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lnspection Findings (continued)

10 CFR 20,201 - "Surveys"

(b)

(b)

in that no air surveys were performed in the Building 300
dispensing laboratory during the period January 11 and May 10,
1971 to determine compliance with 10 CFR 20.103(a). (See
paragraph 33 of report details.)

in that radietion level surveys were inadequate outside of
Building 100 during Jahuary, 1971 to determine compliance
with 10 CFR 20.105(b)(2), (See paragraph 17 of report details.)
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DETAILS

GENERAL INFORMATION

9.

10,

11,

12,

13,

14,

This was an announced reinspection of this byproduct material program cone
ducted on May 10-14, 1971, Mr. Donald Soldan, Radiation Safety Officer,6 was
notified of this forthcoming inspection on May 3, 1971,

The office of Dr. E, A, Fulgrabe, State of Missouri Department of Health,
was notified of this forthcoming inspegtion on May 4, 1971, The inspector
was unaccompanied,

The following licensee personnel were interviewed and supplied the informa-
tion contained in this report:

Mr, Norman E, Drissell, Director of Operations

Mr. Donald W, Soldan, Supervisor, Radiological Protection
Department; Radiation Safety Officer;
Chairman, Radiation Safety Committee

Mr. Ralph Nuelle, Group Leader, Environmental Radiation Control
Section, Radiological Protection Department

Mr. Warren Fadling, Croup Leader, Intrafacility Exposure Control
Section, Radiological Protection Department

Mr, Arthur L, Sheller, Assistant Manager, Quality Control
Department

Mrs. Patricia Murphy, Technician, Quality Control Department

In addition to those persons listed above, various other individuals were
intarviewed during visits to various parts of the licensee's facilities

and discuseions regarding the licensee's program, All information contained
in this report i{g presented in substance unless otherwise indicated,
Reinspection No, 18 of this byproduct material nrogram was conducted on
October 20-23, 1970, Nine items of noncomplian.. were noted as a result of
that inspection,

Reinspection No, 19 of this byproduct material program was conducted on
May 10-14, 1971, and is the subject of this report.

Reinspection No, 19 was limited primarily to e review of the following
items:

a. Previous items of noncompliance and corrective actions,
. Organization and administrative control,

¢. New facilities.

d., Radioactive waste handling,

e. Stack and weter effluents,

f. Personnel monitoring and report of overexposure,

g. Contaminated shipment complaint,

h. Independent measurements,

i. Management discussion,
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Ci AND CO T ACT

15. As 8 result of the last inspection, the licensee received communication
from the Commission in a letter dated December 22, 1970, spelling out each
of the items of noncompliance noted. The licensee responded to this corres-
pondence indicating their corrective actions in a letter to the Commission
dated January 11, 1970, Additionally, the Commission corresponded with the
licensee in a letter dated February 1, 1971, offering comments regarding
the licensee's January 11, 1971 letter.

16. Bach of the items of noncomplisnce notdd during the last inspection and the
licensee's corrective actions as noted during this inspection are discussed
below,

17. a. The levels of radiation existing from April 11 to May 11, 1970, in
the unrestricted area on the roof of the building located across a
driveway north of the company's facilities were such that ar individual
continuously present {n the area could have received a radiation dose
in excess of 100 millirems in any seven consecutive days, contrary to
10 CFR 20,105(b), "Permissible levels of radiation in unrestricted areas."

As part of the Commission's independent measurements program, the TLD
station located on the roof area mentioned above showed a measurement
during the 30-day pe.iod be’ween April 11 and May 11, 1970, & total of

536 millirads which wa eq.ivalent to 0.75 miilirad per hour continuous

for the entire 30-day pe..od. Two contributing factors appear to have

lead to these radiation levels, These factors were the handling and
storage of high level solid active waste in an area in the immediate
vicinity of the TLD station and the air handling filter banks which

serve the hot cell facility which are also directly across from the TLD
station, Following the period of April 11 to May 11, 1970, the radia-

tion levels did not exceed the limits as prescribed in 10 CFR 20.105(b)(2)
until the period of December 29, 1970 to February 6, 1971, During this
latest period, the TLD results on the unrestricted roof area across

from the licensee's facility showed a total of 1212 millirads which

again constitutes noncompliance with 10 &g! 20,105‘b§‘2) in that

radiation levels on the roof of the building across from the licensee's
property line located in an unrestricted area were such that if an
individual were continuously present in the area, he could receive a

dose in excess of 100 mr in any seven consecutive days, A copy of the

TLD results for the period Jenuary 9, 1970 through March 16, 1971 are
attached to this report as Exhibit A, For their own information, the
licensee began their own TLD measurements on the subject roof area
beginning on December 28, 1970, For the period of December 28, 1970
through February 8, 1971, the licensee's TLD data shows a total of 1180
millirads which compares with the independent measurements program TLD
data of 1212 millirad for the same period. The licensee's TLD data is
broken down into weekly periods and shows that during the week of January &4
te 11 a total of 510 millirads was measured and for the week of January 11
through January 18, a total of 560 millirads was measured. During this
inspection, the licensee advised that there was no known unusual occurrence
during the week of January & which they could contribute to the 510 millirad
reading, Therefore, the failure to perform adequate radiation level surveys
outside Building 100 to determine compliance with 10 CFR 20,105(b)(2)
constitutes noncomplisnce with 10 CFR 20,201(b). However, during the

week of January 11 an unusual reaction occurred in the hot cell involving

molybdenum 99 processing which released a large quantity of molybdenum 99
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which was caught on the absolute filters on the roof of the hot cell,
Initial readings of the filter banks from the molybdenum 99 occurrence
showed 1 r/hr at the surface of the housing, The absolute filter
involving the molybdenum 99 occurrence was changed and the licensee's
TLD data for the week of January 18 to 25 showed a total of 25 millirad,
A summary of the licensee's TLD results for the period January 4, 1971
through the week starting April 26, 1971, i{s attached to this report

as Exhibit B. As a result of the excessive radiation levels in
unrestricted areas, the licensee moved his radicactive waste handling
and storage from the north side of Building 100 te a new building,

No, 400, This move took place betWween February 15 and March 15, 1971,
This change will be discussed further in the section entitled RADIOACTIVE
WASTE HANDLING, In addition, the licensee has just completed plans and
is about to begin an extensive roof modification on the top of Building
100 which will include changing the air handling system of the hot cell
and will include lead shielding on the north side of tne filter banks.
This modification is expected to be completed sometime during the

Summer of 1971.

Contrary to 10 CFR 20.201(b), "Surveys,' adequate surveys were not made
to determine compliance with 10 CFR 20,203(b) with respect to the
radistion area existing on the roof above the solid active waste storage
room,

During this iaspection {t was noted that the licensee has made evaluations
of the radiation levels on the roof of the building and in particular,

the roof sbove the Solid Active Waste Room and that all accessways to
the roof of the licensee's facility are posted in accordance with 10 CFR
20.203(b).

Contrary to 10 CFR 20.201(b), "Surveys," no surveys were conducted to
determine compliance with 10 CFR 20 with respect to the radiation levels
existing during the handling and receipt of waste packages containing
radioactive materials. Also, contrary to 10 CFR 20,201(b), no surveys
were made to determine the presence and extent of radioactive contamina-
tion existing on such packages,

During this inspection, it was noted that the licensee had begun, on
Noveamber 9, 1970, to record in detail the results of surveys for radia-
tion levels and contamination of all {ncoming waste packages, According
to the licensee's records, a total of 1406 separate packages were received
during the period November 9, 1970 and May 11, 1971, Maximum radiation
levels noted to date had been 15 mr/hr on one rackage with most packages
showing instrument background, The records al:» showed the results of
loose contamination on surveys on each packar. in terms of the dpm/100
square centimeters., Most all of the packages have shown less than the

100 dpm/100 square centimeters with an occasiona. rare package showing

as high as 8,000 dpm/100 square centimeters. Any package which shows con-
tamination i{s wrepped in a plastic bag, set aside, clvaned and rewiped after
a suitable decay time according to isotope. The resul.s of the rewipes
are also shown in these records.

The radiation area on the roof of Building 100 above the Solid Waste Room
was not posted as required by 10 CFR 20,203(b), "Caution Signs, Labels,
and Signals,"

As noted previously under Item b above, all sccessways to the roof of
Building 100 were posted in accordance with 10 CFR 20,203(b).
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Contrary to 10 CFR 20,206(a), "Instruction of Personnel; Posting of
Notices to Employees," the individual preparing and filling iodine 125
capsules on June 18, 1970, was not adequately instructed in the safety
problems associated with the exposure *o radiation and in precautions
or procedures to minimize exposure,

During the inspection of this licensee conducted in October 1970, {t was
noted that the individual involved in the iodine 125 incident which took
place on June 18, 1970, had been given specific instructions as to
precautions to be taken and procedures to be followed to minimize
exposure, Since that time, the li'censee has begun writing specific
radiation safety procedures to accompany batch sheets for all opera-
tions involving the use of byproduct materials. A copy of the iodine
125 sodium iodide capsule radiation safety procedures is attached to

this report as Exhibit C.

