At UNITED STATES ATOMIC ENERGY COMMISSION .

COMPLIANCE INSPECTION REPORT

b Name and address ot Licerises 2. Date of mspection
Mallinckrodt Chemical Works June 13, 14, and 15, 19b¢
Nuclear Consultant Division . .
Box 6172 Lambert Field b Type of wapection peinupection

St. Louls, Missouri 63l4> i. 10 CFR Part(s) app

Part 20 and Part 30

heable

3. License number(s ), issue and expiration dates, scope and canditions ( including amendments )
_26-4200-1 10-8- 58 10-31-60 Reinepection ¢9
Amendment 17 1-5- 66 10- 21~ 66

(amended in eativety)

6. Inspecuion findings (and items of noncomplunce)

The only items of noncompliance observed or otherwise noted during the .ouise of this
inspection are as set Qut below:

/ 10 CFR 20.103 - Exposure of Iodividusls
(8) - in that during the period December 1965 througn May 1966 several employees
were exposed to airborne concentrations of iodine 131 in excess of the
limits prescribed in this section, According to licensee tlyroic wessure-
ments, the amount of iodine 131 in the employees' thyroids have exceeded
the 0.14 microcurie weekly average duriag this period. (See paragraphs
2 and 29 of report details, and also Exhibits E, G, end H.)

10 CPR 20,106 - Concentrations in effluents to unrestricted sreas.
() - in thet the concentrations of iodine 131 relessed frow the li.ensee plant
into unrestricted areas during the period December 1965 throug Moy 1966
exceeded the limits prescribed by tnis section, (See paragraph 39, and
Exhibit K.)

&~
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7. Date of last previous wspection § a8 ‘Company Contidential intormation contaned in this report?  Yes ] No g
(Specity page(s) and paragraph(s))

Novewber 29 and 30, 1965
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6.

Inspection findings (continued)

10 CPR 20.405 -~

(a) »

(a) -

(b) -

(c) -

Reports of Overexposures and Excessive Concentrations

in that exposures of employees Lo exceselve sirborne coucentrations of
jodine 131 during tue period December 1965 through May 1966 were not
reported to the Commission as required by this section. (Bee paragraphs
24 and 30 of report detaile, end slso Exhibits B, G, and H.)

in that releases of concentrations of iodine 13] (n unrestricted sreas
in excess of ten times of the applicable limits during the period
December 1965 through May 1966 were not reported to the Commission as
prescribed in this section. (Bee peragraph 39 of report details, ond
Exhibit K.)

io that employees who received exposures to excessive concentras 1 of
radioactive materisl, lodine 131, were not notified in writing by the
licensee of the nature or extent of such exposures as prescribed in this
section. (See paragraphs 24°and 31 of report details, and Exhibits E,
G, and H.)

io thet the report, deted April 15, 1966, submitted to the Commission,
regarding four employses who had been exposed to excessive coucentrations
of fodine 131 during the firet quarter of 1966, did not state the names
of the smployees involved s prescribed by this section. (Bee paragraph
32 of report details.)



Continuation Bheet #1
Mellinckrodt Chemical Works

Bt. Louis, Missouri
License No. 24-4206-1

A7 ABPORT PRIALLS

10.

11,

This fnspection was conducted on an unannounced basis. The licenses vas
given ne prier notificetion of this inepaction vhich was conducted on
June 13, 14, and 15, 1966,

The Missouri Btate Depertment of Health was given prior notification of
this inepection. Howsver, the ABC representative was unsccompanied during
this i{nepection,

The folloving persons were interviewed during the course of this inspection:

W. R. Konnecker, Ph, D., Vice-President of Nuclsar Consultants Pivision
Donald W. Boldan, Menager, Bealth Physice Department

All informetion is presented in substance unless othervise indicsted.

12.

13,

14,

The last inspection of this licensse (Reinspection No. 8) as conducted on
November 2§ and 30, 1965. As & result of thzt inspection, the licenses
received correspondence from the Commizeion (letter dated February 18, 1966)
setting forth three items of noncomplimuce. These items are listed below
with references to the parsgraphs in this repert that discuss the licensee's
corrective action ar deterwmined duriang this fnepection:

(#) From Beptember 1965 through Hovember 1965, an employee vas exposed
to airborne concentrations of lodine-131 i{n excess of the limits
prescribed in 10 CPR 20.103(a). According to the licensee's
thyroid seasurements of the individual, the omount of lodine-131
in the employes's thyroid sversged about 0.4 microcuries during
this period. Bee paragraphs 24 and 29,

(b) The employse exposures refered to io Item (a) above were not
reported to the Commiesion as required by 10 CFR 20.405(s). BSes
paragraphs 24 and 30,

(c¢) The concentrations of Iodine-131 released frowm the licensee's
plant into unrestricted areas during 1965 exceeded the limits
prescribed by 10 CFR 20.106(s). BSes paragraph 139,

Also, th-the Commission's letter to the licensee, dated FPebruary 18, 1966,
the licensee wvas informed that {tems of noncomplisnce similar to those
dascribed in Items (a) and (b) above were alse noted during Reinspection No,
7 and brought to the licensee's attention in the Commispion's notice dated
October 22, 1965,

Reinspection No. 9, which wae conducted on Juns 13, 14, end 15, 1966, the
subject of this report, was conducted primerily to reviev the stetus of the
licensee's program vith respect to sach of the sbove noted items of poncompli-
snce and slso to reviev the licenses's reorgenizationsl statue since the
scquisition of Nuclear Corsultants Corporation by Mallinckrodt Chemical Works
on Jenuary 5, 1966.

18,

The Commiseion wes notified of the scquieition of Nucleer Consultants
Corporation by Mellinckrodt Chamical Worke in & letter dated December 20,
1965 from ¥. E. Fonnecker and in & letter deted December 22, 1965 from
Barold E. Thayer, President, Mallinckrodt Chemicel Works, Based on Mr.
Theyer's letter of December 22, 1965, License No. 24-4206-1 wae smended in
its entirety on January 5, 1966,



Continuation Bheet ¢#2

Mallinckrodt Chemical Works
St. Louie, Missouri

OGANIZATION AND ADMINISTRATIVE CONTROL (Cont'd)

16,

17.

18.

19,

20,

W. R, Konnecker, Vice-President and General Munager of the Nuclear Consult-
ante Divielon, Mallinckrodt Chemical Works, gave the AEC representative &
copy of the Nuclesr Consultants Division's current orgenization structure.
This consiste of four pages of organizaticnal charts, Copies of these
charte are attached to this report as E ",

Dr. Konnecker stated that as Vice-President and General Mansger of the
Nuclesr Consultents Divieion, he holds the highest level of mansgement
responaibility insofer as this license program is concernsd.

Mr, Donald Boldan has been designated as the Rediation Bafety Officer for
the entire Miclesr Consultant Divieipn's operations. 1a saddition, Mr,
boldan hes recectly been given the responsibility for corresponding with
the Commission with respect to concentrations of radiosctive materials,
personnel exposures, and othar related items corcerning the use of licensed
material within this license program,

At the present time, the licensee is in the process of interviewing people
for the purpose of obtsining someone to head up the Film Badge Bection of
the Health Physics Department. This new employee, vhen hired, will work
under Mr. Soldan's supervision.

The licensee representatives steted that some of the people sho'm on the
organizational charts (see Exhibit "A") are nev employees and therefore,
their names will not ehow up on the verious personnel monitoring records
until the latter part of the secound cslendar quarter of 1966,

PERSONNEL MONITORING - FILM BADGRS

21.

22.

Up until the end of 1965, the licensee used a double film badge system in
order to compare vhole body exposures. A film badge service of K. §,

landeuer and the licensee’'s own Mucleer Consultants film badge service vas
used, In addition to these film badges, the licensee employeer also wore
dosimetears and vrist badges. During the laset previous reinspection conducted
or November 29 and 30, 1965, external exposure date wes extracted frow the
licensee’s records for the periode from the week cof October 11, 1965 throu

the week of November 15, 1965, This dats wvas shown on Exhibirs "#-2" and “A-3"

ring Reinspection Mo, 9 conducted on June 13, 14 end 15, 1966, external
exposure dats was extracted from the licensee's records for the periods from
the wveek of November 22, 1965 through the wveek of December 27, 1965, The
complete external exposure data for the landsuer film badge for vhole body,
the Nuclear Consultants bedge for the vhole body, dosimeter readings and
wrist badge data for the period October 11, 1965 through the week of

December 27, 1965 are shown as Exhibit '"B" sttached to this revort.
The Nuclesr Consultants film badge data fo

A . < o o
October 18, and week of October 25, 1965 shov 490 millirem™®nd 550 millirem,

reepectively., These two film badge results alopg wit e other weekly film
badge results for the fourth quarter 1965 for shows thet she
received an apparent vhole body exposure dos rth quarter 1965 of
3175 millirem. The licenses's evalustion of film badge results
noted above indicated that the film badge for~these two periode showed definite
eigne of badge contemination. Az & result of this investigation, the licensee's
recoumended reading for the twe periods are 230 millirem each, Using the recom-
mended filw badge readinge for the two pert noted sbove, the total fourth
quarcer (1965) whole body exposure dose for would be 2595 millirem.

A copy of the licensee's evaluation of rth quarter (1965)
exposure is attached to this report as

23. % 1¢ be noted that the Lendauer vhole body film badge worn b "
during the weekr of October 18 end 25, 1965 (please see par ph

above) showed exposures of 510 millirem and 600 millirem, respectively,
for the two periods. These two Landauer film badge resultes would appeer to
validate the two Mucleer Consultants badge results for the period in
question, Mr. Soldan ves zontacted by telephone during the week

2y

&



Cont inustion Sheet #2

Mallinckrodt Chemicel Works
St, louts, Missourt

- (Cont'd)

23,

(Cont'd) of July 4, 1966 in order to find out if the Landsuer badges showed

evidence of conteminstion during the esubject periods. Mr. Solden related

that he contected the Lendeuer film badge people concerning thie mstter. He

further releted that the Landaver film bedge report for the weeks of October L

1 October 25 did show some contaminstion on the two film badges for Fx
A copy of the Landever film bedge repert in question as submitte

Regidn III i» attec his report ss Bxhibit "D", It sppeare, from the

dote aveilable, that did not exceed the 1.0 rem whole body exposure

limit for the fourth calendar quarter of 1965,

24,

Beginning the first part of December 1965, the thyreid counting frequency
for all lab personnel of the licensee has been oo en almost deily baets,
These December 1965 thyroid count results shows thet for nearly rvery lab
employee vho wvas counted, the weekly average of 0,14 microcuries in the
thyroid was exceeded &t one time or another. The licensee reprasentatives
were advised that, besed on this thyroid count dats for the licensee's
laborstory employees, it appeare thet the licenses is in

1 + The licenese reprosentstives were elso advised that failure

to report theee spparent ove

ZPOSUTres to feseive councentretions of lodine-
131 to the Commission and to ) /and other employses iovolved,
coy ted noncomplisnce wi¥th 10 CFR 20,40 g _20.405(b). 1In the cese
of (8 this is & repest item of noncomplisance from the previous
reis : ber 29 and 30, 1965, The December 1965 thyroid data

Ls attached to this report as Exhibic "E".

