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1 6. Inspecion fmdings (and item. of nontemphante)
,

| The enly items of noncompliance observed or otherwise noted during the sourse of this I

insp3ction are as set qut below1

10 CFR 20.103 - Exposure of Individuals
(a) - in that during the period December 1965 througn May 1966 several employees

were exposed to airborne concentrations of iodine 131 in excess of the
;

limite prescribed in this section. According to licensee thyroid measure- i

monts, the amount of iodine 131 in the employees' thyroids have exceeded
the 0.14 microcurie weekly average during this period. (See paragraphs
24 and 29 of report details, and also Exhibits E. C, and H.)

10 CFR 20.106 - Concentrations in ef fluents to unrestricted areas.
(a) - in that the concentrations of iodine 131 released from the lisensee plant

into unrestricted areas during the period December 1965 through May 1966
exceeded the limits prescribed by this section. (See paragraph 39, and
Exhibit K.)

-Continued-
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6. Itspection findings (continued)

10 CFR 20.405 - Reports of Overexposures and Excessive concentrations
(a) - in that exposures of suployees to excessive airborne concentrations of

todine 131 during the period December 1965 through May 1966 were not
reported to the Commission as required by this section. (See paragraphs |
24 and 30 of report details, and also Exhibits E, G, and L) ;

(a) - in that releases of concentrations of iodine 131 in unrestricted areas
in excess of ten times of the applicable limits during the period

IDecember 1965 through May 1966 were not reported to the Commission as
prescribed in this section. (See paragraph 39 of report detaile, and !
Exhibit K.) |

(b) - in that esployees who received exposures to excessive concentres. re of
radioactive material, iodine 131, were not notified in writing by the
licensee of the nature or extent of such exposures as prescribed in this j

section. (See paragraphs 24*and 31 of report details, and Exhibits 5,
C, and B.)

(c) * in that the report, dated April 15, 1966, submitted to the commission,
regarding four esployees who had been exposed to excessive cor.contrations |j
of iodine 131 during the first quarter of 1966, did not state the names j

of the employees involved as prescribed by this section. (See paragraph )
g 32 of report details.)
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| Continuatirn Shmt #1

Mallinckrode Chemical Works
| St. 1muis, Missouri
'

License llo. 24-4206 1

417 REFORT DETAIL 8

GEIERAL INF9ENAT!W

9. His taspection was conducted on an unannounced basis. H e licensee vos
given no prior notification of this inspection dich ves conducted on
June 13, 14, and 15, 1966

10. De Missouri State Department of Esalth was given prior notification of
this inspection. Eeuever, the ABC representative was unaccaspanied during
this inspection.

11. b following persons were interviewed during the course of this inspection:

W. R. Ronnecker, ph. D., Vice. President of Nuclear Consultants Division
Donald W. Soldan, Manager, Bealth Physics Department

All information is presented in substance unless otherwise indicated.

IIISPECT13 IISTRY

12. Se last inspection of this licensee (Reinspection lio. 8) vas conducted on
November 29 and 30, 1965. As a result of tbst inepection, the licensee
received correspondence from the Cossaission (letter dated February 18,1966)
setting forth three items of noncompliance. Rose items are listed below
with references to the paragraphs in this report that discuss the licensee's
corrective action as determined durius this taspections

(a) From September 1965 through November 1965, en employee was exposed
to airborne concentrations of Iodine-131 in excess of the limits
pres'eribed in 10 CFR 20.103(a). According to the licensee's
thyroid measurements of the individual, the amount of Iodine-131
in the employee's thyroid averaged about 0.4 microcuries during
this period. See paragraphs 24 and 29.

(b) The employee exposures refered to in Item (a) above were not
reported to the Cosmaission as required by 10 CFE 20.405(s). See
paragraphs 24 and 30.

(c) he concentrations of Iodine-131 released from the licensee's
plant into unrestricted areas during 1965 enceeded the limits
prescribed by 10 CFR 20.106(a). See paragraph 39,

13. Also, ihrthe Commission's letter to the Itcensee, dated February 18, 1966,
the licensee was informed that itema of noncompliance similar to those
described in Items (a) and (b) above were aise noted during Rainspection No.
7 and brought to the licensee's attention in the Commission's notice dated
October 22, 1965.

14. Reinspection No. 9, which was conducted on June 13, 14, and 15, 1966, the
subject of this report, was conducted primarily to review the status of the
licensee's program with respect to each of the above noted items of noncompli.
ance and also to review the licensee's reorganizational status since the
acquisition of Nuclear Coteultants Corporation by Mallinckrodt Chanical Works
on January 5, 1966.

ORGANIIAT15 App ADMINISTgATIVE CONTROL

15. Se Commission was notified of the acquisition of Nuclear consultants
Corporation by Mallinckrodt chemical Works in a letter dated December 20,
1965 from W. R. Eennecker and in a letter dated December 22, 1965 from
Eatold E. Rayer President, Mallinckrodt Chemical Works. Based en Mr.
Rayer's letter of December 22, 1965, License No. 24-4206-1 was amended in
its entirety on January 5, 1966.
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f Continu2tirn Sheet #2

Mallinckrodt Chemical Works
St. Louis, Missouri

ORGANIFATION AND ACHINISTRATIVE CONTROL (Cont'd)

16. W. R. gennecker, Vice-President and General Nnager of the Nuclear Consult-
ants Division, Mallinckrodt Chemical Works, gave the AEC representative a
copy of the Nuclear Consultants Division's current organization structure,
this consists of four pages of organizational charts. Copies of these
charts are attached to this report as Exhibit "A".

17. Dr. sonnecker stated that as Vice-President and General Manager of the
i

| Eclear Consultants Division, he holds the highest level of management
responsibility insofar as this license program is concerned.

18. Mr. Donald Soldan has been designated as the Radiation Safety Officer for
i the entire Eclear Consultant Division's operations. In addition Mr.
'

Solden has recently been given the responsibility for corresponding with
( the Commission with respect to concentrations of radioactive materials,

personnel exposures, and other reisted items concerning the use of licensed
i ,

! material within this license program. '

|
| 19. At the present time, the licensee is in the process of interviewing people ;

for the purpose of obtaining someone to head up the Film Badge Section of j

the Health Physics Department. This new employee, when hired, will work
under Mr. Soldan's supervision.

20. The licensee representatives stated that some of the people shown on the
organisational charts (see gxhibit "A") are new employees and therefore.

| their names will not show up on the various personnel monitoring records
I until the latter part of the second calendar quarter of 1966.

PERS010EL HOFITORING - F11M RADES

| 21. Up until the end of 1965, the licensee used a double film badge system in
| order to compare whole body exposures. A film badge service of R. S.

landauer and the licensse's own Nuclear Consultants film badge service was
used. In addition to these film badges, the licensee employees also wore

|
l dosimeters and wrist badges. During the last previous reinspection conducted

on November 29 and 30, 1965, external exposure data was extracted from the
licensee's records for the periods from the week of October 11, 1965 through
the week of November 15, 1965. This data was shown on gxhibits "A-2" and "A-3" ;
of the Form ABC-417 report dated January 25. 1966 concernina this licensee. '

During Reinspection No. 9 conducted on June 13,14 and 15,1966, extetnal
exposure data was extracted from the licensee's records for the periods from |

| the week of November 22, 1965 through the week of December 27, 1965. The '

complete external exposure data for the Landauer film badge for dole body,
; the Nuclear Consultants badge for the whole body, dosimeter readings and

wrist badge data for the period October 11, 1965 through the weak of'

| December 27, 1965 are shown as Exhibit "B" attached to this report.

22. The Nuclear Consultants film badge data fo for the week of
October 18, and usek of October 25, 1965 show 90 millirem nd 550 millirem,
re spec tively. These two film badge results al g with he other weekly filmi

I badge results for the fourth quarter 1965 for shows that she
received an apparent whole body exposure dos rth quarter 1965 of
3175 millirem. The licensee's evaluation of two film badge resulta
noted above indicated that the film badge fo hese two periods showd definite
signs of badge contamination. As a result of this investigation, the licensee's
recommended reading for the two periods are 230 millirem each. Using the recom-
mended film badge readings for the two peri noted above, the total fourth
quarter (1965) whole body exposure dose for would be 2595 millirem.
A copy of the licensee's evaluation of ourth quarter (1965)
exposure is attached to this report as .

the Landauer whole body film badge worn bh.! 23. In 1d be noted that
' g during the weeks of October 18 and 25,1965 (please see paragraph

2i above) showed exposures of 510 millirem and 600 millires, respectively,
for the two periods. These two Landauer film badge results would appear to
validate the two Nuclear Consultants badge results for the period in
question. Mr. Soldan was contacted by telephone during the week

_ - - . - - - - - - _ . - - - --
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Continustian Shest #3

Mallinckrodt Chemical Works
St. Louis, Missouri

PER$0lerIL MDWITORIIC - FIDI BADCEE (Cont'd)
,

23. (Cont'd) of July 4,1966 in order to find out if the Landauer badges showed
evidence of contamination during the subject periods. Mr. soldan reisted; that he contacted the Landauer film badge people concerning this matter. Be; further related that the Landauer film badge report for the weeks of Oct r
1 October 25 did show some contamination on the two film badges fori ,

/=A: (,A copy of the Landauer film badge report in question as outmaitted to
Ragt 111 is attac t this oport as Exhibit "D". It appears, from thedata available, that did not exceed the 3.0 rem whole body exposure
limit for the fourth calendar quarter of 1965.

PERSONNEL HONITORING - 11tTROID DATA - 1965
'

2$. Beginning the first part of December 1965, the thyroid counting frequency
for all lab personnel of the licensee has been on an almost daily basis.
These December 1965 thyroid count results shows that for nearly every lab

1

'

employee who was counted, the weekly everage of 0.14 microcuries in the
thyroid was exceeded at one time or another. The licensee representatives
wre advised that, based on this thyroid count data for the licensee's
laboratory employees, it appears that the licensee is in noncomellance with
10 CFR 20.105(s). The licensee representatives were also advised that failure
to report these apparent ove sures to essive concentrations of Iodine-131 to the comunission and to d other employees involved,

, cougf ttvted noncomellance vi 10 CFR 0. (a) and 20.40$(b). In the caseJ ofL this is a repeat item of noncompliance from the previous
reinspection of IGvember 29 and 30,1965. The December 1965 thyroid datais attached to this report as Exhibit "B".

PE150llIEEL HDifff0RINC - URINALYSIS - 1965

25. The licenses vepresentatives stated that they did not have any urinalysis
data for licensee employees between the time of the last previous reinspection
untti the end of December 1965 in that they had not yet established a definite*

urinalysis progren.

PERSONIfEL HOWITORIllC - 1966

4 26. At the tirie of this inspection, there were 18 licensee employees on a weekly
film badge cycle and 21 licensee employees on a monthly film badge frequency.
Mr. Soldan stated that all weekly film badge frequency personnel are thyroid
counted between two and five times per week while the monthly film badge
frequency people are thyroid counted once per month.

27. Early in 1966, the licenses revised his personnel exposure record systs.
T%e new forms were initiated for the recording of dosimeter, whole body, sk;:,extremities, and tbyroid exposure data. One of these new forms is entitled
" Quarterly Summary Personnel Exposure Report". One such form is maintained
for each individual. This particular form allows the licensee to record the
espesure data for that person for each particular week of that quarter and
to show the accumulative totals for each of the various exposure data through-
out that quarter. A second new form initiated for this purpose is entitled
" Weekly Susanary Personnel Exposure Report". This second form shova the same
data as the individual quarterly personnel forms noted above except that all
employees' names are listed on this wekly form in order to knou at a glance
how each individual compares to another one for that particular week. Copies
of these two forms are attached to this report as Exhibit "F".