Personnel monitoring records were incomplete, contrary to 10 CFR 20,401(a),
"Records of Surveys, Radiation Monitoring, and Disposal,"” No personnel
monitoring records were maintained for the week September 14 through
September 20, 1971, nor were any such records available with respect

to two technicians for the week beginning June 22, 1970,

During this inspection, it was noted that all personnel monitoring
records were complete for all individuals, Please see section entitled
PERSONNEL MONITORING for further {nformation.

The company failed to make a timely report to the Commission with respect
to the high.wrist badge exposures for two employees during the second
calendar quarter of 1970, contrary to 10 CFR 20,405(a), "Reports of
Overexposures and Excessive levels and Concentrations." Your written
report of the exposures was not filed with the Commission until October 21,
1970,

For further information regarding licensee's actions concerning this
matter, please see the section entitled PERSONNEL MONITORING,

Records showing the receipt and disposal of byproduct material w-re
incomplete, contrary to 10 CFR 30,51, "Records." Records did not
always identify the i{sotopes and the quantities of radicactive material
received and disposed,

This item of noncompliance concerns the receipt of waste packages received
from cuatomers and subsequent transfer of these wastes and other wastes

to a commercial waste disposal agency. A review of the licensee's

records during this inspection showed that complete receipt and disposal
records are made of the incoming waste and outgoing waste as well,

No discrepancies were noted during a review of these records,

Cor rary tc License Condition No, 15 which incorporates the procedures
entitled "Health Physics Procedures Manual," dated October 1, 1968,

one of your employees failed to conduct radiation surveys, as specified

in paragraph IV.D. one of the procedures, while handling and processing
phosphorus 32 during the week of July 20, 1970, As a result, the individual
received an exposure to his wrist of about 40 rem.

During this inspection, it was noted that no person received an excessive
exposure to radiation as a result of his not following the licensee's
Health Physics Procedures Manual,
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QRGANIZATION AND ADMINISTRATIVE CONTROL

26,

27,

28,

29,

30,

3l

On March 1, 1971, Mr, Norman E, Drissell was appointed Director of Operations.
The Commission was notified of this change in a letter to R, E, Cunningham,
Division of Materials Licensing, dated March 19, 1971, from Frank 4.
Schottelkorb, GCeneral Manager, Diagnostics Products Division,

The organizational structure involving those divisions performing part of
their work under License No, 24-04206-01 is attached to this report as

t D, For comparison, the functional administrative structure of the
byproduct material program conducted at 5703 Wagner Place, Maryland Heights,
¥issouri, under License No, 24-04206-01 is attached to this report as

Exhibit E.

The current membership of the licensee's Radiological Protection Committee
consists of the following persons:

D, W, Soldan, Chairman (Health Physics)

R, E, Nuelle, Secretary (Health Physics)
N, E, Drissell, Director of Operations
J, L., Brown, Research and Development

R, L, Holgate,K Plant Manager

J, W, Woods, Scientific Products

Mr. Mont G, Mason, former Vice Chairman of the Committee and Plant Engineer,
has retired from the company,

Since the last geinspection the licensee's Radiclogical Protection Committee
has met on three separate cccasions, On January 7, 1971, the committee met

to primarily discuss details of Buildings 300 and 400, During this meeting,
the committee decided to approve the occupancy and use of Buildings 300 and
400 {f (a) traffic study is complete and, (b) operating procedures were
reviewed and okayed by the committee, On April 20, 1971, the committee met
and discussed two items of noncompliance noted during the last inspection,
Namely, instruction of personnel and procedures contained in the Health Physics
Procedures Manual. This discussion centered on the proposed use of radiation
safety instructions to be included in the batch sheets, 1t was decided that
production supervisors would first prepare the initial sheets and then the
sheets would be reviewed and approved by the Radiation Safety Group prior to
incorporation into the batch sheet itself. A second item of discussion
during the April 20, 1971 meeting was the possible discontinuance of the
primary responsibility for health physics at the branch labs on 8 daily basis.
In lieu of this, the committee proposed a quarterly review of those programs,
During the committee meeting of May &4, 1971, Mr. Nuelle gave a brief report
of his recent trip to the Glendale Branch. Mr. Soldan advised that one batch
sheet radiation safety instruction had been completed (please see Exhibit C
attached to this report) and also that the AEC had announced an inspection
for the week of May 10, 1971, Mr, Soldan also suggested that the vacancy

left by Mr, Mason's retirement should be filled., Also at this time, the
committee discussed the proposed shipments of the licensee's ultrakows six
days previous to the calibration date but that before this is done, a complete
study of radiation levels, shielding capabilities, etc, be completed pricr to
this being put into effect,

On November 5, 1970, the licensee reorganized its Radiological Protection
Department (health physics). This reorganization divided the Health Physics
Department into two sections. One of the sections has the responsibility for
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health physics for all incoming byproduct materials and all uses of byproduct
materisls within the facilities while the second section has to do with all
byproduct materials leaving the facility and health physics aspects outside
of the actual building itself such as environmental, The intrafacility
section has one group leader and one technician while the environmental
section has one group leader and two technicians. Mr. Soldan supervises

the entire operation,

NEW FACILITIES

32,

3.

34,

During the Summer of 1970, the licensee purchased adjacent property for the
purpose of expansion of operations., Since the acquisition of this new
pruperty, the licensee's land site is now approximately four times greater
than {t was prior te the purchase of the property. A plot plan, showing the
entire expanse of the licensee's property with the new acquisition, is attached

as Exhibit F.

Located on the new property are two buildings, one of which is a 15,000
square foot concrete block building which has been modified by the licensee
and is known as the Customer Service Center, This Customer Service Center

is known as Building 300. Building 300 now houses the licensee's Receiving
and Shipping Departments, Traffice Departmenc, Order Department, s warehouse-
type storage area, and the licensee's Byproduct Material Dispensing Laboratory.
A floor plan sketch of this Building No, 300 showing the various designated
use areas is attached to this report as Exhibit G, The largest portion of
the byproduct material dispensing ectivities in Building 300 is that of
filling of orders of prepackasged radiopharmaceuticals as received from
production, Thts function is similar to that of a branch office receiving
prepackaged single dose quantities from Maryland Heights. The order filling
prepackaged handling section consists of an & inch-thick solid concrete block
room temperature etorage room, a refrigerated storage room and an order
filling area. All prepackaged bottles are enclosed within secondary con-
tainers at all times. In the bulk item dispensing section, the licensee

has an 8 fnch-thick concrete walled bulk item storage room. For order
filling purposes of these items, the licensee has five glove boxes. One
glove box ie used exclusively for iodine 131, one for gold 198 therapy orders,
one for phosphorus 32 orders, and two for miscellaneous other byproduct
materisl products. The exhaust of the iodine 131 glove box is equipped with
a 12 inch x 12 {nch x 8 inch charcoal filter and all five glove boxes exhaust
into an absolute filter on the roof of the building. Also located within

the bulk item dispensing lab are two source calibrators (for radiocassay check),
All outgoing items dispensed in this laboratory are checked twice (once after
the initial filling and once as a final check prior to shipping out). The
licensee has three inplant air sampler stations located within the dispensing
area as shown on Exhibit G drawing. In addition, a stack sampler is located
beycnd the final filter of the one stack which serves the glove boxes,

It was determined that the dispensing laboratory in Building 300 began
operations on January 11, 1971, but no inplant air sampling was performed

in that facility until the week of May 10, 1971, which constitutes noncom=
pliance with 10 CFR 20.201§b2 in that no air surveys were made between
January and May " , to determine compliance with 10 CFR 20.103(a).
Please also see paragraph 44,

Located immediately west and connected to Building 300 is a second building
known as Building 400, Building 400 is of light-weight construction and
is approximately 9500 square feet in size, Building 400 i{s used for
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o! scellaneous warehouse storage and for radioactive waste storage and
handling, For further information regarding the radicactive waste storage
and handling, please see the section of this report entitled RADIOACTIVE

WASTE HANDLING,

The original north half of the licensee's main building is designated now
as Building 100 while the south half of that facility is designated as
Building 200. Buildings 100 and 200 are connected on the upper or main
floor only.

BADIOACTIVE WASTE HANDLING
36.

