data for 1,260,000 workers, indicated that just as you are subject to a traffic fine for exceeding the
the average annual dose for all workers who received a speed limit. In both cases, the fines and,in some serious or
measurable dose was 0.34 rem. repetitive cases, suspension of license are intended to

encourage efforts to operate within the limits. The safest
Table 5 lists average occupational exposures for workers limits would be 0 mph and 0 rem per quarter. But then we

(persons who had measurable exposure above background wouldn't get anywhere.
1svels) in various occupations, based on the 1975 data. s

21. Why do some facilities esanblish administrati e limits i

TABLE 5 that are below the NRClimits? |
l
1

U.S. Occupational Exposure Estimates There are two reasons. First, the NRC regulations state
that licensees should keep exposures to radiation ALARA.

Average Whole. By requiring specific approval for worker doses in excess of |

Occupational Body Dose Collective Dose set levels, more careful risk-benefit analysis can be made as
Subgroup (millirems) (person rems) each additional increment of dose is approved for a worker.

Secondly, a facility administrative limit that is set lower
Medicine 320 51,400 than the quarterly NRC limit provides a safety margm
Industrial Radiography 580 5,700 designed to help the licensee avoid overexposures. i

Source Manufacturing 630 2,500 *
Power Reactors 760 21,400
Fuel Fabrication and $60 3,l00 22. Senrel scientists han suggested that NRC limits are |

Reprocessing too high andshould be lowered. Whetare the arguments 1

Uranium Enrichment 70 400 forlowering the limits 7 '

Nuclear Waste Disposal 920 100 i

Uranium Mills 380 760 in general, those critical of present dose limits say that i

Department of Energy 300 11,800 the individual risk is higher than is estimated by the BEIR i
Factlities Committee, the ICRP, and UNSCEAR. Based on studies of I

Department of Defense 180 10,100 low-level exposures to large groups, some researchers have
Facilities concluded that a given dose of radiation may be more likely

Educational Institutions 206 1,500 to cause biological effects than previously thought. Some of
Transportation 200 2,300 these studies are listed in the bibliography (Mancuso,

Archer) and the BEIR 80 report includes a section analyzing
' ' #* Adapted from Cook and Nelson, occupertonal Esposuns to

Ion 4:sar ediervon in ene ung=d srens a comprenensty, summary differs on the validity of the research methods used and them 4

for 1975, Drert. Envnronmental Protection Agency. methods of statistical analysis. The problem is that the '

expected additional incidence of radiation-caused effects
20. . What happens (f a worker exceeds the quarterly expo- suen as cancer is difficult to detect in comparison with the ;

serre limit? much larger normal incidence it cannot be shown without
question that these effects were more frequent in the i

IRadiation protection limits, such as 3 rems in 3 months, exposed study group than in the unexposed group used for
are not absolute limits below which it is safe and above which comparison, or that the observed effects were caused

i
1
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by radiation. The BEIR committee concluded that claims level radiation according to the linear model explained inof higher risk had "no substance."
Question 7. Based on this approach, the regulationsin 10 C9R
Part 20, " Standards for Protection Against Radiation,"tiso*

1he NRC staff continually reviews the results ciresearch state that licensees should maintain all radiation exposu.es,
on radiation risks. With respect to large-scals w o.es of and releases of radioactive materials in effluents, as low as is
radiation-induced health effects in human popuir.tions reasonably achievable. More recent scientific reviews of the
exposed to low levelionizing radiation, the NRC arJ EPA large body of experimental data, such as the BEIR 80 and
have recently concluded that there is no one reputation the recent EPA guidance, continue to support the view that
group available for which such a study could be expected to use of a 5-rern per year limit is acceptable in practice.
provide a more meaningful estimate of the low-level radia- Experience has shown that, under this limit, the average
tion risk. This is due, in large part, to the observed and dose to workers is near 0.5 rem /yr with very few workers
estimated, low incidence of radiation health effects from consistently approaching the limit.
Iow doses. However, the results of ongoing studies, such as
that on nuclear shipyard workers, will be carefully reviewed c. There islittle to gain.
and the development of a radiation worker registry is
being considered as a possible data base for future studies. Reducing the dose limits, for exam;.te, to 0.5 rem /yr

has been analyzed by the NRC staff. An estimated 2.6 million
23. iWhat are the reasons for not lowering the NRC dose person-tems could be saved from 1980 Y. trough the year

limits? 2000 by nuclear power plant licensees if compliance
with the new limit were achieved by lowering the radiation

Assuming that the 5 rem per-year limit is adopted, levels, working times, or both, rather than by using extra
there are three reasons: workers. It is estimated that somethinglike $ 23 billion would

be spent toward this purpose. Spending $23 billion to save
a. Health risks are already low. 2.6 million person-rems would amount to spending $30 to

$90 million to prevent each potential radiation induced
The estimated health risks associated with current premature cancer death. Society considers this cost unaccept-

average occupational radiation doses (e.g., 0.5 rem /yr for ably high for individual protection.
50 years) are comparable to or less than risk levels in other
occupational areas considered to be among the safest. If a 24 Are there any areas of concer's about radiation risG '
person were exposed to the maximum of 5 rems pet year that might result in changing the NRC dose limits?
for 50 years, which virtually never occurs, he or she might
incur a risk comparable to the average risks in mining and Yes. Three areas of concern to the NRC staff are specifi-
heavy construction. An occasional 5-rem annual dose might cally identified below:
be necessary to allow some jobs to be done without a
significant increase in the collective dose if the dose limits a. An independent study by Rossiand Maysand other
were lowered significantly, the number of people required biological research have indicated that a. given dose of
to complete many jobs would increase. The collective dose neutron radiation may be more likely to cause biological
would then increase since more individuals would be effects than was previously thought. Other recent studies
receiving nonproductive exposure while entering and cast doubt on the issue. The NCRP is currently studying the
leaving the work area and preparing for the job. The total data related to the neutron radiation question and is
number of health effects might go up as the collective dose expected to make recommendations as to whether neutron
increased. dose limits should be changed. Although the scientific

community has not yet come to agreement on this question,
b. The current regulations are considered sound.