28. When the new personnel exposure record system (see paragraph 27 above) vas
begun, the licensee devised a new method for recording the individual
results of the various personnel monitoring devices, including thyroid counts.
The key to this new system is as follo.s e

_ _
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C:ntinu: tics Shut #4
_

ik tlinckrodt Chemical Works
St. louis, Missouri

|

FIRSONNgL MONITORIIIG - 1966 (Cont'd)

28. Dosimeter - 1.0 = 231.sr
Whole Body (FB) - 1.0 = 231 millires
Skin (FB) - 1.0 - 577 millires
Extremities (Wrist Film Badge) - 1.0 = 1440 aillires
Thyroid Counth - 1.0 = 0.14 microcuries (average results of between 2

and 5 thyroid counts per week)

The advantage of this new keyed system allows the licensee to viss quite
rapidly the exposure date sheets and ese if an employee is accumulating his
exposures at a rate thich ould put him above the trescribed quarterly limits.
For example, if at the end of week No. 5, en indivuual's accmulated thole
body exposure data showed mere than 5.0, this Md mean that he is accmulating
whole body exposure at a rate hich ould put him above 3.0 res at the end of
13 weeks. The first c61 ender quarter of 1966 personnel exposure data (except
urinalysis) extracted fram the licensee's records, is attached to this report
as Exhibit "C". Similarly, the second calendar quarter of 1966 through week
No. 8 (week of May 23,1966) personnel exposure data is attached to this

!report as Exhibit "B".

29. It should be noted that during the first estender quarter of 1966 and through i

|the first eight weeks of the second calendar quarter of 1966, (see Exhibits
!"C" and "B"), that several persons received weekly averaged thyroid counts in

excess of 0.14 microcuries which constitutes noncompliance with 10 CFR 20.103(a)
~

(see also paragraph 24 above).

30. In a letter to E. R. Price, $1.R, dated April 15, 1966, Dr. Kennecker advised
that durirs the first quarter of 1966, four persons had burdens in excess of
0.14 microcuries at some time 'during the quarter. In this letter, Dr. Eonnecker
goes on to advise that the four persons had one time thyroid burdens of up to
0.38 microcuries with all four persone having quarterly thyroid burden averages
of less than 0.14 microcuries. Information gleaned from the licensee's person.
nel exposure data for the first quarter of 1966 shows that a total of 5 persons
(not four) showed seekly everaged thyroid burdens on different occasions of
greater than 0.14 microcuries. It is noted that one person did have a weekly
average at one time of 0.385 microcuries (see Exhibit'f attached to this report).
In addition, Dr. Kennecker's letter dated April 15, 1966 is not considered a
timely report of these exposures in that many of the wekly averages of greater
than 0.14 microcuries thyroid burdens occurred prior to March 15, 1966. The
licensee was advised that failure to report these personnal exposures within 30
days constituted noncom 11ance with 10 CFR 20.405(a).

|
|31. It was determined during this inspection that the persons receiving the weekly
|averages 1 excess of 0.14 microcuries thyroid burden as mentioned above (see

paragraph 30) were not notified of these exposures which constituted noncemeli-
ance with 10 CFR 405(b).

32. The licensee's representatives were advised that failure to include the names
of the individuals in the April 15, 1966 report of exposures constituted
noncameliance with 10 CFR 2%405(c).

.

33. Dr. Konnecker stated that all perscnnel exposure reports wuld be submitted in
accordance uith 10 CFR 20.405 in the future. Dr. Konnecker went on to say that
this would include any el.yroid counts which averaged greater than 0.14 micro-
curies in any one week. At the same. time, Dr. Kennecker turned over the
respor.sibility of this reporting to Mr. Donald Soldan, the Manager of the
Bealth Physics Department, Nuclear Consultants Division.

34 At the time of this inspection, the licensee's urinalysis data was in rough
form. Mr. Soldan stated that the urinalysis data for all persons sampled
between January and June 1966 and the licensee's urinalysis procedures discus-
stons, calculations, and requirements would be submitted to the Division of

,
Compliance, Region III, shortly following the inspection. This information,

I Wich included an explanation for the tardiness of the information, was submit-
| ted to tL Division of compliance, Region III, on June 27, 1966 and a copy of
| this urinalysis information is attached to this report as Exhibit "1". ;

i
l
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! Continuotion Sheet #5
*

. _ _

l
~ Mallinckrodt Chemical Works

j St. Louis, Missouri |
'

AIR SAMPLING
4

| 35. Gelman millipore filters with activated charcoal were in use during the
$ last previous inspection. Mr. Soldan stated that these Gelman millipore ;

} filters proved unsatisfactory so they tried a new method using disposable
! syringes with carbon inserts. Se disposable syringas did not work out
j either. Selden stated that the primary problem with both these systems was
I that the air flows were unstable. At the present time, the licensee uses
j a hemesade cartridge consisting of a k inch B polyethelene tube (appropti- 1

mately 13/4 inches lems) and containing about 1 inch of gramular activated Ji

! coconut charcoal, incorporated with " Lab-por" (polyethetene frit) which j

i holds the charcoals in place. Rose cartridges are k====ada at the
'

'

| licensee's facilities. Mese hemsunade samplers maintain en air flow of
j about 1 liter per minute according to Solden.

Ii
( 36. During mid-Februarg 1966, che licensee's air sampling frequencias were |* changed from "greb to " continuous" and at the same time, the present 3dag, j

esopling point designation system was put into effect. "Continuouf mesma'

at least 24 hour sampling time with "on-off" operations being performed i

j manually. |
-

i

l 37. In the latter part of April 1966, all " implant" air samples were placed on
4 a oromramed. autamatic on-off system. Under this system, all "in-plant"
| sampler tubes are connected to a central manifeld. S e manifold autenstically
] turns on each day, except Sunday,' at 8:00 an and shuts off at 5:00 pm the
j same day, whether or not the sample is changed. g samples are referred to
! as inea=it*** samples and are denoted by a nov istpar desimnation system.
; Se sampling cartridges are located ' head-high" in the varieus areas.
1

{ 38. he locations of "cantiannous"i'4=-h= red" sampling points (see paragraph 36)
l and a a--i t *=* "latea-ad" sampling points (see paragraph 37) are attached
] to this repore as E4ihit "J".

39. E4thit "E" of this report contains data extracted from the licensee's records

j.
during this inspection ccacerning air concentrations. Rahibit "Krl" comprises
all the air sample data collected by the licensee during the period December

j 3, 1965 through February 15, 1966. As noted in Emhthit " gel", no roof samples
! were taken and only two (2) todine stack samples were taken. During this
d period, the iodine stock wac still considered by the licensee to be an unre g

stricted area. Se iodine et ek sample of December 24, 1965 showed 4.6 x 10' l

microcuries per al (460 x 10- 0 microcurig per al). MFC for soluble Iodine-131 14

released to unrestricted areas is 1 x 10" nicrocuries per al. Berefore, itj

i appears the licensee is in ---------14=~a with 10 CFR 20.106fa). In addition, a

i spot check of the licensee's air sample data since mid-February 1966 revealed
that four environmental (roogop) samples showed concer.trations falling between

#
;

1 and 9 times W C of 1 x 10- microcuries per al with an occasional saeple i

|
j as high as 44 x MFC. Exhibit "gr2" shows the results of two consecutive air j

sampling dates for " continuous" samples in April 1966 Sample Stations 6, 8,s

10 and 11 are roof top samples and are the only " unrestricted" sample areas at;

; this time. On each of the two sampling dates shown, these " unrestricted" area
,1 s les exceed 10 times MFC (MFC for Iodine-131 in unrestricted areas is 1 m

10- O microcuries per al) which constitutes noncemkliance with 10 CFR 20.405fe). ,
,

'

40. matut "E-2" also shows air sample data from " programmed" in-plant sampling
! stations cdected during periods which encompass the same two consecutive dates
I in April 1966 as noted above in paragraph 39. R ose two dates are namely
1 April 21/22, and 22/23, 1966.

41. As noted in E=hthit "E-2", two sets of data are shown for each sample. Rose
are " base" and ' Iodine-131 peak" counts. Mr. Soldan stated that " base" means.

j that the analyser is pre-set to count all energies above 10 key (gamse) while
'

r "Iedine-131 peak" means that the analyzer is pre-set to accept all counts in an
. energy faterval of 315 key and 415 key (gasses). Equipment used in these analyses'

is comprised of a sodium-iodide crystal and a shielded well with a Picker Magna-4

|
scanner III A and a Nuclear Chicago Model 1810 Radiation Analyser.

i
1

__ - -
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; AIR SAMPLING (Cont'd)

f 42. Soldan stated that " base" concentrations, in microcuries per al, are considered
j " official" in he they rapresent most isotopes possibly present in a sample

whereas the "I-131' peak" rejects all energies not in the range of Iodine-131.i

j Eowever, myc's used for all samples assumes Iodine-131 present.

! M&4tB FETSE8 M 19 EEDUGE FRESGOEL EIFIBUEES

! 43. Mr. Seiden spelled out the various actions which the Esalth Physics Department
has taken in attempts to reduce perseenal exposures at the licensee's facilities'

since the last previous reinspection.a

i
? 44. One problem dich arose recently concerned the stabiliser material used in

todine capsules. Until mid-February 1966, the stabiliser substance used in theJ

Ladine capsules was cysteine hydrochloride (0.2 per cent solution). So.1 dan
! stated that seus time in mid-February 1966, the stabiliser substance was

!
] changed to escorbie acid (0.2 per cent solution). Bis change in stabiliser
| substances was initiated in the Production Department without the knowledge of
; Mr. Solden or Dr. Ioanecker, according to Soldan. During this period following
'

February 1966, investigations made by the Esalth Physics Department to determine
; the high thyroid counts and high air samples noted in the tagging ream, drug )
j and weste storage room, and the high concentrations in the basement areas, revealed
; the cause to be from the capsules (change in stabiliser). Selden stated that the
i capsule substance was changed back to the cysteine hydrochloride in mid-May 1966
; and the storage areas of new capsule were changed to ventillated base cabinets
! under hoods. Soldan stated that the main purpose of this stabiliser is to cut
} down on the oxidation process which can lead to a breakdown of the seditan-iodide
j and thereby emit elemental iodine. Ascorbic acid in a dry foam is unstable

causing a breakdown, whereas, ' cysteine hydrochloric is relatively more stable
4

! in a dry state.
*

J

j 45. A change in the facilities was made in the first part of April 1966 iditch
j involved the moving of the air supply unit on the roof away from the Iodine-131
i stack. to a new position over the edge of the roof level, down about 5 feet
1 from the top of the roof.

{ 46. In about mid-May 1966, a new hemanade charcoal filter was placed in the iodine
j stack. Bis new filter is 24 inch by 24 inch en the side, by appresimately

1 1% tack thick. So Riter ceasists of a wood frams with stataloss steel mesh
j top and betten escasing 1% tack thick layer of granulated activated coconut

charcoal. Rose are the same small gramules which are used in the hemamade air'

! sagte cartridsse now being used. Bis new 1% inch thick corben filter is used
| in series with an absolute filter in the tedine eteck.
i
i 47. Se iodine capsule sorting machine (located in the basement below the production

area) was tied into the iodine ashaust system (1-131 stack) in mid-May 1966.
: Prior to this time, there was no venti 11 sting exhaust available for the capsule

sorting machine.

! 48 Now, unsorted capsules are now stored in the venti 11sted base cabinet under the I

j sorting machine. Before this time, they were stored in the "open" behind a ,

j concrete us11 in the sorter room.
i

| 49. Newly sorted capsules are now being stored in the drug and waste storage room
with all other todine products and active waste. Prior to this time, the drugd

i and waste storage room did not have any air supply or exhaust. Since this time,
j the room has a built-in air supply exhaust which gives about one air change per
; minute. his new supply and exhaust system inithe drug and waste storage room

was put in on May 20, 1966.

I 50. Soldan stated that the various Bealth Physics activities which resulted in the

i louering of thyroid counts and air sample results substantiated the fact that
i high thyroid results were h== sir-horna activities. Soldan convinced Dr.
; Esemecker of this fact to a point dere Dr. Eennocker readily appneves purchases
| of new air handling equipment, etc., according to Soldan.