During the period February 15 through March 15, 1971, the licensee moved

{ts radioactive waste handling and storage from the outside yard area just
north of Building 100 down to Building 400, The licensee has constructed
storage enclosures within Building 400 using solid 8 inch concrete blocks.
At the seme time, the licensee discontinued the use of the solid active
waste room for storage and {s now using it simply as a packaging room before
and after storage in Building 400,

The handling of radioactive waste from the various departments is described
as follows:

TOOUW on art t

High level radioactive waste contained in shielded containers is

taken to the Building 100 waste room where the shielded container

is put intv a two gallon pail, sealed, and taken to Building 400

to the current accumulation bay (please see paragraph 39). At the
proper cycling time, the pail is brought back to the Building 100
waste room, the bottle is removed from the pail and the shielded
container and placed in an absorbent filled two gallon pail. This
full pail is sealed and taken back to Building 400 and put into a
fiber shipping drum (4 to 5 cubic feet), surveyed, given an identifica-
tion number, labelled with a proper shipping label, and entered onto
the Nuclear Engineering shipping form and is placed in the final
sccumulation ares awaiting shipment to Nuclear Engineering., Low

level radicactive wastes from the Production Department (in hot waste
cans) are emptied into one larger drum in the waste room of Building
100 and placed in the waste compactor (Sears Roebuck model), The
filled compacted bag is sealed and put into a .5 cubic foot box as
supplied from Nuclear Engineering, One of these boxes contains three
bags when filled, This filied box is then taken down to Building 400
where it is surveyed, i{dentified, labelled, etc, and put into the
final accumulation shipping bay. For handling hot waste generated
within the hot cell of the Production Department, an overpack is put
{nto the transfer cell of the hot cell which contains a two-gallon
pail with absorven: material, The overpack pail is filled according
to half life and isotope with either solids or bottled liquids from
the hot cell, When filled, the overpack is closed while still in the
transfer c#ll., It is then removed from the hot cell, surveyed as to
radiation levels and contamination, and bolted shut., I1f the particular
overpack contains a short half life (eight days or less) the overpack
is taken down to the Building 400 barrel storage area (plesse see para-
graph 39). If the particular overpack contains long lived sctivity,
that overpack is made ready for shipment by surveying, labelling, etc,
and placed in the final shipping area bay (n Building 400,



38,

- 10 - Mallinckrodt Chemical Works
License No, 24-4206-1
May 10-14, 1971

t ntrol artment

The low level waste from the hot waste cans are handled the same way

as from Production. In Quality Control, low level liquids, comprising
entirely of culture tubes, are put into two gallon pails by the
quality control people while still in the Quality Control Department,
The hot waste man from the Health Physics Department picks up and takes
these pails to the Building 100 waste room where absorbent material

is added and the pail is crimp-sealed and identified as quality
control items., The pail is then taken down to Building 400 and
placed in the appropriate accumulation bay. After the proper cycling
time, these pails are put into the shipping drum, surveyed, labelled,
identified, etc., logged in the shipping form, and stored in the final
accumulation bay awaiting shipment., For high level waste sccumulation,
if any, from quality control, three overpacks are located in the Quality
Control Department. Each of these overpacks contain & two-gallon pail
with absorbent material. Two of the pails are used for short half life
material and one is for longer half life material. All the sealed
bottles of waste are placed in these pails. At this time, the same
procedure follows that has been described above for the hot cell
overpack handling.

Research and Development Department

The licensee advised that there is no high level waste being generated
currently, If needed, however, the overpack system would be used,

All low level solid materisl from hot cans are handled with the same
procedures. as discussed above for Production Department. The low level
liquids from R&D are placed into one polyethylene pail which is located
within a hot waste can in the R&D section, This polyethylene pail is
picked up and taken to the waste room in Building 100 where the material
is transferred to a two-gallon pail, sealed, identified, labelled, etc.
and taken to Building 400 where it is placed into & fiber shipping
barrel in the appropriate accumulation bay.

en artment

The high level overpack system is used, and similarly, low level waste
ie handled as described above with the compactor, etc.

Mr. Soldan advised that the licensee has five individuals working for them
from the Continental Cleaning Company on a contract basis. These five
individuals perform radicactive waste pickup and handling and janitorial

work in general, One of these individuals is assigned to the Quality Coatrol
Department for animal room work, This person does the initial handling of
animal room waste and is supervised by the Quality Control Department., A
second individual from Continental Clcaning Company is assigned to Buildings
300 and 400 for the initial handling of all waste and janitorial work. This
person is supervised by Mr. Terry Sherman, Dispensing Supervisor, One of
these individuals is assigned to the Production Department for initial handling
of all waste and janitorial work. This person {s supervised by Mr., Bill
Lawson, Production Supervisor. The last two of the five individuals from the
Continental Cleaning Company are assigned to the Health Physics Department,
One person is involved exclusively in the transport and packaging of hot
waste while the other person assigned to the Health Physics Department
performs the same dutiees as those persons assigned to quality control,
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Buildings 300 and 400, and the Production Department in Buildings 100 and
200 only, exclusive of the quality control animal room and in the Production
Department, These two individuals who are aesigned to the Health Physics
Department are cupervised by Mr. Bob Wester, Health Physics Technician,

In Building 400 the 1. .asee has constructed three separate radioactive
waste accumulation and storage areas. These structures are made of 8 inch
solid concrete blocks and are spproximately four feet high. One of these
structures is known as the Accumulation Bay Area which consists of four
separate cubicals. This Azcumulation Bay Area is operated such that if one
were to think of this as just beginning, then during week No, 1 the first
cubical would be filled, during the second week, the second c¢bical would
be filled, during the third week of operation the third cubical would be
filled and during the fourth week of operation the fourth cubical would be
filled and the first cubical would be emptied. This allows three to four
weeks of decay time, After this decay time, material taken from the appro-
priate filled cubical is taken to Building 100 waste room where the waste

is removed from the individual two-gallon pails and lead shielded containers
and segregated by isotope and repacked in two-gallon pails and returned to the
same bay in Ruilding 400 where they are packaged ‘' to 4.5 cubic foot drums
and then placed (n the Accumulation for Shipment area where they are surveyed,
identified, labelled and entered onto the Nuclear Engineering shipping form.
The second storage and accumulation area in Building 400 is known as the
Barrel Storage Aresa. This area is also constructed of 8 inch solid con-
crete blocks and is around 4 feet high and is covered except for six holes
in the cover to allow placing of waste into barrels located under the

holes, Material placed in here is the short half life overpack from the

hot cell and prepackaged byproduct materials which have an expired date

on the label. Up to the time of this inspection, this barrel storage

area has not been emptied, The third area is known as the Accumulation

for Shipment Area and is constructed of 8 inch solid concrete blocks at
approximately 3 to 4 feet high and is open on the top. This area is used
simply for the accumulation of full shipping containers ready to be picked
up by Nuclear Engineering,

Every other Tuesday, by schedule, Nuclear Engineering comes to Mallinckrodt/
Nuclear with their truck and picks up waste, During this inspection, the
Nuclear Engineering personnel came to Mallinckrodt/Nuclear on Tuesday,

May 11, for their routine pickup. Observation of this operation showed

that two persons were busy loading the containers onto the Nuclear Engineering
truck, one person was checking off the Nuclear Engineering shipping form

as to item number., The operation was being supervised by a Health Physics
Technician and by another management supervisor.

All radicactive waste handling and storage and shipping is conducted in the
south half of Building No. 400,

A review of the licensee's transfer records of waste going to Nuclear Engineering

shows that since the last previous reinspection, a total of 15 shipments have
been made involving a total of B25 separste items, The most common isotopes

noted to be shipped as waste at that tim have been iodine 131 and molybdenum 99,

AN F S

The licensee's stack effluent sampling dsata was reviewed for the peviod
December 28, 1970 through May 6, 1971, during this inspection, Particular
interest was devoted to stack B which serves the iodine 131 and mercury 203
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processing hot cell, During that period, the average concentration in the
stack beyond the absolute filterr averaged B.4 x 1077 microcuries per cc

of air sampled. During that period, the total amount of iodine 131 detected
on the charcoal air sampler media was 28 microcuries. The average running
time of each sample was approximately 7.5 days with the total sample volume
during that time of approximately 2 x 10’ ml, A cursory check of other stack
and roof top samplers showed the average concentration of those samples to

be on the order of 10% or less of the appropriate MPC used. The limiting
MPC used by the licensee is that for iodine 131,

During this {nspection, it was noted that the Building 300 rocftop sampling
was begun «  May 10, 1971, while the stack sampling of the one stack that
serves the g.. 'eboxes in the Building 300 dispensing laboratory was begun
on May 11, 1971, The dispensing operations in Building 300 dispensing
laboratory began on January 11, 1971, according to licensee representatives,
The failure of the licensee to perform stach and rooftop sampling at the
Building 300 location between the period January 11, 1971, and May 10 and 11,
1971, constitutes noncompliance with 10 CFR 20,201(b) in that no surveys or
evaluations were made to determine compliance with 10 CFR 20,106(a). It is
noted that at the time that the Building 300 dispensing laboratory went into
operation on January 11, 1971, the licensee has had a 12 inch x 12 inch x

8 inch Barneby Cheny Model 7DF charcoal filter serving the exhaust of the
iodine 131 processing box and a 24 inch x 24 inch x 12 inch absolute filter,
with a prefilter, located on the roof of Building 300 which commonly serves
all of the glove boxes.