|
workers should be advised of the possibility of higher risk
when entering areas where exposure to neutrons will occur.

| The regulatory standards for dose limits are based
i on the recommendations of the Federal Radiation Council, b. It has been known for some time that rapidly
| At the time these standards were developed, about 1960,it growing living tissue is more sensitive to injury from radiation
) was considered unlikely that exposure to these levels during than tissue in which the cells are not reproducing rapidly.'

a working lifetime would result in clinical evidence of Thus the embryo or fetus is more sensitive to radiation
injury or disease different from that occurring in the injury than an adult. The NCRP recommended in Report
unexposed population. The scientific data base for the No. 39 that spacial precautions be taken when an occupa-
standards consisted primarily of human experience (x-ray rionally exposed woman could be pregnant in order to
exposures to medical practitioners and patients, ingestion protect the embryo or fetus. In 1975, the NRC issued

| of radium by watch dial painters, early effects observed in Regulatory Guide 8.13, " Instruction Concerning Prenatal
| Japanese atomic bomb survivors, radon exposures of Radiation Exposure," in which it is recommended that

|uranium miners. occupational radiation accidents) involving licensees instruct all workers concerning this special risk.
very large doses delivered at high dose rates. The data base The guide recommends that all workers be advised that the
also included the results of a large number of animal NCRP recommended that the maximum permissible dose tot

i experiments involving high doses and dose rates. The animal the embryo or fetus from occupational exposure of the
experiments were particularly useful in the evaluation of mother should not exceed 0.5 rem for the full 9 monthgenetic effects. The observed effects were related to low- pregnancy period. In addition, the guide suggests options
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Thus, the average individualin the general population ,

available to the female employee who chooses not to receives about 0.2 rem of radiation exposure each year
expose her embryo or fetus to this additional risk. from sources that are a part of our natural and man made *

The United States Department of Health and Human
environment. By the age of 20 years, an' individual has
accumulated about 4 rems. The most likely target for

Services is similarly concerned about prenatal exposure reduction of population exposure is medical uses.
from medical x rays. :In 1979 they published proposed
guidelines for physicians concerning abdominal x rays for Why aren't medical exposures considered as part of a26.possibly pregnant women. The guidelines in effect encourage worker's allowed dose?the x ray staff to make efforts to ' determine whether a
female patient is pregnant and to defer x-rays if possible Equal doses of medicaland occupational radiation have
until af ter the child is born. equal risks.' Medical exposure to radiation should be justified

c. Also of specialinterest is the indication that female
for reasons quite different, however, from those applicable

workers are subject to more risk of cancer incidence than
to occupational exposure. A physician prescribing an x ray
should be convinced that the benefit to the-patient of the

male workers. In terms of ali types of cancer except leukemia, resulting medical information justifies the risk associated
the BEIR 80 analysis indicates that female workers have with the radiation. Each worker must decide on the accept-
a risk of developing radiation-induced cancer that is approxi- ance of occupational radiation risk just as each worker must
mately one and one-half times that for males. This increased the acceptability of any other occupationaldecide onnsk is primarily due to the incidence of breast and thyroid

hazard.concer in women. These types of cancer, however, have a
high cure rate. Thus the difference between men and For another #nt of view, ccmsider a worker who receives
women in cancer mortality is not great. Incidence of a dose of 2 rems froc a series of x rays or a radioactive
radiation-induced leukemia is about the same for both medicine in connection witz. an injury or illness. This dose
sexes, Female workers should be aware of thfa difference 6 and the implied risk should be fustified on medical grounds.
the risks of radiation induced cancer in deciding whether If the worker had also received a dose of 2 rems on the job,
or not to seek work involving exposure to radiation. the combined dose of 4 rems would not incapacitate the

worker. A dose of 4 tems is not especially dangerous and is
M. How much radiation does the average person who

not large compared to the cumulative lifetime dose. Resfrict-
does not work in the nuclear industry receive? ing the worker from additional job exposure during the

We are all exposed from the moment of conception
remainder of the quarter would have no effect one way or
the other on the risk from the 2 rems already received from

to ionizing radiation from severalsources. Our environment, medical exposure. If the individual worker accepts the risks
and even the human body, contains naturally occurring associated with the x-rays on the basis of the medical
radioactive materials that contribute some of the background benefits and the nsks associated with job-related exposure
radiation we receive. Cosmic radiation originating in space on the basis of employment benefits,it would be unfair to
and in the sun contributes additional exposure. The use of restrict the individual from employment in radiation areas
x rays and radioactive materials in medicine and dentistry for the remainder of the quarter.
adds considerably to our population exposure.

Some therapeutic medical doses such as those received
Table 6 shows estimated average individual ekposure from cobalt-60 treatment can range as high as 6000 rems to

in millirems from natural background and other sources. a small part of the body, spread over a period of several
weeks or months.TABI.E 6

U.S. General Population Exposure Estimates (1978)" 27. What is meant by internal exposure?

The total radiation dose to the worker is the externalAverage Individual
dose (measured by the film badge and reported as "whole-Dose

Source body dose") plus the dose from internal emitters. The(mrem /yr)
monitoring of the additional internal dose is difficult.
Because there is the possibility of internal doses occurring, a

Natural background (average in U.S.) 100
good air-monitoring program should be established when

Release of radioactive materialin 5
warranted.

natural gas, mining, milling, etc.
90Medical (whole-body equivalent) The uptake of radioactive matenals by workersis gener-5-8Nuclear weapons (primarily fallout) ally due to breathing contaminated air. Radioactive materials0.28Nuclear energy may be present as fine dust or gases in the workpiace0.03Consumer products atmosphere. The surfaces of equipment and workbenches

Total N200 mremlyr

It is likely that a signincant portion of reported medical E ray
a dapted from a report by the tnteragency Task Force on the exposure is to parts of the body ordy. An exposure of too mrem toA

Health Lrfects or Ionizing Radiation pubished by the Department the whole body is more signiricant than a 100 mrem chest x ray.
of Health. Education, and Welfare,
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; may be contaminated. Radioactive materials may enter the limit. ICRP recommends that the internaland extemal doses
' body by being breathed in, taken in with food or drink, or should be appropriately added. This recommendation is
3 being abrorbed through the skin, particularly if the skin is currently under study by the staffs of the NRC, the EPA,

broken. and the Occupational Safety and Health Administration4

After entering the body, the radioactive material will
migrate to particular organs or particular parts of the body 30. How is a worker's externalradiation dose determined?