1
i
i
4

l

4
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[ HEAL 11I PNY$1CS ACTICII 19 AGYCK3EU0eoEL IIF08VER_8 (Cont'd) '

i g-

| 51. ge'idan' stated that they are in the middle of planning to correct the
startie room air problems (now running abc 2 to 5 x MFC) by installing;

j glove bones. 1his particular area is known as air sample station )_1.
s

i 52. While still on.the subject of air trations and various thyroid / 4
counts data, sub t of thyroid counts came into the M'

thyroid counts are consistently at eri conversatsen. i

i weekly averages of 0.14 miemeuries. Mr. Seiden stated that
bas just learned recently from her doctor that she has a;

ry estar overactive thyroid. Selden stated that the licensee will
; contact her doctor regarding more medical information and will spell out

these details regarding exposures, etc., in their answer to Enforcement
; concerning these inspection results. At this time, Soldan gave the or

t data subsequent to week No. 8 (second quarter 1%6) f
j This data showed that for the week of May 30,1966 (week No. 9)

.

ad an awrage thyroid count of 87 per cent of 0.14 microcuries
| or wee of June 6,1966 (week No.10), her everage thyro t was

1 of 0.14 microcuries. Soldan concluded by stating the
' job is now esclusively in the capsule sorting room. Du og a

recent to conversation with Mr. Soldse Qu different'

j matter, Mr. Soldan relatdd that just very recenti showed a

{ 77 x 0.14 mic is ch count. Soldan went on to say upon
1 questioning, stated that she had received a diagnostic

j capsule from r doctor conjunction with her enlarged and overactive
thyroid ptob Idan ed by stating that they also learned from the.

doctor that thyroid is 45 grams instead of the standard 30
grams.

J
*

| 53. Mr. Soldan stated that there had been two major problems ansof ar as external
' espesures werg concerned. h oe were involved in the gold preparation and
' technetium " cows" operations. h oe external exposure problems were easevbat
! reduced with the increased use of lead shielding which were especially
I designed half-circle curved lead bricks of various outside diameters. Soldan
i stated that these can be stacked to many various configurations to allov

better use of closed glass systems within gloved hoods and make better use of
,

remote hand 1 Lag methods for transferring, heating, storing, etc., inside the
,

closed gloved hoods. Soldan stated with the increased use of these nov lead'

i bricks, they have reduced external exposures during sold preparation operations
i apprezimately one order of magnitude and have reduced the external exposures
1 from the technetium " cow" operations by about a factor of three (3). Soldan
i stated that these reduced exposures began showing up in about June 1966.
i

! NANNElENT DUCUM191
:

54. The results of this inspection were discussed with W. R. Kenmacher, Ph. D.,
i Vice-President, Nuclear Consultants Division, Malliuckrodt huical Works,

and Mr. Donald Soldan, Manager of the Esaith Physics Department and Radiation'

Safety Officer. The various items of noncamplianced noted during thisi

I inspection were discussed with the two licensee representatives mentiened
abaye. These items of neocompliance, as noted above in the variousasetions of;

1 this report, involved high air concentrations in unrestricted areas, high -

] thyroid coasts and the failure of the Itcensee to properly report these high
air concentrations and high thyroid counts. At this time, the licensee1

representatives reiterated the various actions being taken by the Bealth
Physics Department in order to reduce personnel exposures and air concentrations,

j in unrestricted areas. In addition, Dr. Eonnscker turned over the responsibili-
' ties for reporting all reportable discrepancies to Mr. Soldan, who stated ac
! this time that he would see to it that timely reports in the future are submitted
i to the wesion concerning all matters. Also, at this time, the licensee

4

i
i

i

o
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{ q DISCUSSIN (Cont'd)
54. (Cont'd) representatives expressed their hope that the new addition to their

facilities would be cogisted and approved in the very near future. They
stated that with this new facility, they believed that many of their!

1 probleme will be solved in that the new addition is better designed to handle
i the radioisotopes used under this license.
1

| Enclosures
Exhibits A thru K

i

!)

s

i

i

'

|

.
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Landaue r Nuc. Cone. Wriet

Name Week of Badae (WB) 8edae (WB) Doetmeter *&
| 10-11 130 70 120 295

| r uct on- 10-18 210 230 294 1125

Chemist) 10-25 350 200 247 1400
11-1 230 160 240 565

|
11-8 * 220 282 1100

11-15 * 235 325 *

11-22 210 230 232 640
11-29 * 144 202 518
12-6 * 130 205 355

12-13 * 175 269 615
12-20 * 131 189 562
12-27 * 100 227 815

Total (area) 1130 2023 2832 7990

10-11 50 75 83 175
search & 10-18 220 285 193 650

Development) 10-25 220 140 195 200
11-1 180 140 224 310
11 8 * 2 00 148 555

hf11-15 * 75 151 *

11-22 250 145 230 530
11-29 260 199 245 532
12-6 60 110 175 530

12-13 340 41) 271 3000
12-20 260 244 285 1500
12-27 * 145 61 679'

Totsi (ares) - 1840 2173 2261 8461

10 11 * 45 25 45
bysics 10-18 * 45 82 15

& Cobalt Room) 10-25 * 140 4 00 30
11 1 * 245 2 04 15
11 8 * 395 483 1400

11-15 * 175 229 *

11-22 * 230 220 260 )
11-29 * 30 160 30 !

12-6 * 45 73 360 |
'

12-13 * 215 61 3450
12-20 * 60 147 30
12 27 * 5 68 1 64 880

2193 2248 6515Total (aren) -

10-11 70 60 * 75

ction- 10-18 100 105 * 130

Chemiet) 10-25 140 110 83 105
*

11- 1 220 200 202 310
11-8 * 140 100 190

11-15 * 160 166 *

11-22 * 190 218 640
11-29 210 170 175 298
12-6 100 140 306 45

12-13 330 398 232 840
12-20 110 0 232 0
12-27 - Terminated esployment prior to 12-27 65 badge period

Total (mren) 1280 1673 1714 2633
|

*No data reported

I EIRIBIT "B-1"
i
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( Landauer Nuc. Cons. Wrist

j g Weak of Badae (WB) Badas (WB) Dosime te r * }p_dg

10-11 350 210 273 485
uc on. 10 18 510 490 (230) 336 1650

,

Chemist) 10-25 600 550 (230) 400 2250!

| 11-1 300 280 338 1150
| 11-8 * 230 215 525
| 11-15 * 230 206 *

11-22 230 380 210 1000
11-29 220 199 176 270
12-6 160 185 264 650

12-13 230 200 135 415
12-20 80 120 87 244

| 12-27 * 101 94 849

Total (area) 2680 3175 2734 9488
(2595)

10-11 * 160 169 225
pping clerk) 10-18 * 280 114 150

10-25 * ?'5 208 120
11-1 * 11u 157 150
11 8 * 260 185 75

11-15 * 175 221 *

11-22 * . k. t 153 100
11-29 * 315 225 165
12-6 * 105 132 105

12-13 * 140 200 70
12-20 * 120 162 75
12-27 * 110 85 210 Mf

2065 2011 1645Totsi (area) , -

10-11 180 150 137 415
Diepensing) 10-18 290 165 211 380

10-25 230 175 176 190
11-1 250 170 235 415
11-8 * 190 206 360

11-15 * 190 177 *

11-22 220 200 186 290
11-29 130 112 103 154
12-6 110 110 166 142 ,

12-13 260 260 106- 305 (
12-20 110 190 186 379 i

,,,189 201 325 |12-27 *

Totsi (aren) 1780 2092 2190 3355

10-11 200 80 179 145
spensing) 10 18 210 176 176 290

10-25 300 160 181 290 -

11-1 240 120 220 210
11-8 * 160 196 190

11-15 * 30 147 *

11-22 150 100 142 160
11-29 120 75 122 310
12-6 90 75 131 105

12-13 220 115 196 215
12-20 110 75 157 170

l 12-27 * 57 54 121

Total (area) 1640 1222 1907 2206

i

t

|
EXH1 BIT "5-2"
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Leursuer Nuc. Cons. Wrist

g Week of Bedae (WB) ledae (WB) Dosimeter *g

10 11 130 75 76 110
ou e 10-18 190 175 69 175

Production) 10 25 120 140 .85 215
11-1 130 110 146 170
11-8 * 160 130 280

11-15 * 15 144 *

| 11-22 90 265 101 210
'

11-29 140 140 96 188
12-6 100 105 246 175

12-13 90 75 163 100
12-20 10 0 * 0
12-27 * 20 * 35

Total (area) 1050 1280 1256 1658

10-11 210 130 238 175
I spens og 10-18 360 415 275 485

10-25 250 150 337 215
11 1 220 235 276 250
11-8 * 140 322 115

11-15 * 100 3 04 *

11-22 100 110 224 230
11-29 310 210 255 153
12-6 200 160 219 165

12-13 330 280 208 260
12-20 110 120 158 45 .,

d50' S12-27 * 183 199 224

Total (aren) . 2090 2233 3015 2317

. @f 10-11 130 215 118 450
(Capsu.e 10-18 320 310 225 2300
Froduction) 10-25 310 230 258 870

11-1 250 175 175 730
11-8 * 245 179 750

11-15 * 225 280 *

11-22 380 360 219 710
11-29 170 176 166 244
12-6 130 150 214 290

12-13 330 245 219 1100
12-20 180 199 249 562
12-27 * 2 06 206 712

Total (area) 22GO 2736 2508 8718

10 11 280 230 152 265

roduct on) 10 18 390 400 257 150
10 25 420 415 276 (Lost) -

11-1 290 365 183 2100
11-8 * 400 2 64 1400

11-15 * 230 274 *

11-22 - Terminated employment prior to 11-22-65 badge period.
11-29
12-6

12-13
12 20
12-27

Total (area) 1380 2040 1506 3915

EIRIBIT "B- 3"
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v. HEALTH PHYSICS , , . . Ralph Nuelle

s.u... o.s. 1/10/66

After reviewing the films from the film badges worn by Joyce
Karst for the last quarter of 1965 (10/11/65-1/3/66), it is
my recommendation from the film interpretation to alter the
reported weekly dosages as follows:

DATE REPORTED RECOMKENDED*
,

WORN READING READING
.

.,

*

210 mr10/11-10/18 210 mr
'

230)-Max. dose (which also cor-10/18-10/25 , 490*>(2) '

10/25-11/1 550* 230)-responds to the average dose
11/1 -11/8 '280 (1) 280 for this individual).

~

11/8 -11/15 230* (1) 230

11/15-11/22 230 230 |

11/22-11/29 380 380,
i

11/29-12/6 199 (2) 199

12/6 -12/13 185 (1) 185 j

12/13-12/20 200 (2) 200 -

12/20-12/27 120 120 ;

12/27-1/3 N.R. ---

'

3,074 mr 2,494 mr j
'

|

* Films definitely show evidence of badge contamination. :
<

i

(1) Mostly from harder radiation. .

(2) Radiation from front and back of badge.

For the weeks 1C/18-10/25 and 10/25-11/1 it is considered accept-.*
able to change the reported dosage to 230 mr as noted in this
report. The everage dosage for this individual during this quarter
came out to be 233 mr. The maximum weekly permissable dosage (con- ;

sidering a 13 week quarter) will be 230 mr. However, if a 12 j

week quarter is considered, the maximum weekly dosage wou15 be j

240 mr.
t

The film from 12/27-1/3 is not reported (N.R.) cince th films I
Iare still in use because of lack of fresh film for making up m

-

badges.
\

REN/ja R. E. Nuelle .
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* .

THYROID DATA - Ot1CROCURIES 1-131 IN THYROID)
1965 - SUBSEQUENT TO 11-24-65

.