All liquid active waste goes to retention tanks except pure beta emitters
such as phosphosus 32. These pure bets emitters are bottled and eventually
transferred as sctive waste to Nuclear Engineering,

When a signal is received noting that one of the retention or accumulation
tanks is full, the contents of the tank are air-jetted for mixing purposes
and an aliquate of the tank content is removed, A fotal activity analysis
is made followed by isotopic analysis for iodine 125, iodine 131, and mercury
203, The remaining activity of the total which is not included in the
iodine and mercury analyeis, is assigned to gold 198 which is the next most
restrictive MPC, The results of these analyses are used to determine the
amounts of the contained contents which can be dumped on that particular
day, based on the known water usage of the facility from the water company
meter readings, The licensee’s liquid active waste records indicate that
one dump was made approximately every 11 or 12 days during 1971 through
May 1,

According to the licensee's liquid active waste records, during 1970 a total
of 937,076 microcuries were released on 32 separate days. During 1971,
through May 6, 1971, a total of 317,114 microcuries have been released.
Beginning with the first release of liquid waste in 1971, the licensee has
begun keeping a separate record of the aumber of millicuries of iodine 131
released each time. According to these records, a total of 35.63 millicuries
of iodine 131 has been released on a total of 11 separate dates of release
between the period January b, 1971 and May 6, 1971,

PERSONNEL MONITORING AND REPORT OF OVEREXPOSURE

48,

At the present time, the licensee has approximately 50 individuals on a
thyroid counting schedule. Persons are scheduled to be counted daily, weekly,
etc,, according to the type and frequency of {odine handling in which they
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are involved, With general supervision by the Health Physics Department,

line supervisors are required to schedule their own people for this

thyroid counting. Any i{ndividual who does not come to the Health Physics dbﬁ"
Department for the thyroid count according to schedule set up for that

person, a written notice is sent from the Health Physics Department to the

line supervisor with a copy to the department manager, The primary purpose

of this notice is to have an up-to-date record of any "repeaters." Except

for one individual, all employees have shown less than 0,14 microcuries

averaged weekly since the last previous reinspection,

One person, nuuly,mouclity Control Department
hyroid burden of % of 0.14 microcuries for the

Technician, showed

week be ember 7, 1970, This excessive thyroid burden occurred
vhnwwn in the process of injecting a solution into a stopper
glass Vial when the needle hub separated from the syringe being used, The
total iodine 131, as IHSA, was 0.35 millicuries and was being injected

into a bottle containing sterile saline solution in preparation for injecting

rabbits for pyrogen testing. This type of operation was noted to be
similar to thet which is conducted at a hospital when injection syringes

are being used., As stated before, the needle became di gaged he
syringe and caused contamination on various portions ofw
clothing, face, head, etc, C_imedintely showered and changed
clothes and no contaminatioW remained on her face or other parts of her
body following this shower, 1In order to eliminate any possibility of

this type of thing happening agein, the licensee has set up on the counter
top in the animal quarters of the Quality Control Department, a glove box
(without gloves) for use in all such operations. Following the jal
uptake which occurred during the week of December 7, 1970,

thyroid burden steadily decreased until during the week of January -
1971, when the thyroid burden showed a weekly average of 8% of 0,14

microcuries and has remained less than or equal to 5% of 0,14 microcuries
average weekly, Hvu restricted from using iodine until after
the week of December 28, 1970, when her thyroid burden showed 38% of 0,14
microcuries, This excess thyroid burden toﬁu reported to
the Commission by the licensee in a letter dated January 6, 1971, in
accordance with 10 CFR 20,405, In nddition,Fu notified of
this exposure in & letter as required by 10 0,405(b).

Urine samples are collected from isotope workers on a routine schedule,
These samples are collected and analyzed for carbon 14 on a weekly basis
and for fodine 131 on a monthly basis. The licensee uses an in-house

MPC for carbon 14 of 377 dpm/ml and for iodine, 222 dpm/ml. The highest
single samples for carbon 14 since the last previous reinspection has showed
70% of the licensee's MPC while the highest iodine urine sample has shown
21% of the licensee's MPC, Most persons have shown less than 20% of the

carbon 14 MPC while essentially all persons have shown less than 5% of the
fodine 131 MPC,

Through calendar year 1970, the licensee used t'ie R, §, Landauer Film Badge
Service, During this inspection, the R, §, Lradaver film badge reports as
received by the licensee were reviewed for the third and fourth calendar
quarters of 1970, The highest wrist badge exposure received by any one

erson in the third calendar quarter of 1970 was 46.32 rem received by
H This exposure is discussed in the inspection report dated
ovember , 1970 of the inspection conducted October 20-23 6 1970, It was

noted that no other wrist badge exposures and no whole body exposures
exceeded the limits as prescribed in 10 CFR 20 for the third calendar
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quarter of 1970, Other higher wrist badge readings for the third calendar

quarter show 11.86 rem fo 10,23 rem fomand

10.16 rem for%t whole body exposures réceived

by indiv during 3 rd calendar q arter of 1970 showed 2.65 rem

for both nd “ A review of the fourth quarter of 1970 film

badge resu the highest wrist exposures were 18,71 rem

received b 14,83 rem tow and 13,26 rem tob
# ghest whole body exposyure dyring the fourth caiendar quarter
of 1970 was 2.49 rem received by“

During 1970, the licensee became dissatisfied with the R, S, Landauer Film
Badge Service. This dissatisfaction stems from the licensee's apparent
feeling that Landauer was unable to compensate for directionality effects,
low energies, missing filters, reporting accuracies, and time delays in

the reporting of the f{lm badge exposures. As a result, the licensee per-
formed 8 study of exposures which involved the comparison of three separate
film badge services. At the complertion of this study, the licensee decided
to change their film badge service to Radiation Detecttion Compary. The final
results of this exposure study are attached to this report as Exhibit H.

Effective the first week of January 1971, the licensee beganr using the

film badge service of Radiation Detection Company, The film badge service
is divided up into four groups according to work assignments, Group 1

uses the film badges on a weekly exchange basis and involved 78 persons at
the present time. Group I involves all persons in the Production Department,
Process Development Department, Labelling Department, Health Physics Depart-
ment , R&D Department Maintenance Department, environmental badges and
experimental bagges. Persons in Group 11 alsc received their badges on &
weekly exchange basis and involved 32 people at the present time, Group Il
includes all persons in the Shipping and Receiving and Stores D-partments,
Dispensing Department K and Quality Control Department, Persons in CGroup 111
received their film badges on a monthly exchange basis and involved & total
of nine persons at the present time, Oroup 1II ircludes all persons (n the
Radiochemical (carbon 14) Department, Persons in Group IV received film
badges on a quarterly exchange bas.s ard involve a total of i7 persons at
the present time. QCreoup IV includes ail managerial-type personnel,

With the institution of this new film badge service with Radiazion De:ection
Company, the licensee has supplied a .13t of personnel who have high exposure
potential and a separate promp: wri:ter report {n letter form is submitted

to Maliinckrodt/Nuclear prior o the s.bmission of the film badge repcrt.
This prompt letter includes any exposure received by the people on the

list, 1In addition, the iicensee has notified Radiation Decectior Company
that cheir weekly dose iimit of .25 millirem whoie body and 550 millirem
wrist requires a prompt ietter for anyone on the film badge service, This
new procedure allows the .icensee to take guicker action i(n reducing whole
body and wrist exposures.

A review of the Radiation Detec:ic® Company film badge reports for the first
caiendar quarter of 4971 through the week of March 29 = April 5, 1971, showed
the tollowing resuits:

Group 1 - The maximum wrist badge exposure showed 9.6 rem with most
showing less than 2.5 rem, The maximum whole body exposure
in Group 1 showed 2,5] rem with most showing less than 1.0 rem.

pras
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Group 11 - The maximum wrist badge exposure showed 4.75 rem with most
showing approximately '.5 rem or less. The maximum whole
body exposure showed 1,71 rem with most showing less than

1.0 rem.

rou =~ (Whole body cnly) One person showed 30 millirem while all
others showed 0,

Tou = (Whole body only) The maximum exposure shows 450 millirem
with most others showing less than 200 millirem for the first
quarter,

The film badge results for persons in Group I and 11 were reviewed for the
second cslendar quarter (weekly film badges through the week of April 26 to
May 3, 1971).

Group 1 = The maximum wrist badge eéxposure shows 3,02 rem with most
showing less than 1.0 rem, All whole body exposures during
the second calendar quarter to date show less than 1,0 rem
with most showing less than 400 millirem,

Group I1 - The highest wrist badge exposure for people in this group
showed 1,23 rem with all others showing less than 1.0 rem.
The maximum whole body exposures by any person in this group
shows 660 millirem with most showing less than 200 millirem,

During the second calendar quarter of 1970, er reported excessive
t badge exppsures for two individuals, wzz.aa rem and
m&n rems, These excessive €xposures were not reported to
e ssion at the time of the last inspection conducted in October 1970

and as a result the licensee was held in noncompliance with 10 CFR 20,405,

The licensee advised that a written report of his exposures were not made

to the Commisaion because they were debating the validity of some of the

readings. The licensee questioned the validity of the expcsures based on

two factors, (a) filters were found missing from these employee's badges,

and (b) the Maryland Heights employees were working with low energy materials

during this period and the licensee feels that Landauer, the film badge processor,

did not evaluate the film adequately, 1In a letter to the licensee from R, S,

Landauer dated September 28, 1970, Mr. Robert V., Wheeler, Technical Director,

R, 8, Landauer, sdvised that the 11.9 rem reading on thi ilm badge

dated May 25, 1970, was partially due to contamination ex on the

film and {f it is assumed that only mercury 197 and technetium 99m were

involved in the exposures, then the estimated exposure would be closer to

5.0 rem, A copy of this correspondence from Landauer to the licensee dated

September 28, 1970, is attached tc this report as Exhibit I.