PERSONNEL MONITORING - URINALYELS - 1963

The licenses representatives stated that they did not have sny urinalysis
dets for licensee emp loyees between the time of the last previous reinepection
until the end of December 196% ir that they had not yet established a definite
urinalysis program,

PEESONNEL MOWITORING - 1966

26,

27.

28,

At the tine of this inepection, there were 18 licensee emp loyses en & weekly
film badge cycle and 21 licenses employees on & monthly film badge frequency.
Mr, Boldan steated that all weekly film badge frequency personnel are thyroid
counted between twe end five times per week vhile the monthly film badge
frequency people are thyroid counted once per month,

Early in 1966, the licenses revised his personnel exposurs record sysiow.

Two nev forme were initiated for the recording of dosimeter, wvhole body, sk,
extramities, and tuyroid exposure date. One of these nev forms is entitled
"Quarterly Summsry Persenuel Exposure Report". One such form s weintained
for sach individual. This particular form #llows the licensee to record the
exposure dats fer that person for ssch particular week of that quarter and

to shov the accumulstive totsls for sach of the variour exposure dats through-
out that quarter. A second nev form initiated for thie purpose i entitled
"Weekly Summary Persomnel Exposure Report”. This second form shows the came
dats as the {ndividuel quarterly personne) forms noted above except that all
employees' namer are listed on this weekly forwm in order to knov &t a glance
hov eech individusl comparer to another one for thet perticular week. Coples
of theee tvo forms are atteched to thie report as Exhibit "p'.

When the ne. personnel exposure record eystem (see paragraph 27 above) vae
begun, the licensee devised & nev method for recording the individual

results of the verious personne) monitoring devices, including thyreid counts.
The key to thie nev system ie #¢ follow.e:
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Continuation Bheet #4

i '1inckrodt Chemical Works
gt. louis, Missouri

PERSONNEL MOWITORING - 1966 (Cont'd)

30.

32.

32,

Dosimeter - 1.0 = 231 ar

VWhole Body (FB) - 1.0 = 231 millirem

Skio (FB) - 1.0 = 577 millirem

Extremities (Wrist Film Bedge) - 1.0 = 1440 aillirenm

Thyroid Counts - 1.0 = 0.14 microcuries (everege results of between 2
and 5 thyroid counts per week)

The sdvantage of thir nev keyed system allowe the licensee to vie. quite
rapidly the exposure dats sheets end cee 1f en employee is accumulating his
exporures at & rete hich ould put him above the yrescribed querterly limite.
For example, if st the end of veek No. 5, an indivijusl's sccumulated hole
body exposure dats showved more than 5.0, this uid mesn that he is sccumulating
vhole body exposurs st & rete hich ould put him sbove °.0 rem at the end of
12 weeks. The first célender quarter of 1966 personnel exposure dats (except
urinelysis) extrscted from the iicensee's recorde, i¢ stteched to this report
et ?,ﬂg "¢". Similerly, the recond calendar quarter of 1966 through week
Mo, week of May 23, 1966) personnel exposure deta i atteched to this
report as o

It should be noted that during the first calender quarter of 1966 and through
the first eight weeks of the second celendsr quarter of 1966, (see

'¢" '), that seversl persons received veekly sversged thyroid counts in
excess of 0,14 microcuries vhich conetitutes \

(see aleo peragraph 24 above).

In & letter to E. R, Price, ELR, dated April 15, 1966, Dr., Konnecker advised
thet durirg the first gquarter of 1966, four persone had burdens in excess of
0.14 microcuries at some time during the quarter. In this letter, Dr. Kounecker
goes on to advise thet the four persons had one time thyroid burdens of up to
0.38 microcuries vith sll four personr having querterly thyroid burden averages
of lese than 0.14 microcuriee. Information glesned from the licemsee's person-
nel exposure deta for the first quarter of 1966 shows thet e total of 5 persone
(not four) showed eekly averaged thyroid burdens on different occasions of
greater than 0.14 microcuries. It is noted that one percon did have o veekly
sverage st one time of 0.385 microcuries (see Waun&d to this report).
In addition, Dr, Konnecker's letter dated April 15, 1966 is not considered o
timely veport of these exporures in that many of the veekly averages of greater
than 0.14 microcuries thyroid burdens occurred prior to Merch 15, 1966. The
licensee wvas advised thet feilure to report these personn.l exposures within 30
deys conetituted noucomplience with 10 CFR 20,405(s).

It ves determined during this inspection that the persous receiving the weekly
sverages 1. excess of 0,14 microcuries thyroid burden ae mentioned sbove (see

peragraph 30) were not notified of these exposures vhich constituted noncompli-
snce with 10 CFR 405(b).

The licensee's representativer were advised that failure to include the names
of the individusle in the April 15, 1966 report of exposures comstituted

W CJ.

Dr. Kounecker stated that all perscanel exposure reporteé would be submitted in
sccordance ith 10 CPE 20.405 in the future. Dr. Konnecker went on to sey that
this wouléd include any thyroid counte vhich averaged greater than 0,14 micro-
curies in eny one veek. At the same tiwme, Dr, Konnecker turned over the
resporsibility of this reporting to Mr. Donald Scldan, the Mesnager of the
Health Phyeice Department, Nucleaxr Consultants Divieion.

At the time of this inspection, the licenses's urinalysis date wae in rough
fors, Mr. Bolden stated that the urinslyeis dete for all persone sampled
betveen Jenuery and June 1966 end the licensee's urinelyeis procedures discus-
sions, celculations, snd requiremente would be submitted to the Diviesion of
Comp)iance, Region III, shortly following the inspection. Thie informstion,
vhich included an explanation for the terdiness of the information, was submit-
ted to the Division of Compliance, Region III, on June 27, 1966 mand # copy of
this urinelysis information ir attached to this report &s o Sl



Continuation Sheet #5

Mallinckrodt Chemical Worke
Bt., louie, Missouri

AIR SAMFLING

35, Gelman willipore filters with ectivated charcosl were in use during the
lest previous inspection. Mr, Soldan stated that these Gelman millipore
filters proved unsetisfsctory so they tried & nev method using disposable
eyringes with carbon inserte., The dispesable syringes did mot work out
either. Soldan stated that the primery problem with both these systams wvas
thet the air flows vere unsteble., At the present time, the licensee uses
& homsuade cartridge consliting of & k inch ID pelysthelene tube (epproxi-
mately 1 3/4 tnches long) #nd containing about 1 inch of gramular sctiveted
coconut charceal, incorporated with "Lab-por" (polyethelene frit) which
holds the charcosls in place. These certridges are homemade st the
licensee's foacilities. These homemade samplers maintein en air flov of
sbout 1 liter per minute according to Soldan.

26. During mid-Pebrusry 1966, che licensee'sr air ssmpling frequencise were
changed from "greb" to "continuous" and at the smme time, the present pumber
ssmpling point deeignation eyetem was put into effect. "Continuoud' means
st least 24 hour sempling time with "on-off" operstions being performed
manuelly.

37. 1Io the latter part of April 1966, ell "implant" air semples were pleced on
. m%_mnm.m&um Under this system, all "{o-plant”
sampler tubee are counected to » central menifold, The manifold sutometically
turns on each day, except Bunday, et 8:00 am and shute off at 5:00 pm the
same day, vhether or not the sample is changed. Thesg semples sre referred to

es sauples and sre denoted by & new h&e‘_mm system,
The samp cartridges sre located 'head-high" in varicue sreas,

38. The locstions of ' - " sampling pointe (see parasgreph 36)
and sampling pointe (see persgraph 37) are sttached
to £ report ae i

39, W of this report contains data extracted from the licensse's records

ring this inepectien ccncerning eir concentrations, " comprises
all the sir sample dats collected by the licensee during per De comber
3, 1965 through February 15, 1966, A: poted in m_&u’. no roof samplee
were taken and only two (2) iodine steck ssmples were taken, During this

period, the iodine stack wa: still considered by the licenses to be an uore- o
stricted ares. The ilodine utck samy @ of December 24, 1965 ghowed 4.6 x 10
microcuries per ml (460 x 10710 microcurigs per nl), MPC for soluble lodine-131
released to unrestricted sress is 1 x 10°'Y microcuries per ml, Therefore, it

sppeare the licensee is in m&m&w In addition, &
spot check of the licensee's oir ssmple date since mid-February 1966 revesaled
that four eovironmentsl (mﬁop) semples showed concertrations felling between
1 and 9 times KPC of 1 x 10"'V microcuries per ml with an occasionsl sample

as high ss 44 x MPC, " shows the results of two consecutive air
sampling dates for "continuous’ samples in April 1966, Eample Stations 6, 8,
10 and 11 are rooftop semples and sre the only "unrestricted" sample aress at
thie time. On each of the two sampling detes shovn, these "unrestricted" ares
l’l.l excedd 10 times MPC (MPC for lodine-131 ip unrestricted areas is 1 x

o

10710 microcuries per ml) vhich constitutes ngncom liance wvith 10 CFR 20.405(e).

40. m&%: elso shows air sample data from "progremmed” in-plant sampling
stations scted during periods vhich encompase the same two consecutive dates

fo April 1966 ar noted above in paragraph 39. Thess two detes avre namely
April 21/22, and 22/23, 1966,

41. As noted in ", two sete of date are shown for each semple. These
are "base" ine-131 peak” counte. Mr, Solden stated thst "base” means
thet the snalyzer 1s pre-set to count sll anergies above 10 kev (gewms) vhile
"lodine-13]1 peak" means thet the snalyrer i{s pre-set to sccept all counte in an
energy ‘nterval of 315 kev and 415 kev (gasma). Equipment used in these anelysee
ie comprised of & podium-iodide crystal and e shielded well with & Picker Magne-
scanner II1 A and 2 Muclear Chicago Model 1810 Radiation Analyzer,



Continuation Bheat #6

Mellinckrodt Chemicel Works
Bt., Louis, Missouri

AIR SAMFLING (Count'd)
a2,

Boldan stated that "base' concentrations, in microcuries per ml, are considered
"officisl" 4in that they r~present most isotopes posseibly present in a semple
whereas the "1-131 peak" rejects all energies not in the range of lodine-131,
Hovever, mpc's used for all samples assumes lodine-13]1 present.

45,

b6 .

47,

49,

Mr. Bolden spelled out the various actions which the Health Physice hpunut
hes taken in attempts to reduce personnel exposures at the licensee's facilities
since the lest previous reinspection,

One problem which arose recently concerned the stsbilirzer material used in
fodine capsules, Until mid-Pebruary 1966, the stebilizer substance used iv the
fodine cepsules wes cysteins hydrochloride (0.2 per cent solution). Boldan
statad that some time in mid-Februsry 1966, the stabilizer substance was

changed to ascorbic acid (0.2 per cent solution). This chaunge in stabilicer
substances vas initieted io the Production Department without the knowledge of
Kr. Bolden or Dr. Konnecker, sccording to SBolden., During this period following
Pebruary 1966, investigacions made by the Health Phyesics Department to determine
the high thyroid counts and high air camples noted in the tagging room, drug

snd waste storage room, and the high concentrations in the basement sxess, revealed
the cause to be from the cepsules (change in stabilizer). Soldan steted that the
caprule substance was changed back to the cysteine hydrochloride in mid-May 1966
and the storege aress of nev cepsule were changed to ventillated base cabinets
under hoods. Boldau stated thet the main purpose of this stebilizer ie to cut
down ov the oxidation process which can lead to & breakdown of the sodium-Lodide
end thereby emit elements]l fodine. Ascorbic acid in a dry form is unstable
causing & breakdown, vheress, cysteine hydrochloric is reletively more stable

in & dry etste.