8
'

wg w. p

F 12 /3 0.322 0.611 0.322 0.252 0.355 0.292 0.217 0.307 0.23 0.41 0.096 0.158 -

M 12/6 0.216 0.396 0.199 0.207 * 0.234 0.135 0.310 0.30 1 0.336 * 0.141 6!
Tu 12/7 0.28 0.30 0.14 0.22 0.28 * 0.140 0.24 0.31 2 0.40 * 0,14

W 12/8 0.26 0.35 0.16 0.23 0.190 0.23 0.18, 0.32 0.32 E 0.38 0.13- *

Th 12/9 0.29 0.43 0.135 0.19 0.22 * 0.20 0.21 0.31 if 0.51 0.11 *

F 12/10 0.23 0.26 0.12 0.18 0.17 0.20 0.14 0.17 0.31 % 0.35 0.04 *

M 12 /13 0.18 0.31 0.12 0.09 * 0.19 0.11 * 0.141 E 0.26 * *

Tu 12/14 0.23 0.36 0.10 0.09 0.12 0.15 0.11 0.17 0.141 .o 0.22 * 0.04

W 12/15 0.21 0.51 0.09 * 0.12 0.16 0.16 0.17 0.142 3 0.40 * *

Th 12/16 0.25 0.43 0.12 0.12 0.18 * 0.13 * 0.140 3 0.41 * *

F 12/17 * 0.41 0.05 0.07 0.15 0.135 0.12 * 0.141 , 0.33 * *
"

Tu 12/21 0.13 0.43 0.06 0.10 - 0.60 0.19 0.07 0.49 0.078 0.38 * *

w 12/22 0.094 0.18 0.061 * * * * * 0.078 0 0.414 * *

Tu 12/28 0467 0.104 0.032 0.075 0.074 0.043 0.065 0.14 0.020 J. 0.194 * *

W 12 /29 0.0/2 0.196 0.032 0.061 0.057 0.055 0.050 * 0.024 & 0.597 * *

Th 12/30 0.481 0.166 0.028 0.043 0.057 0.079 0.070 0.201 0.022 i 0.494 0.050 *
'

F 12 /31 0.466 0.192 0.035 0.061 0.061 0.102 0.079 0.127 * 0,498 * *

* No Data Reported

}

!

.

EXHIBIT "E"
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.

1
-- - 1st Quartsr - 1966

1
-- Personnel Saposure Data - |

4

'

KEY: Desiaster 1.0=231 ar. Sking 1.0=577 area. ;
,

1 Whole Body 1.0=231 area. Extremitiss: 1.Os1440 mrom. j

Thyroid: 1.(M).14 microcuries (eve. results of between 2 and 5 thyroid j
counts per week) -

! ames! N

Week F.S. F.B. Wrist F.B. Weekly Average
.

; ,gegLag M Decimeter Whele Bedr M Extremities Thyroid

1 (1-3) 1 * * * * *

| (1-10) 2 * * * * *

; '(1- 17 ) 3 .06 .34 * * *

(1-24) 4 .82 .28 * * .13' ,

i (1-31) S .95 1.27 * .30 .33 I

(2 7) 6 .88 .91 0 .45 .43 1

(2-14) 7 .90 .46 0 .13 .64 !

(2-11) 8 1.72 2.03 0 .74 1.26=(0.176 pc)

| (2-28) 9 1.65 1.82 0 .76 1.57=(0.220 pe)
' (3-7) 10 2.95 2.86 0 .18 2.34=(0.330 pe)

(3-14) 11 2.17 1.88 0 1.04 2.75=(0.385 pc)2

|.
(3-21) 12 .10 .32 0 .02 1.65=(0.231 pc)
(3-28) 13 * .45 j .07 .47

|Tstals - 12.20 12.62 0 3.69 --

|Tstate (rea) (2.82) (2.92) (0) (5.31) --
'

!
...e. Em2 .

1 teOS lt31 * 2.83 .17 4-

2 19 19 D31 * 1.00 .61*

;

3 1.0F 1.05 * 1.73 .03'

i 4 1.14 .95 * 3.91 10

5 .45 .45 * .18 .29
6 1.02 1.12 0 .71 .16
7 .42 1.03 0 1.48 .13

,

8 1.58 .95 0 .83 .354

9 1.00 .97 0 .12 .16
10 1.42 1.25 0 .69 .07
11 .70 .50 0 .15 ;18

12 .78 1.17 0 .08 .13
J j .45 J13 --

J Tstate - 11.78 12.71 0 12.44 --

T4tala (ree) (2.34) (2.94) 0 (17i94): --

1 .93 .77 * .23 .26
2 1.10 .69 * .22 .34

j 3 .84 .76 * .14 .41 -

2 4 .84 .66 * .15 .21
5 .64 .61 * .12 .15
6 .74 1.12 .45 .38 .22'

7 .52 .78 .45 .21 .40
8 .72 1.04 .29 .71 .29

2

9 .76 .71 0 .16 .60

} 10 1.23 .78 0 .20 .39
11 .68 .85 0 .20 .36
12 .80 . 84 0 .20 .30'

13 * .87 0 J J

Totals - 9.88 10.48 1.19 3.17 --

i Totals (rea) (2.28) (2.42) (0.69) (4.56) --

eso dets reported
ETMTRTT 'W'

A

___ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _
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Week F.5. F.B. Wrist F.B. Weekly Average

ge,k_of g Dostanster Whole Body 8 kin Extremities Thyroid

(1-3) 1 .06 .11 * .03 .45 ,

'

(1-10) 2 .66 .06 * .14 .44

(1-17) 3 .82 .56 * .13 .43

(1 24) 4 .62 .34 * .18 .35

(1- 31) 5 .68 .71 * .16 .56

(2- 7) 6 .83 .73 .45 .38 .52

(2- 14) 7 .61 .43 45 .17 .61

(2 21) 8 . 89 .87 .13 .26 .65

(2- 28) 9 .69 .45 0 .09 1.12=(0.157 pc)

(3 7) 10 .76 1.06 .69 452 1.91=(0.267 pe)

(3-18) 11 .50 .48 0 .15 2.26=(0.316 pc) i

(3-21) 12 .67 .78 0 .19 1.64=(0.230 pc) j

(3- 28) 13 * .91 0 .24 1.31=(0.183 pe)

TJeals - 7.79 7.49 1.72 2.64 --

| Totals (res) (1.80) (1.73) (0.99) (3.80) --

88"*8

1 .60 .64 * .90 2.24=(0.314 pc)
I

2 1.02 1.16 * .49 1.74=(0.244 pc)

3 .88 .68 * .47 1.37=(0.192 pc)

! 4 .71 .75 * .19 .94 |
1

i 5 .65 .68 * .25 .68

6 1.03 1.22 1.04 1.16 .54 |'
'

7 1.00 .87 1.04 .59 .45
8 1.10 1.27 47 2.22 1.50s(0.210 pe),

9 .61 .45 0 .36 ./99j

10 1.02 1.17 .8u .80 .90
11 .65 .89 0 .51 .66 8% 4
12 .89 1.62 0 .35 .35i

| 13 * .87 0 J .10

Totsis - 10.16 12.27 3.35 8.79 --

Totsis (rea) (2.35) (2.83) (1.93) (12.66)

6. . gw
1 1.17 1.18 * .93 1.20=(0.308 pe)

2 1.13 .69 * .38 1.17=(0.164 pc)
3 1.05 .90 * .79 1.49=(0.209 pc)
4 1.00 .76 * .36 1.09=(0.153 pc)
5 .85 .83 * .30 .83
6 .64 .76 40 .45 1.40=(0.196 pc)
7 87 .87 .40 .55 ?.02=(0.283 pc)
8 1.43 1.51 .16 .63 1.24=(0.174 pc) .

9 .16 .08 0 .02 .92
10 .13 .22 0 .05 .27

11 .11 .35 0 .13 .13
12 0 .48 0 .08 .04

J 0 J J13 *

'

Totals - 8.54 9.19 0.96 4.78 --

|

Totals (rea) (1.97) (2.12) (0.55) (6.88) --

|

_ _ _ _ _ _ - - _ . - _ _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _. _ _ _ _ - _ _ _ _ _ _
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l

|

|
'

-. 3 .__ ._

.a., rum g
--

Week F.B. F.B. Wrist F.5. Weekly Average
Weak of Number Dosimeter Whple Gody & Extremities Thyroid

(1-3) 1 * * * * *

(1- 10) 2 * * * * *

(1- 17) 3 1.25 1.05 * .90 0

(1-24) 4 .64 .52 * .12 .01
(1- 31) 5 .89 1.02 * .40 .50
(2-7) 6 1.39 1.50 1.39 .77 .47
(2 14) 7 1.80 .69 1.39 .37 59 i

(2-21) 8 1.42 2.47 1.44 1.72 .42 )
(2-28) 9 1.49 1.00 0 .20 .20
(3-7) 10 1.58 .87 0 .13 .33
(3-14) 11 .98 .45 0 .26 .63
(3-21) 12 1.51 .99 0 .30 .55 |

J 0 M J j(3-28) 13 *

l

Totals - 12.95 11.23 4.22 6.19 i
==

i

T:tals (rea) (2.99) (2.59) (2.43) (8.91) --

Naasa @|
1 * e * * *

2 * * * * *

3 * * * * *

4 * * * * * !

|, . . * * *

| . * * * * *

| 7 .35 .35 1.28 * .14
| 8 1.25 1.43 1.28 .59 .06 JCg 4
1 9 1.41 . 64 0 .20 .32*

| 10 .89 1.06 0 .35 .28
' 11 1.54 .71 0 .42 .37

| 12 2.42 2.23 0 1.32 .40
M 0 .96 J13 *

T; tats - 7.86 7.89 3.84 3.84 |
--

Totals (rea) (1.82) (1.92) (2.22) (5.53) i--

Name:

, * . . . *
,

i 2 * * * * *

3 * * * * *

4 * * * * *

5 * * * * *

6 * * * * *

7 * * * * * i

8 * * * * * |
|

9 * * * * *

| 10 * .13 0 * * *

11 * .55 0 8 *

12 * .65 0 * .05
j
- 13 * J 0 * J

d- 2.11 0 -- --Totals -

(0.49) 0Totals (rea) -- ----

.

,

,
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l
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| names
NklyAverageWeek F.B. F.B. Wrist F.B.

Week 9f M Dostanter whole Body Skin Extremities Tbrrold

(1-3) 1 1.02 0.43 * .58 1.53 (0.214 uc)
(1-10) 2 1.47 .69 * .44 .68
(1-17) 3 2.06 .39 * .14 .66
(1-24) 4 1.03 .74 * .89 42
(1-31) 5 .75 .4 * .49 .34
(2-7) 6 1.15 1.12 1.08 2.45 .91
(2- 14) 7 .92 .65 1.08 .84 .73
(2- 21) 8 1.21 1.17 .66 1.52 .44
(2-28) 9 . 88 .91 0 .21 .62
(1-7) 10 1.22 .78 0 .37 .70

I
(3- 14) 11 1.49 .87 0 .46 .83
(3-21) 12 .82 1.58 0 1.04 .74
(3 28) 13 * 1.19 0 1.20 ,,2}}

T:tals - 14.02 10.97 2.82 10.63 --

Titels (rea) (3.24) (2.53) (1.63) (15.31) --

m7
1 .79 .90 * .07 .06
2 .62 .13 * O .06
3 .57 .32 * .01 .06 ,

4 .61 .06 * 0 .05 j

5 .74 .95 * 0 .06
6 .89 .50 .09 .01 .06
7 .29 .49 .09 .01 .06
8 .63 .28 .13 .03 .06

*

9 .74 .71 0 .03 .28
10 .70 .32 .21 .03 .65 [d11 .65 .32 0 .01 .14
12 * .54 0 .05 .31
13 * .12 0 .03 .11

)T:tals - 7.23 5.64 0.52 0.28 --

T tals (rea) (1.67) (1.30) (0.30) (0.40) --

.,gssg |
, . . . . .

2 * * * * *

3 * * * * *

4 * * * * *

5 * * * * *

6 * * * * *

7 * * * * *

8 * .96 0 * *

9 * .97 0 * .28 *

10 * .79 0 * 0
11 * .91 0 * .03
12 * .37 0 * .06
13 * ,,,1,,,1Z 0 * 0

5.17 0Titels -
-- ----

l

(1.19) 0T2tals (rea) -- ----

|



.