*

i depending on the biochemistry of the material For example,
uranium will tend to deposit in the bones where it will A woder may wear threi typesof radiation-measuring

* remain for a long time. It is slowly climinated from the devices. A self reading pocket dosimeter records the exposure
body, mostly by way of the kidneys. Radium will also tend to incident radiation and can be read out immediately upon,

; to deposit in the bones. Radioactive iodine will seek out the finishing a job involving external exposure to radiation. A
thyroid glands (located in the neck) and deposit there. film badge or TLD badge records radiation dose, either by

the amount of darkening of the film or by storing energy in
The dose from these internal emitters cannot be mea- the TLD crystal. Both these devices require processing to

sured either by the film badge or by other ordinary dosim- determine the dose but are considered more reliable than
- eters carried by the worker. This means that the internal the pocket dosimeter. A worker's official report of dose
radiation dose must be separately monitored using other received is normally based on film or TLD badge readings,
detection methods. which provide a cumulative total and are more accurate.

Internal exposure can be estimated by measuring the 31. What are my options ifIdecide not to accept the risks
radiation emitted from the body or by measuring the associated with oecupationalmdiation exposure?
radioactive materials contained in biological samples such as
urine or feces. Dose estimates can also be made if one If the risks from exposure to radiation that may be
knows how much radioactive material is in the air and the expected to occur during your work are unacceptable to
length of time during which the air was breathed. you, you could request a transfer to a job that does not

involve exposure to radiation. However, the risks associated
28. How are the limitsfor intemal exposure set? with exposure to radiation that workers, on the averagem

actually receive are considered acceptable, compared to
Standards have been established for the maximum other occupational risks, by virtually all the scientific

permissible amount of each radionuclide that may be groups that have studied them. Your employer is probably
aaccumulated in the critical organs of the worker's body, not obligated to guarantee you a transfer if you decide not

to accept an assignment requiring exposure to radiation.
Calculations are made to determine the quantity of

radioactive material that has been taken into the body and
the total dose that would result. Then, based on limits You also have the option of seeking other employment
established for particular body organs similar to 1% rems in a nonradiation occupation. However, the studies that
in a calendar quarter for whole body exposure, the regula- have compared occupational risks in the nuclear industry to
tions specify maximum permisstble concentrations of radio- those in other job areas indicate that nuclear work is
active material in the air to which a worker can be exposed relatively safe. Thus, you will not necessarily find signif-
for 40 hours per week over 13 weeks or I calendar quarter. icantly lower risks in another job.
The regulations also require that efforts be made to keep
internal exposure ALARA. A third option would be to practice the most effective

work procedures so as to keep your exposure ALARA. Be
Internal exposure is controlled by limiting the release of aware that reducing time of exposure, maintaining distance

radioactive materialinto the air and by carefully monitormg from radiation sources, and using shielding can all lower
the work area for airborne radioactivity and surface con- your exposure. Plan radiation jobs carefully to increase
tamination Protective clothing and respiratory (breathing) efficiency while in the radiation area. Learn the most
protection should be used whenever the possibility of effective methods of using protective clothing to avoid
contact with loose radioactive materialcannot be prevented. contamination. Discuss your job with the radiation protec-

tion personnel who can suggest additional ways to reduce
29. Is the dose a person receivedfrom internal exposure your exposure,

added to that received from external exposure?
32. Where can Igetadditionalirformation on mdiation risk?

Exposure to radiation that results from radioactive
materials taken into the body is measured, recorded, and The following list suggests sources of usefulinforma-
reported to the worker separately from external dose. The tion on radiation risk:
internal dose to the whole body or to specific organs does
not at this time count against the 3 rem-per calendar quarter a. Your Employer

s
critical orsen refers io those parts or the body vulnerable to radia-

tion damase such as bone,lunss, thyroid. and other systems where The radiation protection or health physics office
cittain radioacttve materials wul concentrate if taken into the body. in the facihty where you are employed.
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e Department of Health and Human wins
b. Nuclear Regulatory Commission

.

office of the Director
Bureau o Radiological Health (HFX 1)Regional 0ffices f

Department of Health and Human Services
King of Prussia, PA 19406 215 337 5000

404-221-4503 5600 Fishers Lane
Atlanta, C A 30303 Rockville, MD 20857
Glen Ellyn,IL 60137 312 932-2500

817 334-2841Arlington TX 76012
.

5 Walnut Creek, CA 94596 415-943 3700
Telephone: 301 4434690

d. Environmental Protection Agency
; Headquarters

Office of Radiation Programs
Occupational Radiation Protection Branch U.S. Environmental Protection Agency
Office of Nuclear Regulatory Research 401 M Street, SW
U.S. Nuclear Regulatory Commission Washington, D.C. 20460
Washington, D.C. 205 5 5

Telephone: 703 557-9710
Telephone: 301-443 5970
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VALUE/lMPACT STATEMENT

4

1. PROPOSED ACTION from the availability of an NRC guide on radiation risk
suitable for inclusion in those training programs. The guide

1,1 Description was reviewed and distributed to agreement states by the
Office of State Programs. Comments have been received

All NRC licensees are required to provide appropriate radia- from the EPA and the Bureau of Radiological Health.
tion protectim training for all permanent and transient persm-
nel who work in restricted areas ($ 19.12 of 10 CFR Part 19). 1.3.3 Industry
A clear and reasonable assessment of the biologicalrisks asso-'

ciated with occupational radiation exposure is essential to Providing a reasonable and understandable statement on
effective radiation protection training.The proposed actionis worker risk should facilitate industry efforts to provide
to provide instructional materialin a suitable form describing effective safety training and to better achieve as low as is
and estimating the risks from exposure to radiation. The reasonably achievable ( ALARA) objectives. Minimalimpact

instructional material will be suitable for use in licensee is expected in the form of additional cost of training
training programs and will represent an acceptable method of programs since training requirements already exit,t. Comments

complying with part of the existing training requirements. from unions and industry in the development ofinstructional
material on risk were encouraged. Numerous public comment

4

] 1.3 Need for Proposed Action letters were received from industry and three meetings were
held with worker groups to review the draft guide.