On June 1, 1970, the licensee's Model 555 Radocon (a line operated R-meter)
was recalibrated by Victoreen Instrument Company at various low x-ray energies
ranging from 32 Kev up to 660 Kev, The calibration curve supplied by
Victoreen showed the relative response ranged between 0,946 and 1,06 of the
actual radiation in this energy range. With this infermation, the licensee
exposed the recalibrated R-meter to mercury 197 sources in order to determine
the "“true" exposure in relationship to pocket chamber readings and film badge
readings. The licensee's conclusions as a result of this study and their
sumsary as to what they feel the actual wrist exposure to hould
have been is included in a Mallinckrodt/Nuclear {nternal report ent{tled



59.

= 16 = Mallinckiodt Chemical Works
License No, 24-4206~1
May 10-14, 1371

"Reevaluation of Exposures.” A copy of this data is attached to this

report as ];ﬁibit J. Brief conclusions and evaluations are also sum~
marized in the licensee's internal report entitled "Final Report = Exposure
Studies” included in this report as Exhibit H as aoted above in paragraph 52.

As a final result of all of the licensee's exposure studies, and numerous
contacts with R, §. Landauer, the R, 8§, Landauer submitted to a licensee
an adjusted film badge report showing these changes for the second calendar
quarter of 1970, A copy of this adjusted film badge report is attached to
this report as bit K. .

CONTAMINATED SHIPMENT REPORT

60,

61,

The licensee received correspondence from the California Institute of
Technology in letters dated March 26 and March 29, 1971, in which the
California Iastitute of Technology advised the licensee of laaking phosphorus
32 shipmentg, During this inspection, the licensee presented a documenta~
tion of their investigation into this problem which included a study of

the dispensing methods, packaging, and shipping procedures. The informa-
tion presented to the inspector during this inspection also included

changes which the licensee has put i~tc effect regarding the packaging of
this particular byproduct material product, A copy of the licensee's
investigation into this problem is attached to this report as Exhibit L.

Two statements included in the California Institute of Technology's March 29,
1971 letter are as follows: "The vial appears to contain more than 25
millicuries," and "With the vial remcved and shielded, the absorbent

packing material had a radiation level of 6 r/hr at 1 foot, measure’

with a Juno survey meter (gamma shield open), On page 204 of the
Radiological Health Handbook, revised addition January 1970, one of the
rules of thumb regarding beta particles states "For a point source of beta
radiation (neglecting self-and-air-absorption) of strength Ci curies, the
dose rate at 1 foot is approximately equal to 300 Ci rads per hour. The
variation with energy is small over a wide range.” If, in the second state-
ment in the March 29, 1971 ietter, a total of 20 millicuries of phosphorus
32 contamination in the absorbent packing material was preseant, and for

the sake of argument, could be considered as a point source, then accord-
ing to the rules of thumb, this would have a radiation level of approxi-
mately 6 r/hr at one foot, This coupled with the first statement in the
March 29 letter which states that the vial appeared to contain more thar

25 millicuries, would appear to cause the shipment to contain more than

45 millicuries total, As a result of this, the licensee's source strength
determinations were reviewed during this inspection, Licensee representa-
tives advised that three checks on source strengths are made of all products
leaving the facility, (a) The licensee has a standard concentration of
liquid byproduct material as determired by Quality Control Department, When
a customer asks for a certain number of millicuries then the volume is
dispensed which will give the customer that number of millicuries based

on the standard concentration, (b) After dispensing a precalibrated volume
the material is measured in a source calibrator by the dispensing technician
to be use it {8 within plus or minus 10% of the labelled value of milliciries,
(¢) A series of final checks made in the dispensing laboratory include: &
visual examination of the bottle for approximate volume, & check to see that
the labels on the bottle and on the can match, and a final check in a source
calibrator i{s made by a different technician than the one who did the original
source calibrator checking, A review of the licensee’s shipping records
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{nvolving the bottle which was shipped to California Institute of Technology
and referenced in the March 29, 1971 letter was reviewed during this inspec~
tion. The shipping records identify the part as phosphoric ac.d P=32 solution
biochemical grade. Remarks on the shipping record show replacement for
leaking vial, The customer number is shown as C-6144, Order No. Jo10225,
Customer Purchase No. 18-61024-B, Other informstion on the shipping records
shows 25.0 millicuries as of March 26, 1971, noon., Voluwe = 0,714 ml and
concentration = 35.01 millicuries per milliliter, Finally, Lot No. 466-1CIM,

62. Although the licensee could not determine the exact cause of the contamina~
tion, their best estimate is that it may have been caused by & faulty cap.

ANDEPENDENT MEASUREMENTS

63, Using an Eberline Model E-500B survey meter with @ 30 milligram per square

centimeter GM prcbe, the AEC represertatives conducted independent radiation
level surveys et the filter banks on top of the Building 100 roof, ir the
old radioactive waste handling and storage yard on the north side of
Building 100 and in the new radioactive waste handling and storage ares

in the south half of Building 400, At the filter banks on the roof of
Building 100 serving the hot ceil, radiation levels were noted as follows:
on the south edge of the filter banks which serve the iodine 131 and mercury
203 processing cells show a radiation level of 500 mx/hr at the surface

and 90 mr/hr at 18 inches, The north edge of this same filter bank showed

s radiation level of 30 mr/hr at the surface, The radiation level at the
surface of the filter bank which serves the other portions of the hot cell
showed 50 mr/hr, Tahe radiation level on the roof of the radiocactive waste
storage and handling foom showed less than 1 mr/hr at the surface. The old
radioactive waste sto.age and handling yard at ground level north cf Bullding
100 was essentially empty of all storage at this time, Three used absolute
filters wrapped in plastic showed radiatiun levels of 50 mr/hr at the
surface and about 6 mr/hr at 1 meter (these three filters were shipped to
Nuclear Engineering in the active wapte# shipment on Mey 11, 1971). 1In

the new radicactive waste handling and storage zrea in Building 400, the
maximum radiation level at the openings to the four sccumulation bays was

6 mr/hr. The maximum rediation level over the open tops of the barrel
storage area was 1 r/hr, The maximum radistion level at the side of this
barrel storage ares wall showed 2 mr/hr at the surface, In the accumula®ion
for shipment area (final storage area prior to shipment) the maximum radiation
level at the top of the wall showed 65 mr/hr, Each of the areas i{n the new
storags 1 handling area were postea to show the conventiona! radiation
symbol a.. the words "Caution Radioactive Material," "Caution High Radiation
Area," and the fact that personnel menitoring is required in the area.

MANAGEMENT DISCUSSION

The results of this inspection were discussed with Mr. Norman E, Drissel,
Directar of Operations, and Donald W, Soldan, Supervisor of Health Physics,
Items of noncompliance noted during this inspection which were discuseed

at this time included the excessive radiation levels on the unrestricted
roof area of the Bennet Box Company immediately north of Bullding 100, At
this time the licensee reiterated their corrective actions such as removing
all storage of radioactive waste from the old storage yard north of Building
100, changing the radioactive waste storage room in Building 100 to a radio-
active waste handling room and the modification of the roof ares in the
vicinity of the hot cells in order to provide rhielding for the hot cell
filter banks, When these items are complete, there will be little or no

Mallinckrodt Chemical Horks
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radiation levels at the Commission's TLD station on the roof of the Bennet
Box Company, according to Soldan. Regarding the failure to perform stack
or other sampling at Building 300 between January 11 and May 11, 1971, the
licensee could offer no specific reason for this, The licensee repre-
sentatives were reminded that the purpose of the Radiation Safety Committee
is to approve or disapprove the starting of new operations based on availa-
ble health physice coverage.

65, The licensee representatives were advised that as & result of chis inspection,
no apparent problem with the P~32 shipment to California Institute of
Tectrology were noted to correlate with Celifornia Technology Institute's
complaint with the exception of possible faulty bottle c+ps.

66. Several changes were noted which appear to improve the health and safety
aspects of the program and include the new active waste handling and storage
procedures, the new Health Physics Department organization with specific
group assignments and the prompt exposure notification arrangement with the
film badge supplier and subsequent notices to department supervisors regard-

ing their psople,

67, The licensee was contacted by telephone on June 7 and June 16 regarding Fx ¢
Region II1I's further evaluation olexut badge exposure results
for the second calendar quarter of . is evaluation is discussed in
the covering memorandvn for this report,

68, The licensee representatives were advised that the licensee may expect to
receive further communication from the Commission concerning the items of
noncomp liance neted during the inspection,

Attachments
Exhibits A thru L




Zxposure Period

1/9-2/1/70
2/7-3/1/70
3/7-4/11/70
4/11=5/11/70
5/11-6/15/170
6/15=7/18/70
7/18-8/17/70
8/17-9/21/70
9/21-10/23/70
10/23-11/28/70
11/28-12/29/70
12/29/70-2/6/71
2/6-3/16/71
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1-125 GODIUKM TODIDE C/A ULNM3 RADIATION SAFETY
PROCLIUKES TO ACCUMPANY BATCH SHEET

R~port to the ilhdlologlcal livtection Uept., for a thyrold
butden measuremcnt before starting prep.

Jurvey work-area (preferably usifg thin end window probe)
belore starting datch to check condition of work urea.

Jurveyed by

To innure that no contaminitlion is pressnt before starting
Batca, pgrogs paper towel wipes should be taken.