A change in the facilities was made in the first part of April 1966 vhich
involved the moving of the air supply unit ou the roof avay frow the Lodine-131
stack to & new position over the edge of the roof level, down sbout 5 feet
from the top of the roof.

in about mid-May 1966, & nev homemede charcoal filter was placed in the iodine
stack, This nev filter is 24 inch by 24 inch oo the side, by approximately

14 inch thick, The fllter coneiste of & wood frame with stainless stecl mesh
top and bottom encasing 1k inch thick layer of granulated activeted cocounut
chercoal. These are the same smell graoules vhich are used in the homemade sir
sawple certridges nov being used, This nev 1k inch thick carbon filter is used
in series with an absolute filter in the fodine stack,

The fodine capsule sorting mechine (locsted in the basement belov the preduction
eres) was tied inte the lodine exhaust syetem (I-131 stack) in mid-Mey 1966,
Prior to this time, there wes no ventillating exhsust svailable for the cspsule
sorting machine,

New, unsorted ceosules are nov stored in the ventillated base cabinet under the
sorting machine., Before this time, they were stored in the "open" behind »
concrete wvall in the sorter room,

Newly sorted capsulss ere nmov being stored in the drug and waste storage room
with sll cther fodine products and sctive waete. Prior to this time, the drug
and waste storege room did not have any air supply or exhaust. Bince this time,
the room has @ built-in air supply exhaust vhich gives about one air change per
minute, ‘This new supply and exheaust system in the drug and vaste storage room
was put in on May 20, 1966.

Bolden stated that the veriour Heaslth Physice sctivities which resulted in the
lowering of thyroid counts and eir sample results substentisted the fact that

high thyreid results W boldsn convinced Dr.
Komneckar of this fect to & point ker readily spproves purcheses
of nev air handling equipment, etc., according to Boldam,



Continuation Shest ¢#7

Mallinckrodt Chemical Works
Bt. louis, Missouri

R§ (Comt'd)

51. Boldan stated that they are in the middle of planning te correct the
sterile room air problems (nov rumning ab..c 2 to 5 x MPC) by installing
glove boxes, This particuler sres is known as air sample otetion M.

2. Whide still ou . the subject of air tretions and various thyreid o
counts data, subject of thyroid counts came into the Vo
couvarsation. thyroid counts are consistently &t or
l!.ni g weakly sverages of 0.14 microcuries. Mr. Boldan stated that

hae just learned recently from Ler doctor that che hes &
ry enlar and oversctive thyroid. Soldau steted that the licensee will

contect her doctor regarding more medical information smd will spell out

these details regerding sxposures, stc,, in their anever to Enforcemsnt

concerning these inspection results. At this time, Boldan geve the

cqupt dats wubsequent to week No, 8 (second quarter 1966)

This dats showed that for the week of May 30, 1966 (week No, 9)

an average thyroid count of 87 per cent of 0.14 micrecuriss

the veak of June 6, 1966 (weak No. 10), her average thyro unt wae

of 0.14 microcuries, Boldan concluded by stating tha
job is nov exclusively in the capsule sorting room.
recent conversation with Mr., Soldse (Jul 1966 different

matter, Mr, Boldan relatsd that just very recentl showed a

77 x 0.14 micgpcurie th count, Boldan went om sey thi't upon

quotmw.Haum that she had received & diagnostic

capauls from her dector conjunction with her enlsrged and overactiwve

1

thyrold p ldan by stating that they elso learned from the
doctor that thyrotd (s 45 grams instesd of the standard 30
Sroas

53, My, Soldan stated that thare had been two mejor problemes énsofar as externsl
axposurcs werg concerned. Thees were fuvolved in the gold preparation snd
techuetium "cows" operstions. Thess external exposure problems vers somevhat
reduced with the increased use of lesd shislding which were especislly
dasigned half-circle curved lead bricke of verious outsids dismsters. Boldan
stated that these can be stecked to meny various configurstions to allow
better use of closed glaes systems within gloved hoods and make better use of
remote handling methode for trensferving, heating, storing, etc., inside the
closed gloved hoods. BSoldan stated with the incressed use of these nev lead
bricks, they have reduced sxternsl exposures during gold preparation operations
spproximately one ordsr of megnitude snd have reduced the extarnal exposures
from the technetiue "cow" operstions by sbout & factor of three (3). Soldan
stated that these reduced exposures began showing up in about June 1966,

$4, The results of this inspection were discussed with W, R, Komnacker, Fh, D.,
Vice-President, Buclear Consultants Division, Melliuckredt Chemical Works,
and My, Donsld Boldaun, Menager of the Bealth FPhoyeics Department end Redistion
Safety Officer. The verious items of noncomplisnce! noted during this
fospection were discussed with the two licenses representatives menticned
absve, These iteme of noncosmpliance, ss noted abowve (n the varisus mctions of
this report, involved high &ir concentrstions in unrestrictsed aress, high
thyreid coutts and the failure of the licenses to properly report thase high
air concentrations and high thyreid counts. At this time, the licensee
representatives reftersted the varisus sctions being taken by the Heelth
Physice Department in order to reduce persounel exposures and air comcentrations,
in unrestricted srsas, In additien, Dr, Founecker turned over the respensibili-
ties for reporting sll reportable discrepancies to Mr. Boldan, vho stated ax
this time thet he would see to it that timely rveports in the future are submitted
to the Commiseion concerning all mattars. Alse, st thie time, the licensee



Continuetion Shest #8

Mellinckrodt Chemicel Works
6t, Louis, Missouri

MANAGEMENY DISCUSBION (Cont'd)

5S4, {(Cont'd) representatives expressed their hope that the nev addition to their
facilities would be completed snd approved in the very ueer future. They
steted thet with this nev facility, they believed that meny of their
problems will be solved in thet the new addition {s better designed to handle
the radioisotopes used under this license,

Enc losures:
Exhibits A thru K



Chemist)

Total (mrem)

‘Ell|!l.crcb IS

Deve lopment )

Totel (mrem) -

& Cobalt Room)

Total (wmrem)

E l'r!uct ion-

Chemist)

Total (mrem)

"o dats reported

10-11
10-18
10-25

11-1

11-8
11-15
11-22
11-29

12-6
12-13
12-20
12-27

10-11
10-18
10-25

11-1

11-8
11-15
11-22
11-29

12-6
12-13
12-20
12-27

10-11
10-18
10-25

11-1

11-8
11-15
11-22
11-29

12-6
12-13
12-20
12-27

10-11
10-18
10-25

11-1

1i-8
11-15
11-22
11-29

12-6
12-13
12-20

Landaver Huc, Cons. Wrist
Mesk of  Bedge (WD)  Badge (WD)  Dosimeter ' Badge
130 70 120 295
210 230 294 1125
350 200 247 14600
230 160 260 565
bl 220 282 1100

. 235 325 *
210 230 232 640
* 144 202 518
. 130 205 355

. 175 269 615

. 131 189 562
-t ~200 22 2
1130 2025 2832 7990
50 75 83 175
220 285 183 650
220 1460 195 200
180 140 226 310
’ 200 168 355

» 75 151 .
250 145 230 530
260 199 245 532
60 110 175 530
340 415 2711 3000
260 26 285 1500
wl a3 5l 829
1840 2173 2261 8461
. 45 25 45

. 45 82 15

* 140 400 30

* 245 204 15
bt 395 483 1400

* 175 229 .

* 230 220 260

b 30 160 30

* 45 73 360

* 215 61 3450

b 60 147 30
=N 288 -l 80
- 2193 2248 6515
70 60 . 75
100 105 . 130
140 110 83 105
220 200 202 310
* 140 100 190

. 160 166 .
* 190 218 640
210 170 i75 298
100 140 306 45
330 3’3 232 840
110 232 0
12-27 - Terminsted employment pr ;ot to 12-27-65 badge pexriod
1280 1673 1714 2633



Total (mrem)

m clerk)

Total (wrem) |

ﬂ!ﬂ spensing)

Totsl (mrem)

‘ii'l!!!g;{..)

Total (mrem)

10-11
10-18
10-25

11-1

1i-8
11-15
11-22
11-29

12-6
12-13
12-20
12-27

10-11
io-18
10-25

11-1

11-8
1115
11-22
11-29

i2-6
12-13
12-20
12-27

10-11
10-18
10-25

1i-1

11-8
11-15
11-22
11-29

12-6
12-13
12-20
12-27

101l
10-18
10-25

11-1

11-8
11-15
1i-22
il-29

12-6
12-13
12-20
12-27

e

Wrist

Bedge (WB)  Badge (WB)  Dosimster ' Badge

Landsuer Nuc. Cons,
350 210
510 490 (230)
600 $50 (230)
300 280
b 30
bl 230
230 380
220 199
160 185
230 200
80 120

- 201
2680 3175
(2595)
* 160
* 280
* ‘e
- v
* 260
. 175
N s %
* 35
- 105
. 140
* 120
- ~AA0
- 2065
180 150
290 165
230 175
250 170
% 1%0
* 1%0
220 200
130 112
110 110
260 260
110 190
— A8
1780 2092
200 80
210 176
300 160
240 120
. 160
* 30
150 100
120 75
90 75
220 115
110 75
e —
1640 1222

273
336
400
338
215
206
210
176
26k
135

87

-t
2734

169
114
208
157
185
221
153
225
132
200
162

-
2011

137
211
176
235
206
177
186
103
166

.
-~

186
201

2150

179
176
181
220
196

142
122
13/
19¢
157

1907

485
1650
2250
1150

525

"
1000

270

650

415

26k

249
9688

225
150
120
150

100
165
105
70
75

1645

145
290
290
210
190
.

160
310
105
215
170

2200

EXHIBIT "B-2"



Lao auver Muc. Cons. Wrist
Hame Week of  Badgs (VD)  Badge (WB)  Dosimeter ' Badge
m 10-11 130 75 7 110
eule 10-18 190 175 69 175
Product Loa) 10-25 170 140 85 215
11-1 130 110 146 170
11-8 . 160 130 280
11-15 * 15 164 .
11-22 90 265 101 210
11-29 140 140 9% 188
12-6 100 105 246 175
12-13 90 75 163 100
12-20 10 0 - 0
12-27 * 20 o~ 35
Totel (mrem) 1050 1280 1256 1658
W 10-11 210 130 238 175
ne 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 » 100 304 *
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
12-27 o 18 199 224
Total (mrem) . 2090 2233 3015 2317
L/ﬁ 10-11 130 215 1e 450
poule 10-18 320 310 225 2300
Product ion) 10-25 310 230 258 870
11-1 250 175 178 730
11-8 “ 245 179 750
11-15 * 225 280 «
11-22 380 360 219 710
11-29 170 176 166 264
12-6 130 150 214 290
12-13 330 245 219 1100
12-20 180 199 269 562
12-27 * _206 206 n
Total (mrew) 2200 2736 2508 8718
ﬁ 1011 280 230 252 265
uction) 10-18 390 400 257 150
10-25 420 415 276 (Lost)
11-1 290 365 183 2100
11-8 * 400 264 1600
11-15 . 230 274 .
11222 - Terminated employment prior to 11-22-65 bedge period.
11-29
12-6
12-13
12-20
12-27 L
Total (mrem) 1380 2040 1506 3915

EXHIBIT "B-3"

6~



-  um

sidering a 13 week guarter) will be 230 mr. However, if a 12
week quarter is considered, the maximum weekly dosage woull be

240 mr.