I

-- 5,
-

Name:

. Week F. B . F.B. Wrist F.B. Weekly Average |

Week of Number Doetmeter whole Body Skin Ext remitie s Thyroid
1

(1- 3) 1 .18 .61 * .16 .08 I

(1-10) 2 1.58 1.87 * 1.01 .09

(1- 17) 3 .35 .69 * .04 .39

(1- 24) 4 .07 .19 * .04 .13 I
'

(1-31) 5 .55 .26 * .05 .13
(2-7) 6 1.02 .27 0 .14 .29'

(2-14) 7 3.09 .83 0 .24 .21
(2- 21) 8 .46 .56 .36 .26 .29
(2-28) 9 .21 .21 0 .03 .35
(3,7) 10 .25 1.21 0 .22 .44
(3-14) 11 .69 .94 0 .40 .24
(3-21) 12 .71 .39 0 .08 .69

(3- 28) 13 * J 0 .07 .28 '

Tstals - 9.16 S.24 0.36 2.74' -- ,

1

Tatale (ren) (2.12) (2.13) (0.21) (3.95) --

.. gneunj
1 .74 .68 * .14 .54
2 1.18 .39 * .22 .58
3 .22 .09 * .01 .57
4 1.08 .!62* * .06 .19
5 .83 .71 * .11 .29
6 1.12 1.18 1.30 .29 .28
2 .99 .62 1.30 .14 .42
8 .88 1.12 1.18 .25 .32 i

|
*

9 .77 .37 0 .15 .37
10 .60 422 0 46 .24
11 1.24 .39 0 .06 .31
12 .90 1.12 0 .08 .20
13 :. * .37 0 .13 .12 dkA

Tatsis - 10.55 7.88 3.78 2.10 --

Totale (rea) (2.44) (1.82) (2.18) (3.02)

M:me

1 .78 .83 * .29 .28
2 .93 .26 * .19 .50
3 1.21 .52 * .16 .56
4 .81 47 * .13 .54
5 .36 .47 * .08 .59
6 .86 .56 .43 .27 .38
7 .72 .53 .45 .19 .75
8 .89 .73 .34 .43 .80
9 .87 2.16 ' O .32 1.00 (0.140 pe) ,

10 .74 .56 .55 .14 .99
11 .80 .63 .24 .58 .60
12 1.00 1.04 0 .11 .38
13 * .39 0 .10 .41

Totals - 9.97 9.15 2.03 2.99 --

Totale (rea) (2.30) (2.11) (1.17) (4.31) --

- -- ___



- - . _ - - -. ._ . - - ..

.

2nd Quart:r - 1966 i#

-- - P rsonnel Roosur9 Date -- j

| EEY: Dosimeterg 1.0-231 ar. Sking 1.0-577 mram. ,

Whole sodyg 1.0=231 area. Extremities: 1.0=1440 area.
i

.
Thyro Ld 3 1. 0=0.14 microcuries (ave. results of between 2 and 5 thyroid

counts per week) |1 -
'

: ..m. rpmy
1

Wesk F.B. F.B. Wrist F.R. Weekly Average

i Week of M Dosimeter Whole Body Skin Ext remi tie s Thyroid

f

(4 4) 1 * * * ~* .*i
|

.i (4-11) 2 * * * * *

(4-18) 3 * * * * *

(4- 25) 4 * * * * *
!

(5-2) 5 * * * ** *

(b9) 6 * * * * *

(5- 16) 7 .29 .56 * . 08 .07
1 (5- 23) 8 .79 .61 * .09 .06
i

I Tstals - 1.08 1.17 .17 --

| /.., game 7
: 1 * * * . *.

2 * * * * *

; 3 * * * * *

4 * * * * *

S * * * * *
<

| 6 * .43 * .16 .47

j 7 .38 .87 * .14 1.75=(0.245 uc)
8 .92 1.08 * .83 .82

T:tals - 1.31 2.38 1.13- --

|
Names

: , * . * . .

2 * 1.56 * * .01 g>c 6
3 * .24 * .02 .01

'

4 * 1.00 * .16 .77
,

S * 1.14 * .42 .89
6 * .76 * .21 .50"

j 7 .54 .68 * .15 .51
> * .11 dj1 8 .62 .56

j

Tstals - 1.16 5.94 1.17 ==

; 1 * . . . *

2 2 * .22 * * *

3 * .65 * * *

4 * .16 * * *

5 * .78 * * * *

6 * .22 * * *

7 * .45 * * .27
8 * .48 * * .13

Tstals - 2.96 --

*Mo da ta reported

J IBIT "B"

|



._ _.

|
|

- -2 - __

Names

Week F.B. F.B. Wrist F.B. We'ekly Average

y,th Number Dosimeter Whole body Skin Extremities Thyroid

(4-4) 1 * .69 * * .38
i (4-11) 2 * .69 * * .38

(4- 18) 3 * .41 * * .30
(4- 25) 4 * .65 * * .69
(5-2) 5 * .97 * * .35:.
(5 9) 6 * .79 * * .71

,

(5- 16) 7 .43 .48 * * .60!

(5- 23) 8 .10 .87 * .34 .33

T tals - .53 5.75 . 34 --

Name:

1 * 1.41 * .21 .09
2 * 1.30 * .26 0
3 .69 1.17 * .10 .74
4 1.13 1.12 * .19 .70
5 1.11 1.10 * .19 .74
6 1.05 1.41 * .21 .51 ;

7 .86 .95 * .16 .55
8 .57 .74 * .17 .41

Tatals - 5.46 9.20 1.49 -- 1

Name:

1 * .87 * .20 * i

)2 * .79 * * *
* * 1.02 * .05 *3

4 * .93 * .07 *

y5 * .93 * .03 *

6 * .95 * .04 .29
7 * .92 * .03 .18
8 * .43 * .05 .10

Tstals - 6. 64 .27 --

Name:

1 2.47 1.36 * .98 .88
2 2.62 1.49 * 42 .49
3 1.99 .87 * .87 .37
4 1.15 1.00 * .45 .71
5 2.36 1.41 * .78 .50
6 1.48 .78 * .09 44

7 1.16 .90 * .62 .30
8 .81 1.12 * .36 .62

Tatals - 14.04 8.93 4.57 --

~

8 , game
1 .35 .39 * .07 .54
2 .37 .48 * .08 .44
3 1.42 1.06 * .66 .62

i 4 .55 .56 * .12 .67
5 1.20 .97 * .48 .33
6. 1.70 1.95 * .98 .61

j

7 .82 1.08 * .17 1.59=(0.223 uc)r

! 8 1.66 1.30 * .39 .99
|

Tstals 8.07 7.79 2.95'

,

1
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-

Name

Weak F.B. F.B. Wrist F.B. Wdekly Avera8e
Week of Number Dosimeter Wholm Body Skin Extremities Thyroid

(4-4) 1 1.60 .87 * .30 .38
(4-11) 2 2.00 1.19 * .43 .21
(4-18) 3 2.15 1.54 * .69 .42
(4- 25) 4 .59 .87 * .21 .32
(5-2) 5 2.59 1.97 * 1.63 .76
(5-9) 6 1.28 1.06 * .69 .93
(5- 16) 7 47 * * * .48
(5- 23) 8 * * * * *

.

T4tsis 10.68 7.51 3.95 --

s-
.b"

1 .63 1.10 * .03 .08
2 .78 .94 * .03 .08
3 .68 1.56 * .20 .08
4 .60 1.48 * .18 .34
5 .62 48 * .06 1.35=(0.189 uc)
6 .45 1.82 * .20 .62
7 .84 1.41 * .18 .45
8 .15 .47 * .08 .26

Titale 4.75 9.26 .96 --

[Nees:
1 .79 .85 * .21 .90
2 .89 .82 * .24 1.38=(0.193 uc)
3 .29 .62 * .11 1.23=(0.172 uc).

4 .58 .56 * .11 1.13-(0.158 uc)
5 .12 .29 * .08 1.43=(0.200 uc)
6 .46 .74 * .14 1.00=(0.140 uc)
7 .57 .69 * .14 1:30a(0.182 uc)

; 8 .65 .87 * .24 .96

i gnb
T2tals 4.35 5.44 1.27 --

Mime: P

1 1.06 1.06 * .59 .11
2 .91 1.06 * .69 .03
3 .98 .87 * .16 .18
4 .70 1.62 * .50 .28
5 .98 1.30 * .89 .82
6 1.07 1.34 * 1.02 .36
7 1.18 2.24 * .64 .51
8 .54 .75 * .45 J

7.42 10.24 4.94' -.

/ Totals
-

N.. guy
1 .87 .84 * .58 .26
2 1.02 .95 * .62 1.05=)0.147 uc)
3 .30 . o '. * .39 .76
4 1.57 1.38 * .69 1.27=(0.178 uc)
5 .95 * .24 1.23=(0.172 uc)
6 .75 * .24 .83

1 7 1.6 1.52 * .55 .82
6 * .47 .77l 8 a' J

Totals - 7.1. 8.25 3.78

I
|

. - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - . . _ _ _ _ _ _ _ _ _ _ .- . _
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[ NImeI
*

Week F.B. F.B. Wrist F.B. Weekly Average
W*ek of Number Dosimeter Whole Body Skin Ext remit ie s Thyroid

(4-4) 1 .63 1.21 * .60 .40
(4- 11) 2 .63 .74 * .34 .32
(4- 18) 3 1.15 1.17 * .;33 .58
(4-25) 4 .24 1.00 * .26 . 64

(5-2) 5 1.03 1.41 * .55 .89
,

(5-9) ! 6 1.43 .87 * .42 . 64
7 * .98 * .24 .51(5-16) .

(5- 23) 8 * .52 * .53 .62 g

tais , 5.11 7.90 3.27 --

Name

| 1 1.82 .65 * .98 .54
} 2 1.43 1.02 * .65 .28

3 1.40 1.22 * .35 .60
4 1.05 1.00 * .21 .66
5 1.26 1.52 * .78 . B4
6 1. 84 .87 * .47 .71
7 0 0 * 0 .60
8 .92 1.12 * .25 .28

9.72 7.40 3.69 --Totsis , , . . - - - - - ~ ,

'5ames |
'

j
..

I 1.22 .82 * .13 .19
2 .86 43 * .13 .18
3 1.33 .69 * .13 .42-

4 .84 .61 * .18 .67
-5 1.41 .62 * . 08 1.07=(0.150 ac)

6 .56 .53 * .14 .71
7 .83 .65 * .14 .66
8 1.18 1.14 * _22) .48

pb,
Totals 8.23 5.49 1.19 --

Name:

1 .95 .91 * .19 .12
2 1.12 . 64 * .17 .18
3 .91 .98 * .24 .31
4 .70 .76 * .28 .38
5 .91 .91 * .26 .75
6 .85 .87 * .26 .57 i

7 .71 1.02 * .26 .54 |
8 .61 .81 * .20 .35 |

Totals - 6.76 7.10 1.86 -- ;
*

1

Name

1 * .31 * .12 .36
2 * .82 * .20 .18
3 * .74 * .45 .33
4 * .45 * .18 46 1

5 * .43 * .11 .79
'

6 * .33 * .16 .41 -

7 * * * * .44
8 * 1.75 * .60 .88

Totals - 4.83 1.82 --

|
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i

~

\ ~5
" * ~- - - .

-- - _ . .

Nameg

Week Wrist F.B. Weekly Averagea

Week of Number Dosimeter Who y g n Extremities _ Q yroid

(4-4) 1 1.12 * .11 .70*

* .23 .46(4-11) 2 1,g4 *y *17 . 62(4-ls) 3 .e5 '

(4-25) 4 .72 *42 . *11 1.07-(0.150 ue)
. .04 1.06=(0.146 ue)(5- 2) 5 .3o t;3,, n3 43 .05 ,74(5-9) 6 ,,33

(5-16) | 7 *25 *E * .20 ,59

* f/ :.12 .46*(5-23 8

Total 4.71 5.37 .43 1.04 , , _

sinains week of 5- 23- 66. 1 0=200 millires for remainder of 1966. " Bank" balance
is depleted.

i

V

1

1-

f

|

|

|

.

|
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NUCL EA R CONSULTA N TS CORPORA TION
sox este. Lawe.nr wisto . er. Louis, usesovas ess4. . si4 war.niae....are LA.......... .N ...L_..