One common element of those occupationalareas encom-.

passed by NRC licensing activity is worker exposure to ionizing 1.3.4 Workers
radiation and the biological risks from exposure. Union repre-

;

sentatives have expressed a dissatisfaction with the way in The proposed action should improve worker protection
;

chich these risks have been explained to the worker by the in that reasonable understanding of radiation riskis essential

: licensee. In addition, they feel the NRC hasa rtsponsibility to the development of safe working practices. The staff
,

! to make its position on the controversialissue of radiation believes that an objective discussion of radiation risk may in
risk clear to the worker and the public. A meeting of NRC fact reduce "over concern" and also eliminate "under
staff and union representatives was held on November 28, concern" on the part of some workers. If improved training

j 1978, during which this matter was discussed. A transcript results in a wider recognition and respect for radiation as
of the meeting is available from the Public Document Room. an industrial hazard, more attention will be given to protective

|
procedures and a reduction in individual and collective dose

The Environmental Protection Agency (EPA) has should result.
published recommendations concerningradiation protection
for public comment and, in conjunction with other govern- 1.3.3 Public
ment agencies, will be holding public hearings on' radiation
risk and dose limits. This guide reflects current and proposed Nuclear workers are also members of the public and are

EPA guidance and will be helpful to workers and worker generally residents of the area where facilities are located.
groups interested in understanding current discussion on Having a better informed public should result in a wider
the issues of risk and dose limits. range of participation in local decisionmaking concerning

nuclear development. Improved training implies the added
1.3 Value/ Impact of Proposed Action benefit of increased plant safety, thereby decreasing the

probability of accidents that could involve the public.
1.3.1 NRC Operations

1.3.6 Decision on Proposed Action

Instructional material on radiation risk written at a level
and tcope understandable to the worker should contribute The NRC should develop and provide instructional
to increased confidence, on the part of the worker, in the material concerning risk from occupational radiation
NRC in general. A better understanding of the risk should exposure.
elicit ere worker cooperation with NRC-enforced safety
programs. Impacts of the development of instructional 2. TECHNICAL APPROACH

' material on risk include task completion manpower cost,
estimated to be 0.2 person-year, and printing costs of The technical approach proposed is to develop instruc-
approximately $400.00. tional material concerning risks to the worker from occupa-

tional aliation exposure and to publish the material in a<

1,3.2 Other Covernment Agencies form that will receive the widest dissemination among
NRC-licensed facilities. An alternative is to publish the'

Agreement States whose licensing regulations include findings of the proposed hearing on dose limits and assume
4

radiation protection training requirements may benefit the relevant information will filter down to the worker. It is
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the feeling of the staff that a direct approach is required 3.2 Decision on Procedural Approach
1' here.

The staff concludes that a regulatory guide similar to
3. PROCEDURAL APPROACH Regulatory Guide 8.13 on the subject of worker instruction

concerning risks from occupational radiation exposure,

The proposed action, to publish training material concern- should be published at this time.
ing risks from occupational radiation exposure, the use of
which-would be recommended to all licensees, could be 4. STATUTORY CONSIDERATIONS
accomplished by several alternative methods.These include

. an NRC regulation requiring that specific training materials 4.1 NRC Regulatory Authority
be used, a regulatory guide based on the existing { l9.12 !
that would provide an acceptable method for training on Section 19.12 of 10 CFR Part 19 establishes a legal
risr an ANSI standard on training that could be adopted requirement that all NRC licensees provide radiation
by a regulatory guide, and a NUREG report or a branch protection training to personnel and that the training be
position paper. commensurate with the potential risks from radiation

exposure encountered by those personnel. The NRC is thus
3.1 Value/ impact of Procedural Alternatives authorized to provide criteria for acceptable levels of

training and to inspect for compliance with training require- |
An NRC regulation establishesgenerallegal requirements, ments.

is costly and time consuming to prepare, and is not an
appropriate vehicle for the specific and narrow objective 4.2 Need for NEPA Statement
proposed here. A regulation would be difficult to modify
as new information on radiation risk is developed. One The action proposed here is to publish an instructional
advantage is that a regulation legally requires compliance. document on risks. This will occur after, and be in addition
in general, this approach is not considered cost effective in to, any major NRC action on retaining or modifying
view of the objectives of the proposed action. existing dose limits, based on planned public hearings.