The £ilm from 12/27-1/3 is not reported (N.R.) since ths films

badges.

REN/j8

. E. Nuelle Qg

SR CLARTR T ST e g i

ExViBaT

6~ Y66
INTER-OFFICE MEMO o
@ NUCLEAR CONSULTANTS CORPORATION '
% 1e HEALTH PHYSICS trew Ralph Nuelle
FILE
Subject Dets 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 RECOMMENDED
WORN ‘ READING READING

10/11~10/18 210 mr 210 mr

10/18-10/25 490+% (2) 230)~Max. dose (which also cor~

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

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

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

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

*Films definitely show evidence of badge contamination.

(1) Mostly from harder radiation.

(2) Radiation from front and back of badge.

4 For the weeks 10/18-10/25 and 10/25-11/1 it is considered accept-
able to change the reported dosage to 230 mr as noted in this
report. The average dosage for this individual during this quarter
came out to be 233 mr, The maximum weekly permissable do:age (con=~

are still in use because of lack of fresh fiim for making up new

W #

‘C
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THYROID DATA - (MICROCURIES 1-131 IR THYROID)
1965 - SUBSEQUENT TO 11-24-65

gy ¥ Y W ¥ Y VY 1

F 1273 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 * 0.23 0.135 0.310 0.30 H C.236 * 0.161 /Jbg
™ 12/7 0.28 0.30 0.15 0.22 0.28 * 0.140 0.24 0.31 s 0.40 + 0.14
v 12/8 0.26 0.35 0.16 0.23 0.190 0.23 0.18 0.32 0.32 = G.38 0.13 *
™ 12/9 0.29 0.43 0.135 0.19 0.22 * 0.20° 0.21 0.31 E‘ 0.51 0.11 *
F 1210 0.23 0.26 0.12 0.18 0.17 0.20 0.14 0.17 0.31 ~ 0.35 0.04 *
¥ 12/13 0.18 0.31 0.12 ©.09 * 0.19 0.11 * 0.141 2 0.26 - -
Tu 12/14 0.23 0.36 0.10 0.09 0.12 0.15 0.11 0.17 0.141 = 0.22 * .06
w 12715 0.21 0.51 0.09 * 0.12 0.16 0.16 0.17 0.142 = 0.40 * *
Th 12/16 0.25% 0.43 0.12 0.12 0.18 * 0.13 * 0.140 s 0.41 % *
F 12/17 ® 0.41 0.05 0.07 0.15 0.135 0.12 * 0.141 o 0.35 - *
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 < .09 0.18 0.061 * * * * * 0.078 = 0.414 . *
Tu 12/28 0.067 0.104 0.032 0.075 0.074 0.043 0.065 0.14 0.020 o 0.19 - *
W 12/29 0.0.2 0.196 €.032 0.061 0.057 0.055 9,050 * 0.024 & 0.5%7 - *
Th 12/30 0.481 0.166 0.028 0.043 0.057 0.079 0.070 0.201 0.022 g 0.49% 0,050 *
F 12/ 0.466 0.192 0.035 0.061 0.061 0.102 0.079 0.127 * . 0.498 « *

* No Data Reported

XHIBIT "E"
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1st Quarter - 1966

Pegsonoel Exposurs Date
EEY: Dosimeter; 1.0=23] mr. Skin; 1.0=577 mrem.
Whele Body; 1.0=231 arem. Extremities; 1.051440 mrem.

Thyroid; 1.0=0.14 microcuries (ave. results of between 2 and 5 thyroid

counts per weak)
/ s

Weak r.B, ¥.B. ¥rist V.B. Weakly Average
Mesk of Musber  Dosimeter  Whole Body  Skis  BExgremities __ _Jhyrold
(1-3) 1 * - - " w*
(l.‘o) 2 » - L ] L] -
(A-17) 3 .06 34 * * L]
(1-24) & .82 .28 L L .13
(1-31) 5 .95 1.27 * .30 .33
(2-7) © .88 .91 0 A5 .43
(2-14) 7 .90 Y 0 A3 oA
(2-21) ] 1.72 2.03 0 76 1.26=(0.176 pc)
(2-28) 9 1.6% 1.82 0 J6 1.57=(0.220 pc)
(37) 10 2.95 2.86 0 .18 2.36=(0.330 pc)
(3-14) il 2.17 1.88 0 1.04 2.75=(0.385 pc)
(3-21) 12 .10 | 0 .02 1.65=(0.231 pc)
(3-28) 13 B .43 0 .07 .87
Totals - 12.20 12.62 0 3.69 -
Totale (rem) (2.82) (2.92) (0) (5.31) -
o (]
i 1+08 i3l * 2.03 27 -
2 w19 1931 - 1.00 .0l /b
3 1.08 1.0% . 1.73 .83
4 1.46 85 - 3.0l 10
5 A5 A5 . 18 .29
[ 1.02 1.12 0 T .16
7 Y 1.03 0 1.48 A3
8 1.58 .95 0 .83 3
9 1.00 .97 v 12 A6
10 1.42 1.25 0 69 N
il 70 50 4] 15 .18
12 .18 1.17 0 .08 13
13 = Y] 9 85 ']
Totale - 11.78 12.71 0 12.68 -
Yotals (rem) (2.28) (2.96) 0 (17.94) -
s
1 .93 17 * .23 .26
2 1.10 .69 * .22 . )
k] .84 76 * Jd4 L4l
“ .88 .66 . % & ) .21
5 .68 .61 * A8 JA5
[ 74 .12 A5 .38 .22
7 .52 .78 A5 .21 &0
& J2 1.04 .29 N .29
k3 g6 J1 0 A6 .60
10 1.23 .78 0 .20 »
8} .68 .85 0 .20 1Y
12 .80 . B4 0 .20 +30
13 * .87 0 .23 Al
Teeals - 9.88 10.48 1.49 .l .
Totals (rem) (2.28) (2.42) (0.69) (4.56) s

"o date reported



g

Week
Meek of  Mumber  Dosimeter

(1-3)
(1-10)
(1-17)
(1-24)
(1-31)
(2-7)
(2-14)
(2-21)
(2-28)
37 10
(3-18) 11
(3-21) 12
(3-28) 13

VNP DWN -

YTotals -

Totals (rem)

/v (]

-—
CVWERNOVE WN-

-
(=

Totals -

Totals (rem)

/ o

-
WOV R SO WS WM

Totale -

Totals (rem)

l“
.66
.82
.62
.68
.83
.61
89
.69
76
.50
.67
*

7.1
(1.80)

.60
1.02
.88
7
.65
1.03
1.00
1.10
.61
i.02
.65

.89
I

10.16
(2.35)

1.1
1.13
1.05
1.00

8,54
(1.97)

r.s. F.B.
Mhole Body  Skip
Al *
.06 b
.56 *
34 *
7 L
73 A5
43 45
.87 .13
A5 [
1.06 .69
48 0
.78 0
31 )
7.49 .72
(1.73) (0.99)
. bb *
1.16 b
.68 i
.75 b
.68 *
.22 1,04
.87 1.04
.27 47
.45 Q
.17 .8y
. 89 0
1.62 0
il |l
12.27 3.33
(2.83) (1.93)
1.18 *
.69 v
.90 b
76 .
.83 .
.76 .40
.87 &0
1.51 A6
.08 0
.22 0
.35 0
48 0
it A
9.19 0.96
(2.12; (0.55)

Wrist F.B.
Exgremities

.03
A4
.13
.18
.16
.38
A7
.26
.09
<52
.15
19

-y
2.64

(3.80)

90
49
&7
.19
.25
1.1¢
.59
2.22
36
.80
.51
.35

20
8.79

(12.66)

.93
.38
.79
.36
O”
A5
.55
.63
.02
.05
A3
.08

~add
4.78

(6.88)

Weekly Average

1.12=(0.157 pc)
1.91=(0.267 pc)
2.26=(0.316 uc)
1.64=(0.230 pc)
1,31(0.183 pe)

2.24=(0,314 uc)
1.76=(0. 264 pc)
1.37=(0.192 pc)

.94

.68

. 54

A5
1.50%(0.210 mc)
499

.90 B
.66 Lnb
.35

el

2.20=(0.308 pc)

1.17=(0. 164 nc)
1.49=(0.209 uc)
1.09=(0.153 pc)
.83
1.40=(0,196 pc)
2,02=(0.283 ye)
1.240(0.174 pc)
.92

2

A3

.04

.ol



-3

o

Veek .5 F.B.  Wrist I.B. Veekly Average
Hesk of Bumber Dosimeter  MWbole Body  Bkis  Rxtremities
(1-3) 1 » . " . L]
(1-‘0) 2 - . - L -
(1-17) 3 1.25 1.05 ) .90 0
(1-24) o .64 .52 . 42 .01
(1-31) 5 .89 1.02 . .40 .50
(2-7) € 1.39 1.50 1.9 R A7
(1-14) ] 1.80 N 1.3 37 .5
(2-21) 8 1.42 2.47 1.464 1.72 A2
(2-28) [1 1.49 1.00 0 .20 .20
(3-7) 10 1.58 .87 0 A3 .33
(3-14) i .98 A8 0 .26 .63
(3-21) 12 1.5 .99 0 .30 .85
(3-28) 13 . . P S 1.0 -y
Totals - 12.95 11.23 422 6.19 .-
Totale (rem) (2.99) (2.59) (2.43) (8.91) .
/l‘.l C.:]
1 - " . . .
2 - * . - *
3 . . s . .
" - K * * -
5 . . B . .
I B . . . »
7 .35 .35 1.28 * T
8 1,28 1.43 1.28 .59 .06 .
I 1.41 .84 0 .20 .32 AN G
10 .89 1.06 0 .35 .28
11 1.5 g1 0 .62 .3
12 2.42 2.23 0 1.32 .40
1 i a2l il 28 )
Totals » 7.86 7.9 3.8 3.84 -
Totals (rém) (1.82) (1.82) {2.22) (5.53) -
=
1 * * B * *
2 . » . - »
3 . " I3 * .
4 . v . - *
s n . * - L]
6 . . v . a
? . “ . . »
8 . * o * v
9 * - . " .
10 * 13 0 . B
11 * .55 0 » *
12 " .65 0 » .05
13 —— —all i - . 8l
Totals ~ “e 2.4 (1] - -
Totals (rem) - (0.4%) 0 oo o



.