LO. AN.ELt. AND CLEVELAND
OFFICE. IN MAJOR Cffit.

.

June 27, 1966

Mr. Edgar C. Ashley
Region III
Division of Complianos
U. S. Atoutio Energy Commission-

Oakbrook Professional Building ,
Oakbrook, Illinois

Dear Mr. Ashley:
I
'

Thank you for your patience in waiting for the urinalysis
data which is enclosed. The task of calibrating our in-
strumentation was more tedious than I had expected in that
the calibrations hsd to be performed during periods when
the machine was not in use for other health physics work.
The data has not as yet been transferred to the typewritten

,

Individual Summary sheets but is in a Monthly Senary form. '

*

] I have also enclosed photocopies of our urinalysit procedures ~

J and calibration factors to assist you in evaluating the re-
|suits The Urinalysis Work Sheets for the month of January

are also included. I have no data for the month of December
in that I had not yet established the urinalysis program.

If there is any additional infomation you require, please |

contact me.

Sincerely yours,.

NUCLEAR CONSULTANTS
DIVISION MALLINCKROITT CHEMICAL WORKS

M
Donald W. Soldan, Manager
Health Physics Departmen

DYS ES
Enclosures

1
-

g 4 |

ExH181r Z |
|

R ADioPHARMACEUTICALS . RAoloisofoPES . MEDICAL PHYSICS CONSULTATION . INDUSTRIAL RADiolSoToPE APPLICMioNS

ANJN 291966

,

.$

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -
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4 NUCIEAR CONSULTANTS
DIVISION NALLINCKHOUt CHEMICAL YORKS_

'8,| 8 .

I FRACTIONAL PERMISSIBLE BODT BURTN
I

'

\
buse. , /94&
V (Month, Year )'

i jy-198 h -99 P-32-
*

. ,0m. .

unus
{

.

! 03(I) M 0) o (b) .o 7 .

; O '

i. 0 (I) O Cl)
./7<

'' 06 0)_ . Il ( t) _ ,

!
,

| .01( 0 o (t) .0/

25 .,

. 2 5 0 )_ ' O b) _

7/. .b 5 O1. ' 0L b) _-
' ' o06) 06) - .

]
.

'

. og c s) .06 6) .'ll' ~
.

390)\ . ti O) - . al7(s) . 77 .
'

. cia cn ! 11( 0 * .id 1
-

05(0_ . lWo. . 2 2.
.

09 |
,

' . 09(i) o O) -

:'. 0 h 0 ) o lo . b lo
.

'' :

.J3 0)- .ll(0 . 3X6) . bb _ #i.

.

;.

.
_

, 2 4- j
. 0 / ( / )_ .250)-

,

i
,

0 G) 066) 06'
.

7 .

05 O). . % O) . - .57

. / 5 0)_ o (O ./5
.

. '

/00 4- 61 . 0L (1) . ;
i

|*

' ~
.

Method:
(1) Gross Gamma (all energies > 10 Kev) ' Reviewed by:

. ""
(2 ) Gross Gamma (all energies > 650 Kev)

, .'
-

'' *

(3 ) Gross Gaasna (all energies > 1 mov)-

Specifio Gaasna (single olannel analyser).\', .'

,(Gross Beta (including E-40) . .. i
,

.

.,eeme e (e-o.1..,.r. ie.) m .. .. . ....

gsF#by@.? . r
'

'

-

.
.......

- . --n.
, y ..

<-
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- '. NUCLEAR CONSULTANTS I* '

i

~

* DIVISION MALLINCKHODI CHEMICAL Vf0RKB_ |- -

Io!
.-

.
'

< .

l .

FRACTIONAL PERMISSIBLE BODf BURIEN .,*

i / Gh{s ! '

i
V (Month, Year)

|
. ,

,

!
'

. kt-198 Fe ''>9 Tout
.

'

o (s) .,23 6) - . 2 .3
3

I

! ' . . osb) o O)_ . .On -

i

. . oa a)_ 06 D) _ .o8 -'

,

o 6) 34-6) ,34'

.

' . Ol(s ) |40 CI) '. Al
'

.

,

:

. ]. 3 6 ) A ls'
| .

03 (I) .
;

j . o/ d) o C s)_ o/. .. . ,

| 0 (I) 0 G C s);
.

,oh *
-
..

| . 01 (I ) o l')' '~ ' 01

| .0)(s)' oCo) -01
:

| ~.0.2(1)- O (I) *' . 0 2-
. .

, ~

,Oi(1)- .., || (l) . </2
'

. .
.

, g'.02 6)_ 0 (I) * ' - 0 2-.

--||
-

;...

, s.

i .
'

.;
; - i
,

'
i

a e

.>
.i .

*

.

.;. . . .

|
'

!
'

4 -.

..
e

.
. , . . ..

,' |
~

Analysis Method:
~ ..'

.
.

. .' '
(1) Gross Ganuma (all energies > 10 Kev) |' Raviewed by:

..f ,

(2 ) Gross Gamma (all energies > 650 Kev), ':
,. ,

(3 ) Gross Gaassa (all energies ) 1 mov)
,

.
4 ..

; ! Specifio Gaassa (single channel analyser)/--
i ,

'"' ,

'.Gross Beta (including E-40)
,'' ' 1% s,..tf1. a.t. (.h i 1..,.rastem)fg.0 ip. ..

'-
i '

.. , . . _ c. . .7. . ... .. ..
,

.

,'s..[9fd.j;h,}j{jg.0{-[,[j.f. .jjif.2If/f.)h'>/..
'

'
' '

'* ' ' '' -
, . .

.
,

. __ _ _ _ _ _ _ . _ _ ___ _ __ . __ __ __ __
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NUCIEAR CONSULTANTS _-

DIVISION MALLINCKROM CHEMICAL h0RKB_'

.
.

'
. .

FRACTIONAL PERMIS8 IDLE BOW DURDEN- _

'

/724L1 i /%d1
(Mogth, Year) -

,
.

NAME ' * k- |g fg -Q 2- TOTAL
, _

'

/2(t) 0 (2) */2-.
.

.

06Cn) .0blL) 1/ 2-
.

; . l4- (I) _ 0 (2) . . lb( 6) , * /4-
_

i .D0 G) o (.2 ) 50
.

| .44 Cl) | ,| | (2) , 53 -
-

.0SD) 29(2) <34'

10 (1) 1I(z) . & (b) 47'

:
.

.

* A50) 0 (z)_ 25
.

;

.07 0 ) 17(2) RA- 94*

. t D C 1) - . II (L) 2+
...

'

.07G) o(z) .07.
;

* .25G) 0 (z) . 0 6(In . bl *'

;' . 6 b O) .2.3(1-) 2'1 ...
.

,

':0 0 0) O(2)_ . 0b .

}
_

. Il(2) 23 ..

*

.I.2. O ) ._
'

1 . I8 6) _ ol ) -8-'

.l56) o(z) <!5 .

, '

\ . C')D) .23(21 .@5
*

; *
.II O) * 2')(2.1,. ' D4-

i *
*

! Analysis Method: .
.

(1) Gross Gansaa (all energies > 10 Kev) ' .. Reviewed by:|3
'

' '

(2 ) Gross Gamma (all energies > 660 Kev) -|' '

I
-

'
'

(3 ) Gross Gamma (all energies > 1 mov)'

,

'. Specifio Gamma (single channel analyser)-
.,;,.

Gross Beta (includint E-40) .- : s.

, ,,

Specifie Beta (ehemical esparation). .,.p, s; f. J .{ ',..'.,..<...w.....,.e,,...
.

,

,
..

... .,. . . .. .. .,. . . . . . ,,
.

,.",;.'|[<:q,,.j''|;f.yi|,.[,'(',. ' . y . .. .c . '
,

. ' (.'. ,y:f.' ,~, ,rr,/ : .
. ;i. ,

- . ,.,
_. ,

.- .
.

. .
.

l

| *
I
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NUCIEAR CONSULTANTS , ,

'

DIVISION MALLINCKHOUI CHEMICAL YORKS_
,

, , ,

s,
_ .

.

. .

FRACTIONAL FERMISSIBLE BODY BURDEN
'

dp%A,/966
_i

(Month, Year) ,

'

| NAME A-/W Fe-59 P-32- T0 rat
'

I Olt)_ .48L.2-) 58
.

'

\
* oQ) 14-(2) Id-

'

,
_

. 22 (z) 90. 02(1) .,

.376) o (21 - ,27
.

Olt) o (z) o, .

' . ' 490) o {z)_ .49
/90) _ o (2) . I &&) 6_ |.;.

'
, ' /

| . lo O) 0 f.7) . /'O I|

.D9C!)_ < %(2) < 5 5' f,J |.

-

. /7(t)_ . . 02(z) ./f

. 08 (1) 0 (z) 08 |,

< Mb) _ o (t) W}
*

.

.

02'

d* 0 O) . o.2 (z) ^

|

.

_

02/1) . 9.1 (.L) - .25 \'

.

|
'

67*

. 2'> C ). .Id-(z) _-
..,.

e10D) O (I-)_ */$~

2 Sli) 6 (L) _ 25 ;

. .

-
.

,

'].Analysis Method:
-

-

(1) Gross Gannaa (all energies > 10 Kev) rReviewed by: 4

I

(2 ) Gross Gamma (all energies > 650 Key) 4-''
'

(3 ) Gross Gaanna (all energies y 1 mev) .

'

Spooitio Gaassa (sin 6 e obannel analyser) .'a..
-(4 1

Gross Beta (including K-40)
s,..tri. s.sa (.b t.at .., ara $i )g:).:y., -i. . . . .

,
,

.

.y ;n; ,. ..
.

,

~

'.... M h...y'**).;. P |M.:. ci'.M.' |<:;. Wi.? '. .
"

'

.:
' '-'

.

.,.: ;' ; 's *.*.p y , , , . , ,
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NUCIEAR CONSULTANTS ;*
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j
DIVISION MALLINCKHOITE CHEMICAL %DRXS__

|.. ,

',"

4

; i .- ,

j
FRACTIONAL _ PERMISSIBLE BOUf BURDEN

. . -

I

&1- , /966'

(Month; Year) . ,

i *

k-lik kM )A- TOTAL _
NAME,

. / Z-./21 I) O (2) _

.

-

11(I) .II(1-) * 2d *

;>,
O G) . % ( ) '' _ ; H.

*

i ,

;

|. 2x(I) o (z) ' u *

43 O) o (z) 45'

i
.

-

.%b) 0 (>.) . 08((6 M 7+'
*

;

:1 .% b) , %O-) .b 8 .;..
..

04
\ . 04 (I) O(2-)

_

'

.
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Analysis Method:
(1) Gross Gunna (all energies > 10 Kev) Reviewed by:. '

.{ .'''*
,

.(2 ) Gross Gamma (all ener6 es > 650 Kev)
-

'

i

(3 ) Gross Gaasna (all energi.es > 1 mov) )
*

Specifio Osassa (single channel analyser) '.,' '

[Gross Beta (including K-40) , . . t.

Specifie Beta (ehemical separation) c, .:, , ..
,'
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-- -/ 3/ 32- * TOTAL _ _Ik-/8g M@ *'
NAME

O {1) * D$(Z) *ST i

l
06) 01(z) 07.

'

. M i)_ 0 (L) - id-
:

0%y o (z>
* *05

.

150)_ .' 02(2) 23'
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'' ,- (1) Gross Gama (all energies '7 10 Kev) Reviewed by:~

.

,''U, (2 ) Gross Gama (all energies > 650 Kev)'

.' (5 ) Gross Gasmaa (all energies 'y 1 mov) .