Since at that time it would not constitute a major addition
ANSI standards are generally intended as highly technical or change and would entail no effect on the environmerit;

and advanced treatments of specialized areas of concern to an environmental impact statement is not considered
industry. A comprehensive technical review of risks from necessary,
radiation would be of value but would not be suitable as

j
'

instructional material at an introductory level for worker 5. RELATIONSHIP TO OTHER EXISTING OR PROPOSED
gadiation protection training. Completion of an ANSI REGULATIONS OR POLICIES
standard and an endorsing regulatory guide would require
several years and would be too costly. This approach is not Regulatory Guide 1.70, " Standard Format and Content
considered cost effective in view of the proposed objectives. of Safety Analysis Reports for Nuclear Power Plants,"

requires a commitment to appropriate radiation protection
A NUREG document would be an appropriate vehicle training. When next revised, it should include reference to

for a comprehensive discussion of radiation risk beyons! the this proposed action as an acceptable element of a licensee's
scope of what is proposed here. A regulatory position, training program.
however,is not established through publication of a NUREG
report. Since this proposal includes establishing an accept. This proposed guide is consistent with Regulatory
able method for compliance with elements of required Guide 8.8. "Information Relevant to Ensuring That Occupa-
training programs, a NUREG report is not suitable. tional Exposures at Nuclear Power Stations Will Be As Low

As is Reasonably Achievable."When next revised, Regulatory
Branch porition statements are intended as interim Guide 8.8 should include cross-reference to this proposed

measures to be used when an immediate response is required. action.
They are usually superseded when a more permanent mode
of guidance is developed. This proposed action directly supplements Regulatory

Guide 8.27 and will supplement and be referenced in other
A regulatory guide can be prepared at reasonable cost planned guides on training at other types of licensed facil-

within a reasonable time period. The staff does not consider ities, e.g., uranium fuel fabrication plants, uranium mills,
that revision of any existing regulatory guides could provide medical institutions.

-

the instructional materialintended here. Regulatory guides on
'

training requirements are being developed but are specific to 6. SUMMARY AND CONCLUSIONS
types of licensees such as Regulatory Guide 8.27," Radiation
Protection Training for Personnel at Light Water-Cooled In summary, it is proposed that this regulatory guide be
Nuclear Power Plants."The action proposed here has broad prepared and issued for the purpose of providing instruc-
application to all licensees, as does Regulatory Guide 8.13, tional material concerning assessment of risk from occupa-
" Instruction Concerning Prenatal Radiation Exposure." tional radiation exposure.

,
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!

REQULATORY GUIDE 8.13
(Task OP 0314)

INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE |

A. INTRODUCTION basis for this guide. The information collection
requirements in 10 CFR Parts 19 and 20 have been i

Section 19.12. " Instructions to Workers," of 10 CFR cleared under OMB Clearance Nos. 3150-0044 and
! Part 19, " Notices, Instructions, and Reports to Workers; 3150-0014, respectively.

Inspections," requires that all individuals workirig in or ,

l be instructed B. DISCUSSION |frequenting any port.on of a restricted area
in the health protection problems associated with expo-
sure to radioactive matenals or radiation, in precautions It has been known since 1906 that cells that are divid- I

or procedures to minimize exposure, and in the regula. ing very rapidly and are undifferentiated in their structure
tions that they are expected to observe. The present and function are generally more sensitive to radiation. In |

10 CFR Part 20, " Standards for Protection Against the embryo stage, cells meet both these enteria and
Radiation," has no special limit for exposure of the thus would be expected to be highly sensitive to radia-
embryo / fetus.2 This guide desenbes the instructions an tion. Furthermore, there is direct evidence that the
employer should provide to workers and supervisors embryo / fetus is radiosensitive. There is also evidence
concerning biological nsks to the embryo / fetus exposed that it is especially sensitive to certain radiation effects
to radiation, a dose limit for the embryo / fetus that is during certain penods after concep tion, particularly )
under consideration, and suggestions for reducing radia- during the first 2 to 3 months after conception when a

'

'

tion exposure. woman may not be aware that she is pregnant.

This regulatory guide takes into consideration a section 20.104 of 10 CFR Part 20 places different
proposed revision to 10 CFR Part 20, which incorporates radiation dose limits on workers who are minors than

on adult workers. Workers under the age of 18 arethe radiation protection guidance for the embryo / fetus
approved by the President in January 1987 (Ref.1). hmited to one tenth of the adult radiation dose limits.
This revtsion to Part 20 was issued in January 1986 for However, the present NRC regulations do not establish
comment as a proposed rule. Comments on the guide as dose limits specifically for the embryo / fetus.

it pertains to the proposed Part 20 are encouraged. If
the new Part 20 is codified, this regulatory guide will The NRC's present hmat on the radiation dose that,

be revised to conform to the new regulation .and wtll can be received on the job is 1,250 milhrems per
incorporate appro- wre public comments. quarter (3 months).3 Working minors (those under 18)

are limited to a dose equal to one tenth that of adults,
Any information collection activities mentioned in 125 millirems per quarter. (See { 20.101 of 10 CFR

this regulatory guide are contatned as requirements in Part 20.)
10 CFR Parts 19 or 20, which provide the regulatory

Because of the sensitivity of the unborn child, the i

'

IRostricted area means any area that has controUed access to ments (NCRP) has recommended that the dose equivalentprotect individuate trom being exposed to radiation and radioactiv,
materials.

33Jn conrotmity with the proposed revision to 10 CFR Part 20. The timit is 3,ooo miturems per quarter if the worker's occupe.
the term " embryo /refua" is used throu5 out this document to tional dose history is known and the average dose does not exceedh
represent all stages of pregnancy. s,oo0 mellarems per year.

USNRC REGULATORY GUIDES Tne gu6 des are 6ssued in the following ten broad divisions:

Regulatory Guides are issued to describe and make available to tne
pud 16C metnods acceptaDie to the NRC staff of im;llementing 1. Power Reactors 6. Products
speClflC parts of the Commisalon's regulations. to delineate tech- 2. Researen and Test Reactors 7. Transportation

nlowes used by tne staff in evaluating specific proDiems or postu. 3. Fuets and Materiais Facilities a. Occupational Healtn

tu"et'EP"IJi f'.!?n";:|'t','"A*P!Ja.'!,if""|t's in'c"s''| ;K t 5"J''?"i;"!r"30?A'J!"Jison i6. 2'! t""* ''"'"'''' ""'**'' ' a
0
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ffSceDocurIe t . U. overn ont Pfl ne fice, ost onTnts tulee was issued af ter consideration of comments received from
tne cupiac. Comments and suggestions for improvements in tnese 37082, Washington. OC 2o013 7082, teleonone (202)275 2060 or
guices are encouraged at all 16mes, and guides will De revised, as (202)275 2171.
por riat a ommodate comments and to reflect new informe.