.

Week v.B. 7.5.  Wrist F.B.  Ueskly Average
Mesk of Mumber Dosimeter Mbole Body  Skin  Extiemities _ Thyrold
(1-3) 1 1.02 0.43 * .58 1.53 (0.214 ue)
(1-10) 2 1.47 .69 . e .68
(1-17) 3 2.06 .39 . 1k .66
(1-24) 4 1.03 .74 . .89 .42
(1-31) 5 .75 " . s .34
(2-7) 6 1.15 1.12 1.08 2.45 91
(2-14) ? .92 .65 1.08 .84 .73
(2-21) I 1.21 1.17 .66 1.52 b
(2-28) 9 .88 9l 0 .21 .62
(3-7) 10 1.22 78 0 .37 .70
(3-14) 11 1.49 .87 0 .46 .83
(3-21) 12 .82 1.58 0 1.04 %
(3-28) 13 - 1.19 0 1.20 .53
Totals - 14.02 10.97 2.82 10. 63 -
Totals (rem) (3.24) (2.53)  (1.63)  (15.31) -
== 1
1 .79 .90 * .07 .06
2 .62 13 » 0 .06
3 .57 .32 . .01 .06
P .61 .06 . 0 .05
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
11 .65 .32 0 .01 .14 Ao
12 . . Sk 0 .05 .31
13 . 12 0 .03 Al
Totals - 7.23 5. 64 0.52 0.28 -
Totals (resm) (1.67) (1.30) (0.30)  (0.40) -
e )
1 - - - . -
2 . - L ] L L
3 - . * L L]
4 » * " . »
5 . © o . .
6 v . . " .
7 v . - . .
b * .96 0 . .
9 . .97 0 . .28
10 . 79 0 . 0
11 . .91 0 . .03
12 * .37 0 . .06
13 L .Y il > —
Totale - .- 5.17 0 e as
Totels (rem) .- (1.19) 0 - P~



e
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Week F.B. F.B. Wrist F.B. ¥sekly Average
Hesk of Muwsber  Dosimeter  Mhole Body  Skin  Extremities _ Thyrold
(1-3) 1 .18 61 . 16 .08
(1-10) 2 1.58 1.87 * 1.01 .09
{1-17) 3 .35 . 69 * . 04 .39
(1-26) b .07 .19 * .04 13
(1-31) 5 .55 .26 * .05 L3
(2-7) 6 1.02 .27 0 14 .29
(2-14) 7 3.09 .83 0 L2 .21
(2-21) 8 &b .56 .36 .26 .29
(2-28) 9 .21 .21 0 .03 .35
(397) 10 25 1.21 0 .22 Jbb
(3-14) 1 .69 .94 0 &0 . 2
(3-21) 12 1 .39 0 .08 .69
(3-28) 13 * .21 9 07 28
Totals - 9.16 3.26 0.36 2.74 -
Totals (rem) (2.12) (2.13) (0.21) (3.95) -

o

LS "

1 .76 .68 . .14 .54

2 1.18 .39 » .22 .58
3 .22 .09 » .01 .87
‘ 1.08 .62 * .06 19
5 .83 J1 B Al .29
6 1.12 1.18 1.30 .29 .28
1 .99 .62 1.30 A4 .42
. .88 1.12 1.18 .25 .32
9 17 .37 0 .15 .37
10 .60 .22 0 .46 .24
11 1.26 .39 0 .06 31
12 .90 1.12 0 .08 .20
13 . —3 el 13 b2 .

Totals - 10.55 7.88 3.78 2.10 ..

Totals (rem) (2.44) (1.82) (2.18) (3.02)

/ oo [P

1 .78 83 " 29 .28
2 .93 26 * 19 .50
3 1.21 52 . 16 .56
4 81 47 - 13 .54
5 3% 47 * .08 .59
5 86 56 e .27 .38
7 7 .53 .43 19 .75
8 .89 .73 .3 .43 .80
9 .87 2.16 0 .32 1.00 (0.140 pc)
10 T4 .56 .55 14 .99
1 .80 .63 .24 .58 .60
12 1.00 1.04 0 A1 ,38
13 2 —2f - 10 )

Totals - 9.97 9.15 2.03 2.99 .e

Totals (rem) (2.30) (2.11) (1.17) (4.31) -



20d4 Quarter - 1966
1 1 0

KEY: Dosimeter; 1.0s231 mr. Skin; 1.0=577 mres. .
Whole Body; 1.0%23]1 mrem. Extremities; L.0wl440 arem.
Thyreid; 1.0=0.14 microcuries (ave. results of between 2 and 5 thyroid

counts par week)
- 0

Week r.B. r.B. Wrist F.B. Weekly Average
Meek of Bumber Dosimeter  Mhole Body  Skin  Extremities __ Thyreld
(4-4) 1 * » » - -
(4-11) 2 * . » - -
(‘_1‘) K} L * L - Ed
(4-25) 4 L L . . pe
(5-2) 5 . " . - * .
(5-9) 6 L . - * e
(5-16) 7 .29 26 * .08 .07
(5-23) 8 19 61 * .09 .06
Totale - 1.08 .17 17 -

-

1 » * . * »
2 o * . * 0
3 * . B © .
4 - v * * -
5 « v * . *
6 - A3 * 16 A7
7 .38 .87 * 4 1.75=(0.245 uc)
8 —i2 ~1.08 e 83 82
Totals - : 1.3 2.38 1.13 --
e
1 * * » * -
2 . 1.56 ¢ * .01 Lo ©
3 . .24 - 02 .01
o * 1.00 . 6 17
5 * 1. 14 " 42 .89
6 * .76 . .21 .50
7 . 54 . 68 L .15 .51
& —b? —t2f o -yl 232
Totals - 1.1s 5.94 1.17 -
.
1 - * . . »
2 » .22 * . +
3 . .65 * . *
4 » .16 " . -
5 * 78 * . .
6 3 22 . - *
7 - A5 . » 27
8 . 48 * » 13
Totals - 2.96 .o

*Ho dats reported




Week F.B. F.B. Wrist F.B. Uo'ouy Average
Hegk of  Number Dosimeter Whole Body  Skin Extremities Thyroid
(4-4) 1 * .69 * » .38
(4-11) 2 . .69 * * .38
(4-18) 3 * W4l * * .30
(4-25) B L + 65 . * .69
(5-2) 5 * .97 * . .35
(5-9) 6 * .79 * » T
(5-16) 7 &3 4B . . .60
(5-23) 8 A0 .87 $ 234 33
Totals - .53 5.75 L34 ae

e

;wé

1 - 1.41 * 2 .09
2 - 1.30 » .26 0
3 .69 1.17 * .10 T4
b 1.13 1.12 . 19 .70
5 1.11 1.10 - .19 4
6 1.05 1.41 * % N .51
7 .86 .95 - 16 % 1)
8 .57 L 74 * L7 .41
Totals - 5.46 9.20 1.49 -
o
1 - .87 * .20 *
2 - .79 " . *
3 . 1.02 * .08 >
4 * .93 * .07 »
) * .93 » .03 b
6 L .95 * .04 .29
7 * .92 * .03 .18
8 b 43 * .05 10
Totals - 6.84 +37 -
.‘-'u
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 J1
5 2.36 1.41 * .78 .50
6 1.48 .78 * .09 Jad
7 1.16 .90 - .62 .30
8 .81 1.12 * .36 .62
Totals - 14,04 8.9) 4.57 -
/o -
1 .35 .39 * 07 . 54
2 3 48 * .08 ok
k] 1.42 1.06 * .66 .62
4 .55 .56 w 12 .67
5 1.20 97 * 48 33
6. 1.70 1.95 * .98 .61
7 .82 1.08 * 37 1.59«(0.223 uc)
8 1.66 1.30 * .39 99

Totals 8.07 7.79 2,95



e

l‘u:ﬁ

Week F.B. F.B. Wrist F.B. Wéekly Average
Mesk of  Mumber Dosimeter Mhole Bedy  Skin  Extremities _ Thyrold
(4-4) 1 1.80 .87 » .30 .38
(4-11) 2 2.00 1.19 . 43 .21
(6-18) 3 2.15 1.5 » .69 42
(4-25) “ .59 .87 . .21 32
(5-2) 5 2.59 1.7 * 1.63 76
(5-9) 6 1.28 1.06 * .69 .93
(5-16) 7 b7 - * - 48
(5-23) a » “ . B *
Totals __— 10.68 7.51 3.95 -
‘I-a
1 .63 1.10 * .03 .08
2 78 94 » .03 .08
3 .68 1.56 A .20 .08
b .60 1.48 - .18 .34
5 .62 A48 » .06 1.35=(0.189 uc)
6 N 1.82 » .20 .62
7 .84 1.41 * .18 b5
8 ki 47 . .08 26
Totale 4.75 9.26 .96 ou
ey,
1 79 .85 * .21 .90
2 89 .82 . 26 1.38=(0.193 wuc)
3 29 .62 - 11 1.23=(0.172 wc)
4 58 .56 * A1 1.13-(0.158 wuc)
5 % { | .29 * .08 1.43=(0.200 uc)
6 46 .74 * 14 1.00=(0, 140 we)
7 57 .69 * 16 1.30%(0, 182 uc)
8 65 .87 * 24 96
. ﬁau [
Totals 4.35 5.44 1.27 oo
-‘9
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
3 1.07 1.34 * 1.02 .36
7 1.18 2.26 * . 64 51
e T —ld . k8 30
Totele 7.42 10.24 6.9 .o
Baws ! -
1 .87 B4 * .58 .26
2 1.02 .95 " .62 1.05#)0.147 uc)
3 .30 LA * .39 .76
4 1.5? 1.38 - .69 1.27=(0.178 wue)
] 95 . .24 1.23=(0.172 uc)
6 75 . .24 .83
7 | Y 1.52 L .55 .82
8 N 4 935 . 47 17

Totals - 7.1, 8.25 3.78



Totals -

Totals

Numbe r

NV W~

NV E W~

1
2
3
4
5
3
7
8

Name : ‘

Totals -

5

Totals -

NV E LN

ONOWVE WA

Dosimeter

.63
.63
1.15
.24
1.03

1.43
-
v

5.11

P e et e
>
o

F.B,
Whole Body

1.21

.74
1.17
1.00
1.41

.98

v N

"o
Lol
o -

LR I 2 O IR B O 2

LR 2 IR O 2 O

LA O IR B 2

'O’.'l’.‘

LR R I R

Lk

Wrist F.B. H;ckly Average
Extremities Thyroid
.60 .60
.34 32
«33 .58
.26 . 64
.55 .89
.42 . 64
.24 ) |
223 62
.27 .-
.98 . 54
.65 .28
.35 .60
.21 .66
.78 .84
b7 1
0 .60
25 .28
3.69 .-
13 .19
13 .18
.13 62
.18 .67
.08 1.07=(0.150 uc)
14 1
A4 . 66
.26 48
1.19 -
A9 .12
17 .18
. 24 .31
.28 .38
.26 .75
.26 57
.26 .56
.20 .35
1.86 -
.12 .36
.20 A8
45 .33
.18 46
A1 79
16 .61
* . bb
.60 .88



Weel F.B, F.B. Wrist F.B. Weekly Average
Week of  Number Dosimeter Whole Body Skin Extremities __ " yroid
(4-4) 1 1.12 A7 * Al .70
(4-11) 2 1. 14 .83 * .23 4k
(4-18) 3 .85 J1 * 17 .62
(4-25) “ .72 42 * Al 1.07=(0. 150 wuc)
(5-2) 5 .30 .56 * .04 1.04w(0.146 uc)
(5-9) 6 .33 1.03 43 .05 74
(5-16) 7 .25 72 b 20 .59
-2 8 . 3 . .13 46
Total 4,71 5.37 43 1.04 .-

léogtnntn' week of 5-23-66, 1.0w200 millirem for remainder of 1966. "Bank' balance
is depleted.