Jurveyed by

St~p 5 Batcen sheet

Tae wetlive Nal-125 solution should be drawn in a fume hood
or in an #nclosure under ncgzative oressure, Protective
gloves should be worn durlng transfer of material, After
transferring solutioy, safe and strinz tap should be
surveyed with survey meter (preferably using thin end
71.d7w probe) for possible contamination. Nal-125 is
volatile and should be consldered hazardous.

Sten 7 Batch sheet

fae Sodium Iodlde Diluent und the Na,530. should be addnd
in a {um2 hood or enclosure i{hler noQthvn pressure, The
ictiva Nal-12% rolution dlould never be removed from

‘ume hood or nes:tive enclosure under n~ - tive ore:sure
nasealed, Protective gloves shonld be worn ~hlle hindliug
1 terinl, The vial containlng nctive Nal-=125 snould be
kept In & thin wall safe at all tlmes «hen belnc< handled,
N~ver handle any radloactive material bure-hunded, Always
use shielding or dlstance,

Sten 8 Batch ah-et

Crre ghould be used in withdraving samples for a say go

27 no contamination of work arra results., Protective

Jioves should be worn to prevent the spread of contawlnation.

EXHIBIT C
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Sten 10 Batch shret

1t rendjustments aivre rejuirsd, verform all operations 1a
fus»~ hood or in 1 enclosure nader negatlive pressure belng
sure to wveqr proiective gloves,

3t~9 1lle¢ DBatch sheet

oy dlspensing opsratloam should be performad within a fume
hood o 4n an cuclosure under negative prai;sure, Care and
victlinee should be observed when dispensing to minimize
cortadinition spread and the possibillity of uptalke,
froiective zgloves should be worn :t all times dorin~ the
iLspensing operation, Nal=12) 13 volautile und should be
cousldered hazardous.

(".#=v_11_D Datch sheet .

J. rapzules are to be air dried, scal off area 30 that i
ocenpaiey tlme is zero, and ddétermine whether or not alr

flow 1s into an area where occupincy tims will be zero.

If 1t 1s not, take approprlate actions and notlfy supervisor,

Sten_12, 13, 14 'nd_15 Batch sheet

‘iare chould be tuken while handling capsules so none

Lreore sepiiated or broken and that the spread of cont~m'nitlion
¢ong mot occur. Yrotective gloves should be worn to winlmize
Lthe spread of contawination,

3trp 16 Batch sheet

{ie operator should survey himself (preferably usinz thin
end Jlndow probe) to assure no contamlnitlon has resulted.
Step 18 Datch sheat

ey (preferably using thin end window probe) work area
alier clean~up to assure no contamination persists.

Step 13

#cport to dadlologlcal Protection Dept. for thyroid
ourden meuasurcament.

APTROVED TOR MANUIACTURING DY

APTROVED 1'OR RADTOILOGICAL
TRODUETON DEPARTMENT BY

PROTECTION ,
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ATTENTION: . INFORMATION:
N, E, Drissell Warren K. Faddling

FINAL REPORT--EXPOSURE STUDIES

An svaluation of our personnsl extermml dosimetry program was bogun during
the first quarter of 1970 to deternire if the ovorall quality could be upgraded,
faveral questions were raised whioh oould not be adequately answored, A seriss
of expusure studies were begum to provide snswers to these questions which fol-
low,

1. Cap landausr provide acournte reports when film is oxposod undor sotual
working oonditions imvolving angular exposures to several different energiea?

2, Are Iandausr's roporte mocurate for film exposed under idoalized oon~
ditions for different ensrpgies? ’

3. Are landauer's results dose dependent?

4, What are the response characteristics of erch of the threes makes of
pooke* chambers ourrently used (Bendix, Viotoreem, landsverk ) for differont
energios?

5, What ere ths directiomality characteristios of each of the thres makes
of pocket chambers used?

6. What ie the ebsolute socuracy of our Vietoreen Radocon-5656 and tho
Victoreen R-meter we use as primary celibration instrumemts for the gamma eneorgies
involved in our work?

7. Are othor commeroial dosimetry services evailable whioh are superior to
landaver in torms of acouracy of reporting?

8, Do other ocmmercisl dosimetry services provide better service than
landauor?

9, Are other commercial dosimetry servioces more voonomiosl than Landnusr?

A surmary of our findings sollow with specifio dotailed data sveilable at
your request,

1. Landnuer is unable to componsete for dirsotlonality effects at lom
ensrgies such as 77 Ilav introducing s factor of two error, This is an jnharent
fault in their badgs which imcorporntes relatively nmall filters, A straight
odge-on exposure wae not tried but vould probably have resulted in an oven
groator error, As expeoted, the errqr is inversely proportionsl to energy.

2. landauer's results, even undsr ideal oonditions, are high for 77 Kev
ganuas (and most protably are sleo high for 81 Kev Xe-133 gamuss ) which lie

EXHIBIT H



just belcy the enorey at whioh the K edge in lead osoura, This error is probae
bly duo to their moans of calibration over this energy region, They use an
X-ray spectrum for callbration rather than monoenergic sources of radletion in
this region of interest, Their rooults are probably pretty good for X-ray
teohniofana,

3, Landaver uses o t7in film for measuring high and low dose rates, The
results for their high renre film are somewhat lower than corresponding results
for their low renge (sensitive) film,

4, Tho landsvork pooket ochambers ere superior to the Bendix and Viotoresn
pocket chaubers oondidoring energy dopendencs and absolute acouracy, The Bendix
units are eesily damaged and have the highest failure rate,

5. All three types of our pooket chambers drop off in response an ths
pocket chamber is rotated from sido-on to the source to end-on to the source,
The pocket chamber of choice ie the Landsverk L-60,

6. A crocs-oalibration check of our primary instruments was made in Saptem=

ber, 1870, with the cooporation of the Radiation Doteotion Company. ‘e exposed
TLD's furnishcod by RD to low ensrgies and various doses as moasured by our in-
ctruments, Thoy, in turn, moasured the oxposures on their TL?N instrumoptation
calibrated egeinst a source, the gamma cmmission rate of which thoy state can
bo troced to NES, Their results were spproximately 20 perceant highsr than ours,
Tio then sent both our primery instruments to Victoreen for sbsolute recalibrae-
tion at seversl enorgy points of specifio interost to us at a cost of $500,00,
A ropont of tho ebeve chock was plenned aftor calibration, However, a broken
wire in a cable connector of the Radooon-555 caused damage to the circutry re-
quiring chat the instrument be returned to Viotoreen for repair and recalibrae
tion,

7+ The throe dosimetry servioces whioh were ovaluated were R, S. Landauer,
Radietion Deteotion, end Nuclear Chicago, Radiation Deteootior was able to oom=
pensate for direotionality effects beccuse of the large filters used in their
badgos and becouse each film is visually inspected, Nuclear Chioag» reported
& nuber of gero exposures for high cnes and & number of very high beta exposures
wher the badges were not exposed to beta at all, Their entire readout is auto-
mated,

8, The service provided by Radiation Detection during the exposure studiee
(and to date ) was excellent, It took Nuclear Chiocago two months to get film to
us for eveluation,

9., The cost of availsble services is g follows:

Tracerlab $1.00 per badgs
R, 8. landeuer 0.66 " N
Radiation Deteotion .66 * .
Nuolear Chiomgo 35 * "

- 2 -



Treoorlab was not evaluated beceuso of the high coet of thoir cervice, They
probebly don't want cur business beceuse of the oomplexities involved,

A parsllel gorvice war used during Docember, 1870, for & ono-to-one comparie
eon between RD and RSL, The RSL resulte were genorally higher than RD regults,

Lffeotive January 1 and January 4 our monthly and weekly servicas wors dis-
continued with KSL end begun with RD, We consider RD to be the best commorcial
dosimetry service available,

Mg be—

D.W.8,
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A DIVISION OF TECHNICAL OPERATIONS INCOMPURATED

GLENWOOD SCIENCE PARK 0O GLENWOOD, ILLINOIS 60425 O PHONE (312) 766-7000

September 28, 1970 ’

Donald W, Soldan, Chief

Radiological Protection Officer

Mallinckrodt Nuclear X

Box 10172 Lambert Field .
St. Louis, Missouri 63145

Decar Don:

In reply to our telephone conversation the other day, and
your previous letter to Mr. Landauer, I wish to offer the
following information for your consideration:

In riy opinion, the 11.2Rem exposure reported forP .'
*fcr the exposure period beginning May 25, 1970, l
wds partially due to the rather extensive contamination
exhibited on the film. It is guite possible that darken-
ing from the contamination did, in fact, interfere with l
the interprctation of the exposure. If we assume, as you
state in your previous letter, that she was exposcd to
1g~197 and Tc-99m only, then I would ecstimate this exposure ‘
would be closer to 5000mRem. This is calculated from density
|
|
t
!