Specifio Gama (single channel analyser)^ ~

,.

, ' . Gross Beta (including K-40) . < , . i

Spesifie Beta (ehemical separation) 'df " # , . . ,

I
S . ''

'

*

ji! g E!p.' f |M~ . -))' . /' . . , . * .
' .

.- . ,.-

>.. .,2.J [.) i..':y r,'.';4'r . .k/$.!j.3i'z'',7fy -) ./' '' :
.

''
'

> ;; r-
.

i

|a

. - _ . - . - _-- . _.. _.- __..____ _ . . _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ . - - _ _ . -



.

l- -
,'*

. ,

* -
'

.. . . , _ ,

,. ; NUCIEAR CONSULTANTS' * . .

'!'.h DIVISION MALLINCKHOM CHEMICAL N)RKS_ '
>

,

,s,.. . ; ,.
.

.y,

* ''

FRACTIONAL PERMISSIBLE BODf_ BURDEN . - n

PM 196.6 .'*
.

(Month, Year)* * *
.s

o -

kL--/fs i M-@ TOTAL
' '' '

WAME
t-

.

o (I) 0(2-). --
O

250)' O [2. ) '25

0 (1) .)1(i) y_ /9
'

''
o (i) , 5 2 (z) ., D.z-

'

Al b) O(z) ? 4-

.
.

.

&

, .

JN+
*

. .
.

t

'
.

.

.

. . ,
.

..

.

.

'

I,

!
.

-

Analysis Method: ...
(1) Gross Ganana (all energies > 10 Key) Reviewed by:'

(2 ) Gross Gamma (all energies > 650 Ker)
(3 ) Gross Gamma (all energies > 1 mer)
(4 ) Speoitio Gamna (single channel analyser)
(5 Gross Beta (including K-40)
(6 Spooitio Beta (ehemical separation)
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(1) Gross Cansaa (all energies > 10 Kev) T Reviewed by:'
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(2) Gross Gamma (all energies > 650 Kev) - ,

'

Gross Gammaa (all energies ) 1 mev) <
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Analysis Method: .

1 (1) Gross Gamma (all energies > 10 Key) Reviewed by:*

(2 ) Gross Gamma (all energies y 650 Kev)'
. .

,

(3 ) Gross Gaasna (all energies y 1 mer) :
,

(4 Spooific Gama (single abannel analyser) ,.
',

(5 Gross Beta (including K-40) '

). . .. "
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(6 Specifie Beta (ther. leal separatica) . '
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'8 NUC1 EAR CONSULTANTS
.

DIVISION MALLIMfKHOM' CHEMICAL WORKSA 3

URINALYSIS PROCEDURES, DISCUSSIONS AND CA14ULATIONS_
.

.

The maximum permissible burden in the total body of gasmaa emitting isotopes is
determined by means of the following biolegical and related p)ysical oonstants,

. aessanytions and calculations:
.

See EKCERPTS FROM REPORT OF COMMITTEE II ON FERMISSIBIE
DOSE FOR INTERNAL RADIATION (1969)

,. .
,

The water balance of the standard man

3
'

Exoretion (om / day)3Intake (on / day) *

Foods 1000 ' Urine 1400

Fluid 1200 Sweat 600 -

Sub total 2200 Feces 200
1
3 0xidation 300 Sub total 2200

Total T556 From Lungs 300
Total TK55'

/(1"*~ At ) * (M)3] P s qf2

For chronio exposure, the following assumptions hold for equilibrium oonditions
of uptake and elimination from the critical organ:

'

1 '. tnt
-

.
~

''

8s2,200f,on/ day3 .

M a MPCurine
*

,

f28 fw = 1
-

MPC aqMu
1 6

~

MPCu a q ue x 693 x 2.22 x 10 4pm/uoa700g/fb dyn/ml'

3 3
Tb days 2.2 x 10 on / day '

,

Sample MPCu Caloulation:

. q,(uo ) Tb (days ) MPCu (4PE/81)
'

Em 65 66 933 45 -

~{
,

MP0u 3: 700go/Tb 4
. ,

/ = 700 x 60 e45dpa/ml
985

!
'

' j. ' *
.,

.

,

.g.

*

*.

_
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Urinalysis Procedures, Discussions and Calculations--Page 2_

! The ratio gu/MPCu SPPears on the Fractional Pennissible Body Burden forms under the
listed isotopes. The activity concentrations in the urine sample may be obtainedi

i by multiplying these values by the appropriate MPCue

(/MPC x MPC nM dpm/ml1 u u u
,

In the case where there '.s a mixture of more than one radionuolide in the urine, and
;

the identity and concentration cf radionuolide is known, the lijaiting value may be
each/1 obtained as follows:

If radionuolides A, B, and C are present in concentrations 4, M , and M, and ifb,

the appliomble MPC's are MPC,, MPC , and MPCo, respectively, then the concentra-: b
tions should be limited so that the following relationship exists

.

Ma/MPCs+M/MPCb+Mo/MPCo a 1.0b

| OR the staa of the fractional permissible bocy burdens on the Urinalysis
j Report should be less than unity.
,

;| In accordance with the provisions of Part II, Basio Standards of Maximum Permissible
Internal Exposure in the 1969 International Commission on Radiological Protection,
values in excess of unity are to be expected and are permissible over short intervals
as long as quarterly limits are not exooeded.

' '

3 .
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NUCLEAR CONSULTANTS DIVISION
MALLINCKROUI_ CHEMICAL WORKS

O
MAXIMUM PERMISSIBLE URINE CONCENTRATIONS AND

LIMITING COUNT RATES FOR GROSS GAMMA IETERMINATIONS

ISOTOPE *E(opa/dpm ) d) Tw (days ) MPCu (dpm/ml) L (opm/ml)
_

E >10 Key

'

I-125 0.319 5 7 500 160
'

Hg-197 0.244 20 10 1,400 342
To-99m 0.46 200 1 140,000 64,000
Hg-203 0.299 4 10 280 84'

Cr-51 0.0297 , 800 616 909 27
I-131 0.273 50 7 5,000 1,565#

I-131 0.273 0.7 7 70 ** 19 |
<

,

Au-198 0.247 50, 120 175 43
,

E ) 650 Kev
Mo-99 0.049 8 5 1,120 55

E > 1 hv '

.

. 800 17.5 0.75 1Fe-59 0.043 20
Zn-65 0.040 60 933 45 1.8 l

'

Co-60 0.074 10 9.5 736 55
!

Where go (uo) permissible bo@ burdene

Tb (days ) a biological half life

L (u (dpm/ml)
E = maxisten pemissible concentration in urine

opa/ml) limiting count ratee
E (opa/dpa) efficiency- .

6days x 2.22 x 10 dpm/uo . 700 go/Tb dpa/ml= 9o ue x 0.693/Tb.MPCu
2.2 x 10*ml/ day

L = MPCu dpm/ml x E opra/dyn a MPCu E cym/ml |

* Efficiency for a 10 milliliter sample in a 9/16" Lusteroid tube i

in the well crystal.
.

**If no thyroid measurement is performed, this is the limiting count
rate. If the iodine is in a form not taken up by the thyroid gland,
as demonstrated by thyroid measurement, the limit is 13,650 opa per
10 milliliter sample. 3,

.
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' NUCLEAR CONSULTAhTS

DIVISION MALLINCKRODI _ CHEMICAL YIORKS_

MAXIMUM FERMISSIBLE URINE CONCENTRATIONS AND
LIMITING COUNT RATES FOR BETA DETERMINATIONS

,

ISOTOPE *E(opa/dpa) % (uo ) Tu (days ) MPC,, (dpm/ml_) L (epm /ml)
'

'

<
p-32 *.20 6 257 16.3 3.5

P-32 **.15 6 257 16.5' 2.5
4

:

8-55 *.07 90 90 700 49
,

-
. .

; .

~
.

;} -

|
'

|
i

i

*0ne al sample freese dried on It" ss planchet* '

'

"

** Thirty al aliquot. Phosphorous ressored as magnesium ammonium<

jl phosphate. -

.
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.
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tlUCLEAR CONSULTANTS MVISION*

*

MALLINCKRODI CHEMICAL WORKS

URINALYSIS REQUIRE!SNTS AND PROCEDUR1,3

Urinalysis Requirements

Urinalyses are required of all personnel whose work functions are such that an
uptake of radionotive materials is likely. Production chemists and technicians
and dispensing technicians are included in this catagory. Those personnel who
are issued weekly film badges should have urinalysis perfomed on a monthly
basis. Personnel issued monthly film badges should have a urinalysis on at
least a quarterly basis. A P-32 detemination is required of production chem-
ists or teehnicians working with relatively large quantities of this isotope.

Urinalysis Procedures

1. Gross Gamma Urinalyses. A gross gamma urinalyses is performed by obtaining
at gross count rate on all gamma emitters. Two separate sets of data are required ,

Ifor the gross gamma determination. A count is taken on a 10 milliliter aliquot
in a sointillation well crystal used in conjunction with a radiation analyzer
met to record all gamma energies in excess of 10 Key. This setting includes all
gamma emitters currently in use. A second set of data is taken with the analyzer
set to accept all energies greater than 650 Kev. This setting includes the fol-
lowing isotopes: Co-60, Fe .f 9, Zn-65, and Mo-99 The limiting count rates for

! these isotopos are considerably lower than' for lower energy isotopes such as
'

I-131, Hg-203, Au-198, oto., and thorsfore require a separate gross gamza araly-
sis. If the limiting count rate at the 650 Kev level is axceeded, a third count

,

at energies greater than 1 Mer is required to exalude the presence of Zn-65 and I

|} Fe-59 If the limiting count rates on angr of these gross gamma analyses are ex-
oeeded, a specific gsama urinalysis will be required for the limiting isotopes.

2. Specific Gamma Urinalyses. Specifio gsama analyses are performed on the
same 10 milliliter aliquot by setting the analyzer to straddle the photopeaks '

} of the limiting isotopes in the preceding two catagories. If the count rates -

so obtained are within 10 per cent of the parmissible limits, an entry of zero |

will be recorded on the Fractional Permissible Body Burden reports.

3. Gross Beta Deteminations. Gross beta deteminations will not nomally be
perfomed in that all isotopes in current usa,with the exception of P-32 and
S-35, have gamma emission associated with them and will be included in the
gamma detemirations. Of these two isotopes, the permissible bo@ burden
and relative quantities of activity handled are such that a detemination for

}
S-35 is not necessary.

,

4 Specifio Beta (Chemical Separation). P-32 is chemically separated from
all other isotopes by precipitation as magnesium ammonium phosphate in s 30
milliliter aliquot of urine. The precipitato is collected on a filter, washed

,
and dried, and analysed in a beta detector,

'

i

.
.

y
. .

.

e

.
'

'9

b



. .-. -- - - _ . . . _ -

'
.

*
*

i . .

NUCLEAR CONSULTANTS'

DIVISION IAALLINCKRODT CHEMICAL WORKS .

4

s

URINALYSIS PROCEDURE

The new scaler in current use may be set to obtain a direct read out in disin-
tegrations per minute as follows:

I Preset a counting time equal to the reciprocal of the efficiency. Determine
the background count on a 10 ml aliquot of tap water for this time. Enter this |
ntsaber in the background subtract section of the scaler. Obtain the not count,

on a 10 ml urine sample. The count so obtained is numerically equal to the dis-
integration rate in the total sample. Divide this rate by the volume to obtain4

the activity concentration. This concentration divided by the maximum permis-
sible concentration is the value entered on the Frmotional Permissible Bo#
Burden Report form.'

*
.

4

] N (c) e number of counts ,

t b) e counting time in minutes |

E (opm/dpm) e efficiency )
'

} D (dpm) e disintegration rate .
V (m1) e volume
R (opm) = count rate
Mu (dem/ml) s disintegration rate per unit volume
MPCu (dym/ml) = maximus pomissible conoontration
FFBB Fractional Permissible Bo# Burden.