NUCLEAR CONSULTANTS CUORPORATION
BOX 8178, LAMPLAT FIELD + BT. LOUIS, MIBSOURI 83148 + 314 PErehing 9-8027

LABORATORIES IN ST LOUIS,
LOS ANOELES AND CLEVELAND
OFFICES IN MAJOR CITIES

Jumne 27, 10666

Mr. Edgar C, Ashley

Region III

DMvision of Campliance

U. 8, Atomio Energy Coumission
Oskbrook Professional Building ,
Oskbrook, Illinois

Doar Mr. Aehley:

Thank you for your patience in waiting for the urinalysis
date whioh is enclosed, The task of calibrating our inp-
strumentation was more tedious than I had expected in that
the oalibreations had to be performed during periods when
the machine was not in use for other health physics work,
The date has not as yet been transferred to the typewritten
Individual Summary sheets but is in & Monthly Su-wmary form,

1 I have also enclosed photocopies of our urinalysis procedures

: and oalibration faotors to assist you in evaluating the re-
sults, The Urinalysis Work Sheets for the month of January
ere 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 edditiomal information you require, please
ocontact me,

8incerely yours,

NUCLEAR CONSULTANTS
DIVISION MALLINCKRODT CHEMICAL WORKS

Yo S

Donaeld W, Boldan, Manager
Heslth Phyeios Departmen

DWS s HS
Emnclosures

. ”
Exvirr T

RADIOPHARMACEUTICALS ¢« RADIOISOTOPES « MEDICAL PHYSICS CONSULTATION « INDUSTRIAL RADIOISOTOPE APPLIC/TIONS

JUN 29 1966
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NUCLEAR CONSULTANTS
DIVISION MALLINCKRODI CHEMICAL WORKS

FRACTIONAL PERMISSIBLE BODY BURDEN

7 (Month, Year)
l

| _ﬁu—lﬂgi =99 P-22 _TOTAL
[ 03y | 3B () _o (b) 609
0 (1) l o (i) o
| .ota(uj_i A1) ‘ A7
ol¢) | oy .0/
71 Jé‘(Qi o) .25
| Lp50) 0 ) . 3
[ o _ow ' 0
05C1) | .06G) 3 xi
1& AG0) ) - 27(b) 2
G520 1 . 03
| 050y W) .22
L .09(1) | _0 () ,09
b () |0 (1) vz ;
23 () | 10)  22b) el e
b Lo ()| ax) , R4
L0 | -0k) 0L
| L030) | Be) 37
| JA50)_od) 15
| L04a() ! L0kC1) 10

|

818 Method:
1) Gross Gomma (all epergies > 10 Kev) Reviewed by:
2) Gross Gamma (all energies > 660 Kev)

3) Gross Gamma (all emergies > 1 mev) 1 )
) Grows cum Gk swerciwe 1 wen) DU DOl
8

6) Oross Beta (imoluding E=40)
¢) Bpeeifie Betea (ohemiocal separstion) '
|+ ’ ‘




NUCLEAR CONSULTANTS
DIVISION MALLINCKRODI CHEMICAL WORKS

FRACTIONAL PERMISSIBLE BODY BURDEN

Q1M’J /géb
"7 {Month, Yoar)

I

- Lu-198 ;F‘Z-‘f’—r] TOTAL
0 (1) | 223€0)" .23
..oaégg o (1) .04
L0 (1) , o (1) . 08
0o (1) " ..bd-(n) . A4
L0101 (1) | . 40(1) .4l
L0301) | A> ) R b
Lol ¢) | o (1) . 0/
0G) | .0b(1) L 0b
010 | 0 C) - . 0/
01 () o) " - 01
020) | _0C) 0z
Lol )y |0 (1) ' 12

02 ()01 YT R

|

Analysis Method:
(1) Gross Gamma (all energies > 10 Kev) Roviewed by

(2) Gross Gamma (all energies > 660 Kev)

(3) Groes Gemma (all energies ) 1 mev) ‘ WW :
(4) Bpeoific Gema (single ohannel amalyser) o

é ; Gross Beta (imoluding K=40)
6) Bpesific Beta (ohemiocal separstion)

]

’



NUCLEAR CONSULTANTS
DIVISION MALLINCKRODT CHEMICAL WORKE

FRACTIONAL PERMISSIBLE BODY BURDEN
(lagkh, Year)
l

P8 | Fe-59 P32 TOTAL
/2C1) |+ 0(2) o/ 2
QbC) | 00(2) ] 2

_ .14 0) 0@ U3k . 14

1 20 G) | o (2) B0
| 420! )1 ¢2) . 53
] 05() .29 () 34
| )| il 2ue) 47
| 2500 _0(2) 25
0701) | _17(Z : 24
eI RIS, .24
07C) | 0(2) 07
25| 00 L 0bb) . Dl

b () | 23 .29
()| _00) O
q2 (1) al(2) . A D
18¢1) | o) - 18
A3(1) 0(2) .
L090) | 223(2) 53
A1 C) L o 2(2) 4

Apalysis Method:
(1) Gross Gamsa (all energies > 10 Kev) Reviewed by
(2) Gross Gemma (all energies > 660 Kev)

(3) Gross Gemma (all energies > 1 mev)

(5; Gross Beta (imeluding E~40)
Specifio Beta (ohemical separation)

|
|

(4) Bpeoifio Geuma (single channsl apalyser) WW‘

A\ g



NUCLEAR CONSULTANTS
DIVISION MALLINCKRODT CHEMICAL VORKS

FRACTIONAL PERMISSIBLE BODY BURDEN

Al , / S4e
(Month, Year)

Lo—142 | Fe-<# -3, TOTAL
o(1) | 28c2) - 28
o) | 14(2) . 14
08(1) | _.22(2) | 20
.2720) | _0 (2)- , 27
0() | _o (2) o
49(1) | _o (1) . 49
J50) | _0(2) .14(C) . 15
(1) | 0(2) - /0
05(1) | 2p(2) -
J720) L 02(2) i
080G) | _0 (2) . 08
2901) | _0 (2) . R
0(1) |.02(z) . O
02(1) | &l (2) 23
230) | L ]d(2) . A7
0(1) 1 0(2) e IO
2s0) | _0(2) RS

Apalysis Method:
(1) Gross Gamma (all emergies > 10 Kev) ~ Reviewed by

(2) Gross Gamma (all energies > 660 Kev)

(3) Gross Gemma (all energies > 1 mev) m
(4) Speoifio Gemma (single oh-imllznlyur) W('Vf {

(5; Gross Beta (imeluding K-40)
(6) Bpeeific Beta {(ohemical separatios) '
IR i
- 3 |
» i |

Fxk



NUCLEAR CONSULTARTS
DIVISION MALLINCKRODT CHEMICAL YORKS

FRACTIONAL PERNISSIBLE BODY BURDEN
S At , ) Do

(onth, Yeur )
 punggs | Fesg _Friz -
Jacn)| o(2) i B
47(1) | <11 (2) L 28
o ()| »(2) : N
22.(1) | 0 (2) B
43 0) | o (2) .43
L) _0 @ _08(k) A T4
AL () | %) . b8
04C) | 6(*) o4
k(1) | -2302) 29
J7)_0 ) olle) 18 Al
I 0 ()1 _0 () 0
4{ 0 (c)_;z;?{;(l) 4
L0720 .09 I
' 0 () | o (2) 10
Sl | o (3) . 50

Analysis Method:
(1) Gross Gume (sll energies > 10 Kev) Reviewed by:

(2) Gross Gamma (sll energies > 660 Kev)

(3) Gross Gemme (a1l energies > 1 mov ) W _e&[

(4; Bpecifio Gemna (single ohannel analyser) 7 ~7
' (

éb Gross Beta (imoluding K~40)
§) Bpeeifie Beta (ohemicel separation) .
|



NUCLEAR CONSULTANTS

DIVISION MALLINCKRODT CHEMICAL WORKS

FRACTIONAL PERMISSIBLE BODY BURDEN

Februanag ) /9

(Month, Year)
{

NAME ﬂu’/ﬁf: 45 L=t 3/ 22. " TOTAL
o (1) ‘ 5 (2) 55

o(1) | _1072) o7

191 | 0C2) 4

L030) , 0(2) 03

US() | . 08(2) 23

25(1) | -2/ (2) L03(b) .57

4201)  _00) 42
,27C1) | _0(2) 27

n22(2) .RIC4) 43

o(1) |.%55(2) 35

o) J3(2) 1D

oGl _o(2) :

0L(1) o(2) Ol

0 (1) 0(2) o
0 () A2 ‘ -

04-(1) A (2) _. 26

4%(/,[ 0 (2) o

0701 0 (Z) /7

RTveis Nothods
(1) Gross Gamma (a1l energies > 10 Kev) Reviewed by

(2) Gross Gemma (all energies > 660 Kev)
(3) Gross Gemma (all snergies 1 mev )
(4) Bpeocifio Gauma (single channel anelyser)

Eb) Gross Beta (imoluding E=40)
é) Bpeoifie Bets (ohemiocal separation)
, : vy ioned

|
'

| .