‘\
¥
L

valucs obtained under the aluminum filter and correlated

with your exposure data for Tc-99m of June 29, 1970. I be~-

lieve that this would be a maximum exposure, however, it

certainly would require your confirmation that no other !
1sotopes were involved and would be accurate only to the

extent of the accuracy of the June 29, 1970 exposures. 1In

my evaluation of this particular film, there was no evidence

EXHIBIT I
A Landaum AND (Gardfray ) HEALTH AND SAFETY SERVICES

tirethwest Industeial FPark Gisnwond Science Mark 103 Dayery Street 10125 W Washingion Divd. [
[ Dutlington, Mass. 01803 | Glenwood, 11l 60428 ] New Brunswick, N J. 08901 | Culver City Calif, 80230
b (6in 272:2720 =4 (312) 7557000 > (201) 2461900 g (213) 8393432 f
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that the lead filter was not intact at that time since its
image 13 clearly visible on the film,

We also cxamined the 5700mRem fiim worn byufor
the period beginning June 1, 1970, in an attempt to fur-
ther evaluate her total reported exposure of 19,140mRem as
detailed in your letter of July 16, 1970. Again, all fil=-
ters appear to be intact as of that time. This exposure
appecars to be valid and no adjustment can be made by us
with the available information.

From Lhe exposures recorded by the pocket chamber during .
the week of April 13, 1970, it would appear that the major-
ity of the exposure is receivcd during the performance of
stens 24 through 28 of the production of Hg-197 Chloromero=-
drin. llowever, this apparent fact is not substantiated

_ when we cxamine the pocket chamber measurements for the
week ot May 25, 1970, where the reported exposure of 70mr
is only about 35 percent of what might be expected from

the previous data.

Revicwing the information regarding the reported exposures
vs. the exposure data yov supplied me by teclephone a few
weaks 2go for the test films exposed on both Junc 29, 1970,
and July 6, 1970, we find that when the badge had all four
filtors intact &nd the exposures were made incident to the
fronL face of the film, only one exposure set fell outside
the limits of + 20 percent. This exception was for the
151lmr exposure to Hg-=197. 1In this case, the reported ex-
posurcs appecared to be 80 percent high., This was not sub-
stantiated on the July 6, 1970, film when 1520mr was re-
ceived by the film. In this instance the exposure repor-
ted wos only 10 percent high., It is interesting to note
that in column 2 for the same source, the difference between
the June 29, 1970 exposures, and the July 6, 1970 exposurcs
differ by a factor of nine, whereas this is not true for the
films in column 1.
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We would apprecictc your reviewing y»ur records with re-
gard to time, distance, and origina calibration values
for the 15lmr Hg-197 cexposure.

Also, in order to more fully evaluate all of this data,
it would be helpful to learn which chambers were used in
the Vicltoreen Radocon-555 and the Victorcen R-meter, a3

well as the National Bureau of Standards correction Cm-
tors Lor these chambers., If 1 assume that
work remains consistent in that she usually works with

basically the samc isotopes, it is interesting to note
in her case .the results of the TLD vs. film for the six
wearing periods beginning July 6, 1970, For her wrist
badge, the film summarizes her crposure as 5120mRem and
the TLD indicates 4710mRem. For her body badge we find
1250mRem and 1150mRem respectively.

For these reasons we feel her earlier exposures during:
the second quarter of this year are valid as rcported.

One note regarding pocket chambers which I mentioned on
the telephone the other day, these chambers are defin-
itely directional dependent 1f we consider a 47 geometry.
Normally, decent results are obtained if the source is
located in a plane, perpendicular to the length of the
chamber., However, as the sourcc rotates to either end of
‘the chamber, a significant decrecase in response should be
expected.

With regard to the guestioned cxposures received by Rodon
(0017) and Daniels (0039) it appears to us that the ex-
posures as reported are correct. I have examined the
films for Rodon and Danicls for the period of May 18,
1970, and have found that as of this date the lead fil-
ters were still intact. At the conclusion of this period
it seems that the majority of the exposure had already
been received. These films were selected for evaluation

;v\
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since in both instances they were the most recent large
cxposures received and, theretore, lent themsclves as
the best examples for evaluation.,

During this evaluation we examincd some of the films i-
dentified as being in wrist badges to determine what an=-
aular cffects, -if any, could be noted. In most instances
it was quste obvious that many of the films had been ex-
posed at an angle to the holder since the pattern of the
lead filter was somewhat displaced, however, there was no
indication that any difficulty in positioning the film to
obtain density readings would result.

In order to further evaluate the angular cffects of not
only film but TLD as well, and at smaller energy inter-
vals, we exposed a number of films with TLDs similar in
gcom2try to those supplied you in our recent test, Our

. exporures were to Cesium-137 and x-rays with effective

enercics of 100 KVE, 60 KVE, 30 KVE and 19 KVE. 1In all
instances the badge was attachcd to a tissue-~like phan-
tom simulating a wrist and continuously rotated in the
radiation field. The results of this exper®riment indica=-
ted that both detectors were affected by Lht direction=-
ality of the exposure. The film indicated « maximum re-
sponse at about 30 KVE to 60 KVE as expected and a mini-
mum for Cesium which weuld be normal. Apparently, the
same was true in your study for random rotation where ap-
proximately the same ratios werc obtained.

It appears, however, that thc maximum error results when
the source of radiantion is at 90° from the front of the
badge holder, permitting all the radiation to interact
with the film with minimum filtration., In application, I
do not think this really represents the true situation
for wrist badges. I would tend to expect the source to
be angular but on the order of something like 45° to 60°
and at relatively consistent directions.
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The overall resulls of the six wecks of film vs. TLD test-
ing indicated that there certainly was a bias between the
film and TLD., This averaged about 20 percent with the TLD
reading lower than Lhe film. One exception to this case
occurrcd for the wcaring date of August 10, 1970, where
the ratio of the {ilm divided by TLD was ,953.

Since one would normally expect at leas a 10 percent dif-
ference between any two dosimetry systems, I have not been
able to fully cxplain the som2what larger difference be-
tween the TLD and film., For low epergy radiation the re-
sponsc of the TLD crystal beccomes somewhat directional due
to the rapidly changing thickness of material incident to
the source of radiation as we rotate the crystal from its
.035~-inch dimension to its .125-inch width. (laving a den-
sity of approximately 2gms/cm3 you can easily visualize
what the effect would be. By separate letter I am sending
-you the detailed results of our TLD study, including some
specilic comments I have.

If, after your final evaluation, you feel an adjustment
to Miss Genova's exposure is called for, please supply us
with a signed letter.

Sincerely,

R. S. LANDAUER, JR. & CO.

DIVISION OF TECHNICAL OPERATIONS

/Zzéiu//ip;égg;xﬂiu,

Robert V. Wheeler
Technical Director
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ATTERTION INFORMATIONS
N. E, Drissell W, K. Fadling

REEVALUATION OF EXPOSURES

| o

Poriog Iype Waeklx Total Page
4/27-5/3 Jl 230 810

U6 890 3030 30464
6/4-5/10 J1 360 1170

Ji 240 1410 33107
5/11-6/17 J1 M 1410 .

3 Y 3030 41235

Note; On page 33107 of Landausr's reports, two J1 (body bedge ) entries wors
mado, both of which were carried to the whole body totel column, No
M5 (wrist badgs ) ontry was made on this pegs and no total was carriod
in the extromitios total column, Apparently, the second J1 entry sheuld
have been en M5 entry, and the record should eppoar as followsg

J1 Bo M5 Wriet
Poriod Wonkly Total Neokly Jotal
4/27-5/3 230 810 890 3030
6/4=-5/10 360 1170 240 3270
: 6/11-5/117 TN 1170 M 3270

Wo will corry this additional 240 mrem in the totals ocolumn for tho extremities
oxposure but will not bother to heve Landauer delete this nwuber from the whole
body total, since it is of mno consequonce,

Wo alro requosted Iandnuor to reovalunte a reported oxpogsure of 11,9 rems for
the wrict bedge worn the q1 sterting 5/26, Production rocords shomad

that during that vookwdiapomod Chloremerodrin Hg-197 twice, the

first batoh having failed Q,C, testing, She wes also oxposed to Tc-99 m

FAmm8 in an unuoual step performed on the Ultratechnokow production line.

Othor cporations performed would bave resulted ip little or mo exposure, Land-
euor roported by lettor dated Septombor 28, 1570, that ths bedgo nhoved evidance

of contemipation which mey have ocontributed to the apparent exposure, but that

at any rats if the exposure wore due tc Hg-197 and To-9% m gammae, the reevaluated
expogure was 5000 mrem. We do not believe the exposure was as high as 5000 mrem

EXHIBIT J



but do not have any pocket chamber date for corroboration, Therefore, the totel
ndjustront to hor expocuro consiste of (1) the addition of 240 mrom for the
poricd etarting 5/4 erd (2) the substitution of Landsuer's reevaluation of
5,000 mrem for the orlgin®] reported valuo of 11,900 mrom for the poricd starte

ing 6/26, The reported data from Landauer and the adjusted exposures are as
followa:
Reported Adjunted
g_f:\_rt.ig
M le Visskly Total Prge M te Woekly Total
¢ /6 810 810 22837 5/5 810 810
4/13 700 1600 26016 5/11 790 1600
4/20 540 2140 30461 5/21 540 2140
4/27 890 3030 30464 6/21 890 3030
5,4 - - 33107 6/25 (1)z240 3270
5/11 M 3030 41235 6/9 0 3270
6/16 2100 5130 41842 €/9 2100 . 5370
5,26 11900 22830 55166 6/20 (2 )5000 10370
6/1 2700 7830 46520 6/19 2700 13070
€/8 3100 10930 29774 6/23 3100 16170
6/156 M 22830 84074 7/6 0 16170
6/22 ——— - 80677 8/6 0 16170
6/29 M 22830 77670 8/6 0 16170

Theee two ndjustmonts (one eddition and one subtraotion) make her quarterly total
oxposure 16,170 mrom which is less than the regulatory limit of 18,750 mrem.
Sinco Landeuer reportt are high by a faotor of two on Hg-187, her sotual exposure
was probably much lower than 16170,

M-Extrnmitioa

The reported exposuree were corrected by using available pooket chamber data
and the following reletionshipe:

0\

s

Tho exposure of the film bedge to iig=197 is 1,8 times the true exposure to Lg-197,
1) E(Hg)FB & 1.8E(lig Mtrue

The measured exposure to Hg-197 (by pooket ohamber worn on the wrist) is onme third
of the true exposure to Hg-187,

2) 3C(Hg)PC s E(Hg Ytrue
It thoen follows that;
E(totll JFB - E(Hg)FB 4 E(Hg Mtrue
- '1,0E(Hg Jtrus & E(Hg )true

» - 0,8E(Hg Jrus
. - 0.8(3E(Hg )pC]

3) E(total)oorr.