luued guldes may also be purcnased from tne National Technical
Written comments may be submitted to the Rules and Procedures informat6cn Serv 6ce on a stand 6ng oroer Desis. Details on this
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to the unborn child from occupational exposure of the tions about the risks of radiation exposure to the
#

expectant mother be limited to 500 milhrems for the embryo / fetus.

entire pregnancy (Ref. 2). The 1987 Presidential guidance
(Ref.1) specifies an effective dose equivalent limit of The instructions should be presented both orally and
500 mdlirems to the unborn child if the pregnancy has in printed form, and the instructions should include, as
been declared by the mother; the guidance also recom. a minimum, the information provided in Appendix A
mends tnat substantial variations in the rate of exposure (Instructor's Guide) to this guide. Individuals should be
be avoided. The NRC (in s 20.208 of its proposed revi- given the opportunity to ask questions and in turn
sinn to Part 20) has proposed adoption of the above should be questioned to determine whether they under-
hmits on dose and rate of exposure. stand the instructions. An acceptable method of ensuring

that the information is understood is to give a simple
In 1971, the NCRP commented on the occupational wntten test covenng the matenal included in Appen-

exposure of fertile women (Ref. 2) and suggested that dix B (Pregnant Worker's Guide). T!us approach should
fertde women should be employed only where the annual highlight for instructe - 2 hose parts of the instructions
dose would be unhkely to exceed 2 or 3 rems and would be that cause difficulties and thereby lead to appropriate
accumulated at a more or less steady rate. In 1977, the modifications in the instructional curriculum.
ICRP recommended that, when pregnancy has been diag-
nosed, the woman work only where it is unhkely that the D. IMPLEMENTATION
annual dose would exceed 0.30 of the dose equivalent limit
of 5 rems (Ref. 3). In other words. the ICRP has recom- The purpose of this section is to provide information
mended that pregnant women not work where the annual to applicants and licensees regarding the NRC staff's
dose might exceed 1.5 rem. plans for using this regulatory guide.

C. REGULATORY POSITION Except in those cases in which an applicant or
licensee proposes an acceptable alternative method for

Instructions on radiation nsks should be provided complying with specified portions of the Commission's
to workers, including supervisors, in accordance with regulations, the NRC will use the matenal desenbed
{ 19.12 of 10 CFR Part 19 before they are allowed to in this guide to evaluate the instructional program
work in a restncted area. In providing instructions on presented to individuals, includms supervisors, working
radtation nsks, employers should mclude specific mstruc- in or frequenting any portion of a restricted area.
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T APPENDIX A

INSTRUCTOR *$ GUIDE

EFFECTS ON THE EMBRYO / FETUS OF EXPOSURE TO RADIATION
AND OTHER ENVIRONMENTAL HAZARDS

In order to decide whether to continue working excess cases of small head size was 5 per thousand; at 8

w hile exposed to ionizmg radiation during her pres- to 11 weeks at was 9 per thousand (Ref. 7).

nancy, a woman should understand the potential effects
on an embryo / fetus, including those that may be pro- In another study, the highest task of mental retarda-

Ju ed Isy various environmental risks such as smoking tion occurred durmg the 8 to 15 week period after
and drmkmg. This will allow her to compare these risks conception (Ref. 8). A recent EPA study (Ref.16) has
with those produced by exposure to ionizing radiation. calculated that excess casu of mental retardation per

live birth he between 0.5 anu 4 per thousand per rad.

Table i provides information on the potential effects
resulting from exposure of an embryo / fetus to radiation 1.3 Genetic Effects
and nonradiation risks. The second column gives the
rate at whtch the effect is produced by natural causes Radiation induced genetic effects have not been observed

:n terms of the number per thousand cases. The fourth to date in humans. The largest source of matenal for
Aumn giscs the number of additional effects per genetic studies involves the survivors of Hiroshima and
th.msand cases behesed to be produced by exposure to Nagasaki, but the 77,000 births that occurred among

the survivors showed no evidence of genette effects. Forthe specified amount of the risk factor.
doses received by the pregnant worker in the course of i

l he following section discusses the studies from employment considered in this guide, the dose received |

w h..h the information in Table I was derived. The by the embryo / fetus apparently would have a negligible

results of exposure of the embryo / fetus to the risk effect on descendants (Refs.17 and I8). ;
'

lactors and the dependence on the amount of the
espmure are explamed. 2. NONRAD!ATION RISKS

1. R ADI ATION RISKS 2.1 Occupation

A recent study (Ref. 9) involving the birth records of
1.1 Childhood Cancer

130.000 chtidren in the State of Washmston mdicates
Numerous studies of radiation-mduced childhood cancer that the risk of death to the unborn child is related to

hase been performed, but a number of them are con- the occupation of the mother. Workers in the metal
trosersial. The National Academy of Science (NAS) BEIR industry, the chemical industry, medical technology, the .

report reevaluated the data from these studies and even wood mdustry, the textile industry, and farms exhibited
reanalyred the results. Some of the strongest support for stillbirths or spontaneous abortions at a rate of 90 per
a causal relationshap is provided by twirt data from the thousand abose that of workers in the control group,
Osford survey (Ref. 4). For maternal radiation doses of which consisted of workers in several other industries.
1.000 milhrems, the excess number of deaths (above those
occurnng from natural causes) was found to be 0.6 2.2 Alcohol
death per thousand children (Ref. 4),

it has been recognized smce ancient times that alco-

12 Mental Retardation and Abnormal Smallness of the hol consumption had an effect on the unborn child. Car-
Head (Microcephaly ) thagiruan law forbade the consumption of wine on the

wedding night so that a defective child might not be
Studies of Japanese children who were exposed while it. conceived. Recent studies have indicated that small

the womb to the atomic bomb radiation at liitoshima and amounts of alcohol consumption have only the minor
Nagasakt have shown evidence of both small head size and effect of reductng the birth weight slightly, but when
mental retardation. Most of the children were exposed to consumption increases to 2 to 4 drinks per day, a pat-
radiation doses tn the range of 1 to 50 rads. The impor- tern of abnormalities called the fetal alcohol syndrome
tan.e of the most recent study lies in the fact that (FAS) b+ns to appear (Ref.11). This syndrome consists
msestigators were able to show that the gestational age of reduced growth in the unborn child, faulty brain func.
(J# of the embryo / fetus after conception) at the time the tion, and abnormal facial features. There is a syndrome