» | \ ' L

PvrSechan



NUCLEAR CONSULTANTS
DIVISION MALLINCKRODT CHEMICAL WORKS

FPRACTIONAL PERMISSIBLE BODY BURDEN

e fsrcarcy 1966

(Month, Year))
bu198  Re-59 _ ' TOTAL
o (1) _0(z) e
25@) | _0(2) 23
¢ (1) | L2(2) - .77
0 () | 22(2) . 22
A ()" , Y,
|
"
| -1
Anslyeis Method: ‘.
(1) Gross Gamms (sll energies > 10 Kev) Reviewed by:

(2)
(3)
(4)
(5)
6)

Grose Gamma (all energies > 660 Kev)

Groes Gamma (all snergies > 1 mev) J%M
Gpeoifio Cemma (single ohannel analyser) 2 : A7
Gross Beta (inoluding K-40)

Bpeoific Beta (ochemioal separation)




NUCLEAR CONSULTANTS
DIVISION MALLINCK:ODE CHEMICAL WORKS

FPRACTIONAL PERMISSIDLE BODY BURDEN

J ey [19¢6
{Month, YeAr)

| ¥e-57 v
Lu—# | Ma=T) =13 F-32 TOTAL
0 (1) | -24(2) | 24
o(g_i 0 (2) o
.07(Q§,ﬂz(4i : 09
4601) | Do (2) 48
'3)’%/)! 22(2)’ 52
25C1) | /2 (2) 2
e
87(1) | FBL(2) N &
23(1) 1 0 (2) 2%
n | p(2) _o7(4) o(6) .27
L% () P(AL_' bS
B() | o(2) 50
Ad90) 1 .j0(2) - A9
Qb (1) | _0(2) 0L
070) 0(2) o7
05(1) | o0(2) N ]
23(1)| - 292 52
401) | L[z 45
0401) o0(2) 04
Lo (1) . 0a(2) 14
Method: P
(1) Gross Gomma (all energies > 10 Kev ) " Reviewed by:

Ezg Gross Gemma (all energies ) 660 Kev) /()

3) Gross Gemme (all energies > 1 mev) }%

(4) Bpeocifioc Gums (single obannel anelyser) 1//1 : /d/"/'?
25 Gross Beta (imoluding K=40) T \ C
Bpecifie Bets (ohemical separation)

|
AELE A

¢



NUCLEAR CONSULTANTS

DIVISION MALLINCKRODT CHEMICAL YDRKS

FRACTIONAL PERMISSIBLE BODY BURDEN

J—[lft(/.l.f-‘r\" /22‘_/_-
(Month, Year
" Be—198| Mo=99 L1341 ' F-32  _rome
05 (1) o0 (2) 05
g7 Q) _o(2) /7
o ()| o0(2) 7
|
:
|
|
Zale
™,

Axalysis Method:

(1) Gross Goamma (all energies > 10 Kev)

(2) Gross Gamma (all energies » 660 Kev)

(3) Groes Gemme (all energies > 1 mev)

(4) Bpeoifio Gemna (single ohennel apalyser)

(6) Gross Beta (imoluding K=40)

(6) Bpesifie Beta {havical separatiuvam)

¥

Reviewed by

)
)
i
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NUCLEAR CONSULTANTS
. DIVISION MALLINCKRODT CHEMICAL WORKS

URINALYSIS PROCEDURES, DISCUSSIONS AND CALCULATIONS

The maximum permissible burden in the total body of gemmas emitting isotopes is
determined by means of the following biologiosl and related phyeioal oconstants,
assumptions and ocaloulations:

Beo EXCERPTS FROM REPORT OF COMMITTEE II ON PERMISSIBLE
DOSE FOR INTERNAL RADIATION (1969)

-~

The water balance of the standard man

Intake (on®/day) . Exoretion (om®/day)
Foods 1000 Urine 1400
Fluids 1200 Sweat 600
Sub total 2200 Feces 200
Oxidation 300 Sub totsl 2200
Total TE00 Froam Lungs 300
Total Z800

P afy /(1-6"") a (u)

For chronio exposure, the following sssumptions hold for equilibrium conditions
of uptake and elimination fram the oritical orgem:

ty)T ’
8 = 2,200 £, on®/day

Mu MPCrine

f23 fww 1

MPC, = Q)N/B

MPO, w quo x 693 x 2,22 x 10° dpm/uo w 700 ¢/Ty dpm/ml
T, days 2.2 x 10° on®/day

Sample MPC, Caloulation:
qo(ue) T, (days) wrey, (dpm/ml)
Ip-66 6L 933 ' 46
MPOy = 700 qo/Ty

z 700 x 60 , 46 dpu/ml
958



U/

()

Urinaiysis Prooedures, Discussions and Caloulationg--Page 2

The ratio M, /MPC, appears on the Fractional Permissible Body Burden forms under the
listed isotopes, The sotivity concentrations in the urine sample may be obtained
by multiplying thess values by the appropriate MPCy.

Wn‘mu=“ud‘"‘/‘l

In the oaso where there ‘s & mixture of more than one rsdionuclide in the urine, and
the identity end concentration ”r/ndiomondo is known, the limiting value may be
obtained as follows; esach

If radionuclides A, B, and C are present in ooncentrations M, M, and M, and ir
the applicable MPC's are MPC_, MPCp, snd MPC,, respectively, then the concentra«
tions should be limited so tﬂnt the following relationship exists:

Wl+Wb*Wo s 1.0

OR the sum of the fraotional permiseible body burdens on the Urinalysis
Report should be less than unity,

Ip sccordance with the provisions of Part II, Basic Btandards of Maximum Permissible
Internal Exposure im the 1969 Intermstional Commission on Rediologiosl Proteotion,
values in exoess of umity are to be expeoted and are permissible over short intervals

as long as quarterly limits ere not exoeeded,



NUCLEAR CONSULTANTS DIVISION
MALLINCKRODT CHEMICAL WORKS

MAXIMUM PERMISSIBLE URINE CONCENTRATIONS AND
LIMITING COUNT RATES FOR GROSS GAMMA DETERMINATIONS

1SOTOPE *E(opm/dpm ) g (uo) T, (days) MPC, (dpm/ml) L (cpm/ml)
E>10 Kev

1-125 0,318 = 3 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 © B0 7 6,000 1,365
1-131 0.273 0.7 7 ‘ 70 se 19
Au-198 0,247 30 120 176 43

E > 650 Kev

Mo- 0,049 B 3 1,120 65
E>1 Mev

Feo- 0,043 20 800 17,6 0.76
Zo-66 0.040 60 933 45 1.8
Co=60 0.074 10 9.5 786 65

Where g, (uc) « permiseible body burden
T, (days) = bioclogioal half life
MPC, (dpm/ml) = meximum permissible ooncentration im urine

L (opm/ml) « limiting oount rate

E (opm/dpm) w efficiency :
.MPCy ® Qo uo X 0,693/Ty, days x 2,22 x 10fdpm/uc = 700 qo/Tp dpm/ml

2,2 x 10°ml/day
L « MPCy dpm/ml x E opr/dpm » MPC, E opm/ml

vEfficiency for & 10 milliliter sample in & 9/16" Lusteroid tube
in the well orystal,

es]lf pno thyroid measurement is performed, this is the limiting count
rate, If the iodime is in a form not taken up by the thyroid gland,
as demonstrated by thyroid messurement, the limit 4s 13,650 opa per

10 milliliter semple, i



D ! NUCLEAR CONSULTANTS
DIVISION MALLINCKRODT CHEMICAL Y/ORKS

MAXIMUM PERMISSIBLE URINE CONCENTRATIONS AND
G COUNT RATES FOR BETA DETERMINATIONS

180TOPE *E(opm/dpm ) 9o (ue) p 8 (days) MPC, (dpm/ml) L (opm/ml)

P32 *,20 6 267 16,3 3.3
P32 e, 16 © 267 16,3 2.6
8-36 ., 07 90 90 700 49

e0One ml sample freese dried on 13" ss planchet

esThirty ml aliquot, Phosphorous removed sas magnesium ammonium
1 phosphate,
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NUCLEAR CONSULTANTS DIVISION
MALLINCKRODI CHEMICAL WORKS

URINALYSIS REQUIRENENTS AND PROCEDURES

Urinalysis Requirements

Urinalyses are required of all personnel whose work functions are such that an
uptake of radioactive materisls is likely, Production chemists and techniocians
and dispensing techniciane are inoluded in this ocstagory, Those personnel who
are issusd weekly film badges should have urinalysis performed on & monthly
basis., PFersonnel issued monthly film badges should have & urinalysis on at
lesst a quarterly besis, A P-32 determimation is required of produotiom chem=
ists or teehmioians workimg with relatively lerge quentities of this isotope,

Urinalysis Prooedures

l, Gross Gamma Urinalyses. A gross gamma urinalyses is performed by obtaining

& gross couat rate on all gumme emitters, Two separate sets of data are required
for the gross gamma determination, A count is taken on a 10 milliliter aliquot
in a sointillation well orystal used in conjunotion with a radiation analyzer

sot to record all gamme energies in excess of 10 Kev, This setting includes all
gamme emitters currently im use, A seoond set of date is taken with the analyzer
set to aoccept all energiee groater than 650 Kev, This setting includes the fol-
lowing isotopes: Co-60, Fe-59, Zn-65, and Mo=-99, The limiting count rates for
these isotopes are considerably lower than for lower energy isctopes such as
I1-131, Hg=203, Au-198, eto,, and therafore require a eseparate gross ganma eanaly-
sis, If the limiting count rate at the 650 Kev level is sxceeded, & third ocount
at onergies greater than 1 Mev is required to e-3lude the presence of Zn-65 and
Fe-59, If the limiting count rates on amy of these gross gamma analyses are ex-
ceeded, a specifio gamma urinalysis will be required for the limiting isotopes,

2. Specific Gamme Urinalyses, Specifio gemma analyses are performed on the
same 10 milliliter aliquot by setting vhe analyzer to straddle the photopeaks
of the limiting isotopes in the preceding two oatagories, If the count rates
80 obtaised are within 10 per oent of the pormissible limits, an entry of zero
will be recorded 6n the Freotional Permissible Body Burden reports,

3, Gross Beta Determinations, Gross beta determinations will not normally be
performed in that all isotopes in curremt use,with the e.ception of P-32 aud
§-35, hive gamma emission associated with them and will be included in the
gamma determirations, Of these two isotopes, the permissible body burden

and relative quantities of emotivity handled ere such that a determipation for
B-35 is not necessary,

4, Specific Beta (Chemical Separation), P=32 is chemically separated from
all other isotopes by precipitation as magnesium smmonium phosphate in & 30
milliliter aliquot of urine, The preocipitate is collected on a filter, waehed
and dried, end eanalysed in a beta deteotor,




NUCLEAR CONSULTANTS
DIVISION MALLINCKRODT CHEMICAL WORKS

URINALYSIS PROCEDURE

The new scaler in ourrent use may be set to obtain a direot read out in disip-
tegrations per minute ms follows:

Preset a oounting time equal to the reciproocal of the efficienoy, Determine
the baockground oount on & 10 ml aliquot of tap water for this time, Enter this
pumber in the background subtraot seotion of the socaler, Obtain the net oount
on & 10 ml urine sample., The oount so obtained is mumerioally equal to the dis-
integration rate in the total sample, Divide this rate by the volume to obtainm
the sotivity concenvrstion, This concentration divided by the maximun permise
sible oconcentretion is the value entered om the Fraotiomal Permiseible Body
Burden Report form,

(¢) =« mumber of ocounts

(m) =« counting time in minutes

(opm/dpm ) w efficiency

(dpm ) w disintegration rate

(ml) « volume

(epm ) = ocount rate

dpm/ml ) s disintegration rate per unit volume
(

D<ol e=

dpm/ml) ¢ maximuw permissible conocentration
Freotional Permissible Body Burden

=i
-~

Ddpme No x L/Eepm o Nx 1/E dpm
tm dpm %

Where ¢ = 1/‘

D dpm = N dpm

I“dpn/lllndgl-;%

Where V « 10
N%l 01 ‘%
FPBE » M/MPC, = o1 NAMPC,
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NUCLEAR CONSULTANTS DIVISION

MALLINCKRODT CHEMICAL VORKS 4.0%
Y
URINALYSIS WORK SHEET ,/ﬁ
SAMPLE TOTAL = TIME  GROSS NET 0,90 ANALYSIS DL
RALE VOLUME COUNTS (MINS) CPM_ CPM DEV, E 1SO(MET ) ML