]'

Ddem No x 1/Ecpm N x 1/E dpma

,] tm #m t

Where t = 1/E' -

D dra a N dem

M drm/ml a D dpa e N m*

u
V ml Y

Where V e 10j ,

_uga .1 N dpmM
,

al al

FfBB s Mu/MPC s.1N/MPCuu

1 ..

D
, s.

4

e

k
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NUCLEAR C0KSULTANTS DIVISION
MALLINCKROUr CHE!AICAL WORKS _ g,pY

f
f URINALYSIS _ WORK SHEET /g

i
I SAMPLE TOTAL TIME GROSS NET 0.90 ANALYSIS DPL!

! KAl'E VOLUME COUNTS (MINS) CPM CPM IEV . E ISODET ) L'L

I 10ml 6, zoo (s.9/ 4b5 0 /$ .A47 Au v/g()) o 1 5.n- 1
, '

o * 57;; _
&a81 4b9_ o 4 '~ I-"

o 1 94
| b 9s- Abo o 15 '

1
,.

| 6 41 4T1 y ,1S' Il.b c G l
4 71. &78 pt*7 l9 84a77
6M bo/ /30 /8 6S*73

|) , _

4A * 6. 'i5 SI M66 _ |09 17;.
__

.

_
_ 3. 78 846 375 25 ASA s (iM

5'.21 b14- 14 5 18 '5B t 1 5 j

$ ~t 'I b . h ,
! A 55 I.573 'Jo2 Ae

$ 4 18 76 5' M4- 22 lh r 8 'i
3.79 844 373 2.s- Si e 1(f'%-

,

5 76_ %^r C4- 10
' 54 t \s =T,

$"b'*'*7'
| b.a 4 9t., 2 5' la-

6 35 503 32 15' 1& = b I
|I b.5) A11 Jo I4 g i a- 5' 7'
'

5 59 57.2 Jol 11 .A. I a- 6 'i

F.18 bl7 kb l9, '19 2 'l 3

6.55. 4 0 18 14 7 3 * F 7 f)
6. 2 + 51 2. 4l_ 15' y + Ib.uk is I

y L y

| h u.TE /- 6- E'

70m:Ea av
, .

MTE
| IDED By

: .
. .

b
'

1
'
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NUCLEAR CONSULTANTS _ DIVISION [.)( b,

MALLINCKROITI CHE!4ICAL WORKS

URINALYSIS WORK SHEET

SAMPLE -TOTAL TIME GROSS NET 0.90 ANALYSIS DPM
KAIS _ VOLUME COUNTS _(MINS ) CPM CPM IEV. E ISO (MET) liL

10nl 3 200 bQ MI c20 t Id- a41 Ae!'d[0 8. It 5 7.

S88 544 751 6'. ~ po * 6 5~u ~

' ' , {j.88 4/6 o bi5 u u
' o .h 5 4-

,0 *
paetn Mem (s789 27/ O2 (4- " " Ok 57

v - w.r .o ep 2 . c.
|(o00 86.2.1 -95 0s 041 0 9 5-6) 0i -4=5-

"

/On$ lish_ 5.85 ,274 2.Is% 1 1 4.bl 75
| b.9/ J3.I .O s b.0 o1 G> . I

b 2 9 2 5 5 0 2 * D.6 0 4L G7
b . 94-._ 25.1 0. h 6.0 o . to . I

S 86_ 27 211* ds 6 91 7i
|p .c2 st I .I :t 6.+ a.2+ G.9

'

h,15 .2 .o G.1h b. 4- I4* 69
b.54- 2 5 t 0 5.5 c) 1 G7*

,

b.trd c24.2. 0 1 5.\ 6s (s.$.

i (s.76 A31 01 6.I o s G.3

b.b3 c2a .I O 2 D.l o& G.3
b.I A 26.2.09134- 1 5 L lo .9
G.1& J41 0t D.I o . E L. p

649 c23.9 0* 3.i o 63
y )& A4 0 0 2 d.I n y o &. b. 5

bb bRFORMED BY IRTE '

VIDTED BY MTE r
.; . ..

,
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NUCLEAR CONSULTANTS DIVISION
,

LIALLINCKROUr CHEMICAL WORKS i
,

'

URINALYSIS WORK SHEET

SAMPLE TOTAL TIME ORoss NET 0.90 ANALYSIS DPM
NAME VOLUME COUNTS (MINS ) CPM CPM DEV. E ISO (MET ) L'L

._
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INTERMITTENT AIR SA).'PLING STATIONS'

Designation Description -

New Old
'

*

A (1) Iodine capsule hood'

iB (2) Iodine dispensing hood

C (3) Iodine production hood
,

D (4) Moly production hood -
.

E (5)' Mercury production ho#1

F (6) Gold production hood

0 (7) Technetium production hood

H (Disp ) Dispensing laboratory .

I (8 ) Drug and waste storage., room
* i

J- (11) hb cold air return '

Capsule sorting' room (bsat)E (14 ) ~ -

'

L (15) Cobalt room (bsat)
,

. M .-- Sterile room
~
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C O *
CONTINUOUS AIR SAMPIE STATIONS

-

Designation Description
.

New Old
- ,

.
'i

1 (13)' Iodirm stack .

'

2 Production stack

3 Dispensing stack,

| .

*

| 4 .i*

(
'

5
[ '

: i.

! 6 '
|Envirome ntal '

.

! 7
! i

|8 Envirorsnental.

i

9

.

10 Enviromental
1

11 Enviro anental 1-
i

. ,

12 (17) Auxiliary air supply j |
I.

13 (18) Makeup air supply *

,
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15 4
-
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.

17 *
-
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.
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.

26 ** #
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CONTINUOUS Q SAMPLE STATIONS (cont'd) |
'

Designation Descrintion '*

New ' Old I'

.

27 (9) Basement cold air return
I

,

i

.
(10)O

l '

i
| 28 Stairwell cold air return*

29 (12) Office cold air return

30 (16) Combustion air supply )
31 Furamos room-

,
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" Grab" Air Sample Data for Period 12-3-65 thru 2-15-66

| Most Likely Concentration
' Date of Sample Location of Sample Contamina te (uc/ml) |

12-3-65 Dispensing Mixed 3.72x10
| 12-6-65 Dispensing Mixed 6.40x10

~
i 12-7-65 Cepsule soreer I- 131 1.80x10,

12-15-65 Production Lab. Mixed 5.80x10
~

12-24-65 *I-131 Stack I-131 4.60x10,
1160x10,f

'12-29-65 Taaging I-131
l12-29-65 Production Lab. Mixed 7.88x10,9

1-5-66 Storeroom Mixed 8.10x10,9 l
1-5-66 Tagging I-131 5.71x10, j

4.40x10,9 '1- 6-66 Dispensing Mixed gg
1-11-66 Capsule Sorter 1-131 2.10x10,9.

1- 19-66 Production Lab. Mixed 2.60x10
~9

1-25-66 Quality Control Mixed 1.90x10
1-31-66 Dispensing (near sink) Mixed 2.40x10'9gg
2-3-66 *I-131 Stack I-131 5.06x10,9
2-4-66 Storeroom Mixed 1.23x10

7. 90x10,Q
O(4BKy2-7-66 Tagging I-131

2-8-66 Production (near Mo-99 Hood) Mo- 99

Hg{g/203
4. Ox10,9I-2-9-66 Tagging

95.60x102-10-66 Product (near Hg Hood)
2- 15- 66 I-131 I-131 1.90x10~9

*I-131 stack considered " unrestricted" during this period.
,
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' Continuous ' Air Skaple Data (normally 24 hour collection)

4-21/4-22 4-22/4-23
Sangle "Ba se " "I-131 peak" "Ba se ' "I- 131 peak '
Station (uc/ml) (uc/ml) (uc/ml) (uc/ml)

1 314.64x10 31.46x10 ' 45.50x10 ' 4.86x10'''
-0 ~9 ~

~90 ~

1478.39x10[0 14.68x10 72.50x10 ' 3.67x10
~

2

3 117.30x10 7.74x10 16.36x10 4.27x10 '~9 ~ ~

-0 -0 -0 ~

6* 7.73x10 11.45x10 44.00x10 5.96x10

7.04x10f0 27.70x10" 4.60x10[g
~ ~

d* 13.39x10
- ~

10* 10.90x10 6.07x10 23.30x10 3.98x10

15.90x10 '0 3.77x10 '0
-0 0 - --

11* 12.97x10 64.97x100 ~9 ~ ~

12 53.96x10 3.70x10 19.80x10 2.29x10
1.70x10 0.46x10 '-0

0.56x10 ''
~9 ~~

13 14.21x10 ~9
27 (est) 68.00x10 8.89x10 4.94x10 ' 1.89x10-0 ~ *

28 (est) 45. 00x10- 10 4.39x10 '9 4.12x10~9 1.40x10~'
~

-0 ~9
29 (ast) 87.00x10 4.83x10'9 10.00x10 '9

~

1.08x10
~9-0 ~ ~

30 (est) 10.00x10 0.91x10 3.40x10 O.94x10

.

|

"Pronramed' In-Plant Air Sample Data
=

1

4-19/4-22 4-22/4-23
Sangle " Base" "1- 131 peak'' "Ba se " "I- 131 peak"
Station (ue/ml) (ve/al) (uc/ml) (uc/ml)

A 62.32x10'' 59.69x10 '' 28.60x10 ' 14.80x10 '
~ ~ ~

~ ~

B 57.10x10 56.89x10 21.80x10 9.95x10
9 9

C 129.21x10 ' 144.32x10 25.50x10 ' 11.80x10 '~939.39x10 63.10x10 6.94x10'946.61x10'9
~

D .

~9 ~9 ~~

E 36.48x10 37.00x10 62.60x10 5.79x10
~9 ~9

F 42.82x10 ' 32.09x10"' 64.50x10~
5.79x10

~

G 38.33x10 ' 25.91x10 52.40x10 ' 6.17x10 '~ ~ ~

45.60x10~'9 8.75x10~9~9
H 32.75x10~' 21.69x10 ~9

68.84x10 ''
~9* ~

52.06x10 50.60x10 17.30x10 'I
~9 ~9 ~~

J 26.37x10 25.91x10 34.60x10 4.24x10

L 24.66x10 ' 27.06x10 ' 18.20x10 ' 12. 60x10",''
~9 ~9

25.98x10[9
IK

~ ~

17.82x10 17.70x10 2.80x10

*Fout " unrestricted'' roof art e Sample Stations.

C
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" Grab" Air Sample Data for Period 12-3-65 thru 2-15-66

Most Likely Concentration
Date of Sample Jggestion of Saaple Contaminate (ue/ml)

~

12-3-65 Dispensing Mixed 3.72x10,9
12-6-65 Dispensing Mixed 6. 40x10,9

| 12-7-65 Capsule sorter I-131 1.80x10,9
i 12-15-65 Froduction Lab. Mixed 5.80x10

4.60x10,8
-

12-24-65 *I-131 Stack I-131
11260x10,912-29-65 Tagging I-131
7.88x10,912-29-65 Production Lab. Mixed

9
1-5-66 Storeroom Mixed 8.10x10,9
1-5-66 Tagging I-131 5.71x10

4.40x10[91-6-66 Dispeasing Mixed gg
I-131 2.10x10,91-11-66 Capsule sorter *

| 1-19-66 Froduction Lab. Mixed 2.60x10,9
1-25-66 Quality Control Mixed 1. 90x10,

2.40x10,9 |1-31-66 Dispensing (near sink) Mixed ., g
2-3-66 *I-131 Stack I- 131 5.06x10,9 |
2-4-66 Storeroom Mixed 1.23x10 1

7.90x10,Q
0(4BKG2-7-66 Tagging I-131

2-8-66 Production (near Mo-99 Hood) Mo-99
9

2-9-66 Tagging I- b/203 **

| 2-10-66 Product (near Hg Hood) Hg 5.60x10,9
-

9
2- 15- 66 I- 131 1-131 1.90x10

*I-131 Stack considered " unrestricted" during this period.
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