'

ehtldren were exposed was a entical factor (Ref. 7). The that has the same symptoms as full-blown FAS that
approximate nsk of small head size as a function of occurs in children born to mothers who have not
ystational age is shown in Table 1. For a radiation dose consumed alcohot This naturally occurnns syndrome
et 1,000 milhrems at 4 to 7 weeks after conception, the occurs in about 1 to 2 cases per thousand (Ref.10).
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TABLE 1 |
.

EFFECTS OF RISK FACTORS ON PREGNANCY OUTCOME

Excess Occurrences :
Number Occurring

Effect from Natural Causes Risk Factor from Risk Factor |
|

|

RADIATION RISKS

Childhood Cancer

Cancer death in children 1.4 per thousand Radiation dose of 1000 millirems 0.6 per thousand

(Ref. 5 ) received before birth (Ref. 4)
l

Abnormalities |

|
*

Radiation dose of 1000 millirads
received durtng specific periods
after conception:

Small head size 40 per thousand 4 7 weeks after conception 5 per thousand

(Ref. 6) (Ref. 7) |
|

Small head size 40 per thousand 811 weeks after conception 9 per thousand

(Ref. 6) (Ref. 7)

Mental retardation 4 per thousand Radiation dose of 1000 millirads 4 per thousand

(Ref. 8) received 8 to 15 weeks after (Ref,8)
conception

NONRADIATION RISKS
,

Occupation

I
Stillbtrth or spontaneous 200 per thousand Work in high risk occupations 90 per thousand

abortion (Ref. 9) (see text) (Ref. 9)

Alcohol Consumption (see text)

Fetal alcohol syndrome I to 2 per thousand 2 4 drinks per day 100 per thousand

(Ref.10) (Ref. I1)

Fetal alcohol syndrome I to 2 per thousand More than 4 drtnks per day 200 per thousand

(Ref.10) (Ref. I!)

Fetal alcohol syndrome I to 2 per thousand Chronic alcoholic (more than 350 per thousand

(Ref.10) 10 drinks per day) (Ref.12)

Perinatalinfant death 23 per thousand Chronic alcoholic (more than 170 per thousand

(around the time of birth) (Refs.13,14) 10 drinxs per day) (Ref.15)

Smoking

Perinatalinfant death 23 per thousand Less than I pack per day 5 per thousand

(Refs.13.14) (Ref.13)

:

Pertnatalinfant death 23 per thousand One pack or more per day 10 per thousand

(Refs.13,14) (Ref.13)

8.13-4
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For mothers cho consume 2 to 4 drinks per day, thousand for mothers cho smoke one or more packs
the excess occurrences number about 100 per thousand; per day (Ref.13).

i
and for those w ho consume more than 4 drinks per
day, excess occurrences number 200 per thousand. 2.4 Mlacellaneous

The most senutive period for this effect of alcohol
appears to be the first few weeks after conception, Numerous other risks affect the embryo / fetus, only a

before the mother to-be realizes she is pregnant (Refs.10 few of which are touched upon here. Most people are
and 11). Also,17% or 170 per thousand of the embryo / farniliar with the drug thalidomide (a sedative given to
fetuses of chronic alcoholics develop FAS and die before some pregnant women), which causes children to be

birth (Ref.15). FAS was first identified in 1973 in the born with missing limbs, and the more recent use of the

United States where less than full blown effects of the drug diethylstilbestrol (DES), a synthetic estrogen given
syndrome are now referred to as fetal al.cohol effects to some women to treat menstrual disorders, which

(F AE) (Ref.12). produced vaginal cancers in the daughters born to
women who took the drug. Living at high altitudes also

2.3 Smoking gives rise to an increase in the number of low birth-weight
children born, while an increase in Down's Syndrome

Smoking during pregnancy causes reduced birth (mongolism) occurs in children born to mothers who are
weights in babies amounting to 5 to 9 ounces on the over 35 years of age. The rapid growth in the use of
average. In addition, there is an increased risk of 5 ultrasound in recent years has sparked an ongoing
infant deaths per thousand for mothers who smoke investigation into the risks of using ultrasound for
less than one pack per day and 10 infant deaths per diagnostic procedures (Ref.19).

l

1
1
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APPENDIX B

PREGNANT WORKER'S GUIDE
I

POSSIBLE HEAL.TH RISKS TO CHILDREN OF WOMEN WHO ARE
i

|
EXPOSED TO RADI ATION DURING PREGNANCY 1

Duru g pregnancy, you should be aware of things in X Ray Procedure Average Dose *

your surrounoings or m your style of life that could
affect your unborn child. For those of you who work Normal chest examination 10 millitem ,

in or visit areas designated as Restricted Areas (where Normal dental examination 10 milhrem |

access is controlled to protect individuals from being Rib case examination 140 millirem

exposed to radiation and radioactive materials), it is Gall bladder examination 170 millitem

destrable that you understand the biological risks of Barium enema examination 500 millitem |

Pelvic examination 600 mithrem )
radiation to your unborn cht!d.