" ol



4) E(total Joorr z E(total JFB - 2,4E (Hg )PC

The pocket ohamboer readinge during the ebove ocorrected periods for Hg-197 were
as follows: /See July 16, 1870, letter to R. §. Landauer, )

_S_t__'~ rting Pookot

Date Chomber

1/1% 480

6/11 368

6/26 70

6/1 270

Reoported Report «Correotad
Sterting

Mt Wookly Quartorly - Poge Dato Wenkly Quarterly
4/6 320 320 22837 5/5 320 ° 320
4/13 2650 2970 26017 5/11 »1498 1618
4/c0 400 3370 30461 5/21 400 2218
4/21 2300 5670 34485 5/217 2300 4518
5/4 400 6070 33107 6/26 400 4518
5/11 3400 8500 41236 6/9 e2631 7649
5/18 , 1150 10710 41043 6/9 1150 8699
5/25 l 1700 19140 55166 6/20 #1532 10231
6/1 i 6700 16410 46520 6/19 #6052 15283
6/8 ] 1000 17440 49774 6/23 1030 16713
6/15 : 30 19170 84074 7/6 30 16343
6/22 ‘ .- - 80677 8/6 0 16343
6/29 ; M 19170 77670 8/% 0 16343

Althourh wo requestod by letter dated Jamuary 28, 1971, to R, 5. landauer that
xposure bo changed to 16340 mrom, the wvalue they enterec was 16240,
he 100 mrem is of no oonsequence, and therefore, I did not request R.S.L. tq)

oorreot their entry.
D. W, Soldan s ki

3=
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i . INTER-OFFICE MEMO |
' kol ianed - |

“<;NGECEAR:>

May 4, 1971

TO: D. Soldan

FROM : ) R. Nuelle Information:

N. Drissell
D. Shumate
L. Boyd
. " T. Sherman

.

Investigation of Dispensing Laboratory Procedure for (P32) Phosphoric Acid Sources

On Tuesday, 30 March 19/1, we were notificd that a couple of complaints had been
mide by the California Institute of Technology at Berkeley about receiving grossly
contaminated (PJZ) phosphoric acid sources. An investigation was immediately bogun
to determine the cause and degreef of contamination, if the claim was valid, and to
initiate corrective measures if such a problem existed. That afternoon the writer
personally observed the dispensing procedure of a (P32) phosphoric acid source for
the Argonne Cancer Research Hospital. HNo procedural problems were observed. After
the order was filled, the writer wiped the source vial and cap. At the final check
station, the writer observed the assay of the source and the double check of the

tiphtness of the cap. Another wipe of the source vial and cap was made before
packaging. The results of these wipes are as follows:

vial and cap after filling 80 dpm/100cm,?
vial and cap and tag before
packaging 60 dpn/IOOCm.z

(See memo to D. Soldan from R. Nuelle)

ihe following day, Wednesday, 31 March, jgu put a "hold" order in effect on the use

of all 10ce. omber screw cap vials for P”“sources, pending further investigation and
testing of these vials. The following action was taken:

I. The Dispensing Laboratory made up phosphoric acid (P32) sources for testing in

the following manncr;

(a) Four sources in l0cc. amber screw cap vials.
(b) Four sources in '; oz. French square screw cap vials.

(e¢) Four sources in l0cc. amber screw cap vials and sealed with Scotch brand
"Paklon" heat shrinkable, pressure sensitive film tape.

EXHIBIT L
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surces were about 13me. cach, and the writer personally observed the filling |
e of each one, The procedures looked good and the technicians werce quite |
Clmigesble in their job., At the final check station, the writer observed the |
final assavs and the double check of the tightness of the caps. It was noted that |
(e caps could be taken up an additional 30 to &5 degrees on about 407% of the vials, ' |
Iis is prubably because the rubber gloves in the plovebox tend to give a false
conse of the degree of torque because of the intermediate layer of rubber between
the fingers and the vial cap. However, this is the object of the double check at
the final clieck station. Wipes were made on cach vial before packaging, and all
pickages were sent on a round trip to our Glendale facility and back to Maryland

He ight‘ .

11 The above sources, upen return to Maryland Helghts, were surveyed for surface
radiation levels at the surface of the packages. The #1 can was carefully
opencd and the Kimpak was carefully checked for contamiration. No evidence
of contamination or unusual radiaticn levels was found. Each vial was totally
wiped, including cap and tag; the results are listed in a table later in this
report,

Since none of the above indicated a "material" weakness, a further test was con- |
ducted to deliberatelyintroduce a physical failure. To accomplish this, another |
source of (P3%) phosphoric acid solution was dispensed into a 1l0cc amber screw cap
vial, but this time the cap was deliberately not tightened on the vial. The cap

was carefully run down only until contact of the liner and the neck of the vial was
sensed, 1he cap and neck of the vial was then sealed with the Scotch brand "Paklon"
film tape drscribed earlier. After sealing, a complete wipe was made on the vial
and cap. Rigerous physical manipulation in the laboratory produced no evidence of
lcakage. (See table) This source was then sent on a round trip to Glendale and

back to Maryland lleights, aiter which another complete wipe was made. (See table)

Fffective 14 April 1971, all oral sources of p32 (viz. cat., #460 and 466) may be
shipped in the 10cc amber screw cap vial only if sealed with shrinkable cellulose
collars such as "Celon", or cquivalent. This decision resulted from the above test-
ing which indicated that, cven in the event of a loose cap, the collar provided an
effective seal against leakage of the contents of the vial and gross contamination

of the oxternal surfaces of the vial and Kimpak packaging material. Outside of this,
no other recommendations were made to change the dispensing or packaging procedures.

‘20‘«((&_

R. E. Nuelle

KNE:xp
Att,
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(NUCLEAR

10: Carlstadt Dispensing Lab
Glendale
St. Louis Diypensing Lab
A, J., Virgona

CC: R. L. Coalet
. N, E. Drissecll
G. E. Gerth
D. W, Soldan*
F. A, Zeloski

Cffective fmmediately all sources of Sodium Phosphate, Catalog #460
and Phosphoric Acid, Catalog #4656, should be dispensed with heat
shrinkable seals. Heat guns and heat shrinkable tape will be shipped
to each lab on April 14, 1971, The tape will be supplied from

St. Louls and can be ordered through Purchasing when nceded,

This change is the result of recent complaints indicating a leakage
problem, Test shipments have indicated that this step will solve
the difficulty. Tracy Sherman will follow up for proper compliance

with a change to the Dispensing Lab Manual. ) e
1 /- s
O C;7//:;4 (e Z‘b

onald J, Shumate, Manager
Radiopharmaceutical Distribution
/38 ‘
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D, J. Shumate N. L. Drissell
R. L. Coslet L. Ev Boyd

Ambor 10 cc Round Bottle

A letter of complaint from the California Institute of
Technology was received by me this morning (1005 hours).
Copies of this letter were sent to several individuals in
the Mallinckrodt/Nuclear organization and to the offices
of the Burcau of Radiological léalth in Berkley and

Los Angeles and to the Department of Transportation in
washington.

.

I have taken the following immediate action considering
the scriousness of this situation:

L. Informed the Dispensing Lab to stop all shipments
of radioactive malcrials in amber 10 cc round bottles
until further notice (1010 horrs).

2. Requested the Quality Control Department to suggest
an alternate bottle for the Dispensing Lab to use.

1 suggest thqg following steps be taken to assure no further
leakage occurs.

3 Use the 15 cc French square bottles which will not
rotate when the cover is being tightened.

r §5 Use a torque wrench to tighten the cap to the opti-
mum tightness.

3. po not place the 10 cc amber rounds back in usec until
the causc of the leakage is determined and corrected.

4. Make some test shipments of P-32 in the 15 cc French
squares to Glendale and back to assure that the problem is
solved. )

NOTE: The lide for the 10 cc amber rounds have been hand

tightened in the past. A torque wrench has not been used

for this bottle.

DW3:cm D. W. S50ldan el