FORMED BY

W0nd 5200 b9 463 0 |5 247 Ru-48()) © = Sa-
W L8l Y o 14 1 1 ' o 5,7
i b9s dbo o 13 1 o * SO
(41 497 28 IS | - < 6.1

A7 7 7 ]9 g4 = 7.7

5.2 Lol 130 I8 5= 7.7

5.51 s& J07 7 4a £ (.9

3.78 B84L %35 2S5 S GEE A

| 521 bie 43 18 I S+ 7.2

| 233 1273 92 4 it 0.2

418 WS 294 22 g = 89
5 79 846 3B 25 | 5 = °2
S <55 €4 b 24 L5

L 44 49, 25 & geaz 77

\ L35 3 %2 IS | 12 = b
(.S A9 Q0 14 ‘ 1 Qix 51
5 557 572 i 17 | | Al (-9
| 508 (17 Wb I8 | 7= 13

1 (.52 485 18 14 7= 5-1¢

¥ 4 b2e 524 15 _y v ez bl

P Sp bt -

[ZWED BY

DATE
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NUCLEAR CONSULTANTS DIVISION X
+ MALLINCKROOT CHEMICAL VORKS

URINALYSIS WORK SHEET

SAMPLE ~TOTAL TIME GROSS NET 0,90 ANALYSIS Drid
NALE VOLUME COUNTS (MINS) CPM CPM DBV, E  ISO(MET) ML
Onl 3200 (52 49 gox b 247 ARI) g 1+ 57
« T+ BE& a4 73t ‘ 0 & (.5
. « [LE8 Hs o0+i3 » » O+ S 4
& %_&mf?&? 47/ 0% U4 - ) O+ 5.7
“ 00 3.2 I P02 52 049 Fine o2 Ls
M o, 585 L7422 H0L | g dqd.H3t 7.3
| L9 235 0220 | _ | oz
29 25502+%5 | i' 041 b7
b9 251 0%%0 | © = |

588 272 1.9%35 |

ifl Mt Lisde | R2%(9
T
[
{

LS Aol « (42 L g

1’ b.24- 252 0% %% ¢ 7

J bd Q4.2 0+ 2 J © * b3

1’ 75 237 0% )| ( 1 O * (3

f (b3 241 022 ‘ o* (. 3

1 | bdX 20.20.9%%4- J (82 L9

L b 237 0% 2 ! 0of L

1 L9 239 0% 2. | o% ¢ 3
v v b 240 02 A1 o L ot L. 3

c e DATE /=& —CC

DATE *




NUCLEAR CONSULTANTS DIVISION
MALLINCKRODT CHEMICAL VORKS

URINALYSIS WORK SHEET

SAMPLE TOTAL TIME GROSS NET 0,90 ANALYSIS DrL
VOLUME COUNTS (MINS) CPM_ CPM DGV, E 1SO(MET ) 1L

" , E 7 o=
0ad _Jo 5.15 279 233,84 099 cakfs) S > ].3

Lo 263 (ot 4 ol 02 (

.54 253 0 233 0 % 6.7
| | b22 257 04335 0.5% ¢.7
1 LT 235 o *5 o = 0.3
[ J.00 229 0230 Ct 6.
Y % .As 249 032 Y Lot bs

2l 20 00 b5 0355 045 Pr2ly) 0% 04
J;”"“C 27] ” b2 o0+*A 1 0I5 “ O 0.7
WL
Wl |5 25 75 O.tgf./u Tm(4) ©+3E= |
4 m‘% 5F MO tYis  » v A4 4 TG

FORMED BY Jg%{% DATE /=l =CC

{EWED BY DATE
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Designation
Now = 014
A (1)
B (2)°
c (3)
D (4)
E (5)
F (6)
G (7)
H (Dpisp)
1 (8)
J (11)
K (14)
L (18)
M -
N
0
P
-
R
8
T
U
v
"
x
Y
z

INTERMITTENT AIR BAIPLING STATIONS
mlcrigtion

Jodine capsule hood

lodine dispensing hood
Iodine production hood
Moly production hood
Meroury production hou i
Gold production hood
‘;‘oohmti\n production hood
Dispensing laboratory

Drug snd waste storage room
lab cold air return
Capsule sorting room (bsmt)
Cobalt room (bsmt)

Sterile room

- 2
E xHiB:17 3'- /

ey ——



C O
CONTINUOUS AIR SAMPLE STATIONS

Designation Desoription
Yew  0i¢

i (13) lodine stack

2 Production steok
3 Dispensing stack
4 -

5

6 Enviromental

. .

g Epvirormental

9
10 Envirommental
11 Enviromental

12 (17) Auxiliary air supply
13 (18) Makeup air supply
14
16
16
17
18
19 =

20

2l

2e

23

24

26

26

Bamples 1-26 are through roof menifold,

"
Fewierr J-

/"

-2
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Desigmtion
ew o

21 (9)

22 (10)7
29 (12)

80 (16)

5

O &

CONTINUOUS AIR SAMPLL STATIONS (oont'd)

Deserivvicy

Basement cold eir return
Steirwell cold air return
Office oold air return
Cambustion air supply
Furnaoce room

L1
ExmiBrr I-%

& T T MG e
C

g

- — -~ W . - ——— -




'Grab" Air Ssmple Data for Period 12-3-65 thru 2-15-66

Most Likely Concentration
pPate of Sample Location of Sample Contaminate (uc/ml)
12-3-65 Dispensing Mixed 3.72x10 3
12-6- 65 Dispensing Mixed 6.40x10 L9
12-7-65 Cepsule Sorter 1-131 1.80x10° -9
12-15-65 Production Lab. Mixed 5 80x10 .8
12-24-65 *1-131 Btack 1-131 4, 60x10° .9
12-29-65 Tagging I-131 11.60x10 9
12-29-65 Production Lab. Mixed 7.88x10° .9
1-5-66 Storeroom Mixed 8.10x10" .9
1-5-66 Tagging =131 5.71x10° L9
1-6- 66 Pispensing Mixed 4.40x10° .11
1-11-66 Capsule Sorter . 1-131 2.10x10 .9
1-19-66 Production Lab. Mixed 2.60x10° .9
1-25-66 Quality Comtrol Mixed 1.90x10 .9
1-31-66 Dispensing (near sink) Mixed 2. 60:10 1
2-3-66 *]1-131 Steck 1-131 . W 06:10
2-4- 66 Storeroom Mixed 1. 23;10
2-7-66 Tagging I1-131 O(Llluya
2-8-66 Production (near Mo-99 Hood) Mo-99 7. 90;10
2-9-66 Tagging l-*”/zm 4.10x10° 9
2-10-66 Product (near Hg Hood) 3. 60:10
2-15-66 1-131 1-131 1. 90:10

#1-13] Stack considered ‘unrestricted ' during tnis period.



Continuous Air Sumple Dats (normally 24 hour collection)

*Four ‘unrestricted ' roof arva Sample Stations,

4-21/4-22 4-22/4-23
Sample "Base’ "1-131 peak” "Base ' "1-131 peak
Station (uc/ml) (uc/ml) (uc/ml) (uc/mi)
1 314.66x107 10 31.46x1077 45.50x10’ 5 4.86x10" )
2 1478.39x10] 0 14.68x10 g 72.50x10_ ¢ 3.67x10_ g
3 117.30x10], 0 7.74x10] 16.36x10_ | 4.27x10 | o
% 7.73x10_ ;0 11.45x10] 0 44.00x10” | 0 5.96x10] | o
8% 13.39x10_1° 7.04x10_, 0 27.70x10_, o 4.60x10_, .
10w 10.90x107, ) 6.07x10_ ;¢ 23.30x10] | o 3.98x10
11* 12.97x10_ 10 66.97)(10_9 15.90:10_9 3.77:10.9
12 53.96x10_ 10 3.70::10_9 l9.80x10_9 2.29)s1()_9
13 16.20x10] ;0 0.56x10_ 1.70x10] ¢ 0.46x10_ g
27 (est) 68.00:10.10 8.89:10_9 6.96x10.9 1.89x10_9
28 (est) 5.00x107 0 4.39x107 4.12x107 1.40x10_ g
29 (est) 87.00x10, 4.B3x107 10.00x10” ¢ 1.08x10_
30 (est) 10.00x10 0.91x10 3.60x10 0.94x10
Programed ' In-Plan: Air Sample Data
4-19/6-22 4-22/6~23
Sample TBase “1-131 pesk ' "Base "1-131 peak '
Station (uc/ml) {uc/nl) (uc/ml) (uc/ml)
A 62.32x10] ) 59.69x10" ) 26.60x10" ) 14.80x10” )
B 57.10x10] ¢ 56.89x10_ ¢ 21.80x10_ ¢ 9.95%10_ g
¢ 129.21x10_ g 1643210 ¢ 25.50x10_ ¢ 11.80x10_ g
D 46.61x10_ g 39.39x10_ o 63.10x10_ ¢ 6.94x10”
3 36.48x10] 37.00x10_ g 62.60x10_ 5.79x10” g
¥ 42.82x10_ g 32.09x10_ g 64, 50x10” o 6.17x10_ g
4 38.33x10” ¢ 25.91x10_ 52.40x10” ¢ 5.79x10_
H 32.75%10 g 21.69x10] g 45.60x10 g 8.75x107 ¢
1 68.84x10_ ¢ 52.06x10] 50.60x10_ ¢ 17.30x10_ g
J 26.37:10_9 25.91x10_9 34.60x10_ 6.26:10.9
X 25.98x10 g 27.06x10_ g 18.20x10 g 12.60x10_ g
L 24.66x10 17.82x10 17.70x10 2.80x10



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

Most Likely Concentration
Dete of Sample Location of Saample Contaminate {uc/ml)
12-3-65 epensing Mixed 3. 72:10::
12-6-65 Dispensing Mixed 6.60110_9
12-7-65 Capsule Sorter 1-131 1.80x10 o
12-15-65 Production Lab. Mixed 5.80x10_g
12-24-65 *1-131 Btack I-131 6.60310.9
12-29-65 Tagging 1-131 11.60:10.9
12-29-65 Production Lab, Mixed 7.88;{10_9
1-5-66 Storercom Mixed 8.10x10_ 9
1-5-66 Tagging 1-131 5.71)(10_9
1-6-66 Dispensing Mixed 4.40x10_ 11
1-11-66 Capsule Sorter . I-131 2.10a10.9
1-19-66 Production Lab. Mixed 2.60x10_¢
1-25-66 Quality Control Mixed 1.90110_9
1-31-66 Dispensing (near sink) Mixed 2.405:10_u
2-3-66 *]-131 Steck I-131 5.06x10_¢
2-4- 66 Storeroom Mixed 1.23x10
2-7-66 Tagging I-131 O(z.llgqa
2-8-66 Production (near Mo-99 Hood) Mo-99 7.90:10_9
2-9-66 Tagging 1- ;3)/203 6.10:10_9
2-10-66 Product (near Hg Hood) Hg Se 60:10_9
2-15-66 I-431 1-131 1.90x10

%*1-13]1 Stack considered "unrestricted ' during this period.