Everyone is exposed daily to various kinds of radia- .vanations by a factor of 2 (above and below) are not unusual.

tion leat, light, ultraviolet, microwave, ionizing, and so
|on. For the purposes of this guide, only iontzing radia- j

tion (such as x rays, gamma rays, neutrons, and other
h n-peed atomic particles) is considered. Actually, NRC POSITION j

I

everythmg is radioactive and all human activities involve NRC regulations and guidance are based on the
exposure to radiation. People are exposed to different
amounts of natural " background" ionizing radiation conservative assumption that any amount of radtation, i

no matter how small, can have a harmful effect on an |
dependtng on where they live. Radon gas in homes is a adult, child, or unborn child. This assumption is said to
prob!;m of growmg concern. Background radiation comes be conservative because there are no data showing ill
frorn three sources:

Average effects from small doses. the National Academy of
Annual Dose Sciences recently expressed " uncertainty as to whether a

Terrestrial- radiation from soll
dose of, say, I rad would have any effect at all."

and rocks 50 mdhrem Although it is known that the unborn child is more
sensitive to radiation than adults, particularly during

Cosmic radiation from outer
50 mdlirem certain stages of development, the NRC has not estab-

space hshed a special dose limit for protection of the unbornRadioactivity normally found child. Such a limit could result in job discrimination for
withm the human body 25 mdhrem

women of child bearing age and perhaps in the invasion

125 mtihrem* of pnvacy (if pregnancy tests were required) if a sepa.
rate regulatory dose limit were specified for the unborn

Dosage range (geographic and
other factors) 75 to 5,000 millirem child. Therefore the NRC has taken the position that

special protection of the unborn child should be volun-

The first two of these sources expose the body from rdry and should be based on decisions made by workers

the outside, and the last one exposes it from the inside. and employers who are well informed about the risks

The average person is thus exposed to a total dose of involved.

about 125 milkrems per year from natural background
For the NRC posnion to be effective, it is important

radtation. that both the employee and the employer understand

in addition to exposure from normal background the nsk to the unborn child from radiation received as
raciatio n, medical procedures may contribute to the a result of the occupational exposure of the mother,

dose people receive. The followmg table lists the average
This document tries to explain the nsk as clearly as

doso received by the bone marrow (the blood formmg possible and to compare it with other risks to the
unborn child durms pregnancy. It is hoped this will

cells) t.,m different medical apphcations.
help pregnant employees balance the risk to the unborn

.g,43 g on go,es in this document are described in two different
units. The isd as a measure of the amount of energy absorbed in a child against the benefits of employment to decide tf
certain amoint of matertal (too ergs per gram). Equal amounts of the risk is worth takmg. This document also discusses.

abeo bed from dirrerent types of radiation may lead to methods of keeping the dose, and therefore the nsk, toenergy 'he
$ daiYafe"done to t'he

* #

hon *o"Noo of . rad and a rem,respecuvely,ody he mit d dn ref the unborn child as low as is reasonably achievable.
to 1/
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RADIATION DOSE LIMITS dures to limit the dose to the 500-mdlitem recommended
\ linut.

The NRC's present limit on the radiation dose that can
be received on the job is 1,250 millirems per quarter (3 It is important that the employee inform the
months).* Working minors (those under 18) are limited to a employer of her condition as soon as she realizes she as
dose equal to one-tenth that of adults,125 mdlitems per pregnant if the dose to the unborn child is to be
quarter. (See $ 20.101 of 10 CFR Part 20.) minirnized.

Because of the sensitivity of the unborn child, the National INTERN AL HAZARDS

Council on Radiation Protection and Measurements (NCRP)
has recommended that the dose equivalent to the unborn Thas document has been directed primanly toward a
ch21d from occupational exposure of the expectant naother discussion of radiation doses received from sources outside
be limited to S00 millirems for the entire pregnancy (Ref,2). the body. Workers should also be aware that there is a
The 1987 Presidential guidance (Ref.1) specifies an effective risk of radioactive material entering the body in work-
dose equivalent limit of 500 millitems to the unborn child if places where unsealed radioactive material is used. Nuclear

the pregnancy has been declared by the mother;the guidance medicine clinics, laboratones, and certain manufacturers

also recommends that substantial variations to the rate of use radioactive matenal in bulk form, often as aliquid or a

exposure be avoided. The NRC(in { 20.208 cfits proposed gas. A hst of the coinrnonly used materials and safety
revision to Part 20) has proposed adoption of the above precautions for each is beyond the scope of this document, ,

hmits on dose and rate of exposure. but certain general precautions might include the following: |

ADVICE FOR EMPLOYEE AND EMPLOYEM 1. Do not smoke, eat, dnnk, or apply cosmetics
|around radioactive material.

Although the naks to the unbom child are s; nail under
normal working conditions, it is stal advisable to limit the 2. Do not pipette solutions by mouth.
radiation dose from occupational exposure to no more than
500 millirems for the total pregnancy. Employee and 3. Use disposable gloves while handling radioactive
employer should work together to decide the best method material when feasible,

for accomphshing this goal. Some methods that might be
used include reducing the time spent in radiation areas, 4. Wash hands after working around radioactive

weanns some shielding over the abdominal area, and keeping matenal.
an extra distance from radiation sources when possible. The
employer or health physicist wdl be able to estimate the 5. Wear lab coats or other protective clothing when-

probable dose to the unborn child during the normal nine- ever there is a possibuity of spills.

month pregnancy penod and to inform the employee of the
amount. If the predicted dose exceeds 500 mdhrems, the Remember that the employer is required to have
employee and employer should work out schedules or proce- demonstrated that it wdl have safe procedures and

practices before the NRC issues it a license to use
radioactive material. Workers are urged to follow estab- ;

'

lished procedures and consult the employer's radiation
quarter tf the worker's occupe- safety officer or health physicist whenever problems or

,The umi: is 3,000 mairima pge sworego does does not escoedhistory known and questions m
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6- VALUE/ IMPACT STATEMENT /

A draft value/ impact ' statement was published with final guide has not been prepared,- A copy of the draft

the proposed Revision 2 to Regulatory Guide 8.13
value/ impact statement is available for inspection and

(Task OP 031-4) when the draft guide was published for
copying for a fee at the Commission's Public Document

piablic comment in August 1981. . No changes were
Room at 1717 H Street NW., Washington, DC. under

necessary, so a separate value/ impact statement for the Task OP 0314.
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